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i’ EXPLOSTVES REGEARCH AND DEVELOPHENT ESTABLISHMENT

3 SYZPOSIUN ON LEAD AND COPPER AZIDES
HELD ON 25th - 26th OCTOBER, 1966

at E.R.DeE., Waltham Abtbey, Essex.

The purpose of the Symposium was to survey the present state cf knowledge
of the chemistry of lead azide as it affects preparation and use of the
subztance as an initiating explosive. Discussion includes the crystallography
of lead and copper azides, the effect of environmental conditions, analytizal

problems and the hazards in preparation and handling.

The programme t7as arranged as follows:

25th Octeber, 1366:

.3 Introduction

Szssion A Polymorphism of Lead Azide

Sesaion B Decomposition and Chemical Analysis
of Lead Azide

26th October, 1966:

I’-

Session C Copper Azides, Occurrence and Prevention
E Session D Hazards in the Kanufacture of Lead Azide

Summary and Conclusions
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4 welcoming audress was given by ..re Go:e Adams in the 2bsence of
Ore LeJ. Eellamy (Director, SeRel.7.) who was on his way to iustralia.
.re Adams extended a velcome to all visitors, especialsy those from
overseas, and said that from the number of papers uritten on the cutject
retter, this was an important field of work. lie went on to say hew
essential it was to have standardised raterinls :nd weapons, and to find
out as guch as pussible about the sensitiveness of ©l1 materials and the
hazards they might present in manufacture and subsequent handling and
storagee.

Or. l. Dunstan, as osymposium Ci:ircan, tien fave details of thw
progranme to be lolloved, stating that the security grading cf the
information given and work discussed was UNCLAJSIFIZD. The purpese of
the Symposium was to bring togcther the people concerned with manufacture,
perforcance, and stability of the materials concerned, tc survey the
status of the wcrk, and to record its prcgress. He concluded by saying
thut 2 report of the symposiug vould te published as soon as possibles




P

N gtk | g e

LA e g e

Session A Polymorphism of Lead Azide

3ession Chairmens Ir. GoWeCe Taylor

Contributors: IFre GeisCs Taylor
Hr- J- Ra C- mlm
Dr. Re.:ieHe .n'yatt

Session Secretary: ire J.Re hite

The Chairwan opened the scssion by extending cordial greetings to visitors
from so many iifferent countries and organisations with a common interest in
lead azide. He had met them individually in their own laboratories and
factories and was glad of this unique opportunity to meet collectively at
E«R.DeEs The proceedings of the symposium were non-proprietery as wel. as
unclassitied for security purposes; this was no disadvantage, as the emphasis
would be or the essential chemical und physical properties of lead azide as a
substance.

The Chairman continued that in view of the considerable military and
industrisl applications of lead azide, no excuse was needed to account for
the time spent on the ensuing programme. He then reminded the audience that
polyrorphism was defined as being the ability of a substance to exist in more
than one crystailline arrangement; each form has a different absolut: densit;/,
and can be identified optically and by its x-ray diffraction pattern. Some-
times variation in crystal habit was mistaken for polymorpkism, and in lead
azide work pseudomorphism (where corversion from one polymorph to annther has
taken place without apperent change in shape) was apt to cause confusion.
Polyrorphisz becomes apparent during preparation by metathesis, when the size
and shape of intermediates can be itudieds There is a strong interest in
polymorphism and it is desirable to understand the conditions favourable for
the formation of each type, since it could perhaps be related to sensitiveness
or to the occurrence of unexplained explosions. Identification by X-ray
diffraction is especially important when additives are innorporated. A full
knowledge of polymorphism could lead to the effective control of crystal size
and shape during production prcesses. Existing known polymorphs are the
alpha or common rhombic form witli a 4 of 4.7; the beta moncelinic form of
he9 (iidles 1531); the gamma monoclinic form of AL.7, first isolated in
EeXeDeE. in 1956 and confirmed in Sweden in 1960; and finally the delta
triclinic form of AL.6 isolated recently in Sweden.
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Paper (4A-1 I1i8 CRYSTALLOGRAPHY CF LE.D AZIDE

JeR.Cs Duke

L3 ; Crystallographic method. have been used in thig Establishrent over a
T long period {'or purposes of characterization and identification, and have
been extensively used in studies of initiatory expliosives.

One of the fundamental requirements of an explosive is reproducibility
y: of performance, and in practice this is achieved by employing as ingredienta
Voo : suitable purs chemiral substances in us reproducible a pnysical form as can
f ) be secured. A lurther requirement 1s that the method of preparation adopted
. : should conai..tently result in the formation of the decired physical and
-3 : chemical individual, cven if the conditions of' preparation vary in some degree,
since in practice it is impossible to avuid some variations of this kiad.

imﬁ 2 liuch of our application of crystallographi iethods has been within thics
) f general framework of practical requiremeats, ana we are here ccncerned with
a survey of the agcumuluted crystallogiraphic data in the lead azide system.

'/) i Four polymorphic forms of lead azide are at prccent known, and are
Jas : designated as the alpha=- beta- gamma- and delta- forms. Miles, %*r his
A 3 ; picneer work in the 1930's, described the alpha~ and beta~ forms, buv
;i ? unfortunately the axial labels, and in the caas of *he beta= form the cell,
- 3 ; which he chose were unconventionals Some subsequent authors have adhered
< i : to liiles's choices, but others Lave changed some or all of thess to mnre
3 f conventional ones; nevertheless, the resulting descriptions are equivalent.
. j All descriptions are here given in terms of the cells adopted by Lamnevik
., ;; : and S¥derquist, who have made wha* are prolably the most accurate measure-

ments of cell dimensions and powder pacterns which are available in this
systems




Alpha- lead Azide

- Alpha- lead azide, Pb{N3)2

Crystal system ¢ Orthorhombic
Space-group t Pc2¢n probably
Unit cell dimensions:

a L c Ref.

1e34 A  16.25 A 6.64 A liiles (1931)

11.312 164246 64628 Prefferkern (1948)

11,42 16430 6465 Duke (1951)

] 11.34 16.25 6.63 Azaroff (1956)

1141 16. 31 6o 66 Hattori and McCrone (1956)
11.330 16.271 6.636 Lamnevik and Stderquist (1963)

X-ray powder data published by:

i Hattori and licCrone (1956), contains cubic pattern
Lamnevik and Soderquist (1963)

In the course of our work, we indexed the powder pattern of both
alphe- and beta lead azide, and on a few patterns found a series of sxtra
lines which could be indexed accurately on the basis of a face-centred
cubic cell, a = 7.860 A. This pattern is also present in the data published
by Hattori and icCrone for the alpha= form; it will be referred to again
later.

§ /ﬁeta teeen




Beta lead Azide

Beta lead azide, Pb(Ns)s
Crystal system: DMNonoclinic
Two choices of unit cell hava been made,
with the following unit cell dimensions
and space=groups:
I-centred cell, space-group I2/m, Im or I2
a b e Beta Ref.

17.60 A 8.83 A 5.,10A 90.8° Miles (1931)
17.508  8.844  5.090  90.2° Pfefterkorn (19.8)
17569 8.837 5113 90.29° Lamnevik and S¥derquist (1963)

C=centred cell, space=group C2/m, Cm or C2

18.37 A B8.89 4 5
18449 848l 5
18. 31 8,88 5
184323 8.837 5

11 A 106.3° Duke (1951)

12 107.6° Azaroff (1956)

23 107.5° Hattori & McCrone (1956)

113 106.5°  Lamnevik and Stderquist (1963)

X~-ray powder data published by:

Hattorl and licCrone (1956) .
Lamnevik and Soderquist (1963)

It should be emphasised that the above two descriptions are not in
conflict; they are merely different ways of describing the same thing.

A point requiring clarifiocation in the powder data is that Lamnevik
and S8derquist report = very strong powder line at 7.94 4 in the powder
pattern. e have never observed such a line, and it is not reported by
Hattori and licCrones

/G'amma- seeve




Gamma~ and delta- Lead Aszides

e B R

The formation of these two polymorphs is favoured by low pH and/or
presence of polyvinyl alcohol, at appropriate rates of crystallization.

Gamma- lead azide, Fb(N;!g

Crystal aystem: Monoolinic
Unit cell dimensions and space=group

a b ¢ Beta S=g Ref.
12,17 A 10.51 & 6.55 A 98.5° P2(/a Duke (1957)
12.060 10.507 64505 95.75 P2y/m Lamnevik & 39derquist (1964)
or P24

X-ray powder data published by:

Lamevik & Sdderquist (1964)

Delta~ lead azide, Pb‘N;tz

Crystal system: Triclinic
Unit cell dimensions

a b ¢ Alpha Beta Gamma Ref'.

13.163 A 10,532 A 6.531 A 90.53° 98.12° 112.67° Lamnevi% &GS?aerquist
1964

X-ray powder data published by:
Lamnevik and Soderquist (1964)

e have confirmed the single orystal results for delta-lead agide and our
powder data for both forms agree with those of Lamnevik and S8derquist

We think, however, that there is an anome’y in the results for gamma
lead azide, since we think that our value for the beta-angle is not likely
to be in error by more than a few tenths of a degrew, while Lamnevik and
SBderquist quote an e.s.d. for this angle of * 0.03°; furthermore our
space-group assignment was made on the basis of weli-exposed phLotographa
of good crystalss. A possible explanation may be that these two forms are
related as polytypes, and rhat some degree of variability exists in the
erystals.
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dp_ Nrabic phase"

This has been referred to previously. The experimental observation is
that sometimes an X~ray powder pattern of alpha- or (lass frequently) beta~
lead azide may show this pattern; a repeat specimen made from the same
sample wmay not show it. The frequency of ocecurrence is very low, but despite
attempts at variation of degree o' grinding, temperature and humidity, and
application of heat or pressure, it has not been possible to obtain this
phase in a reproducible manner or in a pure state. Its identity is not
known; it may or may not be lead azide; it is not lead nitrate (primitive
cubic lattice, a = 7.856 A).

Details of the x~ray pattern are as follows:

The "cubic phase" - composition unknown

Calculated
Observed feCoCey
a = 70860 A
Intensity d A dA Index
W 3.938 3,9% 200
W 2.776 2.779 220
m 2.370 2.370 311
w 2,266 2.269 222
w 1. 963 1 -965 1000
w 1.806 1.803 33
w 1,758 1.758 320
VeW 10606 1 -604 10-22
w 1513 1.513 511
Vel 1,389 1.389 40
Ref: Duke (1951) (1953)

/Basic essae




Basic Lead Azide

[
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Ona of the forms of asic lead azide has been observed, sometimes as
well~formed crystals, on alpha lead azide pellets after exposure to hot

mouist conditions;

the same substance has been identified in well crystallised

preparatiuic of bagic lead azide, whose analysais agrees with the composition

PbNJ OH-

Basic lead azide, PbN3OH
Crystal systen: Monoclinice
Space-group : probably P2,/c
Unit cell dimensions:

a b c Beta

15.25 A  5.75 A 1447 A 114.7°

Ponder data obtained

Density 6.10 observed (A.T. Thomas), 6.14 calculated

References

1«  Azaroff, L.V., Z. Krist., 1956, 107, 362

2, Duke, J.R.C., Ministry of Supply reports [unpublished)

3. Hattori, K. and llcCrone, /., Anal. Chem., 1956, 28, 1791

4o Lamnevik, S. and $derquist, R. (1963)
Forsvarets Forskningsanstalt, Sweden. FOA Report A 1105 = H10

5. Lamnevik, S. and Stderquis;, R. (1964)
Forsvarets Forsimingsanstilt, Sweden. FOA Report A 1174 - M10

Ee Miles, FGD-, .Ill phem. :‘)220, 1931, 2552
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Extract from Literature Survey on Metal jsides

by S. Johansson, S. lLammevik and R, Sdde-quist

Group LSB!
. '{. Pngszg

In group 4(B), the structue is known only for lead azide., Four
polymorphs are knowm, alpha, beta, gamma and delta-lead azide.

Hileszz appears to have been the first to diseover alpha- and
beta~Fb(N3)2. He determined the unit cell constants of alpha=Pb(Nz):
with an X~ray spectrometer and optical goniometer:

a = 6-61‘- A, b = 11-3“. A, ] = 16-25 A, Z = 12

From rotation photographs he determined the cell constants of
beta-Fb(N3 )2 (I-centered monoclinic unit cell):

a = 17.604, b = B8.83 A, ¢ = 5.10A, Dbeta = 90°49%, 2Z = 8

g - _ In 1934 Sutton23 gave a c-vg&ue twice that of Miles for alpha-Fb(Ns)ae
] A redeterminaticn by Pfefferkorn“* in 1948 (rotation photographs) gave the
values: :

a = 6.628 A, b = 11.324, ¢

#
-
[eaY
L ]
0~
5=
(o)
i+

0.002 A
3 g in agreement with the values giver by liiles. The pnssible space groups are
S Don (0 50 13, 16), that is Poum, Pcum, Pmmn, Pcnme

For beta-Fb(N;), Pfefferkorn obtained:
a = 17.508 + 0.002 A, b =8.844 A, ¢ =509 A, beta = 90°10' * 2°,

“he possidle space groups are Dzh(1-5), that is P2/m, P2,/m, C2/m, and
P21/a.

/USiNg eeeve




Using a precession camera with “Ohalpha and AgKglpha radiaticn,

2
izaroff 5 obtained:

alpha-Fb(ilz)eza = 11.31 4, b = 16.254, ¢ = 6.63 4, 2 = 12
beta~Fb(Ws)2 ta =18.49 4, b = B.84 4, ¢ = 5.12 A, beta = 107°35"
%2 = 8 (C-centered monoclinic cell)

a = 17,704, b = B8.84 4, ¢ = 5.124A, Dbeta = 50°10!
(I-centered monoclinic cell)

The space-group of the lead atoms in alpha=-Pb(N3)2 is Pemn or Pc2yn.
The position of the azide ions could not be determined. The positions of
lead atoms are (sp&ce group Pcmn):

8 Fb at X 0.130, Y 0.085, 2

3/8

4 Fb at X

0.870, Y

1/ , L 1/8

1]

Azaroff assumes the azide grcup to be nonsymmetric in Fb(Nj3)a, a
suggestion which is supported by IR measurementss However this leads to
a contradiction witi. refevence to the space groups. Pe24n is the possible
space group for non-symmnetric azida ions, but caleulations based on gestetry
indicate the space group Pemn. Azaroff points out that a definite structure
determination will have to wait until nsutron diffraction data are available.

2
Hattori and .icCrone 6, using an X-ray powder diffractometer, obtained

the following cell constants for alpha—Pb(N;)zz

a = 11.41 4, b 16,31 A, ¢ = 6.66 A

/A neutron sssee
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27
A neutron diffraction study cf alpha-Pb(Ns), was undertaker by Glen
in 1963. He reports that Saha, in u personal communication, found Po2in
to be the correst space group of alpha-Pb(Ni)z. Glen showed that the azide
ion is ronsymmetric and tl.e distances Fb=N are 2.48 A und 2.92 A« Two lead
atoms with the co-ordinates
X Y 2
™{2) 0.344 0.121  0.415
Fb(3) 0.333 0.122 0.092
have 7 closest N-neightours. A lead atom with the co-ordinates
X Y 2
Pb(1) 0.06L =0.440 0.247
has 8 clcsest N-neighbtours.
In 1963 the cell constants of alpha- and beta-Fb(N3)2 were carefully

determineu Ty Lamnevik and S¥derquist™ . Using a Guinier powder camera and

CuKalpha radiation they cbtained for alpha-Pb(Ni)2:

a = 11.330 R, b = 16,271 A, ¢ = 6.636 A
and for beta~Fb(Ns3)2

17.569 A, b =8.8374, o =5.1134, Dbeta

w
it

#

90.29° (I-centered cell)

©
1

1}

18.323 A, b =8.837 A, ¢ =5.113 A4,  Dbeta = 106450° (C-centered call)

They showed also that beta irreversibly transforms to alpha=Fb(N3)2 at about
160°C.

Lamnevik and S'dderquist29 discovered two new polymorphs of lead azide
which were nemel gamma- and delta-lead azide. From single orystal and
powder data they determined the cell constants for gamma-Pb(N;)z,
(monoclinic unit cell conteining eight formula units):

a = 12,060 A, b = 40,507 &, ¢ = 5.505 A, Dbeta = 95.75°

/The TR X]
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The space-group is P2:/ae

it cell has been chosen with:

a

alpha

gamma-Pb(N3)2 has elso been obtainud by Ta,ylor30

a =

L]

s N
S
-

=
[AN
o

1
8
L]
wn
(VS

12,174, b

Eb{N3)a, abstract

The values given are erithmetic means.

P =

beta =

10,51 A,

and the lowest literature vaiua2.

10.532 A,
98.12"

[+ =

gamma

6.55 A,

Por delte~Fu(N3)z a body-centered triclinic

6.531 A

c

112.670’ Z = 8

who obtained:

beta = 98.51°

The limits indicate the highest

alpha=Fb(N3)2 beta-Pb(N3)2 beta-Fb(N3)2 gamma-Pb(N3)2 delta~Fb(Ns):

Lattice type

Space group
a, A
b, A
c, A

o=rh.

Pe24n
11, 340%]
16,2653
6.639271

12

2.48’20 92

JDONe
I-center.
17.55928}

8.837 %}
5.10121%

90.42°

mon. iile) oI tric.
C-cunter. P24/a I+ or I1
18.37L284% 12,060 £ 3 13.163 3
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o Discussion on Faper (ai-1)

The Cha’rman thanked .r. Duke and Iir. Lzmnevik, who had supplied a
: literature survey on crystal data ond struciures of metal azides, an extract
3 ; from which has been reproduced.

irs Lamnevik said that regarding the point raised by iir. Duke about
the strong line at 7.94 :» in the x~ray powder pattern of beta lead azide,
this was in fact a misprint and should have reecd "a very weak line®. 'Hth
reference to the cubic patiern, he had seen it mentioned before in a paper
dealing with thermal decomposition of lead zzide and thought it could be the
first emergent state in the decompcsition by heat. He went on to ask if
anyone had examined the decomposition products of' lead azide under vacuum.

iire Duke said that the cubic pattern mentioned by lire Lumnevik was a

: different one [Ref. Stammler, Abel, and Ksufran. Nature 1960, 185, 456],
R where a cubic phase (a = 12.25 ;) is formed by heating alpha lead azide at
175°C for 215 hours. Dr. Lovecy asked if it could be interstitial lead and
if it had been treated with hydrazoic acid to see if it was due to superficial
damage. 1. Duke did rot thinik that the presence of the cubic pattern was due
to the presence of interstitial lead, but thought it would be a good idea to
try the eft'ect of hydrazoic acid.

irs Lamnevik then referred to the differences between beta and gamma
lead azide. He said he had prepared gamma lead acide both with and without
the use of additives, and asked if the Samma lead azide prepared by E.R.T.E.
was pure. The Chairman said that no F.V.A. could be detected by analysic
and work had been started using radio-active labelled P.V.A. iir. Duke caid
he did not think the presence of P.V.i. in a crystal would affect its
parameters.

s A

ire R.C. Harris asked if the Lamples for x-ray examination were ground
in air, and if so could this "cuLic pattern" be carbonates .r. Duke replied
that the patterns of the usual iead carbonates were quite different. In
fact C02 usually reacted with lead azide to give, initially, bvasic aczides.

Pre._Lovocy asked if the residues of reagents could be responsible.
.re Duke said there was insufficient present; from the relative strengths
of .he patterns it appeared that in 2 typical case there might be about
twenty-five per cent of the "cubi:" azide present.

or. —unstan acked if there would be enough sample available on which to
do a chemical analysise _r. Duke replied that only one milligrarmme was used.

