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This invention relates to a primer mix for a
percussion primer. More particularly, the
substantially lead free primer mix contains calcium
silicide and dinol. The primer mix has sufficient
sensitivity for use in both Boxer and Berdan primer

systenms.
Claim

A substantially lead-free primer mix consisting essentially of:
an explosive powder which includes dinol mixed with a pyrotechnic powder

wherein said pyrotechnic powder comprises calcium silicide and an oxidizer.

2.

A primer mix consisting essentially of;

from about 10% to about 50% by weight of an initiating explosive;
from about 2% to about 10% by weight of a sensitizer;

from about 3% to about 30% by weight of a propeliant;

from about 2% to about 20% by weight calcium silicide;

from about 20% to about 50% by weight of an oxidizer.
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11. A primer mix consisting essentially of:

from about 10% to about 50% by'/'weight dinol;

from about 2% to about 10% by weight of tetracene;
from about 3% to about 30% by weight of a propellant;
from about 2% to about 20% by weight calcium silicide;

from about 20% to about 50% by weight of potassium nitrate.

14. A percussion primer comprising:

a primer holder having a generally cup-shaped configuration with a
closed end and an open end;

a metallic anvil extending across said open end, said anvil having a
centrally depressed region containing at least one aperture; and

a primer mix contained within said primer holder and contacting both
said closed end of said priiner holder and said centrally depressed region of
said anvil, said primer mix consisting essentialiy of an explosive powder which
includes dinol mixed with a pyrotechnic powder, said pyrotechnic powder
including calcium silicide and an oxidizer.
15. A percussion primer comprising:

a primer holder having a generally cup-shaped configuration with a
closed end and an open end; and

a primer mix contained within said primer holder and consisting
essentially of an explosive powder which includes dinol mixed with a

pyrotechnic powder, said pyrotechnic powder including calcium silicide and an

oxidizer.
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(54) Title: LEAD-FREE PRIMING MIXTURE FOR PERCUSSION PRIMER

(57) Abstract

There is provided a lead-free primer mix (22) having high sensitivity.
The primer mix (22) contains an initiating. explosive, a senitizer, a
propellant, calcium silicide and an oxidizer. The ignition exhaust products
are essentially free of toxic oxides such as lead oxide, barium oxide and

antimony oxide.
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LEAD-FREE PRIMING MIXTURE FOR
PERCUSSION PRIMER

This invention relates to a primer mix for a
percussion primer. More particularly, the
substantially lead free primer mix contains calcium
silicide and dinol. The primer mix has sufficient
sensitivity for use in both Boxer and Berdan primer
systems.

For approximately the last fifty years, the
primary explosive used in small arms primer
compositions has been lead styphnate. The lead
styphnate is combined with oxidizing and reducing
agents, sensitizers and other fuels. Typical
additions to lead styphnate include tetracene,
aluminum, antimony sulfide, calcium silicate, lead
peroxide, boron, pyrophoric metals and barium
nitrate. Variations in the ingredients and their
relative amounts result in chemical systems which
possess sensitivity and propellant ignition
properties tailored to specific requirements. These
priming compositions are, and for the most part,
still in current use in small arms primers.

However, concerns over environmental hazards and
the potential effects on individual health,
primarily in indoor shooting ranges, has lead to
concerns with the primer exhaust. The lead
styphnate based primers exhaust toxic oxides of
lead, and typically also barium and antimony oxides.
Extensive research has been done to find a
replacement primer which (1) does not produce toxic
exhaust products; (2) has a consistent ignition
pressure and velocity; (3) and has sufficient
sensitivity for use in both Boxer and Berdan priming

systems.

PCT/US94/13120
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Non-toxic primer compositions are disclosed in
U.S. Patent No. 4,963,201 to Bjerke et al and in
U.S. Patent No. 5,167,736 to Mei and Pickett.

The Bjerke et al patent discloses a non-toxic
primer mix containing dinol, tetracene, a nitrate
ester fuel and strontium nitrate. The exhaust
product from ignition of this mix does not contain
lead, barium or antimony oxides. The exhaust
product does contain strontium oxide slag. The
sensitivity is less than that of a lead styphnate
based primer. While suitable for use in Berdan
primers, the sensitivity is marginal for Boxer
primers.

The Boxer primers have a self contained anvil
which allows the primer to be sold as a component
and the pistol user can reload shells. The
capability to reuse shells makes priming mixes
having sufficient sensitivity for use in Boxer
primers desirable in both military and commercial
applications.

