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OBJECT

To determine the physical, chemical, and explosive properties of various

types of lead azide which might replace dextrinated lead azide in Ordnance
Corps ammunition.

SUMMARY

During the development of a shurt d=tonator (M47) iot use in 20 ==x
ammunition it became erident thatassmaller fuzes were made, more effi-
cient explesives for use in initiators would be needed. To meet such a
need several different types of lead azide were investigated as pos sible
replacements for the standard dexirinated lead azide covered by Military
Specification MIL-L-3055. The types of lead azides investigated inciude
uextrinated, RD-1333, polyvinyl alcohol (PVA), British Service, colioidal,
and dextrinated colloidal.

A minimum of 25 mg RD-1333lead azide or 30 ing FVA lead azide vas
te juired to imiiiate RDX in the M47 detonator as compared with 9C mg for
dextrinated lead azide. Neither RD-1333nos PVA was hygroscopic, but
dextrinated lead azide picked up over .5% moisture in 35 minutes at 82%-

2% relative humidity. RD-1333, PVA, British Service, colloidal, and
dex:t.~ted collaidal !ead azide had impact sensitivities of 5, 4-5, 2, 2,
ana 3 inches, respectively, using the 2-kg weight, as compared with 4-6
inches for dextrinated lead azide.

CONCLUSIONS

1. RD-1333 lead azide and PV A lead azide are superior to dextrinated
lead azide in both chemical and functioning characteristics.

2. British Service, ~oiloidal, and dextrinated colloidal lead azide are
iaferior 0 RD-1333 or PV A lead azide for use in the intermediate charge
of detonators.

RECOMMENDATIONS

1. Ri3-1333 lead azide should be used in all new detonator design work
and PVA lead azide should be specified as an alternate material.

2. Work to investigate other new types of lead azide to achievs fiether
improvement should be continued.



INTRODUCTION

1. Lead azide was first prepared and identified in 1891 by Curtis. The
first aztempi (v use !~ad azide practically in the explosives industry =was
mace by F. iyroninwus in France in February 1907, He secured French
Patent 384,792 for the use of lead azide in detonators. The gcaeral appli-
cation of iead azide to military ammuntion, however, was cetarded by
hazards of manufacture and its erratic sensitivity to impact. Indeed, the
history of the manuiacture of lead azide is marred by fatal explosiv.s. It
was believed that these explosions were caused by the fracture of crystals
which were too large or too easily fractured. During that period the idea
was implanted that large crystals of lead azide were extremely scrsitive
and that the beta form was both extremely sensitive and unstable.

2. To overcome this problem of che formation of undesirable crystals,
various materials such as glue, dextrin, and other colloids were used in
the precipitating solution. These materials prevent the formation of
distinct crystals and also limit the crystal size of the lead azide. Around
1932, E. I. du Pon: de Nemours and Co. began to manufacturc a modified
lead azide using dextrin in the precipitating solution. The material was
and still is referred to as dextrinated lead azide. Shortly thereafter the
Ordnan-= Corps adopted the use of dextrinated lead azide in detonators
2s 1 replaciivent for mercury fulminate, The new lead azide was more
stable and less sensitive than mercury fulminate.

3. Until around 1951 dextrinated lead azide was used in military ammu-
nitcton with satisfactory results. During the development of the } 47 deto-
nator, however, it became evident that more powerful and effici -nriniliating
explysives were needed for use in detonators. The M47 at the (ime of its
development was the smallest stab-type detonator in gencra! use by the
Army Ordnance Corps. The difficulty was that there just did not scem to be
enough room ' the detonator to contain the explosives needed to achieve
what was re juircd of the detunztor. Conse quently a program was started to
evaluate difi zent types of lead 2zide having greater initiating power than
dextrinated lead azide.

4. Six types of lead azide =ire subjecred to varicus tosts to determine
their physical and functioning characteristics. The different types were:

a. Dextrinated lead azide, the first standard United States service
type, made by precipitation in the prescence of dextrin.



d. RD-1333 lcad azide, an experimental British type, developed in an
attempt to replace British Service lead azide. itis made by precipitation
in the presence of a special agent (Ref 1).

c. PVA lead aziage, polyvinyl alcohol lead azide, developed by the
Olin-Mathieson Chemical Corporation. It is made by precipitation in the
presence of polyvinyl alcohol (Patent No. 2,421,778).

d. Eritish Service lead azide, the standard United Kingdom service
lead azide. It is made by using lead carbonate as a nucleating agent.

e. Colloidal lead azide, unadulterated lead azide of very small (3-4
micron) particle size. It is made by carcful control of the precipitating
solution, tempecrature, concentration, pli, and other process paramcters,

{. Dextrinated collvidal lead azide, made experimentally by the Olin-
Mathieson Chemic «i Corporaticn. it is made in essentially the same wa;,
as dextrinated lead azide except that process contrcls are regulated to
give an end pri-uct of a very small (1-2 micron) particle size.