'~ s
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The Chaivman said that E.RuDuE. had experdienced difficulty in making
beta lead azide entlrely free from alpha, using {iles' diffusion process.
.r. Thomas at .Joolwich has devised a method by which this can be achieved.
Into a three litre beaker containing two litres of distilled water, from
burettes situatcd diametrically opposite, twenty five ml each of solutions
containing ten mi of lead nitrate and forty mi: of sodium azide are added 5
over a period of one hcur. The resulting product is pure beta lead azide. §

v , Dr. Lovecy remarked that the suppressing effect of dextrin has been
3 ' ncwm for 35 years and asked if anyone had any idea of the mechanism of this .
effects He added that one would think the only effect of an added coliloid ;
would be to increase viscosity, which by slowing diffusion should favour the
Tormation of the beta polymorph.

C noditen

The Chairman replied that there tviere other materials that favoured
beta, e._ e« e0sin, which did not increase viscosity, and that the mechanism
was not knoune.
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, OF LEAD AZTDE ’
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Of the three poljmorphs of lead azide, the alpha t'crm has received
considerable attention .;ith regard to sensitiveness studies because of its
military application. The beta form has not been studied very much, largely
because of the diificulty in preparing sufficient of it to carry out enough
trials. The gamma form, though easily prepared, uiias not been systematically
investigated.

The opvortunity of' carrying out couparative tests on all three polymorphs
arose recently, mainly bzacause of the <iscovery by :r. A.T. Thomas of 2 method
of maldng beta lead azide on a relatively large scele, and free from con-
tamination by alpka lead azides

Statements in the literature have suggested that beta lead azide is
more sensitive and dangerows than alpha lcad azides Doubts expressed about
these s*atements led to the de*ermination by Gray and addington (Nature
1955, 176, €53) of the erthalpy change of the transformation:

alpha crystalline Fo(iis J2 - beta crystalline Fb(Na);
by an E....7. method. They fcund
AHE = 0,30 * C.05 ¥cal/mole,

giving values for the heats of' formation of the alpha and beta forms of
-115.5 and -115.8 Kcal/mecle respectively. Tnough the energy content is
not the only factor, this result suggests that the sensitiveness of tne
two polymorphs should net differ by very much. The enthalpy change for
the transformation to the gamma polymorpn is not knowne.

Conparative tests have buen cur
impact, friction and electrostatic disclu
outlined ian the aprendix.

255 the sensitiveness to
ils of these tests are

-
=

Table 7 contains the resulls for ii.: three polymorphs. !- the case
of alpha and beta lead azide, vory simli.~ rssulls are obtuined in all three
tests, the differences being quite insigniiricants There is no difference in
the sensitiveness of =1lpha and beta lead aziic. The gamma polymorph shows
ar inerease in impact sensitiveness and a deerease in friction sensitiveness,
but sensitiveness to electrostatic discharge is very similar to that of the
alpha and beta forms. The differences feund with the gamma polymorph may
be cauased by a different heat of forrmation or differernces in physical
properties. In view o' the very similar <lectrostatic ignition results,
the latter expluration is sore likely.

/;r;tET:Chdi:‘: seave




Aprendix

The Ball ard Disc lLapact Test

This apparatus is described in *he Proceedings of the International
Conferenct on fensitivity and Hazards of Explcuives, London, 1 - 3 October,
1963, and is baseu cn that described by Ubbelohde et al. (Phil. Trans
Roy. Soc. 1948, A.241, 287). It employs a 95 g ball as the falling weight,
and a striker of 96 g to vhich is fitted a 5/32 incii steel ball as the
impacting surfaces The sample of oxplosive is prepared on a . inch steel
roller by means of a filling plate of 0.018 inch thickness having a hole
of 0.157 inch diametcre A brass disc, of thickness 0.025 * 0,005 inch,
is piaced on top of the ciplosive. A fifty shot up and down test is
carried out using a logarithmic distribution of heights with an ireroement
of 0.075.

The Fmery PFaper Friction Test

With this apparstus cne frictional surface is caused to move relative
to another by means of a Llow from a pendulum bobs The stutionary frictional
surface is a .. inch steel roller to which a 1/16 inch diameter circle of
0 grade emery paper is stuck on the undersides The moving surface is a
5 x 15/1% x  inch mild steel slide to vwhich a picce of the same type of
emery paper, 1% x § inch, is stuck teowards one end. A semple of explousive
(of the same volume as useG in the impact test) is apread cut very ocarefully
by means of a rubber spatula so that, by the use of a paper guide, it
occupivs a circle of 11/16 inch diameter towards one ond of the emery papers
The slide is placed into the holder of *he pendulum machine and centred so
that the explosive is lined up with the hole for the stationary surface,
and so that the peadulum will colilide sque-vely with its ends The roller
with the smery paper face down is lowered .urerully into the hole bty means
of a magnet on to the top of the sample. The loading arm is lowered, giving
a lead of 15 kg on tne sample. The pendul-un is then allowed to fall from an
angle selected to give the aprorpriate strike velceity., A fifty shot up and
dovn tesct is cavried oubt using : logarithmic distribution of velocity with
an increment of' 0.100.

,/The L ]
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The ilectrostatic Spark Test

In this test samples of loose explosive are subjected to two types of
discharge, (a) a dischurge between two retallic electrodes using
capacitances usually of 250 and 500 uul under conditions such that the
upper electrode can approach and touch the lower electrode upon which the
explcsive is placed and (b) a discharge between a metallic electrode
using capacitances over a wider range, under similar conditions except
that the lower electrode is covered by a piece of conduecting rubber. The
discharges used in (b) simulale those from the finger of a charpged persons
For some description of the test see Iroc. Roy. Soc. 1958, A,246, 189. The
sample of explosive is prepared by the same filling plate as used in the

impact test.

In (a) fifty trials are carried out at various znergy levels with the
twe ocapacitances so that a result can be quoted as the minimum or threshold
ignition energy which is the energy for O ignitions in S0 trials, with one
or more ignitions in 50 trials as the next highest level.

In (b) fifty trisls are carried out at various -nergy levels with at
least three capacitances, so that a graph can be ploited of the threshold
ignition energy against capacitance, from which can be es:imated the
minimun capacitance for ignition, and the minimum energy at the optimum
capacitance.
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Discussion on Paper (i=2)

Dr. Ball asked if' the sample of beta lead azide tested was of mixed or
controlled crystal size, cs he thought it might have scme bearing on the
results.

Dr. ilyatt said that tlie sample wus broken up with a rubber spatula and
was therefore of mixed particle asize including biroken crystalss Dra. Ball
then said he thought it might be significant that broken crystals wera
included in connection with rogue explosions. Dr. Kaufman asked if there
really was a signi 'icant diff'erunce between 12 and 20 ergs. Drs . vatt said
there was not, since samples of alpha lead azide of differing particle size
had given this sort of range of' values.

Mre Duke asked if Qe 5 Keal diffurence in heat of formation was
significant; if the difference had instead been 3.0 Kcal, would this be
sufficient to show marked differences in sensitiveness? It was known that
AH for polymorphic transformations had a maximum value of ~3-5 Kecal/mole,
and cases were known where polymorphs undoubtedly showed marked dilferences
in sensitiveness. Dr. Wyatt said that 0.3 Kcal difference would not be
reflected in difference in sensitiveoss, but he thought that 3 Keal dafference
would be juat discernible.

Dr. Lovecy said liles and Garner gave differcnt activation energies but
he thought that the differcnce would show up in thermal decomposition but
not in a crude test such as this. He went on to acgk if, in view of these
results, all the effort put into the suppression of beta was justified.

The Chairman said that therc was o strong case for the suppression of
beta, as it was desirable to have a pure, peproducible product and that

some confusion had occurred wvhich assoclated bela lead azide with spontaneous
explosion; this was, of course, incorrect.
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Paper (a=3) Tilk_ PHePARaTION OF Gaiviid LEsD AZIDE

GeWeCe Taylor

The common alpha (orthorhombic) normal lead azide is readily prepared
free from other modifications although the beta (monoclinic) polymorph is
of'ten observed during the early stages of crystallisation. This occurs
especially where mixing of reactant solutions is poor s¢ that conditions
of slow diff'usion are very f'avourable to beta formetion. The isolation of
gamma (monoclinie) lead azide is much morec difficult which accounts for the
comparatively recent discovery of this polymorph.

By the use of sclected additives the isolation of the polymorphic
modifications o lezad azide is gimplifieds Eosin favours the formation
of beta lead azide, ani most hydrophilic ceolloids, of which dextrin is the
bost knovm, suppress beta iy favour of alpha. The most striking example
of a polymorph inducer is polyvinv. clicur.:l, which faveura the gamma
polymorph at low temperatures (below ca. 25°C) and . ipha -t higher
temperatures. There is some evidence that at a very critical intermediate
temperature beta lead azide is formed. No other additive has been found
whici is as effective as polyvinyl alcohol in promoting gamma formation;
the presence of unhydrolysed polyvinyl acetate interferes seriously with
this process. The mechanism by which polyvinyl alcohol operates to give
gamma lead anzide is a matter f'or speculation but it is of interest that
further study in E.leD.lss has shown that a new polymorph of barium
styphnate can be isolated with polyvinyl alcohol as an additive and that
beta laad styphnate formation 1s suprressed very strongly by it, an
observation which is important technically.

Theret'ore gamma lead azide can be prepared reproducibly and in
quantity (450 gm batches) using as an additive polyvinyl alcohol which
is free from unhydrolysed polyvinyl acetates The degree of polymerisation
does not appear to be eritical. An effective procedure is to add
aimultaneously and slowly solutions of sodium azide and lead acetate to
a s%irred solution of polyvinyl alcohol conbtaining a small advance of
sodium azides The tomperature preferably should not exceed 15°C for the
reason given aboves

Gamma lead aside can be propared also by the action of hydrazolec acid
gas on lead acetate solution containing 0.2 per cent polyvinyl alcohol. It
can be recryst~llised from ammonium acctate solution in order to obtain
larger and better formed crystulse It can be prepared also by dissolving
alpha or bcta lead acide in five per cent acueous solution of ammonium
acetate containing polyvinyl alcotol and :1lowing to erystallises \lhen
crystallising f'rom ammonium acetate solutions the temperature should not
excoed 40°C.

/Dls cUS3ion seeea
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Ligcuscion on laper gA-ﬁg

The Chairman said that gamma lead azide could be prepared without the
use of additives, as had been indicated by lir. Lamnevike Dr. Lovecy asked
Yire Lamnevik if' there were any special features of his method of preparation.
i.re Lamnevik replicd that it was essential to employ the use of a buffer of
hydrazoic acid/sodium azide solution of pH 3.0 to 5.0.

Dr. \lyatt gave the rosults of sensitiveness tests carried out on gamma
lead azile (Table I in paper (4=2)) and on mechanical mixes of 90,. service
lead azide with 10,. betn, and 90,. Scrvice lead azide with 10 gamme
(Table II),

TABLE IT

Effect of Beta- and Gamma~ Lead Azid: on the Sensitiveness
of Service Lead Azide to Impact and Friction

hu@‘&hﬁﬂdﬂ&ﬁ

905 Service Azide/ 90;, Service Azide/
10,. Beta lead azide | 1C,. Gamma lead azide

50, . 3 50,. s 50, S

Service Azide

Impact 15.24 om 0.106 | 11.91 ¢m 0.081 1031 cm 0.149

rriction { Lek6 ft/sec .84 | 3.61 £i/sec 0.206 | 3,57 ft/sec 0.242

These showed that the addition of either beta or pomma lead azide
caused an increuse in sensitiveness to impact and friction.
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lir. liedlock asked if the tests on the mixtures could really be showing
differences in hardness rather than th trve cheracteristics of the material,
and said he would like to see the reaults of tests carried out on a mixture
of 90;. gamma and 10,, Service lsad azide. e thought this might be more
sensitive even than gamma on its owne

Dr. ystt said thst thias might be the case, and tests on other mixtures
would be ocarried out.

llrs Clay said that as a user he was very interested in these results and
he looked forward to seeing the results of future tests.

Dre Lovecy said that beta lead azide had very different "physical
features" from alpha und gamma, and asked if the manner in which sensitiveness
at the O, point varies could be a c¢lue to the individual types.

The Chairman said that this point was more appropriate to seasion D,
but as gamma lead azide was less stable than either alpha or beta it was
unlikely to have any technical applications JMr. Lamnevik agresd. From his
expericence gamma and delta fairly readily turned yellow when exposed to
light, and this was a method that could bs used to detect their presence.

The Chairmen said that Dr. Bowden's luboratory at Cambridge had found
the gamma form too eusily decomposed by electron bombardment at normal
temperatures for profitable study, but he thought that garma and-‘delta
lead azide were good subjects for researsh at low temperatures. It was
possible to prepare either alpha, beta, or gamma lead azide simply by
altering the temperaturs conditiona of one process. However, it had not
been possible to preparse delta lead azide by this process, although it
can be made in the presence of P.V.A., and its preparation will be further
investigated.

Mr. S.E, Herris asked if any variation in results of sensitiveneass
tests would be sxpected on samples of the same materisl but of various
uniform crystal sizes.

The Chairmen replied that tests had been carried out on pure alpha
lead azide over a range of sigzes, and that similar results were obtained,
The only exception was in the electrostatic spark test on colloidal material
which proved to be more senaitive. However, grinding large crystals did
not affect their sensitiveness. He thought that method of preparation was
more likely to affact sensitiveness than was crystal size.

/BBSiO se0en
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Basic lead azide was then discussed. The Chairman said that it
sometimes appears as traces in, and is s component of, Service lead azide.
wre Thomas at .oolwich had prepared it in a pure crystalline form
corresponding to the formula Fb N3(OH) by crystallisation from a 5 ammonium
acetate solution containing free ammonia to a pH of 8.7. lir. Duke had
examined this matcrial, and had found it present as well-formed, white
crystals on pellets of alpha lead azide stored under moist conditions.

The Chairman asked Lir. Duke if he thought that various basic lead azides
described in the literature were forms of different crystal habit and not
polymorphs. lir. Duke said that further work would be required before this
could be settled, but he thought there might be fewer forms of basic lead
azide than had sometimes been suggested.

Dr. Kaufman sald that work had been carried out at Picatinny, Arsenal
on formation of basic azides by the action of hydrazoic acid on lead oxide,
but the results did nnt indicate any possible use for these materials in
amrunition.

The Chairman said that as basic¢ lead azide did not hydrolyse, mixtures
with normal azide had beon tested f'or potential application. However, the
basic azide dia not suppress the hydrolysis of the normal salt even when
present in largs excess.

This brought session A to a close and the Chairman thanked all those
wwho had participated.
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. o dession B Decompcsition and Chemical snalysis ; )
. of Lesad Azide 2

Session Chairman: Dr. I. Dunstan
% Contritators: Mrs Neds Blay
q Dr. . Todd
Nr. 3. Lamnevik
Session Secretary: Ilirs G. Packman
The Chairman opened %the session by referring to the various ways in

which decomposition of lead azide could cccur. The principal modes were:

4 (i) Direct breakdown into the eleuments:
Fo(Ns)z2 = Pb + 3Nz

This reaction had been studied extensively.
(i1) Hydrolysis:
120
Pb(N3)2 == Dbasic lead azide + ZHN3 + FbO

Fundamental investigations of this reaction had received less detailed
attention in the open literature, but such degrudation was of great
practical significance from the Service aspect.

(iii) Oxidatic~ (e.ge by ceric compounds):
’ ? s (N ] ) 2 = Pb++ - 5N2 + 2e

(iv) Reaction with nitrite ion:

Po(N3s)2 + 2M02  + &H® -+ ™ 4 2,0 + 2N + 2H:0

(v) metathesis:

PL(Ns)z + 2X'Y -+ FbYo + 2XNs

/Ar‘.e.lysis XYY ]
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Anslysis of lead azide was of importence not only for production purposes
but also for foilowing the behaviour of lead azide under various conditions
arising during climatic trials and other investigations.

The Chairman intruvduced the first speaker, dMr. N.J. Blay, who was

follcwed by Dre Ge Todd and Mr. Se Lamnevike. lir. Blay then gave a further
papers

/PaEEr SB-12 svsee
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Paper sﬁ-fl THE EFPSCTS OF ENVIRONIENT.L CONDITIONS ON THE
DETERIORATTION OF LEaD AZIDE

S b

NIJ. Blav

The many papers which have been published describing the thermal

decomposition reactions of lead azide vhen heated in vacuum all indicate
heat

that this mode of decomposition (Fb(N3)2 > b + 3N2) is of little
importance in relation to the behaviour of the(sTbstance during storage
at near normal temperatures, The data of Jack 1) can be extrapolated to
show that the period of induction, which is commonly observed in gas
evolution experiments, and vhich precedes the accelerated reaction leadin
to complete decomposition, would last for a period in the region of
1C0 years if the erperiments were conducted at 60°C, or for about 5 years
at 90°C.

Reitzner(2), at Picatinny Arsenal, found that the thermal decomposition
reactions were greatly affected by the presence of water, which in trace
amounts appeared to react with the nuclei from which the thermal decomposition
reactions developed, and thus tended to inhibit the decomposition, but which,
vhen present in larger quantities, resulted in hydrolysis of the azide with
formation ¢r hydrazcic acid and ammonium azide.

Thorn‘zy(j) and oihers at the University of Utah have used electron
microscopy to study the reactions occurring on the surfaces of lead azide
crystals kept in various environmentse It was found that high humidity was
essential to obtain any measurable reactioun with carbon dioxide, and that
without added water vapour only slight effects were produced even after
6l hour. exposure at 100°C.

There is much evidence to suggest therefore that the long term
stability of lead azide in stored ammunition is largely governed by its
reactivity to water, and the influence which other subatances in its
environment may have on this reactivity. These reactions have received
comparatively little attention hitherto, and in this paper some quantitative
information is presented, which indicates the extent to which hydrolysis may
affect lead azide.

Briefly the methods used were as follotwrs:

/SPECimerS suesree




Specimens of lead azide (in most cases British Service Lead Azide),
weighing 0.3 grams, were placed in small (2 em x 2 cm) open glass beakers
and stored in air at the temperatures and relative humiditiea listed in
Table I. The storage containers were laboratory vacuum desiccators 7" in
dianeter, containing saturated salt solutions chosen to produce the
required relative humidities. After storage, the azide contents of  the
specimens were determined, usually by the method described by Sen L) ana
others, in which the lead azide is allcwed to react with an excess of ceric
ammonium nitrate solution; unreacted reagent is then measured by titration
with standard ferrous sulphate solution.

'The results of these tests are summarised in Table I vhich, in most
cases, gives the average results obtained for several experiments under
each set of conditions.

JTABLE I seees
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Decomposition of Lead Azide
(rall in Agide Content - of Service Lead Azide, Except vhere Stated)
E Trial Conditions
— i Decomposition Rate
. as ! Other . Loss of Azide
Temperature Humidity !' Variables Duration Per cent per month
°c 4e DoHe f iionths
§
IoScAaT. (A) | - 12 0-15
I.S.A.T. (&) Re+D.1333 42 Ol
€0 Ambient - 12 0,03
H 60 Ambient ReDe1333 12 0.03
6C 95 - 6 0.25
Ac 95 - 1 4 to 5
80 7 - 2 1
A 80 smbient - 1 0.05 !
3 90 50 - Q.5 5
i s
80 95 In proximity 1 55
3 to sodium :
: carbonate H
A 80 | 95 In carbon 1 40 ‘
1 l { dioxide
¢ | p
E
f |
3 ; /The XX XE]
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The ri¢sults demonstrate the very high thermal stability of lead azide in
the absente of added water. At 60°C for 12 months and 80°C for 1 month the
effects were scarcely detectable, zad even at 9C°C only a minor degree of
deterioration was observed.

‘/hen the humidity was increased, an obvious increase in degree of
decomposition was produced, although the actual reductionz in azido content,
bearing in mind the extreme conditions, were not excessive, indicating that
lead azide could withstend conditions such as the 1SAT(A) cycle, or continuous
storage at 60°C anl 95,. RHe for surprisingly long periods without suffering an
unacceptable degre: of deterioration. The conclusion from all except the last
tiic results in the Table mnst be that the reaction between lead azide and water
vapour, in the alisence of other complicating factors, anda in a static situation,
is not likely to causc a very serious deterioration of lead azide. This is in
line with Service experience, where the principal problem associated with the
hydrolysis reaction has usually been the advent of azide corrosion of copper
or brass, rather than the extent of the deteriorstion of lead azide, and “he
consequent loss of its explcsive power.

