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The Primer Book

Warning

The manufacture and possession of explosives such as those used in prim-
ers is illegal without proper authority and licenses from the Bureau of
Alcohol, Tobacco and Firearms. Do not use this book to create the de-
scribed explosives and primers without licenses and authorization from
the afore mentioned agency. Further, authorization for the proper agen-
cies on the local and state level may be required.

The procedures in this book are dangerous and result in products that are
extremely dangerous. Whenever dealing with explosives of any type, all
precautions as set forth in industry standards for experimentation and
production of high explosives should be strictly adhered to. Failure to
strictly follow the industry standards may result in either physical injury
or death. Therefore, the information in this book is presented solely for
academic purposes only. Neither the author, publisher nor distributors of
this book assume any responsibility for the use or misuse of information
contained herein.
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Introduction

The present handbook is infended for use by the students of priming mixes
used in small arms primers. It is a compilation of information available from a
variety of unclassified and publicly available publications, such as books,
periodicals, government specifications, patents and manufacturer’s cata-
logues.

The majority of prinfed data relating to the priming mixes is intfended for
the research and development community of chemists, physicists and engi-
neers involved. The presentations assume that the reader has a thorough base
of college courses in chemistry, physics and/or engineering. These texts focus
on the details of chemical reactions of the materials involved, in their crystal-
line structure, reactions under a variety of physical conditions and stimuli. Such
information is most important and necessary in the design of new and/or
betfter mixes as well as to the engineer involved in the selection and opera-
tion of production equipment. The explosive characteristics of the materials
involved are discussed at length.

Regretfully, the attention given to the actual preparation of such materials
and / or mixes is considered almost secondary. Most texts describe the labo-
ratory preparation of priming mix components with a single concise para-
graph at best. The preparation processes are brief, sometimes incomplete
and generally leave many questions unanswered. One of the objectives of
this volume was to collect and study the process descriptions from different
sources. This published information has been digested and presented in a
format familiar to the students of high school chemistry courses. Each pri-
mary explosive preparation is presented as a separate and independent
chapter. Where suitable and possible, graphs and flow charts have been used
as a substitute for actual text.

Each of these priming mix chapters contains pertinent data on equipment,
materials, safety precautions, preparation procedures and quality control in-
formation. Only the tests have been consolidated under a separate head-
ing. This approach allows for a quick and easy preparation of a given priming
mix.

The present material is devoid of chemical reaction equations, thermody-
namic calculations of decomposition reactions,etc. It contains only informa-
tion on the safe and practical preparation of the various priming mixes using
the simplest and readily available equipment.

The book is further restricted to primers of percussion type,as used in smalll
arms. Electric primers used generally in crew-served and or on-board auto-
matic weapons are a specific area of interest.



The Primer Book

While there are only six basic percussion primers in use throughout the world,
there are dozens of electric primers for different cartridges and weapons. To
discuss them in detail is beyond the scope of this book.

The present text describes not only the laboratory preparations, but also
the “one-paqil” size operations which are suitable for small and medium ( ap-
proximately 2 million primers per week) size production lines. It must also be
pointed out very emphatically that extrapolating the processes from “one-
pail” size to larger vessels should not be considered. Such escalations of reac-
fion vessels require knowledge of heat transfer, reaction time, and other spe-
cial considerations.|It is due to the relation between the surface area and
volume of each individual piece of equipment.For example:

The volume of a glass beaker is 3.14 X 4" X 4" X 4" = 50.24 cubic inches
4 (823.3 ml)

the surface area of the beaker in contact with the work contents is

nD? + iDH + 3.14 X4 X4 + 3.14 X4 X 4 = 62.80 square inches

4 4 4 (405 cm?)

thus every one square inch of surface has to heat or cool 0.8 cubic inches
of work material (1 cm?to 2.03 ml).

If the laboratory system is increased to a level of a stainless steel pail (gen-
erally used for many operations),the relationship between work volume and
the available heating-cooling surface of the pail becomes:

surface t X 10" X 10" +r X 10'X 7" =78.5 + 220 = 300 in?
4 (1935 cm?)

and the respective volume of work will be

n X 10" X 10" X 7" = 650 cubic inches (8935 ml)
4

Now each square inch of the pail surface heats/cools 1.8 cubic inches of
the work material (1 cm?for 4.62 ml). This requires correspondingly greater
capacity of the heating/cooling liquid (water) to maintain the proper opera-
fion cycle. This “one-pail” may be considered the practical safe limit of the
off-the-shelf equipment. Further increase in the reactor volume requires spe-
cially designed units capable to maintain the required temperature control
of the whole volume, not only the layer adjacent to the vessel surfaces. Such
large capacity vessels-reactors are usually jacketed, with additional internal
coils, baffles and stirrers designed to expose all contents uniformly to rapid
heating/cooling cycle.
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Introduction

Another alternative is to use multiples of “one-pail” units. This approach
was in use since the very beginning of the Fulminate of Mercury production.
The “one-pail” method and its multiples,is also suitable for small and medium
size marufacturing plants,as inexpensive and flexible.

However for large, particularly military, plants with large volume of only lim-
ited types of primers production, the continuous process methods may be
preferable. Although their initial cost may be high, they pay for themselves in
relatively short time by substantial personnel and work area reduction. Fur-
thermore, they contain only a small volume of in-process materials (explo-
sives) and may be remotely controlled, which reduces personnel hazards con-
siderably. These features not only increase the safety but also allow for wider
choice of plant location.

Interestingly, the technicians and workers in the priming mix production
sometimes do not have any chemistry schooling at all. Yet they have been
frained to perform the work required. The essential prerequisites for prepara-
tion of the priming mixes are: absolute adherence to the safety instructions,
full and undivided attention to the work performed, healthy respect for the
materials to be handled.

COMPLACENCY HAS NO PLACE IN THIS BUSINESS

It is hoped that the information provided will assist the students and work-
ers in their efforts.

It is customary to devote a separate chapter at the beginning of most
technical texts to the history and development of the subject under discus-
sion. The author feels that the story of priming mixes and the smaill arms prim-
ers has been presented in so many books and so eloguently, that is would be
presumptuous on his part to try it. Instead the following is a short list of books
describing the development of the priming mixes and their application, pro-
viding an ample background:

United States Firearms, The First Century;Butler David F. Winchester Press, NYC, 1971

Early Percussion Firearms;Winant,Lewis, Wm. Morrow & Co., NYC, 1959

vii



Chapter1

General Primer Data

The primer is considered the most critical component of a small arms cartridge. It is
located in the base (head) of the cartridge case; held by friction and/or interference fit,
and in the military carridges, also by crimping in place.

With a few exceptions, the small arms cartridge primers are of the percussion type. This
means that the primer is actuated by impact of the firing pin (striker) on the primer cup.

During this impact the cup is deformed and the priming mix retained between the cup
and the anvilisignited. To be considered a good primer, it must satisfy the following require-
ments:

1- Reliability ~ A primer should produce reliable ignition of the cartridge propellant
under the adverse conditions of extreme ambient temperatures from - 40°C to +55 °C.,

2 - Uniformity - The propellant ignition should be uniform to assure uniform muzzle baillis-
fics.

3 - Sensitivity ~ A primer should conform to the standards of sensitivity to firing pin im-
pact established by the weapon and ammunition designers and users (military).

4 - Clean burning - The priming mix should burn without harmful corrosive residue af-
fecting the weapon and fo a lesser degree the cartridge case (important for reloaders).

5 - Stability - The primer must retain above performance characteristics under storage
for extended periods of time at varying temperatures. This isimportant to the manufacturer
and the end user, so they do not have to worry unduly about inventory and stored product
turnover.

6 - Safety last, but not least, the primer must be safe to reasonable handling during

manufacture, cartridge loading and packing, and in storage.
The small arms percussion primers are of three basic types:

1- Berdan (anvil infegral with the cartridge case)
2 - Boxer (anvil seated in the primer cup)
3 - Shoftshell (primer cup and anvil inside a battery cup)
These primers are described on the following pages:
I-1




The Poor Man’s Primer Manual

Berdan type primers are without integral anvil. The anvil in this case is an integral part
of the cartridge case and is located at the bottom of the primer pocket.

The Berdan primer pocket usually has 2 small-diameter flash holes. The theoretical
advantage of this system was:

a - Simple primer construction and manufacture with inherently less chance
for defectives.
b - Positive location of the anvil.
¢ - Smaller flash holes preventing fractured powder grains from entering
info the primer pocket.
d - Difficulty in reloading of fired case.
The last item is of importance in areas where ammunition is under strict government
control.
This type of primer is prevalent in Europe.
Boxer type primers have the anvil as an infegral component of the primer itself. The
cartridge case, has only a simple pocket with a single, relatively large, centrally lo-
cated flash hole.

PRIMER, PERCUSSION,
BERDAN TYPE

schematic . PRIMER CUP
PRIMING MIX

A A RIS NC TR "‘IOIL
AR E R R S A

CASE,CARTRIDGE
(Anvil integral part of)
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General Primer Data

BERDAN TYPE PRIMER
LAPUA MANUFACTURE
FOR 7.62 x 39 CARTRIDGE

primer cup

red lacquer
lead foil
plastic waterproofing

priming charge
(45 milligram)

dry charging priming mix composition:

Lead styphnate
Pb0so

Sb253

Ba (NO3)»

Ca-silicide
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BERDAN TYPE,
SMALL PISTOL SIZE

45%t=3.85 T .05 dia__ o]
\ LACQUER, ethyl cellulosc
+ +.1 N ! //FOIL’ paper, .15-.20
- - thi
=15 [ 2 4R %/ hick
2.3 {/
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5 2R
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O.2R //J/ /‘4‘ -":. 105 -01
Z: / /x 1.05
_] ,’ pa I g g “
— K 7R
+0 // \\\\
~.04
0.47 - 4.53 .01 dta_____ | PRIMING MIX,Lead
Styphnate Tetragene type
charge, nominal:
PRIMER CUP, cartridge brass alloy, 21 ¥ 2 mg
bottom hardness (Vickers diamond pyramidal, compressed with 7OKg
130 with 2.5 Kg 1oad§ dead load
side hardness, 150 max.
4.50 *05
,00"+9% 0.30 79

PRIMER CUP,
cartridge brass

FOIL,PAPER
.15 thick

PRIMING MIX
Lead Styphnate-
Tetrazene type

Note:
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dimensions are in millimeters

t__ 0.37%+9°



General Primer Data

PRIMER, PERCUSSION,
BERDAN TYPE
LARGE RIFLE SIZE

LACQUER, ethyl cellulose

/ FOIL, paper, .15-.20 thick

{
/

o
\<5 - 4.38 X 05_dia .|
.
2.70
1-*.1
1-35
l
1
\\PRIMING MIX, Lead Styphnate
Tetrazene type,
charge, nominal: 39 - 3 mg
PRIMER CUP, cartridge brass alloy compressed with 70 Kg dead
hardness (Vickers diaménd pyramidal, load

with 2.5 Kg load
bottom : 130
side : 150 max.
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Some of the advantages of this system are:

a - Anvil and primer cup are consolidated while priming mix is wet and relatively
insensitive.

b - Cartridge case construction and manufacture is simplified.

c - Cartridge case is easily reloadable, by punching out fired primer.

The boxer primer has demonstrated its reliability in billions of military and commer-
cial cartridges, thus nullifying the principal theoretical advantage of the berdan primer.
The boxer primer is used and preferred in the USA.

'PRIMER,PERCUSSION,
BOXER TYPE

schematic

__— PRIMER CUP

T LLL LI PRIMING MIX
g 7/ FOIL
Y
/// PRIMER ANVIL
~ CASE,CARTRIDGE

FLASH HOLE
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Battery cup primer is used almost exclusively in shotshell cartridges. The usual shotshell
case is made from paper and/or plastic material. The case head is reinforced with a
thin metallic cup, holding the case body and the base wad together. It is needed also
for positive extraction of fired case from some shotguns.

Since the primer needs a solid, non-elastic surface to rest on, for positive ignition, a
small metallic piece is added to the primer assembly. This piece is called “battery cup”.

In the past, there were several types of battery cup primers, but at present the 209
Winchester type is used almost exclusively in U.S., Asia and Europe.

The shotshell primers may have the anvil as a separate piece, or as an integral part
of the baftery cup. As with the boxer and berdan primers, both types of shotshell primer
have some advantages and disadvantages.

PRIMER,PERCUSSION,
BATTERY CUP TYPE

schematic (in shotshell)

PRIMER CUP
PRIMING MIX
FOIL

Y/ PRIMER ANVIL
__ BATTERY CUP

(shotshell)

Forreliable and safe performance, regardless of the type, the primer must be seated
in the cartridge case quite tightly and rigidly. Loose primer, when impacted by the
firing pin, may bounce back and/or “give” without ignition. Even if ignition occurs, the
priming mix flame and gases will leak around the cup back into the action, and the
propellant in the case may not be ignited. Thus it is extremely important that the primer
fit the case correctly and is seated against the priming pocket bottom.

All these conditions require close tolerances, both of the primer and the cartridge
case primer pocket. The following tables give data as established in the industry.

I-7



The Poor Man’s Primer Manual

There is a third primer type which was patented years ago. This system used a Boxer
type (no anvil) cartridge case with a separate anvil and a Berdan type (no anvil) primer.
This priming system had the following advantages:

a - Using a cartridge case with a central flash hole and no anvil integral with the
case allows for a simpler case manufacture.

b - Use of Berdan type primer allows a larger priming mix charge which is particularly
important in large capacity carridges (Magnum type); and in cartridges with
small diameter cases needing small size primers.

However, the classic Berdan and Boxer primers have been made for generations
and there is not an urgent need for other types. Furthermore, the seating of this new
type anvil would require modifications to existing cartridge loading machines with ex-
tra stations for orienting, seafing and inspection of the anvil.

This priming system is illustrated below:

Berdan type primer
separate anvil

- cartridge case

27,
~
~

"~
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General Primer Data

Through the years the percussion primers in the U. S. A. have been standardized into
the following sizes:

Small pistol

Large pistol

Small rifle

Large rifle

Battery cup shotshell

.50 cal. (for military use)

The following table lists some of the cartridges and their respective primers:

Primer type SMALL LARGE
PISTOL RIFLE PISTOL RIFLE
25ACP 22 Hormmet  .30-40 243 Win.
32ACP 222 Rem A44-40 250 Saw.
.32 Colt 25-20 44 Spl. 270 Win.
357 Mag 32-20 44 Mag. 7x57 Mau.
.38 Spl. .30 Carb. 45 Colt .30-30
380 Auto 5.56x47 .45 ACP .30-06
.30 Maw. 300 Mag.
9mm Para. 7.62x51
41 Colt 375 H&H

458 Win.

Note: all shotshell gauges, from .410 through 10-ga. use one size battery cup primer.
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PRIMER, PERCUSSION,
SMALL ARMS CARTRIDGE

PRIMER SIZE

DIMENSIONAL - mm
Diameter - D

Cup height - C
Unseated height - B

rifle

5.38+.01
3.12+.07
3.30+.05

PRIMING MIX PELLET WT - mg

Individual
Avg. of 10

Median of 7
Median range of 7
Median of 25
Median range of 25

SENSITIVITY

38.90+4.85
37.25+1.65
38.90+2.60
23.00
38.87+1.92
7.20

(When seated in cartridge case)
Drop ball weight - gram 103.4

Ball drop height - mm

rimmed case
rimless case
rimmed case
rimless case
rimmed or rimless

100%

H+55

H-28

pistol

5.38+.01
2.92+.07
3.07+.05

29.80+2.80
28.85+0.95
29.80+1.45

56.7

275
305
300
350

75

TYPICAL COMMERCIAL SPECIFICATIONS
LARGE

SMALL

rifle pistol
4.47+.01 4.47+.01
2.92+.07 2.92+.07
3.07+.05 3.07+.05
22.65+2.80 22.35+1 .90
21.70+0.95 21.70+0.65
22.65+1.45 22.35+1.00
56.7 56.7
250 325 255
290 335 205
290 375 286
325 380 235
75 75 50

STABILITY IN STORAGE: 1 year at 70°C in dry air or 46° C at 85% relative humidity

Notes: 1) The 5.56 x 45 military cartridge has a 100% drop sensitivity, using a 103.4
gram ball with 305 mm drop 2) the higher sensitivity values for rimless cases are due to
account for the case shoulder cushioning effect.
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PRIMER, PERCUSSION,
SMALL ARMS CARTRIDGE

SCHEMATIC ASSEM3LY

~ T
SO
~ B —

)

N
H\
~
~
N
~
~
-~
~
~
N
N
N
~
~
N
~
~
N

Ny
~ -

3
£
£S5
T
LS A

g

NN

~

DIMENSIONAL - mm
Diameter - D

Cup height - C

Unseated height - B
PRIMING MIX PELLET WT.-mg
Individual

Median of 7

SENSITIVITY

8.06 - .03
547 + .14
711 +.20

110.0 + 26.0
1220+ 12.0

(When seated in cartridge case)

Drop ball weight - gram
Ball drop height - mm
100%

H+5S

H-28S

207.0

380
455
75

lacquer, identification
anvil

foil

priming mrx

primer cup

PRIMER ,PERCUSSION

50 cal. Browning
cartridge
M36A1

STABILITY IN STORAGE: 1 year at 70°C in dry air or 46°C at 85% relative humidity.
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CARTRIDGE CASE PRIMER POCKET

PRIMER SIZE

Small pistol
Small rifle
Large pistol
Large rifle

.50 cal. Browning

for Boxer type primers

DIAMETER

4.41 +0.02
4.41 +0.02
5.31 +0.02
5.31 +0.02

8.01 +0.02

PRIMER POCKET DIMENSIONS
( in millimeters)

DEPTH

2.96 +0.08
2.96 +0.08
2,96 +0.08

3.22 +0.008

primer seating depth

A

primer

Y/

/ /
77

—~— pocket diay——

PRIMER
SEATING
DEPTH

0 +0.15
0+0.15
0+0.15
0+0.15

0+0.15

// rimer pocket depth
//’// /
/

/



General Primer Data

1

P T)
L.—qj

v,
AN AE...

A

NN

NN

0

lli

- primer cup

- anvil

- battery cup
priming mix

- priming mix foil
- battery cup foil

o Ul b W N
|

Note: for best results

seat primer in cylindri-
cal pocket 6.04 - 6.07 mm
diameter solid aginst
flange.

maximum acceptance
specification specification
Pellet weight - mg
avg. of 10 54.40 * 4.00 54.00 = 1.50

Pellet height - mm

Sensitivity ( 56.7 gram steel ball)

100 % steel die
shotshell case
H + 4S8 steel die
shotshell case
H-28 steel die
shotshell case
0% steel die or shotshell case
Dimensions - mm
A 7.97 x0.25
B 6.10 *x0.03
C 7.72 x0.10
D 0.12 = 0.12
E 2.95
F 0.30 + 0.12
G 0.95% 0.06

1.90 £ 0.10

drop height - mm

203

255

191

51

51

51

7.97 £ 0.15
6.09 = 0.017
7.69 £ 0.05
0.15 * 0.05
0.18 = 0.02

Stability - 1 year at 70°C dry air or 46°C and 85% relative humidity
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No primer discussion would be complete without mentioning the original percussion
cap. theoretically obsolete, yet revived by the increased interest in the muzzle loading
black powder arms.

The percussion cap, from which the modern primer evolved, is a thin copper, or brass
cup filled with mercury fulminate or chlorate base priming mix. It is not seated in a
carfridge case (there is none), but on the nipple of the muzzle loader arm. It is fired by
the impact of a hammer, which compresses the cap and mix against the nipple rim.
The flame and combustion materials of the ignited mix are carried through the nipple
flash hole to the black powder charge in the barrel.

Following is a drawing of a typical musket (rifle) percussion cap:

o1
.2
2
' 1.1 70
0 4R —o i -
\ . 1 -
priming mix RRUTERN e
charge 0.032 gram—_{ \\\\\\\é\\\}@ ! |
foiling paper A N [
0.1 thick ; | = —
1.6R T o
5.75
+.9 i
1o
0.6R —— ; l |
: |
' -, 01
| 225 45 0.22%"
6.30" tia.
e ]
‘x= 10.25%°2% dia, —e=




General Primer Data

Percussion primer manufacture may be divided arbitrarily into three semi-indepen-
dent phases:

1 - Metallic components manufacture, i.e. primer cups, anvils, and battery cups.
2 - Priming mix manufacture.
3 - Primer loading, assembly and racking.

Each of the above phases, although relating to the same product, is actually a com-
pletely independent discipline.

The manufacture of primer cups, anvils and battery cups, is exclusively a metal form-
ing process, requiring knowledge of presses, dies and punches, annealing and wash-
ing techniques, lubricants, etc. It is a field of metallurgists and mechanical engineers,
with emphasis on mass production of smaill, highly accurate metallic components. It is
comparable to processes used in the watch and electronic industries.

The principal metallic components of a small arms percussion primer are the cup
and the anvil. In the berdan type primer the anvil is separated from the cup and is an
integral part of the cartridge case. In the 209 type shotshell primer the battery cup is
an additional component holding the primer cup and the anvil. The battery cup not
only acts as a container, but also assures a positive surface for the components to rest
on. The battery cup creates a more rigid support for the primer and an improved uni-
formity for the primer ignition.

The primer cups are invariably made from brass, mainly to prevent reaction between
the wet priming mix and the cup material. Furthermore, brass is easily formed and soft
enough not to cause excessive wear of production tooling.

In alarge volume production the primer metallic components are made from a strip
of the appropriate metal/alloy fed automatically into a high speed press (over 100
strokes/minute). The actual forming is done in a block containing 3-6 or even more
individual dies and punches. Thus a single press running at 120 strokes/mm (for example)
with & sets of tools will make 600 components every minute of running. Operating this
press one shift/year will produce 600 pcs/min x 50 mm/hr x 2000 hrs/year, almost 60
million pieces. This is an average production capacity for many ammunition plants. For
laboratory purposes, requiring only a few hundred (or even thousand) pieces, the
metallic components may be obtained preferably by purchase from the large manu-
facturer, or by reconditioning and cleaning fired primers. The tools and procedure for
such operations have been described in detail in several publications devoted to sur-
vival, reloading ammunition and even government publications. The reconditioning re-
quires only a couple of nails shaped with file/grinder into punches and a pair of needle
nose pliers for handling the tiny anvils. The skills for this are acquired during the work.

More details on the metallic components are given in Appendix C.

The priming mix manufacture is, in contrast, a chemical operation with the added
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problem of handling sensitive and dangerous materials. All priming mix production
methods are of the type commonly used in cosmetic, pharmaceutical and food pro-
cessing industries.

Handling, washing, blending, weighing, and other operations are routinely performed
by production and laboratory personnel throughout these industries.

Even the equipment used in primer manufacture is of the type and models used in
these above fields.

In many respects some pyrotechnic operations in preparation of tracer and/or in-
cendiary mixes, flares, etc. are potentially more hazardous than priming mix manufac-
ture because they are handled in dry state and larger quantities, while the primer mix
is essentially wet throughout the whole process.

The primer mix is made in two parts - the high explosive premix and the non-explo-
sive premix.

The high explosive premix/mix is represented by Mercury Fulminate, Potassium Chlo-
rate and TNT, or mechanical mixture of Lead Styphnate, Tetrazene and PETN.

The nonexplosive premix is a mechanical mixture of Barium Nitrate, antimony Sul-
fide and Aluminum; or other fuels and oxidizers.

The details of preparation of these mixes are in the respective chapters of the text.

The LAP (loading - assembly - packing) of small arms primers may be compared o
other explosive and pyrotechnic operations in that a sensitive chemical composition is
inserted intfo a smalll container and packed for additional handling. Although the prim-
ing mix is classified as a primary explosive, it is handled in smaller quantities at any one
tine thus requiring different operating procedures than loading of tracer-incendiary
projectiles, detonators, etc.

The detail equipment layouts for the primer charging and assembly depend on the
type of priming mix used. Dry mixes are charged by remote control equipment behind
barricades. The wet mixes are charged traditionally by hand. Either method uses a
series of plates holding approximately 500 components each. Thus each sequential
operation is performed on 500 pieces at the same time. Assuming that each operation
takes about 30 seconds (actual production rate); the real production rate becomes:

1000 pcs/min x 50 mm/hr x 2000 hrs/shift-year 100 million primers per year; again this
volume represents industrial capacity production. The sequence of operations for some
primers is illustrated in Appendix B.

For small experimental laboratories a set of plates of approximately 76 x 76 mm (3 x
3 inches) holding 25 pieces each would be a convenient size. Such plates should be
made from non-sparking metal (stainless steel, brass, aluminum), or even plastic and
hardwood. The plates should be stacked into a “sandwich” and all holes should be
drilled through. In this manner there would be a good alignment of the components
during assembly.

The industrial operations use multiple plates of each type for steady production flow.
However, for the laboratory a single plate for each operation is adequate. The neces-
sary information for the design and preparation of the laboratory plates is given in
appendix D.



Chapter 2

Priming Mix Compositions

An ideal priming composition would be :
a - Single chemical.
b - Safe and easy to load into cups.
c - Sensitive to friction and impact then assembled into primer.
d - Stable in storage, at high temperatures.
e - Non-hygroscopic.
f - Generate hot gases and/or particles to assure positive and uniform propellant
ignition at low temperatures.
g - Powerful, thus requiring only a small individual charge.
h - Allow 100% function testing of non-destructive type.
i - Raw materials o be non-critical, readily available and inexpensive.

Unforfunately there is no single material satisfying all above requirements. The present
mixes are a compromise favoring one or several critical parameters, while downgrad-
ing the others.

All priming mixes, regardless of the composition and materials used may be divided
into two basic groups:

a - Dry mixes in which all mix components are charged into the primer cup in the
dry (powder) form. The primer is then assembled with the other components in the
appropriate manner.

b - Wet mixes in which the wet and dry components are blended into a wet/moist
paste which is then charged into the primer cup.

The anvil and battery cup are then assembled with the wet charged cup into a
complete primer.

The classic example of the dry mixes are those based on the Mercury Fulminate.
Mercury Fulminate was the first successful primary explosive discovered and used. It is
easy and relatively safe to prepare from readily available materials. It does not require
any special equipment. It can be made using usual kitchen containers and sink. Yet it
gave quite satisfactory performance and was used in small arms primers even in World
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War Il. However, the inherent danger of dry mix charging as well as the unwanted ef-
fect of Mercury Fulminate on brass cases encouraged research for other priming mixes.
Furthermore, the key material used, namely metallic mercury, could not be produced
locally in countries lacking in minerals of mercury compound. Thus the Mercury Fulmi-
nate was the first and probably the last example of dry mix .Yet because of its key
characteristics of simple preparation and quite satisfactory performance it will be used
for years to come.

The search for a perfect priming mix led to the first acceptable wet mix, the Chlorate
priming compositions known in the United States as the Frankfort Arsenal H-48 and the
#70. The H-48 was used until spring of 1917 when the Winchester priming mix NF47 was
adopted by the U.S. Army under the name of FA#70. Additional historical information
on these mixes is given in Hatcher’s Notebook.

While these mixes allowed wet charging and safer handling, they did not eliminate
the corrosion effect of the Potassium Chlorate. The search for a better wet mix led in the
1930’s to the Lead Styphenate-Tetrazene mix currently used.

The wet priming mixes, as used now are not perfect but have the following desirable
features:

1 - Simple operation - not requiring technically skilled personnel. Even the priming
mix manufacture may be carried out by workers without special chemical educa-
fion.

2 - Simple equipment - the equipment used is selected for ease of maintenance,
disassembly, cleaning and reassembly. A maximunm use of non—corrosive, Non—spark-
ing materials and explosion-proof electrical components has been applied. Aside
from foiling and assembly presses, all units can be adjusted by the operators them-
selves.

3 - Minimum personnel - the fewer people exposed to the explosives during manu-
facture, the less chance of an accidental mistake and the less possibility of casuaity.
Wet mix allows the use of minimum personnel during each operation.

Under normal operating conditions a work team of four female operators and one
charger-supervisor will assemble 20,000 primers per standard 50 minute hour. During a
40 hour week and 50 week work year, the production figure of 40 million primers per
one shift-year is arrived. Such redlistic figure has been achieved by the industry on a
year-by-year basis.

To provide the priming mix for this volume of production requires 2.5 man-time on
the same time basis as described above. Again, in practice a 3 operator team does
the priming mix work and the duties of material handlers etc. Thus a work force of 8
people using wet mix accomplishes the work of 17-25 persons using the mercury fulmi-
nate, or other dry mix method.

4 - Process sheets, material flow charts and all equipment have been tested by
experience in a variety of locations. Development is continuously carried out fo
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improve the wet mix system to reduce the personnel, while retaining and/or increas-
ing the production rate, always maintaining the safety as prime requisite.

5 - General health safety practices used in the chemical and other industries are
also rigidly followed.

6 - All phases of the operation are synchronized to keep the quantity of explosives
at any one place to a minimum. The wet mix system is balanced so that each comple-
ments the next one and the production line does not need to receive shipments of,
nor fo store large quantities of incoming explosives. In an integrated line, only non-
explosive materials are shipped from the outside vendors and stored in quantities
necessary for continuous production. When PETN is used, it is received in wet state in
quantities of 25-30 Kg and does not present a serious storage problem.

/7 - All explosives are manufactured, tested, weighed, handled and stored in wet
condition.

8 - The primer cups are charged and assembled into finished primers with wet mix.
The possibility of an accident during the primer assembly is considerably reduced. In
the event of a mix explosion during the cup foiling and/or anvil seating in the re-
spective presses, the firing is limited to one primer only. A firing of one, or even several
primers (usually intentionally during tests) does not damage the machine, nor the
tooling. The operator notices such accident only by the noise of the firing.

9 - The primer becomes active only after storage in a drying room. Even here it is
sfored in such manner that the propagation of explosion from one primer to an-
other is virtually eliminated.

Various priming mixes have been used and are still in use, based on Potassium chio-

rafte, Mercury fulminate, and other primary explosives. However, experience has shown
that for small arms primers, the Lead styphnate-Tetrazene wet mix is the optimum choice.
While some mixes have more suitable characteristics for specific ignition devices, not
subject fo this discussion, the safety of the LS-T wet mix in manufacture and assembly of
the primer itself are unsurpassed. It is mainly for this reason that the LS-T wet mix is used
in all modern small arms primers.

The currently used wet priming mixes may be separated by the type of cartridge to

be used in:

Rimfire

Small pistol (9x 19 Parq, .38 Spl., etc.)

Large pistol (.45ACP, .44Mag., etc.)

Small rifle (5.56 x 450

Large rifle( 7.62 x 51)

Shotshell (battery type)

Large caliber ammunition (.50, 20MM, 30MM, etc.)
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The percentage of the components of a specific mix may vary from manufacturer
to manufacturer. The usual determining factor is the type and quantity of cartridge
propellant to be ignited.

The following tables give formulations of different priming
mixes. The percentages are in weight except for gum solu-
tions which are in milliliters per 1,000 grams of mix.
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Table 1
Mercury Fulminate base priming mixes
Material
a

Mercury Fulminate 50
Potassium Chlorate 25
Potassium Nitrate -
Antimony Sulfide 25

Ground glass powder -
Shellac (dissolved in ethanol)

Note: a - Italian military mix of WWII

Percent by Weight (dry)

b c d

50 28 27

- 14 37

25 - -

25 21 29

- 35 6

- 2 1

b - French (military ) mix of WWI
¢ - U.S. commercial shotshell mix of 1946

d - German
e - British
f - Austrian

e
37.5
37.5

25

14
41

33
11

The choice of formulation depends on the availability of raw materials (metallic
Mercury), propellants to be ignited, size and characteristics of primer cup, etc.

The addition of glass to the formulations with reduced percentage of mercury fulmi-
nate is apparently needed to increase sensitivity of the mix.

The basic priming mix consists of:

mercury fulminate
potassium chlorate

antimony sulfide

The chlorate oxidizes the carbon in the compound to CO,, increasing the complete-
ness of the combustion and the explosion efficiency.

An 80/20 % pot. chlorate/antimony sulfide ratio is considered most efficient.
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Table 2
Potassium Chiorate - Lead Thiocyanate base priming mixes
Experimental
FA #70 A B

Potassium Chlorate 53 35 53
Lead Thiocyanate 25 17 25
Antimony Sulfide 17 30 12
TNT 5 5 -
PETN - - 10
Calcium Silicide - 15 -

Table 3
Lead Styphnate base priming mixes
PISTOL

Mix Type Small Large (X)
Lead Styphnate 37 37 30
Tetrazene 4 4 4
PBTN - - -
Antimony Sulfide 25 25 31
Aluminum 4 4 11
Calcium Silicide - - -
Barium Nitrate 30 30 24
Gum solution (MI/IKQ) 30 30 30
Lead Dioxide - - -

Ground glass - - -

(X) South European mfg.
(Y) EN - Belgium

Small
37

RIFLE (#257)

Large
37

4

5

15

7

32

30

49

RF

45

20
30

22
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Table 4

Lead free priming mixes
Material Mix (percent by weight)

1 2

Diazol 20 17
Tetrazene 5 5
Titanium 5 -
Antimony Sulfide - 24
Calcium silicide - 10
Zinc peroxide 50 -
Barium nitrate 34
NG powder 20 -
Lead dioxide - 10

Nofe: mix 1-U. S. Pat. 4,581,082
mix 2 - Winchester mix used in Large Rifle primer during WW |I

Factors affecting the choice of priming mix formulation:

- Reduction of barrel bore wear in automatic weapons.

- Sensitivity to available firing pin. Energy levels in specific weapons used.

- Type of foil required in primer assembly (lead foil, paper, etc.).

- Area and type of flash hole vent (single hole of large diameter, twin holes of
Berden primer, etc.).

- Muzzle flash with some propeliants.

Future trends in primer mix formuiations:

- Improved stability.

- Automatic charging suitability.

- New metallic fuels (Titanium, Zirconium, etc.).

- Lead and barium free oxidizers (Zinc peroxide ).
- Lead free compositions (return to diazol ).

- Search for lower cost materials.
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To have a reference point in the laboratory preparations, let’s make the following
assumptions:

a - Test lot of 1,000 primers is to be loaded

b - Each primer charge will be approximately 60 milligram of mix; hence the total
quantity of priming mix will be 60 gram

c - The binder gum solution is the same for all test mixes at 10 ml per batch

d - The percentages of primary explosives in the respective test batches are:

Mercury Fulminate 50% 30 gram
Lead Styphnate *) 40 24 gram
Tetracene 4 2.4 gram
Diazol 20 12 gram
Lead Thiocyanate 25 15 gram
PETN or TNT **) 5 3 gram

*) to prepare 24 gram of Lead Styphnate requires 15.1 gram of TNR, or 8 gram of
resorcinol

*"The high explosive boosters (PETN or TNT) may be replaced by a fast burning rate
double based ball powder of the type used in rimfire and small pistol cartridges. Such
powders have been used in several priming mixes with good results.