RESULTS

Physi-=! and Chemical Chara.:wristics

5. Comjposition, staoiity, and sensitivity characteristics of the various
types of lead azide investigated are summarized in Table 1 (p 4). A
curve of the hygroscopicity of dextrinated lead azide is given in Figure |
(p 26). The nondextrinated forms are essentially nonhygroscopic. Pressure-
deasuy curves are given in Figure 2 (p 27). Particle size characteristics
are summarized in Tabie 2. Photomicrographs showing the different types
of leaa azide investigated are shown in Figures 3 to 8 (pp 28 to 33).

Functioning Chaoracteristics

G Tests were conducted to determine the effect of varying juantizies
of motsture an dextrinated leod azide when used as the intermediate charge
of the MA7 detonator. in these tests. detonators containing U8B or more
moisture in the lead a2 charge funciioned low order. Detailed resul. s
af. contained in Table 7 {n 19),

Le



66°69
€6

1=pro§j®)
peiovyuneg

(< Le

- . Juow

= 800
~ 1o

- (1141
L9l 198 14
666 186

15pto]1e)  ®3jaseg
yeg

+C0I +001 +001

111 1Z :14

81 141 4

9141 €1 8Z-01

ot €z 8T

<y < 9

2000 2000 000

= of'o 6€°0

fto ot0 ¥E'o
anro 0£’0 -

o 1140} 90

£2°091°0 =~ Ir'o£Z°0

(4] 49 14,1 ort

9L 20°1L €69

'9% 186 8°26

YAd tEC1-Q¥  Ppeisujumeg

opiny poe-y edih )

spizy poeT] 10} sjjnsa)y s8] Arojoreqey

i 3781

,wd ‘ue T09¢ 'ddy Wg
Tw “1a 285wy

‘ot ‘e 300¢ "y y4

w> ‘1m 357 ‘ddy NG
fw ‘1a 293wy

‘ut ‘3m 8x-7 ‘ddy vd

:Laranisuas wedu;

7 go1 Ui uolsopdxy

% ‘14 96 U1 38 Ijdwrs ul ss0

o 3y gy ur 3m ajdwes ul ssOT]

% ‘g g ui 1 Jpdwes ut sso]
13531 1834 5001

14 op/3/se8 W ‘Dzt

ny op/3/sed qw ‘D001
Aupiqeas wnnow
Do ‘(3n]ea 235.¢) omiesadway voisedxy
% 'PEI| maL

% ‘aprze peay

e )

TN



TABLE 2

Perticle Size of Lead Axide

Type Leed Geemetric Meeon, Geemetric Stenderd
Azide micrens Devietien, micrene

Desxuinsied 24.5 =
RD-1333 34.3 1.97
PVA 19.0 2.7
British Service 23 -
Colloidal 3.4 -
Colleidal dextrinated 1.74 -

'Average particie length, 22 microns; geometric standard deviation, 3.0 micior=.
Averzge particle width, 8.6 microns; geometric standard deviation, 2.1 micicns.

7. Modified 347 detonators were loaded using different charge weights
of seva:a! of the various lead azides under investigation. Results showing
the minime:a charge weight of lead azide rejuired to initiate the RDX base
charge in the detonator are summarired in Table 3. Detailed results of these
tests are contained in Table 8 (p 20).

TABLE 3

Minimum Charge Weight of Leu. Azide to
Initiate RDX in the M47 Detonator

Type Leod Azide Wi Leod Azide, mg
Dextrinated 90
RI-133: 25
PVA 10
British Service 2%
H. MA7 and modificd MA/ detonators contassung cither PVA o, Ki-i448

iead azide were subjected to periodic functioning tests aftre wors, o o
717, All of tie detonators withetood these adverse wtorage tests without



substantial detriment to their .unctioning capabilities. Results are sum-
marized in Table 4 below and detailed in Tables 9 to 11 (pp 22 to 23).

TABLE 4

Kesvits of Functioning Tests of MA7 end Modified MAT Detenaters
~%ar Long-T o Sterage ot 71°C*

Avg Diam of Hzle S1erege Avg Diom of Hele
Type Lead Aride, in Leed Dise, in., Time, in Leed Dise, in.,
Intermediate Cherge Befere Sterege menths Afrer Srerege
Dextrinated 0.213 17 G.230
RD-1333 0.281 12 0.248
PVA 0.281 13 s 0.246

'Tests conducted in accordance with patagraph 4.6 of Sperificatioo PA-PD-202 (Rev 1}
dated 30 Sep 1942 with Amendment | dated 27 Jan 19%3.

9. A group of modilicd M47 detonators containing 15/70/60 mg NOL No.
130 --iwer mixture/PVA liad azide/RDX was loaded. Each charge was
cunsoiidated at approximately 15,000 psi. The:  detonators were sub-
jected to functioning tests periodically during tws J AN temperature and
humidity cycles (Ref 2). One-hundred detonators were removed every seven
days and tested. The last group, removed after four weeks ot cycling,
caused perforation of the lead disc, The average hole diameter was 0.254
inch. Detailed results of the cycling tests are listed in Table 12 (p 24).

10. Five groups of M47 type detonators were loaded in accordance with
Figure 9 (p 34) excert for the variations listed in Table 5 (p 7). These
detonatars were subjected to standard acceptance tesis in accerdance
with Reference 3. Three-hundred deionators of each gre 4 were tested. All
groups passed this test, producing holes in the lead diics not less than
0.156 inch diamcter. Although onc fatlure occurred in group 3, 6L dztor
nators from this growp functioned satsfactorily when retested.