The increased degrees of decomposition observed in the last two
exreriments recorded in the Table indicate factors vhich can greatly affect
the extent of hydrolysis o:* lead azide. IThis reaction is reversible end an
equilibrium condition is attained:

b(N3)2 - H0 = Po(Ns)OH + HNi

Introduction of an absorbent for hydrazoic acid, such as sodium
carbonate, produces a shif't in equilibrium to the right and increases the
amount of lead azide which decomposes. In the presence of carbon dioxide
tke enuilibrium is again affected, since basic lead azide reacts to give
basic carbonate and a new equilibrium is es%ablished, requiring the
decomposition of more lead azide.

In most of its military applications lead azide has to exist for long
periods in a rmainly static environment, and it is worth considering what
design parameters may indiluence its behaviour in these circumstances. Clearly
the presence of materials capable of releasing substantial quantities of
water is undesirable. However, even if considerable amounts of water are
introduced the effects may not be too serious, provided that other factors
do not affect the equilibrium between lead azide and water, and produce an
enhanced degree of hydrolysise
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! Y. ! The presence of alkaline absorbents for hydrazoic acid, or of metals
4 which are corroded vy it, is an obvious example, but many other possibilities
v existe As is suggested by thLe effect of carbon dioxide, acids or acid geses
_ Y capable of fcrming lead salts can be expected to accelerated tha decompositicn.
v - This effect has boen observed with mineral acids and with acidic subatances
: E released from shellac lacquers under moist conditiona. The practical importance
R of controlling acidity and aikalinity of materials used in proximity to lead
»o 7Y azide 1is quite evident.

R The effects of volatile organic beses will not be very different from
O those of other alkalies. However, the azides of these compounds of ten possess
e an appreciable volatility, and can sometimes be produced as vapours by
. < 3 vetathetiz reactions between lead azide and their sr'tass The formation of

. o“ﬂ avmonium azicde from lead azide and smmonium nitrate or acetate is a weall

TR knoim example of this., A similer reaction has been observed with mono-

Y ethanolamine rydrochloride, and contaminations by this class of compourd in
“re -4 t"'e vicinity of lead azide are undesirable.

. g None of ine reactions so far mentioned involves the actual destruction
of the az%dg(%sn. However, numerous reactions of hydraszoic aocid have been
reported, 5 which, if occcurring in proximity to lead azide, would affect
tha hydroiysis equilibrium. Among the more importiant of these are reactions
with most common oxidising and reducing sgents, mineral acids, alcohols,
aldehydes, ketones, sulphur and sulphides. In fact, the reported reasctivity
of hydiszoic ncid is sc oonsidersble that the probability of its remaining
unreacted in the atmosphere surrounding e detonator in a conventional weapon
) asgsembly during long periods of storage begins io appear rather small. It
. g is also true that a3 the deasigns of fuzes etc. become more complex, and as

- : more and veried materials becoma gvajlable for their construc ion, the
probability of such reactions occurring will increase.

s — A A W A K R -

g The substances most closesly associated with lead azide in Service use

. .8 are the metals used to menufacture detonator cases, and other explosives

n 3 used in incremental filling of detonators. .Among the more common metals,

) these which have been found to be free from serious compatibility objections
are surprisingly few in number, being limited to aluminium and certain of
its alloys, tin, lead and silver.

Nf the explosives which might be used i1 conjunction with lead azidse,
tetryl and R.D.X. appear to have no effect and pentaery*hritol tetranitrate
3 has only e very slight effeot under our test conditions. However, some
- 3 : lead salt  of nitroresorcinols do appear capable of influencing the
: '_ i aydrol; - -0 lead azlide. Evolution of hydrazoic acid from moistened

i ‘ nilxtures .. .ead azide with three types of lead styphnate has been assessed
from the wnounts of vorrosi.n produced on copper foil placed in proximity.

A
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Normal lead styphante (CeH(NO2)302Fb. H20) merkedly increased the amount of
acid evolved, monobasic lesd styphnate (CeH(NOz)s(OPbOH)2) appeared to have
no effect, while tribasic lead styphnate (CeH(NOz)3z(OPbOH)2.2Pb0) greatly
reduced the acid evolution. In these instances a reasonably simple
explanation can be offered correlating the observed effect on lead azide
with the ability of the particular lead ctyphnate either to yield styphnioc
acid by hydrulysis, or to absordb hydrazoic asid by reaction with the execess
basic lead which it contains. A.T. Thomas(7 has observed that if normal
lsad dinitroresorcinate (LDNR) or moncbasic lead styphnate is covered with
a little water, and left in a closed vessel containing a 4 per cent solution
of hydrazoic acid, for a few hours, crystala of alpha lead azide and
dinitroreaorcinol or styphnic acid appear in the water surrounding the
LDNR or lewd styphnate. A reaction in which hydrazoic acid displaces the
much stronger styphnic acid from its l2ad salt may appear unexpected.
However, in the circumstances of the experiment, the reaction:

4 HNs + GCeH(NO2)3(OFbOH)2 = 2 FPb(Ns)2a + CeH(NOz)3(0H)2 + 2Hz0

involves four substances, of which three have limited solubilities, and a
fourth, hydrazoic acid, which being soluble, is probably present in
considerable excess in the liquid phase surrounding the styphnate and LDNR
semple, and is constantly replenished.

The reaction, whick in other circumstances is reversibls, will under
these conditlorn be expected to produce the observed resultse. The likelihood
of such reacticns influencing the behaviour of lead azide in service, though
diffioult to assess, may not be very greats In most instances the reactionsa
would presumably be secondary effects rather than the primary cause of azide

deterioratlion.

Physical conditlions mey also influence the hydrolyasis of lead azidea
The equilibrium between lead azide and water produces a gsrtial pressure
of hydrazoic acid as calculated by Feitkneeoht and Sahli( « In a closed
static system, therefore, the extent of the hydrolysis will depend on the
relative sizes of the conteiner and of the azide apecimen. In a practical
situation, the extent of hydrolysis will be affected by any loss of hydrazoic
acid from the container by diffusion or by "breathing" through leaks during

tempsrature varistions.

Thase factors will of course influence the results of experiments cf
the type which are reported in this paper, and such effects have indeed

been observed.
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Paper (B-2) THE DECOMPOSITION OF LEAD AZIDE
UNDER STORAGE CONDITIONS

G« Todd
R. Eather
T. Heron

(Paper presented by Dr. G. Todd)

Although lesd azide is a relatively stable compound urder normal
conditions, it is decomposed by heat, by hydrolysis, by ionising radiations
and by attack vith other chemical compounds, and under storage conditions
must be protected against these agents which can modify its performance.

It is difficult to find in the literature precise information on how
sensitivity to impact and friction is affected by the presence of decomposition
products. However, chenges in practically every other property such as eritical
temperature, delay time and velocity of detonation seem to have been measured,
and are all medified, usually disadvantageously. As an example, may be cited
the work of licLaren at Cambridge (1) (Figure 1). This figure shows how pre-
heating at 250°C in the precence of water vapour has an effect upon the
detonation velocity of compressed sheets of lead azide, the detonation
velocity being reduced to half its value by pre-heating for five minutes
under these conditions.

The importance of the presence of water cannot be over~emphasized in
any context and seems to accelerate moat decomposition processes. Mclaren
found that if the azide were heated in a vacuum so that water was excluded
and only lead produced, heating times had to be inoreased 80 fold to achieve
the same reduction in detonation velocity.

It may be useful to summarise some of the known data regarding the
effect of water upon lead azide. For instance, at room temperature, lead
azide is soluble in water to the extent of 0.027) w/w. FProm a knowledge of
the dissociation constants of lead hydroxide and hydrazoic acld, we may
calculate that only 1.0 x 1078 grams of lead hydroxide per 100 grems of
water are present at equilibriume Now 100 grams of water at room temperature
can dissolve 1.5 x 10”2 grams of lead hydroxids, 1500 times more than results
from hydrolysis; so that considerable loss of hydrazoic acid must occcur to
shift the reaction far enough to the right for lead hydroxide to be pre=
cipitated. However, this seldom, if ever, occurs in practice since baasic
lead azides always intervene. Two of these are readily recognised by
X=ray diffraction as common products of hydrolysis of lead azide under
alkaline conditions. One is slightly ricber in basic component than given
by the formula

Fbo (N3)z « Fo0 . xHa0
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and is very well knowm. in initiator of lower sensitivity to impact and
heat than alpha lead azide (2), it may be prepared in the pure form by
adding a mixture of one mole of sodium azide and one mole of caustic soda
to one mole of lead acetate (3). Its solubility and dissociation parameters
are generally not well known, although E.R.D«E. may have them available.

In any event, when a saturated solution of lead azide loses suffieient
hydrazoic acid, basic lead azide of this type commonly begins to precipitate
as the first decomposition product.

v e,

The chemistry of the basic agzides is very complex, Feitknecht and Sahli(u)
claim to have distinguished nine types. During the present work only two of
them were encountered, none of these being the common low tamperature form
Juat described. This may have been because the temperature of hydrolysis
was rather high at 50°C or 60°C. In subsequent discussion it is proposed to
glve the generic term basic lead azides to all of thaese products.

In the presence of carbon dioxide the situation is rather different.
At normal temperatures water in contact with normal air assumes a pH of
about 5.7, which drops to 3.7 as the carbon dioxide content of the contact
gases is enriched towards 1COf. Neglecting bicarbonate, these pH figures
ma2y be taken to mean that water in contact with normal ti highly - COz =~
enriched air may contain from 10 § to0 107¢ gram=~ions of carbonate per litre.
We have already noted that the lead azide content of a saturated solution
is 0,02 w/w or 6.9 x 10" gr.m=ions of lead per litre. Since the solubility
product of lead carbonate is only 3.3 x 10'%, it Tollows that the carbonate
ion content has only to rise above 10™'° gram-ions per litre for lead
carbonate to be precipitated.

Hotrever, conditions such as these seldom obtain in practice. Lead
azile under storage is very carefully protected and ambient conditions
would have to be very wet and carbon dioxide=rich for the various barriers
to fail and for any appreciable decomposition to oceur by the above processes.

From time to time exceptions do seem to ocour, and recently at
ReA«ReD.E. we have had occasion to examine a very large number of azide
samples, many of which had dropped appreciably in azide values They had all
been stored ostensibly in 1/3 of an atmosphere of normal air in a closed
container together with other normal items of hardware. All defective azide
samples were found to be contaminated with normal carbonate and little else.
In fact, if carbonata conteut was plutted against azide value, a smooth
curve was obtained (Figure 2).

Ve had previously encountered only basic lead carbonates as slow

hydrolysis products in air, and we f'elt that the consistent return of
normal carbonate pointed to a prolific source of carbon dioxids.

/Using XXX
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Using the time-of=flight-mass apeotrcmeter based at the Chemical
Inspectorate/ioolwich (whose co-operation we gratefully acknowledge), we
investigated the carhon dioxide content of the containers of the azide.
The argon content was taken as constant and Fignic 3 shows a calibration
curve for the instrument, in which the carbon dioxide to argon weight
ratios of a number of standards are plotted against the ratios of' the
relative signal strengths obtained from the nass-spectrogramse. This
calibration yields & factor, which, vhen multiplied by any signal ratic,
gives a value which we term the enrichment factors Thie represents the
number of times the atmosphere is richer in carbon dioxide than normal
air (Figure 4). For example, panel (1) shows a spectrogram for a sampie
of air to which a flew milligraus of solid carbon dioxide have been adied.
From the calibration curve we may calcoulate the enrichment €actor to be
300 times.

Tt will be noted that the carbon dioxide to argon ratio is the same
in this synthetic sample as that in {he ambient atmesphere of an actual
azide sample together with its attendant hardware kept for some time under
storage conditions as showm in panel {2)s The situation in this respect is
therefore of the right kind for the decomposition to lesd carbonate which
had been observed in this sample of azide.

To determine possible sources of carbon dioxide all the materials of
construction of the storage hardware were seperately tested at 60°C with
the representative results shown in panels (3), (&) and (5). it will be
noted that where the cerbon dioxide content goes up, the oxygen content
goes down. Enrichment factors were calculated for a number of components
as shown in Table 1. Although polythene and bakelite were zatisfactory,
the rubber items were prolific sources of carbon dioxide as was the polythene
vessel with 1ts content of oxidising fluid.

This item also proved to be the most likely source of the watler
necessary for decomposition, for, as subsequen* tests will show, carbon
dioxide without water is relatively innocuouss ligure 5,. 8 graph rvlating
relative humidity Lo tomperw e o, wis obtoined by placing zn ¢lectronic
relative numidity sensor inside a canister conteining the polythene veasel
and evacuating the nir in the ccnister to 1/3 of atmosphere. Signals from
the H.He sensor we:s received externally. later permeated the polythene
and, during the temperature fluctuations of the IS4T(A) cycle to which the
canister was subjected, raised the R.H. at one stage to the point where a
coating of liquid water on the azide was feasible. Subject to failure of
protective coatings the situation seemed appropriate for decomposition of
the azide to lead carhonate, according to the scheme previously outlined.
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A fev teats were carried out in glass vessels to determine in greater
detail the effects of cerbon dioxide and water separately amd in concert
upon lead azide at temperetures of 50°C = 60°C. Calculated massea of water
were introduced into & series of vessels to give 25(, 50%, 75/ and 100% R.H.
at 60°C. 4ll vessels contained a sample of Service lead azide together with
alr containing an arbitrary 70 times enrichment of carbon dioxide. After
storing for seven days at 60°C, X-ray analysis showed that the carbonate
content had increased appreciably at the higheat humidity only. Little
decompr.aition occurred at lower humidities.

A supplemeatsry test was alsc carried out in which 3 ml of water were
sealod inside o polythene cepsule and placed together with a sample of
milled Service lead azide in a carbec.: dioxide-~erriched atmosphere at 60°C.
The pressure was also reduced to a 1/3 of atmosplere. After seven days a
substantial amount of lead carbonate had fometi.

Vhen this test was repeated at saturation uasing a wad of water-sgoaked
filter papers as a humidity source so that water condensed freely on all
surfacas, a large proportion of azide was converted to basic lead carbonata
af'ter one day and conversion appeared complete af'ter seven days.

Theae results should be compared with those of parallel trials in
which Service lead azide was subjected to a temperature of 60°C for one
menth at an ReHe of 309 = 404 in air enriched 70 times with carbon dioxide.
No decomposition was obssrved.

Similarly, a sample of Jervice lsad azide was subjected to a temlorature
of 60°C in normal air saturated vith water. Substantial decomposition to
hasic azides ocourred in a few days.

In summery, at 60°C in normally dry atmospheres, whether carbon dioxide
is present to excess or not, lead azide appears to be reasonably atable. At
humidities approachirg 100, R.H., air with normal carbon dioxide content
rapidly produces essentially basic lead azides. ‘there both the humidity and
carbon dioxids content are abnormally high, lead carbonates are the
decomposition product. Whether the product is normal carbonate or basic
carbonate dcpernds upoa the relstive availability of carbon dioxide and water.

The effects of certain acids and bases upon lead aziie have also been
studiad. In the corrosion field it is generally agreed that organic acids
such as formic and acetic accelerate the corrosion of lead to carbonate by
forming, initially, formates and acetates. These have a high vapour pressurse
and low stebility, dissociating first to basic salts which undergo conversion
into carbonates by uptake of carbon dioxide. It seems reasonable to postulate
a similar effect upon the decomposition of lead azide in the presence of
packaging materials such as wood and paper, which, together with rubbers,
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evolve these aci( on storage. Purthermore, acetic acid and nitric seid are
often present as . purities in the c¢ellulose nitrate lacquers used to seal
detonators, and, in the course of analysirg trace impurities present in the
ambient atmospheres of stored detonator s stems, hydrochloric acid has
occasionally been detecteds Dinitroresorcinol may also come in contact with
load azide as a result of liboaration from LDNR by the action of various
acids including hydrazoic acid from decomposing lead azide.

Cortain bases may also be present, and ammonia and hydroxylamine have
been detected in certain containers. N-rhenyl-S-naphthylamine (PBNA) is used
liberally as an anti-oxidant for rubber components.

Table 2 (pe 42) illustrates results obtained when Service lead azide was
exposed for 14 days to various acid and basic fumes in air at a R.H. of
3055 to 40 and a temperature of 50°C. In the acid series, hydrochloric acid
was the most agressive, then followed acetic acid and nitric acid, end a
mixture of Service lead azide and solid DNR appeared to give no reaction.
As expected, no basic azides or carbonates of lead were observed.

With regard to the bases, emmonia encouraged slight decomposition, and
hydroxylamine was inactive.

When this ti1ial was repeated in the presence of N/100 solutions of the
acids, only basioc azide was observed and no acid salts were obtained
(Table 3) (peL43).

Of the strwng acids, only hydrochloric acid seemed to exercise a definite
enhancing effect, producing much more decomposition then water alone. \ith
the weaker acids, acetic acid and dinitroresorcinol, there was little evidence
for change of rate of decomposition, compared with the effect of water slone.
However, acetic acid did not affect the nature of the decomposition product
whereas DNR eliminated basic azide and produced the basic salt of LDNR
(D compound) instead.

In the case of acetic acid the experiment was repeated in an enriched
atmosphere of carbon dioxide. Therc was no enhancement of decomposition but
the basic azide aocrmally produced by water was converted into the basic
carbonate.

Ammonia had a definite enhancing effect upon the decomposition, producing
basic carbonates. This could have been due to two mechanisms. Ammonia
vapour would be expected to dissolve in surface water and rapidly collect
from the air en equivalent concentration of carbonate ions, thus enhancing
carbonate precipitation. There mey be an alternative effect due to ammonia
vapour removing hydrazoic acid from the re:ction and shifting the hydrolysis
equilibrium to the right.
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dith PBNA only the second mechanism is possible, far, although 1
enhancement of decomposition occurs, only basic azides ar» formed., Solid o
PBNA was mixed with azide for this experiment; the effacts of this base !
will be reinvestigated using only its vapour. :

In summary, although fumes of ammonia, nitric and acetic acids, and
: particularly hydrochloric acid, all decompose lead azide under dry conditions
. at 60°C, the decomposition products are not carbonates or basic azides and
: can be recognised by X-ray diffraction. We have never cbserved these products
in Service stores. Under wet conditions only hydrcchloric acid fumes enhance
deccmposition of azide at 60°C, compared with the effect of water alone; the
product is basie azide.

B Although DNR does not enhance decomposition, it does lower the azide
8 value by converting the basic azide normelly produced into a basic salt of
LDWR. Bases such as ammonia and substituted ammonias defiritely appear to
hFave an ¢nhancing effect. Ammonia in particula:' has a serious effect since
it not only enhances decomposition of lead azide but lowers the azide value
even further by converting basic azide into basic carbonate.

This work is continuing.
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- TABLE 1

C0z2 enrichment factor

b s
escription per 28 days

Foam rubber 3.0
item 'A!

+
P v i S

? Vulcanized rubber 5.4
1tem 'B!

Vuleanized rubber 6.1
item 'C!

—

Polythene negligible
item 'D!

S s e L

4 ’ Bakelite negligible
3 item 'E!

o ~matm—

Oxidising Solution 56.6
sealed in

l polythene

] :
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L
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TABLE 2 f

; . i Compourds ideatified by X-ray diffraction

i Contact atmosphere | Residual | Basic i

! i Lead

{ . lead lead arbonates Others

! ! azide azides | %% R

: .

T :

g Alr (30 - Z..O‘,'.’; R.H') mainly nil 85 Selialde nil
. ' air + hydrochloric trace nil - mainly FbCl,
; { acid
; !
Air + acetic_acid mainly nil ar S.L.A. | ccnsiderable
: unknown
| |
X fm‘.r + .itric acid mainly nil ag SeL.A. | some unknown
i ! -
{
i adr o+ mainly nil 2e Seles. nil
: d.nitroresercinol
i
!