Note: for comparison a brief calculation of typical requirements for a commercial
installation is included in the Appendix.

The student laboratory preparations will be calculated for the approximate quanti-
ties listed above.



Chapter 3

Materials

It is quite difficult o boil a cup of aromatic coffee from beans mixed with an abun-
dance of rat droppings. It is also difficult to make a tasty cake from moldy flour mixed
with sawdust. Obviously, to make consistently good priming mix requires good, clean
and consistently uniform quality raw materials.

The materials used in priming mixes may be separated into basic groups according
to their main purpose, as listed below. Both, military and commercial primer manufac-
turers have established material specifications for each material used. Sometimes these
specifications vary slightly between the two groups. Such variations are usually due to
the less expensive, yet adequate, quality of the raw material fo produce a good end
product.

The list below contains the Merck index number for easy identification of the mate-
rial by the laboratory personnel. The MIL- specifications may be obtained through the
libraries and/or directly from the Naval Publications & Forms Center in Philadelphia ,PA,
or from the Department of the Army at Picatinny Arsenal, NJ. Commercial specifications
are usually available from the manufacturer and/or distributor of a given material.

The military and commercial specifications are included as reference only. They are
of importance for large volume production. For laboratory preparations, due to the
small quantities used, it is suggested to use reagent grade materials.

Many of the listed materials are used in preparation of everyday household items
dies, food preservative, medicines, etc. As the technology advances, newer materials
will be used. So titanium powder, although more expensive than aluminum powder will
e used as fuel in more of future mixes. Some other materials have been tfried in the
past as priming mix components. However, they were found less efficient and/or more
dangerous than those currently used. For example, mixes with chlorates and ammo-
nium nitrate (a strong oxidizer and explosive) produced double decomposition and
formation of dangerous ammonium chlorate.
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MATERIALS USED IN PREPARATION OF PRIMING MIXES

COMMON NAME CHEMICAL FORMULA MERCK MIL
INDEX# SPECIFICATION

EXPLOSIVE INITIATORS
Diazol (DDNP) CH,N,O, D-552
Lead Styphnate C.H,N,O,Pb L-757 &

L-16355
Mercury Fulminate C,N,O,Hg M-219
EXPLOSIVE BOOSTERS
Double base powder
(NG fast burning)
PETN (class 2) C,HN,O,, 6977 P-387
Tetrazene C,HgN,,O T1-46938
TNT C,HN,O, 9534 1-248
Lead Thiocyanate * C,N,Pbs, 5268 L-065
FUELS
Calcium silicide Cas, C-324
Aluminum powder Al A-512

A-159 class 2
Antimony Sulfide Sb,S,
Titanium powder Ti 9303 T-13405
OXIDIZERS
Barium nitrate (class 1-A) Ba(N03), 983 8-162
Lead Dioxide PbQO, 5241 L-376
Lead Nitrate Pb(NG,), 5252 L-20549
Potassium Chlorate KCIO, 7494 P-150, grade A
Potassium Nitrate KNO, 7528 P-156, class 4
Zinc Peroxide ZnO 9955

2

*also called Lead Sulfothiocyanate

Continued on next page.
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COMMON NAME CHEMICAL FORMULA MERCK MIL
INDEX# SPECIFICATION

BINDERS
Gelatine compound 4242 C-D-221 type 1
Gum Arabic compound
Gum Tragacanth compound 4462 G-96
Nitrocellulose lacquer compound
Shellac 8315
Thymol as mildew preventer C,H..0 9246 USP-T-117
INTERMEDIATE PROCESS MATERIALS
Aminate CHN,HCO, = - A-60569
Ethanol (alcohol) CH.O 212 O-E-00760

type llI
Hydrochloric Acid HCI 4682 reagent grade
Mercury metallic Hg 5742 double distilled
Methanol CH,O 5816
Nitric acid class a HNO, 6420 A-183
Picramic acid CHN,O 7287
Picric acid C,H,N,O, 7288 A-187
Potassium Thiocyanate, purified KSCN 7581 commercial
Resorcinol (type 1, cl.2) CH.O, 8056 R-60854
Sodium Nitrite NaNO, 8486 S-24521
Sulfuric acid H,SO, 8854 A-179
Styphnic acid (TNR) CH,N,O, 8730 T-50611
Water H.O distilled

2
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MATERIAL REQUIREMENTS

ITEM GRAMS TO PRODUCE
1000 G PRODUCT

TNR 1000
Resorcinol 600
Sulfuric acid 6000
Nitric acid 2500
Sodium nitrite
Lead Styphnate 1000
TNR 620
NaOH 200
Lead nitrate 1060
Acetic acid 205

Tetracene 1000
Aminate 1500
Odium nitrite 1700
Acetic acid 665

Priming mix, 209 shotshell 1000
Lead styphnate 400
Tetracene 40
bbarium nitrate 300
Antimony sulfite 150
Aluminum powder 60
PETN 50

Gum solution 10
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ACETIC ACID, GLACIAL CH,COOH MW 60.05

Ethanoic Acid MIL-STD-1217B
Methane Carboxylic Acid

Vinegar Acid

(HAZARDOUS)

Specifications: O-A-76, Acetic Acid, Glacial, Technical

Technical description: Glacial acetic acid is a clear, colorless liquid with a pungent
odor. It is hazardous and is classified as a corrosive material. The commercially avail-
able acid is about 99.5%, the balance being water. The freezing pointis 16.7°C and the
material contracts slightly on freezing. It is an excellent solvent for many organic com-
pounds, also phosphorus, sulfur, and halogen acids. Miscible with water, alcohol, ether,
carbon tetrachloride; insoluble in carbon disulfide.

Use: Glacial acetic acid is intended for military use as a general neutralizing and
acidifying agent and as a solvent for essential oils, resins, etc. Typical commercial appli-
cations include use in the manufacture of various acetates, acetyl compounds, plas-
tics and rubber: in fanning; as a laundry soap; printing calico and dyeing silk; preserv-
ing foods; solvent for gums, resins, volatile oils and many other substances. Widely used
in commercial organic syntheses.

Packaging data and labeling: For military use glacial acetic acid is packaged in a
5-1b (2.27 k@) unit quantity glass bottle, and a 450-Ib (204.3 kg), 55-gallon (206.25 liters)
unit quantity drum. Each container-bottle or drum is labeled in accordance with the
Federal Caustic Poison Act. In addition, each container shall be labeled arid marked in
accordance with MIL-STD-129, Title 49. CFR Parts 100-199 and each container shall bear
the following label:

ACETIC ACID, GLACIAL
DANGER! CAUSES SEVERE BURNS

Do not get liquid or vapor in eyes, on skin, on clothing. In case of contact, immediately
flush skin or eyes with plenty of water for at least 15 minutes; for eyes get medical attention.

Store in area maintained above 62°F (16.7°C).

If frozen thaw by carefully moving container to warm area. TLV for acetic acid is 10
ppm or 25 mg/ms3.

Storage: Glacial acetic acid should be stored in a warm dry area away from sources
of heat or flame. Containers should be kept tightly closed and plainly labeled. When
stored under ideal conditions, this material has an indefinite shelf life.

Disposal: For appropriate disposal procedures contact the installation’s Environmen-
tal coordinator. In all cases every effort should be made to recover usable products
from the waste material.
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MATERIAL SPECIFICATIONS
Acid, hydrochloric

USE: MF preparation

APPEARANCE: Clear transparent, colorless liquid, free from visible sediments,

suspended matter, separated material
GRADE: Reagent *

*) Because of the relatively small quantities used, it is economically permissible fo
use reagent grade

Packing: Commercial, glass bofttle inside carton

Inspection: Supplier’s certificate on label

MATERIAL SPECIFICATION
Acid, nitric

USE: MF Preparation

APPEARANCE: Clear; free from sediments, suspended matter, separated material

GRADE:
REQUIREMENTS: %
Nitric acid contents, mm. Q0
Nitrobodies none
Chlorides (as HCI), max. 0.01
Sulfates (as H,SO,), max. 0.01
Nitrogen oxides (as NO,), max. 0.02
Lead salts, max. 0.01
Ash, max. 0.01

Inspection: Supplier’s certificate
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MATERIAL SPECIFICATION:
HNO, -Acid, nitric
MIL-A-183

class e

USE: nitration

APPEARANCE: No darker than standard color solution free from sediments, suspended

matters and separated materials

REQUIREMENTS:

Specific gravity at 15.5°C, minimum,

Nitric acid, minimum
Residue on ignition not to exceed

Maximum impurities - chlorides (as HCI)
sulfates (as H,SO, )
lead salts
ashes
Packing: Stainless steel container showing lot number

Inspection: Analysis certificate with each lot

Note: 42°Be” acid 100 ml contains 95.2 gram HNO,
100 gram contains 67.5 gram HNO,

m-7

1.415 (42°Be")
65.50%
0.01 %

0.10 %
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MATERIAL SPECIFICATION
H,S0, Acid, sulfuric
MIL-A-179
USE: Tetracene sulfonation
APPEARANCE: Electrolyte grade
REQUIREMENTS:
Specific gravity at 15.5°C 1.83 (66° Be")
Maximum impurities Fe 0.01%
SO, 0.01%
NO, 0.001%
Cl 0.01%

Packing: Stainless steel or lead lined containers

Contamination with iron is not important and hence storage of sulphuric acid in iron
tank (and resultant-ferrous sulfate) is permissible. The concentration of H,SO, is a factor
in crystal control of TNR. Acid with 96-98% concentration yields TNR resulting in lead
styphnate crystals of uniform, thin, hexagonal plates.

Note: 66°Be’ = 1.84 Sp. Wt. contains 95.6% H,SO,
66 grade” commercial contains only 93% H_SO,

100 ml 1.84 Sp. Wt. contains 174 gram H,SO,
100gram 1.84 Sp. Wt, 95.6 gram H,SO,
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MATERIAL SPECIFICATION

Aminoguanidine bicarbonate
USE: Tetracene preparation

APPEARANCE: White, line powder, free from lumps

REQUIREMENTS:

Moisture 0.25% maximum
Calcium, total 0.01% maximum
Cu 0.005% maximum
Excess acid required

for dissolution (as NaHCO,) 0.1 % maximum
Aminoguanidine bicarbonate 98.5 %

PACKING : Maximum 100 Kg net in polyethylene bag in fiber drum

Inspection: 250 gram sample taken from at least two containers in the lot; composite
sample is prepared by blending of samples on a sheet of paper.

Moisture - approximately 5 gram of sample is transferred to a tared weighing bottle;
heat in oven at 50 C for 18 hrs., loss in weight of sample calculated as percent moisture.
Alternate method is to place bottle with sample in a desiccator over sulfuric acid or dry
calcium chloride at 656 mm Hg vacuum and ambient temperature for 24 hrs.

Ca total - 5 gram of aminoguanidine bicarbonate is placed in a 500 cc beaker.

Add 30 cc of distilled water and 5 cc of glacial acetic acid.

Allow the acid to react then dilute with distiled water to 150 cc, yielding a clear solution.
Heat to boiling. Add 20 cc of boiling hot 8% solution of ammonium oxalate in a fine
stream while stirring.

Place mixture upon a steam batch for 90 minutes filter and wash three times with hot
0.2% ammonium oxalate solution.

Ignite precipitate to redness in an electric furnace, weigh as CaO and calculate to %
CaCQO,.

Copper - 10 gram of aminoguanidine bicarbonate dissolved in 150 cc of water with
sulphuric acid (for slight acidity) and electrolyzed according to standard analyticat
procedure using platinum electrodes must not yield any visible copper deposit.
Percentage of copper is determined by a colorimetric technique

aminoguanicine bicarbonate - 2 gram sample added to 50 cc distilled water in a
500cc beaker.

Add 30 cc HCI (1-3) graduadlly, stirring the solution; cool inice bath to 7+ 3 C; add titrate, at
7°£ 3° C with N/2 NaNO, solution; first add about 3cc and wait until this nitrite disappears,
then add 0.5cc at a time and finally proceed one drop at a time. Use Kl-starch paper as
indicator. '
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MATERIAL SPECIFICATION
Aminoguanidine bicarbonate

The addition of NaNO, is complete when, after a ten minute period, ¢ blue still forms
upon the Kl paper. This titration results in an accuracy of £0.1% of aminoguanidine bicaroonate.

Percent aminoguanidine = Ax N x 13.612
bicarbonate W

A = volume of N/2 NaNO, in cc
N = exact normality of NaNO,
W = weight of sample in grams

Excess acid required for dissolution:
Two (2.000) grams sample is placed in a titrating dish
Add 20 cc of neutral distilled water
Add 50 cc N/3 HCI (accurately measured), stirring
Constantly until solution clears
Into a second titrating dish add 20 cc of the same
Neutral distiled water and 50 cc N/3 HCI, stirring constantly
Using bromphenol blue indicator (0.1% solution in H,0)
Titrate each solution with N/3 NaOH
First appearance of violet-blue is the endpoint

% NaHCO, = 0.617 (O\'/-Vbx Nx13.612)=0.617 M

a = Volume of N/3 NaOH blank titration in cc

b = Volume of N/3 NaOH sample titration in cc

N= Exact normality of NaOH

W= Weight of sample in grams

M = Percentage aminoguanidine bicarbonate as determined
by actual analysis

0.617 is the ratio of molecular wis. of NaHCO, to Am. bic.

The chemical reaction in titration of aminoguanidine bicarbonate is described in
Lieber, Chem. Reviews 25, p 213.

aminoguanidine bicarbonate  NaNO, guanyl azide
mol. Wt. 136.12 69.01 N
NH.NH, /N\ﬁ
C = NH.HyCO,4 + NaNO, _HC1, ci NH +NaCl +3H20 + CO,
~N
NH, NH,

1 cc N/2 NaNO, corresponds to 0.136 grams aminoguanidine bicarbonate
I - 10
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MATERIAL SPECIFICATION
Antimony sulfide
MIL-A-159,class 1,2, 3,0r5

APPEARANCE: Natural stibnite (Chinese Needle Antimony Sulfide) or synthetic anti-
mony sulfide manufactured from pure materials yielding a product
with characteristics and structure equal to natural stibnite. Used in
“asreceived” condition.

REQUIREMENTS:

granulation through U. S. Std. sieves No. 80 100 %
100 80% mm.
200 20 % mm.
Composition: Sb 70.5 % mm.
S, total 27.5 % mm.
Free S 0.05 % max.
Insoluble matter 0.5 % max.
Acidity as H,S0, 0.01 % max.
Pb 0.15 % max.
Fe 0.10 % max.
As 0.01 % max.
Moisture 0.10 % max.
Inspection: Approximately 100 gram each, samples taken from 10% of contain-

ers in shipment; composite sample blended by rolling on paper and
tested as per following procedures.

Packing: Polyethylene bag in fiber or steel drum.
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APPEARANCE: Dirt free, white, crystalline powder

REQUIREMENTS:

Granulation through US Std. sieve:

Primer type

Sieve No. 80

Composition: Ba(NO,),

Inspection:

Packing:

100
140
200
230

Moisture

Maftter insoluble
In hot water

Shotshell

with PETN
78 % min.
65 % min.
60 % min.

30 % makx.

10 %max.

Chlorides as BaCl,

id as Ca or Sr
Heavy metals

Grif

PH value

Shotshell
without PETN

100 %
80 % min.

25 % max.
15 % max.

99.7 % mm.
0.20% max.

0.10% max.

0.007% max.

0.05 % maox.
50-8.0

MATERIAL SPECIFICATION
Barium nitrate
MIL-B-162, class 1, granulation A

*centerfire

99.9 % min.
40 % min.
25 % max.

Samples taken from 10% of containers in shipment; composite
sample blended by rolling on sheet of paper and tested as per

following.

Std. commercial

") The correct granulation of Ba(NQ,), is essential; since PETN
acts partially as oxidizer it is expected that finer granulation
of Ba(NQ,), will assist in this respect.

Chilorides (calculated as NaCl)
Total barium (calculated as
Ba(NG,),

Total insoluble in water

0.05% maix

08.5% mm
0.5% max
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Barium - Potassium nitrate

Barium nitrate 26 gram
Potassium nitrate 40 gram
Boiling water 100 gram

- Dissolve materials.

- Place beaker with hot solution into cold water bath.

- Stir solution until temperature drops to ambient.

- Decant mother liquor for next batch.

- Transfer precipitate onto paper covered tray.

- Air dry precipitate.

- Screen dry material.

- The double salt should contain 56-58% Barium nitrate note: theoretical
value is 56.55%.

- Results of test indicate how much material to add to the mother liquor

for the next batch.

MATERIAL SPECIFICATION
Calcium silicide

- Material received from vendor (Electrometallurgical Corp. - NY ) is crushed,
screened, ground.

- Digested 5 days in hot water, frequently agitated.

- Hot water is changed every 12 hours.

- Digested material is washed by decantation 6 times with cold water.

- Washed material is screened through No. 200 mesh.

- Screened material is dried.
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MATERIAL SPECIFICATIONS
ETHANOL

USE: MF preparation (mercury fulminate preparation)
APPEARANCE: clear, transparent, colorless liquid, free from visible insoluble matter,
characteristic odor
GRADE: not to contain dye or denaturant
REQUIREMENTS:
Ethanol, by volume min. 5.0 %
Benzene, by volume MAax. 0.01 %
Acidity (as H-acetic)  max. 0.005 gm/100 ml
Aldehydes Max. 20 mg/100 ml
Nonvolatile matter Max. 0.004 %
Oorganic impurities MAx. 0.1%
Inspection: Supplier’s certificate
Gum Tragacanth, Specification JAN-G-96
APPEARANCE: White or light tan color,

REQUIREMENTS:
Composition:

Inspection:

Packing:

leaf or flake form, without odor

Ash 3.5 %max.
Gums, Indian 0
Gums, foreign 0

Acidity, inorganic O
Acidity, organic 0.40% max.
Cl, or chlorides 0

Samples taken from 10% of containers in shipment

composite sample blended, by rolling on sheet of paper
Std. commercial fiber containers
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Gelatine, Specification C-D-221, type 1

APPEARANCE: U.S.P. grade edible gelatine without artificial or natural flavor and/
or color
REQUIREMENTS: None specified
Inspection: None, material accepted on supplier's guarantee
Packing: Std. commercial
Thymol
APPEARANCE : U.S.P.T117 grade, crystalline

REQUIREMENTS:

Melting point 60° - 51°C

Inspection : None, material accepted on supplier’s guarantee
Packing : Std. commercial

Alcohol, Ethyl, denatured (for binder use only)
APPEARANCE: S.D. 1 alcohol

REQUIREMENTS:
Packing:

Inspection:

None specified
Sd. commercial

None, material accepted on supplier’'s guarantee
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MIL-L-10287A

19 AUGUST 1953

SUPERSEDING
MIL-L-10287 (ORD)
2 May 1950

MILITARY SPECIFICATION

LACQUER, CELLULOSE NITRATE
FOR IDENTIFICATION OF SMALL
ARMS AMMUNITION

This specification has been approved by the Depart-
ments of the Army, the Navy and the Air Force.

1. SCOPE

1.1 Scope.—This specification covers a lac-
quer used in the manufacture of small arms
ammunition for identification purposes.

1.2 Classification.—This specification cov-
ers one grade and two types of lacquer as fol-
lows:

Type I—Opaque.
Type II—Transparent.

2. APPLICABLE SPECIFICATIONS,
AND STANDARDS

2.1 The following specifications and stand-
ards of the issue in effect on the date of invita-
tion for bids, form a part of this specification:
SPECIFICATIONS

Feperar

TT-P-141—Paint, Varnish, Lacquer, and
Related Materials; Methods of Inspec-
tion, Sampling and Testing.

TT-P-143—Paint, Varnish, Lacquer, and
Related Materials; General Specification
for Packaging, Packing, and Marking.

Mirrrary

MIL~T-6094—Thinner; Cellulose Nitrate

Dope and Lacquer.

STANDARDS
Miurrary
MIL-STD-105—Sampling Procedures

and Tables for Inspection by Attributes.
MIL-STD-129—Marking of Shipments.

(Copies of specifications and standards required by
ontractors In connection with specific procurement

functions should be obtained from the procuring
agency or as directed by the contracting officer.
Fedeeal 4k W2 S5 - (lors

3. REQUIREMENTS

3.1 Color.—The color shall be as specified in
the contract or order, and of a shade conform-
ing to Ted, ¥ W2 5oy

3.2 YVehicle.

3.2.1 Volatile—The volatile portion of the
lacquer shall consist of any suitable solvents
except benzol (benzene), methanol, chlorinated
or other known toxic compounds.

3.22 Nonwolatile vekicle.—The nonvolatile
vehicle shall consist of cellulose nitrate, modi-
fying resins, and plasticizers.

3.3 Pigment.—The pigments shall be light,
fast, and opaque. Extenders of any type shall
not be used.

3.4 Quantitative requirements.—The lac-
quer shall conform to the quantitative require-
ments specified in table I and 3.4.1.

TasLe 1.—Quantitative requirements

Requirementa
Characteristics
Minimum Maximum
Total solids, percent by weight of lacquer:
" Type I
Black .o e, 82
All other colors ......coovvvevinnnnn, 85 .
Type IL oo et e e 80 .
Pigment, percent, by weight of lacquer:
Type I .
Black ...iiiiintiiiiit e, 2 .
All other colors .................... b .
Drying time, set to touch, in minutes ..... cee 4

- 34.1 Viscosity—The viscosity of the lac-
quer, when thinned with thinner conforming to
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Materials

SPECIFICATIONS: PbO,
Moisture
Iron
Chlorine
Granulation

PACKAGING: Fiber drum
HANDLING: Inhalation can cause lead poisoning

SHIPPING REGULATIONS: Oxidizer - Yellow Label

MATERIAL SPECIFICATION
Lead Dioxide
MIL-L-376, type |, class 2

90.0% mm.

0.2%

0.015%

0.002%

99.8% -325 mesh

Typical analysis:

Lead Oxide

Total lead 92.7%
Lead peroxide 3%
Lead oxide 99.95%
LEAD NITRATE
Pb (NO,),
SPECIFICATIONS: Pb (NO)), 97.8% mm.
Acidity 0.5% max. (as HNO,)
Copper 20 ppm
Iron 100 ppm
Chloride 250 ppm
Insolubles 0.10% max. (in 10% Nitric acid)

PACKAGING: Fiber Drums

HANDLING: Oxidizing agent liberates nifrogen oxides when heated. Inhalation can

cause lead poisoning.
SHIPPING REGULATIONS: Oxidizer - Yellow Label
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| SOLUBILITY OF LEAD NITRATE
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Materials

LEAD THIOCYANATE

Pb (SCN),

SPECIFICATIONS: Lead (as Lead Thiocyanate) 99.5%

Thiocyanate (as Lead

Thiocyanate) 99.5%

Moisture 0.10%

Insoluble Matter 0.10%

Sodium 0.10%

Chloride 0.10%

Solubility pot. thiocyanate, nitric acid

Granulation 100% -140 mesh

PACKAGING:

Level A. Lead thiocyanate: packaged in a heat-sealed polyethylene bag in accor-
dance with PPP-C-30l inside a lined fiber drum conforming to PPP-D-723, type lll, grade
A. Each drum not exceed 200 pounds net,

Level B. Lead thiocyanate: packaged in a heat-sealed polyethylene bag in accor-
dance with PPP-C-301 inside a lined fiber drum conforming to PPD-723, type I, grade A.
Each drum not exceed 100 pounds net.

Level C. Lead thiocyanate: packed in watertight shipping containers in accordance
with PPP-C-301 for shipment from the supply source to the first receiving activity for
immediate use. Containers shall comply with Consolidated Freight Classification Rules
or other common carrier regulations as applicable to the mode of transportation.

HANDLING: Inhalation and ingestion can cause lead poisoning.

SHIPPING REGULATIONS: ORM-A, m.o.s. Poison.
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PICRAMIC ACID
USE: Preparation of Diazodinitrophenol (DDNP)

GRADE: Technical/laboratory grade

APPEARANCE: Dark red powder (needles or prisms, depending on the manufac-
turing process

REQUIREMENTS

Granulation: 90% Min. % through U. S. Std. Sieve No. 60

Melting point: 169-170°C

Inspection: Supplier’s certificate

Packing: Drum or appropriate commercial packing and marking

Note: This material is used in manufacture of dyes; laboratory grade- as reagent
for albumin and as indicator.

MATERIAL SPECIFICATION
Potassium Chlorate
USE: Priming mix ingredient

GRADE: Technical

APPEARANCE: White powder or crystals odorless

REQUIREMENTS:
Granulation: % THROUGH, MINIMUM
U. S. Std. sieve No. 6099.5
200 2.0
Composition:
KCIO, minimum 99.7
KCl maximum 0.06
Water insolubles, max. 0.01

Inspection: Approximately 100 gram each, samples taken from 10% of containers
in shipment at random; composite sample is blended by rolling on
paper and tested as specified procedures.

Packing: Polyethylene bag in fiber or steel drum
II-20



Materials

MATERIAL SPECIFICATION
resorcinol

MIL-R-60864

type 1, class 2

USE: Trinitroresorcinol preparation

APPEARANCE: Colorless, or nearly colorless; needle-shaped crystals or flakes;
technical grade

REQUIREMENTS:

Granulation through U.S. Std. sieve No.8 28.0% minimum
Sefting point 109°C  minimum
Composition:
Resorcinol 99.0% minimum
Catechol 0.45% maximum
Phenol 1.00% maximum
Acids 0.02% maximum
Moisture 1.00% maximum

Packing: In fiber or steel drums (std. commercial)

MATERIAL SPECIFICATION
Sodium hydroxide, solution

USE: Lead styphnate preparation lead styphnate, tetracene, and priming mix scrapping
APPEARANCE: Technical grade solution, colorless, clear liquid free of sediments at 21° C

REQUIREMENTS:

Specific gravity at 20° C 1.525

NaOH concentration 50+1%

Freezing point +12.78°C

Composition: NaOH 50+ 1%
Na,O 38.6 £ 1.0%
Na,CO, 0.29 % max.
NaCl 0.5 % max.
Fe 0.0015% max.
Sulfates 0.05 % max.
Phosphates 0.05 % max.

Packing: 50 gal. steel drum with one bung in drum head

Inspection: Supplier’s certificate
I - 21
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TEST:

PURPOSE: Determine NaOH solution concentration

EQUIPMENT:

1 - 80 cc pipette

2 - 500 cc volumetric flask
3 - 50 cc beaker

4 - Ditration unit

MATERIALS:

1 - Methyl orange indicator

2 - Distilled water

3 - HCI

SAFETY PRECAUTIONS: std. laboratory

PROCEDURE:

1 - With a pipette draw 20 cc sample.

2 - Dilute sample to 500 cc in volumetric flask.

3 - Shake flask o obtain homogenous solution.

4 - With clean pipette draw 20 cc of diluted solution to a beaker,

5 - Titrate the diluted sample with standard HCI of 0.4-0.5 normality with methyl orange
indicator.
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Materials

SODIUM HYDROXIDE
Grade: ACS: Technical (Fed. P-S-631. Type I).
Synonym: Caustic soda.

Chemical Formula: NaOH

Characteristics: White deliquescent flakes or pellets; absorbs water and carbon
dioxide from the air; soluble in water, glycerol, and alcohol. Very corrosive (caustic), to
organic tissue.

Use: Laboratory.

Storage and Handling: Store in a cool, dry place. Keep containers tightly closed.

Storage Compatibility Category: SCC |I.

Personnel Hazard: Caustic and corrosive; causes severe burns to the skin and eyes;
destroys organic tissue. Avoid contact with the skin, eyes, or clothing. Do not take inter-
nally. When handling the material in bulk, wear suitable protective clothing, gloves,
respirator, and chemical safety goggles.

Fire Hazard: Noncombustible but reacts violently with water evolving considerable heat.

A.USE: Lead Styphnate manufacture

Neutralization of residual acids
Explosives destruction

B. REQUIREMENTS

Appearance: White flakes or pearls, technical grade

Molecular Weight - 40

Melting point - C°318
Specific Weight Kg/du3:2, 13

NaOH : 99%
Na,CO, : 0.03%
Na,SO, : -

NaCl : 0.0008 %
SiO, : 0.0001
Fe,O, : 0.0009%
CaO + MgO : 0%

C. CONDITION

Packing: In drum or appropriate packing, commercial marking
I - 23
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MATERIAL SPECIFICATION
Sodium Nitrite
MIL-S-24521

USE: Source of nitrous acid in TNR and/or tetracene manufacture
APPEARANCE: Colorless, or white crystals or flakes

REQUIREMENT: U S P grade

NaNO, 99.0 % minimum. (dry NaNO, - 97 % minimum)
Insoluble matter 0.05% maximum
Chloride 0.05% maximum
Sulfate 0.01% maximum
Na,CO, 0.15% maximum
Cu 0.01% maximum

Packing: Polyethylene bag in fiber or steel drum

Inspection: Composite sample taken from 10% of the containers in shipment
blended by thorough rolling on sheet of paper

- Assay - 3.40 grams of sample dissolved and diluted with distilled water to 500 cc in
a volumetric flask and mixed thoroughly. Add 100 cc of N/10 KMnO, into
250cc Erlenmeyer flask. Add 20cc of 1-3 H,50,. Add 50 cc of the NaNO,
solution under the KMnO, solution with agitation. Add 2 cc of N/10 oxalic
acid to destroy the excess of KmnO,. Heat to 75° + 5° C and titrate while hot
the excess of oxalic acid with N/10 KMnO until a permanent pink color is
obtained.

Calculation + (cc N/10 KMnO, - N/10 oxalic acid) x 1.015 equals % NaNO,

- NaCl - 5 grams of sample dissolved in a 200 cc beaker with 50 cc of distilled water.
Add 20 cc Fe indicator solution and boil 5 minutes.To the cool solution add
Tcc N/20 KCNS, and then add a siight excess of N/20 AgNO, under con-
stant stirring. Titrate the excess of AGNO, with N/20O KCNS.
%NaCl  (cc N/20 AgNQ, - cc N/20 KCNS) x 0.2923 and divided by sample
weight.

- Na,CO, - 10 gram sample dissolved in distilled water and fitrated with N/IO H,S0,
using phenolphthalein as indicator. % Na,CO,= (cc N/IO H,80O ) x 0.106
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MATERIAL SPECIFICATION
Tetracene
(guarayl nitrosoamino guanyl tetrazene)

USE: Priming mix ingredient

APPEARANCE: White to slightly yellowish color needle shaped
crystals

REQUIREMENTS:
Granulation through U.S. Std. No. 45 Sieve 100 %

Specific gravity 1.65 £ 0.05

Melting and explosive point. 130 + 2Ce

Purity Nno evidence of heavy metals
Nitrogen contents 745+ 1.0

Inspection: approximately 2560 g each samples from 3 containers in lot are blended
to create a homogenous composite sample for testing as follows.

Color and appearance: Transfer a portion of about 10 grams of the wet sample as
received to a Buchner funnel and apply suction until the sample is almost dry. Spread
the sample on a watch glass and place in a desiccator or sulfuric acid for 24 hours or
in an oven at 70° to 75° centigrade for at least 90 minutes. Use this sample for all deter-
minations where a dry sample is required. Take four (4) portions of about 0.5 milligram
(mg) each from different places in the sample and spread them over an area of about
2 centimeters (cm) square on a glass microscope slide with reflected light using a
magnification of 850 times.

Granulation: Transfer about 80 grams of the wet sample as received, to a Buchner
funnel about seven centimeters in diameter and apply suction for two minutes. Weigh
a 10 gram portion of this damp sample and transfer it to a tared three inch No. 45 U. S.
Standard sieve, which has been placed in a porcelain evaporating dish containing
sufficient water to cover the wire portion of the sieve. Shake the sieve for a few minutes
in such a manner that the tetracene is below the surface of the water and caught in
the evaporating dish. When most of the tetracene has passed through the sieve, run a
sfream of water through the sieve while brushing the residue lightly with a soft, camel-
hair brush. When no more material appears to pass through the sieve, rinse that re-
maining on the sieve with 96 percent ethyl alcohol and dry the sieve and contents on
a steam bath. Place the sieve in an oven at 70° to 75° C for 30 minutes, cool in a
desiccator and weigh. Calculate the gain in weight as percent material retained on
the sieve.
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Specific gravity: Weigh a dry 10 milliliter (ml) pycnometer. Fill it with water at 30°
Centigrade and weigh again. Empty and dry pycnometer, add 0.2 to 0.4 gram of dry
tetracene and weigh again. Add about 5 ml of kerosene and put under vacuum in a
vacuum desiccator for a few minutes to remove air bubbles. Fill pycnometer with kero-
sene at 30° Centigrade and weigh. Calculate as follows:

Specific gravity of tetracene =

Where, W = weight of sample

= weight of water contained in bottle when filled
= weight of bottle + tetracene + kerosene

= weight of bottle + tetracene

= specific gravity of kerosene

Melting point and explosion point:

Weigh a capillary tube (1.5 to 2 millimeters (mm) in diameter) and add a dry sample
of tetracene until about 0.5 to 1.0 mg is present. Put on a safety mask and determine
the melting point in a Vanderkamp apparatus (Scientific Glass Apparatus Co. cata-
logue 59, M-1945, Bloomfield, New Jersey.) Heat the capillary tube in the enclosed air-
space. Regulate the electrical heating system so that the rise in temperature is one (1)
degree Centigrade © every three (3) minutes. Observe the capillary tube through the
magnifying glass, which is part of the apparatus, and note when the substance melts
and when the substance explodes.

Purity:

To test for the presence of heavy metals tfreat a 0.3 gram dry sample of tetracene
with 10 milliliters (ml) of nitric acid and 5 mi of sulfuric acid, evaporate the strong fumes
of sulfuric acid, and add nitric acid dropwise to the fuming solution until the solution is
water white. Cool, dilute to 150 ml with water and freat with hydrogen sulfide. No de-
tfectable precipitate shall be present.