LE Samples of 25 deisaators from cach of the tive groups 'oaded as de-
scoibed in paragraph 10 were su' jected to booster initiation and watc:proo!
ness tests as specified in Reference 3. All groups fired sauisfacrocily in
both tests,

6



TABLE 5

Explosive Cherges of Medified M47 Detonaters

NOL Ne. 120 Lecd Azide ROX
Greoup vrimer Min, mg Type mg mg
i is Dertrinated 103 34
2 23 Dextrinated 86 41
3 26 PVA 9% 36.%
4 34 PVA 90 37
s 2 PVA %6 10

7. One-hundred deionators trom each of the five groups loaded as de-
scribed in paragraph 10 were assembled into M505 fuzes, modified for
cetonator safety tesrs, The modificd fuzes were assembled to M97A! HEI
20 mm shell and fired sratically with the deionator in the out-of-line position,
The following reuits were obtained.

TABLE é

Detonato: Safety Tests

Group No. of Detonarors Tested No. =f Boosters Fired
1 95 32
2 100 34
3 100 . 17
4 160 48
S 100 28

i3 M47-rype detonators of groups I, 3, and 5 loaded as described in
paragraph 10 were assembled into M509 fuzes. The fucs were in ture
assembled to MYJAL HEI 20 mm sheli, which were then subjected to
vallistic firing tests, One-hundred rounds irom each zroup were fired at
ambient temperature, at 165°F, and at -G*“F, using the standard p:opeilant
charge Approximately 100 rounds of =ach group were fired at aribient
temperature at 112% service chamber pressure. All rounds were fired against
0.040-inch 24 ST aluminum targets placed normal to the i. e of fire, 3<% fcet

oz



from the muzzic of the gun. All rounds functioned properly. No dud or pre-
mature was observed. Detaiied results of these tests are contsined in
Table 13 (p 29).

DISCUSSION OF RESULTS

{4, it will be apparent to the reader in studying the resuits tnat cerzain
tests were corducted on some types of lead azide and not on others. It
should be esrlained that this investigation was conducted over a span of
several years,with each type lead azide more or less handled as a separate
study. The variation in tests conducted on the different types of lead azide
was, for the most part, a result of the emphasis placed on the work at the
time it was being done, For example, detonator safety tests and ballistic
firing tests were conducted only on PVA lead azide. At the time PVA lead
azid~ was being investigated, therc was a need to replace dextrinated
lead azide in the M47 detonator with a more powerful explosive. Since the
use of a more powerful lead azide would possibly make the detonator more
powerful, detonator safety tests were indicated. Also, since this was tobe
the first practical use in the Ordnance Corps of PVA lead azide, ballistic
firing tests of rounds containing detonators loaded with PVA lecad azide
were considered necessary.

15. Ano’her reason for the differcnce in the tests was that early work on
some tynes <isawea them to be impractical as a substitute for dextrinated
lead azide, Since finding such a substitute was the prime purpose of this
investigation, extensive tests of these types were not conducted.

16. Colloidal lead azide 1s not suited for uses reguiring good flow char-
acteristice. !t is ideal as a spot charge or priming charge in electric
imitiators, however, primariiy because of its very fine particle size (Ref 4).
Before colloidal lead azide was available, regular lead azide (dextrinated)
had to pe milled o obtain a material suitable for this application. The use
of colloidal lead .zide now «!irinates the milling opecration of dextrinated
lead az.de waich, even under careiully ccatrolled conditions, is hazard-
ous.

+7. Uextrinated colloidal lead azide was investigated as a substitute fec
collnidal lead azide primarily in ine hope of finding 2 material which weuld
se suitable for use next to the hridge in electric initiators but which wouid
be less seasitive to shock than colloidal lead azide. Results of this work
indicated that its sensitivity wa- not substantially iess than colloidal lexd
azide and the investigation was dropped.

8



18. The results reported in Table 1 (p 4) represeat a series of laboratory
tests which show purity, stability, and impact se 'sitivity characteristics
of the various lead azides investigated. The results ol tests for purity
(% lead azide and % total lead) indicate that each type has a characteristic
leag a~ide corient. This is considered to be an inherent characteristic of
the material because of the adulterants used during manutacture, as well
as the contzois used in tne process itself, such as temperature and rate of
agitation. The differences in purity, however, do not scem te be marked
enouzh to provide an ade juate means of differentiating between types,
Neither is the lead azide content a good indication of ability to initiate
another explosive, as will be shown later.

19. The lead azide content is determined by measurirg the niirogen con-
tent of the sample and calculating % lead azide. The < lead in a sample
on this basis is always less chan that given by a tota! lead analysis. A
sample calculation showing this is oulined below:

Molecular weight of PbN, 291.258
Molecular weight of Pb 20721
% Pb in PbN 20721 | 100~ 71.08
e . e K - i .
i 291.258

% PhN,, “exuinated lead azide (Table 1) 92.8

% Pbin sample based on lead azide 71.08 * 0.928 = (5.96

a?