Alr + ammonia nainly nil as Selese } some unknown

AMr o+ hydroxylamine mainly nil as SeL. e nil |
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"""" TABLE 3 ' o
Compounds identified by X-ray diffraction
Duration -
atgggtg:ze of Residual ; Besic Lead {
B trial lead lead carbonates Others
azide azides
i Air + vater L weeks trace mainly - -
Alr + water +
nitrc acid trace mainly - -
iy + water +
hydrochloric acid some much - -
Air + water 4 days some much as S.Leds -
Adr + water + !
dinitroresorcinol some ril as Se.LeAs D compound
% Air + water 1 day much mu:zh a5 Seliecde nil
Alr + water + !
acetic acid much much as Seled. nil
=3
Air o+ vater l 1 day much much as SeLleds nil
|
1
Alr + water «+ !
. acetic acid much much as S.Leh. nil
I
§ Air + water +
; acetic acid + -
: carbon dioxide maci trace much nil
: | Air + water 1 week some mainly | as Se.LeA. nil
i ! Air + water + .
 ammonia nil trace mainly nil
i Alr + water 1 week some nainly | as SeLeds ! nil
i
i Alr + water A
* N-phenyl- [ |
" P-naphthylamine i |  nil mainly | as S.L..\. trace

“Basic lead carbonates
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Paper (B-3 MECHANISH FOR THE BREARDOVN OF LEAD A2IDE

Se Lamnevik

1 Reaction with tiolsture

This reacticn has been studied ut our Institute ..c a long time.
Concentrations of the products involved can be calculated from the
conditions of chemical equilibriume The overall reaction is:

Fo(N3)z(s) + H200Q) = Fb(OH)Ns(s) + HN3(g)

(1)

For the calculation the following equilibria must be taken into account:

Fb(Ns)2(s) = Pb2* & 2N

n

)4 (Pb2*) (N3 )?

Tb {OH)N3 (s) M3t + OH 4+ Ny

%

Kz = (sz*)(()}’-\ (N;)

HN3(aq) = H N3
H*) (N3
Ky = TN,

/Equation esnee
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(2)

(3)

(&)

(5)
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H20(1) = H* + OH (6) =

Ks = (H*)(cH)

Combination of equations 2 - 6 give the expression for the equilibrium

constant K, of the overall reaction 1)s

K, = Ki-Kaoks/KeoXs

The accuraey of the value of Kﬁ 0 is of course dependent of the accuracy
2
of the individual values Kw_s.

K4, the solubility product of lead azide, has been determined by

¥ ‘ Feitknecht ?nd san11{1) rrom solubllity measurements: 1.80107% at 20°C and
; by Suzukil2) from ENF measurements: 2.58 « 1079 at 25°C.

K2, the solubility product of ,the basic lead azide formed has been
determined by, Feitlmecht and Sahli(1 from solubility measurementa:
5 « 10~'% at 20°C but should be verified by redetermiration.

e e i

2 K3, the dissociatioa constant of hydrazoic acid, has been determined
' by various methods. The value of -log Ks, used by us, is 4.79 at 25°C
dstermined from titrations of sodium azide with a glass electrods in 3 M
sodium perchlorate ion medium. This work was done at the Royal Institute
of Technology in Stockholm by Lamnevik (1960).

Ks, the partition constant of hydrazoic ,ac¢id between air and water,
has been deze ined by Feitknecht and Sahli(1': 51 mm Hg/ii at 18°C, and ;
by Lamnevik 3$T 84 mm Hg/¥ at 25°C, and 120 mm Hg/N at 35°C, by a dynamic R
: method described by Ostwald-Luther<4 « The values of K; should preferably
i be checked by another method.

E ] Xs, the dissociatio: constant of water, has been de esmine& with great

! accuracy and can be taken fraom any handbook of chemistry 5): -log Ks = 141669
| i at 20°C and 13.9965 at 25°C« The numerical value of K,, usirg the values above,
1 E is 45 + 107° mm Hg at 25°C corresponding to a concentration of hydrazoic acid
' jr woter phase of 0.54 mM. At 20°C K, is 1.4 * 10 2 rm Hg (0.27 mM HN3 in

wi... 1t vhase).
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Attempts to confirm these values experimentally have been made Ly
Feitknecht and Sahli and by Lammevik and co-workers at our Institute.
0.3=0.5 g lead agide and 2-15 ml water in separate small glass beakers
were placed in a glass container which was evacuated and thermostated at
20°C' and 25°C3. The concentration of hydrazoic acid in the water phase
was determined colorimetrically with iron (III) from time to time.
Equilibrium was reached after a long time, 1 - 3 months, giving a
concentration of 0.35 mM at 20°C' and O.47 mM (mean) at 25°C%. The
differences between several runs were rather large. Therefore another
method was tried. An air pump, one washing bottle with a lead azide-
water suspension and one with water only were connected in series to a
closed system and placed in a thermostat at 25°C. The agueous hydrazoio
acid concentration in the water bottle was determined as before. Now
equilibrium was reached in a few days with much smaller spread in different
runs. 0.42 oM in the water phase corresponding to a partial pressure of
3.5 ¢« 1072 mn Hg was obtained in this way.

Further work has to be done, and in fact is planned, at our Institute
to confirm these values and extend the temperaturs range. The equilibrium
mist also be a’proached from the other side to verify that an asquilibrium
really exists.

There are indications that the reaction of dextrinated lead azide with
water is more complicated owing to side reactions with dextrin or degra-
dation products of dextrin. Abnormally high values (up to 1 mM in the
water phase) have sometimes been observed in the equilibrium experiments.
Tests for lead in the water (conteamination with lead azide) were negative.

2, Reaction with Carbon Dioxide

This reaction can be considered in the same manner as the hydrolysis
reaction of lead azide. The overall reaction is:

3Pb(N3)2(s) + 4H20(1) + 2C02(g) = Fbs(OH)2(C03)2(s) + 6HNa(g) (7

K o= me /P2
377002
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- Besides reactions (2), (4), (5) end (€) the following equilibrium
S conditions are to be considered:

y
H2C03(aq) = H* + HCO3 (8)
Ks = (H*)(HCO3)/(H2C03)
HCOs = H* + C03” (9)
S ke = (1%)(cod™)/(kCo3)
: Pb3(0H)2(CO3)2(s) = 3Pb2* + 20H" + 2003~ (10)

Ke = (Fb®*)* (0H )? (co3~)?

; Hz2COzaq

1%

coz(g) + H20(1) (11)

Ko

Pgo,” (H2C03)

By combination of these reactions the following expression for the
equilibrium constant sz can be deduced:

K, = B -G8 K - K/ * K + K

/Using eveoce
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Using Ks = 430 * 1077 (25°C)5

' E’___" Kr = 5.61 + 107! (25°C)®
“ Ks = 3.5 + 10746 (48°C)®
Ke = 2.25° 10" (25°C)

the numerical value of Ky will be 8.7 * 10™'! at 25°C, Therefore the partial
presaure of hydrazoic acld tends to rise with increasing partial pressure of
carbon dioxide to, for instance, 2.1 ¢ 1072 mn Hg at a carbon dioxide pressure
of 1 mm Hge.

There has been no experimental work at our Institute to investigate the
: exact value of the equilibrium constant, but basic lead carbonate has becn
; detected by X-ray diffraction in lead azide stored in open contuiners.

2. Reaction with Hydrogen Sulphide

Lead azide reacts with hydrogen sulphide:
Pb(N3)2(s) + HaS(g) = PbS(s) + 2HN3(g) (12)

;E K = PingPhgs
The following equilibrium conditions exist:

PoS(s) = Pb2* 4+ g§2° (13)
}ﬁ Kio = (P**)(8%7) = 1.0+ 1072° at 25°C7

1 H2S(ag) =+ H* HS™ (1)

ngt = (HY)(HST)/(Hz8) = 1.2 » 1077 at 25°C7

/Equation +....
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HS e H* + s%° (15) ;
Kiz = (H*)(8*7)/(HS") = 1.0 « 10™'3 at 25°C7
H2S(aq) = H2S(g) (16)

- q - - 3 OnT
Kiz = Pﬂzs/(st) = 8.3 * 10° at 25°C
K, = K - K ¢ Kiv * K92/KS * Kyo * Kz = 1.0 » 10° at 25°C

The numerical value of KC indicates that hydrcgen sulphide reacts

almost quantitatively with lead azide.

g References
1s Ve PFeitknecht, li. Sahli, Helv. Chim. Acts, 1954, 37, 1431-36
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f 6. F. Auerbach, H. Pick, Arb. Kaiser Ges. Amt, 191345, 117
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Paper (B—hz THE CHINICAL ANALYSIS OF LEAD AZIDE

N.J. Blay

This paper is concernsd principally with the methods of analysis which
have been or uight be used for the determination of azide content of lead
azide as required by the specifications for this substance. The first
question which could be asked is whether this test is really .ssential for
proper control of the material, or whether the control of impurities and of
performance requirements woul< alone be adequate. Not 211 specifications
for explosives include a chemical assay, but in gener:l some test of chemical
purity, such as setting point or melting point, is required. In the case of
lead azide the purity is dependent upon the precise control of crystallisation
conditions. The possibility of contamination with one of the vasic azides or
lead carbonate, neither of which is normally required to be estimated directly
by the specifications, inereases the desirability of the test and it is
therefore unlikely to cease to be a requirement.

The accuracy ond precision which are necessary can be judged by considering
some current specifications given in Table I.
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af'ter allowing for the propcrtions of phlegmatising agents and other

substances which are present it is obvious that the permitted tolerances on T

azide content are quite small, and that the asnalytical methods have to be
correspondingly accurate and precise.

Numerous methods have been suggested in the past for th? ?etermination
of azide content. One of the first, referred to by Marshall 1) in 1917, was
the measurement of the volume of nitrogen evolved by reacting lead azide with
ceric ammonium nitrate. This method is still used by both the U.S. and U.K.
in some of their specification tests, and its retention after so many years
indicates its value. Other early methods, none of which are now favoured,
were based upon:-

(i) Gravimetric determination as silver azide.
(i) 7Titration with iodine.

(iii) Reaction +ith nitrous acid.

(iv) Oxidation by permanganate.

another method which has been vsed more recently, for the analysis ol organic
azides rather than lead azide, is based upon reaction with a soclution of
sodium iodide in trichloracetic acid, to give iodine, vhich can then be
titrated.

RNy + 3HI - RMH3'I + N2 + I

h method which has been found very useful for the analysis of small
quantities of lead azide has been runtributed by Higgs and Batten of RedcR.D.i.
and sppears as appendix I. It is a spectrophotometric procedure in which the
decreaze in absorption at 390 millimicrons produced by adding the cample tc a
standard ceric ammonium nitrate solution is measurea. :

“he principal feztures of most of the methods vhich are or have been used
or suggested for sreciiication testing are shown in Fige 1. .ith one exception,
they all involve :ither reaction with ceric ammonium nitrate (ammonium
hexanitratocerate) or precipitation of silver azide. The exception is based
upon distillation of hydrazoie acid from a solution of the sample in a known
quantity ct’ nitric acid, fcllowed by estimation of residual acid. It has
some obvious drabacks (interr'erence b, carbonates znd the hazur’ of
evaporatirg hydrazoic acid) and has not been widely used; it will noi be
further concidered.

The re-~ining wmethods will bo discussed in for. details

/;-l:_thod I serse




i.ethod I. Gas Volumetric l.ethod using Ceric Aumonium Nitrate

As already mentioned, this method was one of the Tirst brought into use
and appears in two specifications (2, 3). The two procedures differ in the
sample weight which is taken (0.15 gram in C.35.24,23, and 1.7 gram in the
U.3. ilethod); also, in the American procedure the evolved gas is passed
through a carbon dioxide absorber. The latter modification makes the method
more widely applicable, and it is the U.S3. procedure vhich will be discussed
more fully. It has some disadvantages, which have been commented on; these
are:-

(a) the large sample size, which makes the consequence of any accident
more serious, but vhich could be expected to increase the accuracy
of the results, and

(b) the complexity of the apparatus (Fig. 2) and the time taken to assemble
it;

In other respects the method appears very goode It can be used without
rodification on all the current types of lead azide. It is free from hazard
as soon as the sample and reagent are mixed. COnce the apparatus has been

assembled the analysis procedure is simple and rapid, and the published results
indicate that the method is capable of producing adequately accurate and precise

data.

.ethod II. Ceric Aumonium Nitrate Titration

In this method the azide sample {about 0.3 g.) is allowed to react with
an excess of ceric reagent, and the excess is back-titrated with standard
ferrous sulphate solution.

The method was at one time used by the U.S. tlavy, and has been studied in

detail by Pe¥. Sen (4). It is also the method which is used most frequently
at E«ReDete TIts main drawback is that it is subject to interference by some
organic additives to lead azide ~ in particular, dexirin and polyvinyl
alcohol - which are oxidised by the reagent, and it was probably for this
reason that the method lost ravour in the U.s. Not all organic additives
behave in this way, however; e bave found, for example, that gelatin and
carboxymethyl cellulose dc not interfere with the estimation.

Apart from its limited applicabili:., the method is free from other
objections. It is simple and rapid, frec t'roir hazard, once the sample and
reagent have been mixed, and requires no special apparatus. Its accuracy
and precision, as judged trem cur cxjpericnce wnid the results reported by Sen,
are very f£oode
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Liethod ITI. Distillation of Hydrazoic Acid into Ceric Ammenium Hitrate Reagent

In this method (3), at present recommended by the U.S. Navy Laboratories,
hydrazoic acid is distilled from the sample in hot, dilute perchloric acid,
and absorbed in a known quantity of ceric ammonium nitrate solution.

Titration of the excess of reagent with sodium oxalate solution enables the
azide content to be determined.

The procedure appears more complicated and lengthy than methods I and IT
and requires the assembly of distillation apparatus. The distillation must
inevitably present some hazard. Nevertheless, the method has given reliable
results, and is not limited in its applicability.

iiethod IV. Precipitation of Silver Azide from Ammonium .icetate Solution

This is the British Chemical Inspectorate iiethod (5), required by
specification to be used for all type:s of military lead azide except
"Dextrinated Lead .izide"s It suffers from three main drawbacks: in
comparison with the first two ceric methods it is very lengthy; also, it
involves the praecipitation, filtration and finally the destruction of silver
azide, and there is a further danger that if the procedure is not closely
followed some hazard may arise from the sclution of lead azide in ammonium
acetate. However, it is fair to point out that the accident record through
many years' constant use of the method is very good, and it is not regarded
as unduly dangerous. The third objection to the method is that it tends to
give low results. This inaccuracy has long been recognised in Britain and
the specifications are phrased accordingly to limit the "azide value®, as
determined by the specif'ied method, rather than the true azide content which
is thought to be somewhat higher. In other respects the method is quite
pood, it rugquires no special apparatus, is applicable teo all types of lend
azide (although with some surface aclive colloids present in the surple the
iiltration of silver azide is more difficult) and gives highly reproducible
results.

Two other methods are mentioned in Fig. 1 which are rather similar and
involve the distillation of either ammonium azide from the sample in amronium
nitrate solution or of hydrazoic acid from the sample in nitric acid.
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The distillates (in the latter case collected in sodium hydroxide
solutien) are earefully neutralised, and titrated with silvepr nitrate e
using potassium chromate as indicator. These procedures are fully discussed !
by Sen\k) and, until 1943, the ammonium nitrate method was the official |
Chemical Inspectorate iiethod. Although sound in theory, the end point of
the titration is difficult toc observe and the methods are somewhat hazardous.

The disadvantages of the four most impurtant methods are indicated (X
in Table II.

T.BLE II
| I | I IIT : IV
! Distn. of ! Ammonium
i:ethod { Gas Evoluticn Volumetric HN3, followed ! .icetate
' Wi.th C.A.Nl using C.A.N. by Ce AeNe l British CI
Titration ‘ i.ethod
¥
Large Sample X
Size
y Complexity of x(a) X
npparatus
Time/complexity
of operations X XX
! Hazards X X 1
Inapplicability XX §
' :
i ]
Inaceuracy y ' X Q
Frecision e No significant difference SV J [
(a)

ot applicable if numerous analyses have to be made.
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It is apparent that the best two methods are I and II, although method .
I would be most inconveniant if only one or tuwo samples Were to be analysed. P
tiethed II is very convenient where it is applicable, but its non-avplicability
to certain types of lead azide restricts its use.

Data re%%Sing to the precision of all four methods from the work of Croom
and Fristera‘®/, and of den, show that there is little difference between
them, the usual value for standard deviations being about 0.2/

It is of sonme interest to consider the difference between results
obtained by the British ammonium acetate method IV and those by the remaining
methods, I, II and IiI.

In Sen's report, results of 10 groups of analyses (between 6 and 20
determinations in each grcup) o»of various types of lead azide v3ing methods
II aend IV are given, and in all cases the D.C.I. method IV gave results
lower than method II. The differences ranged from 0.3 to 1.4 per cent with
an average of 1.0 per cent. There is also evidence in his report to indicate
that method II gives results close to the true azide content. OQur experience
at E.leDeZe of the two methods is very similar. For example, recent tests
of the two methods un R.D.1333 gave result? Yhich differed by an average of
1e3,.» Results given by Croom and Fristera 6) and some more recent data from
Picatinny Arsenal lead to a diffeerent conclusion. The.e authors compared
methods I, III, and IV and obtained very reproducible results which differed
by only O.3. between methods 1 and IV and 0.1,. betiveen methods III and IV.
These tests were made on dextrinated azide, polyvinyl alcohel=treated lend
azide, end synthetic mixtures of sodium azide and lead nitrate. In the last
case the average result obtained by the D.C.I. mcthod IV was 9585

The dirferences in analytical procedures and the results cbtained are
particulcorly important in the case of R.D.1333, where great stress has been
plav.i on the necessity for carefully controlled conditions of manufacture
in order to obtain a2 standard product. One might expect therefore that all
specifiications would recuire the same minimum azide content. However,
whereas the British speciiication C.3.2637 (see Table I) has a limit of
97.0,. (min.), the corresponding U.3. specification (3) requires 98.57 (min.).
“hat has already been said about the respective methods of analysis makes
it clear that in the British view some difference in requirements is
appropriate, although 1.5, seems rather excessive and 1.0 would probably be
more reasonable. Iiwouever, an opinion based on American trials of the methods
would not be expected to agree with this conclusion.
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ReDe1333 contains 0.9 & 0.37 of lead carboxymethyl cellulose, quits
apart from other extraneous impurities, and the limit of 98.5y for azide
content obviously leaves only a very small margin for errosr either in
analysis or manufacture. In comparison with the British specification,

this requirement is, in the author's opinion, significantly more restrictive.
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APPENDIX I

A Spectrophotometric lMethod for the Determination of
lilligram Quantities of Lead Azide

By HeG. Hirgs and He Batten (R.A.ReD.E.)

To the weighed sample contained in a 50 ml beaker add a few ml of
distilled water to wet the sample, followed by 10 ml of 0.025 N ammonium
hexanitratocerate containing 3% (v/v) of free nitric acid. Agitate the
mixture and leave to react for five minutes. Transfer the contents of the
beaker to a 100 ml standard flask and measure the absorbance of the
unreacted cerate, using 1 cm cells and a wavelength of 390 millimicrons.

Measure the absorbance of a similar quantity of 0.025 N AHNC in the
absence of lead azide, and relate the difference between the two absorbance
values to a calibration graph prepared from pure sodium azide, or lead azide
of known analytical purity.

Over the sample range: 0.010 - 0.025 g. the observed precision waes
found to be % one per cent and the overall accuracy * 2 - 3 per cent,
irrespective of the azide source used for calibration.

Reagent:

Dissolve about 7 g. of C.P. grade ammonium hexanitratocerate in
water containing 15 ml of nitric acid (sp. gr. 1.42) and dilute to 5C0 ml
with water.

