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References:- XC (3) 34k.

Summary: -

A study has been made of the incidence of hangfires in relation to
deterioration and charge weight of S.A.A. caps filled with mercury
fulminate compositions. ’

It has been found that a simple relationship can be established
between the weight of fulminate originally present in the cap, the
percentage drop in fulminate content on storage and the incidence of
hangfires. It is found that there is an optimum size of cap., Below
this size failures will occur progressively sooner as the cap size
decreases, Any increase on this size is umnecessary from the point
of view of keeping quality though other considerations may call for
a larger cap. A mathematical relationship connecting the threc variables
has been deduced.

The meaning of the temperature coefficient of the decomposition
of mercury fulminate in cap compositions has been reconsidered and
certain considerations which effect the accuracy of prediction of
service life of S.A.A, are discussed.
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Studies in Ignition in S.A.A., - Part 3

The effeet of deterioration of cap eamposition
on the firing eharaeteristics

Reference: XC(3) 34k,

REPORT

Introduetion

This report forms the third part of a general study of problems in
ignition in S.A.A. The work described is a study of the deeomposition of
mereury fulminate type eaps in relation to the firing charaeteristies.,
When ammunition is stored under adverse climatic eonditions deterioration
of the eap composition takes place until eventually hangfires or missfires
occur, The time at which hangfires oeeur can normally be regarded as the
end of the service life of the ammunition and this investigation eoncerns
itself with the consideration of the\ggzet of hangfires, In particular an
attempt is made to find a method of asSessing the service life of various
S.A.A. caps based on an examination of underlying physieo-checmical coneepts.

Previous work on the Detonation of Mercury Fulminate

Mercury fulminate can be made to explode by two methods; by impaet
or by heating. BExplosion induced by heating has been studied by a number of
workers for it is conneeted with the study of the thermal decomposition of
mercury fulminate, It Has been found that fulminate will cxplode simply
when heated but the temperatures quoted far this aetion are not eoneordant.
Berthelot! found 187°C, Wohler and Metter® give 190°C. while Hoitsema” claim
to have obtained explosion at 430°C,

A systematic examination of the problem was earried out by Laffitte
and Patrylt and was published in a series of papers in Comptes Rendus, the
chief of whieh was in 1931. They carried out their experiments by plaeing
small quantities of mercury fulminatc on the surfacc of a bath of mercury
maintained at a eonstant temperature, They found that in a ecrtain range
of temperature the fulminate did not explode instantaneously but only after
an interval which decreased with rising temperature, At 277°C. they
obtained explosion without delay and found delays from this  temperaturec
down to 135°C. when the delay was nearly 40 minutes. At 133°C. they were
unable to obtain explosion even after heating for 2 hours and they observed
that fulminate heated to 4133°C. or less, decomposes slowly and is no longer
eapable of explosion when raised to a higher temperature, Sinee the previous
sauthors. do not mention delays it is possible they failed to record them and
thus the divergenees are explained.

The normal thermel decomposition of mereury fulminate falls into several
stages. First there is an almost quiescent period, whieh is followed by an
acceleration leading to a uniform deeomposition. The erystals becomc brown
during the aceeleration, and this is interprcted as being the period in which
the reaction ecntres arc being formed, The ‘end of the acecleration period
ooours when the fulminate is between 4/5 and 2/5 deeomposed, Garner~ found
that at high temperaturcs where thermal dccomposition led to explosion, it
oceurrcd at the beginning of the aeccleration period. At lower tcmpcrgtu?cs.
the cxplosion may oecur when the erystal is about 1/5 decomposed, but if it is
more than 1/5 decomposed it will not explode whatever the temperaturc. Thus
if a sample is heated, two effeets are at work; thermal deeomposition tend-
ing to prevent explosion and heating tcnding to causc it (If ke therma}
dccomposition causcs the fulminate to decomposc by 1/5 before the cxplosion
temperature is reached, then no explosion.will oceur.

S



This work was carried a stage further by Vaughan, Phillips and Birks®
while carrying out investigations into safe temperatures for fuze components
in bomb disposal work. They observed the induction period before explosion
and noted that under fixed conditions gf thermal insulation that this
period decrcases exponentially with increasing temperature. They also found
that at constant temperature, for equal weights of fulminate, the induction
period varies with the thermal insulation of the sample while with fixed
conditions of tempcrature and thermal insulation the induction period
decrecascs with increasing weight of fulminate, This latter cffect may be
duc in part to thc sample controlling its own thermal insulation. §

: They found also that dilution with other substances not of the
detonant type raises the minimum temperature of explosion.