Nitrogen content:

A dry sample of 2 mg of tetracene will be used for the nitrogen determination by the
Micro-Dumas Method. Detailed instruction for performing this analysis can be found in
the following analytical texts:

"Standard Methods of Chemical Analysis,” Quantitative Organic Microanalysis” by
A. Steyermark.
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MATERIAL SPECIFICATION
Trinitrore Sorcinol
MIL-T-50611

USE: lead styphnate manufacture

APPEARANCE: Manufactured by process giving a product with organic impurities
derived from resorcinol and capable of producing lead styphnate insensitive when
containing at least 20% water

REQUIREMENTS: Granulation through U.S. Std. sieve No. 10- 100 %
Melting point:  178°+2°C

Composition: TNR 98.0 % minimum
Chlorides (as HCI) 0.01% maximum
Iron and/or 0.01% maximum
Sulfates (as BaSO,) 1.0 % maximum
Nitric oxide frace only
Packing: TNR containing 20% water is packed in rubberized cloth bag;

each bag containing approximately 10 Kg (dry weight) TNR has
a cap of rubberized cloth of the bag diameter placed over the
top of the material before being tied up. Five or less of these
bbags are placed in a steel drum lined with rubberized cloth or
polyethylene bag. The large bag is tied securely and the re-
mainder of the drum space is filled with sawdust soaked in
water. The steel drum is closed and checked to be watertight.

Inspection: )
Fe and/or Al - 5 gram sampile is placed into a 250cc beaker.
- Add distilled water to dissolve the sample.
- Add NH,OH fo precipitate sample.
- Fiter wand wash precipitate in a Gooch crucible.
- Ignite precipitate.
- Weigh as Fe, O, or ALO, .

Nitric oxide - Prepare approximately 5 cc of saturated solution of sample in
distilled water.
- Treat with saturated solution of diphenylamine in concentrate
H,SO,.
- Result must be free from all odor of nitric oxide and only faint blue color.
Continued on page 28

nr-27



The Poor Man’s Primer Manual

Sulfates -10 gram sample placed in a drying dish
- Drying dish placed in drying oven at §5° C for 180 minutes
- 5 gram of dry sample dissolved in 300 cc boiling water
- Cool solution to 21° C
- Filter and wash filtrate
- Determine sulfate in fitrate as BaSO, following std. analytical procedure.

I - 28



Materials

MATERIAL: Water, distilled

USE: Priming mix manufacture

Description:
PH >585

Resistance > 1x10° Ohms

Chlorides

Sulphates

Nitrates

Iron (traces only)

Copper

Zinc

Aluminum

Evaporation residue <0.001 gram/100 ml

NOTES:

Directly after manufacture pH value is about 7. After contact with air the pH value
decreases due fo formation of H,CO, from CO, in the air. Check pH value after ex-
tended storage; prior to use.

ZINC PEROXIDE
ZnO,

USE: Priming mix oxidizer
APPEARANCE: Yellowish powder
REQUIREMENT: Technical grade

Composition: ZnO2 55% min.
nO 40-45%

Inspection: Supplier’s certificate
Packing: In drum or appropriate commercial packing and labeling

NOTE: Also used in pharmaceutical preparations (creams)
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MATERIALS USED IN PRIMER ASSEMBLY

Paper, foiling, "A” - Consolidation of priming mix in cup

Paper, foiling, "B” - Covering the flash hole in battery cup

Foil, lead - Covering the flash hole in battery cup
of chlorate mix primers

Solvent, “A” - Wetting agent for paper, foiling, “A”

Solvent, “B” - Wetting agent for paper, foiling, “B”

Lacquer (MIL-L-10287) - Dust proofing and identification of
primer type

Compound, tumbling -  Toremove excess lacquer from primer

surfaces
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MATERIAL SPECIFICATION
PAPER, FOILING - “A”

USE: Foiling primer cups (centerfire and shotshell)

REQUIREMENT: Paper (may be colored for identification) impregnated by passing
it through a solution of 5% shellac in alcohol

Iltem Sample Specification Allowable
variation

Grade white kraft
Denisity, final 500 sheets 24" X 36" 17.7 Kg 6.5%
Density, paper only id 6.8 5.5
Shellac id 0.90 kg 25%
Material thickness shellacked 0.09 mm £ 0.0Tmm
Tensile strength 12.7 mm wide x

80 mm long - shellacked 4.75 Kg 35%
Tensile strength id unshellacked 4.5 Kg 30%
Elongation id shellacked 2.5% 1.0%
Id id unshellacked 2.5% 1.0%
Mullen test (bursting
Strength ) id shellacked 14.5 Kg 30%
Id id unshellacked 15.0 Kg 30%
Roll dimensions dictated by foiling press parameters and plate dimensions
Roll width (typical)  70.0 mm +0.5mm

Packing: Material and method must be adequate to prevent apparition of injuri-
ous defect during fransportation and storage.

Marking: Each coil or lot should be provided with a tag showing the size, grade,
order number and the name of manufacturer.

Inspection procedure: 3 m long sample taken from 3 different containers. Test values are
mean values of all samples, results are average of 20 repetitive tests. Shellac value is evapo-
rated residue after extraction with alcohol on a composite sample. Density of paper only is
the difference between average total density and shellac density. Tolerances for paper
before shellacking are not basis for rejection but for vendors information. Representative roll is
tested on press for foiling characteristics. Shellac is grade A. (MIL-S-20526)

Note:

primer disc
dia. (mm)
large rifle 4.47 -0.02

50 cal 6.95 -0.02
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MATERIAL SPECIFICATION
PAPERS FOILING, “B”

USE: Shotshell primer battery cup foiling

REQUIREMENT: White absorbent paper, kraft paper, Aloe No.609 or equivalent

Iltem Sample Specification Allowable
Variation
Density 150g/m? 4%
Tensile strength 12.7 mm wide by
180 mm long 3.3 Kg mm.

Elongation id 3% + 0.5%
Bursting strength

(Mullen test) 0.9 Kg/cm? min.

Paper thickness 0.20 mm + 0.02mm

Roll dimensions dictated by foiling press parameters and plate dimensions

Roll width (typical) 77.8 mm +.5
Roll inside dia. (typical) 25 mm
Roll outside dia. (typical) 300.0 mm

Packing: Material and method must be adequate to prevent apparition of injuri-
ous defect during transportation and storage.

Marking: Each coil or lot should be provided with a tag showing the size, grade,
order number and the name of manufacturer.

Inspection: Sample from each lot tested for requirements: results are average of
20 repetitive tests.
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MATERIAL SPECIFICATION
LEAD FOIL

USE: Battery cup foiling of chlorate type primers

REQUIREMENT:

Composition Pb 98.90% mm.
Sb 1.0%

Foil thickness : 0.12 £0.01 mm

Roll width 77.75+ 0.75 mm

Roll inside dia. 46

Roll outside dia. 1156
Packing: rolls on cardboard core: each roll wrapped in paper.
Approximately 50 Kg of rolls in wooden box or equivalent

Inspection: 150 mm sample taken from 10 % of rolls and tested according to cur-
rent ASTM “*Methods of chemical analysis of metals.”

MATERIAL SPECIFICATION

SOLVENT “A”
USE: wetting agent for primer foiling paper
MATERIAL: plasticized ethyl cellulose
viscosity at 25° C 80 £ 8 seconds #4 FORD cup
weight gram/liter 880+ 10%
weight solids gram 120 £ .5%
volume solids, theoretical 10%
area covered at 0.2 mm dry + 3.8 m?/liter
finish high gloss

NOTE: Dilute with lacquer thinner if required.
Material is equivalent to nitrocellulose lacquer when dry

SOLVENT “B” on following page
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SOLVENT “B”
USE: Wetting agent for battery cup
foiling paper
REQUIREMENT:
Commercial grade ethyl acetate
Commercial grade butyl acetate
In cold weather use 100 % ethyl acetate
In hot & humid weather use 50 % butyl acetate
50 % ethyl acetate
Packing : Clean, returnable steel drum with bungs on side and end.
MATERIAL SPECIFICATIONS
LACQUER
USE: Identification or sealing varnish for Boxer and
Berdan or Military primers.

REQUIREMENT:
Composition: Nitrocellulose 3-40 second R.S. 72 g

(BO% denatured alcohol SDNol wet)

N butyl acetate 1350 g

Ethyl acetate 3300 g

Alcohol denatured, SD NO.1 180 g

Dye solution ( methanol, synthetic 75.5%) 100 g

% by wt, N butyl acetate 20.0%

Calco fast spirit
concentrate color 4.5%

Lacquer solids 1.12+£0.12%
Viscosity + centipoises
Density +1.15g/cc

Packing: clean, returnable steel drum with bungs on side and end
Remark: Max. temperature for use: 70° C (dry)

Color: Green, red or yellow
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MATERIAL SPECIFICATIONS
TUMBLING COMPOUND

USE : fumbling of primers to clean off lacquer

REQUIREMENTS: standard commercial fumbling compounds, based on corn husks.
Wood sawdust etc.
Maize super fine
2540 Super grits
Tumbrite, hardwood saw dust
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Chapter 4

Safety

The personnel safety in the preparation and handling of the priming mixes is the
most important element of the operation. The safety precautions pertaining to the
specific material are in the respective chapter. Some of the precautions may seem
repetitive. However, such repetition is intended to remind the student into following the
safety instructions. The most common laboratory safety includes:

1 - Eye protection to be worn during presence in the laboratory.

2 - Dust mask to be worn during operations.

3 - Flameproof overalls to be worn during presence in the laboratory.

4 - No eating, drinking, and smoking in the laboratory work area.

5 - Wash hands and face before eating and/or drinking.

6 - Pay full aftention to the work being performed.

7 - Keep good housekeeping.

a - Aall materials are kept in appropriate and closed containers.

b - All dirty and/or contaminated containers and equipment, are placed IMMEDI-
ATELY into the sink and filled with water.

c - All spilled materials are IMMEDIATELY wiped up with a wet sponge ( hands to be
profected with rubber gloves).

d - After completion of work; all containers, equipment and tools are cleaned, dried
and returned to the respective holding area.

e - All containers with materials are returned to the storage area.

The safety instructions, guidelines and regulations for the preparation, handling, stor-
age, transportation and destruction of explosives would fill a substantial library.
Following is a list of a few basic publications which are applicable to the subject.
They are all available through open sources. Probably the most important from the
student and laboratory work aspect are the following:
NOLIR 61 -138
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(Oct. 1961)

DOD4145.26M
(Oct. 1968)

TBCML50
(Oct.1961)

Mi-STD - 1218
(June 1969)

Naval Ordnance Laboratory, White Oak, MD, Technical report No.
61-138 titled “Explosives, Propellants and Pyrotechnic Safety Cover-
ing Laboratory, Pilot Plant and Production Operations” by Russell
McGill.

Department of Defense Contractor’s Safety Manual, Dept. of De-
fense, Washington, DC.

Department of the Army Technical Bulletin-(Oct.1961) "Chemicals
and Chemical Products” Headquarters Dept. of the Army.

"Military Standard ACS Grade Chemicals”

The above publications may be requested from:

Department of the Navy

Naval Publications and Forms Center
5801 Tabor Ave.

Philadelphia, PA 19120

or

U.S. Department of Commerce
National Technical Information Center
Springfield, VA 22161

Further information on state, local and/or federal safety regulations are:

ATFP 5400.7

NFPA#495

“Explosives Law and Reguilations”

Bureau of Alcohol, Tobacco and Firearms, Dept. of the Treasury,
Washington DC 20226

available from Superintendent of Documents

U.S. Government Printing Office

Washington, DC 20402

“"Manufacture, Transportation, Storage and use of
Explosive Materials” available from:
National Fire Protection Association
470 Atlantic Ave., Boston, MA 02210

Additional explosive safety information may also be available upon request from the
respective material manufacturers and/or suppliers. For data and addresses contact:

Institute of Makers of Explosives
1120 Nineteenth St. NW, Ste. 310
Washington, DC 20005
http://www.ime.org
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Chapter 5

Intermediate Operations

It is advisable that prior to preparation of primary explosives, the student performs
the intermediate operations. These include the weighing and blending of dry primer
components, washing and/or drying of high explosive components (TNT, PETN) prepo-
ration of binders, and making of TNR. Such operations are relatively safe, due to the
small quantities of the explosives involved. They are also simple and provide the stu-
dent with practical experience in handling of priming mix material. The operations are
described below in the convenient student laboratory format.

Dry pre-mix

The components of dry pre-mix are the fuels and oxidizers added to the explosive
pre-mix components during the final mixing operation.

Since the dry pre-mix components are in dry powder form, they are screened to:
a - Prevent foreign material from entering the final mix

b - Prevent material particles from adhering to each other and forming clusters.

Equipment:

Table, approx. 200 x 30 cm, with conductive top

Cabinet, with shelving, std. commercial

Container, with cover, conductive

Scale, table model, capacity 1500 g

Accuracy + 1%

Sieve, non-sparking, 60 mesh

Scoop .hand, non-sparking

Spatula, rubber, commercial std.

Hood, exhaust to outside

Sheet, approx. 80 x 80 cm of brown wrapping paper, Kraft
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Dry Component Pre-mix

Aluminum Barium Antimony
nitrate sulfite
Al Ba(N03)2 Sb283

# 60 # 60 # 60
screening t_ mesh J {_ mesh _} L- mesh ‘J

weighing & E*J\mn
intermediate \ f

storage

blending sheet of
paper

L | conductive rubber
storage container & cover

J—

Select a card giving the data for specific mix.

2. Weigh and sift; through a separate sieve into a separate container each mate-
rial according to the card. Screening is necessary to break up materials and
remove dirt. Screening is done on weighed material, not bulk material in storage
containers.

3. Place weighed and sifted materials on a sheet.

4. Blend the materials by raising and lowering alternately left and right side of the
sheet causing the materials to flow and roll together.

5. When the mixture obtains a uniform (gray) color and there are no patches of
unblended material stop the blending.

6. Lifting the sheet dump the blended mixture into the corresponding labeled con-

tainer.

Place container in cabinet.

Clean up the area and check that all bulk storage containers are closed.

S
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GUM SOLUTION

The gum solution is added to the final priming mix as a binder for other components,

After the primer is assembled and dried, the gum solution prevents the mix from crum-
bling and/or falling out of the cup.

The gum solution is neither explosive, nor a fire hazard. With exception of thymol and

the coloring agent, the solution is essentially non-toxic.

Gum solutions of various formulations and concentrations are used for different prim-

ers, as listed below:; they all meet the U. S. Mil. specifications.

Equipment:

Table

Scale, 1 Kg capacity

Scoop, stainless steel

Pail, 5 liter capacity, stainless steel

Sink, stainless steel, approx. 50 x 100 cm
Stirrer, electric, laboratory type

Stirrer, glass rod

Jar, 2 liter capacity, stainless steel

Flask, stoppered, cc capacity; required ea.
Shelving, commercial, office type

Materials:
All materials are readily available from commercial sources.

Formulation:
The tabulation below lists typical gum solutions used in priming mixes.
All weights are DRY weight in grams, except where noted.

Primer mix C.F&S.S. RF .50 cal. primer F70 (#956)
Gum mix std. RF heavy foiling light
Gum arabic 34.3 54.0 92.5 15.0 17.0
Gum fragacanth  17.2 - 46.2 7.2 9.4
Gelatine 3.7 - - 1.13 1.85
Thymol solution-cc  2.65 1* 4.0 10.0 20
Dye*™) - 6.1 - - -
H,0-cc 100

Total vol/batch 1000 cc 1000 cc 1000 cc 1000 cc
Total wt./batch 1010 1030 1005 1005
WHt. solids/batch 54.2 + | 55+ 2 139+ 2 23.5+3 28.3+3

**) Dyes are used for priming mix identification only, various manufacturers use Prus-

sian blue, Malachite green, etc. for this purpose. The dry dye is generdlly dissolved in
ethyl alcohol prior to addition to the gum solution.
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SAFETY PRECAUTIONS

Only basic good housekeeping practices to be followed.
All gum solution is to be properly labeled showing the
type of mix and date of manufacture.

Process diagram

1 ‘\\?/
thymol
B ti
ggig?%gg clution nol solution
STORAGE
e cloth
FILTERING
SOLID
CONTENTS
TEST
A
vehe
STORAGE gr
1 - H20
2 - gelatine
3 - gum tragacanth
4 - gum arabic
5 - thymol
6 - ethyl alcohol
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gelatine gum H,0 gunm thymol ethanol
‘ tragacanth diBti11, arabic
welighing
components
.
“/’,,—J’ho‘ 300 ml ////
///hot 270 ml
boiNL.in
dissolving I%\ glass
beaker
glass
beakers }
stoppered
bottle
blending 17\{;r Hobart mixer .
Tun 30 minutes at = 5O rpm

-—.b~

Ry

filtering ( repeat twice) i:xé

aterilization

cooling

break-up clots
formed on cooling

o
#

O

gtorage

}_*Iolded cheesecloth

"//

stainless steel pail

home
canning glass jars with
rubber gasket covers

autoclave
sterilize jars 30 minutes
with lids open

cool to room temperature
before pouring into mixer

Hobart mixer
Tun 5 minutes at 50 rpm

pour back into jars and
close lids

store jars in refrigerator
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Thymol Solution Preparation

Thymol 2 g
Alcohol, ethyl 10 cc

Pour alcohol into suitably sized glass jar. Add thymol and stir manually at
ambient tfemperature with a glass rod stirrer until dissolved.
Pour solution into screw cap bottle. Label properly.

Dye solution preparation

dye 49

alcohol, ethyl 100 cc

Pour alcohol into a suitably sized glass jar

Add dye and stir at ambient temperature using electric stirrer.
Pour solution intfo glass stoppered bottle.

Label properly.

Procedure, Gum Solution:

J—

Determine moist weight of each ingredient.

2. Weigh required amount to get correct DRY weight of each ingre-
dient.

3. Place all weighted ingredients into one glass container properly
labeled.

4, Clean & weigh mixing pail.

5. Fill sink with hot water and heat

to 75° £ 5° C (not over 80°)

6. Fill pail with 250 cc demineralized water.
7. Place pail with hot water into the
sink.
8. Insert and start electric stirrer.
9. Sprinkle dry ingredients into the pail gradually to avoid formation

of lumps which will be difficult to dissolve™).

10.  Continue stirring the solution 1 hour while maintaining the
sink water temperature at 70° + 5° C.

11.  After 1 hour remove pail from sink and wipe outside dry. When
stirred for more than 1 hour the solution tends to coagulate and
gel. Stop stirrer.



Intermediate Operations

12.

13.
14,
15.

16.
17.
18.

19.
20.
21.

Weigh pail with gum solution while sfill hot and add water to bring it
to the values listed in table.

Replace pail in sink under stirrer.

Drain hot sink water and refill with cold water.

Start stirer and continue stirring until gum solution tfemperature drops
below 36° C.

Add thymol solution.

Continue stirring five (6) min. more.

Filter gum solution through 2 thicknesses of cheesecloth into an-
other clean dry jar.

Wring out cheesecloth into the second jar to get all gum out.
Cover jar and place in cool place, (sink with running water).

Take sample of gum solution and determine solid contents. If gum
solution does not conform to specifications, it is scrapped. Gum
solution older than 20-22 days is also scrapped.

“)Dye for rimfire mix may be added to the gum arabic in dry state prior
to step 9.
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PURPOSE: Moisture determination of gum solution ingredients.

EQUIPMENT:

1. Laboratory mortar and pestle
2. Tared weighing bottle

3. Analytical laboratory balance
4. Laboratory drying oven

MATERIALS: none

Note: The gums that are received from vendors contain about 15% moisture.
SAFETY PRECAUTIONS: Standard laboratory

PROCEDURE:

1. £10g. of material is ground so that particle size is about 3mm.

2. Sample is placed in weighing bottle and weighed, data are recorded.

3. Bottle with sample is placed in drying oven at 100° C for 24 hours.

4. Bofttle with sample is removed from dryer, weighed and data recorded.

5. Continue trying and weighing sample at 60 minutes intervals until loss is 0.25%
or less per 60 minutes of drying time.

6. Moisture percentage is:

% m. = initial wt. (1) - final wt. (4) y 100
initial wt. (1)

7. The most weight of the gum to be used is:
moist wt. = dry wt. (per formula) y 100
100% moisture (6)
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PURPOSE: Determination of solids percentage in gum solution.
EQUIPMENT:

Tared weighing bottle
Analytical laboratory balance
Laboratory drying oven
Desiccator

o~

MATERIALS: None

SAFETY PRECAUTIONS: Standard laboratory
PROCEDURE:

1. =20 cc of gum solution is placed in weighing bottle.

2. Sample is weighed and data recorded.
3. Botile with sampile is placed in drying oven at 100° C for 24 hours.

4. Bottle with sample is removed from the oven, covered and placed in the
desiccator to cool at ambient temperature.

5. Dry cool sample is weighed and data recorded.
6. Percentage of solids calculated as:

wi. of solids/batch = wt. of sample dry (5) x wt. of gum solution in batch
wt. of sample wet (1)
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PETN Preparation
GENERAL:

PETN is added to the priming mix to improve the primer brisance power. It is required
by the U. S. Mil. specs of primers and is also used in many commercial primers. Since the
PETN is used in relatively small amounts in the primers, it is economically not justifiable to
make PETN in the primer plant. It is usually purchased from manufacturers such as Her-
cules Powder, who make PETN in large quantity for other uses, such as blasting caps,
explosives, efc.

PETN is shipped in wet condition to reduce its sensitivity. To prevent freezing of wet
PETN in fransit and/or storage, alcohol is added to the water,

The PETN soaked with water-alcohol must be washed free, before use in priming mix.
Obviously, in mixes not containing PETN, or where it is made in the plant, such washing
operation is eliminated.

Large operations requiring several kilograms of PETN per week use a centrifuge ca-
pable to process approximately 7 to 10 Kilograms of PETN perload. The washed PETN is
then weighed and separated into exact quantity, each corresponding to one wet
priming mix batch. Following is a simple way to wash the PETN for laboratory use.

EQUIPMENT:

Beaker, pyrex glass, 1500 ml capacity

Scoop, small, stainless steel

Stirrer, paddle, stainless steel

Funnel filter with aspirator

Wash screen, stainless steel, to fit over beaker

Sink, wash, stainless steel, approx. 100 cm long by 50 cm wide by 25 cm deep
Container, hard rubber or plastic, 250 mi capacity

Cover, hard rubber or plastic, to fit over container

Balance, 1000 gram capacity, + 0.5 gram accuracy

MATERIALS:

Water, clean, tap
PETN, specification MIL-P-387, class 2

APPEARANCE: White or light buff color powder
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REQUIREMENTS:

Granulation through U.S. Std. sieve:  No. 100 94 % min.
No. 200 80 % max.
No.200 65 % min.
Melting point  140° C min.
Stability at 120° C, vacuum 5 cc gas max. in 24 hrs. test
Composition: Nifrogen contents 17.50% min.
Acetone insoluble 0.10% max.
Particle insoluble 0

Packing:

Inspection:

Acidity or alkalinity 0.003% max.

PETN slurry containing minimum 40% water packed in rubberized
cloth bags each containing approximately 20 Kg (dry weight)
PETN. For cold weather packing PETN slurry must contain minimum
20% denatured alcohol and 20 Itr. water. Six or less rubberized bags
are placed in steel drum lined with rubberized cloth or polyethyl-
ene bag and the empty space in the drum is filled with water or
50-50% alcohol-water solution before closing of the drum. Each
container labeled in accordance with local regulations on ship-
ment of high explosives.

Certificate of analysis to be furnished with each lot by the supplier.
250 g each, samples from five containers in a lot are tested sepa-
rately as per following procedures.

Safety Precautions:

1 - Eye protection to be worn when handling PETN.

2 - Only personnel frained and approved by explosive engineer may handle PETN.
3 - PETN is a secondary explosive presenting fire hazard in dry condition.

4 - All spilled PETN to be cleaned up immediately before it dries.

5 - Area where PETN is handled to be washed with hose after use.

6 - Primary explosives must not be present in building used for PETN washing.

7 - PETN must always be labeled.
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Process diagram

Drum Storage
(can)

lst washing

screening and
2nd washing

% moisture
test

weighing

storage

PETN

H20

ot

aspirator
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PROCEDURE: Washing PETN

1- The purpose of the washing is to extract the antifreeze from PETN.

2 - The bulk PETN is shipped in metal cans. Inside the can is a rubber bag. PETN is
packed in a separate bag inside this rubber bag. The remaining space in the
can is filled with water-methanol mix to prevent freezing and damage to the
drum in cold weather.

3 - Open the barrel, untie rubber liner and fold the open ends over the can sides

4 - Remove PETN bag and place it in the wash sink.

5- Open the bag and place about half of the contentsinto the pyrex glass beaker.

6 - Fill beaker with PETN with water, using the water stream to stir and suspend
PETN.

7 - Allow PETN fo settle and decant water off.

8- Transfer PETN with scoop from the beaker onto screen.

9 - Wash PETN through screen into another beaker using water stream.

10 - Fill beaker with water using the stream to stir and suspend the PETN.

11 - Line the bottom of the funnel with filter paper; pour the suspended PETN onto
the funnel.

12 - Start the aspirator.

13 - Rinse the beaker and transfer its contents onto the funnel.

14 - Spray ajet of water onto the PETN in the funnel, but carefully, to prevent splashing.

15 - Stop the water spray.

16 - Run the aspirator until the PETN appears only moist (it will contain about 15%
water).

17 - Stop the aspirator.

18 - Remove the filter paper with PETN and place into a storage container.

19 - Remove a portion of the PETN from the container and weigh very accurately
the quantity required for one batch of wet priming mix. The moisture percent-
age has been calculated previously in the laboratory and the operator-
student has made the corresponding allowance for the moisture contfents.

20 - Transfer the weighed quantity into a rubber/plastic container, cover it tightly
and label with PETN quantity, date and lot.

21 - The unused wet PETN is replaced in the first container, covered and returned
to the storage cabinet/magazine.
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Drying PETN

Occasionally dry PETN is required. Following is the procedure for handling and stor-
age of dry PETN.

The PETN from step 18 (previous procedure-washing PETN) is hand carried to a
separate and secure location for drying.

PETN is spread, with gloved hand, gently on a shallow tray and covered with a
sheet of paper in dryer at 25 - 30° C.

Dry PETN is transferred into a fiber (cardboard) container and left stored in the
dry room.

Porfion required for mixing is weighed in the PETN weighing areq, placed in a
rubber/plastic container, covered and labeled.

The fiber-cardboard container with the unused dry PETN isimmediately returned
to the drying area.

PURPOSE: Moisture determination of PETN after washing

EQUIPMENT:

1 - Tared weighing bottle
2 - Analytical laboratory balance
3 - Laboratory drying oven

MATERIALS:
None

SAFETY PRECAUTIONS: Std. laboratory

PROCEDURE:

1 10 g sample of PETN is removed from each container and placed in tared weigh-
ing bottle.

Sample is weighed and data recorded.

Bottie with sample is placed in drying oven at 55° C for 12 hrs. (overnight).
Boftle with sample is removed from the oven, covered and cooled.

Boftle with dry sample is weighed and data recorded.

Percentage of moisture (as ratio of loss in weight to the original weight) is calcu-
lated and recorded.

Operator weighing PETN for explosive premix batches is notified.
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Trinitroresorcinol (Styphnic acid) preparation
GENERAL:

TNR is an intfermediate material in the manufacture of lead styphnate. Although not
a primary explosive, TNR is a relatively strong acid forming sensitive metallic salts
upon prolonged contact with various metals. It does not react readily with stainless
steel, or copper and therefore these materials are used in TNR manufacture and
storage.

TNR is prepared from resorcinol by sulfonation and nitration, then washed and dewa-
tered for storage.

Two types of TNR may be prepared:

a- “Gable” type - light yellow or orange, very pure, melting point 174° £ 1° C.
Lead styphnate made from this material has thin and twinned crystals and is
more sensitive than LS made from adulterated TNR. The Gable TNR has been
used for the manufacture of double salt of styphnate lead hypophosphite.

b - *Adulterated” type formed by addition of sodium nitrite during the sulfona-
tion stage. In all other respects the preparation follows the conventional
method of preparation. The Adulterated TNR is cocoa brown in color with
melting point of + 165° C and a melting range of several degrees.

The degree to which the above reactions are formed depends on:

- Temperature and time when NaNO, is added, as it affects the degree of HNO,
decomposition.

- Rate of addition of NaNO,; rapid addition causes local concentration of
NaNO,; salf and increased loss of HNO, due to high local of reaction.

- Temperature of sulfonation and nitration.

The TNR preparation process described is based on the methods developed in the
early forties, but is sfill in use by the military and commercial producers throughout
the world.
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Safety precautions - TNR

10.

11.

12.

Eye protection to be worn at all times in the nitration area.
TNR is an explosive, even if relatively insensitive, and must be handied carefully.

Poisonous nitric oxide fumes are generated during nitration and neutralization.
Prolonged exposure to the fumes must be avoided.

All materials used in the TNR preparation are irritating to the skin; rubber gloves
to be worn when handling the materials.

If resorcinol, or caustic get on skin, flush the area involved immediately with plenty
of tap water.

If acids get on skin, flush the area involved immediately with plenty of tap water,
then with sodium bicarbonate solution.

Report to infirmary for further care immediately after contact with marterials used
in TNR preparation.

Sometimes nitric acid is delivered in carboys; place rubber cap over the mouth
and neck of carboy before moving, to prevent splattering of acid soaked into
the stopper seal.

A boftle with sodium carbonate solution is to be kept in easily accessible location.

Hands and face of personnel in the TNR preparation area must be washed before
meals and/or smoking.

Nitrator must be cleaned thoroughly after each batch; exposure of sulfuric acid
to oxides of nitrogen or nitrous acid causes formation of nitrosyl sulfuric acid
which in turn causes formation of crystal control impurities in the TNR.

Heating and cooling of the nitrator batch must be done in conformity with the
instructions of the nitrator manufacturer to prevent thermal shock of the nitrator
material or liner.
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Process diagram

Resorcinol  HyS0, HNO4 NaNO, H50

SULFONAT ION nitrator
&
N ITRAT ION
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WASHING
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NEUTRALIZAT I(Q

centrifule.

CENTRIFUGING

moisture sample

BULK STORAGE to laboratory

WEIGHING

WEIGHED STORAGE TNR
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LYRINITRORESORCINOL
LABORATORY PREPARATION

resorcinol H,S0 u HNO3 NaNo,
66Be(1.84 sp.wt) 4oBe(1.41 sp.wt)
51.2 gram 524 pm1 212.0 m1
. 0.56 gram
(dry wt.equiv) (284.6 gram) (150.7 gram) g

l

| oven dried 24 hrs

at 60°C & screened
thru 60 mesh sieve

L.l
g !
' .i
[—‘*—_”—" 50 cc |
beaker i
ﬂ*“ |
thermometer
- hot cold
8tainless steel
pail —— /
TNR yield:
stainless temperature I fual(87%)
steel sink emper actua 100 gm
n j?q\;r control sink g
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TRINITRORESORCINOL
LABORATORY PREPARATION

Sulfonation:

1 - Pour the correct amount of H,SO, into the pail.

2 - Start stirrer, checking that it does not touch pail walls.

3 - Fill sink with hot water until the pail contents is 30° + 5° C.

4 - Add 1 level teaspoon full of resorcinol to the pail contents.

5 - Add alittle of NaNO, from the jar and continue through sulfonation.

6 - Add hot water to sink to raise the pail batch temperature to 63° C.

7 - Resume gradual addition of resorcinol so that the last is added in about 15 min-
utes from process start.

8 - Allow batch to remain at 60° C for 60 minutes after last resorcinol has been added.

9 - Cool gradually to 30-35° C (about 12 minutes).

Note: The batch is now ready for nitration which may be carried to the point permit-
ted by time. The nitration may be resumed for completion later. However, let stirrer run,
waif about 10 minutes after last addition of HNO, then change sink water temperature
to keep batch at 18° C. Before nitration resumption bring batch to 30° C.

Nitration: (start with batch at 30° C)

1 - Measure 10 cc from glass beaker into the nitric acid reservoir,

2 - Open reservoir valve to get flow rate of about 7 cc/minute.

3 - Repeat step 1 until 100 ml, of HNO, has been added. Since the reaction is exo-
thermic, cooling of the batch is necessary to keep the temperature at 35° C.
Q) if during the process, temperature drops below 23° C, the reaction will slow
down and concentration of unreacted HNO, builds up. Then as the temperature
raises this acid will react rapidly, causing foaming over the pail, loss and de-
composition of the TRN. Therefore when the temperature drops add hot water to
the sink to heat the batch back to 35° C.
) If the batch temperature raises over 38° C, stop addition of HNO, and let
batch to cool down to 35° C before resuming process.

4 - After the 100 ml of HNO, have been added, stop batch cooling and allow the
pail contents to heat up to 60° C; however,

5 - Resume addition of HNO,immediately, without waiting for the batch to reach 60° C,

6 - When all HNO, has been added start the cooling of the batch.

/ - When the batch is about 30° C (in about 20 minutes) it is ready for filtration.

8 - Stop the stirrer and remove it from the pai.l
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TRINITRORESORCINGL

<§;;§§;yater hose LABORATORY PREPARATION

,///7 stainless steel
reactor pail [:::}:9 scoop

________ Buchnell filter
200 dia
€L tap water
AN aspirator
\
Z stainless
T|stainless 4 > steel pot
sini © steel (ﬁ for unreacted
, material and
[ wash water
spent acid tank
"\ paper lined container
T for moist TNR storage
(moisture of 15% is desirable)
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TRINITRORESORCINOL
LABORATORY PREPARATION

Filtration:
Performed in well-ventilated area or under hood.

1 - Aspirator is tfurned on and checked for leaks.
2 - Reactor pail contents are slowly ladled onto the filter which draws off the spent
acids from the material.

Notes:

The boftom portion of the batch can be blue-purple in color and contains unreacted
resorcinol and mixed acids. It will react with the spent acid as it is mixed on the filter
and the temperature will rise. Allow this unreacted material to stand and combine
with the next batch. If the unreacted blue-purple material is poured on the filter bed
the heat of reaction may ignite the TNR.

3 - After the pail has been emptied rinse it with tap water and add the wash water
to the unreacted materials. Also, carefully rinse the stirrer shaft and blades and
add this water to the wash water.

4 - After all/most spent acid has been drawn off the filter pour the contents of pre-
vious bafch wash water over the material on the filter, turning and spading the
material during the process.

5 ~ After all wash water has been added, wash the filter contents with vigorous jet
of tap water for 3-5 minutes.

6 - Continue aspirator operation for about 30 minutes.

/ - Take 5 g sample of TNR and check for moisture and sulfate. If sulfate contents
exceeds 0.5% additional washing (step 5) is required.