The lead azide used was of 98.61,. purity (Volhard methcd).

duthor's Note

A P s S

In Appendix II results are given of current work at E.R.D.E., relating
to these methods but not available at the time of the symposiums
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APPYNDIX II

A Comparison of Hethods of Analysis of Lead Azide”

By N.J. Blay, J.L. LcDougall and D.,A. Salter

The following three macro-scale methods for the determination of the
azide content of lead azide were compared:

(2) D.C.I. liethod X. 401/63
(b) Volumetric method using ceric ammonium nitrate reagent. (Ref 4)

(¢) Gasometric method (measurement of nitrogen evolved with ceric ammonium
nitrate reagent) as described in U.S. Purchase Description PA~PD-2825.

3 The three methods were each used tc analyse the three materials
"4 Service Lead Azide (Specn. CS 2222C), lead azide RD 1333 (C3 2637) and
sodium azide, and the results obtained are given in the Table.

/TABLE seses

i -

*Note added in proof. Fristera and his co-workers at Picatinny Arsenal
havs recently published a report on similar work
(Ficatinny Arsenal Repcrt lo. 66-VG1-177;
29 Dec. 1966).
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Discussion of Results

1. In only one case is the difference between averages of results obtained

by the three methods greater than O.3 per cent. This is for RD 1333, where

the volumetric oxidation method gave significantly higher results than the
other twro methods. The obvious explanation for this is oxidation of the
carboxymethyl cellulose in the sample by the ceric reagent, although tests

made with carboxy methyl cellulose solutions, both alone and added to Service
Lead Azide have failed to show that it has any noticeable effect on the reagent.
It is not certain however that these tests can adequately simulate the
reactivity of C.M.C. in RD 1333, and in the absence of any other explanation,
the possibility of its oxidation cannot be entirely ruled out.

2. The precision of the gasometric (U.S.) method is better in the case of
the two lead azides than the other methods. This is perhaps to be expected
in view of the much larger sample which is used and the consequent reduction
of errors in measurement. The results for sodium azide by the U.S. method
include some marginally low figures which were among the first obtained after
setting up the apparatus, and it is likely that the method is capabls of
slightly better precision than is indicated. It was hoped that sodium azide ;
vwould give results closer te 1CO per cent, but repeated recrystallisations
A failed to produce better material of higher azide content. By analysing portions
T of lead azide RD 1333 to which 3 per cent by weight of sodium carbonate was
added, 1t was confirmed that the U.S. gasometric method was fully applicable
- to carbonate~containing samples; and no interference was cbserved. Further

5 : checks were made, after introducing a bubbler containing ceric ammonium
: nitrate solution immediately after the reaction vessel. No difference was
observed in results on sodium or lead azides, confirming that no hydrazoic
acid vapour was being swept out of the reaction vessel by the rapid evolution
of nitrogen.

p: 2 The DaCeIl. method Li 401/63 gave very reproducible and apparently accurate
3 results on sodium azide, but was less satisfactory for the ‘o types of lead
azide. It is possible that some co-precipitation or other .nterference may
result from havirg lead ions and carboxymethyl cellulose in the solution from
which silver azide is preciritated. This could cause the lack of precision,
and also perhaps be responsible for the method giving slightly lower results
than the U.S3. method on the two lead azides, but not on sodium azide.
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4e The difference in requiremenis for azide content of RD 1333 between the
U.5. and U.K. specifications appears quite anomalous in view of these results.
The actual difference, attributable to the difference in methods of analysis,

here amounted to only 0.3 per cent, and it is noteworthy that the RD 1333
sample made at R.O.F. Chorley failed the U.3. specification test by an average
margin of 0O.44 per cent.
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Discussion on JSession B Papers

iire Sen, whose extensive work on the analysis of lead azide was referred
to by Lr. Blay, said that the ammonium acetate method (see Ref. 5 ~ Paper B-lL),
which has since 1943 been the standard method used by D.Cel. for most azide
determinations, was adopted as the result of trials and discussions between
the (then) Chief Chemical Inspector, Linistry of Supply, (now Director of
Chemical Inspection, linistry of Defence), the Armament Pesearch Department
and others. Certain shortcomings were recognised, but it was considered, in
spite of a trend towards low values and hence to the specifying of "azide
values" instead of azide content, to give fairly constant results and to
serve the requirements of testing to the usual specificationse A good deal
of wor had since been done on alternative methods, and he ecnsidered that
there .as much to recommenc the "ceric" method (see Ref. 4 = Paper B~4) shich
gave results of nearly 1CO per cent with sodium azide. There were, hcwever,
limitations to its applicability to some types of lead azide. He was
interested in the gas volumeti'ic procedure favoured in the U.S. (see Ref. 3 =
Paper B-4) and thought that the relatively large sample involved favoured
accuracys

lir. Blay, replying to a question by lir. Dubois, conf'irmed that the ceric
method would be inapplicable to dextrinated lead azide on account of reaction
of' the oxidant with organic matter,

Lire Taylor said that there was a growing reguirement for a reliable
method for determining azide to cover the investigation of storage, stability
and compatibility problems, apart from control of manufacture. The latter
application was regarded with rather less concern in the U.i. (on account of
the particular circumstances of manufacture) than in the U.S.a.

Dr. flaufman agreed that the manufecturing situation in the U.S. was such
that accurate azide figures were of considerable importance and he was anxious
to improve the reliability of the determination.

:r. Blay said that the accuracy obtainable by combustion methods was not
adequate for present purposes.

Dr. Lovecy expressed surprise that the gas volumetric method was not
invariably used. Pozsibly the U.S. apparatus could be simplified. Jas close
control of azide content really necessary?

Dr. aufman said that at present he was relying largely on 2 close watch
on impurity content, coupled with a minimum of 95 per cent azide.
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Dr. 5all emphasized the point made by ::r. Taylor, viz: the reliance
placed on proved manufacturing methods; azide content was regarded as a
check only. He agreed, however, on the importance of improving methods for
investigational purposes.

Dr. Newman asked why thermal decomposition was not emplcyed in analysis,
as it appeared simple and direct, but Dr. Lovecy pointed out that there were
considerable difficulties and hazards in handling explosives by such metheds.

Dr. Cunstan mentioned that one of the points which it was important to
settle in the gas volumetric method was its ability to deal with samples
containing carbonate. T*.s matter was being studied at E.R.D.E.

lir. Taylor said that consideration was being given to the revision of
specification methods for azide determination, and he was very interested in
U-S. idEas on this topic.

Dr. Kzufman replied that lead azide testing in the U.S. was mainly to the
Army specification and he did not think there was at present any intention of
changing this.
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Session C Copper Azides, Occurrence and Prevention

Session Chairman: Dr. R.Il.H. \yatt

Contributors: lir« R.C. Harris
Lr. 3. Lamnevik
Lire Kede HOllOW&y
kr. L.E. Liedlock
lire JeReC. Duke

{
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Session Zecretary: 1. G. Packman

The Chairman opened by remarking that hezards attending the use of lead
azide in copper or brass contairers, or in proximity to copper or brass
components, were well-known.

.'hen hydrazoic acid, liberated from moist lead azide, reacted with copper,

a large number of products may be formed - cuprous, cupric and basic salts, all
of differing properties and sensitivenesses.

Jith this deliberately short introduction (because of the largzsr number
of contributions received than originally envisaged), he asked ilr. R.C. Harris
to give the first paper. He was followed by Hessrs. S. Lamnevik,

¥ed. Holloway, L.E. liedlock and J.R+C. Duke. lir. Lamnevik then gave the
final paper.
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-aper Q:j)_ TId POR.ATTON Al'D DETECTION
O COPHER AZIDES COrRUSIONS

R.C. Harris

Lead azide was first prooosed tor British Service in 1915, its
properties vere re-assessed and confirmed in ca. 1925, and it was progressively
brought into Service in ZY detonators from then onvards. “The possibility of
azide corrosion was not overlooked in those early days and the fact that the
extent of hydrolysis of lead azide was not recognised was due to the application
of an upper limit of 75 per cent for relative humidity tests, giving, as is now
known, a flase confidence in the stability of lead azide to hydrolysis.

The first example of a sensitive corrosion occliring as a result of a
climatic trial was with a completely sealed round cortaining RDX/Ti'T fitted
with a Nos. 11 gaine; af'ter 11 months alternating tria) at 120°F (dry),
copper azides corrosion was found on the detonator. In this instance the
moisture from the hydrolysis could have come only from the rilling. As a
result of this finding and the report then compiled, stores were recalled
from Service for examination and the occurrence of copper azides corrosion
in No. 11 gaines was confirmed. It is to be noted that azides corrosion
trouble with ammun.tion only became apparent after the last var when
armunition was returned to this country after overseas storage, and later,
after storage in this country. As far as is known, there was no incident
due to copper azides corrosion in Service ammunition during the war.

The .irst visual indication of the occurrence of copper azides corrosion
is the appearance of a whitish bloom which subsequently develops into a film
of cuprous azide., This is the most sersitive form but it is unstable, under-
going rapid oxidation, especially in the preserce cf lign%, to cupric azide
and ultimately to basic cupric azide. It was stated in early literature that
basic cupric agzide was the most sensitive salt; in fact, it is less sensitive
than the cuprous and normal salts.

The first litsrature reference to copper azide is in Berichte, 1913.
fesults of an invectigation by a ccmmercial firm in cae 1924 Were published in
1957. .ore recent cren publications appear in 2. Jnors. Chemie, 1943, and
Iruns. saraday $0Cs Jane 1959

Coprer (cupric) azide is preparcd by procipitation me‘hods;  there ars
dii'ficulties in *his preparation du. to the 2clloidal natwre of the precijit-te.
Cuprous azide exists in several crystalloegrzphic mediricatiens, zli of vhich
are very ovnoitivee Cupric aziie is alsc very sensitive; basic cupric awzide
is 1less sensitive, copmparwsole with lead azid s itself.
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It is comparatively easy to reprocuce corrosions similar to those
enccuntered in amnunition by the action of hydragzoiec acid generated from
lead or sodium aziirs on copper or brass components or foils. such
corrocions have been much used in ReA.R.D.E. in the study of analytical
methods -t jetection and estimation, and in the investigation of properties,
2.g+ sensitiveness to friction. Unless deliberately incorporated, such
corrosions lz.k the presence of other copner salts, e.g. copper carbonates,
often enrountered in corrosions found in cmmunition. It is importent, also,
in simulating the corrosions found in ammunition, that the concentration of
hydrazoic acid presented to the copper or brass surface should be carefully
controlled.

<n general, the reagent used for detection of copper azide corrosion
is a 1 per cent aqueous solution ¢f' ferric chloride, and it is considered
importent that this concentration is not greatly exceeded as acid attack on
the metal substrate or on carbunates present can then occur to an indeterminate
d(’..’gree.

For special purposes a pyridine solution of ferric chloride can be used,
and pyiidine or ammonium hydroxide can be used as a discriminatory solvent
for :zopper azides.

The much more sensitive reagent ammonium hexanitrato cerate (ceric
ammonium nitrate - C.iN) has also been used in Re.iesieleoe labecratory investi~
gations. ./ith this reagent the so-called "invisible film" - -hich at leest in
its early stages probably consists of an adsorbed film of hydrazoic acid - e:n
readily be detected. KedsiieDes. considered that C.JX is far too sensitive -
reagent for general use. Hovever, in response to a recent request for = ivs:t
which couid anticipate the likely formation of copper azide corrosien, =
feasibility trial is to take place, in which the successive spplication of
this reagent over a period, on similar wnmunition similarly stored, w11l be
used in an attempt tc trace the grecuth of copper azide corrosicns.
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-2 COPPER AZIDE CO:rROSION

S. Lamnevilk

1o "Copper Azide™ Compounds

%Opper azide is known to exist as normal copper(I) azide1 and copper(II)
azide“s [wo more azides, both basic copper(II) azides, are described in the
literature®“. In addition we have discovered two new basic azidez and a new
polymorph of copper(I) azide. They have been prepared in our laboratory and
have been identified by X-ray diffraction as cecrrosion products on copper anrd
brass exposed to aqueous or geseous hydrazoic acid of varying concentratiuns.

Unidentified copper-and azide-containing corrosion products have been
observed in short run corrosion tests on brass. These products have not been
detected in corrosion products from ammunition containing lead azide.

The following compouuls have been made and found as corrosion products:

formula Colour Corrosion Conditions

Cu(Ns)2 brown-red HN3 pressure highe Oxidants present
Culiz form I white-grey " low-highe " absent
CulNz: form II white Agueous Q.2 1. HN3. w "
Cu(N3)2°Cu(OH)2 browm-yellow HNjz pressure low. u present
Cu{N3)2°2Cu(0H)2 yellow-green " very low. " "
Cu(is)2°3Cu(0l)z blue=-green " " u n
Cuxzn1_x(OE)ﬁ3 light-green " » On brass 63;: Cu only

n crder to investigate the stability ranges or' the copper azides in
terms of partial pressure of hydrazoic acid, equilibrium experiments similar
to *those desaribed in Faper {B-3)werc run. Results are summarised in
Sisure 1. OF course, the limiting partial pressures have to be checked
against calculated values of the corresponding nydrolysis constants, but
thie cannot be done until the solubility products of the basic azides have
been Zeterr —ed.
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STABILITY RANGES QF THE COFPER AZIDES

From equilibrivm measurements at 25°C.
: Existence of UuNz 1s possible only in abisence
3 : of oxidiring agents.

HN3

i'o e

CU(Ns)a + CLLNa

6-24
o} ﬁ
Cu(Ngz)a-CuOH): +CuN3
. 0-029
E } C'-*(NS)?.'CU(OH)Z. 0.022
0-0Of ..
Cu(N3)?_‘2Cu(OH)2
00033

o-ooq-_ﬁ Cu(N3)a - 3Cu(OR);




2 Freparation

The pure compounds can be prepared in different ways. Copper{:I) azide
i3 best made by slow precipitation from a 0.0O5M sodium azide-hydrazoic acid
buffer at pH 4e5 = 5¢5 with 0.1M copper perchlorate. The precipitate, which
consists of clusters of copper(II) azide needles, is washed with water and
ethanol as rapidly as possible to aveid hydrolysis. The dried product must be
stored in a desiccator.

Copper(Il) azide, form I, is made by precipitation with sodium azide from
a reduced (with sodium sulphite) copper perchlorate solution, acidified with
acetic acids The conditions are not critical.

Copper{I) azide, form II, is formed in well shaped crystals when ca. 0.3 ge
fine copper powder and 100 ml O.2M hydrazoic acid react under nitrogen in an
eirtight glass container. The reaction is slow and "sually takes a monthe It
is advisable to protect the containers from light to prevent discolouration
of the product. Both forms of copper(I) azide are rather photo—~sensitive.

The first basic copper(II) azide, Cu(N3)2*Cu(OH)2, is prepared by
hydrolysis of copper(II) azide suspended in water at 50°C. The time required
is about 24 hourss. The product has a very small crystal size. It may also be
prepared from a copper tetrammine perchlorate sclution by adding one mole
sodium azide/mole copper, heating the solution to 50° = 60°C and adding quickly
with stirring 2 - 3 moles of perchloric acid/mole copper. Best results are
obtained with a solution initially 0.05H in copper tetrammine and uzide ion
concentration.

The second basic copper(II) az%de, Cu(Ns)z*2 u(0)2, is best prepared
according to Straumanis and Cirulis' by hydrolysis of copper diammine azide
at SOOC-

The third basic azide, Cu(N3)2°3Cu(OH)2, is precipitated by blowing air
through a stirred equimolar soluiion of copper tetrammine perchlorate and
sodium azide at 60°C. The precipitation must not be continued too long,
however, because of danger ol contamination with Cu(N:)z'ECu(OH)z, which is
formed in a second stage when the ammonia concentration has fallen suf'ficiently.

"Brass azide", Cu_ Zn _ (CiH)Ns, has a variable compoasition duc to solid
solution formation as indicAted by X-ray powder photographs and chemical
analysis of different samples. 1t can be prepared by mixing a suspension of
basic zing szide with dilute copper and zinc perchlorate solutions and ageing
the crystals in the mother liquor for at least 6 months. Best recults were
obtalned with 0.6 ge basic zinc azide + 9.5 ml 0.4k zine perchlorate + 1.5 ml
0.1 copper perchlerate + 90 ml water. DBasic zinc azide was preparud by
precipitation of 1K sodium azide with un equal volume of 0.5l zinc perchlorate
at 80° - 90°C.
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3 :.echanism of Copper Azide Formation in ammunition

llydrazoic acid from reaction of lead azide with water and carbon
dioxide in the air attacks copper and brass parts:

2Cu (s) + 3IMs - 20cudz (s) + HNHs (g) + Nz (g) (1)
In a second stage copper(I)azide is oxidised by air:
20uNs(s) + 1/202(g) + H20(1) =~ Cu(N3)z*Cu(on)z(s) (2)

«e have confirmed that hydrazoic acid alone cannot oxidise copper(I)
azide at any concen*ration, in agreement with the statements of Straumanis
and Cirulis.

The hydrazoic acid partial pressure is not sufficient to be the cause
of normal copper(II) azide iormation. By studying corrosion layers on
copper and brass by X-ray diffraction we found that both copper(I) azide
and the first basic ccpper(II) azide are formed. Copper(I) azide is
located as a thin layer nearest the metal surface and has an outer coating
of basic copper(II) azice.

If the hydrazoie acid pressure cannot be raised to its full equilibrium
value (as for instance in ventilated constructions) the corrosion products
are the second or the third basie copper(II) azides.

he  Sensitivity of the Copper .wides

In the KOA ball impict test the sample is placed on a polashed metol
cylinder and subjected to the impact from 130 y. steel ball falling from
g height of up to 70 cm.
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Impact T=2st Vilues

Sample CMe. explosion frequency
CuN3, form I 10 LO%
" 12.5 80,
Cu(Nz)2 «Cu(0il); 10 60,.
" 12.5 78,.
Cu(Ns )2 «2Cu(0H)> 70 0,
Pb(N3)2 Brit. Service 20 50,.

Fric+.on tests were carri:d out in the Julius-Peters machine vhere
a sample is rubbed between a stationary rough porcelain disc and a moving
rouch porcelain plug at different loads.

Friction Test Values

Sample load explosion {requency
CuN3, form I 30 g 50, .
" L0 g. 80,.
Cu(Ns )2+ Cu(0H)2 120 g. 75,.
" 150 g 100y
Cu(Ns )2 *2Cu}Qli) 2 60 g 15,0
" 120 ge 60, .
Pb(Ns)z, Brit. Service 80 g. 50;.

The electrical sensitivity wns tested on samples placed in a I'ixed
spark gap of two electrodes. Voltages and copacitances necesasary to cause
explosions were determined. All samples of copper uzide exploded at the
minimum energy value obtainable with the upparatus, 1 millijouls.

¥rom other experiments and from investipations of accidents we have

estimated the minimum eneryy to cause explosion to be 1 = 10 microjoules.
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Our opinion is that "copper aziue" is not significantly more sensitive
than lead azide to mechanical stresses but is much more :censitive to
electrical fields, discharges -~tc.

e il il il

Friction tests with non-conducting friction materials are probably a
measurement of mechanical and electrical sensitivities in combination.
Friction tests with earthed metal friction naterials indicate a much
lower sensitivity.

| Experiments to measure the electirical properties of single crystals
of the various copper azides are planned.s This wili perhaps give an
i understanding of the mechanism of electrical ignition.