The Mei and Pickett patent discloses a non-toxic
primer mix for use in both Boxer and Berdan
percussion primers. The mix contains dinol and
boron. Calcium silicide is disclosed as useful as
an abrasive sensitizer and as a reducing agent.

While these non-toxic priming mixes are
suitable, there exists a need for other non-toxic
priming mixes which have sufficient sensitivity for
Boxer primer systems.

Accordingly, it is an object of the invention to
provide a priming mixture which does not generate
toxic oxides upon ignition and has sufficient
sensitivity for use in both Berdan and Boxer
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primers. It is a feature of the invention that this
priming mix contains dinol and calcium silicide. 1In
rreferred embodiments, specified amounts of
tetracene, a propellant and potassium nitrate are
also present. Yet another feature of the invention
is that the priming mix sensitivity, in both 9
millimeter shells and 38 special shells, was well
within the SAAMI specifications. SAAMI refers to
the Sporting Arms and Ammunition Manufacturers
Institute.

It is an advantage of the invention that
ignition of the non-toxic priming mix does not
generate toxic oxides. Additionally, the priming
mix has sufficient sensitivity £for use in both Boxer
and Berdan type primers.

In accordance with the invention, there is
provided a primer mix which consists essentially of
an explosive powder mixed with a pyrotechnic powder.
The pyrotechnic powder comprises calcium silicide
and an oxidizer.

A preferred primer mix of the invention consists
essentially of from about 20% to about 50% by weight
dinol, from about 2% to about 10% by weight
tetracene, from about 5% to about 30% by weight of a
propellant, from about 2% to about 20% by weight
calcium silicide and from about 20% to about 50% by
weight potassium nitrate.

The above stated objects, features and
advantages will become more apparent from the
specification and drawings which follow.

Figure 1 shows in cross-sectional representation
a small arms cartridge utilizing a Boxer primer.




-3a-
Figure 2 shows in top planar view the Boxer primer of Figure 1.

Figure 3 shows in cross-sectional representation a small arms cartridge

utilizing a Berdan primer.
Throughout the description and claims of this specification, the word
5 “comprise” and variations of the word, such as “comprising” and “comprises”, is

not intended to exclude other additives or components or integers.
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Figure 2 shows—imtop—plamer—view—the—Boxer

primer of Figure 1.

Figure 3 she n cross-sectional representation

Bexrdan pri mMer.

Applicants’ primer mix contains a pyrotechnic
mix combined with an explosive mix. The pyrotechnic
mix contains calcium silicide as a fuel and an
oxidizer. The preferred oxidizers are one or more
alkaline and alkaline earth nitrate compounds.
Potassium nitrate is a preferred oxidizer.

Any suitable explosive mix may be used. Typical
explosive mixes include a mixture of an initiating
explosive, a sensitizer and a propellant. Among the
suitable initiating explosives are nitrotetrazoles
such as dintrobenzotriazole, dinitrotolutriazole and
diazodinitrophenol (dinol) as well as mixtures
thereof.

One effective sensitizer is tetracene. The
propellant is any suitable nitrated ester such as
pentaerythritoltetranitrate (PETN), nitroglycerin,
and nitrocellulose. Mixed propellant fines such as
60% nitrocellulose and 40% nitroglycerin, as well as
other ratios, are satisfactory. These commercially
available propellants are available in small
particle size (such as from about 0.25 mm to about
0.50 mm (0.010 = 0.020 inch) in diameter).

Other suitable propellants include
dinitrotoluene, picric acid and nitroquanidine.

The propellant may also be a mixture of specified
propellants.

One preferred propellant comprises propellant
flakes and is offered by Hercules Incorporated
(Camden, NJ) as the 1500 Series propellant. The
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propellant consists of flakes of a size which will
pass through a 30 mesh screen and have the
composition 30% nitroglycerin and 70%
nitrocellulose. The flakes may be coated with
graphite to improve flow during primer mixing and
loading.

Applicants’ preferred primer mix consists
essentially of:

from about 10% to about 50% by weight of an
initiating explosive;

from about 2% to about 10% by weight of a
sensitizer;

from about 3% to about 30% by weight of a
propellant;

from about 2% to about 20% calcium silicide; and

from about 20% to about 50% by weight of an
oxidizer.

Utilizing the preferred primer constituents, the
primer mix consists essentially of:

from about 10% to about 50% by weight dinol;

from about 2% to about 10% by weight tetracene;

from about 3% to about 30% by weight of a
propellany;

from about 2% to about 20% calcium silicide; and

from about 20% to about 50% by weight potassium

nitrate.