8 - Acceptable, moist TNR is ladled into storage contained, dated and labeled.

Notes:

The spent acids are either diluted to 0.5% concentration or neutralized with alkali
before dumping into sewer. Approximately 1 Kg of flaked NaOH is required for one
bbatch operation. The neutralized solution has a deep brown color.
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TNR ADULTERANT FOR LABORATORY PREPARATION

USES: To introduce impurity into styphnic acid causing crystal growth in the precipi-
tation of lead styphnate

SAFETY PRECAUTIONS: Same as in TNR manufacture
EQUIPMENT: Same as in TNR manufacture

PROCEDURE:

1 - Measure 100 ml of distilled or demineralized water into a jacketed stainless steel
kettle.

2 - Heat the water to 25 cc.

3 - Add 33 gram resorcinol.

4 - Add 42 gram NaNO, and dissolve in solution.

5 - Bring solution to boil and keep simmering 60 minutes.
Note: overheating causes excessive gas evolution.

6 - Transfer solution from kettle into stainless steel pails.

7 - Cool solution in pails at least several hours.

8 - Place 200 g crushed ice into a 3 liter stainless steel pot (in a sink).

9 - Over this ice pour 120 ml 42 B& HNO,,

10 - Start the agitator.

11 - Add the solution from step 7 at a rate of approximately 3 mi / minute.

12 - Keep the pot contents temperature at 2 + 2° C throughout step 11 by adding
small quantities of ice.

13 - Heat the solution in pot to 30° C to start the exothermic reaction which contin-
ues for approximately 30 minutes with copious gas evolution.

14 - After reaction starts allow temperature drop 5° C from the maximum reached.

15 - Heat solution to 70° C keeping in mind that the pot contents temperature will
confinue to rise for about 10 minutes after the circulating hot water is shut off.

16 - Continue agitating the solution 15 minutes after the temperature of 70° C has
been reached.

17 - Cool the solution in pot to 35° C by circulating cold water in the sink.

18 - Line the filter bed with filter paper, then cover the paper with muslin cloth.

19 - Carefully pour the pot contents over the prepared filter.

20 - Start the aspirator to draw the mother liquor off.

21 - Wash the adulterant on the filter bed with tap water, breaking the caked adul-
terant with gloved hand in the process.
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22 - repeat step 21 three: (3) times starting the step after all wash water from the
preceeding operation has been drawn off.

Note: do not break the muslin-filter paper pad during this operation.

23 - Lift the muslin, cloth with the adulterant from the filter and dump the adulterant
on stainless steel drying tray. '

24 - Dry the adulterant in open air for 4-6 weeks; in emergency it may be dried in a
dryer at a maximum temperature of 50° C.

Note: The average adulterant yield is 250 gram/ batch.

25 - Place 200 ml of distilled or demineralized water into a 3 liter capacity stainless
steel pot.

26 - Turn on agitator,

27 - Add 2.2 gram 100% NaOH pellets.

28 - Add 11.3 gram of dry adulterant from step 24.

29 - Continue agitation 15 minutes to assure that all materials are in suspension.

30 - Stop agitation and allow foam to clear.

31 - Add distilled or demineralized water to bring the solution volume to 230 ml.

Notes:

- The quality and quantity of adulterants to be added to the pure TNR is determined
in a test precipitation of lead styphnate.

- Exercising care in performance of each step above is the only way of assuring
uniform performance from batch to batch.

- The adulterant is classified as an explosive and should be handled accordingly .

Addition of the exact amount of NaNO, at the proper time and rate, and mainte-
nance of correct temperature schedule produce uniform adulteration of TNR from
batch to batch.

Lead styphnate made from a new batch of TNR is to be checked under micro-
scope.

U.S. Patent No. 2275172, lists catechol, phenol, tri-oxymethylene, glucose and alumi-
num powder as materials causing impurities in TNR which control crystal growth in lead
styphnate.
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LABORATORY PREPARATION OF LEAD THIOCYANATE

Lead Nitrate

Water,distilled Potassiun
o Thiocyanate
(05), H,0 KCNS
100 gram
weigh & screen

58.5 dgram
] J

L. |
450 ml L
\ 120 ml
—
dissolve
transfer/////beaker glass
\ 250 ml

funnel,glass

w. pet cock
stainless steel
beaker _
1000 ml

capacity\\\\\\\\\\\\\\\\

% |
|
s .
sink | ‘ T 1) )

ice cold water tap

|
s o & © Z s s
bath tempera‘tgre - B ice
o} Q [
©0-5C oo el
& & © ' :

practical yield
appr0x1mate1y
90 gram



Intermediate Operations

LABORATORY PREPARATION OF LEAD THIOCYANATE
PROCEDURE:

1 - Place the screened lead nitrate and water into the beaker.
2 - Start stirrer and continue until all nitrate is dissolved.
3 - Pourice cold water into the sink.
4 - Check that the lead nifrate solution temperature drops to 5° C.
5 - start addition of potassium thicyanate solution at a rate of about 3 mi/minute
(about 1 drop/second).
6 - Continue process until all materials have been placed into the beaker.
7 - Stop stirrer.
8 - Pour beaker contents /
precipitate and mother liquor. 7
onto filter.

collector vesse£

9 - Rinse beaker with ice cold deionized water and pour rinse water over pre-
Cipitate on filter.

10 - Wash precipitate twice with small jet of ice cold water.

11 - Place cloth from filter with washed precipitate into DARK and dry in warm air.

12 - The yield is about 94% theoretical, i.e. 90 grams.

13 - Check a dry sample for crystal size and adjust step five (5) for optimum product size.

14 - Mother liquor and wash water are boiled down for recovery of potassium
nitrate.
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LEAD THIOCYMTATE PREPARATION:

The theoretical equation for the reaction is:
Po(NO,), + 2KCNS —™ Pb(CNS)l + 2 KNQO,
331.2¢g + 2x97.29g 323 g +2x101 g

The reaction is carried out at low temperature to reduce the solubility of lead thio-
cyanate (0.05 g/100 ml at 20° C) and hence increase the yield.

Since the product is light-sensitive, it is dried in a dark area and stored on containers
not transmitting light.

The purity of the product meets the specifications

The required granulation may be affected by the concentration of the solution, the
rate of potassium thiocyanate addition, and the cooling temperature.

The quantities and process have been adjusted to allow the use of lead styphnate
precipitation equipment and methods.
SAFETY:

Lead thiocyanate is relatively safe to make from an explosive point of view; but its
preparation and the product are extremely TOXIC.

Utmost protection of personnel from direct contact by use of masks, goggles, gloves,
work cloths,etc. is required.

To keep dust and fumes from personnel contact, the work area is equipped with
powerful and positive exhaust system with filters and traps to keep the outside area
from contamination.



Intermediate Operations

General

The primary explosives of the priming mix are dangerously sensitive. To reduce
their sensitivity during processing, explosives are in wet, water saturated state. They are
weighed and blended prior to addition to other components of the priming mix.

The fechnique of wet weighing goes back to antiquity. Every student of high
school physics knows about Archimedes weighing of the golden crown.

The wet explosive weighing uses the same method, but since only few compo-
nents are being weighed time affer time, certain simplifications have been intro-
duced into the technique described below:

Using the basic Archimedes law of physics:

>

V, = volume of water over the wet material

V, = volume of water equal to volume of wet material

W = weight of wet material = V, x Spec. Density of material
A = Archimedes differential weight

Note that Spec. Density of water = 1
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then the weights become: Vo + V1 + A Vo VxS

transposing

A = VqxS - Vg

A = Vq(S - 1)

. W W _
but since V1q= S A = S (S 1)
finally A=W ; 1

In the laboratory work,the special beaker used for weighing of
wet materials under water is called pycnometer. The actual

laboratory set-up looks like this

tare weight of
pycnometer full of H 0

Archimedes differential
\wei ght O

| 1
\

table tog;7

pycnometer with material
under water

L

—

AN ove;rflo
balance w pail
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PYCNOMETER

I——— 100—-1
* handle, 50 from top

L5 20x3 stainless steel

g
(= —

13 & tubing,stainless steel

150 | Note: all dimensions are in
20 , F“} millimeters |
20
w3t
L ]
60 — 150

60 ‘
60

316 type stainless steel
seamless drawn,satin polished,
commercial type standard size
beaker or pot

all welds with 316 stainless rod containing
Columbium or Molybdenum to avoid intergranular
corrosion;gas welding preferred,grind and polish
all weld beads to ellminate porous surface
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Table of Archimedes Differential Weight “A” for some of the primary ex-
plosives used in priming mixes

MATERIAL APPARENT VALUE OF “A” FOR
Spec. Density 1 gram OF MATERIAL

Dinol 1.63 0.39

Lead Styphnate 3.03 0.67

Mercury Fulminate 1.75 0.42

Tefracene 1.63 0.39

Tetracene density is 1.63 thus accurate weighing is required to keep the percent
error low. Furthermore, the percentage of tetracene in the primer mixture is small which
further complicates the task in large volume operation.

Tetracene is made into a slurry in a separate tank and measured volumetrically into
the wet premix. When volume of production is relatively smail it is more advantageous
to measure tetracene by the pycnometer method.



Intermediate Operations

SAFETY PRECAUTIONS: Pycnometer weighing

10 -

Eye protection is worn while working with lead styphnate and tetracene.
Rubber gloves are worn while working with lead styphnate.

lead styphnate and tetracene are sensitive primary explosives and must be
handled carefully.

Spilled explosives are wiped up immediately before they dry up.

Floors are kept wet and are washed with hose after each day’s work.

Do not allow formation of scale or adherent layer of lead styphnate on pycnom-
eters or other equipment. This scale is extremely sensitive and can explode even
when wet. Inspect and clean all pycnometers with hot NaOH.

When lead styphnate scale starts forming on rubber storage buckets clean them
with. ammonium acetate solution. Stronger reagent would damage the bucket
material. Wash and rinse the buckets thoroughly with water after ammonium
acetate cleaning.

Do not use any scoops, spatulas or spoons to stir or transfer lead styphnate or
tetracene. Use only a stream of water or gloved hand.

Lead styphnate which has settled and formed a solid lump at the bottom of
container may be loosened with stream of water only. Do not loosen with gloved
hand.

Never leave lead styphnate in pycnometer overnight. The lead styphnate would
seffle into a firm mass difficult to move and also starts formation of a sensitive
scale in the pycnometer walls.

11- Catch basin inspection and scrapping procedures are detailed in chapter on

lead styphnate preparation; follow these instructions.

Note:

Do not weigh lead styphnate by placing the pycnometer first into sink allowing
it fo drain and then check the weight on the balance.

When transferring the lead styphnate from the pycnometer to the rubber liner

the inverted pycnometer bottom may be hit by the heel of the hand to facili-
fate the lead styphnate dumping.
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Pycnometer weighing

1 - Storage container with tested good product is brought from the magazine.

2 - Swirl explosive into suspension by rotating the container.

3 - Pour suspended explosive into the pycnometer.

4 - Material adhering to the container sides is washed down with small stream of
water.

5 - Place the weight of tare of pycnometer plus the Archimedes difference weight
on the scales.

6 - Pycnometer with explosive is placed on the opposite pan on scales so that
pycnometer overflow can run into the storage container.

7 - The pycnometer stands in the same position on the balance pan during each
weighing o reduce error in the pan uneveness. Balance is tared and used on
the same spot on the table for the same reason.

8 - Remove overflow stopper and allow pycnometer to drain untif water stops running
and starts to drip.

9 - At this point the scales should be balanced.

10 - If the pycnometer and contents weigh more, let water run into the pycnometer
so as to displace and carry into overflow some explosive until the balance
pointer indicates zero.

11 - If the pycnometer and contents weigh less, allow explosive in pycnometer to
settle and decant clear water, then refill with slurry.

12 - Correct weight of explosive in pycnometer is transferred immediately to the rubber
container.

13 - Rotate pyonometer to bring all explosives into suspension.

14 - Pour suspension into container.

15 - Wash the remainder of explosive from the pycnometer into the container with
small stream of water.

16 - Wipe off any explosive splattered on the rim of the rubber container with wet
sponge.

17 - Allow explosive in container to setfle and decant clear water, leaving about 1
cm of water above.
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Vibration to remove excess water from wet explosive pre-mix

In the wet premix preparation first the tetracene is measured (weighed) and placed
in the rubber liner ;then the lead styphnate is measured (weighed) in the pycnom-
eter and placed in the rubber liner over the tetracene.

The wet premix weight includes the necessary moisture to make the final primer mix
homogenous. Generally, the wetter the mix the more homogenous it is.

However, the wet mix will also depend on the mixing equipment, and the final amount
of water may be adjusted to yield the optimum mix for the conditions.

Vibration to remove excess water.

1 - Place liner into corresponding recess in vibrator.

2 - Switch vibrator motor on, the vibration speeds the seftling of the lead styphnate
and tetracene.

3 - With the liner contents settled, switch vibrator off.

4 - Carefully decant the clear water from the liner, leaving about one (1) centimeter
of water above the mix.

5 - Immediately wipe off with wet sponge the solid mix adhering to the liner lip.

6 - Place the liner on balance and check weight, if more water is to be removed
repeat steps 1 through 5.

/7 - Liner with correct wet premix weight is placed into the corresponding rubber
storage pot.

8 - Check that no solid materials are exposed on the liner lip and sides and that the
liner contents is completely covered with water.

9 - Cover the storage pot with the cover.

10 -Hand carry the storage pot with liner to the storage magazine and never carry
more than two (2) pots at a time (one in each hand).
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Chapter 6

Mercury Fulminate
Priming Mixes

General:

Although mercury fulminate is prepared and stored wet, it is used in dry priming mixes. It
is the oldest practical priming and detonator initiating material. While used first in a
priming mix at the beginning of the 18th century, it was still in service during WW II. In
spite of such shortcomings as short storage life, (particularly at elevated temperatures),
its sensitivity o percussion, powerful ignition, availability of raw materials and ease of
manufacture were factors making it popular.

Mercury Fulminate priming mix was used by Western Cartridge Co. (later Winches-
ter-Western) as late as 1947. The mix composition was essentially the same as the Italian
Army mix.

The manufacturing method falls into 4 basic groups:

1 - Cold solution of mercury in nitric acid.

2 - Warm solution of mercury in nitric acid.

3 - Use of bleaching materials in addition to the basic raw materials.

4 - Production of pure fulminate by re-precipitation from ammonium hydroxide solution.

The present process has been selected on the basis of simplicity, safety of operation
and good quality of product.

During the process evaluation the methods described in the following sources were
compared:

Technology of Explosives, Vol. 111, Urbanski, T.

Chemistry of Powders and Explosives, Davis,

German text on chem. technology, 1902

MIL-TM@-1910

Private notes on fulminate manufacture
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1 - Equipment - Laboratory Preparation of Mercury Fulminate

1 - Stainless steel sink with cold tap water source.

2 - Hood with exhaust system.

3 - Fume exhaust hose with suction fan.

4 - Balance, capacity 250 gram, accuracy £ 0.1%.

5 - Erlenmeyer flask, capacity 1000 m.

6 - Beaker, glass, capacity 250 mi.

7 - Balloon, glass, capacity 1500 ml.

8 - Stand, for balloon, allowing balloon tilting.

9 - Pail, stainless steel, capacity 12 liter.

10 - Buchner filter.

11 - Stand for Buchner filter.

12 - Screens, No. 100 and No. 200 mesh.

13 - Container, storage, with cover, material: conductive rubber.
14 -Soft conductive rubber liner to fit inside container 13.

2 - Equipment - Priming mix preparation

1 - Jelly bean bag with remote activation.

2 - Container, storage, with cover, material: conductive rubber.
3 - Screen, drying 14 MF,

4 - Scale, capacity 250 gram, accuracy + 0.1% 1.

5 - Container, storage, with cover, material: conductive rubber .
6 - Pycnometer.

VI-2



Mercury Fulminate Priming Mixes

SAFETY PRECAUTIONS

1 - Eye protection is worn while working with primary explosives.

2 - Rubber gloves are worn while working with primary explosive and must be
handled carefully.

3 - Spilled explosives are wiped up immediately before they dry up.

4 - Floors are kept wet and are washed with hose after each day’s work.

5 - Do not allow formation of adherent layer of mercury fuiminate on pycnometers or
other equipment. This scale is extremely sensitive and can explode even when wet.
Inspect and clean all pycnometers with hot water.

6 - When mercury fulminate starts forming on rubber storage buckets clean them
with hydrochloric acid solution. Wash and rinse the buckets thoroughly with water
after acid cleaning.

/ - Do not use any scoops, spatulas or spoons to stir or transfer mercury fulminate.
Use only a stream of water or gloved hand.

8 - Mercury fuminate which has settled and formed a solid lump at the bottom of

contfainer may be loosened with stream of water only. Do not loosen with gloved
hand.

9 - Never leave mercury fulminate in pycnometer overnight. It would settle into a

10 -

firm mass difficult to move and also starts formation of a sensitive layer on the
pycnometer walls

Catch basin inspection and scrapping procedures are detailed in section on
mercury fulminate manufacture; follow these instructions.

11 - Dry mercury fulminate is extremely sensitive to electric spark ignition, hence all

equipment must be grounded and anti-static clothing and shoes worn by the
operators.

Note:

- Do not weigh mercury fulminate by placing the pycnometer first into sink allowing

it to drain and then check the weight on the balance.

- When transferring the mercury fuliminate from the pycnometer to the rubber

liner the inverted pycnometer bottom may be hit by the heel of the hand to
facilitate the dumping.
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SAFETY PRECAUTIONS:

Mercury, metallic.

Poisonous vapors readily absorbed by respiratory system, intact skin, and gastro-
intestinal tract. Spilled and heated elemental mercury is particularly harmful. Spills
must be cleaned immediately, if not possible, wet area with water or sprinkle
calcium sulfide onto affected surface. Small drops of mercury can be picked
up using a small steel pipe or glass pipette connected to a suction flask by small
bore rubber tubing.

Mercury or its compound are only heated under a hood.

Avoid breathing fumes.

Wash thoroughly after handling.

Nitric acid.

Highly toxic when inhaled or ingested.

Causes severe burns on contact with skin; in case of contact wash copiously
with water for at least 15 minutes.

In case of contact with eyes, wash with plenty of water, 15 minutes minimum and
get medical attention.

Hydrochloric acid.

Concentrated acid is highly corrosive and causes burns. Aqueous solutions are
corrosive, irritating and poisonous. Fumes are corrosive and irritating to mucous
memibranes.

Ethanol.

Heavy fume concentrations cause headache, irritation of eyes, nose and throat.
Dangerous fire hazard, can be extinguished by water or CO, extinguishers (vaporing
liquid or dry powder).
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WASTE TREATMENT:

Waste substances from mercury fulminate manufacture are:

1 - Spent liquor decanted from above the product (step 14).

2 -

3 -

Sediment (slime) removed from fulminate by washing (step 17-24).

Condensed fumes.

Each step is freated separately as follows:

1 - Spent liquor contains 3% dissolved substances consisting of:

oxalic acid 90-96%
mercurous nitrate 3-6%

Addition of 100 cc HCl to 5 liters of liquor will precipitate the mercury compound.
Sediment is separated from the rest of the liquor by decanting.

Remaining sediment is dissolved in equal weight of concentrated HCI.

100 gram metallic Sn dissolved in 600 gram concentrated HCl is added to thin
solution causing precipitation of pure mercurous chloride.

Recovery of mercury in metallic form is done by:

Neutralization of liquor with milk of lime (causing precipitation).

Separation of precipitate from the rest of the liquor by decanting.

Addition of HCI to dissolve the precipitate.

Addition of Zn to displace the mercury (or by electrolysis of the above solution).

Slime is treated in the same manner as liquor , i.e.
Dissolve slime in HCI.
Recover metallic Hg by displacement with Zn.

Condensed fumes contain:

Alcohol ( CH,.CH,OH)

Acetaldehyde (CH,.CHO)

Ethyl nitrate (C,H, ONO,)

Ethyl nitrite (C_,H, ONO)

Nitro ethane (C,H,NO,)

Distillation of the condensate over NaOH allows recovery of the alcohol which
is recycled (lime may be used instead of NaOH for the same purpose).
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mercury (Hg) nitric acid ethanol Hydrochloric
metallic,redestilled (density 1.42) 904 acid (HC1)
24 gram 240 gram 190 gram density 1.1)

(
0.5 gram

exhaust hood

/ \
amblent room temperature [::::]

reaction time
several hours 1000 ml Erlenmayer 250 ml beaker

(may be left to flask
stand overnight)

1 - Place tared Erlenmeyer flask on balance.

2 - Add specified quantity of mercury.

3 - Add specified quantity of nitric acid.

4 - Remove flask from balance and place under hood:; do not stir or shake unnecessarily.
5 - Place tared beaker on balance.

6 - Add specified quantity of ethanol.

7 - Add specified quantity of hydrochloric acid.

8 - Note: When nitric acid is scarce, the specified quantity of acid per gram mercurys
reduced fo half and the solution from steps 3 & 4 is left overnight.
In the morning the solution is decanted and new acid added to dissolve the

remaining mercury. The combined solution is then added to the ethanol in the
reactor.

However, use of water diluted reagents and acids produces dark grey fulminate
containing excessive amount of metallic mercury. Similar results are obtained by
insufficient use of nitric acid and/or low reaction temperature. Such fulminates
are unstable in storage and unusable for commercial and military purposes.

Yield: the mercury fulminate yield is about 90% theoretical:
24 gram Hg vyields 0.9 x 34 gram = 30 grams mercury fulimate.
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9-
10 -
11 -

12 -

13 -
14 -
15 -
16 -
17 -
18 -

LABORATORY PREPARATION OF MERCURY FULMINATE

mercury nltrate ethanol solution
solution

\/

reactor, glass balloon
1500 ml capacity

stand allows tipping of
reactor without 1lifting

Pour beaker contents into the reactor.

Pour Erlenmeyer flask contents from step 4 into the reactor.

Place the fume exhaust nozzle over the reactor opening; the reaction starts in
about 15 minutes with evolution of gas, then boiling and filling the reactor with
fumes. The fumes are first white then become brownish red as the reaction
heat drives off nitric acid, then white again.

The violence of the reaction may be suppressed by addition of cold ethanol,
however, excessive addition will inhibit the reaction and may lead to formation
of free mercury contaminating the final product. Mercury fulminate precipitates
in the form of greyish yellow crystals of good commercial quality.

Affer reaction completion leave the reactor standing 30 minutes to allow cooling of
the contents to ambient temperature.

Remove the fume exhaust nozzle.

Slowly tilt the reactor to decant the mother liquor into a glass container.
Remove the container with liquor to the reprocessing area.

Place another glass container under the reactor opening.

With a small stream of water wash the precipitated fulminate into the container.
Fill the empty reactor full of tap waterimmediately, washing the fulminate traces
from the opening area.
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MERCURY FULMINATE

WASHING:
cold water
hose

container with raw fulminate
stainless
steel sink
[ |

19 - Transfer the container with wet fulminate to the wash sink.

20 - Wash the raw fulminate eight (8) times following the procedure for washing explosives.

21 - Check the last wash water with litmus paper- the reaction should be neutral, if
otherwise, continue washing until the fulminate is free of acid.

container ==
with raw 7
fulminate

“““““““ ——— f1lter
filter stand—""

“
stainless
steel
sink |

¥

cold water
Jet

container

22 -Container with washed fulminate is placed over a No. 100 mesh screen located
over an empty container.

23 - The fulminate is washed onto and through the screen with a stream of demineralized
water.

24 - Large crystals retained on the sieve are transferred with a stream of
demineralized water to a porcelain bowl and covered with 2-3 cm of excess
water in a separate operation under industrial conditions these large crystals
are carefully ground under water and then added to the next batch to be
screened for size.

25 - Fulminate which passed through the No. 100 screen is next washed onto a screen
No. 200 in the same way as described in steps 22 and 23.

26 - The fulminate retained on screen No. 200 is gently washed over allowing small
crystals o pass through the sieve.

27 - the container with the small crystals is transferred to scrapping area where the
fulminate is scrapped and the metallic mercury recovered for reuse.
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MERCURY FULMINATE

cold water

No .200 \ / jet
screen/ \
\
\
/\\\;V storage containe;-for
stainless steel \ / fulminate with liner
sink L\ /J

28 - Fulminate retained on the screen is transferred with a stream of cold demineral-
ized water to a storage container; contents of several reactors may be stored
in one container.

29 - Decant the water used in the fransfer process leaving about 5 cm of water over
the settled solids in the storage container.

30 - Any solid material adhering to the container side is washed down with a little
water.

31 - Container is covered, dated and coded.

32 - Covered container is hand carried to an underground magazine with humid
atmosphere and at temperature above, freezing but below 15° C. If there is
danger of freezing, store the fulminate under a 50/50 mix of water and alcohol
(methanol or ethanol).

33 - As the wet fulminate is being transferred from container to container, fill the
used containers with tap water immediately after transfer.

34 - The resulting mercury fulminate is of good military quality (98% pure) and crystal size
to obtain fulminate of improved stability and extra pure (99.75%) follow steps
below.

35 - To the container with fulminate from step 21 add strong ammonium hydroxide
solution to dissolve all fulminate.

36 - Filter the solution through a cloth screen into a clean container.

37 - Coolfiltrate to ambient temperature.

38 - Add a solution of 30% acetic acid; the fulminate precipitates.

39 - Repeat steps 20 through 33 above.

Note: During washing and screening of fulminate keep the reaction and water
tfemperature as low as possible to prevent fulminate hydrolization.
Free metallic mercury reacts with copper or copper alloys to form copper
fulminate which leads to further reductions; hence use only stainless steel
containers, tools, etc.
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DRYING MURCURY FULMINATE

1 - Covered rubber container with wet MF is brought from storage.

2 - A clean drying screen is positioned on the work table.

3 - Water collected over the NP is carefully decanted into the collection pail.

4 - Flexing the liner bottom loosens the wet NP.

5 - Tipping the liner deposit NP onto the screen.

6 - With gloved hand gently spread the wet MF more or less evenly over the screen.
7 - Fill the liner with water.

8 - Place the screen into the dryer.

9 - Dry the MP at 30 - 35° C for approximately 6 hours.

10 - Shut off the dryer and allow to cool to ambient (or 20° C, before removing dry NP.
Note: the sensitivity of MF increases with higher temperature.

11 - Remove screen with cool, dry, MF and place into container.

12 - Cover container and transfer to mixing room immediately.

Note: Used, empty screens are tapped in upside-down position over a waste treat-
ment container with water.

At different locations the fulminate was dried by different methods.
a - In vacuum dryer at 35 - 45° C.
o - Natural air drought drier at 45 - 50° C for 8 hrs.
C - Forced air drier at 65 - 70° C for 90 minutes.
Regardless of the type dryer, the wet fulminate is spread in silk screens prior to
placement onto the dryer itself.
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BLENDING OF DRY MERCURY FULMINATE PRIMING MIX

Mercury Fulminate Potassium

Antimony
Clorate Sulfite
30 gram (dry wt.) 15 gram 15 gram
SCREENING L#1oo mesh J L#lOO mesh '
'

WET WEIGHING

(pycnometer)

DRYING \ /
BLENDING '
(remotely activated)

STORAGE 4 TV
(mix ready for charging)

60 gram

INTERMED.
STORAGE

e

dry priming mix
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JELLY BEAN BAG UNIT FOR BLENDING DRY PRIMING MIX

- &L —
18" |
2" dia. pulley (E? Cz)
1/8" dia.,nylon d .
/ ° Y cor =B guide,wood
= 10" dig
heavy cardboard ’
funnel,glued : o stop plate,
and painted 12" Z; removable
5" diaT] “J‘
PEYS o =
rubber ring H— =)
4 loops equally . blening stop,
spaced \> 8" removable
silk bag//’////,/
A Ry

non-sparking ring P+jj£E?:fL:;=: dumping stop
support =i 2" dia. ”

# 20 stainless steel
mesh screen

ya
container for §\__/[

blended mix

]
non-sparking ‘;———: /

pan with 1
water
frame
1/2" plywood on approx.
approxi 2"x4" wooden frame J,¢, go"

30" o~

1 <:j casters

NOTES: 1) the silk bag ring is held in place by six (6) wooden pegs
glued into the funnel support ring (3 above and 3 below
the bag ring)

2) the complete unit is wheeled outdoors,positioned under a

lightly roofed, open end shed.The jelly bean bag is facing
towards open end and safe open area.
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MANUFACTURING PROCEDURE - Final Mixing MF Priming Composition
1 - Check the jelly bean bag operation;
a - Bag to be free of foreign matter.
b - Operating properly when pulling cord is actuated.
C - Bag inverting properly over the final mix container on support ring.
d - Scrap pan is full of water,

2 - Containers with the correct quantity of components are placed on the shelf
next to the bag.

3 - Place the components into the jelly bean bag in the following order:
a - Potassium chlorate
b - Antimony sulfide
c - Mercury fulminate
4 - Place empty containers into the pail full of water.
5 - Carry the pail out of the mixing area - set the “operation in progress” flag up.
6 - Operate the bag pulling cord 3 minutes.
7 - Dump the bag contents onto the screen.
8 - Return to the mixing area.
9 - Visually inspect the mix, cover the container and transfer the closed container
to the primer charging area.

Notes - Mercury Fulminate priming mix
1 - The mercury fulminate priming mix composition may also be mixed in wet, but
has the following disadvantages:
a - Thorough mixing is difficult without a suitable binder.
b - Addition of binder increases the hygroscopicity of the composition ( 1% of
moisture will cause misfires).
c - Wet mix in the past was blended on a glass plate (at FA) manually, putting
a large quantity of composition in contact with the operator.
d - The wet mix must be screened through two sets of screens to break up the granules.
e - The wet material must be finally dried anyhow.
f - The overall wet mixing process is more complex and offers more personnel
exposure than dry mix operation.

.2 The MP priming mix charging intfo cups is done by volume in a manner similar to
the wet LS-T priming mix charging, i.e. priming composition is measured volumetrically
into holes in a charging plate, made from stainless steel or bronze, and then transferred
info cups kept in a plate with equal number of holes. However, because of the dry
composition, the metering, transfer, foiling, anvil seating, etc. is done on hydraulic presses

behind barricades.
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Chapter7

Potassium Chlorate
Priming Mix

This chapter describes the preparation of the K-chlorate mix, Known as the FA #70.
This priming mix replaced (in the U. S. service) the mercury fulminate mixes during WW
I and remained in use throughout WW Il. The main reason why this priming mix has been
replaced by LS-T mixes in 1948, is not so much the performance, as the corrosive effect
of K-chlorate mixes on the barrel bore. However, K-chlorate primers are more stable at
elevated temperatures, which is one reason why they are still used in special applica-
fions.

The manufacturing process of K-chlorate mixes is no more complex than that of LS-
T mix, but the same degree of care and respect for the sensitivity and power of the
product is required.

This chapter also describes the preparation of Lead Sulphocyanate. This material is
also available commercially and since the preparation is very toxic, and the quantities
are relatively small it may be preferable to purchase this priming mix component.

The procedures have been calculated so that the equipment used for LS-T opera-
fions may be also used fo make the FA7O mix.

Equipment:

The same equipment used to make Lead Styphnate - Tetracene priming mix may
be used to make FA #70 Potassium Chlorate wet mix.

Percent
Materials Dry weight
Potassium Chlorate 53+ 5
Trinitrotoluene 51
Lead Sulphocyanate 25+ 3
Antimony Sulfide 17+£3
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SAFETY PRECAUTIONS:

Lead thiocyanate is relatively safe to make from explosive point of view; but its
preparation and the product are extremely TOXIC.

Utmost protection of personnel from direct contact by use of masks, goggles, gloves,
work clothes, etc. is required.

To keep dust and fumes from personnel contact, the work area is equipped with a
powerful and positive exhaust system with fitters and traps to keep the outside area
from contamination.

All precautions applicable to LS-T wet priming mix apply, except as noted.

The specification calls for destruction of the final mix if not used within six days after
preparation. This is due to the presence of moisture which may change the crystal
structure of the components and hence their sensitivity. Since the final mixing is nor-
mally done daily from the pre-screened, preweighted components, the time limit is
only a safety feature.

No burning test is required.

Procedure notes:

The proper crystal size of the components is essential for the specified mix sensitivity
and performance. The inspection and testing of the priming mix is limited to the
chemical and physical tests of the ingredient prior to mixing.

Finished primers are subject to the same tests as the LS-T mix charged primers. The
chlorate priming mixes will cause barrel corrosion even if left overnight.
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Potassium Chlorate Priming Mix

LABORATORY PREPARATION OF FA #70 PRIMING MIX

Dry Premix
Lead Antimony Trinitro-
Sulphocyanate Sulfide Toluene
13 gram 10 gram 3 gram
#140 # 100 # 100 J
screening ran _J T sh mesh

e |
Reme N__/ /

blending sheet of paper

covered conductive
storage L_ ! rubber container

26 gram

Note: In the laboratory preparation the TNT may be replaced by fast burning double
pase ball powder, as used in rimfire and smaill pistol cartridges.

The FA #70 dry premix preparation is identical to the LS-T dry premix even though TNT
is present. Although TNT is a high explosive, it requires powerful initiator and contain-
ment for initiation; hence it is relatively safe in the present situation.
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LABORATORY PREPARATION OF FA#70 PRIMING MIX

Potassium gum

Chlorate solution premix
29 gram 7 ml 26 gram

screening Lf 40 mesh_J
wetting spread evenly

with plastic \

spatula

pour 4 ml
//// “Q?:::::\\;::’/‘over
glass

plate € 1

l

thoroughly mix
wet material

spread wet material
evenly over the plate }

pour 3 ml
\i;i\\\\\\::” over ’

add premix

mixing and /‘/////////////////
kneading with hand covered by rubber

glove mix the material until

_,  uniformly and thoroughly blended

storage with gloved hand place
covered _ _ final mix into
gﬁﬁgzgtlve container )
container label : lot, date, final mix

operator & inspector

Note: Final mix is stored at temperature between 4° C and 10° C until needed, but

not over 6 days; afterwards the composition is destroyed. Final mix is inspected
visually for uniform blending.

The FA #70 mix and its preparation are given in the MIL-F-18601.
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Chapter 8

Preparation of Tetracene

Of all priming mix explosive components, Tetracene is probably the simplest to pre-
pare, both in equipment and the process. *Tetracene may be made from
aminoguadinine sulfate (generally preferred in Europe), or from aminoguadinine car-
bonate (preferred in the United States). Both methods are similar and have individuall
merits, but the detailed discussion is not intended in the scope of this chapter. The
method described below has been chosen as the optimum due to its simplicity and
good product yield.