Total lead in sample based on

analysis for '-ad (Table 1) 9.3

Fxcess lead in sample in addition

to that calculated from PbXN (9.3 - 65.90 = 3.4
L]

It 1s believed that the smpurities in the dextrinated, RD-1333, PVA, and
cextrinared colloidal fead azides, which are manufactured using arganic
additives, are lead orgaric comnlex«s and lead hydroxide.

2. Some work on impuritics in Hritish Service lead azide is deciiv d
in Reference 5. Here it 1s stated that lead carbonate, which is used as a
nucleating agent during mauufacture, 45 incorporated in the molecu'c and
thar the surface of crystals of British Service lead azide is pure lead azidte

21. Vacuum stabiiity tests and 100°C heat tests indicate that the types

f

of Jead azide investigated as possible replacements [ | dextrinarea icad



azide give off no more gas and lose no more weight on heating than dex-
trinated lead azide. Based on the data in Table 1 (p 4), all types investi-
gated are considered stable,

22. One of the major problems connected with the use of primary explo-
sives such as lead azide is that they are relatively sensitive to initiation
by mechanical energy. The Picatinny Arsenal impact sessitivity test gives
a relative indication cf sensitiviiy to impact and is used as a guide in
establishing handling procedures. These procedures have been well estab-
lished for dextrinated lead azide (i.apact sensitivity on PA machine with a
2-kg wt is 4-6 in.) and for more sen-itive explosives such as colloidal
lead azide (impact sensitivity on PA machine with a 2 kg-wt is 2 in.). It
is certainly not desirable, however, to use explosives which are this sen-
sitive unless necessary. This being the case, a dim view was taken of
substituting for dextrinated lead azide a2 more seansitive material, Sritish
Service lead azide, colloidal lead azide, and dextrinated colloidal lead
azide all fell into this category. The impact sensitivity of PVA lead azide
and RD-1333 azide compared favo.ably with that of dextrinated iead azide.

23. Resuits shown in Figure 1 (p 26) illustrate the hygroscopic nature of
dextrinated lead azide. More extensive tests demonstrating this hygro-
scopicity are reported in Reference 6. It is eviden: that dextrinated lead
azide used on the loading lines could have a higher moisturc content than
the 7 3% maximum perimitted by Reference 3. Considerable time could elapse
vetween the time that the ''dried’’ lead azide is removed from the dry house
until it is used on the loading line. It has to be screened and subdivided
into containers, which are placed in boxes e juipped with loose fitting lids.
The boxes are stored in rest houses for an indeterminate length of time.
Pcriodically, these boxes are transferred to chimney-type barricades prior
to use on the loading lines. Finally, the containers are removed from the
box and placed in the loading barricade, where the azide is used in loading
ammunition. While the matcrial is in these barricades, atmospheric con-
ditions more often th.an not arc favorable for the dextrinated lead azide to
pick up moisture. In fact, the chimney barricade seems to be an ideal ar-
rangement for this to take place,

24. Having demonstrated the hygroscopic nature of dextrinated ieay azide
and realizing that it can contain moisture when loaded, the effect of moisrure
on its functioning was considered. It is logical to assume that some of
this moisture would have to be volatilized before the lead azide cou.d be
ra;sed to a temperature high enough to be initiated by flame, T herefore, ic

i0



is considered that the higher the moisture conten: the harder it will be to
initiate the lead azide, especially by heat transier. Because of the moisture
present and the slower resulting initiation, it is beiieved that the outpue

of lead 2zide i< reduced considerably. This decrease in output might be

the risult of a substantial decrease in tue stable detonation rate or the in-
abilic ' of the icad azide to attain its stable rate of detonation in a limited
column length.

25. The latter assumption is considered to be the more valid of the two,
since the differzance in the functioning of dry and moist lead azide is most
pronounced when the Juantities and column lengths are small. [t has been
tentatively established that a column length: of approximately 0.1 inch dry
dextrinated lead azide is required for high-order initiarion of RDX :if the
diameters of the columns and *he consolidaticn pressures are simiiar te
those used in loading Ordnance Corps detonators. Since most detonators
are designed with a considerably longer iead azide columr, the cfiect of
moisture in lead azide is not generally noted. In short detonators such as
the M47, however, the effect of moisture is very noticeablzs (see Table 7,
p 19). This points up the inability of the lead azide to attain its stable
detonation rate in short columns in the presence of appreciable quantities
of moisture.

26. Aside from impairing the functioning of lead azide, moisture in a
detonator has otker detrimental effects. When moisture is present in the
lead azide charge, it promotes the hydrolysis of the lead azide with the
formation of hydrazoir acid. This ucid ¢ . react with coppes vr copper-
bearing alloys to form cupric azide (Refs 7 and 8.