When the amcunt of initiating explosive is less
than 10%, the primer mix has too low a brisance.
Ignition of the primer is as a puff rather than an
energetic explosion. If the content o above 50%,
the brisance is too high and the ini.auting

explosion too violent.
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The content of the sensitizer is from 2% to
about 10% by weight. Below 2%, the sensitivity is
low and the frequency of primer "no-fire" failures
increases. Increas.: & the amount of sensitizer
above 10% does not contribute to any additional
increase in sensitivity.

The amount of propellant is from 3% to 30%. A
propellant content of less than about 3% lacks
sufficient brisance to ignite the main charge.
Above 30%, the brisance is tco high and the primer
too energetic.

The pyrotechnic'component of the primer mix is
calcium silicide and an oxidizer. The calcium
silicide provides the heat to ignite the explosive
mix. When the calcium silicide content is less than
about 2% by weight, insufficient heat is generatead
to ensure ignition of the explosive mix. When the
calcium silicide content is above about 20%, the
fuel energy is primarily discharged as a flash
rather than as heat resulting in poor combustion and
a high particulate content in the ignition product.

A sufficient amount of oxidizer is present to
provide for a high temperature, consistent burn of
the calcium silicide. This content is preferably
from about 20% to about 50%.

In preferred embodiments of the invention, the
dinol content is from about 20% to about 45% by
weight and more preferably from about 25% to about
40% by weight. The tetracene content is preferably
from about 3% to about 8% by weight and the
propellant content preferably from about 5% to about
25% by weight. The calcium silicide is preferably
present in an amount of from about 5% to about 15%
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and most preferably, in an amount of about 8% to
about 12%. The oxidizer is preferably present in an
amount of from about 25% to about 40%.
A preferred primer mix consists essentially of:
from about 20% to about 45% by weight dinol;
from about 3% to about 8% by weight tetracene;
from about 5% to about 25% by weight of a

propellant;
from about 5% to about 15% by weight calcium

silicide and
from about 25% to about 40% by weight nitrate.

The primer mix is placed in a primer cup
utilizing either the Boxer or the Berdan system.
Figure 1 shows in cross-sectional representation a
small arms cartridge 10 having a Boxer percussion
primer 12. The primer mix 22 is ignited when a
firing pin strikes the primer holder i4. The primer
holder 14 is of generally cup-shaped configuration
having a closed end and an open end. A metallic
anvil 16 extends across the open end of the primer
holder 14. The metallic anvil has a centrally
depressed region 18 and at least one aperture.
Figure 2 illustrates in top planar view the
positioning of the metallic anvil 16 and the
aperture 20 located within the centrally depressed
region 18.

Referring back to Figure 1, the primer mix 22 is
contained with the primer helder 14. The primer mix
22 contacts both the closed end of the primer holder
14 and the centrally depressed redion 18 of the

metallic anvil 16.

PCT/GE94/13120
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When the closed end of the primer holder 14 is
struck by a firing pin, the centrally depressed
region 18 is energetically driven into the primer
mix 22, generating a shock wave which %+ ;.. the
primer mix 22. The heat and flame gen=yzi: Ly
ignition travels through the central bore .,..ting
the primary explosive 26 which fires a bullaet or
other projectile (not shown).

Figure 3 shows in cross—sectional representation
a small arms cartridge 30 having a Berdan primer 32.
The primer holder 14 is of substantially the same
configuration as the primer holder of Figure 1
having a generally cup-shaped configuration with a
closed end and an open end. The primer mix 22 is
contained within the primer holder 14 and contacts
both the closed end of the primer holder and a
protrusion 34 extending from the base of the
cartridge jacket 36.

The primer mix 22 contacts both the closed end
of the primer holder 14 and the protrusion 34. When
the closed end of the primer holder 14 is struck by
a firing pin, the protrusion 24 is driven into the
primer mix 22, generating a shock wave which ignites
the primer mix 22. Ignition of the primer mix 22
generates a flame which travels through twin bores
38 to ignite the primary explosive 26, firina the
bullet or other projectile (not shown).

The following examples, which are intended to be
exemplary and not limiting, demonstrate the benefits

of the inventive primer mix.
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EXAMPLES

A primer mix having the following composition
was utilized for all Examples:

40% by weight dinol;

5 6% by weight tetracene;

8% by weight propellant fines (30%
nitroglycerin, 70% nitrocellulose);

10% calcium silicide; and

36% potassium nitrate.