Using a 40 liter capacity stainless steel pot (reactor) instead of a glass beaker, with a
similar increase of other containers and components, 1,000 grams of Tetracene per
batchis easily achieved. The cooling-heating cycle remains essentially the same. Some-
times dextrin is added to the reacting solution to control the crystal structure.

*Tefracene is formed by reaction of aminoguanidine bicarbonate in acetate solu-
fion and sodium nitrite.

Safety precautions - tetracene

1 - Eye protection is worn at all times.

2 - Spilled tetracene is cleaned up immediately before It dries up.

3 - Nose and mouth mask is worn when working with solid NaNO, . Taken infernally
NaNQO, is toxic and affects heart functioning.

4 - Body contact with materials in Tetracene preparation is to be avoided.

5 - Working area is kept clean, water and other liquids are mopped up when spilled.
Spilled NaNO, is swept up.

6 - Reaction beaker is washed out with 10% NaCH solution at least once a week.
This prevent and/or reduces scale formation as well as keeps wet any scale formed.

/- Reaction beaker is washed with water afterwards to keep them free of alkali.

8 - Sink in which reaction beaker stands is washed with 10% NaOH solution at

least once a week. Remove reaction beaker from sink during this wash.
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After washing sink with water o remove the alkali, leave a small stream of water
o run into the sink constantly to keep it wet at all fimes.

9 - Sink where conductive rubber containers are washed is treated in the same
way sink above.

10 - Scrapping Tetracene in the catch basin is done by following the lead
styphnate scrapping procedure except that only NaOH is required.
Tetracene decomposes in hot alkaline solution into ammonia and other
soluble products which are washed down the drain.
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Preparation of Tetracene

PROCESS DIAGRAM FOR PREPARATION OF TETRACENE

NaNO, Aminoguanidine CH3.COOH Hs0

\/

NaNO,
solutign

Aminoguanidine
Acetate sol.

precipitatio

washing rubber pail
washed
tetracene
ubbgr
storage ail
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PROCESS DIAGRAM FOR PREPARATION OF TETRACENE

E
material quantity for practical yield TETRACENE
at 96% theoretical 10 gram CoHgNy o0
mol.wt.188
NaNO, H50 aminoguanidine CH_.COOH
filtered bicarbonate gladial
tap water
17, 1gram ram 6.75 gram
9\\\ // hot 15 9 (7 1)
75 ml
leaching
sieve———"’<_--7
t A\
. : 25 ml {
solution add water ! thermometer
beaker///’i:::J tg%?O ml 4 beaker
250 ml mar L

/
—
pour H-Ac X:]
r _—-—"1nto suspension
\ " in beaker at such rate
as to prevent foaming

start stirrer to suspend”
aminate

stalnless
steel
beaker —— —a [’/200 ml mark
1000 ml -
1 T > /égt water bath C,-stainless steel

N

1 - Place NaNO, on leaching sieve and add water to fully dissolve material.

2 - Filter the solution before pouring into beaker since any foreign matter in the
solution would end in the priming mix.

3 - Place aminate in beaker add water to 200 ml mark and start stirrer since
aminate is insoluble in water; put hot water into sink to heat beaker contents
to 30+ 1° C.

4 - Add H-Acetic intfo beaker at such rate as to prevent foaming over; the
completion of aminate solution is indicated by the clearing of the solution
and the end of CO, evolution.

5 - Add water to beaker to the 200 ml mark.

6 - Add NaNO, solution.

7 - Add water to the 300 ml mark.

8 - Maintain temperature of the beaker contents at 30 + 1° C for 22 - 24 hrs.

9 —- Wash tetracene as per standard washing procedure 8 -10 times.
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Nofte: Presence of Cu ions prevents tetracene formation so that 0.08% Cu in
the aminate reduces the yield from 96% to 5%. Fe, Ni, etc. have no appreciable
effect even in relatively high concentrations.

10 - Washed tetracene is tested for pH.

11 - Acceptable tetracene is labeled with date and lot number and stored in
conductive rubber container.

Note: If aminoguanidine-acetate solution is not complete after addition of H-Ac,
heat pail contents to 45+ 2°C. Afterwards allow time for the solution to cool to
35 £ 1° C before next step.

PURPOSE: Tetracene wash water, pH determination
EQUIPMENT:

1 - 100 ml glass bottle with rubber stopper
2 - Laboratory pH meter

MATERIALS:
none

SAFETY PRECAUTIONS: std. laboratory

PROCEDURE:

1 - 25 ml of the clear water from the storage container of tetracene is placed in
bottle and labeled (indicating contents, date and bucket number).

2 - Bottle with sample is transferred to the laboratory and tested during the day
sample was taken.

3 - Sample is placed in the pH meter.

4 - The pH of water sample must be within 6.00 - 7.00.

S - If fest results deviate, the tetracene in the corresponding container must
e rewashed and test repeated.

Note: Tetracene which does not pass this test must not be used in primer mix.
An inferesting footnote to the Tetracene preparation.
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The U.S. patent No. 3,707,411 dated December 26, 1972 and assigned to the Dynamit

Nobel Co. of Troisdorf, Germany, lists a priming mix for caseless ammunition consisting
of:

Tetracene 50% by weight
Nitroceliulos (Gun Cotton 50% by weight

The above mix exhibits bood precussion sensitivity and propelleant ignition charac-
teristics.

VIIL - 6



Chapter9

Preparation of
Lead Styphnate

GENERAL:

Lead styphnate is the major explosive component of the currently used wet priming
mixes.* The method described below details the preparation of normal lead styphnate
as used by many commercial and military installations throughout the world. The de-
scripfion is illustrating a one pail/batch method. Again, increasing the number of pail-
batches to 6 - 7 pails gives a daily shift volume of 6 final mixes. However, the production
capacity must always consider the fact that sensitive primary explosive is being handied.
Hence care and safety are most important. Ample time must be given to the operator
to perform the required work safely, without urgency, and systematically. Excessive zeal
and urgency only lead to fatal accidents.

Systems and methods have been developed for continuous production of lead
styphnate. Their advantages are increased productive capacity and safety. Again the
safety aspect is the most important, as only a small portion of lead styphnate is in the
process at any one time.

However, the penalty is the cost and complexity of the equipment. The system of
pumping, metering, accurate and sensitive controls, etc. require extra service and main-
tenance.

For a production capacity of about 100 million primers per year the 6 pail line is
adequate, with minimum equipment requirements.

*The lead styphnate is a lead salt of styphnic acid (trinitroresorcinate; it is prepared
by adding lead nitrate to sodium styphnate in the presence of acetic acid.

Note: The preparation of lead styphnate and tetracene and the washing of PETN
are essentially laboratory type operations.

SAFETY PRECAUTIONS - lead styphnate
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LABORATORY SCALE REACTOR MADE FROM OFF-THE-SHELF COMPONENTS

1/4 HP|motor, 200 rpm
U

5 mm dia. shaft,adjustable for

water inigg— F heilght, made from stainless steel
from hot &
cold faucet 1000 ml pyrex beaker

rubber hose P’

) 1¢ 20 mm to prevent

overflow from entering
3 rubber N1 ] reactor

spacers
120° apé;z\\“\\ //////

N
N

!

sink

N LA

4000 ml pyrex bea.ker\-ik reactor support
acting as water jacket

impeller from stainless steel
10 mm wide x 60 mm long
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Preparation of Lead Styphnate

FLASK ASSEMBLY

rlask assembly

flask, pyrex

ring,iron,support,

with stand,adjustz

tudbing, glass, pyrex,
% inch, heavy wall

stopper,rubber, %o fit
flask, wired onto flask

clamp,hosecock, castalloy

]L T
30
j\mbmg,glau. pyTex,

precision dore capillary
1.5 om ID
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10 -

11 -

12 -

13 -

Eye protection is worn while working with lead styphnate, lead nitrate, sodium
hydroxide, acetic acid.

Rubber gloves to be worn to minimize staining hands and to protect them
from chemicals.

Nose and mouth respirator mask fo be worn when weighing lead nitrate.
Lead compounds are toxic, wash hands thoroughly before eating or smoking.
Lead styphnate is a sensitive primary explosive but is safe to handle in wet
condition prepared by this process.

Spilled lead styphnate must be wiped up immediately before it dries up.
Keep spillage and splash to a minimum.

Keep floors wet continuously and wash them with hose after a day’s shift.
During the precipitation stirrers must not strike the side of the reactor. The sur-
face of the stirrer blade and the reactor walls are covered with a very sensitive layer
of lead styphnate which would probably explode on impact. Although the
quantity is small and would not produce any damage it could initiate the
contents of the reactor and produce a substantial explosion.

Wash and clean reactor thoroughly after each precipitation.

The catch basin explosives are to be scrapped at intervals not exceeding
two (2) weeks, (sooner if the explosive accumulation in the catch basin war-
rants it) because it is possible for the explosive in the catch basin to grow the
crystal size and become more sensitive.

Since the solubility of sodium styphnate (compound formed when scrapping
lead styphnate) is limited, it is important to scrap the catch basin contents as
soon as enough explosive scrap accumulates.

Lead styphnate not passing the burning test after repeated washes is
scraped immediately in the reactor in which it precipitated.

Place the reactor with lead styphnate to be scrapped under the stirrer in the
precipitation sink.

Add water until the reactor is half full.

Heat water in sink.

Start stirrer by hand.

When the temperature of the reactor contents reaches 50° - 60° C add

100 ml sodium hydroxide solution.

Allow 3 minutes for reaction.

Add glacial acetic acid (enough acid to obtain acid reaction).

Results a dark colored solution free of suspended solids.

Remove reactor to wash sink.

Flush pail contents down the drain with ample amount of water (tap).
Scrapping lead styphnate in catch basin.

Shut off water flow into the catch basin, and allow contents to settle.
Remove baffle plates, pulling upward on rods joining them.

Place baffle plates in wash sink.
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SAFETY PRECAUTIONS Cont’d.
- Carefully, not to stir the settled solids, bail out the water from the basin and
pour it into the precipitation sink.

- Plug the catch basin drain with a rubber stopper.

- Rinse off the baffle plates with a little water from a hose.

- Lower the steam pipe outlet into the catch basin so that it extends 5-10 cm
below the remaining water surface.

- Open steam valve and allow steam to flow into water.

- Mount a portable electric stirrer on a board next to catch basin so that the
blade will be about 2 cm from the bottom on side opposite to steam inlet.

- Manually try rotating the stirrer to check that it clears the catch basin.

- Start the stirrer.

- Continue steam flow until the basin contents heats to about 65° C, this
increases the solubility of sodium styphnate.

- Since there is aimost no change in appearance of the suspended explosive
it is difficult to estimate the amount of sodium hydroxide necessary to scrap
the explosive. Therefore estimate the weight of explosive in the basin and
add 1000 ml ( 50 gram solid NaOH) solution for every 100 g of explosive.

- Lead styphnate decomposes even better in presence of tetracene;
tetracene decomposes into ammonia and other soluble products. Ammonia
in furn reacts with lead styphnate, forming very soluble ammonium styphnate.

- PETN in basin is only saponified by the NaOH and does not decompose lead
styphnate.

- Allow the NaOH to act on the explosive for a few minutes.

- Add glacial acetic acid in quantity equal to that of NaOH; the suspended
mixture changes from brown color to a solution of almost black color. The
addition of H-Ac also raises the temperature of the materials. The odor of
H-Ac in the solution is indication that enough acid has been added.

- Affter no more suspended solids are in evidence, pull out the rubber stopper
from the drain and open tap water valve in the wash sink so that water runs
intfo the catch basin to displace the dark solution.

- Keep the steam and stirrer on for 2 minutes after the basin clears up.

- Stop the stirrer, remove from basin and rinse the blades.

- Pull the steam outlet from the water and shut the steam flow, so that solution
does not draw into the steam line as the steam condenses.

- If the solution is not run into the drain immediately and is allowed to cool, it
will separate yellow, gelatinous sodium styphnate. Should this happen just
reheat with stfeam and dilute with tap water before running it out into drain.

- If the suspension does noft turn into solution after addition of H-Ac, repeat the
process starting with addition of NaOH.

- If the above process does not dissolve all explosives in the catch basin, then
repeat the operation from the beginning.

- If only a small amount remains undissolved, leave it for the next clean-up.

- During the catch basin cleaning avoid excessive friction or hard blows to the
explosives in the basin.
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PROCESS DIAGRAM - LABORATORY PREPARATION OF LEAD STYPHNATE

TNR NaOH Pb(NO3)2 H-Acetic, HZO
in soln.
beaker
Pb(NO3), solution e
metering

PREZCIPITATION

unwashed
lead styphnate

WASHING

burning test

rubber
container

\ screen

SCHESNING

washed
lead styphnate
h

sy

STORAGE container
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LABORATORY PREPARATION OF LEAD STYPHNATE

PbC H,N,O,

MOL. WT. 468

TRINITRORESORCINGL NaOH
19.0 gram 6.1 gram

(in soln.)

\J

L ]

water inlet
from hot &
cold faucet

hot % % cold

add solution
after TNR

Ho0 Pb(NO3)
delonized 3/2
32.0 gram
1
t flask
motor,
200 rpm
1/4 HP
- pet cock

/

CH3.COOH (glacial

6.15 gram
(5.8 ml)

-put Pb-nitrate 1in

-add Heo to 65 mil
mark

-heat to 60°C to dis-
solve all

-add H-acetic

-f111 with H20 to
78 ml mark

-transfer to flask

thermometer
.

25 mm min. to
assure overflow

sink

—

rubber tubing -]
S~ H
3 rubber spacers—_ —
1200 apart EZ /]
[—>
reactor made from
two pyrex beakers J
\ J k—(' / Y
AN 'l IL

stainless steel

impeller

Lead Styphnate yield

reactor support

30 gram
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LABORATORY PREPARATION OF LEAD STYPHNATE

1 - Place TNR in reactor.

2 - Add water to 135 ml mark.

3 - Place stirrer in reactor, start rotation and check that stirrer blades do not touch
reactor.

4 - Heat jacket water to 55°- 60° C.

o - Fill flask with Pb-nitrate solution and place over reactor.

6 - Check reactor contents temperature with a thermometer periodically.

/- Whenreactor contentsis at 40° - 45° C add NaOH solution; TNR reacts forming a
Na-styphnate and the temperature raises to + 55° C,

8 - Open petcock on flask and let Pb-nitrate solution in at a rate of 100 cc/minute
as the nitrate runs into the reactor the mixture becomes progressively thicker
and thicker until a gel forms and mixture movement stops.

9 - At this stage heat jacket: water to 70° C; the formed gel is a highly hydrated
form of lead styphnate. Under microscope it appears as a fibrous mass of needie
like crystals. Under continuous addition of Pb-nitrate the gel breaks up and the
mixfure movement resumes. By the time all Pb-nitrate runs into the reactor the
mixture becomes a free fluid with suspended dense crystalline monohydrated
lead styphnate.

10 -Drain the hot jacket water and fill jacket with cold water as soon as all Po-nitrate
has been added. This increases the LS yield.

1T -Continue stirring the mixture 5 minutes after last Pb-nitrate has been added.

12 -With a clean glass rod place a drop of reactor liquid on a slide and inspect
under the microscope:

a) If gelis present, continue stirring 5-10 minutes more to complete- the conversion.
D) If no gelis present, the batch is ready for further handling.

13 -Stop and remove stirrer from reactor.

14 -Remove Pb-nifrate flask.

15 -Wash lead styphnate six (6) times as per washing instructions.
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LEAD STYPHNATE

Notes:

TNR sample left drying at 100° C over 12 hours starts sublimation and dry weight
calculation error becomes excessive; if necessary to dry TNR over 12 hours keep
oven at 55° + 5°C,

NaOH solution is 76g NaOH/100 cc.

Only 25.7 g Pb-nitrate are required for theoretical reaction.

Excess is used to:

a- Ensure completion of reaction.

- Decrease LS solubility (common ion effect).

c- Eliminate measuring error in Pb-nitrate weighing.

Po-nitrate solution to be kept at 21° C or more to prevent precipitation from
saturated solution.

Acetic acid - is added to:

a- Speed gel conversion (step 10) from needlelike crystals to the LS suitable for
wet priming mix.

- Not for acidity, since the mixture is acid throughout the whole reaction already.
Addition of acetate ions in equivalent quantity or other acids do not produce
the desired results. The gel formation can also be eliminated by higher reaction
temperature or lower reagent concentration, but the resulting product is not as
safe fo handle in wet mix as when following the described method.

The above described process of reaction of sodium styphnate and lead nitrate
yields a relatively safe product of uniform quality.

The lead styphnate sensitivity depends on the shape and size of the crystals
formed, as well as on the relative dimensions of the crystal axes. The adulterant
material formed in the styphnic acid changes these dimensions by restraining
growths along what would be the longest axis. This factor greatly reduces the
wet lead styphnate sensitivity.

Lead Styphnate Crystals:

Shape - From the user’s point of view the optimum form is a thin regular hexagon;
long hexagons are due to shortage of adulterant (typical when using Gable
type TNR). Excessive amount of aduiterant in the TNR produces LS crystals where
the two sides paraliel fo the long axis disappear and a cube or rectangle is formed.
Process conditions such as rate of lead nitrate addition, reaction temperature
etc. do not change the relative axial dimensions, only the overall crystal size.

Size - Although the above process is relatively simple, the conditions and tem-
peratures should be followed carefully for correct crystal size. Fine LS crystals
make the priming mix look wetter while large crystals give it a sandy texture.
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MATERIAL SPECIFICATION
Lead styphnate, normal

USE: Priming mix ingredient

APPEARANCE: Light brown color, dense crystalline monohydrated material free from
foreign matter and fused clumps of individual crystals; material is
also free from needlelike crystals of hydrated lead styphnate.

REQUIREMENTS:

Apparent Density : 1.6+ 0.1 g/cc

Crystalline Structure: Hexagonal plate type crystals with length and width almost
equal; longest dimension of any crystal 0.2 mm max.

Granulation through U.S. Std. No. 45 sieve, in wet condition : 100%

Heat Sensitivity: Results Action
“OK” accepted
“pitted slightly” accepted
“pitted badly” rework
“burned” scrapped
Composition: Pb contents 440+ 04 %
pH of saturated
Solution 50-7.0
N contents 8,97 £0.1%

Inspection: See tests

Packing: Lead styphnate slurry containing minimum 10% denatured ethyl alcohol
and minimum 10% water is packed in rubberized cloth bag; each bag
confaining approximately 10 Kg (dry weight) normal lead styphnate has
a cap of rubberized cloth of the bag diameter placed over the top of
the slurry before being tied.

Five or less of these bags are placed in a steel drum lined with rubberized
cloth or polyethylene bag. The large bag is tied securely and the remain-
der of the drum space s filled with sawdust saturated with 50-50 solution
of denatured ethyl alcohol and water. The steel drum is closed and
checked to be watertight.

Each container is labeled in accordance with local regulations on ship-
ment of initiating explosives.
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PURPOSE: Determination of relative sensitivity of wet lead styphnate.
EQUIPMENT:

1 - 30 mi pyrex glass or polyethylene beaker.
2 - Burning test stand.
3 - Brass teaspoon or scoop.

MATERIALS:

1 - Paper fowels, commercial grade.
2 - Black powder, FFG granulation.

SAFETY PRECAUTIONS: The same as for Lead Styphnate preparation.

PROCEDURE:

1 - £ 3 gmsample of washed lead styphnate is transferred from the precipitation vessel
intfo a 30 ml beaker, using gloved finger.

2 - Number beaker to identify the vessel from which sample taken.

3 - Place asmall lump ( about pea-size, + 0.3 g dry weight) of lead styphnate in
the center of the brass plate on the burning test stand.

4 - With a strip of paper towel blot the lead styphnate; apply pressure with the
thumb to paper to remove as much water as possible.

5 - Repeat step 4 with a new portion of the paper strip until the paper no longer
appears wet; at this stage the sample moisture contents is + 20 %.

6 - With brass spoon pile 2 spoonfuls of the black powder on top of the lead
styphnate lump and on the brass plate immediately adjacent to it.

7 - Swing the unit rod so that the point is over the brass plate; and the black
powder between the plate and the point.

8 - Step behind the partition of the unit and turn on the switch; line current flows
into the transformer and activates the induction coil. A spark jumps from the
rod to the plate igniting the powder.

@ - Turn off the switch.

10 - Examine carefully the lead styphnate lump surface and record results:

See Next Page
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OK - when the only change in surface is blackening due to powder smoke.
Lightly pitted - Surface erupted in a few places only.
Badly pitted - Surface erupted in several places, but no fragments broke
away from the lump burned.
- Lump surface is entirely erupted and particles of lead
styphnate are scattered around the plate surface.
- sample burned and/or detonated so that nothing is left of it.

11 - OK and lightly pitted lead styphnate is acceptable.
Badly pitted ! is reworked and retested.
Burned “ is scrapped.
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push button

on-off switc:]

BURNING TEST STAND

500

200

r‘———-SOO ——

el

—

3&0

NOTES: 1) all dimensions are in millimeters
2) the unit is constructed from L
5mm (%") plywood on 50x50mm
(2"x2") wooden frame,glued

and screwe together

3) test stand may be placed on

laboratory bench

/[spark generator
50x50x3mm thick brass plate

fastened to back of freme and
grounded

3mm dia. x 300mm long brass
rod soldered to back plate

brass clamp {see below)

=~=—0u 3mm dia. x 300 mm long

brass rod

100x100»3mm thick brass plate
fastened to frame and grounded

¢

2mm thick rubber sheet
glued to back and table
of frame

I T

dmm drill L
2 holes;tap
in 2 places

provide 2
screws to

fit tap
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PURPOSE: Lead styphnate inspection.

EQUIPMENT:

1 - Microscope with 160X magnification and graduated eyepiece and stage.
2 - Laboratory drying oven.

3 - Analytical laboratory balance.

4 - Laboratory size pycnometer.

5-U.S. Std. screen No. 45.

MATERIALS:

1 - Concentrated sulfuric acid
2 - Concentrated nitric acid

3 - Ammonium acetate

4 - Distilled water

SAFETY PRECAUTIONS:
The same as for Lead Styphnate preparation.

PROCEDURE:

A) Crystal shape and size:

1 - Adrop of lead styphnate slurry is spread in a thin layer on a microscope slide.

2 - Place slide under microscope and inspect sample for impurities and crystal form.

3 - Using the millimeter scale on the stage determine the two largest dimensions
of the largest crystal.

B) granulation:

1 - Using laboratory pycnometer (6.7 g pycnometer difference) weigh 10 g dry
weight of lead styphnate.

2 - With a stream of water wash the lead styphnate from the pycnometer onto
the No. 45 screen.

3 - The material is collected in a rubber pail below the screen.

4 - When no more lead styphnate passes through the screen aliow screen to drain.

5 - Place the drained screen into dryer oven at 50° C for 60 minutes.

6 - Dry screen is examined under strong light; presence of visible amounts of lead
styphnate on the mesh is cause for rejection of the lot.

C) Pb contents:

1 - Using H,5O,and HNO, convert lead styphnate into PSSO, (water insoluble lead
sulfate).

2 - Filter off and wash the lead sulfate.

3 - Dissolve lead sulfate in ammonium acetate.
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Preparation of Lead Styphnate

4 -
5-
6 -

Adding potassium chromate, precipitate lead as PoCrO, (yellow lead chromate).
Fiter PbCrO, and wash.
Dry the lead chromate.

7 - Weigh the lead chromate and calculate % Pb.

D)
1-

Apparent density:

Place 3 cc of n-butyl alcohol into a § cc graduate (7.5 mm internal diam-
eter) graduated in O.O5 cc.

Add 2.00 g (dry weight) of lead styphnate in small portions and wash down
the walls of the graduate with butyl alcohol.

To assure thorough wetting, shake the graduate carefully by inverting it atf
least five times.

Add butyl alcohol to the § cc mark.

Allow the graduate to stand 180 minutes.

Record the volume occupied by the lead styphnate.

Apparent density is:

a.d. = —sample weight (gm)
sample volume (cc)

Material insoluble in ammonium acetate:

Accurately weigh a sample of one (1) gram dry lead styphnate.

Add sample slowly to 200 cc of 10% NH,C H,O, af ambient temperature, stirring
constantly.

Stir until no more of the sample dissolves (£ 15 minutes).

Filter solution through a tared, fritted glass filtering crucible of porosity F (Gooch
crucible).

Wash all particles from the beaker into the crucible with jet of distilled water
from a wash bottle.

Wash the crucible until the wash water comes through colorless.

Dry crucible and contents in oven for 40 minutes af 102° + 2° C.

Place crucible and contents in desiccator at ambient temperature to cool.
Weigh and calculate the weight difference as percent material insoluble in am-
monium acetate.

Acidity:

Accurately weigh one (1) gram of lead styphnate and transfer info a 150 cc beaker.
Add 100 cc of freshly boiled and cooled distilled water having a pH of 6.0+ 0.5.
Leave mixture standing 15 minutes, stirring occasionally.

Filter and determine pH of the filtrate at 25° + 2°C using meter which reads
directly in pH units with accuracy of + 0.1 pH. The meter shall have glass elec-
tfrodes and shall be calibrated with standard buffer solution.

IX-15



The Poor Man’s Primer Manual

PURPOSE: Lead styphnate, pH determination.

EQUIPMENT:

1 -
2 -

30 ml bottle with rubber stopper
PH indicator with glass electrode, reading directly in pH units and accurate 0.1 pH

MATERIALS:

None

SAFETY PRECAUTIONS:
Std. laboratory

PROCEDURE:

Collect sample + 25 mi of supernatant saturated solution from the rubber bucket
of lead styphnate in storage.

Cover sample bottle with rubber stopper and label, indicating bucket number,
date and test.

Make the test according to the instructions by the pH indicator manufacturer
PH to be 5.00 - 6.00 for acceptance of lot.

PH less than 5.00 indicates definitely poor wash.

If oH of sample is out of acceptance limit ( above or below) rewash the lead
styphnate in the corresponding bucket.

Retest sample of solution from the rewashed bucket of lead styphnate.
contents not passing acceptance test will not be released for primer mix.
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Preparation of Lead Styphnate

PURPOSE: Determine NaOH solution concentration

EQUIPMENT:

1 - 5 ml pipette

2 - 50 ml volumetric flask
3 - 5 ml beaker

4 - Titration unit

MATERIALS:

1 - Methyl orange indicator
2 - Distilled water
3 - HCI

SAFETY PRECAUTIONS: Std. laboratory

PROCEDURE:

1 - With a pipette draw 2 ml. sample.

2 - Dilute sample to 50 ml. in volumetric flask.

3 - Shake flask to obtain homogenous solution.,

4 - With clean pipette draw 2 ml. of diluted solution o a beaker.

5 - Titrate the diluted sample with standard HCI of 0.4-0.5,
normally with methyl orange indicator.
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PURPOSE: Scraping lead styphnate

EQUIPMENT:

1 - Container for H-acetic

2 - Container for NaOH solution

3 - Sink with hot and cold running water

MATERIALS:

1 - Acetic acid, glacial or 56% commercial (whichever is less expensive)
2 - NaOH solution (400 g of technical NaOH flake in 705 m. H20)

3 - Water, tap, hot and cold

SAFETY PRECAUTIONS: The same as for Lead Styphnate preparation.

PROCEDURE:
Lead styphnate dissolves in action of sodium hydroxide and acetic acid as follows:

Styphnate: Pb + 2 NaOH <= Styphnate : Na, + Pb(OH),

The equilibrium tends to follow the left side of the equation as seen by the scarcity of
Pb(OH), which is white in color. Availability of NaOH allows conversion to the right side
of the equation, but great excess of NaOH again decreases the solubility of Na-
styphnate. Addition of H-acetic produces irreversible process: *)

Styphnate : Na, + Pb(OH), + CH,COOH %Pb(CHSCOO)2+ styphnate.O.Na.O. Na

Lead acetate and Na- styphnate are soluble in water (especially hot) and may be
run into the drain. The combination of NaOH and H-acetic works better than Na-ac-
etate because:

a) Heat of neutralization raises the temperature, thus increasing the reaction and

solubility of Na-styphnate.

) Excess of H-acetic makes the solution acid increasing the solution of lead.

) The final product of the reaction is a complex lead-aceto-styphnate, water soluble
and safe for disposal into drain.
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Chapter 10

Diazol Preparation

Lead has been identified as one of the key problems in environmental pollution.
Lead-free automotive fuel, lead-free paint, iron shot, are some of the examples of how
to eliminate this poliutant. Lead styphnate base primers fired in relatively large num-
bers in the indoor ranges used by military and police are also considered as sources of
lead pollution.

Studies have been conducted to develop a lead-free priming mix which would
solve this problem. One such mix is based on the use of Diazodinitrophenol (1JDNP)*

Following is the description of a manufacturing process of a typical DDNP/Tetracene
type priming mix.

*The preparation, physical and chemical characteristics of DDNF are given in detail
in Davies, Meyer and Enc.Expl.

PREPARATION:
Diazodinitrophenol

- Material purchased from vendor (Hercules Powder, Trojan Powder).

- Screened through No. 60 mesh with stream of low pressure water.

- Stored under water in saturated condition.

- Prior o use place material in suction funnel and remove excess water.

- Transfer material onto paper covered tray and dry at 4000.
Note: Safety and handling procedures of dry DDNP is the same as for dry mercury
fulminate.

- Maximum 400 grams of dry material are kept in a container for transfer fo weighing
areq.

Tetrazene

- Material received from storage is dried and handled in the same manner as
diazodinitrophenol.
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LABORATORY PREPARATION OF DIAZODINITROPHENOL (DDNP)

PICRAMIC

ACID

=0/
S/

20 aram

240 mli

1000 ml pyrex glass beaker
with support to prevent its

movement in the cooling bath\\

stand
\ D

-

reactor
stirrer

HYDROCHLORIC
ACID

soiution

\

SODIUM NITRATE WATER
7.2 qgram
20m1
cooiing

tap water

/

agitator %o maintain
continuous flow of
cooiing water

0 eact
o) around res or
O .
D“//staln}esa steel or
plastic bath vessal

overflow
sink

PROCEDURE:

Pour hydrochloric acid solution into the reactor.

2 - Fli cooling bath vessel with crushed ice and cold (or chilled) water.

3 - Start cooling water agitator.

4 - Adjust small cooling water overflow.

5 - Add picramic acid to the cold reactor contents.

6 - Pour ALL AT ONCE the previously prepared sodium nitrate solution into the reactor.
/ - Start reactor stirrer and gradually increase its speed to 160 RPM.

8 - Continue stirring 20 minutes.

9 — Stop reactor stirrer.
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LABORATORY PREPARATION OF DIAZODINITROPHENOL (DDNP)
PROCEDURE: (continued)

10 -Start filter aspirator.
11 -Transfer reactor contents onto the filter with a small jet of ice cold water.

12 -Rinse the reactor with ice cold water and pour the rinse over the material on
the filter.

13 -With ice cold water wash the material an the filter six or more times.

....... ———— filter

2ezled connection

(—

tap water

-*§h~‘\“‘“‘-wspirator

(.

14 -With a small jet of ice cold water transfer the washed material from the filter
info the storage container.

15 - Allow the DDNP fo settle at the bottom; then decant the top water allowing
about 10 mm (1/4 inch) water over the DDNP.

16 -Cover the container, label with date and lot and transfer to explosive storage.

U

Note: If dry DDNP is needed, it is dried in the same manner as other high explosives
(such as PETN, TNT, Lead Styphnate or Mercury fulminate).
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PREPARATION PROCEDURE:

1 - Weighed nitrate, antimony sulfide are blended on a sheet of paper and re-
screened through No. 60 mesh, in a manner described.

2 - Blended materials are placed in jelly bean bag.

3 - Dry tetracene is added to the jelly bean bag.

4 - Calcium silicide is added to the jelly bean bag.

5 - The bag contents is blended 5 minutes.

6 - Contents from the jelly bean bag is placed into a wetted mixing machine.
/ -~ Gum solution is poured over the contents.

8 - Machine is run forward one (1) minute.

9 - Machine is stopped.

10 - Diazodinitrophenol is added to the mixing machine contents.
11 -Machine is run forward 5 minutes.

12 -Machine is stopped.

13 ~Machine is run reverse 2 minutes.

14 -Stop machine.

15 -=Run machine forward.

16 - While the machine is running dump the priming mix onto a prepared tray by
inverting the mixing machine drum.

17 -The machine is run for 2 minutes in upside-down position.

18 -Repeat steps 32 through 61 of chapter eleven (11).



Tabular diazodinitrophenol
B. shall be of but one grade.

E-1. Acidity (as HCl).—Maximum, 0.01 percent.
E-2, Color.—Green.

E-3. Form.—Tabular crystals having a maximum length of
0.2 mm.

E-4. Granulation.—100 ngercent through a No. 100 U. S. Stand-
ard sieve. Sieves shall conform to Federal Specification RR-S-366.
E-6. Bulk density (dry).—Minimum, 0.4 gm. per cubic centi-
meter, '
E-6. Sand test requirement.—Weight of sand crushed, mini-
mum, 33 gm,

F. METHODS OF SAMPLING, INSPECTION, AND TESTS

F-1. Size of lot.—A lot shall consist of not more than 300
pounds of diazodinitrophenol (dry weight).

F-2. Sampling—By means of the hand or a horn spoon, suffi-
cient material to form a primary sample of approximately 100 gm.
(dry weight) shall be removed from each barrel or drum in the
lot. Primary samples shall be made up of equal portions taken
from each bag in the barrel or drum. Each primary sample shall
be blended on a smooth surface by mixing with a horn spatula.
Water shall be added in case the sample appears to be dry. The
sample shall be spread out and divided into squares approximately
% inch on a side by means of the spatula. Small portions shall be
taken from each square to make a retained g)ortion of the primary
sample of approximately 20 gm. (dry weight). The retained por-
tion of each primary sample shall be placed in a tightly stoppered
bottle so labeled that the barrel or drum from which the sample
was taken can be easily identified. The remaining portions of the

rimary samples shall be thoroughly mixed, spread out, marked

into squares and small Fortions taken from each until a composite
sample of approximately 60 gm. (dry weight) is obtained. This
composite sample shall be placed in a smooth-necked bottle with
a tight-fitting stopper and labeled to show the name of the ma-
terial, manufacturer, plant, contract or order number, lot number
and the number of pounds in the lot. All acceptance tests shall be
made on the composite sample representative of the lot. The
primary samples shall be held for possible future examination
should the composite sample fail to meet the requirements of this
specification.