27. When hydrazoic acid reacts with copper or cupric oxide, the cupric
az:de (Cu(N,),) is formed as very dark brown needles with a reddish glow
or 25 2 moss-green granular material (Ref 5). Anhydrous cupric azides are
said to he very sensitive, especially to friction. It is stated in Reference | /
9 that "'copper azide is of such sensitiveness to friction that aiready a / /
stroke with a feather of a hen would be sufficient to detonate the sale ™’ {

28. In view of the above discussion the possibility that accidents could
be caused by the formatios and initiarion of sensitive copper azide is
realistic. Tnerefore, one of three things can be done to prevent the fu.-
mation of the undesirable azide. Une is to substitute another erplosive for
lead azide, the second is to render the gilding metal c.ip compatit = by
coating, and the third to exclude the 'se of copper or copper-bearing alloys.

11



29. The substitution of another explosive {or lead azide is unlikely in
the ncar future, Because of the extreme stability, high density, and output
of iead azide, it is believed that it will be some time before any explesive
is developed which can take its place. However, improvements can be made
oy usine types other than the standard dextrinated lead azide, such as PVA
lead azide and RD-1333 lead azide, which are relatively nonhygroscopic.
This will dec:case tuc likelihood =f moisture getting inside the detcnator
cup.

30. With regard to coating of copper parts, no matter what type of coating
material is used, there is always the possibility of it~ being scraped off
and leaving the copper surface exposed. The British at present use tin-
coated copper cups for containing lead azide (Ref 10).

31. The substitution of anc:her mater al for copper-Learing alioys or copper
is feasible and so ne work has becn done in this direction. The Navy has
recognized the rroblemof compatibility and uses only aluminum and stain-
less steel as the detonator cup material. The Ordnance Corps prefers staine

b ] ¥ L3 G
less steel a~ a detonater cup material, however gilding metal and aluminum iy s
. . . . /) ¥
are also used. Both stainless steel and gilding metal provide better con- (b -2

finement than aluminuin.

32, !n studying new types of lead azide, a great deal of care was taken
rcg. ~*ing characterization of crystal size. It has always been generally
accepted that a few of the accidental explosions which have occurred with
lead azide during its history were caused by the fracture of crystals which
were (00 large or too easily fractured. Much has been written on this sub-
ject but there is little supporting data in the literature. Garner and Gomm
(Ref 11) found that lead azide exists in'two distinct crystalline forms: the
ordinary alpha form and a iess comnicn beta form. Subsequent work (Ref
12) by Miles suggests that accidental explosions might be actributed to the
growing of the beta variety and are not necessarily caused by the so-called
“extreme’’ sensitiviry of sbnormally long crystals which may be present.
On the subject of long crystals, Miles says ‘“The idea that large crystals
of such explosive substances as lead azide are always excessively sensi-
tive to shock or friction has been widely received, but in view of these
facts seems to have little foundation."”

33. Kecent work by Armour Rescarch Foundaiion (Ref 13) has shown

that beta jead azide readily changes to the alpha form in the presence of
a.pha lcad azide and water. It wis &lso shown that it takes a very carefulin
controlled and exacting procedure to manufacture beta lead azid-,



Conse juently, unless it is the specific intention to manufacture beta

lead azide, the alpha lzad azide is produced. It any beta lead azide is pro-
duced in the preliminary stages when making alpha iead azide, and if i
should be cairied to the end proauct, it would be rapidly transformed to the
alpha form when the materials are store! under water.

34. It is believed that the sensitivity of lead azide is due at least in
part to interra; stresses formed in the crystal which are an inherent re-
sult of the manufacturing process. Consejuently both large and small
crystals could be stressed, making them extremely sensitive to impact. In
support of this theory it may be noted that colloidal lead azide, which has
a very small cryscal size, is a great deal more sensitive to impact than
PVA or RD-1333 lead azide, which have a much larger crystal size.
Further confirmation that ¢ryscal size i< rot a controlling influence cn im-
pact sensitivity may be found ir Reference 23.

35 The preceding discussion is related to this report in that certaii
£-oups dealing with PVA lead azide have expressed much concern because
its crystal size is larger than that of the conventional dextrinated lead
azide. In addition, :he shape of its crystals, rather long and narrow, in-
dicates to some chat beta lcad azide may be -present. Based upon the dis-
cussion in paragraphs 32-34, however, it is considered that PVA lead
azide and RD-1333 lead azide if made properly are acceptable and can be
handlec rafely using the same precautions observed when handling the
conventional dextrinated lead azide.

36. The functioring characteristics of 1ead azide used as the inter-
mediate charge in the M47 type detonator indicate that PVA and RD-1333
lead azides are about 2.5 times more efficient than dextrinated lead azide
when used in small quantities (see Table 8, p 20). The differcnce between
the output of the materials may be due to two factors. First, dextrinated
lead azide contains less lead azide than the other types investigated. This
is considered to be & minor point. More important, however, it is helieved
ti.ai iypes iavestigated (includirg PVA and RD-1333) other than dextrinated
lead azide build up to a stable derornation rate in a much shorter column
length than dextrinated lead azide. [t is believed that this is due to thice
factors: One, the other types of lead azide investigated may be more
readily initiated; two, becausc of their crystalline structuie they have

|

]

fewer voids to traverse; and tinree, their pressure-density relatonship s
such that they have a higher pressed density, thus creating a self-contiaement
whi~h teduces the loss of energy to the outside,
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37. The increased outpw of PVA and RD-1333 lead azide seems tobe
ideally suited to small detonators where available charge space is limited.
Use of PVA or RD-1333 lead azide in small deteonators instead of dex-
trinated lead azide will result in increased amounts of base charge, which
would srbstantially increase the cutput of the detonator itsell.