10 The primer mix was charged into a standard Boxer
small pistol primer cup and assembled. The primer
was then tested according to the SAAMI specification
for small pistol primer sensitivity. The
requirements are no samples fire when a (1.94 ounce)

15 test weight is dropped from a height of 55 gram 25.4
mm (1 inch) into the primer mix. All samples must
fire when the weight is dropped from a height of 280
mm (11 inches). When the primer mix was tested in a
38 Special shell, the results of Table 1 were

20 obtained.

TABLE 1
HEIGHT Number of NO FIRES (50 tested) l
51 mm (2 inches) 50
76 mm (3 inches) 38
25 102 mm (4 inches) 22
127 mm (5 inches) 2
152 mm (6 inches) 0
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The Table 1 results provide an H-bar (the height
at which 50% of the test primers fire) of 100 mm
(3.94 inches) and an H-bar plus 4 Sigma (predicted
all fire height) of 165 mm (6.49 inches).
5 Table 2 indicates the results when tested in a 9

millimeter shell case.

‘?ABLE 2
HEIGHT Number of NO FIRES (out of
L 50 tested)
76 mm (3 inches) 50
10 102 mm (4 inches) 39
127 mm (5 inches) 16
152 mm (6 inches) 1
178 mm (7 inches) | 0
1S
15 The Table 2 results provide an H-bar of 117 mm

(4.62 inches) and the H-bar plus 4 sigma was 195 mm
(7.68 inches).
As illustrated in Table 3, for both 9 milliimeter
and 38 Special cartridges, the velocity and pressure
20 nf the primer mix of the invention is about equal to
r better than that of a conventional lead based
mix. The performance of the primer mix is uniform
over a wide range of temperatures. In each case,;
the equilibrium time is 4 hours. The number of
25 samples tested is 10 at 70°F and 140°F. 25 samples

were tested at -40°F.
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The relatively low standard deviations of the
primer mixes of the invention indicate that
consistent results could be expected from shell to
shell.
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TABLE 3
Sample* | Storage Ignition Standard Velocity Standard
Temp. °F Pressure Deviation m/sec. (ft/sec.) Deviation
MPa (psi/100) (Based on (Based on
English English Units)
Units)
Smm-TI 70° 823 (1193) 7.5 102 (333) 8.5
Smm-C 70° 836 (1212) 6.5 108 {353) 6.5
9mm-T 140° 829 (1202.5) 8.5 105 (343) 9.5
9mm-C 140° 822  (1192.5) 9.5 101 (332.5) 10
omm—-I -40° 827 (1200) 10.5 107 (349.5) 11.5
Imm-C -40° 833 (1208) 19.5 108 (354) 18.5
38S5-1 70° 699 (1014) 25.5 38.3 (125.5) 11
365-C 70° 696 (1009.5) 21 36.6 (120) 8
385-1 140° 733 (1062.5) 34 39.3 (129) 8.5
38S-C 140° 731 (1059.5) 36 39.5 (129.5) 6
385-1 -40° 645 (935) 37 36.9 (121) 10
38S-C -40° 691 (930) 44 37.1 (121.5) 12

86ZS1/S6 OM

9mm (9 millimeter Luger) and 38S (38 Special) refer to cartridge type, I (inventive)
and C (conventional lead styphnate based) refer to the primer type.

OTIET/F6SN/ALO
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The ignition products of the primer mix should
be non~toxic and predominantly gaseous. The
ignition product (at the chamber) of the primer mix
used for the Examples has the theoretically

5 calculated composition illustrated in Table 4.
Further oxidation of the ignition products would

take place at the muzzle.
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~ TABLE 4
COMPONENT l WEIGHT PERCENT l

co 34.04
co, 6.75
K 3.88
N, 21.19
KOH* 8.46
H,0 0.86
H, 0.50
Cao* 5.82
Si0,% 12.47
KOH 5.74

* These components are solid igrnition products,
the remainder are gaseous. The weight percent of