F-3. Inspection.—

F-3a. Army.—Inspectior shall be made in accordance with the
requirements of U. S. Army Specification 50-0-1 and shall be
made at the point of delivery, unless otherwise specified in the
contract or order.

F-3b. Navy.—Inspection shall be at the point of delivery, unless
otherwise specified in the contract or order.

F-4. Tests.—The laborntori tests shall be made in accordance
with the following paragraphs. For Navy purchases, the tests
shall be made at a Government laboratory, unless otherwise speci-
fied in the contract or order.

F-4a. Preparation of dry sample—~Since the sample as received
will contain approximately 40 percent water, the following pro-
cedure shall be followed to prepare dry material for those tests
where it is called for: Place a piece of filter paper, cut to proper
size, in & Gooch crucible held in an adapter on a suction flask.
Transfer approximately 8 to § gm. of the sample to the crucible
with a stream of water from a wash bottle. Air dry the sample
by means of suction and then transfer the material to a_paper
tray. Spread. the material to a thin layer, thereby breaking up
lumps and then heat in a hot air oven at 60° C. for a tinimum of
16 hours. Hold the dried sample in a desiccator or in a rubber
stoppered bottle until used.

F-4b. Acidity (e¢s HCl).—By means of a hard rubber spatula
transfer approximately 4 to 5 gm. of the sample (as received) to
a 250-ml beaker. Add 26 ml of distilled water to the beaker, and
swirl until the mixture becomes homogeneous, then allow the
material to settle out. Decant the supernatant liquid through a
tared Gooch crucible (designated as A) containing an asbestos
mat. Repeat with a second 256 ml. of water. Transfer the filtrate
to a 100-ml beaker and add, with constant stirring, 10 ml of ap-
proximately 0.1 N silver nitrate. If a turbidity results filter
through a tared fritted glass crucible of fine porosity. Wash with
alcohol, then with ether, and dry 1 hour at 100° C. Cool and
weigh. Transfer the diazodinitrophenol from the beaker to the
tared Gooch crucible (A). Wash with 8 successive other washes.
Suck until free from ether, then dry for 1 hour at 50° C. Cool
and weigh. Calculate the weight of AgCl to percentage of acidity
as HCl as follows: 05 5W

Percentage of acidity (as HC!) = ————
B

where
W = weight of AgCl
B =dry weight of sample.
F-4c. Color—The color shall be determined by visual inspection.
F—4d. Form.—Spread a thin layer of the sample over approxi-
mately a 0.5 square inch area of the central surface of a l-inch
by 8-inch glass microscope slide, in such a manner that the indi-
vidual crystals are discernible. Measurement of crystal length
shall be made by means of a micrometer eye-piece using a magnifi-

‘that the end of the fuse is held firmly against the

JAN-D-552
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F—4e. Granulation.—Place approximately 10 . of wet di
zodmitroplgenel on a No. 100 {I S. Stagdnrd g;?eve am; wa:
through with a jet of water.

F—41, Bulk density.—

F41(1). Apparatt.u.,—-Smooth-wall hollow metal eylinder close
at one end. The cylinder shall have an inside diameter of 0.21
inch and a length of 1.650 inches, with a capacity of 1 ml.

F-4£(2). Procedurc.—_Fill the tared cylinder with dry dia
;o@xnxtr?l_'xenol by_pourmg the material into the cylinder whil
it is held in a vertical position. The dry material is to be poure
into the cylinder from a piece of glazed paper held at the mouth

of the cylinder. The surplus material is removed from the tor
of the cylinder with a piece of paper or other suitable safe object.
After leveling the material in the cylinder, ta gently with the
finger to cause settling, and weigh. Report the final weight minus
zare weight (in grams) as the bulk density of the material under
es§,

F—4g. Sand test.—Transfer to each of two empty No. 6 blast-
ing caps 0.400 = 0.001 gm. of dried diazodinitrophenol. Each blast-
ing cap shall be composed of gilding metal, and be approximately
1.66 inches long by 0.217 inch inside diameter. Insert a reinfore-
ing capsule (ferrule), with outside diameter of approximately
0.217 inch, completely open at the lower end, and with a hole
0.13 =* 0.01 incg diameter at the top end. Apply a pressure of
3,000 pounds per square inch for 3 seconds. Crimp each cap fo
one end of a piece of miner’s fuse 8 or 9'inches long, taking care
c‘mrze n the
cup. Crimp near the cap mouth so as.to avoid squeezing the
charge. Pour into the cavity of the sand test bomb 80.0 = 0.1 gm.
of Standard Ottawa sand, which passes through a No. 20 U. S
Standard sieve .and is retained on a No. 30 U. S. Standard sieve
and level the sand by striking the bomb two or three times. In-
sert the fuse through the hole in the cover of the bomb, and lower
the cap into the bomb cavity so that it is in the center of the
cavity and just touching the sand. Pour 120 = 0.1 gm. more of
the sand around the cap and tap bomb as before to level the sand.
To avoid possible loss of sand caused by the explosion blowing the
burned fuse through the hole in the cover, a piece of rubber tubing
about % inch lonf and of such inner diameter that it fits the fuse
snugly, is slipped over the fuse and adjusted at a point on the
fuse so that the rubber will be against the inner side of the bomb
cover when the cap is in position. Fasten the cover securely to
the bomb, taking care not to displace the cap in the sand. Light
the fuse,.and after the explosion has taken place, empty the sand
onto a sheet of smooth (glazed) gaper taking care to remove any
sand which may adhere to the side of the bomb, or to 31? pleces
of the detonator shell or burnt fuse. Empt all the sand on the
No. 30 sieve fitted with a gan, and weigh the sand which passes
through the sieve after shaking 3 minutes, in a Ro-Tap sieve
shaker, or equivalent.

F-5. Rejection and resubmission.—If the composite sample
representative of the lot faild§ to pass the inspection tests, the
entire lot shall be rejected. However, the manufacturer shall have
the option of having an analysis of each primary sample made
at no expense to the Govermment. The manufacturer mni then
remove or replace defective portions of the lot represented by the
primary samples which fail to meet the requirements, and resubmit
the lot for acceptance, provided that the markings on the con-
tainer are such that ¢omplete removal or replacement of the de-
fective portions of the lot can be made to the satisfaction of the
Government inspector. New samples shall be taken from the entire
resubmitted lot and subjected to all of the inspection tests re-

uired by this specification. If the resubmitted lot fails to pass
the inspection tests; the lot shall be finally rejected.
G. PACKAGING, PACKING, AND MARKING FOR SHIPMENT

G-1. Packing.—Diazodinitrophenol in bulk shall contain when
packed, not less than 40 gercent of water and in this wet condition
shall be packed in accordance with the requirements of Interstate
Commerce Commission Regulations for Transportation of Ex-
plosives and Other Dangerous Articles, etc.

G-2. Marking.—

G-2a. Each barrel, drum, or kei must be plainly marked INITI-
ATING EXPLOSIVE—DANGEROUS—DO NOT STORE OR
LOAD WITH ANY HIGH EXPLOSIVE, in accordance with
Interstate Commerce Commission Regulations for Transportation
of Explosives and Other Dangerous Articles, etc.

G-2b. Unless otherwise specified, each container shall be
marked “DIAZODINITROPHENOL (TABULAR)” with quanti
contained therein as defined in the contract or order under whic
the shipment is made, the name of the contractor, month and year
of manufacture, and number of comtract or order. In addition,
shipments for the Army shall be marked in accordance with the
requirements of U. S. Army Specification 100-2; for the Navy in
tfx{ccoa%anﬁe with the requirements of the Navy Shipment Marking

andbook.

H. NOTES

H-1. Use.—The material covered by this specification is in
tended for use in loadine fuse detonators and the manufacture
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PURPOSE: Analysis of diazol-type priming mix.
EQUIPMENT:

Beakers (60, 100, 150, 250, 500 cc)
Gooch crucible

Filter funnel with suction attachment
Meker burner

Vacuum drying oven

Desiccator

Analytical balance

Photoelectric colorimeter

NS LON

MATERIALS:

Distilled H,O

Ethanol

Filter paper

H,SO, (normal sol.)
Acetone

Acetic acid

Alpha napthylamine
Ttetracene

PN AN~

PROCEDURE:

A. Ba(NO,) 2 determination
0.5 gram of mix in 100 cc beaker is moistened with ethanol.
Add 50cc H,0 and allow soaking for 12 hrs.
Filter on tared Gooch crucible into a 500 cc beaker.
Wash with hot H,0 to final filtrate volume of 150 cc.
Heat filtrate to boiling.
Add gradually 20 cc H,SO, (1-1).
Continue boiling 15 minutes.
Keep hot 3 hours min. (preferably overnight)
Filter on tared and ignited Gooch crucible.
. Wash twice with hot H,O.
. Supporting crucible on a triangle so that it is within but does not rest on a
larger crucible.
12. Ignite precipitate to a dull red heat using Meker burner.
13. Place crucible with precipitation desiccator and close.
14. Allow precipitate to cool to ambient temperature.
15. Weigh crucible and precipitate.

TS9N AN~

— O
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wt. BaS0, x 1.11976 x 100
% Ba(NO2 =

wt. sample
B. PbO,determination

1. Crucible with residue from procedure A is placed upright in standard 600
glass funnel.

2. Wash with acetone without using suction until solvent is clear colored (to

remove diazo-dimitro-phenol).

Wassh with H,0 using suction, fo remove acetone.

Treat the residue on crucible with solution of 26 cc H,O, 3 cc HNO, (conc.),

S cc H,0,(3%).

5. Allow 20 minutes for dissolution of PbO, and tetracene.

6. Apply suction to crucible.

/7. Wash residue in crucible with H,0.

8.

%

o

Save residue for procedure C.
. Transfer filtrate to 250 cc beaker.

10. Add 10 cc H,SO, (conc).

11. Evaporate until start of sulphur fumes.

12. Cool residue to ambient temperature.

13. Add 50 cc 20.

14. Add 25 cc ethyl alcohol.

15. Transfer and filter residue on tared and ignited Gooch crucible using solution of
80 cc H,0, 10 cc H,80,(conc.) 10 cc ethyl alcohal.

16. Repeat steps A-12 through A-15.

wt. PbSO, x 0.78875 x 100
% PbO, =

wt. sample
C. $b,S, determination

1. Crucible; with residue from B-8 is dried in oven at 100° C for 60 minutes.

2. Dry residue and crucible are placed in covered desiccator and cooled to
ambient temperature.

3. Residue and crucible are weighed.

wt. Sb,S,x 100

wt. sample = 50,5
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D. Diazo-dinitro-phenol determination

1.
2,
3

Weigh 100 milligrams of sample on tared Gooch crucible.

Place crucible upright in a glass funnel.

Wash sample with small portions of dry acetone (total 5 cc) until acetone is
not colored.

After wash, apply suction for a short time to remove remaining solvent on
asbestos mat.

Place crucible with undissolved sample in vacuum oven for 60 minutes at 55° C.
Place crucible with dry sample residue in covered desiccator and let cool
to ambient temperature.

Weight and record.

wt. Loss x 100
wt. sample

% diazo-dinitro-phenol =

Note: Evaporation of acetone solution and subsequent weighing yield in-
correct results because DDP is oxidized.



Chapter 11

Wet Priming Mix Blending

The wet priming mixing is the final operation in the priming mix preparation. This op-
eration requires a special mixing machine. This unit is constructed in such a way that
the bowl and the rotary blades do not touch and/or grind against each other. Yet the
space between them should be as close as practically possible, to assure uniform blend-
ing of the mixed materials. The rotating elements should not have any backlash and
should stop if encountering too much resistance. Furthermore, the rotary blades should
be removed from the bowl by remote control. The bowl, in turn, should be pivotal by
remote action to dump the priming mix onto a tray.

Sometimes the priming mix is blended in mixers similar to those used in food process-
ing industry for mixing dough.

Yet the requirements of safety in operation applicable to the Sygma blade mixer
applies to these mixers as well.

The remainder of equipment used in the final blending operations is of the commercial
laboratory type, i.e. beakers, balances, rubber (conductive or stainless steel) containers, etc.

MATERIALS:

The following table lists two typical priming mixes. All weights are DRY weight in grams,
except where noted.

Type of priming #956

(Mil) (shotshell)
Dry Weight of Mix, Total, Grams 60 60
COMPONENT SPECIFIC % Gram % Gram
Lead styphnate MIL-L-757A 37+5 22.2 40 24.0
Tetracene MLL-T-46938 4+ 1] 2.4 4 2.4
Antimony sulfide MIL-A-159 15+ 2 Q.0 15 Q.0
Barium nitrate T4lL-B-162 32+ 5 19.2 30 18.0
PETN T4IL-P-387 5+ 1 3.0 5 3.0
Aluminum MI-A-512 7+ 1 4.2 6 3.6
Gum solution Drw.B10522388 - 2l - Z (¢

XI-1
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Unfortunately, a suitable and safe mixing machine is not readily available in most
laboratory preparations of wet priming mixes. However, since the quantities of explo-
sives are relatively small, the final blending of the wet mixes may be done in the follow-
ing manner.

The required quantity of the primary explosives, i.e. Lead Styphnate, Tetracene, DDPH,
may be slowly and carefully dried in a secure area similar to the dry mixes. The dry
explosive components are then carefully deposited info the jelly-bean-bag. The fuels
and oxidizers are also added and the dry mix is carefully and thoroughly blended.
After blending the mix is deposited into a shallow soft rubber bowl. The required quan-
tity of binder solution is poured over the mix. A small stream of distilled water is also
poured over the mix. Several minutes (10-15) are allowed for the liquid to wet the mix
through. The wet mix is gently blended with a soft plastic kitchen spatula into a uniform
consistency similar to wet clay.

The wet mix is then covered up and stored in a cool magazine, ready for primer cup
charging.

If a proper mixing machine is available, the final blending of the priming mix follows
the procedures described below.

EQUIPMENT:

ltems

Sink, stainless steel, with platform to hold mixing machine

Tray, stainless steel, with 1inch lip

spatulq, plastic or rubbe

Commercial sponge, plastic

Large table, commercial with splash board, rubber mat top, conductive and grounded,
Imx1.8m

Beaker, glass, capacity 100 ml

Bowl, conductive rubber

Cover, conductive rubber

Carrier, stainless steel or wood construction, to hold bowls with cover
Gloves, rubber, commercial

Hose, rublber, std. garden hose type, for cleaning the work areq, 15 ft. length
flask, filtering, glass, capacity, 1 liter

Water aspirator

Buchner funnel, large, with rubber stopper

Cheese cloth, std. commercial

Catch basin, std.

Clock, manual setting, 1 hour dial
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SAFETY PRECAUTIONS - Wet Priming Mixing

1 - Eye protection to be worn while working with primer mix and/or components,

2 - Rubber gloves to be worn while working with primer mix or lead Styphnate.

3 - Clean, washable overalls to be worn while working with primer mix. Overalls are
Changed at least once every week.

4 - Foor in mixing machine area is kept wet.

5 - Mixture spillage to be kept at minimum.

6 - Spilled mixture is cleaned up immediately.

/7 - Tray receiving mix from machine is kept wet.

8 - Mixing machine is wetted and excess water wiped off with sponge prior to use.

9 - Whenever machine is stopped during the mixing operation, the inside of machine
must be scraped down with a soff rubber spatula. This prevents mixture from drying
out on the machine sides and assures thorough mixing.

10 -Machine is washed out with hose between mixing batches and excess water is
sponged off.

11 -If mixing operations are temporarily halted during the day, the empty machine
is left standing filled with water.

12 -Machine is taken apart and cleaned thoroughly at the end of day’s work,

13 ~Machine is inspected by qualified mechanic every two weeks or whenever mechani-
cal difficulties are reported (see step 24).

14 -Mixing batch is inspected after dumping from the mixing machine to check
that it is mixed thoroughly.

15 -Unsatisfactory primer mixture scraping follows procedures of lead styphnate
scrapping except that sodium hydroxide solution reacts with the aluminum pow-
der. Hydrogen, released by the reaction reduces nitro groups of the lead styphnate into
corresponding amines.

16 - Allow 30 minutes for the sodium hydroxide solution to act.

17 - Add glacial acetic acid ( enough acid to obtain acid reaction.)

18 - Some reagents, such as ground glass, antimony sulfide, calcium silicide, etc. do
not dissolve and are removed manually after all explosives have dissolved and
rundown the drain.

19 -Scoop out the solid materials with a scoop into a pail partially filled with water
so that the scooped materials are kept wet.

20 - Carry the pail to the burning area.

21 -Dump contents of pail into incinerator and allow to dry.

22 - Primer mixture collected in the catch basin is scrapped by the procedure de-
scribed under “lead styphnate scrapping in catch basin” except because of
other components in the mix besides lead styphnate.

23 - Follow above steps 15 through 21.

24 - Mixing machine inspection:

a - All bearings for end and side play.
o - Drum walls and blades for scratches and dents, polish off with air grinder and
emery cloth.
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C -Rubber seals between shaft and drum for leaks and wearr.
d -Chrome plating on all surfaces, worn plating to be replaced.
e - Blade concentricity with drum insides. Using 0.1 mm brass shims rotate blades
and check.
f - Clearance between blades and drum bottom. Std. clearance is 0.5- 0.6 mm.
If clearance is less than 0.5 mm lower drum bottom by grinding off drum surface.
25 -Walls and floors to be wiped or mopped clean at least once a week.

26 - Explosive limits of one mixing batch or, 3500 gram, whichever is less, shall NEVER

be violated.
27 -The personnel limit of two persons present in the mixing area shall NEVER be
violated.
WET PRIMING MIX BLENDING
PROCESS DIAGRAM
dry wet

PETN solutlon premix remi
weighed
components
storage
L———,-

mixing - wetting @

water machin l
6
fill all empty

PETN & wet premix

mix containers
hand blending tray
&
inspection
1
"balling" & storage bow
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Wet Priming Mix Blending

The following procedure is taken from the ordnance procedure (DRWG. B10522388
(8 PAGES) MIX #954) applicable to the Sygma mixer. When using other fype mixers, the
procedure may be modified to assure consistently good quality of the final mix.

All components are brought from storage and placed on the work table in the mix-
ing room; the gum solution is measured off into the appropriate containers.

1 - Mixing machine drum is filled with water to wet all parts.

2 - Water is dumped out and excess water in drum is sponged out.

3 - Dry, nonexplosive mix is poured into the drum so as to cover the bottom uniformly.

4 - Gum solution is poured evenly over the dry mix so that the gum does not
collect in one spot.

5 - Decant the water collected over the surface of the wet mix from the rubber
liner into the graduate which contained the gum solution. Discretion is left with
the operator regarding the amount of water used. If the primer mix runs wet,
not all water will be used to rinse the bowl. If the primer mix runs well then use
all the wet premix water. Remember, the wetter the mix the more homogeneous it is.

6 - Flexing the liner bottom, break and loosen the wet premix.

7 - Deposit the wet premix over the gum solution by tipping the liner upside down.

8 - Rinse the liner with the water decanted into the graduate.

9 - Pour the water from the liner over the mix in the drum.

10 - Add the weight d portion of FETN over the wet mix.

11 - Fill the PETN and the wet mix liner with water.

12 - Check that the tray is comectly placed for the dumping of the mixing machine drum.

13 - Check the dumping mechanism.

14 - Return to control room.

16 - Check the clock and start mixing machine.

16 - Forward 2 minutes.

17 - Reverse 1 minute.

18 - Forward 2 minutes.

19 - Stop the machine, walk to the mixing room and with wet rubber spatula,
scrape the primer mix down the drum walls. This is a very important step and
great care is to be exercised at this point.

20 - Return to control room after immersing the dirty spatula in a water filled liner.

21 - Start mixing.

22 - Forward 3 minutes.

23 - Reverse 1 minute.

24 - Forward 3 minutes.

25 - Stop the machine and repeat steps 19 through 20.

26 - Start mixing.

27 - Forward 3 minutes.

28 - Reverse 1 minute,

30 - Forward 3 minutes, and while the machine is running dump the primer mix
onto the prepare tray by inverting the mixing machine drum.
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31 -The machine is run forward (upside down) 2 minutes (no reversing in upside
down position).

32 - Return the machine to upright position.

33 - Stop the machine and return to the mixing room.

34 -With gloved hand remove most of the mixture left clinging to the blades and
drum walls, adding this to the mix on fray.

35 -Do not rotate the machine manually to get the last bit of mix out. What is
left in the drum is used in the next batch if started immediately after step 40.

36 -Move tray to the other side of sink.

37 - Fill machine with water to wet all parts.

38 - Position Buchner filter on the 4 liter flask.

39 - Turn on water aspirator.

40 - Place one filter paper and double thickness of cheese cloth on the funnel.

41 -Transfer approximately one half of the priming mix from the tray to the Buchner
funnel by molding a portion with both hands and transferring a solid mass.

42 - Filter until no visual water drops are apparent ( about 5 minutes); this yields a
priming mix with approximately 12-15 % moisture.

43 - Shut off aspirator.

44 -Lift the cheese cloth from the funnel in a bag form and place on separate

part of the tray.

45 -Replace cloth for filtering operation of the remainder of the batch.

46 - The primer mix is inspected and unmixed portions are blended by gloved hand.

47 - Thoroughly blended primer mix is made into “snowballs” and placed into bowl.

48 -Wipe edge and outside of bowl clean with wet sponge.

49 -Bowls are covered and covers labeled with white chalk, indicating mix type
and batch number.

50 -Labeled bowls are placed in carrying fray and transported to priming mix
magazine.

51 - Mixing machine is hosed and drained and is ready for the next batch.

52 - When mixing operations are completed the machine is disassembled and all
components cleaned thoroughly with water and brush.

53 - All machine parts are wiped off with sponge soaked in diluted nitric acid.

54 - All machine parts are then rinsed with water.

55 -Machine is reassembled and put in upright position.

56 -Fill machine with water.

57 -Dry run machine to check that everything is in order.

58 -When changing the mixing formulation the machine is cleaned as per steps 52-57.

59 -Wet premix liners, PETN containers and gum solution graduates are transported to
wassh room,

60 -Dry mix containers are returned to dry mix room.

61 -Mixing room is cleaned up and wetted.

Notes:

a -The sequence of placing the components may be changed, if the mixing is improved;

L.e. placing the explosive pre-mix into the bowl before the dry mix.
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b -Since the machine is operated in both forward and reverse directions it is essential
that the controls be set af zero and the machine be fully stopped before changing
the motion.

¢ -Steps 0 through 51 inclusive complete one mixing cycle (batch).

d -Experienced operators who can judge fairly accurately the final mix moisture,
sometimes omit steps 38 though 44.

Washing priming mix containers

All containers, covers, liners and handles from wet pre-mix, PETN and gum solution as
well as priming mix containers and covers from charging room are transported to the
wash room.

They are placed into the sink, partly filled with water, and filled with water immediately.

The washing procedure is described below:

1 - Eye protection worn during washing.

2 - Rubber gloves worn during washing.

3 - Overalls or rubber coat worn during washing.

4 - Washing area floor is wet and washed down with hose at end of shift.

5 - Empty containers are either washed immediately or immersed in water in the
washing sink until cleaning time.

6 - Wash containers inside and outside with sponge under running water.

7 - Rinse containers with running water.

8 - Place containers upside down on the table to dry.

9 - Check that only clean and dry containers are taken out for reuse.
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FINISHED PRIMER QUALITY CONTROL

The final quality control is performed by the ballistic laboratory, since the majority of
primer tests consists in their being fired.

The following table lists types of tests and the typical frequency:

Test Time/Test Frequency
Minutes Test/Shift
Primer Type CF SS CF SS
Pellet weight 12 8 2
Pellet height 7 2 2
External dimensions 5 8 2
100% firing 25 2 2
Sensitivity gradient 30 1/5 1/3
Functioning (a) 25 1 1/2
Functioning (b) 15 - I
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Chapter12

Loading and Assembly
of Primers

OBJECTIVE:

- To charge and assemble primers in small quantities with a minimum expenditures,
using materials readily obtained and with equipment available in school laboratory
(small drill press, skill saw, jig saw, sanders, etc.).

- The required procedures to be simple (even if labor intensive), not requiring special skills.

EQUIPMENT:

Primer component recondition punches and plates
Small pliers

Small mix charger unit

Set of plates

Anvil seating press (automotive hydraulic jack)
Bench-mounted barricade

CohwLN -

There are some important aspects to consider when selecting the equipment for
laboratory operation. Namely, each different primer type to be tested, i.e. smaill pistol
or large rifle, requires its own set of plates. Similarly, different priming mix compositions
may require different thickness charging plates. To avoid unwanted costs it is recom-
mended that the serious student considers first the one-at-a-time approach. Using a
plafe holding only 10 cups and not requiring a charging unit but using only a slow,
simple, and careful manual charging method. Such an approach not only is inexpen-
sive, but also provides one with the feel and practice in the required operations.

All sketfches and data given are indicative only of the types and dimensions of tools
used by the military and commercial manufacturers. The exact tool dimensions may
vary depending on the component source and processes used.
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SAFETY PROCEDURES:

All general and specific safety precautions applicable to priming mix preparation
must be rigidly followed.

Affer all materials, equipment plates, fixtures, etc. have been assembled, make a dry
run using nonexplosive material such as flour, sugar, talcum ,etc. for the mix substitute.
Having satisfied yourself that the system plates mate and work properly, you may pro-
ceed to work with the priming mix.

MATERIALS:

The laboratory requirements are for only a small quantity of primer cups and anwvils.
Hence it is not practical to acquire the presses, dies and tooling needed to make these
metallic components. The obvious option would be to purchase the necessary cups
and anvils from the commercial manufacturer.

Unfortunately, this is not always possible for a variety of reasons. The only recourse
then is to recover and recondition fired primers. The Berdan type primers (anvil integral
with the cartridge case) require special tooling for removal from the case, which is not
readily available. Since this type of primer is not commonly used in the United States it
may be omifted from further discussion. The Boxer type primer (anvil in the primer cup)
is fortunately quite easily removed from the cartridge case with a simple punch. The
punch can be made from a common 2-3 inch long nail, as shown on Xli-16.

Affer removal from the cartridge case, the primer is gripped by small pliers (for con-
venience) and the anvil is pried out with a hardened steel pin. The primer anvil is usually
undamaged and requires only cleaning before reuse.

The primer cup is reconditioned in that the firing pin indent is flattened out. This is
done by placing the cup, opening side up, on a steel surface and hammering out the
dimple. The flattening punch is easily made by grinding a one-inch long masonry nail
shown on XII-16. The working end of the punch should fit the cup inside, have the bot-
tom surface perpendicular to the nail axis and have a rounded edge to match the
cup inside radius if possible. A small bench vise or a steel plate, and an 8-0z. hammer
are all the additional equipment required.

The reconditioned cups are inspected visually, then cleaned and tumbled dry be-
fore reuse. The cleaning, drying and tumbling of anvils and cups may be done by hand
using a one quart mason jar and a kitchen sieve (to separate the components from
tfumbling material such as grits).

To assure good assembly, it is recommmended that the reconditioned primer compo-
nents be of the same type/source. Cups from one source and anvils from another
source may not fit together properly.

PLATES:

In the industrial operations the primer charging and assembly plates are precision
made on carefully contfrolled milling machines to assure maximum alignment of all
holes, pins, fixtures, efc. Furthermore, the industrial operations require multiple plates of
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each type fto assure a steady and high speed production flow. Such plates are made
from steel, and although expensive, last for many years.

For laboratory processes, with a limited numiber of primers, such plates may not be
necessary. Practically, one set of plates of each kind may be adequate. While it is highly
advisable to make a steel template of a plate, so that all holes match properly; an-
other solution is possible. To assure correct relation of holes, a sandwich is made of the
required plates. Such “sandwich” is rigidly clamped (or screwed) together and all holes
are predrilled with a small diameter drill through the hole “sandwich.” Marking two of
the adjacent sides of the “sandwich” assures correct plate orientation. Even if a given
hole is slightly off, it will be consistent with the same hole in all plates. A simple method
of marking and locating the holes in the “sandwich” is by gluing a paper copy of the
pattern over the top.

Although it is desirable to make the plates from steel, they may be made from other
non-sparking materials such as brass, aluminum, plastic, or hard wood. A convenient
size plate for laboratory use is shown below.

There is one essential requirement. The charger plate must be made from stainless
steel with reverse taper holes to allow positively free fall of the priming mix. Plates made
of plastic, or wood will have holes not smooth enough for this operation. Although, a
gentle tapping on the charger frame will facilitate the dropping of mix, it may cause
some dispersion of the mix over the cup plate. This may be hazardous and undesirable.

CHARGING AND ASSEMBLY PROCEDURE:

1 - Place and secure (fasten) the laboratory charger onto the bench barricade.

2 - Fill the charger pan with water.

3 - Fill the cup plate with clean cups.

4 - Place the cup plate into the charger.

5 - Deposit a necessary quantity of mix on the charger plate.

6 - With a rake made from stiff-hard paper (such as post card) move the mix over
the plate so that all holes are full.

7 - Push the charger bottom plate in, to allow the mix to drop into respective cups.

8 - Position the pin plate over the charger plate to push the mix out of the
charger plate.

9 - Remove the cup plate with charged cups from the charger and transfer to
the next operation.

10 -Return all unused mix to the storage container.

11 -With a wet sponge thoroughly clean all equipment (charger plate, charger
frame and any item in contact with the mix).

12 -Wash the sponge and neutralize the wash water to decompose the priming mix

13 -Place a quantity of previously punched out foiling discs, on a wetted sponge
or cloth (see note No. 4).

14 -With tweezers place the moist foiling disc over each cup.
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15 -With a single brass or wooden pin pre-seat the foiling disc into the cup while
pre-compressing the mix at the same time.

16 -Position the pin plate over the cup plate.

17 —Place the assembly into the hydraulic press.

18 - Actuate the press to finish seating the mix.

19 -Remove the pin plate and transfer the cup plate to the next operation.

20 ~Holding the anvil shaker plate at a slight incline, sprinkie the anvils over, by
slight tapping of the plate assist the anvils to fall into the holes. Most anvils fall
head in first. Inspect the plate and check that all anvils are head-in (tines up).

21- Transfer the anvils into the anvil seating plate by placing the anvil plates together
and then inverting them.

22 -Remove the anvil shaker plate. The anvils should all be head-up in the anvil
seating plate.

23 -Bring the cup plate and anvil plate together by “booking” them.

24 -Lift the anvil plate and check that all anvils are in the respective cups.

25 -Place the anvil seating punch plate over the cup plate and seat the assembly
info the hydraulic press; actuate the press slowly so that all anvils are seated
properly. See Note 3.

26 -Remove the assembly from the press, lift off the seating punch plate and visually
inspect all assembled primers.

27 -Using an eye dropper, deposit a small droplet of sealing lacquer into each

primer,

28 -Place a flat cardboard plate over the cup plate and invert the assembly.

29 -Lift the cup plate off, leaving the primers on the cardboard.

30 ~Place another cardboard plate over the primers on the first cardboard plate
and again invert the assembly; liffing the top cardboard leaves the primers
anvil up on the second cardboard plate at + 40° C.

31 -Place the cardboard with the primers into a dryer for 24-48 hours; the dry
primers are ready for testing.

WET MIX PRIMER LOADING AND ASSEMBLY UNDER
LABORATORY CONDITIONS

This procedure is essentially the same as applicable for the dry mix process, except for
the actual mix loading (steps 6 thru 8).

In the wet mix, loading is as follows:

6a - Position the charging plate on the charging table.

6b - With a plastic (kitchen type) spatula place a small quantity (like a small cherry)
of the wet mix on the charging plate; cover the mix storage container.

6c - With the spatula spread the mix over the charging plate so that all holes are
filled uniformly.

6d - Scrape the excess mix off the plate, return to the storage container and cover.

6e - Drop the spatula into a pot full of water.
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7 - Invert the charger plate over the cup plate.

8 - Pivot the pin plate over the charger plate so that each pin pushes the priming
mix from the hole in the charger plate into the corresponding cup in the cup
plate. See Note 5.

9 - Through 31 follow the dry mix procedure.

NOTES:

1 - Ifthe proper charging plate is not available, it is possible to spread the dry mix
directly over the cup plate being careful to fill the cups evenly and to remove
alt remaining mix from the cup plate.

2 - If ahydraulic press and/or the anvil seating punch plate is not available, each
individual anvilmay be seated in a simple reloading press equipped with single
anvil seating punch.

3 - Anvils of the “U” shape (CIL-Canada, Aquila-Mexico) are easier to seat than
the 3-prong anvils (Olin-WW, Remington).

4 - The least expensive, yet efficient foiling material is the newsprint paper, this mate-
rial is of uniform quality, practically free, and burns well.

5- For good housekeeping: deposit the charging plate into a pot full of water,

with a wet sponge wipe off the pins in the pin plate, the charging table, and
then place the sponge onto the pot with water. After all charging equipment
has been washed, destroy the mix in water by neutralization as given in the
respective mix composition. If more than one cup plate is to be charged with
wet mix at the same time, it is not necessary to wash the charging plate and
the pin plate immediately. It is sufficient to only wipe off the charging table
before resuming repeated mix charging.
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10.00 mm
+ 4+ + '*/7(0.394")
% + _% _%_ . ﬂé/// between centers

139.70 millimeters

5.50 inches + + + + +
+ 4+ + + +
+ + + + +
+ + + + +
+ 4+ + 4+ +
+ + + 4+ 4
4+ c D +
l AN /| 57.76 millimeters
L - 2.25 inches

Template suitable for drilling holes in the primer assembly plates.
MATERIAL: 10mm (approx. 3/8") steel
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SMALL CHARGER UNIT FRAME COMPONENTS

’r— 2.

30—

SUPPORT 3/4 thick

required: 2

—=i5/8 ]-— —= 5/8 e

2-3/4 ————"™

SIDE PANEL % thick

required: 2

6-3/4

* PLATE GUIDE: 3/16 dia x

REAR PANEL % thick 7 long
required: 4

required: 1 1

——————— 2-3/4 {

MATERIALS: Wood and adhesive

DEMINSIONS: Inches
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PRIMER LOADING - ASSEMBLY - PACKING PLATES DIMENSIONS

PRIMER TYPE

PISTOL

pellet ejection
pin dia.