The copper azides are rather heat sensitive with explosion tewmperatures
at ca. 180°C. Behavior varies when the salts are exposed to open flames:

E Sample Rehavior

% Cu(Na)z detonates

; CuN3, both forms detonates
1 5 Cu(Ns )2 Cu(0H)2 detonates
3 cu{Na )2+2Cu(0H)2 flashes like black powder :
i-% Cu(i¥s )2 * 3Cu(0H) 2 burns rapidly “
i E Cuan1_x(OH)N3 burns rapidly

she most characteristic property of copper{l) azide and the first
3 basic copper(II) azide is the ability to detonate in very thin layers’.
p Detonation propagates in layers thicker than 0.85 mg/em?.
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Yaper SG—EI TIE PREPARATION! JDENTIFICATION AND

K.J. Holloway

The preparation of various “copper azide" compounds has been undertaken
in order to assess their reproducibility, stability and sensitiveness in
relation to corrosions cscurring during storage of copper components exposed
to hydrazoic acid. Using a mastar-slave manipulator, chemical analysis and
electrostatic spark sensitiveness tests have peen carried out immediately
af'ter isolation of the various compounds.

The results have shown that products which are extremely sensitive to
ignition by electrostatic spark (1 = 2 ergs) can be prepared either by
metathesis from solution or by exposure of metallic copper to hydrazoic acid.

Five compounds, namely, cuprous azide (I), cupric azide (II), monobasic
cupric azide (III), dibasic cuvric azide (IV) and tribasic cupric azide (V)
have been prepared and their constitutions confirmed by chemical analysis.

Examples of typicel preparations are:

I. Cuprous azide

Method (i)s Kartor Singh, Trans. Faraday Soc., 1959, 55, 124
2.8 g« cuprous chloride dissolved in 70 ml. saturated scdium chloride
solution at 25°C, 0.28 g. sodium bisulphite (Nals0s ) sad one drop of

glacial acetic acid added. To the stirred solution. 1.82 g. sodium azide,
dissolved in 35 ml. watar, was added in 15 minuces.

CuCl + NaNs = CuNs + NaCl

Yield 1.5 g« (50,. theoretical)
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Method (ii)

2.86 g. freshly prepared cuprous oxide (obtained by the reduction of cuprie
hydroxide with hydrazine) and one drop of hydrazine were stirred in 200 ml.
water at 25°C.

2.6 g. s30dium azide in 150 ml. solution )

added simultaneously in 30 minutes.
1+9 g sulphuric a~id in 150 ml. solution )

Cuz0 + 2NaNs + HzS80;4 = 2CuNs + Naz5S04 + Hz0

Yield 6.75 g. (theoretical)

On being allowed to stand in air, cuprous azide was found to turn brown
rapidly anc the resulting material was showm by X-ray diffraction to be
monobasic cupric azide.

IT+ Cupric azide
Method fi)

0«8 go finely divided cupric oxide (through 120 mesh B.S5.S.) was left to
stend, with occasional shaking, for several days in 50 ml. of 3.6,. (w/v)
hydrazoic acid solution (this represents a 100,. excess of hydrazoic acid)
at room temperature.

Cud + 2HNs; = Cu(Ns). + Hz0

Yield 1.5 g. (theoretical)

l;ethod Siiz
L g. cupric acetate monohydrate in 100 ml. solution was stirred at 25°C and
2.6 g. sodium azide in 60 ml. solution was added in 60 minutes.

Cu(ClsC00)z Ha0 + 2NaNs = Cu(Ns)z + 2Na(CHsCJ0) + Ha20

yield 2.2 g. (795, theoretical)
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{IT. onobasic cupric azide %

i 2+6 g+ sodium azide in 100 ml. solution was stirred at 25°C

10 . cupric sulphate'pentahydrate in 150 ml. solution) added simultaneously 'i

; 1.6 7. scdium hydroxide in 150 ml. solution ) during L0 minutes. .

2Nal3 + 2Cu0s 5H20 + 2NaOH = Cu{N3s)2 Cu(OH)z + 2Naz804 + 10HL0
Yield 4.9 g« (theoretical)

Cupric acetate solution can be used in place of cupric sulphate solutione .

g V. Dibasic cupric azide

2.43 g- sodium azide in 10C ml. sclutinn was stirred at 25°C
(1,. excess of sodium azide) {

s

3 12 g. cnpric acetate mwonchydirate in 200 ml. solution) added simultaneously

) during 50 minutes.

o

3¢2 go sodium hydroxide in 200 ml. solution

2iaNs + 3Cu{CHs:C00)2 H,0 + 4NaOH = Cu(Na)2 2Cu{OH), + 6Na(CH3C00) + 3H20

Yield #.8 go (theoretival on cupric acetate)

Ve Tribasic cupric azide

2.86 ;. sodium azide in 100 ml. solution was stirred at 25°C (10, excess of
sodium azide)

16 g cupric acetate monchydrate in 250 ml. solution) added simultaneously

) during 90 minutes,

4.8 g sofdium hydroxide in 250 ml. solution
2Nally + 4Cu(CHa3C00)z Hz0 + 6NaUH = Cu(N3)z 3Cu(0H)z + 8Na(CH3CO0) + 4 H20

Yield 8.8 g» (thecrctical on cupric acetate)

44 sumuary of the tests carried out on these samples is given in the
Tatle.
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Tdentification of Azide Corrosions

Corrosions on copper and brass discs were obtained by exposing the
discs to an enclosed atmosphere of hydrazoic acid, generated by placing a
swmall dish of a 1,5 solution of hydrazoic acid in the container. Scrapings
o' the corrosions were submitted for X-ray diffraction.

The copper disc corrosions consisted mainly of cuprous azide with
some cupric azide.

The brass disc corrosions consisted of cupric azide with a little
cuprous azide and an unidentified material (probably lir. Lamnevik's
"brass azide"!). Corrosions formed more readily on brass, at approximately
double the rate.

Ignition of corrosions on the discs were studied using the approaching
electrode apparatus. Most ignitions occurred with an energy of' 1 - 2 ergs.
The type of ignition and the energy required was related to the thickness
of the azide films. With film thickness of up to 0.0001%, partial ignition
cccurred (Figure 1).

Filp thicknesses 20.0004" required higher ignition energies, unless
the {ilm was cracked and broken to allow a discharge path flor thz sparke
In these circumstances, low energies, 1 — 2 ergs, were sufticient.
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ADDIENDUK

Studies on the sensitiveness of monobasic and dibasic cupric azides were
in progress by E.R.D.E. 3ensitiveness Section just prior to and during the
Confarence, and it is thought desirable to include the results though they

were not presented.

iionobasic Cupric Agide
Cu(N3)z Cu(OH):

Dibasiec Cupric Azide
cu(Ns)z 2Cu(0H):

50, S 50,. S
Impact 7-96 cin 01170 11.04 em 0-057
Friction 5.25 ft/sec 0.12l; >10 f't/sec -
Elec*prostatic discharge
/N Needle 375 ergs 1300 ergs
520 puF (completes and partials)
R/M
linimum capacitance <11 puF ~3C uur
lMinimum energy <30 ergs 700 ergs at 100 uuF

-

Ccmplete ignition through-

out except as stated

Partial ignitions
throughout
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=4 CORROSION OF COPFER DEORACOR IURES
L THE P.ESELCE OF Lial AZIDE

The problems of corrosion faced by the commercial manufacturer of
detonators are similar to those encountered by Ordnance Factories, and
differ chiefly in respect of life and storage corditions of the detonatorsa
Commercial detonators are often used within a few nonths of manufacture sc
that adverse storage conditions will nct normally effect the saf'e handling
properties of the detonators. On the cther hand, the scale of comrercial
manufacture is so high that even a 1 in 10® chance of eppreniable copper
azide formation could not be tuolerated.

The most important protectinon of the initiating system is cf course
an et'fective seal, but if one postulates damage to the seal during storage,
then the conditions under which copper azide may be formed are of iuportance.

A series of experiments was carried out in which copper tubes were
suspended over lead azide in a constant humidity sealed atmosphere. The
temperatures and humidicies ®were chosen to correspond to normul and extrene

storage conditions. At suitable intervals one tube was removed from the
assenbly and the azide content of the deposit measured. Figure 1

shows the variation of azide content (expressed as cuprous azide) with time.

The sample to sample variation does confuse the picture but the trend
f'or all the sanples of lead azide is the same in that the formation and
retention of copper azide on the tubes is favoured by hich humidity. High
temperature cn the other hand seens to reduce the quantity of copper azide
retained on the tube, especially at the lower humidity. A poszible
explanatior is that hydrolysis of the copper azide is favoured by high
temperature to a greater degree than the hydrolysis of the lead azide,

{(Note by Secretary

Lr. sedleck r'irst ref'erred to an incident occurring in 1914 in Austria,
when an explousion tock place after items had been stored for two years.
“hough there was some doubt about the mode of initiation, it was very ilikely
tc have involved copper azide.

Frolonged storage 2t a high humidity and high carbon dicxide content

converts coppuwr azides to insensitive products, containing cojper carbenate
and copper hydroxide).

JETG0 4 seees

-

-l -

[



b s dbiaia,

/A‘ LE RN X J

FIG. 1

= Service Lead Aside to CS5.2222
2 = I.C.I. Doxtrinated Lead Azide
5 m X.C.X. Gelatin Lead Aside

Legend 1
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As corrosion of copper cannot cccur without decomposition of the 2
lead azide, the stability of the different types is of interest. TFigure 2
illustrates the siability of five types of lead azide.
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stability under these conditions.

WEEKS STORAGE (40°C,; 95% RH.)

FIG. 2

The precance of gelatin in the lead azide seems %o confer additional
The reason for this stability is not

clear but a form of protection of the lead azide molecule by the gelatin

is

probable.

/Faper (C=5) vaeen




A S L At S 1 4 A i

Paper ‘C-?) THE CRYSTALLOGRAPHY OF COPPER AZIDES
JoR.C. Duke
Published X-ray data on cuprous azide have been available for a long
time, but only incomplete results were avai’-tle for the cupric compound.

Cupric agide has now been re-oxsmined and X~ray single crystal and powder
data have been obtained.

Copper (I} agide
Copper (I) azide - CuNj

Crystal system ¢ Tetragonal
Space-group : I /a
Unit cell dimensiona:

a [} Ref

8.65(3) & 5.59(4) A Wilsdorf (1)

X-ray powder data published by: Wilsdorf (1)

Copper §IIZ azide

Copper (II) azide - Cu(Ns).

Crystal system H Orthorhombic
Space=-group ¢+ FPbnm or Pbn2,
Unit cell dimensions:

a b [+} Ref

9.226 A  13.225 A 3,068 % Streumanis & Cirulis (2)
9412 13,53 3,09 Duke (3)

Density (calculated) 2.57. Density (observed) 2.58 * 0.0
(X~-ray powder data obtained by Duke)
The crystals are leth-shaped and strongly pleochroic, and appear to

be brown=black when the electric vector is parallel to the length of the
crystal.
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The data have been successfully applied in the identification of the
eorrosion produsts formed on copper and brass expoaed to a moiat atmospheye
containing hydrazoic acid; Dboth cuprous and cupric azides have been
identified. It is generally difficult to crush cupric azide without
causing an explosion, unless special precautions are taken, e.g. by
immersion in a liquid end this places it in a class apart compared with
the other substances we handle.

Freparations of basic cupric azide have also been examined by X-ray
methodss A characteristic pattern has been obtained for a phase which
analyses as Cuf{OH)Ns but the patterns from successive preparations do
show some asmall variations, and work on this is not yet complete. This
material has not proved suitable for single c¢rystal examination. It has
been found that moist cupric azide changes into this basic cupric azide
when exposed to the atmosphere, although it appears to be stable when dry.

Ref'erences
1e Wilsdorf, M., Acta Cryst., 1948, 1, 115

2.  Straumenis, M. and Cirulis, A., 2. anorg. Allg. chem., 1943, 231, 315

3, Duke, J.R.C., (1966) Ministry of Aviation report (unpublished)
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Extract fror "Literature Survey on Metal Asides"

by S. Johanyson, 3. Lamevik and R. Ssggggg;gz .

An cxtract from a literature survey dealing with crystal data and
structures of metal azides, circulated during the ression by Mr. Lamnevik,
is reproduced below as being particularly relevant to Mr, Duke's paper.

Culy

The structure of copper (I) azide hes been determined by Wil- - «f
who showed that the crystals are tetragonal. The unit cell dime::z_.as
were determrined from rotation and powder photographs:

31

i
3
i
H
3
L
i
]

a8 ~ b = Beb53 % 0,01 A, ¢ = 5.5 * 0O1A 2 = & ;
The space sroup is Ii44/a with i
8 Cuat 8(a) e
8 N, at 8(o) E
16 Npo at 16(f) witix = 0.077, y = 0.173, =& = 0.250 :

The interatomic distances are:

equivalent neighbors diﬂzance
Cu ll- Cu 3036 !
2 Gu le33 i
2 Cu 5.15 !
2 8(1) 2,795 %
4 N(1) 3.36 i
4 N(2) 2,23 %
2 N(2) 3.28 %
2 N(2) 3,56 :
N 2 N(2) 1.17
/The sesee




The structure is built from Cu' and linear Ns=-groups, which form. chains
along the 111 diagonal. The N3-group is linear according to this
investigation. The co-ordination of copper and agide is the same. Each

ion is surrounded by a cube consisting of 4 Cu' and 4 N3s. The azide group
is here considered as a sphere.

Cu‘N;);

Only one X-ray inggstigation is published about ropper (II) azide.
Straumanis and Cirulis”< found that the green-black crystals are

orthohombic with 2 = 4, with the following cell edges (rotation
photographs):

a = 9.226 A, b = 13.2254, ¢ = 3.068 A

No attempts were made to detarmine the crystal structure.

Cu‘N;lgsyﬂizg
4

Recently Agrellho has refined her preliminary structure determinaticn 1
of Cu(N3)2(NHs)2- The compound has orthorhombic symmetry and belongs to
the space group P nma, the dimensions of the unit cell belng:

a = 6.389 * 0.0054, b = 745 * 0.0054, ¢ = 12.71 * 0.01 4

The co-ordination around the copper atom is distorted cctehedrul, there
being four shorter and two longer copper—-ligand bonds. The structure is
built from chains of Cu(NH3)2(Ns)2 octahedra running along the [100]

direction, see Figure 8. The azide group is asymmetric with (two typea)

N =« N distances:

1497k = 0.001 A
1.142 * 0.042 4
1.186 * 0.011 A
1139 * 0.013 A

This is the first accurately determined azide structure and it clearly
shows the asymmetry of the azide group.
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Paper (6-6 PREVENT10N OF COPPER AZIDE FORMATION
I IR ¥ | m

— ———

Se Lamnevik

Abstract

3 As coppur azides may be a subatantial danger in ammunition containing
.3 ! lecad azidec, great efforts have been madve {0 overcome this problem by

3 I appropriate design construetion and chemicelly. Copper azides can ealways
be foun® inside capsules made of copper or brass and loaded with lead azide.
This i- not considered to be dangerous, but copper azides situated on
movine parts in s construction can be initiated by friction and fire the
i prining compositions in the neighbourhood causing an accident or bad furction.
; In this paper the Swedish way of handling the practical prcblems and different
i waya to avoid copper azide formation are discussed.

i Swedish Copper Azide Control of Ammunition

All ammunition containing lead azide is inspected for copper azide
formation at regular intervals. To indicate azide corrosion dropletas
of a 30 ferric chleride solution is used. Examinations are maile under
the unicroscope. If & red colou:r is obtained (positive “est for azide ions)
with ferric chloride, the time necessary to decolorise the droplets is
measured. This time is a rough estimate of the amount of azide present.
It is reported as mg HNax per az’.

Recults of the examinations are submitted tn {he Copper Azide Judgement
Group where dengers of handling, storing and transportation of the ammunition
parts are examined. Time of growth and amount of azide per cm? present at
that time are used to make a forecast gf the "critical year"™ when the
corrosion luyer will exceed O.40 mg/am“. Layers thicker than that will
propagate a detonation when initiated at one point.

Before the "critical year™ is reached other tests are done, for
instance, tesir to u3termine whether the normal priming compounds in
their capsuies are liable to detonate if a copper azide detonation occurs.
This does not necessarily happen. Other factors considered before
destruction is ordered are the function of internal safety devices,
mobilities of the various parts, etc.

Thanks to the Copper Azide Judgement Group's werk much experience has
been gathered and put into practice and much of the old fear of copper
azice has vanisheds The problem is now mainly an economical one, and is
decreasing as new constructions are replacing older oues.

/ChOiCG vsees




Choice of Friming Explosives

One way to prevent copper aride formatior is to use an aliernative
priming explosive to lead azide. This is & practical method because it
allows old ammunition to be used after changing the priming capsules, and
for new constructions it allows the use «f brass which is the bast machining
material. At present the only useful, alternative rprimary explosive seems
to be silver azide which, with water, gives a very low partial pressure of
hydrazoic acid and has excellent primirg properties.

Choice of Construction wmat.iials

Materials not corroded, or corroded without formation of explosive
products, by hydrazoic acid are plastics, glass, atainless stesl, aluminium,
lead, tin, titanium, silver, gold, zinc and magnesium.

Among these, aluminium and stainless steel are the only materials used
in larger amounts in smmunition i'ov econorical and other reason.. They are
not corroded by hydrazoic acid. [in, zirnc and silv-~: are used as thin
(cas 50 ricron) protective layers on brass and copper. Tin and silver do
not react with hydrazoic acid; zinc rsscts with formation of zine oxide.
ilhen using tin and silver it is important tc achieve a .ion=porous layer to
avoid accelerated corrosion of the copper-bearing metal. Zinc coatings
can be very thin (10 microns) and need not be perfectiy impervious because
of the metal's less noble character (electrochemical protection). However,
zinc may react to form layers of non-explosive corrosion products which may
cause proilems on moving partse

Special Constructicns

There are two direct methods of reducing the partial pressure of
hydrazoic acid in ammunition.

The first involves using an airtight construction with moisture- and
carbon dioxide- absorbents inside. This technique has been used in some
American artillery fuzes.

The other method is tn use a construction which is ventilated, so that
hydrazoic acid may escape. This will give no copper azide corrosion ¢t all
or, at worst, the least dangerous, basic copper (I1) azides. This has been
confirmed by experiments. The lead azide will be gradually destroyed,
however.
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Use of Hydrasoio Acid Destroying Agents

Zinc and magnesium react with gaseous hydrazoic acid forming oxides,
nitrogen, ammonia, hydrazine and hydroxylamine (the last two in minor
amounts). Zinc is used in Sweden in ammunition as discs, pierced with
holes, and placed just above the lead azide containers. It is important
that the discs have a large free area accessible to the hydrazoic acid
vapours. Protection is satisfactory as long as the zinc is not passivated.
Passivation is a problem; it is not understood why and how passivation
ocours, but it might be due to contamination by oila or greases from
previous machining oreraticns. Although magnesium is better with respect
to passivation, its effective lifetime is too short. JAttempts to use
palladium and platinum catalysts which decompose hydrazcic acid to ammonia
and nitrogen have failed owing to catalyst poisoning and formation of
highly explosive products on the catalysts.

Non-listallic Protective Coatings

liost varnishes and lacquers are penetrated by hydrazoic acid in a
short time when applied in norm:. thiclknesses. The only protective finish
acceptable according to our testa is a high molecular weight silicone resin
normally used for electrical insulation of copper wires.

Chromate conversion coatings (IRIDITE-process) have been fairly
successful on brass but not on copper.

Use of Inhibitors

At our Instituve we have examined a number of inhibitors of copper
corrosion to determ .ne their suitability as inhibitors for copper azide

corrosion. Excellent results were obtained with 1,2,3~benzotriazole. A
very thin (5 micron) carrier film (polyvi=yl acetate) with 1% benzotriazole
prevented copper azide formation comnleteiy in tests of two months duration
at 35°C and 100%} relative humidity, and at a hydrazoic acid pressure of

0.1 mm Hg. Without inhibitor, corrosion occurred under the polyvinyl
acetate film after eight houras.