The remaining 0.3% is made

up of various gaseous ignition products present in
an amount of less than 0.2% by weight.
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It is apparent that there has been provided in
accordance with the present invention a non-toxic
primer mix which fully satisfies the objects, means
and advantages set forth hereinabove. While the
invention has been described in combination with the
embodiments thereof, it is evident that many
alternatives, modifications and variations will be
apparent to those skilled in the art in lignt of the
foregoing description. Accordingly, it is intended
to embrace all such alternatives, modifications and
variations as fall within the spirit and broad scope

of the appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A substantially lead-free primer mix consisting essentially of:

an explosive powder which includes dinol mixed with a pyrotechnic powder
wherein said pyrotechnic powder comprises calcium silicide and an oxidizer.
2. A primer mix consisting essentially of:

from about 10% to about 50% by weight of an initiating explosive;

from about 2% to about 10% by weight of a sensitizer;

from about 3% to about 30% by weight of a propellant;

from about 2% to about 20% by weight calcium silicide;

from about 20% to about 50% by weight of an oxidizer.
3. A primer mix according to claim 2 wherein said initiating explosive is
selected from the group consisting of dinitrobenzotriazole, dinitrotolutriazole and
dinol and mixtures thereof.
4, A primer mix according to claim 3 wherein said initiating explosive is dinol.
5. A primer mix according to any one of claims 2 to 4 wherein said sensitizer
is tetracene.
6. A primer mix according to any one of claims 2 to 5 wherein said propellant
is selected from the group consisting of nitrated esters, dinitrotoluene, picric acid
and nitroquanidine and mixtures thereof.
7. A primer mix according to claim 6 wherein said propellant is a nitrated
ester selected from the group consisting of PETN, nitroglycerin, nitrocellulose and
mixtures thereof.
8. A primer mix according to claim 7 where said propellant is a mixture of
nitroglycerin flakes and nitrocellulose flakes having a size of from about 0.25mm
to about 0.50mm.
9. A primer mix according to any one of claims 2 to 8 wherein said oxidizer is
one or more compounds selected from the group consisting of alkaline and
alkaline earth nitrates.
10. A primer mix according to claim 9 wherein said oxidizer is potassium
nitrate.
11. A primer mix consisting essentially of:

C WINWOROUULIE\SPECIES\11780-93 0OC
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from about 10% to about 50% by weight dinol;

from about 2% to about 10% by weight of tetracene;

from about 3% to about 30% by weight of a propellant;

from about 2% to about 20% by weight calcium silicide;

from about 20% to about 50% by weight of potassium nitrate.
12. A primer mix according to claim 11 consisting essentially of from about
20% to about 45% by weight dinol;

from about 3% to about 8% by weight of tetracene;

from about 5% to about 25% by weight of a propellant as a mixture of
nitroglycerin and nitrocellulose particles;

from about 5% to about 15% by weight calcium silicide;

from about 25% to about 40% by weight of potassium nitrate.
13. A primer mix according to claim 11 or claim 12 being essentially free of
lead and lead compounds.
14. A percussion primer comprising:

a primer holder having a generally cup-shaped corfigiirsion with a
closed end and an open end;

a metallic anvil extending across said open end, said anvil having a
centrally depressed region containing at least one aperture; and

a primer mix contained within said primer holder and contacting both
said closed end of said primer holder and said centrally depressed region of
said anvil, said primer mix consisting essentially of an explosive powder which
includes dinol mixed with a pyroteclinic powder, said pyrotechnic powder
including calcium silicide and an oxidizer.
15. A percussion primer comprising:

a primer holder having a generaily cup-shaped configuration with a
closed end and an open end; and

a primer mix contained within said primer holder and consisting
essentially of an explosive powder which includes dinol mixed with a
pyrotechnic powder, said pyrotechnic powder including calcium silicide and an

oxidizer.
16. A percussion primer according to either claim 14 or 15 wherein said
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primer mix consists essentially of from about 10% to about 50% by weight of

an initiating explosive, from about 2% to about 10% by weight of a sensitizer,
from about 3% to about 30% by weight of a propellant, from about 2% to about
20% by weight calcium silicide, and from about 20% to about 50% by weight of
an oxidizer.

17. A percussion primer according to claim 16 wherein said primer mix
consists essentially of from about 10% to about 50% by weight dinol, from
about 2% to about 10% by weight of tetracene, from about 3% to about 30%
by weight of a propellant, from about 2% to about 20% by weight calcium
silicide and from about 20% to about 50% by weight of potassium nitrate.

18. A percussion primer according to any one of claims 14 to 17 wherein
said primer mix is essentially free of lead and lead compounds.

19. A primer mix according to any one of claims 1, 2 or 11 as substantially
hereinbefore described with reference to any one of the examples.

20. A percussion primer according to claim 14 or claim 15 as substantially

hereinbefore described with reference to any one of the examples.

DATED: 5 September, 1996

PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:
OLIN CORPORATION
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