CUP PLATE
e llTll

"All

IIB"

ANVIL SHAKER PLATE

RIFLE SHOTSHELL
SMALL LARGE SMALL LARGE
PLATE
MIX CHARGING
thickness 1,27 1.27 1.52 1.42 1.42
(0.050) (0.050) (0.060) | (0.056) (0.0586)
top dia. 3.76 3.76 3.25 3.76 3.76
(0.148) (0.148) (0.128) | (0.148) (0.148)
bottom dia. 3.81 3.81 3.30 3.81 3.81
(rubbing side) (0.150) (0.150) (0.130)| (0.150) (0.150)

0.25 (0.010) smaller than the
rubbing side hole diameter

respective plate

I|C|l

IIEII

ANVIL SEATING PLATE

IICII

IIE"

Note: 1 - Dimensions are in millimeters (inches).

2.41 2.79 2.41 3.05 3.70
(0.095) (0.110) (0.095)] (0.120) (0.120)
4.55 5.28 4.70 5.70 5.70
(0.179) (0.208) (0.185) 0.224) (0.224)
5.51 5.13 5.51 4.87 4.24
(0.217) (0.202) (0.217) (0.192)} (0.187)
2.10 2.13 2.03 2.13 see
(0.083) (0.084) (0.080) (0.084) drawing
4.04 4.50 4.00 4.50
(0.159) (0.177) (0.157) (0.177)
2.25 4.76 3.17 4.76
(0.088) (0.169) (0.125) (0.187)
3.97 4.60 4.00 4.60
(0.156) (0.181) (0.157) (0.181)

2 - Dimensions are for a typical wet priming mix; final plate thickness de-

pends on the specific mix composition.

3 - Tolerances of charging plate dimensions are 0.01 (0.0005).
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PRIMER CUP PLATE

| C

At [ 2
&0

g e 0]

]W

| L
curvature required
Lo S for non-flattened
B primer cups,as used
h\ in shotshell primers

+0.05 +0.002
——— 8 dia (0.083 dia.- 3/32 drill)

/\

PRIMER ANVIL PLATE

+0.02 +0.005

[E !ﬂy AT

-

300 L"--0.79 dia.(0.031 dia-1/32 drill)

Note: 1 -Plate material - 303 stainless steel.
2 - Dimensions are in millimeters (inches).

XII-9



The Poor Man’s Primer Manual

Dimensions of Cavities in Plates Used for Primer Charging and Assembly

2rimer cup plate

.015R + 001

7 /))

‘]L 01
M

- 300

back-up plat

+.001
ki
) T .040 Q.
%/J,, /ﬂ/ M H

L —l L‘.OBO

anvil shaker plate

DIMENSION
(inches)
SMALL
PISTOL
Primer cup plate
C 179
T 085
M 010
Knock-out plate pin
P 097
Anvil shaker plate
D 155
H 086
L 33°

SMALL
RIFLE

179
.085
.010

knock-out plate pin

~-.0005
R e -‘—P
.60
==
hamfer
003
PRIMER
LARGE LARGE SHOTSHELL
PISTOL RIFLE 209 TYPE
214 214
.090 135
012 015
130 120
177 196 -
.086 .084 -
33° 29° -

Nofte: For flat bottom primer cups the dimension M is zero.
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Dimensions of Cavities in Plates Used for Primer Charging and Assembly

Primer cup plate anvil shaker plate
c *.02 +0.02
t0.02 r—A TYe—=
+ |
/
l | T / : / +o 08
XL
\ O\ e U
8. 00 a — 0.8drill
l\\ “ knock-out plate pin
— | f=— p dia.72-02
15.00
l
chamfer
PRIMER TYPE SMALL SMALL LARGE SHOTSHELL
PISTOL RIFLE RIFLE 209 TYPE
Primer cup plate
C 4.55 4.55 5.44 5.44
T 2.16 2,16 2.29 3.43
M 0.25 0.25 0.30 0.38
Anvil shaker plate A 4.00 4.00 5.00 -
H 2.18 2.03 2.13 -
a 33° 33° 30° -
Knock-out plate pin dia. P 2.46 2.46 3.30 3.05

Note: All dimensions are in millimeters.
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PUNCH

material:
heat treat

0.01 thick

DIE

material:
harden and draw
flash chrome plate working
surfaces 0.01 thick

PRIMER FOILING PUNCH AND DIE

drill rod
Rc 58-60
flash chrome plate working surfaces

AISI W 1

-0.01
DIAMETER “o"
PRIMER TYPE
small primer 3.63
(.1430)
large rifle 4.47
(0.1760)
shotshell barrery
cup 5.13
(0.202)
Notes: -

+0.02
nyn

3.63

4.47

5.12
(0.202)

+0.02 +0.001

f—*——-T——G.ZO dia. (0.125 dia)

1.5R (0.062 R)

— F—1.50 (0.062)

-0.01

IID"

7.0 dia.(0.275 dia.)

-0.05

~=—10.0 digT—e=
(0.40 dia.)

-0.p2 -0.001

-6.50 dia.(0.25 dia.)

I

()

8.0 (0.315 dia.)

0.05

dimensions are in millimeters (inches)
sliding fit for punch "D" in die "H"
for smooth finish components are made on hand screw

machine
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PRIMER FOILING PUNCH AND DIE

MATERIAL: AISI W1

HEAT TREAT: Rc 58-60

FINISH: Flash chromium plate 0.01 mm (0.0005 inch) thick, approx.
10 mm (0.4 inch) of working end

DIMENSIONS PUNCH DIE
PRIMER TYPE DIAMETER “D” DIAMETER “H”
Small pistol 3.63 - 0.01 3.63 + 0.02
(0.1430 - 0.0005) (0.1430 + 0.0005)
Large Rifle 4.46 - 0.01 4.47 + 0.01
(0.1760 - 0.0005) (0.176 + 0.0005)
Shotshell
Primer cup same as large rifle primer
Batftery cup 512 -0.01 5.12 + 0.01
(0.201 - 0.0005) (0.201 +0.0005

Dimensions in millimeters (inches)
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2. 54
(0.100% 0. 0005)

ANVIL SEATING PIN

countersink 60°

(0.217 *0.001)

///// £0.02
5.50 dia.
p

0

T%? recess 1.0 wide
Q. 01 T x 0.8 deep
10.00 BE (0.04 x 0.03)
(0.394% 040005 1il
b £0,02
— | a—— 4 00 dia.
l N (0.157 *0.001)
} \;_
i \\\\LC" dia.
$0.01
0.01
9.40 — 0.80R 4. 000s
£0.0005 (0.031R)
(0.3700)
1.2 dia.drill
g (0.047, 3/64 drill)
FIG. 12-16
DIMENSIONS “C”
MM Inches
PRIMER TYPE +0.02 +0.001
Small pistol 1.80 0.710
+0.02 +0.001
Large Rifle 2.54 0.100

Notes: 1 - Pin top surface ground perpendicular to axis.
2 - Pin is made on hand screw machine for smooth finish.
3 - Pin length is critical for uniform anvil seating depth when used on press

fixture.
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ASSEMBLY PUNCHES FOR BATTERY CUP TYPE SHOTSHELL PRIMERS

+0.10
2,49
+0.10
2.80 dia.
-0.02
3.96 dia.
2.5 dia.
+0.10
1.20
I +0.10
3 .25 dia.

ANVIL SEATING (15T)
ANVIL SEATING (FINAL)
0.7R
PRIMER CUP SEATING
Notes: 1-Dimensions are in millimeters.
2 - Do not scale drawings.
C.78 !

XII-15
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+0.01
0.34
— )
t
-0.02
—5 .20 dia.
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PRIMER RECONDITIONING TOOLS

PRIMER CUP BEFORE AND AFTen
HECONDITIONING

FOILING PAPER D15t
THEEZERS
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Loading and Assembly of Primers

PRIMER PLATES
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Loading and Assembly of Primers

It is appropriate at this time fo mention briefly the quality control and testing of
primers. During the manufacture in the arsenals and/or large commercial plants, the
primers as all components of small arms ammunition, are subject to rigorous and peri-
odic visual inspection, gauging and testing. This includes not only the finished product,
but also metallic components, chemical semi-products, etc. Since this text is concerned
primarily with the laboratory preparation of priming mixes and their performance, such
rigorous testing as mentioned above may be dispensed with.

The testing of laboratory prepared and assembled primers, particularly with recon-
ditioned cups and anvils, is tested for ignition of propellant in a loaded cartridge only.

The technique of priming and reloading of small arms cartridges has been amply
described in detail in many ammunition catalogues, periodicals, and books. These
publications are readily available through the public libraries. Hence, it would be re-
dundant to do it in this text.
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Abbreviations, Bibliography
and Production Data

ABBREVIATIONS USED IN TEXT
DDNP  Diazodinitrophenol

HE High Explosive

LAP Loading-Assembly-Packing operations
LS Lead Styphnate

MF Mercury Fulminate

NC Nitrocellulose (gun cotton)

NG Nitroglycerine

PETN  Pentaerythrite Tetranitrate

T Tetracene

TNR Trinitroresorcinol

CIG  Cartridge

CF Center fire (cartridge or primer)
RF Rimfire cartridge

SS Shotshell

LR Large rifle primer

LP Large pistol primer

SP Small pistol primer

SR Small rifle primer
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Following are some data on typical manpower and material requirements for a primer
manufacturing facility. The values are based on general type conditions and will vary
slightly from one specific plant to another. However, they are good, reliable starting
point for economic evaluations of projected facilities.

ASSUMPTIONS:

Production: capacity - 40 million shotshell primers per year
40 million large rifle primers per year

Production time*) 1 work day = 8 hours
1 work week = 40 hours
I work month = 165 hours
1 work shift/year = 2000 hours

*) These values are based on experience of different plants, they include such vari-
ants as holidays, down fime, etc. The actual value of operator hours per year are 1980
hrs. for first shift; 1940 hours for 2nd shift, and 1920 hours for 3rd shift, However, for general
work the above assumptions may be used.

Priming mix requirements:
40,000,000 shotshell primers x 0.060 g mix = 2400 Kg/year = 200 Kg/mos
40,000,000 large rifle primers x 0.042 g mix 1680 Kg/year = 140 Kg/mos

340 Kg/mos
340 Kg/ mos at 3000 g/batch = 116 batches
of the 340 Kg the component breakdown is:
Material % in mix, approx. Kg/month
required
Lead styphnate 40 136.0
Tetracene 4 13.6
PETN, washed and weighed 5 17.0
Dry mix 51 173.4

Production rates required fo meet preceeding assumptions: See next page.
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PRODUCTION RATE

MATERIAL

and/or TOTAL
OPERATION HOURS/MONTH
TNR 735 g TNR tfo make 1174 grams Lead Styphnate

85 Kg id 136 Kg Lead Styphate
since each lot of Resorcinol yields 26 Kg
TNR: approximately 4 batches per month are

needed (4 x 2 days x 8 hrs/day) 64
Lead Styphnate 1175 g/pail x 6 pails/day = 7050 g/day; hence

20 days are needed 160
Tetracene 1000 g/pail x 5 pails/batch;

3 batches/months 24
PETN 850 g/day x 20 days = 1 hour x 20

(washed with a funnel and flask) 20
Wet pre-mix 6 batches/day (the same as Lead Styphnate) 160
Dry mix 3 batches/hour x 8 hours = 24 batches/day 40
Final mix 116 mixes/month at 6 mixes/day = 19.2 days 160
Cleaning outside 12
catch basins

640

Note: with exception of the nifrator and centrifuge for TNR, and the blender for final
mixing, all equipment is off-the-shelf laboratory material available through variety of
supply catalogues.

The personnel required for the above production consists of:
Chemist - 1 (Supervision, office work, quality control, burning tests)
Operators - 4 a - TNR preparation

b - Lead styphnate and washing

C - Tetracene and dry pre-mix
d - Wet pre-mix final mix
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PRIMER MANUFACTURING LINE

DIRECT LABOR REQUIREMENTS

Primer type SS SS & RF SS & RF & CF
Production rate 100/min. 4 4 5 4 5 4

Metallics manufacture
Foreman

Adjustor *

Operator

Material handler

—_— ) —t
N

Explosive manufacture
chemist 1
operator 1

N -

LAP

Foreman
Adjustor
Operator
Material handler

—_ W | J—
e " ]

* Because of the small volume operation, the adjustor functions are performed by
the foreman.
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MATERIAL REQUIREMENTS

ltem grams to produce
1000 g product

TNR 1000
Resorcinol 600
Sulfuric acid 6000
Nitric acid 2500
Sodium nitrite

Lead Styphnate 1000
TNR 620
NaOH 200
Lead nifrate 1060
Acetic acid 205

Tetracene 1000
Aminate 1500
Sodium nitrite 1700
Acetic acid 665

Priming mix, 209 shotshell 1000
Lead styphnate 400
Tetracene 40
Barium nitrate 300
Antimony sulfite 150
Aluminum powder 60
PETN 50
Gum solution 10
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MATERIAL REQUIREMENTS

tem material grams/1000 pcs.
209 primer cup orass 70/30 220

209 primer anvil brass 70/30 215

209 battery cup brass 70/30 600

LR primer cup brass 70/30 225

LR anvil borass 70/30 75

Foiling paper paper 7

209 primer priming mix 55

LR primer priming mix 40
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Loading, Assembly and Packing
Wet Priming Mix

The third major phase of primer production, after manufacture of metallic compo-
nentfs and priming composition, is the primer loading with mix, assembly with anvil and/
or battery cup, and packing into appropriate containers.

Because of the small individual size and large volume requirements, the small arms
primer is well suited for plate loading.

The classic method of using plates in loading ammunition has been known for over
two centuries, both in technical literature and industrial practice. The following descrip-
tion of plate loading and assembly of primers is based on the present day practices
and experiences in this field.

As the name implies, plate loading uses plates, each containing a number of iden-
tical cavities, ranging in number from 500 to 1000, for a given component and/or op-
eration. A complete set of plates is made from a jig plate to assure that all cavities in all
plates match perfectly.

Using a plate, the operator, instead of performing each operation, such as cup ori-
enting, pellet metering and inserting, etc. on every individual component, performs
each operation on a large number of identical components. By this method, a given
operation, even if requiring one minute to perform, will yield 500 - 1000 pieces per minute.
To duplicate such production rate without plates requires a complex and expensive
confinuous motion assembly machine. Following text describes the plate loading
method. For clarity’s sake, each operation is described and illustrated separately. In
actual practice some operations may be eliminated. For example, commercial prim-
ers are generally not lacquered. The use of integral anvil-battery cup also eliminates
several operations. The use of automated cup feeders, use of fiber optics in inspection
operations, automatic conveyor belts, etc. reduce further and eliminate the work load
of the individual operators.

However, each improvement in efficiency has its cost in capital investment, space
and energy requirements. It is not our objective to design the ultimate primer LAP line,
put fo show the basis for a simple and reliable system, using the maximum of *off-the-
shelf” industrial elements. The system is optimum for a production capacity of 40 - 50
million units/1 shift-year with 4 operators. Smaller production still requires the same equip-
ment. Reducing the number of operators to two or three, reduces the efficiency due to
increased legwork and extra motions

B-1
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CHARGING AND ASSEMBLY
Operation operator lacquer anvils foiling primer priming
number solution paper cups mix
material from
stores mat'l
handler
shake cups into b — —
plates i
cups in |
plate i
|
charge cups H

with mix 1 ¢ '|
charged |
cups |

foiling 3 pres

oil

shake anvils into hakeXl, _
shaker plates 3 1
anvil in :

shaker plate

-

transfer anvil - _
to anvil plate 3 ,

| anvil in

: anvil plate

|

book cups and 7 ‘ foiled cups— l
anvils 3 | in plate

1

l
anvil seating 3 Lo

assembled
priper in plate

lacquering 2 . - .

lacquered
primer in plate

drying lacquer 2 ’

ér

finisher primer 4

to storage pad — cup plates _ _ _
transfer

transferring tray

carriers to mat'l handler 2
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Operation 1.

Primer cups are dropped by hand over the plates vibrating on the shaker frame. The
plates are positioned on anincline so that the cups travel gently over the plate surface
until finding an open cavity. The cups fall into the cavities face up. Occasionally a cup
will fall into the cavity bottom up. It is picked up by a wooden pointed pencil-like instru-
ment with tacky wax on the tip, and replaced face up in the cavity.

Cups which miss the open cavities fall off the lower edge of the plate into the shaker
pan fo be again scooped up and dropped over the plate.

The maximum efficiency is achieved by adjusting the shaker frequency and ampli-
tude, and the plate inclination for a given cup type.

To assure an uninterrupted flow of components, approximately 25 plates are needed
for each cup shaker. Skilled operators will fill two 1000 hole-plates per minute.

The filled plates are placed on a conveyor.

cup plate

TTLIT
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stainless steel

Part 9402-1
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finish: grind top &
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Appendix B

Operation 2.

A batch of priming mix in a rubber container is brought from storage and placed on
the charging table. The charging plate is pivoted onto the table (and sometimes is
clamped by a magnet to the table surface). The priming mix is deposited over the
charging plate and manually rubbed into the cavities in the charging platfe. Excess
priming mix is scraped off to the side of the table, ready for reuse.

The plate full of cups, from previous operation, is picked from the conveyor and
placed into the slot in the charging table. The charger plate is then rotated over the
cup plate so that each primer mix pellet in the plate is located directly over the re-
spective cup in the cup plate. A pin plate containing a number of pins fo match the
holes in the charger plate is brought over and down on the charger plate. The pins
knock out the primer mix pellets into the primer cups.

The pin plate is then rotated back to its starting position, the empty charger plate, is
brought back to rest on the charge table, and the cup plate with charged cups is
picked up by the charging operator.

The cups are visually inspected for correct charge and the full plate is placed in the
foiling machine.

One operator with one charging table processes about one plate per minute. Some
new charging tables have the holes in the charging plate staggered so that each
rotation of the charger plate indexes the plate and aligns a new set of holes over the
cups. Thus a plate with 3 sets of holes will charge with mix 3 cup plates with only one
priming mix rubbing in.

The production rate depends on the number of cavities in each plate and the op-
erator skill.

Y -pin plate
Operation 3. T—anmn"’/f charger plate
: }
cup pla'te-/ \charger table

A typical charging table consists of a bronze or stainless steel frame mounting a
surface plate, charging plate and a hinged pin plate. The frame is surrounded or
mounted over a water filled pan.
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TYPICAL WET PRIMING MIX CHARGING UNIT
(Top View)
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Operation 3.

The cup plate, full of cups with priming mix peliet in each, is placed in the foiling
machine. This machine has the upper die portion equipped with a row of pins match-
ing a series of holes in the cup plate. A strip of paper is fed perpendicular to the plate
motion, over the cup plate. The pins descend, blank out a small disc of paper and push
itinfo the primer cup. The priming mix is compressed with a force of about 45 Kg by the
punch and is spread evenly inside the cup. The foil paper not only prevents the mix
from sticking to the punch tip, but also acts as a barrier preventing the dry mix (of
assembled primer ) from falling out. Affer one row of cups is foiled, the plate is indexed
and a new row lines up under the punches. The machine stops automatically after the
last row has been foiled.

To assure better adhesion of the foil fo the cup mix and to keep the paper from
sticking to the punch, the paper roll sometimes passes through a bath of alcohol base
solvent.

In large scale operations, the cup plates, after charging, are placed on a conveyor.
Another operator then feed the plates fo a battery of 4 foiling machines.

The foiled cup plates are removed from the machine, visually inspected for defects
(such as no foil, incomplete foil, double foil, etc.) and placed on conveyor which brings
them to the anvil assembly.
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Operation 4.

The anvils, like the cups, are oriented by dropping into a plate. These plates, with
corresponding cavities, are positioned on an inclined frame in the anvil shaker.

As the anvils slowly move down the anvil shaker plate, they drop point down into the
respective cavities. Only an occasional anvil drops into the cavity point up. Such anvil
is reversed by use of the same tool as used on the cups.

However, for primer assembly, all anvils must be in a plate with the point up. This
reversing is done in the next operation.

anvil shaker plate
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Operation 5.

A full anvil shaker plate is removed from the shaker frame and placed on a flat
surface.

An empty anvil plate is positioned on the shaker plate.

The assembled “sandwich” is reversed 180° and lightly tapped on the flat surface
(usually a block of wood). The anvils are thus transferred into the anvil plate point up.

The shaker plate is removed and returned to the shaker frame. The anvil plate is
visually inspected that all anvils are in place, and is fransferred to the next operation.

Note: Usually, the anvil plates are placed on a conveyor to avoid operator’s move-
ment. However, to maintain a steady and uniform flow of components, the number of
anvil plates should be the same as the number of cup plates. For lacquered primers,
the number of anvil plates is less than the cup plate number.

WA\ N ot e

anvil shaker plate

AN
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anvil shaker plate
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Operation 6.

The plate with foiled cups and a full anvil plate are placed into the corresponding
sides of afixture shaped like alarge “V.” A movement of a handle brings the sides of the
"V together. The fixture is opened, the sandwich removed and placed on a flat sur-
face with the anvil plate on top.

The anvil bottom plate (which is now the uppermost) is removed and the remaining
plates are passed to the next operation.

Note:
Skilled operators do the bringing of the anvil and cup plates together by hand with-
out the use of the above fixture. Such operation is faster and less cumbersome. The

plates, held in hand, are placed edge-to-edge at about 45 degrees, then swiftly brought
together.
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Operation 7.

The assembled plates are placed info a press. This anvil seating press is usually a
small hydraulic unit containing a die set with the appropriate stops for the plates on
the bottom platen. The upper platen contains a number of punches equal to the num-
ber of cups and anvils. Operation of the press brings the punches down, seating the
anvils in the respective cups.

The plate assembly is removed from the press, the anvil plate is returned to opera-
tion & and the plate with the assembled primers moves to the next operation.

Nofe: The older type of anvil seating presses were mechanical, similar to the foiling
presses, with only one row of punches and an indexing mechanism for the plates. Both
the hydraulic and the mechanical single row model have their own merits and disad-
vantages.

Operation 8.

The assembled primers are visually inspected prior to placement into the lacquer-
ing unit,

This unit consists of a lacquer holding pan on the bottom, a frame to hold the primer
plate, and an upper plate with pins corresponding to the number of primers in plate.

This upper pin plate is first brought down so that the pins are dipped info the lacquer,
then brought up again.

Next, the plate with primers is slid info the frame and the pin plate is brought down
on the primers, depositing a small drop of lacquer into each cup.

The pin plate is released and the primer plate removed, visually inspected and frans-
ferred to the next operation.

Note:

The lacquering unit described is a manually operated one, with the pin plate coun-
terbalanced and spring loaded to the proper seating depth. The primer plate s slid
into the unit from the side. The unit is usually designed around an existing, off-the-shelf
die set.

A fully automatic system can be built, but then the visual inspection before and

after lacquering must be either eliminated, or replaced by an optical inspection sys-
tem. Again, the cost of equipment vs. labor is the determining factor.

B-11
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Operation 9.

The plafe with lacquered primers is pushed through a lacquer drying unit. This unit
consists of a roller conveyor passing through a box with infrared heaters on top and an
exhaust fan in the side. The plates are pushed through by the next following plate, thus
maintaining a confinuous flow. The temperature inside the box thermostatically con-
frolled.

Operation 10.

The primers in plate emerging from the lacquer dryer are transferred to cardboard
or plastic storage plates by first being inverted into an intermediate plate (where they
are located cup-up) and then into the storage plate (anvil-up). The transfer is done in
the conventional “sandwich -180 degree " rotation.

The primers in the storage plates may be passed through a final drying unit similar to
the lacquer dryer, or they are placed into dryer trays (stacked up 3-5 high) and dried in
a dryer room. The final choice depends on the manufacturer, inventory requirements,
and final use of the primer (loading into cartridge cases, packing for sales, etc.)

NOTES

1 - Commercial primers are generally not lacquered, hence operations are elimi-
nated as well as the possibility of lacquer smearing on the primer cup.

2 -The present setup is optimum for a production capacity of 40-50 million units/year
shiff with 4 operators. Smaller production requires the same equipment. Reducing the
number of operators from four to 3 or 2 will reduce the efficiency due to increase leg
work and motions,

3 - Infroduction of continuous drying process after the inspection operation would
reduce the primer handling but would increase considerably the hazard of primer
explosion and propagation of same. See note on primer drying and storage method.

4 - Primers with lacquer smeared on the cup outside are cleaned immediately after
assembly (before drying). About 10,000 primers are tumbled with 1 Kg of Maizo or hard-
wood sawdust in the tumbling barrel and separated from the cleaning material on a
screen sieve on barricaded shaker.

5 - Lot size, one unit’s shift work (200 -230 M primers).

The LAP of 209 type shotshell primers is quite similar to the centerfire primer opera-
tions, but because of the third element (i.e. battery cup) involves additional operations.

B-12
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The equipment used in the shotshell primer assembly is essentially the same as used
in the centerfire primer. The plate dimensions and the number of component holes will
be slightly different due to the fact that the battery cup flange diameter is larger than
the primer cup dia.

The Operations 1 through 3, i.e. primer cup orienting, charging and foiling, are iden-
fical for both centerfire and shotshell primer. The following operations describe the dif-
ferences of the shotshell primer LAP.

Operation 48S.

For assembly with the anvil-battery cup, the foiled primer cup has to be positioned
in the cup plate bottom-up, i.e. reversed. To accomplish this a thin steel plate without
holes, called the transfer plate, is placed over the foiled primer cups in the cup plate.
The "sandwich” of the transfer-cup-bottom plates is inverted upside down. The bottom
plate, which is now located on top of the sandwich, is removed and returned to the
corresponding operation. The cup and transfer plate assembly is now ready for the
next operation.

\ u \ \\ \X cup plate
t % 2 I-L/] ]/ //l bottom plate

transfer plate

A

! § S § #’; ; g x cup plate
bottom plate

bottom plate

g]// /A /AR
\ \\\\\\ cup plate

— transfer plate

NN W N N R

transfer plate
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Operation 78S.

The inspected battery cup plate is inserted into the foiling press. This press is very
similar to the cup foiling press with the upper platen holding a row of punches match-
ing a row of cavities in the battery cup plate. A strip of foiling paper, passing through a
wetting bath is fed at 90 degrees to the plate’s longitudinal axis. As the punches de-
scend, they blank out a small disc from the paper strip and push it to the bottom of the
battery cup. After the punches return to the upper position, the plate indexes. When all
rows of the plate have passed through and all battery cups have paper discs, the
press stops automatically. The wetting of the foiling paper assists in a clean and burr
free blanking operation.

Since the press runs by itself, one operator can easily serve four presses with plates.

_\

\ battery cup plate

Operation 8S.

The anvils are dropped manually over anvil shaker plates on the shaker frame. As
they move down the inclined plate, the anvils fall point down, into the plate cavities.
The full plates are transferred to the next operation.

WA AN e
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Operation 9S.

A plate full of battery cups and a plate full of anvils are placed into the correspond-
ing wings of the "V shaped unit identical to that used in assembly of centerfire cups
and anvils described previously. A movement of the handle brings together the two
plates. Now the anvils, point up are aligned with the flanged, open, ends of the battery
CUps.

The plate assembly is removed from the “V* unit and transferred to the next operation.

anvil plate
battery cup plate

Operation 10S.

The assembled plates are placed into a small hydraulic press similar to that used in
the centerfire primer anvil seating operation. The upper platen with the seating punches
seafs the anvils during its downward stroke.

After the cycle is completed, the plate assembly is removed from the press, the anvil
plate is returned to the respective anvil shaking operation, and the plate with the bat-
tery cups (and seated anvils) is transferred to the next operation.

Note: the old presses used a weight control instead of hydraulic system to force the
punches down,

L 7777 7

NNRNAFARN

anvil plate

4////// battery cup plate
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Operation 118.

The plate with battery cup & anvil seated is placed into an inspection unit similar in
construction to the lacquering fixture. The pan holding the lacquer is removed and the
top of the pin plate is open to inspection.

Then the pin plate is lowered into the battery cups without anvils and/or tipped and
defective anvils. The respective pins will stay down as shown on the diagram.

This method allows a rapid and positive identification of defective components with-
out dependence on visual inspection only. Defective parts are removed from the plate
and replaced by good parts. The inspected battery cup plate is then transferred to the
next operation.

VA 1
NN ANANANA AN

Operation 12S.

The batfery cup plate and the primer plate (with transfer plate under) are placed
info a "V” unit. This unit is the same construction as that used in centerfire primer assem-
bly operation. By manual motion of the handle, the two sides are brought fogether so
that the primer cups are now on top of the battery cups, with the priming mix facing
the anvil point. The whole plate assembly is removed from the “V* unit and the transfer
plate, which is now on top, is returned to Operation 4S. The battery cup and the primer
cup plate assembly is fransferred to the next operation.

R

cup plate

AR
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NN
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battery cup plate
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Operation 13S.

The battery cup plate and primer cup plate assembly are placed into a press similar
to the anvil seating press. The upper platen contains a punch plate which matches the
primer cup plate holes. As the platen lowers, the punches seat the primer cups in the
battery cups, completing the primer assembly.

The whole plate assembly is removed from the press, the cup plate is liffed off and
returned to Operation 1T and the exposed primers are visually inspected.

ESNSNIN SSSYN]
A%, V//ﬁ

NN paee

M battery cup plate
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Operation 148S.

The battery cup plate with the inspected primers is inverted over hopper, dumping
the primers into a drying can placed underneath. The empty battery cup plate is re-
turned to Operation 5S. The drying cans, made from copper or conductive plastic,
each contain about 2,000 primers. When the can is full, it is placed in a wooden can

carrier holding 6 - 8 (depending on design) cans. The can carrier with full load is placed
on a hand truck.

Nofe: a typical drying can is approximately 10 x 15 cm x 8 deep.
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Operation 158.

The loaded hand truck is fransported to the drying room. The carrier with the cans is
placed on a shelf and kept there seven days (one week) at 70° C and 20 % relative
humidity.

The dry primers remain in storage until required by the cartridge loading depart-
ment.

Note: To reduce inventory and work in process, sometimes a continuous drying pro-
cess after the final visual inspection may be used. However, the hazard of a primer
explosion and propagation of same is increased. Furthermore, the dry primer is still kept
in dryer room during the ballistic testing of the primer lof, etc.
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PRIMER CHARGING & ASSEMBLY SAFETY PRECAUTIONS
GENERAL

1 - All personnel in primer manufacturing area wears eye protection at all times.

2 - Priming mix carrier and worker trucking loaded trays to and from dryer room
must wear prescribed safety shoes.

3 - Female operators must wear hair nets or scarves.

4 - Only wet priming mix in the proper bowl is allowed in the walll magazine.

5 - Only one tray carrier is lifted and handled at a time.

6 - Scrap and clean up pails are never placed inside each other even when empty
and washed.

/7 - Working area floor is regularly inspected to be free from cracks and coated
with good floor paint.

8 - Floor in working area is swept thoroughly every day.

9 - Floors and walks adjacent and around primer charging and assembly area are
swept thoroughly once every week.

10 -Primer charging and assembly area floor is washed with soda ash solution (25 g/
1000 cc of water) once every week.

11 - All other floors are washed with plain water at foreman’s discretion.

12 -Catch basin of washing sink is cleaned at least every two (2) weeks in accordance
with the scrapping procedure described in the priming mix manual.

13 - Any unusual condition is reported to the supervisor immediately.

WALL MAGAZINE

14 -Bottom fray in wall magazine is always filed with water.,

15 -Bottom tray In wall magazine is cleaned at least once a week and refilled with
water,

16 -Priming mix in rubber bowl is handled only in wooden carrying tray provided for
this purpose.

17 -Only one (1) carrying tray with eight (8) bowils is hand carried at any one time.

18 -Maximum allowed capacity of asingle wall magazine is five bowils with priming mix.

19 - All priming mix (from the wall magazine and the charger unit) is returned to the
sforage magazine at the end of work day, or when the charging operations are
closed for more than 30 minutes.

CHARGING

20 - All charging equipment is inspected and cleaned before work startup.

21 -Reservoir of the charging unit is filled up with water,

22 -Maximum amount of priming mix on the bed plate is 350 g.

23 -When the operator leaves the charging unit or is not charging for less than 5
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minutes, all priming mix is collected into one lump on the bed plate and cov-
ered with wet cloth.

24 -When the operator leaves the charging unit or is not charging for more than 5
minutes the priming mix is returned to the rubber bowl and the charger unit
cleaned up.

25 - At the end of each shift and before each rest period all priming mix is returned
to the wall magazine and the charging unit cleaned up.

26 - At the end of each shift the reservoir of the charging unit is to be drained and
washed. The wash water is poured into sink (not drain) and the stainless steel
pail is also washed in the sink.

27 -Good housekeeping to prevent spillage of primer mix on the floor must be ob-

served.

28 -Rubber bowls containing priming mix are kept free from smears and dried spofs
of priming mix, both inside and outside. Bowl must be wiped clean every time it
is handled.

29 -Empty rubber bowls and covers are submerged in water in the pail near the
charging unit,

ASSEMBLY

30 - Whenever the foiling press and/or the anvil seating press are stopped, the
charging must be also stopped immediately to prevent drying out of mix in cups.

31 -Maximum two (2) charged plates are allowed between charging and foiling (or
spinning) at any one time to prevent excessive drying out of primer mix.

32 -Defective primers picked during assembly operation are put in corresponding
containers with water.

33 -Primers dropped on floor during operation are swept up and put in corresponding
container with water once every hour.

34 - Dry room door is kept locked at all times.

35 -Only authorized personnel is allowed to enter the dry room.

36 - Dry room floor is sprinkled with water and swept once a week.

B-21



The Poor Man’s Primer Manual

PRIMER CHARGING AND ASSEMBLY SAFETY PRECAUTIONS

Cleaning lacquer off primers

1 - No personnel may enter the cleaning room while the fumbling barrel is in operation as
indicated by red lights.

2 - Doors to the cleaning room are closed during tumbling barrel operation.

3 - Maximum 20,000 primers are placed in the fumbling barrel at any one time.

4 - Maximum 100,000 primers are allowed in cleaning room at any one time.,

S - When the shaker separating primers from cleaning chips is in operation, only
operator behind the steel plate is allowed in the room.

6 - Primers brought in for screening are not left exposed near the shaker.

/ - Floor in and around the cleaning room is swept daily.

Scrapping of assembled primers

1 - Primers charged with priming mix and rejected because they do not pass
inspection are placed in a container filled with water.

2 - Scrapped primers are collected in bucket with water until about 5,000 primers
accumulate,

3 - Hand carry bucket with primers to the burning station.

4 - Decant water from the bucket.

5 - Dump primers into the furnace.

6 - Open gas valve and ignite gos.

7 - Allow primers to burn.