One problem exists, however: 1,2,3~btenzotriazole reacts with composition
B at 90°C (and probubly alsc at lower ‘emperatures). .e do not know whether
this is dangerous and whether reaction cccurs with other secondary explosivess

/Discussion eesas
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Discussion on Session ‘C! Papers

‘Brs Ball said he agreed in general with a1l that had heer said oo the T
properties of copper azide, but there was one aspect that had not been
mentioned. This concerned the layer thickness and the rate of propagation
in the layer, as these could be important factors in accidents. Heasurements

with C.001 inch thick layers indicated a propagation velocity of 1400 metres/
3€Ce

lir. Taylor said that the statement made in the Annual Reports of the
Society of ﬁtemical Industry, that copper azide was spontaneously explosive,
was incorrect; he would like this point placed on record (3ee Footnote).

Dr. lovecy suggested that, as the term usually ~eant liable to explode
without provocation, the statement was perhaps jusatified.

Both jirs Taylor and Dr. Ball disagreed, and the former said that there
was always some cause such as electrostatic charge or friction; otherwise
it meant that almost every incident could be excused in this way.

The Chairman suggested that the statement in Annual Reports should in
some way be clarified.

In answver to a question on the nature and disposition of the vurious
layers formed on copper by hydragoic acid, ir. Harris and Dr. Ball agreed
with the observations by iir. Lamnevik that copper became covered with a
layer of alpha cuprous azide, which in turn was covered by a thicker layer
of the monobasic cupric azide. If the vapour p:essure of hydrazoic acid was
not high enough the dibasic or tribasic cupric azides were formed instead
of the moncbasic salt.

..rs Taylor pointed out the risk of erroneous conclusions arising from
the hydrolysis of copper azides and Lr. Duke mentioned a tendency for cuprous
azide to convert readily to the cupric form.

Footnota:

Reports on the Progress of Applied Chemistry
1953, 38, B1L, Steele, A.R.V.

Quotes "highly sensitive copper azides were formed which have been knovm
to detonate spuntanesously™.

Thig is erroneous and should be corrected, az all known cases of
accidental ignition of copper azide in ammunition have been associated tith
son¢ movement, This correction iwvas accepted by the author but he pointed
out that there appeared to be no ennvenient means of correcting Annual Reports.

"Spontaneous" could be interpreted as occurring without any clear
application of mechanical or thermal energy. Therefore this statement in
the literature could be quoted by witnesses of courts of inquiry into
accidents, thus obscuring the more relevant causes.

/Dr. Ball LA AN R J




Dr. Ball said thut all the preventive methods, with the exception of
the chemical inhibitors, had been tested at R.d.k.D.E. None was completely
satisfactory. He stressed that with tin-plating it was essentisl that it
should be non-porous. The sacrificial zinc method was no foolpreof, since
zine tends to become passiveted. Aluminium snd stainiess steel components,
or the replacement o." lead azide by another explosive, seemed to be the
best solutions. It vas generally agreed that, although it was desirable
tc remove the hydrazoic acid formed by hydrolysis of lead agzide, this removal
accelerated the degradation of lead aside, i.e., one obtained a measure of
safety at the expense of the life of the store.

wr. Blay pointed out that carbon dioxide absorbents rere particularly
undesirable, as they accelerated the hreakdown of lead azide considerably.
Varnishes were intended to frevent penetration of water into the initiatory
materials.

L. Harris replying to ilr. Leslia, on the question .7 the action of
shellac on lead aride, said that when dry the lac acils in shellac had no
effect.

hr. Taylor said that the use of hydrophobic surface-active agents
geve a temporary ruppression of hydrolysis, but this did not persist.
Similarly, hydrophilic colloids gave a temporary protection, but this
vas lost on & long-term basis. He aasked whether the cutting oil used in
the manuf'acture of copper tubes &accelerated the hydrolysis of agide.

ure iedlock replied that he had found no difference in the evolution
of hydragoic acid, as betwesn normally handled tubes ind specially cleaned
ones.

Dr. lLovecy asked, in view of lr. iledlock’s results with gelatinised
azide, whether the tests carried out by lr. Blay had revealed similar
effects.

Mr. Blay said that the tests were only short-term omes at preaent,

but these showed gelatinised leud azide to be no better thar Service lead
agide.
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Session © Hazards in the Fnmufaclure of lead Rzide
Chairman: iire GeleCe Taylor
Contributors: .Te +1Le !ythes

Hr. 4.7 Thomas
Wr. GJU,C. Taylor

Session Secretary: X, JeRe Vhite

The session commenced forty minutes later than scheduled, but the
Chairman said that no anclogies uvere neeied for the extra time taken by
session C as the two fields of work were closely connected. 1He continued
by saying that lead azide is a very sensitive ;rimary ex:locive uith a
history recording wany accidents. In spite of its sensitiveness, lead
azide has a very good production record, nrobably bec.use its history is
vell-kncun, and conseguently full -recautiors are taken. 7~his session was
to be divided into three sections, the first l-~-'.ng vith rreci-itation
and wet handling, the second ith: uvet storage, troasrort, and drying, and
the third vith the use of the dry materinl, transrvort, and filling.

at this stage a short film was showun to illustrate the facilities
avzilacle at Z,3.D.Z. Woolwich for the :.apufacture, drying, and sieving
cf dnitiatcrs. This was followed by a slice zhowing a laborstory unit
desimned and made by Z.x.D.L, Chemical Engineering Sranch for the yreparation
of initiators up to 15 grams secule. The asyaratu. hal a hyiroulic-liy
controlled ctirrer and a device for raising or loucrin: it, a contiol - =nel,
and incorjyorates a heaglng unit capable of heating the cententsz of ihe
reaction vesszl to 1007 CZ.

-he Chairmuan then rrecentcl ~he first art of his -zier 'hasuric in
the .anufacture ond Loading of Lead ..zide' remindiag the audience that
vhere o ontaneous ex l.oslon 'u. lerferrcd Lo, ne meant ex: asion sccurring
vithout uny cle-r iniicrtion of zeciuanical, electrostatic, or heat ener—y
bein: w::lied.
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This paper is intended as 3 brief introduction to a discussion on this
subject in which it is honed that ve may all benefit by contributions from
the investipgations of research vorkers ond the long experience of nroduction

mAnAgers.

There is no doubt that the nrecipitation of lead azide by the interaction
of sodium azide =nd soluble lead saits can zive rise to conditions when
sontaneous ex, losion can occur. This is5 esjecially related to the nreparation
of nur. and near jpure lead acide (absence of hydrophilic colloids as additives)
and here umixing of colutions is ;.oor and incomulete, :hus solutions mixed
accidentzlly o: by s illage (incluiin,; that of mother liquor) are potential
hazards. In ¢ ort of the above, the incidence of accidentzl exvlosions
Curing manufacture of Lritish Jervice lead azide is about one in 6000, althouzh
recently there has been a lon: run vithout explosion during srecipitation or
vashing of the roduct. There ii no clear evidence of the cause of such
ignitions Jespite many detailed en.cuiries, including one recently by D.C.I.
Secouce of this lov frequency and the fact that 1l evidence is lost, this

roblei: is extremely difficuit to solve by gystewatic research arproach.
Heverthie =s. the emeriments conducted at Z.XR.Usle have confirmed that
s_ontanecus exyloolcn of lead uz;dc czn bLe surpressed by the use of additives

and there is an extensive reccerd of freedom from exilosicn during manufacture
ol Jdextrinated lead azide 2nd of ..,.‘;;, (e, 18 wT) in which sodium carbory=-
methy.. cellulcie 1o the additive. the de;ree of uixing of solutions is

rotably crexzter tim that re uired Ior the [reiaraiion of cervice lead azide.
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- Faper (Du2) ACCIDENTS IN THE MANUFACTURE OF

v T ~ LEAD AZIDE (A SURVEY)
) P.E. Wythes

Lol

A This paper is based on a survey carried out by the late Mr. J. Dexter
P (Chemical Inspectorate) of Accident Reports since 1941 involving British
- Military 3ervice tyge lead azide.

Incidents can be divided into two groups:

s

v ; i« In Manufacture of Lead Azide (A batchwise procedure)

10 explosions occwrred in the pan and 5 occurred during sieving,

2. During Filline

uver 140 incidents,

This veport has been vonfined to the incidents during manufacture
which are more likely to be chemical problems,

Explosions in the Pan

3
D et PO TT A . T W A Gt . At e =

A common fuctor of explosions in the pan is that the explosion always

g i oceurs towards the end of the manufacturing pro.ess, Of the 10 incidents
: recorded: -
% 3 occurred towards the ~nd of the .adition of sodium azide and

lead acetate solutions;
2 cceurred a. the end of the addition of the solutions;

1 during the stirring prior to the addition of acetic acid i
(used to destroy any excess lead carbonate);

2 during the addition of the acetic acid;
1 during the stirring after the addition of acid;
1 during the second washing stage;

From a chemical point of view the manufacturing process involves two
aspects: qualdty of raw alesrials and process control.

/2uaLity veoes
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Quality of lNaw llaterials

The materials used are distilled vater, sodium carbonate, lead acetate
solution, sodium azide, acetic acid and methylated spirit.

The purity of all these materlials is considered to be of the utmost
importance by D.C.I. and there has never been any suggestion of materials
of doubtful quality hawving been used.

The specification for lead aceticte has been revised to include a
carbonate limit. This was considered desirable so that the precise quantity
of carbonate formed in the process for nucleation could be controlled. It
may be desirable to check the pH of the solution befoie use (I understand
E.R.D,E. do recommend this).

Uhenever ossible, efforts should continue to improve the standard of
purity of raw materials.

Process Control

Process Contrad is at present )urely uechanical and it is for
consideration if any nhysico-chemical aids could be introduced.

At present Lemperature is recorded continuously and stirring cpeed
intermittently. Rate of addition of solutions is controlled by means of
jets and should not vary significantly if the soluiions have been prepared
correctly and are free from foreign matter. Frovided, therefore, that the
levels of the solutions in the aspirators are observed and recorded at
intervals, the rate of addition of the solutions ioc under control.

Further Control

"he possitility of microscopic exumination of samples of crystals
withdrawn during the process was considered. If sipnificant variations
in crystalsvere cbserved it might be necessary to stop the process and
destroy tha product. 7The suzgestion was rejected for obvious reasons. The
mechaanics of introducing sampling equiyment may in itself be a hamard and,
in any case, crystals continue %o grow from the time of their nucleation,
and progressive changes uill occur. Leta lead azide, thought to contribute
to sensitivity, ic knovn to be _vesent in appreciable cuantitics halfw-vay
through the wrocess.

J’he only useful thing thet could ossibly be achieved by microscopic
examination is a more extensive examination of the final »roduct; this
may prove useful in investigating thie occurrence of ignitions during
subcequent handling ond filling.
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The vossibility of automatically recording the pH of the reaction
during the run may be worth investigating. For this to be of any use
there uwould have to be significant changes in pH with fluctuations in the
proportions of the reactant sclutions.

sxplosions during Sieving

No evidence has been obtained that explosions occurring at this stage
have been caused by 'sensitive' azide and it would seem that accidents at
this stage are a mechanical and/or human failure.

Summarl

The manufacture >f Service lead azide based on precise nucleation
by 2% ver cent lead carbonate has been brought to a high degree of
perfection. ‘

Unfortunately, there is an occasiocnal explosion during manufacture -
I believe E.R.D.E. pgives the incidence as ebout one in six thousand and
the reason for this is at present unknown.

It is tempting to blame ‘"'"sensitive'' crystales which are ‘'spontaneously"
explosive and until all the pronecties of lead azide ure fully understood
this question will remain,

Meanwhile the only alternative seeums to be to discourage the use of
Service lead azide and change to phlegunatised tyn»es, overcoming the
reduction in detonative power by redesign, particularly with regard to
amall detonators.
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Discussion on Paper (D-2)

The Chairman thanked Mr, Wythes and iuvited questions from the floor.
Dr,_Lovecy asked if there was @ time factor or any particular condition
associated with the explosion of lead azide in the precipitating pan.

The Chairman replied thut there was not, and added that since 191
there had been a total of 19 explosions, alihough more than 6,000 batches
had been made since the last explosion. Mr, Whitbread asked if these
were all unexplaianed, and vhen told that they were, he asked if there was
a possibility that any of them had been caused by contamination with foreign
matter such as nuts and bolts. blNr. Robertson replisa that this was most
unlikely as a very high standard of maintenancs was observed in the R,0.F.'s,
Dr. Lovecy asked if there had ever been any explosions attributed to the
presence of other foreign matter, and was told that there was nc direct
evidence that this was a cause.

The guestion was raised as to whether there had been any incidence of
explosion during the precipitation of lead azide on a small scale.

The Chairman replied that he thought there may have been one or two
when lead azide was first made, but he had ro record of any such explosions
in recent years., He czcatinued that there had been no irjuries to operators
in any of the R.O.F. u¢xplosions, thus indicaking that the design of building
and the operating regulations afforded adequate safety protection.

At this point Mr. A.T. Thomas should have precen’ ed his paper on
"Spontaneous Lxplosion during crystal growth of Lrouad azide', but he wvas
indisposed and the Chairman gave it on his behalf. This was followed by
a film "Spontaneous Explosion of Lead sizide', made at L,R.D.E. Woolwich,
illustrating some of Mr. Thomas's uvork on his '"Lead azide alarm clock!
uging the master/slave manipulator. The Chairman said that copies of the
film were available for loan on request, Slides were also shown jllustrating
the work done by Rogers & Harrison (1955) referred to in Mr. Thomas's paper.
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Paper \1-3) SPONTANEOUS EXngSig?DDggigg CRYSTAL GROUTH

4.Te Thomas

i/hen lead azide is crystallising from cold agueous solution it
frequently happens that spontaneous explosionsoccur for no a,parent reason.
Explosions have been observed when crystallisation is carried cut under a
number of conditions and reproducibility of this phenomenon is somevhat
erratic. Miles (1931) prepared beta lead azide crystals by the slow inter-
diffusion of aqueous solutions of sodium azide and lead nitrate and
frequently explosions occurred during the growth of the azide crystals.
Rogers and Harrison (1955) made an attempt to determine the conditions
necessary for explosion and carried out diffusion experiments using a
barrier solution of sodium nitrate to keep the system hydrostatically
stable. They found that a series of weak explosions can sometimes be
detected in the system vhere a major explosion subsequently occurs. Further
experiments carricd out in an effort to repeat the conditions for micro-
explosions were not always successful, probably due to the large number of
variavles involved and the likelihood that special conditions are required
locally in the system.

Spontaneous explosions have been observed in this department during
the following experiments.

1 Prenaration of beta lead azide by the diffusion method described by
jiiles,

2. 'The slow abusorption of hydrazoic acid vapour by aqueous lead salt
solutions,

e During the crystallization of lead azide from ammonium acetate
solutions.

It i5 found that solutions of lead azide in ammonium acetate may be
soceified vhich vill explode spontaneously and, by controlling concentration,
temperature and conditions of cooling, the time to explosion may be predicted
with reasonable accuracy. A critical experiment was carried out io show that
srontoneous exnlosion is not ecssocizted vith the large crystals of lead azide
that are formed during crystcl grouth. In a solution containing O.7 per cent
lead azide, a number of large crystals had formed about 30 minutes before
the predicted tine of ex.losion. These crystals were filtered and the
mother-liguor ke t, &t the predicted time of exnlosion the mother-liquor
nortion ex loded vhile the larpe lead azide crystals remained intact. It is
possilble to suppress s, ontaneous explosion by the addition of small amounts
of various additives such as dextrin, polyvinyl alcohol and other hydrophilic
colloids,
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S J: is suggested that spontaneous explosion may be associated with
nucleating conditions and not with super-sensitivity due to the »resence
of internal strain and sudden relesse of stresses in large crystals.
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4 Spontanecus Exnlosion of Lead ..zide '
§ Lead azide (pure) dissolved in 50 ml, of 5 .er cent
| ammonium acetate solution at 70°C and allowed
3 to cool to room temperature during tuo hours
L vithout disturbance,
x Lead azide Time to Exnlosion
ver cent Mine
i 1.9 o I 2
3 1.0 50
0.9 75
0.9 G5
E 0.5 co
A 0.3 9] 5
0.7 210
i 0.7 220 !
-, i
1 0.6 225
4 0.6 255 y
j !
[ ;
3 Q.5 7 2x_loded overnight ;
10 lxperiments Large alrha crystols
7 in intact containers. ,
; O.4 Mo ex losion after
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Discussion cn Paper {D.3}

Mr. R.C. Harris asked if observations were made up to the time of the
spontaneous explosions, The Chairman said they were and went on to say that
explosions which tend to occur during the diffusion process can be suppressed
by the use of suitable additives, and to some extent by agitation.

Dr., Ball asked if the use of lead acetate in these experiments was
a significant factor in causing explosions, but the Chairman said that this
was not the case, as ¢xplosions had occurred vhen lead nitrate was used
instead.

Dr. Lovecy asked if stagnation might be the cause of spontaneous
explosion. The Chairman rewlied that there was nothing to indicate this
as some explosions had occurred during agitation, and the suggestion had
never been made at any court of inquiry. Dr. Todd asked if, in spite of
stirring, local explosions might occur unde: stagnant conditions. He said
that it has been shown that at high degrees of concentration crystallisation
occurs layerwise, whereas ~t low concentrations crystols are formed by spiral
growth leading to spiral dislocations, and when nucleation occurs, exothermal
conditions prevail and local hot spots way cause explosion. The Chairman
said he had discussed this possibility with Frofessor Frank, but not
sufficient was known on the subject.

Dr, Kaufman asked if ir. Thomas nad examined his mother liquor after
the crystals had been separated, by the Tyndall cone of light. The
Chairman said this had not been done but was worth investigating; it was

expected that nuclei would ve present, and further work on the effect of

temperature and supersaturation conditions wrould be undertaken.

Dr. Lovecy referred to the work done by Rogers and Harrison, and the

Chairman stated that nuclei can form vhen crystals are present. Dr, Lovecy

enquirea if isothermal conditions were present during Rogers and Harrison's
work; he thought that condiiions under which nucleation can occur was a
possible avenue “o explore, but questioned if sufficient energy could be
available to res.lt in explosion,

Dr. Kaufman said he had done some calculations and enough energy to
detonate lead azide could be released. i:r. Duke s=id that this had been
confirmed by D.A. Young at Imperial Colleme. Mr. lobertson asked if
there was any risk of explosion during pouring from the nrecipitating pan.
The Chajirman replied that there had been no evidence of this, but mother
liquor had exploded con cooling after being removed from the ran.

/Dr. Kaufman e....
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_ Dr, Kaufman ask=d if any explosions were Jmown to have occurred during
the preparation of lead azide in which sodium carboxy methyl cellulose (C.M.C.)
or dextrin had been used.

The Chairman replied that trere zdditives tend to suppress spontaneous
exolosion and that probably mor. *r=a 30,000 batches of lead azide containing
C.M.C. have been made without inc:dent. He added that in the R.D.1333 process
vigorous stirring is emplcyed, thus further reducing the probability of
spontaneous explosion, whereas in the Service lead azide prncess there was a
large space underneath the stirrer and a slower stirring rate was used., This
was because, during early days of manufaciure, there was some fear of mechanical
attack by the stirrer on the leud ezide crystals. Dextrin suppresses spon-
taneous explosion and forma:ion of the beta polymorph., He had no record of any
explosion occurring during preparaticns uging dextrin, and this was confirmed
by lir, Medlock.

Dr. Kaufman asked if reduction of C.lh.C. content in the R.D.1333 process
might increase the possibility of spontaneons explosion.

The Chairman replied that this might be correct, but the effect could be
investigated experimentally on a Bmall scale.

Dr. Lovecy asked if the amount of C.l.C. used ir the R.D.1333 process was
r=lated to the physical properties of the final product, rather than to its
a»’7ity to suppress explosion.

The Chairman replied that it was related to the properties of the final
product.

Dr. Lovecy referrcd to the work by Mr. Thomas and by Rogers and Harrison,
and said it seemed that s-mething rurious could proceea durine crystallisation
experiment: uioducing energy, which may either be able to discharge slowly or
alternatively wou:d accumulate and discharge catastrophically later,

Mr. Duke asked what would be the effect of agitation on the "alarm-clock™
experiments. The Chairman said that experiments had shown that explosions
could still occur, but were less frequent {Table 2 of Paper (D-3) ).