38. Tables &, 10, aid 11 (pp 22 ..nd 23) show the results of func-
tioning tesis conducted periodically on M47 type detonators containing
dextrinated, PVA, and RD-1333 lead azide as the intermediate charge
during storage at 71°C, Several duds were cncountered over the storage
period. These duds were due to failure of the primer mix to be initiated
and not to any deficiency of the lead azide charge. The fact that no low-
order functioning of the detonators was observed throughout the storage
program indicates that these materials when loaded in detonators +re
stable for long periods of storage.

39. From the results obtained, i s shvious that two types, PVA and
RD-1333, stand out as being generally superior to dextrinated lead azide.
The other types investigated, British Service, colloidal, and dextrinated
colloidal, while superior to dextrinated lead azide in some respects, such
as output and hygroscopicity, have certain disadvantages such as flow-
ability or sensitivity to shock. It is concluded that detonator design can be
sub -t antially imptoved by using PVA or RD-1233 lead azide instead of dex-
trinated lead azide.

40. RD-1333 lcad azide has one advantage over PVA lead azide which
has not been discussed yet. This is the fact that RD-1333 lead azide is a
nonproprictary mazerial. PVA lead azide is a patented product (Patent No.
2,421,778 dated 10 June i217) currently being manufactured by the holder
of the patent, Olin Mathieson Chemical Corporation, East Alton, Illinois.
On this basis, PVA lead azide may be considered second choice to RD-
1333 lead azide.

41. York to develop improved types of lead azide is continuing, Currerdly
being considered as an improvement over RD-1333 lead azide is a type
known as KD-1343 Jead azide (Ref ). 1o is expected that Licde will b
achjeved in obtaining a tvpe lead azide having preater initating abi'ity
than RD-i333 lcad azide. Qv is expected, however, that improvements such
as higher bulk density winch will eahance its Joading properties cas be
achicved. RU-1343 lexd azide will be the subject of a technical rzport in
the future.



EXPERIMENTAL PROCEDURE

42. The materials used in the work covered by ti.is report include:

Meterial Srecification ' Cred
Lead szide (dextrinated) MIL-L-3053 Amend 1 24 March 1952
Pelyviny! alcohol lead azide Commercial
British Service lead azide IG 237 ) 3 Jan 1942
RD-1333 lead azide Commercial
Colloidal lead azide Commercial
Dextrinated colloidal lead azide Commercial
Basic lead styphnate, 90% min Commercial
through 325 mesh
Tetracene, 50% min through Commercial
325 mesh
Aniimony sulfide, Grade 1 JAN-A-159 31 March 1948
Classa,b ot e
Barium nitrate. Class s, 99% JAN-B-162 28 Augus: 1946

min through 70 mesh, 99%
min on 140 mesh

Gilding metal (95/5 brass);, sheet  JAN-G-439 31 December 1949
and strip
RDY, Ty;z 5, Class C PA-PD-416 13 May 1934

43. The color, form, lead azide content, total lead, acidity, and solu-
bility tests were conducted in accordance with the methods outlined in
Reference 14. Explosion temperature, vacuum stability, and impact sen-
sitivity tests were conducted in accordance with the methods outlined in
Reference 15.

44. The pressure-density relationships of dextrinated lead azide and PVA
lead aziae were determired ir accordance with the procedure specified in
Reference 16, with the following modifications:

a. A No. 8 blasting cap shell was inserted into an aluminum cup
(length, 2.00 ¢+ 0.05 inches; iaternal diameter, 0.248 + 0.005 inch; wal)
thickness, 0.025 ¢ 0.001 inch) supported in a 5-ml graduated cylinder =hich
had been cut down to a 3ml capacity. This was weighed on a balance,
using as a tare weight an empty cap, and another aluminum cup and graduvai=
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of similar dimensions. The shell was then filled with mer.ary and the ex-
cess mercury carefully removed with a glass slide. The mercury-filled
shell was weighed as before and the weight of mercury in the shell detesr-
mincd by difference.

b. After consolidating the increments at the pressures stated and
weigliag the sample contained in tie blasting cap shell, mercury was added
to fill the rexainder of the space in the shell, Again the excess mercury
was removed and the weight of the shell containing the sample and mercury
deterizined.

45. Hygroscopicity tests were conducted as specified in Reference 17.

46. The detonators used in this report were loaded in the manner standard
at Picatinny Arsenal. References 18 and 19 give details of the precessing
of the explosives and explos.ve mixtures and the loading of the %47 deto-
nators. These are typical of the processing of explosives and loading of
detonators used in the work described in this report.

47. The functioning, waterproofness, and booster initiation tests were
conducted by thz methods outlined in Reference 3. The method of con- !
ducting detonator safety tests 2nd the ballistic firing tests is given in
Reference 20. Particle size measurements of PV A lead azide were obtained
usire the methods describe! (a Reference 21. The method of loading the ;
S groay.- <l detonators (paragraph 11) is contained in Reference 22.