8 - After all primers have burned and the metal cooled, clean out the scrap from the
furnace.
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DRY PRIMING MIX PROCESS
Loading - Assembly - Packing

The classic/traditional dry priming mix is the Mercury fulminate mix described in
Chapter 6. This LAP process is similar to the wet mix LAP except that all operations are
performed mechanically by remote control and automatic detectors, all placed be-
hind heavy barricades. Furthermore, since the majority of primers with dry mix is of the
Berdan type (i.e. the anvil is integral with the cartridge case), the anvil plates and the
anvil seating units are not used. During the dry LAP process the plate filled with the
primer cups is inserted through a gate in the barricade into the charging unit. This
charger is a conventional type powder charger consisting of a fixture for holding the
primer plate, with two plates positioned over it. The upper of these plates is the charg-
ing plate and the lower plate acts as the bottom. A *V” shaped hopper opened at the
boftom (and full of dry priming mix) is pushed across the charging plate surface. The
dry mix falling through the frough bottom fills the cavities in the charging plate. After all
cavities in the charging plate have been filled the bottom plate is displaced slightly so
that its holes line up with the cavities in the charging plate and allow the dry mix to
drop into the primer cups.

The plate with the charged cups is then pushed along a track to a foiling and com-
pacting unit similar to the wet mix operation. The plate with the primers is next posi-
tioned in a lacquering unit where a small drop of sealer is deposited into each primer.
The plate with finished primers passes through a drier funnel. All above operations are
remotely controlled and automated.
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PACKING OF PRIMERS

Since the centerfire primers are generally dried in individual nests inside special card-
board trays; they are transferred in these trays to the cartridge priming and loading
operations. The shotshell primers, which are dried in bulk, are also fransferred to the
shotshell priming and loading in this form.

The reloading market packaging is done separately. The early primers were all packed
in bulk into small metallic boxes (the percussion caps are still packed in this manner)
Next, as a convenience feature for reloaders, the primers were packed oriented, on
edge in fen rows of ten primers each (100 primers) into small plastic trays with card-
poard covers. To prevent possible ignition propagation from one primer to another, the
present packing consists of a plastic tray in which each primer sits in its own individuall
cavity. The fray is slid inside a cardboard cover. The accidental ignition and/or pro-
pagation is reduced to a minimum. However, it is not recommended to store unused
primers in bulk. Unused primers should be returned to the same storage box from which
they were removed.

Storing primers in bulk (particularly centerfire type) in a tightly closed strong metallic
container makes it info an unwanted and dangerous device.
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Small Arms Primer Cups
and
One Pail Batches

The primer cups are produced on small double acting presses with automatic strip
feed and scrap cutters. Depending on the press size and force, from one to five cups
are blanked and cupped with each stroke of the press.

Finished cups are usually broken into lots; for example, one shift run from one press
( about 100,000 pieces).

The anvils are produced by small blanking presses. The battery cups are made ei-
ther by small double action presses with flanging done as a secondary operation, or
on larger presses with progressive die sets forming the battery cup in a series of gradual
operations.

The advantage of the double action presses is the relative low cost of the equip-
ment and tooling. However, the disadvantages are the labor intensive operation and
the large fioor space required.

The additional advantage of a progressive die system is the possibility of forming the
anvil as an integral part of the battery cup. This method not only eliminates separate
anvil manufacture, but also reduces the possibility of missing anvil af the primer assembly.

The washing and drying equipment for the metallic components is conventional
type. The final choice is dictated by the production volume, labor cost, water and
cleaning materials availability. This equipment may vary from modified small cement
mixing machines, through fully automatic continuous operation degreasing, washing,
rinsing and drying units. The washing (degreasing) of components is carried out in ro-
tary barrels, the components are placed inside the barrel, a predetermined quantity
of soap is added to the barrel contents, hot water is poured in and the barrel is rotated
for certain time.

After the required time the wash water is drained off by decanting or opening the
valve in the drum bottom, they are rinsed with hot water and then dried by fumbling in
the same wash barrel. The hot rinse water transfers enough heat to the components so
that they dry by themselves. External heat is sometimes applied to speed the cycle.

Dry components are checked by random quality control sample and if accepted,
are fransferred to intfermediate storage.
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PRIMER TYPE large small large small 209 type
(dimensions in mm) rifle rifle pistol pistol shotshell
Outside dia. OD 5.34+.02 4.43+002  533+002 445 +02 534+02
Inside dia. ID 4,64+01 3.70+0 4,63+01 3.80+01  4,60+02
Height H 3.00+15 2.80+15 2.80+12  2.80+15 3.60+20
Bottom thickness B 0.64+.03 0.64+03 0.43+.05 0.42+02  (0.47+02
Outside radius R 0.76

Inside radius r 0.38 0.38
Notes:

1 - Cup has no inside taper, to give the anvil the greatest amount of support at
the upper edge of the cup.

2 - Waviness of cup rim not to exceed 0.03 mm.

3 - Wall thickness variation not to exceed 0.025 mm.

4 - Cup top not more than 2 degrees out of square.

S - Outside finish commercially clean and bright, free from acid, oil, dirt, etc.

6 - Cup not annealed after draw.

/7 - Dimensions are for manufacturing purposes only, acceptance is governed by
functioning and sensitivity tests.
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CUP, PRIMER, PERCUSSION,
SMALL ARMS

f——— 0D ———

PRIMER TYPE .50 cal
(dimensions in mm)BTrowning

outside dia. 0D  8,03++02
inside dia, 1ID 7.02%01
height H 5.37+.15

bottom thickness B 0.8.7*‘"’03

7.62 x 39 Russian

primer cup

dimensions in millipeters

>
R 0.48
N, .
\\
\\
NRE
N ~N
NN N ~
I NN 0.50
~N SO
¥;3.8 wide flat 1.5R
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The anvil is probably the most difficult metallic primer component to produce. Its

small size, complex form and close dimensional tolerances require exceptionally good
fooling and quality control.

Following are drawings and typical dimensions of some anwvils.

v'/_a——-—\_\

\\\ ANVIL, PRIMER, PERCUSSION,

\ LARGE RIFLE SIZE

@1, Gj\ @ \  (dimensions in millimeters)
\ /

{
/

4

\
\

\

\. 4
., L
-.01
— 4,43 .| +.04
I~ | —- 0,80
| | i —— 1 ~4‘5
holes not to , NN B
break outer 7 =1
wall here X |
; ' +.10
,,'/ <N 1 2.15
: 1.
1.05 ~—~L__ /| \
dia.,2 holes ] l_ l\--w 1.25R
e o -1.25
\>/ + 0.150
[ v o
<"’>/ 14.25
‘- i
~ - Ay
—-—0.3
-.01 +.04
] —0.,96
|
, _
L |8
2.13
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ANVIL, PRIMER, PERCUSSION,
SMALL PISTOL SIZE
(dimensions in millimeters)

holes not to
break outer
wall here —-
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ANVIL, PRIMER, PERCUSSION,

.50 CAL. BROWNING
(dimensions in millimeters)

strip thickmness 1.20

+,01
\—v 7.05 T

l
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ANVIL, PRIMER, PERCUSSION,

209 SHOTSHELL TYPE
(dimensions in millimeters)

E ][“ : 1.25

| N—I_rounded edges during blanking
to be minimum

+,04

I+

.02
— 0.25 R

+,04

0.3R

+ ,04°
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The typical battery cup dimensions and the various forms of battery cups will vary
fron manufacturer to manufacturer. The reasons for such variations may be the need
for more positive anvil and primer cup support, better seat in the shotshell case, im-
proved gas leak obturation, etc.

BATTERY CUP,
PRIMER, PERCUSSION

i+

7.90 - 93 |
- .01 |

- .06

<1, £y \ L
SNy . \ Y
+

0,40 "+02

/ A V /. i
+ 0s | o .
2.407°% == L o flos
— 5.177:93 ~

typical battery cup dimensions (in millimeters)
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Examples of battery cups used by different primer manufacturers
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From the above it would appear that all primers of a certain type, for exampile “large
rifle,” would have the same external dimensions. However, in practice there are minor
variations from manufacturer to manufacturer as well as between various plants of the
same company. These variations are due to:

a - Tools used
b - Process
Cc - Raw material characteristics and strip thickness

d - Anvilgeometry ( 2-prong, 3-prong, conical, flat, anvilin
cartridge case, etc.)
e - Dimensions of the primer pocket in the cartridge case

f - Fnal use of the primer (military case load, commercial case load, reloader
market, etc.)

The enclosed tabulated dimensions are for reference only. They are based on mea-
surements of one line of primers. To try developing dimensions and tolerances of cups
and anvils which would be acceptable in all combinations would be meaningless. The
components could fit, but would not perform as required.

The dimensions of the various primer cups tabulated show that the dimensions of
the large rifle cup are the same as the shotshell cup.

The small rifle primer cup and the small pistol primer cup are dimensionally the same
except for the material thickness of the cup bottom. The smalll rifle cup is thicker since it
is used in cartridges with heavier firing pin force.

The reasons for the above differences in primers are:

a - The primer cup must contain a sufficiently large charge to positively ignite the
propellant even under -40° C conditions.

b - The cup must be small enough to fitinto the cartridge case head without weakening it.

¢ - The cup must be soft enough to deform and fire even with a weak firing pin
indent; this is especially important for commercial ammunition expected to function
even in old and semi-defective arms.

d - The cup must be hard enough not to fire when impacted on by a firing pin
during bolt closing of a semiautomatic or automatic arm.

It is obvious from the above that the primer cup will satisfy such conditions only if
kept within a very narrow band of production specifications. Close tolerance of the
cup strip material thickness, metallurgical composition, grain size and metal hardness
are essential.
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PROCESS DIAGRAM, PRIMER CUP MANUFACTURE

brass drawing degreasing cleaning water
strip compound compound compound
blanking
cupping
flattening
NI R
N U
3
press
tote
box
degreasing
X tilting L
washing rotary
barrel
uJ

centrifuge

polishing Egﬁgllng ;
(optional) { E
inspection A
storage

(intermediate) fiber
drum
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PROCESS DIAGRAM, PRIMER ANVIL MANUFACTURE

brass drawing degreasing cleaning water
strip compound compound compound
blanking
O -
press
tote
box
degreasing ti%ting
i rotary
washing barrel /////7
centrifuge
drying .
S~
J
N
inspection ()
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PROCESS DIAGRAM, BATTERY CUP MANUFACTURE
(Conventional method)

blanking and cupping

annealing

washing

drying

drawing

washing

drying

trimming

chip separation

washing

soap dipping

flanging and
piercing

gauging

washing

drying

inspection

storage

C

4

press
furnace
tilting rotary

barrel

hot air rotary
dryer

press

tilting rotary
barrel

hot air rotary
dryer

trimming machine
rotary perforated
drum

tilting rotary
barrel

tilting rotary
barrel

press

rotary perforated
drum

tilting rotary
barrel

hot air rotary
dryer

visual & hand held
gages

fiber drum
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ONE PAIL BATCH PREPARATION
EXPLOSIVE MIX MANUFACTURE, FA #70

Potassium gum dry
Chlorate solution premix
1442 gram 300 ml 1279 gram
screening L# 40 mesh_J
wetting spread evenly
with plastie \
spatula
pour 200 ml
//// &“QQi:::\\N::”'over
glass

plate ¢ 1

l

thoroughly mix
wet material

spread wet material
evenly over the plate

|
pour 100 ml
\i;\\\\\\\::»/ over |

add premix

kneading with hand covered by rubber

glove mix the material until
t ;  uniformly and thoroughly blended

storage with gloved hand place % 300 gram

Somductive™ of final mix into
rubber container
container label : lot, date, final mix

operator & inspector

Note: <final mix is stored at temperature between 4°C and 10°C until
needed, but not over 6 days; afterwards the composition is destroyed

final mix is inspected visually for uniform blending
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ONE PAIL BATCH PREPARATION OF FA #70

DRY PREMIX
Lead Antimony Trinitro-
Thiocyanate Sulfide | Toluene
680 gram 465 gram 136 gram
screening #140 J L # 100 J L# 100 J
mesh mesh_. mesh __ .

| i

welghing & —fj
intermediate \ /
storage .

blending sheet of paper

-

storage - Y covered condgctive
' rubber containexr

approximately
1280 gram

The preparation is identical to the LS-T dry premix even though TNT is present. Although
TNT is a high explosive, it requires a powerful initiator and containment for inifiation;
hence it is relatively safe in the present application.
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ONE PAIL BATCH PREPARATION OF LEAD THIOCYANATE

Lead Nitrate Water,distilled Potassium
Thiocyanate
Pb(HOB)Z HZO KCNS
1000 gm 585 gm
weigh & screen L J L J
4500 ml l
1200 ml
\
dissolve
transfer
stainless steel ice cold water tap

pail

gink S’A
bath temgeratugf (‘\\\J i§§C>
0-57¢C o Q
Ie) Q

- place the screened lead nitrate and water into the pail

- start stirrer and continue until all nitrate is dissolved

pour ice cold water into the sink

-~ check that the lead nitrate solution temperature drops to 5°¢

~ start addition of potassium thicyanate solution at a rate of
about. 40 ml/minute

6 - continue process until all materials have been plaéed into the

AN =
1

pail

7 - stop stirrer

8 - pour pail contents /////— -
%precipitate and mother liquor) f-pail

onto filter L J\\\\ Loth
“““ clo

I . filter
collector vesse
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ONE PAIL BATCH PREPARATION OF LEAD THIOCYANATE, cont’d.

9 -rinse pail with ice cold deionized water and pour rinse water

10
11

12
13

14

over precipitate on filter.

wash precipitate twice with small jet of ice cold water.

- place cloth from filter with washed precipitate into dark and
dry in warm air.

- the yield is about 94% theoretical, i.e. 900 gram.

- check a dry sample for crystal size and adjust step five (5) for
optimum product size.

- mother liquor and wash water are boiled down for recovery of

potassium nitrate.
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ONE PAIL BATCH PREPARATION OF TRINITRORESORCINOL

resorcinol Hgsou HNO3 NaNO,
66Be(1.84 sp.wt) 42Be(1l.41 sp.wt)

1101.1 gram 6.12 liter 3.24 liter 12.0 gram

(dry wE . equiv) ( 11,3 Kg) (4.56 Kg)

| l

| oven dried 24 hrs
: at 60°C & screened
thru 60 mesh sileve

L____1J
f

|

|
ﬁ’ D U [] sar
\ f‘W i Sosrer

nitric acid

volir
|
thermometer E;'
s cold
stailnless steel
pail —"
TNR yleld:
stainless theoretical 2,56 Kg
temperature actual(87%) 2.15 K
steel sink I /control sink (
[
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ONE PAIL BATCH PREPARATION OF TRINITRORESORCINOL

//////yater hose
//2 less steel
, 9 stain

scoop
reactor pail o

Buchnell filter
200 dia or larger

stainless
e - steel pot
stalnless steel 7( ! for unreacted
sink U material and
— : wash water

spent acid pot

container,wooden or plastic;

1 with cover
1 T for molist TNR storage
(moisture of 15% is desirable)
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TRINITRORESORCINOL

ONE PAIL BATCH PREPARATION
Sulfonation:

1 —=Pour the correct amount of H,S0, into the pail.

2 - Start stirrer, checking that it does not touch pail walls.

3 - Fill sink with hot water until the pail contents is 30 + 5° C.

4 - Add 4 level tablespoons full of resorcinol to the pail contents.

5 -Add alitfle of NaNO, from the jar and continue through sulfonation.
6 - Add hot water to sink to raise the pail batch temperature to 63° C.

/7 -Resume gradual addition of resorcinol so that the last spoon is added in about
90 minutes from process start.

8 - Allow batch to remain at 60° C
(about 30 minutes).
Note: The batch is now ready for nitration which may be carried to the point permit-
ted by fime. The nitration may be resumed for completion later. However, let stirrer run,

wait about 10 minutes after last addition of HNO, then change sink water temperature
o keep batch at 18° C. Before nitration resumption bring batch to 30° C.

Nitration: Start with batch at 30° C.
1 -Measure 100 cc from glass beaker into the nitric acid reservoir,

2 - Open reservoir valve to get flow rate of about 7 cc/minute.

3 -Repeat step 1 until 2000 mi of HNO,has been added. Since the reaction is exo-
thermic, cooling of the batch is necessary to keep the temperature at 35° C.

a) If during the process temperature drops below 32 © C, the reaction will slow
down and concentration of unreacted HNO, builds up. Then as the tempera-
ture raises this acid will react rapidly, causing foaming over the pail, loss and
decomposition of the TNR. Therefore when the temperature drops add hot
water to the sink to heat the batch back to 35° C.
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b) If the batch femperature raises over 38° C, stop addition of HNO, and let
batch cool down to 35° C before resuming process.

4 - after the 2000 ml of HNO, have been added, stop batfch cooling and allow the
pail contents fo heat up to 60° C.

S -resume addifion of HNO, immediately, without waiting for the batch to reach the
60° C.

6 -when all HNO, has been added start the cooling of the batch.
7 -when the batch is about 30° C (in about 50 minutes) it is ready for filtration.
8 - stop the stirrer and remove it from the pail.

Filtration
Performed in well ventilated area or under hood

1 - Aspirator is tfurned on and checked for leaks.

2 - Reactor pail contents is slowly ladled onto the filter which draws off the spent
acids from the material.

Note: the bottom portion of the batch can be blue-purple in color and contains
unreacted resorcinol and mixed acids. It will react with the spent acid as it is mixed on
the filter and the temperature will rise. Allow this unreacted material to stand and com-
bine with the next batch. If the unreacted blue-purple material is poured on the filter
bed the heat of reaction may ignite the TNR.

3 - After the pail has been emptied rinse it with tap water and add the wash water

to the unreacted materials. Also rinse carefully the stirrer shaft and blades and
add this water to the wash water.

4 - After all/most spent acid has been drawn off the filter pour the contents of previ-
ous batch wash water over the material on the filter turning and spading the
material during the process.

5 - After all wash water has been added, wash the filter contents with vigorous jet of
tap water for 3-5 minutes.

6 - Continue aspirator operation for about 30 minutes.

7 -Take 5-10 g sample off TNR and check for moisture and sulfate. If sulfate contents
exceeds 0.5% additional washing (step 5) is required.
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8 - Acceptable,moist TNR is ladled into storage container,dated and labeled.

Notes: The spent acids are either diluted to 0.5% concentration or neutralized with
alkali before dumping into sewer. Approximately 10 Kg of flaked NaCH is required for
one batch operation.The neutralized solution has a deep brown color.
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Number
S1

S2
S3
S4
S5

S6
S7
S8

S9
S10

S11
S12

S13
S14
S15
S16

S17

S18

S19

ONE PAIL BATCH PREPARATION OF LEAD STYPHNATE

Equipment

ltem
Table, 150 cm x 200 cm x 75 cm high,
rubber or formica covered top, preferably
with splash board
Balance, capacity 2000 gram x 5 gram
Weights, set 1 Kg x 5 gram
Scoop, stainless steel, 5 each
Container with cover, stainless steel
or conductive rubber, capacity 1500 m
Beaker, glass, capacity 1000 ml, required 3
Pail, stainless steel, capacity 10-12 liter
Cylinder, glass, graduated,. capacity 1000 ml
required - 2
Thermometer, glass, 0° - 100° C, required - 3
Microscope, with mirror illumination,
10X eyepiece, 10X objective lense
Beaker, glass, pyrex, capacity 30 ml

Sink, stainless steel, 25 cm deep, bottom
60 cm from floor, with overflow plug,
hot and cold water taps

Hood with exhaust fan (about 1 HP)
Water deionizer

Pail, stainless steel, capacity 15 liter
Flask assembly

Stirrer, motor 1/4 HP, 300 rpm, explosion
proof, impeller and shaft from stainless
steel; with adjustable stand

Pail, with handle and cover, conductive
rubber, capacity 12 liters

Sieve, stainless steel, No 50 mesh

(may be built from a suitable ss pail)

Purpose

52, 55, etc.

ladling materials
weighted TNR

weighted materials
Lead nitrate sol.
measure NaOH sol. &
Acetic acid sol.

inspect LS
crystals

LS burning test
sample

for precipitation
pail

over sink

reqaction water

LS precipitation
Lead nitrate and
acetic acid solution
mixing LS slurry

LS storage

filter LS into
storage pail
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ONE PAIL BATCH PRECIPITATION UNIT FOR

stirrer
assembly

sink

PREPARATION OF LEAD STYPHNATE

i

7
i

/L//
T Jrin

flask assembly

precipitation pail
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ONE PAIL BATCH PREPARATION OF LEAD STYPHNATE

MATERIAL PREPARATION:

TNR

The material, as received from storage is in wet condition. It can be dried in oven
and weighed directly, however dry TNR creates a dust problem as well as extra work.
Therefore it is customary to use wet TNR and follow the procedure:

TNR contents of the storage container is thoroughly mixed with a paddle to
make it uniformly moist throughout the batch.
10 gram sample is placed in a covered tared weighing dish.
Sample is weighed and weight recorded.
Sample is dried overnight at 100° C.
Dry sample is weighed and weight loss calculated as % moisture. Storing sample
dry at 100° C longer than 12 hrs. some TNR will sublime and the error in dry weight
calculation will be excessive; if sample is to be dried longer than 12 hrs. keep the
ovenatbs°+ 5° C.
Wet weight of INR= —735______

100 - % moisture
After the wet weight is calculated the entire container contents is weighed
info the 735 dry weight portions and placed in storage containers.

LEAD NITRATE SOLUTION PREPARATION

To precipitate 3 moles of TNR requires theoretically only 993 gram of lead nitrate,
but the excess is used to:

Ensure completeness of reaction.
Decrease solubility of lead styphnate (common ion effect).
Eliminate need for extreme accuracy in measuring lead nitrate.

bbecause of the pail volume limitations, lead nitrate is used in saturated
solution and must be kept at 21° C or more, to prevent precipitation.

To prepare solution:

Weigh 1250 gram lead nitrate into stainless steel pail.
Add 2500 ml hot (60° C) water,

Stir until all material dissolves.

add 238 gram (226 ml) glacial acetic acid.
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- add cold water to bring the solution volume to 3000 ml.
- fransfer solution into metering flask.

Sodium hydroxide solution preparation

- Dissolve 250 gram NaOH in 250 ml water.

- Add water to 360 ml volume.

- Stirand cool thoroughly to ambient temperature before drawing a titration sample.
- The volume of NaOH solution for one pail batch of lead styphnate is:

volume NaOH solution (ml) = —99000_____
nxV

a

n = normality of standard acid
V, = volume of standard acid in ml

Note: allow 3-5 ml extra over calculated volume to compensate for loss of
solution on the beaker.
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PROCESS DIAGRAM - ONE PAIL BATCH
PREPARATION OF LEAD STYPHNATE
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PROCESS DIAGRAM - ONE PAIL BATCH
PREPARATION OF LEAD STYPHNATE
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ONE PAIL BATCH
PREPARATION OF LEAD STYPHNATE

PRECIPITATION PROCEDURE

1 - Place 735 gram of TNR in clean stainless steel pail.

2 - Add cold tap water until the volume is at the 5200 cc mark.

3 - Recheck the volume with calibrated glass stirring rod.

4 - Place pail under the stirrer in the precipitation sink.

5 - Lower stirrer into pail and engage belt on pulley.

6 - Check that stirrer does not contact the bottom or walls of the pail.

7 - Place overflow tube into sink drain fo maintain sink water level approximately.
even with the pail contents level.

8 - Run hot water into the sink.

9 - Heat sink water to 55° - 60° C by opening steam valve and letting live steam into
the sink water.

10 -Check that the sink water agitator is working, circulating the water through the
large diameter pipe along the sink wall.

11 -Fill the flask lead nitrate solution to the 3000 cc mark by opening and closing
the hose cock.

12 -Check the pail contents temperature periodically with the thermometer.

13 - When the pail contents temperature reaches 40° - 45° C, add the measured
portion of NaOH solution. TNR reacts with NaCH forming a solution of Na-styphnate
and the temperature rises to + 55° C due to the heat of reaction.

14 - Open the hose cock on the flask outlet and let a small steady stream of lead
nitrite solution into the pail. Approximately 30 minutes should lapse before the
3000 cc runin. As the lead nitrate solution runs into the pail the mixture becomes
progressively more viscous until a gel forms and movement of the mixture caused
by the stirrer stops.

15 - At this stage open the steam valve, heat the sink water to 70° C and close the
stfeam valve.

16 -The gel formed is a highly hydrated form of lead styphnate. Under a microscope it
appears as a fibrous mass of needle like crystals. With continuous addition of
lead nitrate the gel breaks up and the mixture movement is resumed. By the time
when all 3000 cc of lead nitrate solution runs into the pail, the mixture will be a free fluid
with suspended dense crystalline monohydrated lead styphnate.

17 -Drain the hot water from the precipitation sink and fill sink with cold tap water as
soon as dll lead nitrate solution has been added. Such cooling increases lead
styphnate yield which averages 1175 grams per pail batch.

18 —Continue stirring the mixture 5 minutes after all lead nitrate solution has been
added info the pail.

19 -With a clean glass rod place a drop of pail liquid on a slide and examine
under the microscope.
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Q) If gelis present, continue stirring 5-10 minutes longer, until the conversion is
complete,

) If no gelis present, the batch is ready for further handling.

20 - Lift the stirrer above the pail im and engage in holding position.

21 - Lift the pail carefully from the precipitation sink and transferto  the wash sink.

22 - Allow the lead styphnate to settle at the bottom of pail.

23 - Carefully decant off the mother liquid.

24 - Refill the pail with a vigorous stream of water from the hose and agitate the settled
solid with gloved hand at the same time so that all solids are in suspension.

PRECIPITATION PROCEDURE

25 -Repeat steps 22, 23, and 24 six (6) times.

26 -With gloved hand (NEVER use steel spatula, scoop or spoon) place a sample
approximately 1-2 cc of lead styphnate into a labeled 30 cc beaker.

27 -Carry sample to laboratory for burning test.
batch in pail which passed the burning test is subjected to further handling.
Batfch in pail which has been rejected in the burning test is rewashed several
times and steps 26 and 27 repeated.

29 -Batfch of lead styphnate rejected after repeat wash is scrapped immediately in
accordance with safety procedures.

30 -Place a screen over clean empty rubber bucket.

31 -Acceptable lead styphnate from stainless steel pail is washed with a stream of
cold tap water through the screen into the rubber storage bucket. Contents of
four (4) steel pails is transferred into one rubber storage bucket. In this step any
foreign matter or lead styphnate scale are removed from the lead styphnate.

32 - After the lead styphnate is transferred to the rubber storage bucket decant the
water used in the fransfer process leaving about 10 cm of water over the settled
solids in the rubber bucket.

33 - Any solid material adhering to the side of the bucket is washed down with a little water,

34 -Cover the rubber bucket with the cover provided and label it with chalk
indicating serial number, date and operator.

35 -Covered and labeled bucket is hand carried to lead styphnate storage magazine
in building.

36 - As the lead styphnate is being fransferred from the stainless steel pails to the
rubber bucket, fill the pails with tap water immediately after transfer.

Notes:

- In practice only 2% of LS produced is scrapped after rewash.

- Low yield during process is mostly due to shortage of some reagent. Since lead
nifrafe is used in excess the shortage is either NaOH or TNR. The acetic acid will
not affect the yield. In case of low yield check that the volume of NaOH is correct
and all solutions are at 18°C to prevent precipitation from saturate solution.



Appendix C

ONE PAIL BATCH
PREPARATION OF LEAD STYPHNATE

PRECIPITATION PROCEDURE

1 - Place 735 gram of TNR in clean stainless steel pail.

2 - Add cold tap water until the volume is at the 5200 cc mark.

3 - Recheck the volume with calibrated glass stirring rod.

4 - Place pail under the stirrer in the precipitation sink.

5 - Lower stirrer into pail and engage belt on pulley.

6 - Check that stirrer does not contact the bottom or walls of the pail.

7/ - Place overflow tube into sink drain to maintain sink water level approximately.
even with the pail contents level.

8 - Run hot water into the sink.

9 - Heat sink water to 55° - 60° C by opening steam valve and letting live steam into
the sink water.

10 -Check that the sink water agitator is working, circulating the water through the
large diameter pipe along the sink wall.

11 ~Fill the flask lead nitrate solution to the 3000 cc mark by opening and closing
the hose cock.

12 -Check the pail contents temperature periodically with the thermometer.

13 - When the pail contents temperature reaches 40° - 45° C, add the measured
portion of NaOH solution. TNR reacts with NaCH forming a solution of Na-styphnate
and the temperature rises to + 55° C due to the heat of reaction.

14 - Open the hose cock on the flask outlet and let a small steady stream of lead
nitrite solution into the pail. Approximately 30 minutes should lapse before the
3000 cc runin. As the lead nitrate solution runs info the pail the mixture becomes
progressively more viscous until a gel forms and movement of the mixture caused
by the stirrer stops.

15 - At this stage open the steam valve, heat the sink water to 70° C and close the
steam valve.

16 -The gel formed is a highly hydrated form of lead styphnate. Under a microscope it
appears as a fibrous mass of needle like crystals. With continuous addition of
lead nitrate the gel breaks up and the mixture movement is resumed. By the time
when all 3000 cc of lead nitrate solution runs into the pail, the mixture will be a free fluid
with suspended dense crystalline monohydrated lead styphnate.

17 -Drain the hot water from the precipitation sink and fill sink with cold tap water as
soon as dll lead nitrate solution has been added. Such cooling increases lead
styphnate yield which averages 1175 grams per pail batch.

18 -Continue stirring the mixfture 5 minutes after all lead nitrate solution has been
added into the pail.

19 -With a clean glass rod place a drop of pail liquid on a slide and examine
under the microscope.
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Q) If gelis present, continue stirring 5-10 minutes longer, until the conversion is
complete.

) If no gelis present, the batch is ready for further handling.

20 - Lift the stirrer above the pail rim and engage in holding position.

21 - Lift the pail carefully from the precipitation sink and transfer to  the wash sink.

22 - Allow the lead styphnate to settle at the bottom of pail.

23 - Carefully decant off the mother liquid.

24 - Refill the pail with a vigorous stream of watter from the hose and agiitate the settied
solid with gloved hand atf the same time so that alll solids are in suspension.

PRECIPITATION PROCEDURE

25 -Repeat steps 22, 23, and 24 six (6) times.

26 - With gloved hand (NEVER use steel spatula, scoop or spoon) place a sample
approximately 1-2 cc of lead styphnate into a labeled 30 cc beaker.

27 -Carry sample to laboratory for burning test.
batch in pail which passed the burning test is subjected to further handling.
Batch in pail which has been rejected in the burning test is rewashed several
times and steps 26 and 27 repeated.

29 -Batch of lead styphnate rejected after repeat wash is scrapped immediately in
accordance with safety procedures.

30 -Place a screen over clean empty rubber bucket.

31 -Acceptable lead styphnate from stainless steel pail is washed with a stream of
cold tap water through the screen into the rubber storage bucket. Contents of
four (4) steel pails is fransferred into one rubber storage bucket. In this step any
foreign matter or lead styphnate scale are removed from the lead styphnate.

32 - After the lead styphnate is transferred to the rubber storage bucket decant the
warter used in the fransfer process leaving about 10 cm of water over the settled
solids in the rubber bucket.

33 - Any solid material adhering fo the side of the bucket is washed down with a litle water,

34 -Cover the rubber bucket with the cover provided and label it with chalk
indicating serial number, date and operator.

35 -Covered and labeled bucket is hand caried to lead styphnate storage magazine
in building.

36 - As the lead styphnate is being transferred from the stainless steel pails to the
rubber bucket, fill the pails with tap water immediately after transfer.

Notes:

- In practice only 2% of LS produced is scrapped after rewash.

- Low yield during process is mostly due to shortage of some reagent. Since lead
nitrate is used in excess the shortage is either NaOH or TNR. The acetic acid will
not affect the yield. In case of low yield check that the volume of NaOH is correct
and all solutions are at 18°C to prevent precipitation from saturate solution.
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EQUIPMENT - LEAD STYPHNATE PREPARATION

Notes:

- When more than one pail/batch of product is precipitated at any one time, the
corresponding required items should be multiples of the pail/batches.

- If the multibatch operation is to be continuous, the stirrer stands and the flask
assembly stands should be located on the outside of the sink back wall;*). Further-
more, the sink itself should have a series of longitudinal baffles so that the temperature of
the waterin the sink will be uniform around all pail/batches. Additional stainless
steel sink with hot and cold water taps will be needed for the washing of lead
styphnate (the precipitation sink would be too crowded for safe operation).

") To keep pails in proper location a set of 3 - 4 studs may be spot welded for each
pail at the sink bottom.
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ONE PAIL BATCH PREPARATION OF TETRACENE

material quantlity for 100 g tetracene
at 96% theoretical yield mol.wt.188
NaNG, Hp0 aminoguanidine CH.,.COOH
flltered bicarbonate glacial

tap water
leaching

170.3g 150.0 g 66.2 g
\/ 7R
sieve N7/ \\\\\
contalner add water thermometer

to 2 liter

mark

|
beaker—~_.{:]7 — 1Ej

pour H-Ac

into suspension
start stirrer to suspend ,&//’///////in'pail at such rate

amlnate ]— as to prevent foaming

stainless
steel 12

liter pail 2 liter mark

ot water bath stainless steel
RS 350c sink

1 - Place NaNO, on leaching sieve and add water (approx. 380 cc) to fully dissolve
material.

2 - Fitter the solution before pouring into beaker since any foreign matter in the solution
would end in the priming mix.

3 - Place aminate in pail, add water to 2 liter mark and start stirrer since aminate is
insoluble in water; put hot water into sink to heat pail contents to 30° + 1° C.

4 - Add H-Acetic into pail af such rate as to prevent foaming over. The completion
of aminate solution is indicated by the clearing of the solution and the end of
CO, evolution.

5 - Add water to pail to the 2.5 liter mark.

6 - Add NaNO, solution.

/7 - Add water to the 3.0 liter mark.

8 - Maintain temperature of the pail contents at 30 + I° C for 22-24 hrs.

9 - Wash tetracene as per standard washing procedure 8-10 times.

CONTINUED ON PAGE 33
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Note: Presence of Cu ions prevents tetracene formation so that 0.08% Cu in the
aminate reduces the yield from 96% to 5%. Fe, Ni, etc. have no appreciable
effect even in relatively high concentrations.

10 - Washed tetracene tested for pH.

11 - Acceptable tetracene is labeled with date and lot numibber and stored in conductive
rubber container.

Note: If aminoguanidine-acetate solution is not complete after addition of H-Ac,

heat pail contents to 45° + 2° C. Afterwards allow fime for the solution to cool to
35° = 1° C before next step.
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