Mr. Duke asked if phenomena such as "clicks'!, reporied by Rogers and
Harrison, had ev:r been experienced during large scale preparation, The
Chairman said he had no record of any.

lir. 3. Lamnevik reported that in Sweden there is a factory which
operates a nrocess in which pure beta lead azide is prepared by precipitatiom
without stirring. On storage under water the beta azide is converted into
high purity alpha lead azide. The process has been operated for wmany years.
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Dr, Lovecy said he thought it should be made clear thar C.M.C. is

‘preéseént as the lead salt and that reduction im the waount -f C.M.C, usmed

might lead to a situation in which there was insufficient 2-,H.C, present to
sur ress spontaneous explosion. The Chairman said he thought that in the
preparation described Ly lr. Lamnevik he was working dangerously near to
the limit where explosion was likely to take place,

Mr, Rask asked if there was any toxic hazard due to the liberation
of hydrazoic acid during precipitation. The Chairman replied that there
was, and that he would supply Mr., Rask with a copy of a report he had on the
subject. Dr, Kaufman and Mr. Dubois asked if they could have copies too and
this was agreed, The Chairman continued that there had been a minor accident
in E.R.D,E. caused by a small pocket of hydrazoic acid exploding vhen
distillation apparatus was heing dismantled, and it was thought that pockets
of hydrazoic acid could be responsible for the spontaneous explosions in lead
azide preparation. Mr. Robertson asked if there wcs any evidence to indicate
the presence of hydrazoic acid in sodium azide.

Mr. Leslie stated that if aged sodium azide solution was used in the
preparation of lead azide, the resulting product could be particularly
sensitive. The use of aged dextrin solution could also have the same effect.
The solutions had been stored in glass bottles. Both Mr. Robertson and the
Chairman had had no experience of this phenomenon.

lir. Robertson asked if D,C.I. had any cvidence of change of pH of
sodium azide solution on storage. Mr. Se. said he had none.

The Chairman, introducing a discussion on the transport of lead azide,
commented that in the U.K. there was a strong feeling that lead azide should
be manufactured on the sane site as it is used, rather than be transported in
bulk to the filling factories. Samples of lead ayide have teen stored under
aqueous industrisl methylated spirit mixture, and Dr. ‘/yatt had carried out
sensitiveness tects on them. Dr, '!yatt said that emery paper friction tests
on Service lead azide and R.D.1333 showed no change before and after storage
under a mixture of methylated spirit and water for 2 years, whereas R.D.134
and R.D.1352 showed a statistically significant decrease and increase
respectively. It is doubtful whether these changes were significant with
regard to practical hazard.

Dr. Koufman asked at vhat temperature the samples had bez:n stored and
tested. Dr. ‘/yatt tuld him that storage had been at room teriperature in
zZlass containers. Dis Todd asked if there had been any polymorphic change
during the storage period. Dr. ilyatt said that lir. Duke had examined the
samples and found no change,

/Dr. Uyatt ceeee
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Dr. Wyatt suggested that the colloiu may possibly have been leached out
of R.D.1352, and this might comtribute to an increase in friction sensitiveness,

The Chairman then referred to thc methods employed for drying lead agzide.
He said that the R.O.f.'s used cold dry CO,~free air, but he knew that varm
CO,~free air vas sonetiiies used; ordinary varm air was used by one manufccturere,
There uere no comments from the meetipng cu the subject of drying.

The next topic to be discussed, viz. the handling of lead azide, began
vith a film entitled "The Development of Zlectrostatic Charges during the
‘anufacture of Detonators', made by the .wustralian Government, and introduced
by kr. Clay, Hr. Clay said he was pleaced to have the opportunity of
shouing the film, which he was seeing for the first time after final editing.
The film shoved the method used for filling detonators, and experiments
carried out to deternine the nature and size of electrostatic charges develonaed
during pouring operations. Lead styphnate, lead azide, dextrinated lead azide
and ASA comhosition were run down chutes of various materials after Leing
tirped from an eartihed brass ueasure. The charze developed on the chute vas
shared with a 0,001 ufd condenser and the resultant voltage weasured on a
Liodel 6104 Keithlg Electrometer, Temperature and humidity wvere not controlled
but were about 7?5°F and 60 per cent resvectively. In generczl, lead azide
generated a negative charge on the chute, whereas lead styphnate generated a
rositive charge. ASa usually generated a nepative charge but occasionally
gove _ositive charges, The hichest charges developed .ere vith lead azide
and dextrinated lead azide on nickel chutes,

ASA compo§ition vas roured nast an electrode at a otential of 1000 volts.
Hish sneed cine nhotography showed that some particles were attracted ang
others vere renelled, but not to the extent expected under these conditions.

In nany of the pouring experiments the voltages on the electrometer did
not uluays cone up slowly to a maximum but rose and fell, and caue to a
steady volue only at the end of the pouring. Furthermore, a change in sign
sometines occurred. In order to study these nhenomena uore closely, a
Tektronix C'R.O. was comnected to the output of the electrometer and simul-
taneous cine records vere made of the C,R,0, screen and of the nouring cieration.
This showed an immediate link between deflection and movement of the pouder.

“he Chairman thanked hir. Clay and his colleagues in Australia for the
opvortunity of seeing the technique and results of their investigations.
Dr, Uyatt said he liked the simultaneous obs ‘ations of potential movenent
and cof powder movesient. He agreed that lead acide and lead styvhnate usually
charged in onposite senses, but as regards magnitude he had alwvays found lead
styvhnate to electrify much more thon lead azide,

Dr, Lovecy asked vhat voltage vas represented by each division con the
oscilloscopic screen. Dr, Uyatt told him it vas 0.03 volt. Dr. Kaufman
aslied if brass and stainless ste 7, as used in the film, constiiuted the
worst ossible hazsrd. 2Jr, WUya. said that, apart frca nickel, brass was
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) one of the worst metzls vith lead azide and aAdn. Gtainless steel was used

= bl Yosd-stychaate-in-the exseriments whore simulteonesus records were taoken R
of the C.R.O. screem and the pouring, as this combination geve the greatest

number of chan;es of sign.

Mr, Clay, in answer to a request by Dr. '/yatt for more information on
the nature of the incidents occurring with the filling of Australian
detonators No. 27, said there had been a number of explosions with .Sa
occurring at various stages in the filling sequence. A number had tzken
place vhen -ouring from the graphited boat as well as from the brass measure.
Dr. Lovecy asked if there could be any mechaoniczl rezson for the explosions,
] for example, the use of the Bowden cable. lr, Clay said that the Bowden
4 cable was used only in the film to simulate norumal »rocedure. The Chairman
' asked l'r, iiedlcck if he had any couments to make, iir. ledlock said he had
found the film of great interest, esnecizlly as he had previously donc some
nouring exreriwents using I E.T.N., with a different type of apparatus. He
commentad that the energy involved ‘hen two charged particles of opnrosite
sign approached is dependent on the capacitance of the jarticles and is thus
extremely small. Consequently this was not z likely mechanism of ignition.
Dr. Lovecy then asked if 1000 volts was a generous estimate of the :otential
of the charged particles, but ihr. iledlock said he thoughtnot.

) Dr, Bzll asked what types of lead sty hnate and lead azide were used in

3 the film. llr. Clay said that all the materials sed were made at iicribyrmong,
E the lead styphnate was R.D.1302, and the lead azide vas changed halfuay

3 through from Service to dextrinated.

The Chairman then presented the remainder of his ;a_er "Hazards in the
Manufacture and Loading of Lead szide", and said that the automotic transfer
equipment at R.C.F. Chcrley referred to was now zlmost ready, and when
completed vould be tested initially using an inert substitute for lead azide.

S a el

i /l'.‘_ier (D—"") saeeee

111 -




,f; "; Da_.er (D=b)

.he trunsfer of relatively large

g lend azide by an upsMielded operator is common ;ractice but the safety
3 records are very good. Jecause of the lotential hazard there has been

Jroiress in R,0.F. Chorley tovard fully automatic tronsfer equipment for
. roduction.
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Dicgussion on Faper (D-4)

“lien asked ror his comments Dr. Ball said a wide range of questions
could be raised but ke agreed with the substance of.ithe paper. le wvac
committed to using Service lead azide because it conformed vith military
requirements and werfcriance, but there was no doubt that its handling
presented greater hazards tnan did that of other tyves of lead azide, and
tests had shown that C,1,C. and dextrinated types are less sensitive in
the presence of aluminium, copjer, and tinned copper, He would like io
see Servi~e lead azide replaced by these other types, as there would be a
greater ma-cgin of safety in handling. In addition, the pelleting proverties
uf the new types were better, with improved cohesion and less reassertion.
He stressed the need to exclude grit and said he had raised the question
of air conditioning vith controlled humidity. It was pecssible to have long
runs of the production of Service lead azide without incident because of
the high standard of equipment waintenance and efficient training of
personnel,

Dr, \Wyatt agreed that attempts should be made to exclude grit. The
sencitiveness to impact of Service lead azide is increased 3.2 fold vhen
5 per cent carborundum is added, and the sensitiveness to friction is
increased more than 3 fold when an ewmery paper surface is substituted for
mild ste2l. An azide less suscantible to grit than Service lead acide would
obviously be an advantage, ‘'hile on the subject of semnsitisation, it should
be remeibered that many organic explosives, e.g., DX, ([N and tetryl, and
aleo sulphur will sensitise lead azide to impact.

He thought the alr conditioning scheme in use in Australia should be
adopted here, as the system in rreseat use at R.0.F, Chorley tended to give
vockets of different humidity., Ywo enquiries, one from Chorley on the
advisability of continuing with the vresent minimum relative humidity over a
range of tomperatures, and one from Faokistan on the appropriate humidity to
use at their high temperaturecs, had led to a series of experiments on
electrification over a fairly vwide range of relative humidity and temperature.
The first -»art of the study was on the electrical resistarre of fabrics,
az this preperty had been shewn elcewhere to be a useful guide to its
electrificction nreperties. Tests had been carried out by textile laboratories
on the chanze in resistance vhen {a) the relative humidity was altered at one
temperature and (b) vhen the temnerature was altered at one volue of relative
humidity, but neo systematic ex:eriments had been carried out varying both
over a J.irly ide range., Theue had now been carried out fer a variety of
fabrice,
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Electrification of )owders on pouring had also been carried out over a
similar range of temperature and humidity. The early experiments used a S
device with a pouriag edge of about 1 inch width, but reproducible results
vere not obtained, possibly due to ncn-reproducible conditions of pouring.
Some particles were leaving the metal pouring edgz, while the remainder were
rolling over other particles and did not touch the metal as they fell off.

A twelve inch wide pouring device had been constructed, and, with care,
reproducible results were obtained for lead azide, lead styphnate and L,D.N.R.
Various metals had been used for this device in attempts to get a surface
reproducibly clean for electrification experiments. The original equipment
was made of brass, cleaned chemically with nitric acid. This was satisfactory
for a time but vas eventually abandoned. Another device was covered with
nlatinum sheet, but this showed no great advantage. The presently favoured
apparatus is chromium plated and is cleaned vith distilled water only.

Both series of experiments, i.e., the fabric resistance ard powder
electrification tests, showed that the resistance or electrification obtained
at a relative hunidity of G5 per cent and a temperature of 20°C (68°F) can he
obtained at higher humidities for lower temperatures or lower humidities for
higher temperatures.

The Chairman remarked that Service lead azide ontaminatecd with
5 per cent of a mixture of boiler zrit, i.e., ash from chimneys, or "fly ash",
and salt, may be super-sensitive; one increiient exploded when the weight vas
put on it ready for the standard friction test. Sensitiveness tests carried
out i1 the U.K. were usually on loose material in atmospheric conditions. In
the U.5.A. it had been suggested that lead azide debris from filling machines
(e.g. upstand fragments) was more sensitive than the unpressed lead azida.
Tests carried out at E.R.D.5s on crushed pellets of lead azide and lead
styphnate supported this conclusion both for friction sensitiveness and
sensitiveness to electrostatic spark. However, pressed beta lead styphnate
was slightly less sensitive.

Dr. Ball said that this was relevant to his earlier remarks, and that
in the »ressing of lead wzide upstand can be the cause of triuble.

The Chairman then asked for final remarks.
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Mr, Var lVatten zaid he agreed with what -had been said and that it all -

had a bearing on work done in U.S.A. }r, S.E. Farris said he thought that
good tooling and good supervision outweighed the problem of the sensitiveneaw
of the material, All accidents of which he had experience were caused by
man~handling, and not by poor tooling.

Dr. Lovecy said he ikought that the differences in some of the electro-
static test results were insignificont; the differences ocught to be tenfold
to mean anything.

Mr, Jercuson asked if ... .0.0. had done any sensitiveness tests on
Service lead azide of low bulk density, as tanndian experience indicated that
it was more sensitive; in fact, there had been accidents with it during
filling operations. He also asked if particle cize could be liuked with
sensitiveness. The Chairman said U.k. experience showed that particle size
had little effect on sensitiveness. Dr. :vatt said he had not investigated
low bulk density material, but he would not expect it to be more sensitive,
Mr. Ferguson added that the most likcly cause of the accidents he had
mentioned was mechanical.

Dr. Ball remarked that the use cf low bulk dengity material could isad
to over=-spill iu filling, and this could be hazardous. The Chairman said
we must know what is meant by ‘'low bulk density'"; it could be caused by the
presence of branched and/or twinned crystals and this might lead to increased
gensitivity. He continued that the minimum bulk density quoted in the
original U.K. specification was 1.0 g/ml; this was loter increased to ;
1.5 g/ml, and is now regarded as 1.8 g/ml. It is important to have a supply {
of materisl with constant bulk density, as any variation leads tco filling '
problems. Vhen asked for his comments Mr. Rask said that he had not had
wide experience with lead azide. He had made dextrinated azide by the German
method, and has since made Service lead azide, but had had no problems in
manufacturing or mixing. He understood there had been some explosicns in
narrow grooves and that these had been caused by electrostatic discharge.
Mr. Leslie said that though conditlons at srdeer were not ideal) for making
and handling lead agzide, accident frequency had been reduced by substituting
nylon punches for phosphor bronze punches, and he thought that some accidents H
were caused by the detonator tubes being slightly undersize.

S+ o -

The Chairman thanked all ccntributors to the papers and discussion and
closed the session.
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Summary of Proceedings

The Symposium Chairman (Dr. Dunstan) asked for a summary of each _
Session to be given by the chairman concerned,

Summary of Session A

Chairman: Ilir., G.W.C. Taylor

In this session polymorphism vwas defined und the reasons given for
its importance in the study and manufacture of lead azide. The crystallo-
graphic data in the literature =nd from recent Swedish and British work
were revieved, especially in connection vith the more recently isolated
gamma and delta polymorphs. The occurrence of a possible cubic form was
described.

The present position on the nreparation of pure beta normal lead azide
and the gamma and delta polymorphs was piver and the use of volyvinyl
alcohol as a polymorph inducer was discussed,

The properties of the different polymorphs, especially with regard to
sensitiveness, were next described. There are no very marked differences
in sensitiveness between them. In particular, beta lead azide is not
significantly more sensitive than alpha, as has sometimes been indicated in
the past. ‘ork was proceeding on sensitiveness of mixtures of polymerphs,

Basic lead azide was briefly reviewed. A simple well defined crystalline
phase conforming to the empiricael formula PbN,OH has now been prepared and
characterised,

/Summar;! s
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Summary of Session B

Chairman: bUr. 1. Dunstan

Mr. Blay and Dr. Todd had considered in some detail the effects of
water and carbon dioxide on lead azide, contrasting its high stability in
dry air with the marked degree of breakdown under simulated storage
conditions employing high humidity and carbon dioxide concentration.
Dr. Todd had investigated sources of vater and carbon dioxide in veapon
assemblies,. As indicated by Messrs. Dlay and Sen, there had long been a
diversity of opinion on analytical methods for azide, and certain differences
betveen the U.K. and U,S5. attitudes towards analysis of azide vere discussed,.
A review of availatle methods had been given. The subject would clearly
repay further study, ‘and was in fact being pursued at E.R.D.l., narticularly
in relation to the gas volumetric method. It vas also evident that attention
must he given to the question of pretectins lead azlde from adverse environ-
nents, to removing sources of harmful chemical i-:aviion and, in particular,
to avoiding the presence of materials which tended to distib *F~ decomposition
equilibrium by removing hydrazoic acid as it was formed. lir. Lumnewvik had
outlined theoreticzl and practical spproaches to the study of azide breakdown.

Summary of Session C

Chairman: Dr, R.M,H. Uyatt

Detailed accounts were nrecented of the formation and identification of
six copper azlides and one ''"brass azide''s The six con er azides were cupric
azide, alpha and heta cuprous azide, and monobasic, dibasic and tribasic
cupric azides, this being the order of decreasiny senszitiveness, azide
corrogion cunsists of a layer of alpha cuprous azide covered by a layer of
monobasie cupric azide and the di- or tribusic salt (depending on the pressure
of hydrazoic acid vapour). I'riction and electrostatic discharge vere likely
causes for initiation of the corrosion product. howaver, each incident had
to be considered in detaill to gee whether physicel movement of corroded parts
wae a possibility, or yhether there was a path for =n electrostatic discharge.
With regard to nrevention, possible solutions involved choosing a less reactive
explocive, the correct container for it, and suitable matericls for other
components in proximity. In cases vwhere none of these solutions was
vwracticable, it was possible to resort to non~porous metallic or organic
wrotective coatings, There were special inhibitors such es 1,2,3-benzo-
triazole, and sacrificial methods employing zine. In all cases vhere
hydrazoic acid was converted into something less objectionablie, the effective
azide content of the detonator was decreaced, and it becane less poverful,

/lllwnmar‘y_ esesn
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Summary of Jession D Yoo

Chairman: hr. G.\.C, Taylor

f This session was concerned vith the hazards involved in the manufacture :
b and subsequent usage of lead azide. & study had been undertaken of the i
3 explosions which hud occurred during the precipitation stages of manufacture

of Dritish Service lead azide. llo cause had been discovered, but never

B manufacturing nrocesses appeared to have eliminated such occurrences,

18 probably because of improved mixing conditions and the use of hydrophilic

: ¢elloids and/or surface active agents., Lxverimental work on spontaneous
explosions during crystallisation of lead azide was reported and discussed;

such explosions were not associated with crystals growing to a critical

3 size hut vere identified with nucleation conditions. The effect on sensitive-

‘S nese of wet storage of lead azide was discussed and it waw further reported

E that storape of certain solutions could give rise to more sensitive jroducts,

4 A film was shoun illustrating a technique for measuring the electrostatic

A charge develoned during the transfer of compositions containing lead azide.

¥ This vas follewed by a general discussion with many participants on the possible
b causes of accidental ignitions experienced during the loading of various types
. of lead azide. It vas concluded that the sensitiveness of the lead azide to

b ignition by friction in the presence of grit, and the specific conditions of

3 loading vere important factors in a situation dominated by mechanical work

- being carried out on a very sensitive explosive.

CONCLUSIONS

The Symposium Chairman, Dr. vunatan, in his concluding reuarks, said that
the papers and discussions had directed attention to several matters, viz:~

The importance of appropriate techniques of investigation, e.g.
chemical analysis, mass spectrometry und Xeray crystallography.
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The need for searching consideration by desipners of the possible effects
of components of veapons upon lead azide. ;

The need to estublish vell-defined exyverimental conditions to study
these effects.

The need tc siudy differcnces in behaviour of the vorious types of lead
azide,

/Finally, sveees
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Finally, he thanked all those vho had attended, especinlly the visiters 2
from overseas and all who had »resented Hapers and contributed to the

duties, projection of slides and films, and cateiring and transport arrar._e-
ments. He added that thanks were particularly due to lir. Taylor, vho had been
responsible for suggesting the Symposium and who had helired throuchout uith
its organisation, chaired two sessions and made ivo contributions.