{
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Functioning of M47 Detonsters Conteining Doxtrinuted Leoad Azide

Meinture,

0.3
0.6
0.8
0.9

0.3
0.6
"8
0.9

TABLE7

Diemeter of Hele Ir

Meving Known Ancont of Melstere
He. Me. Pired
Tested Migh Order® Lew Order® Avg
3 33 0 .236
3 3 0 .238
33 35 2 .227
33 30 b] 217

After Twe Wooks Sterege ot Ambiont Tempersture

35 33 e 0.233
38 38 0 0.233
33 33 2 0.232
33 21 14 0.223

*Detosator perforated iead disc.

® Deconster failed to perforate lead disc.

“Low ors: ;- are not incinded in calculation of bole sizes.
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Min

.210
221
176
.151

0.210
0.193
0.168
0.189

Leed Dise, In.®

.67
234
.243
244

0.255
0.261
0.258
0.248

A Vig



TABLES

Resvits of Functioning Tests of Meditied M4T Detenators®

Dextringted Diemeter of Mele in
Me. woed Aside, RDX, te. Pired Leed Dise, ind
Tested mg mg High Order® Low Order® Avg Mex  Min
43 110 4 43 0 0.212 0..32 0.177
45 100 40 45 0 0.218 0.244 0.170
45 90 44 43 0 0.194 0.228 0.08l
45 83 46 44 1 0.219 0.251 0.i59
43 80 49 28 17 0.149 0.214 0.07%
45 73 51 2 43 0.163 0.24% 0.081
43 70 53 0 43 seees cmes e
RD-1333
Leed Azide,
-y

49 70 b)) 49 0 0.271 0.295 0.247
50 £ 60 50 0 0.276 0.303 0.249
50 535 63 S0 0 0.282 0.306 0.258
50 $0 66 50 0 0.286 0.319 0.262
50 43 69 50 0 0.273 0.306 0.240
50 40 72 $0 0 0.288 0.318 0.258
S0 3 75 50 0 0.290 0.313 0.253
bl 30 78 3¢ 0 0.266 0.28% 0.228
50 23 80 50 0 0.239 0.277 0.192
50 20 82 44 6 0.213 0.252 0.158

*Detcaators contsined i3 mg NOL 130 primer mix in addition to charges shown in table.
Tests conducted in nccordance with paragraph 4.6 of Spec PA-PD-202 (Rev 1) datec 30
Sep 1997 with Amenamest 1, Jazed 27 jan 1993

blhgh order; deionatui cavsed petforation of lead disc.
“Low uvrder, detonator failed 10 cause perforation of lead disc.

‘1 ow ordeis are not included in calculativn of hole sizes.



TABLE 8 (Coni)

PYA Diometer of Hole in
No. {Lead Azide, RDX, No. Fired Lead Disc, In,
Tosted mg mg High Order Low Order Avg Mox  Min
45 70 60 TS 0 0.260 0.308 0.230
45 60 62 45 0 0.267 0.291 0.230
45 59 64 45 0 0.264 0.298 0.200
45 50 67 45 0 0.263 0.303 0.2006
45 45 70 45 0 0.252 0.290 0.192
43 40 72 45 0 0.269 0.302 0.231
45 35 74 44 i 0.224 0.275 0..81
45 30 76 45 0 0.236 0.276 0.197
British
Servicu

Loeod Azide,

mg
as =0 6l 43 0 0.276 0.300 0.225
49 ) 64 45 0 0.2°3 0.295 0.232
45 5 &t 45 0 0.250 0.3i4 0.238
45 50 68 15 0 0.275 0.296 0,21l
45 45 il 45 0 0.269 0.296 0.218
45 40 73 45 G 0.267 0.288 0.224
5% 35 74 43 0 0.260 0.294 0.216
48 1 7 45 0 0.259 0.306 0.229
45 25 77 45 0 0.229 0.277 0.206
43 26 79 21 24 0.191 0.263 0.115

—




TABLE 9

Resvits of Functioning Tests of M47 Detonators Aher
Long-Torm Storage at 71°C°

Dliometer of Hole in

Storage Time, No. Lead Disc, in.
months Testod Avg Max Min
0 230 0.213 0.240 0.174
i 50 0.215 0.243 0.179
pi 50 0.221 0.249 0.189
3 50 0.221 0.247 0.192
4 50 0.228 0.251 0.200
5 50 0.215 0.242 0.178
6 50 0.225 0.275 0.190
7 50 0.213 0.24!1 0.189
8 50 0.224 0.249 0.199
9 56 0.220 0.252 0.156
10 56 0.228 0.261 0.19%0
12 50 0.230 0.284 0.210
i3 100 0.223 0.266 0.200
14 56 0.231 0.259 0.207
Is 50 0.229 0.263 0.220
i6 50 0.217 0.245 0.199
17 50 0.230 0.274 0.209

a
Detonators contained: 1%-5 mg NOL 130 primer mix

£10-10 mg dextrinated lead azide
Approz 34 mg RDX

All detonetors tested in accordance with paragreph 4.6 of Purchase Description PA-

PD-202. )
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TABLE 10

Resvits of Functioning Tests of Modified M47 Detonators
Centainine RD.1333 Lead Aside After Long-Term Storage at 71°C*

Diemeter of Hele in

Srerage Time, Ne. Lead Disc, In.
merrhe Tested Avg Max Min
[ 100 0.281 0.311 0.251
L 75 0.275% 0.29 0.250
2 100 0.263 0.288 0.224
3 100 0.267 0.292 0.240
4 100 0.283 0.298 0.245
6 100 0.274 0.293 3.239
8 100 0.266 0.296 0.234
i2 100 0.248 0.280 0.196

-Delotluou contained 13/40/72 mg NOL 130 primer mizture/RD-1333 lead nzide/RDX.
Tests were conducied in accordance with PA-PD-202.

TABLE 11

Resvits of Functioning Tests of Modified M47 Detonators
Containing PYA Lead Azide After Long-Term Storoge ot 71°C®

Diemeter of Hele In

Stereye Time Ne. Leed Dise, in.
menths Tested Avg Max Min
0 100 0.281 0.308 0.252
i 99 0.261 0.287 0.213
> oG £.256 0.278 0.238
3 100 0.254 0.269 0.198
b 100 0.245 .27 u.198
) 109 0.265 0.282 0.240
9 100 0.23] 0.248 0.2i9
i 100 0.233 0.258 0.206
13 ion 0. 2406 0.261 0,232

*Detonstors contained 15/70/60 mg NOL 130 primer min/PVA 'ead azide/R .0 Trsia
cotducted in acccrdance with paragraph 4.8 of Purchase Descrigtion PA-P1>202,

23



TABLE 12

Functioning Tests of Modified M47 Detonators
Containing PYA Lecd Azide After JAN Cycling®

Storoge Diometer of Hole in
Peried, No. Fired Lead Disc, In.®
wk High Order® Low Order® Dud? Avg Mox  Min  Std Dev
0 100 0 0 0.281 0.308 0.252 0.013
l 99 0 1 0.262 0.295 0.234 0.017
2 100 0 0 0.266 0.292 0.215 0.013
3 100 0 0 0.248 0.281 0.216 0.016
4 100 0 0 0.254 0.288 0.232 0.015

Overall average 0.262

a
Detonators contained 15770060 mg NOL 130 primer mix/PVA lead azide/RDX. Tests
conducted 19 accordance with paragraph 4.6 of Purchase Description PA-PD-202,

b . . . .
High order, detonator caused perforation of lead disc.
< : . o . P o
Low order; detonator faiied to cause perforaiion of iead disc.
& .
Detonator was not initiated.

e d .
l.ow orders and duds not inciuded in calculations.

24
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TABLE 13

Baliistic Firing Tasts

No. Rounds
Group Tempurature Fired Hitting Torget Functioning

amhient 100 o7 07

-(S F 1 94 04

i6s F 89 84 84
. arbient 100*® 98 98
3 ambient 100 94 94
! (S F 100 97 9
3 HON? ) 59 -
3 arbient 100® 96 96
S amhient 100 100 100
5 —05°F 100 )5 97
g 1657 F 80 oy ¥o
5 ambient 100* 92 92

“
Fired at 112% service pressure
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Fig &

Dextrinated ( olloidal Lead Azide (magnification 500x)
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cextrinate? icad azide. Neither RD-1333 nor PVA was| Pp- 143 938

hygroscopts, but dextrinated lcad azide picked up ove
S molsture in 35 minutes at A2%-92% relative
humidity. Ri2-1333, PVA, Buitish Service, colloidal,
&nd gextrinaced colioidal iced azide had impact
sensitivitiee of 5.103. ':.; and 3 h:h:‘ -l':.‘lil:—-6
. tivejy, usisg the 2- , 8§ COmpar
inches fal?ur-nd lead azide.

Feltman Research and Engineering Labs |
Picatinny Arsenal, N. ).
LEAD AZIDES FOR USE IN DETONATORS, by
RFobert L. Wagner. Jan 60, 38p. 23 refs. Technical
rept. 2662,
Order from LC mi$d. (., ph$s. 30 P8 143918

Dhviring the developn ent of 2 short detonator (M47) ior
Z8¢ in 20 mm ammunition it became ¢ sident that as
smaller fuzes were made, more cfficient :xplosives
for ute In initistors would be needed. To meet such a
need scveral different types of lead azide sere inves-
tige'~< as possihie replacements for the standard
dexirirated lead azide covered by Military Specifica-
ten MlL-1- 1055, The types of lead azides Invest]-
Sated s lude JGenrpirated. RD-1333, polyvinyl slcohol
(¢ ¥A). Brirish Service, colloidal, deatrinated
colloidal. A minimum of 25 mg RD-1233 lead axide or
3 my PVA lead azide was required to Inftiete RIX in
the M47 detonstor as compared with 90 mg for
{Engineering- -Ordnance, 13 Apr 60) (cver)

PB 143938

Detonators - -Materiz!=
Lead azide- -Chemice!l

" PA TR-266

7 OWice of Techaicel bavvices
AO 2-2-60
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