During the induction period they obscrved that the fulminate samplec
kept the temperaturc of the heating bath, but that later its tempcraturc
began to rise above that of the bath, This rise finally led to cxplosion.
It sccms possible from this, that the acceleration of heating is duc to tho
decomposition of molecules with liberation of energy leading to self heating
of the sample, When self heating becomes considerable, that is when a large
number of rcaction centres have been formod, explosion will follow but if the ;
temperaturce or conditions of thermal insulation or the partially decomposecd
state of the fulminate is such as to prevent enough energy liberation, then
thermal decomposition will occur but no explosion. i

It will be seen from this that thero is a close connecction between
the physical statc of thc fulminatc and its cxplosion charactoristics.
When it is uscd in a cap composition and is exploded by impact wo should
not cxpect the mechanism of the cxplosion necessarily to be tho samo, but
it will be seen that even so a knowledge of the thermal decomposition
assists in interpreting the behaviour of decomposed caps.

Methods of Investigation Used

None of the work on which this discussion is based was carried out
specifically for this investigation and the rosults uscd are derived from
a large numbor of climatic trials on S.A.A, carriod out botweon 1942 and
1945 by tho Dcpartment's Small Arms Soction,

A small arms cartridgo is a very complox physical and chcmical
mcchanism which makes tho study of tho doterioration of onc or morc of
its constitucnt parts a difficult matter sincc altornativo and compoting
mechanisms play a part and give risc to groat complexity. However by
controlling such factors as wc arc ablc, such as the conditions of storage,
it is possible to cxamine the process with a mecasuro of succoss for although
singlc cxamples may bc misloading, some unity and simplicity can be found in
the statistical consideration of a sufficiently largo numbor of examples.

The climatic trials conccrned werc carried out under accurately controllecd
conditions of temperature and humidity and analytical and firing tests were
carried out at regular intervals, often beyond the point at which failurecs
started to appear in the form of hangfires., This provides therecfore a
considerablc body of data connecting the conditions of storage, the
deterioration of the cap and the incidoncc of hangfires, Various conditions
of storage have been used but the greatest amount of data comes from
Accelerated Tropical Magazine storage. This condition is an accelcrated
version of the Standard Tropical Magazinc conditions and has been used
extensively to study the relative keeping qualitics of S.,A.A. The figures
in this report all refer to trials carried out under these conditions, and
by thus limiting the data several potontial variables arc eliminated.

The effect of Detecrioration on Firing Characteristics

(a) The effect of size of Cap on incidence of hangfires

The analysis of the data considéred is sumarised in the table given

il
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in the appendix. This table gives results for eight types of S.A.A.
(viz. 9mm, 455", 7,92mm. ,303", .5" (Vickers), .50" (Browning) 20mm. &
15im, ) and shows the average percentage drop in fulminate required to
produce Of, 1%, 24, 5%, 10%, 15% and 20% hangfiring rounds, The figures
are expressed in the appended graph as a plot of pcrcentage drop in
fulminate against the original woight of fulminate present.

It will bc scen that at any givon percontage of hangfircs the curves
are essentially similar in shape. The first part of the graph shows a
clear linear relationship between fulminate loss and weight of fulminate,
but then the curves chango direction rapidly to become asymptotic to the
x axis, The point at which thc rapid change of dircction occurs is about
at .4 grains original weight of fulminate, We may then divide our caps
into two varieties, Those with more than .4 grains of fulminate originally
present and those with less. ;

In the case of the small caps, as the weight of fulminate in the cap
incrcases, so also does the percentage drop required to give a given
percentage of hangfires. Thus a cap containing ,1 grain of fulminate
will give 5} hangfires when the fulminate content has dropped by 173,
whereas a cap containing .2 grain of fulminate will give %} hangfiros
when the fulminate contont has dropped by 34%. Further analysis shows
that where the weight of fulminato is .3 grain or less, then if the weight
of fulminate is doubled it requires double the decomposition to give the
same percentage of hangfires,

In the case of the larger caps this law does not hold and it will be
seen that where the weight of fulminate is .6 grain or more, a given
percentage of hangfires will require about the same percentage of
decomposition no mettcr what the original amount of fulminate.

These results have some interesting consequences, It has been
established by previous work that the ratc of deterioration of caps is
independent of their size, other things being equal. Consequently if a
number of rounds arc subjected to the same conditions for a given amount
of time the percentage of fulminate left will in all cascs bc the same,
independent of the actual amounts involved., Lct us suppose for examplo,
that 20% of the fulminato has dccomposed. From the graph, we may read of
the approximate expected.incidence of hangfires. 20mm. will givo no
hangfires, ,303" will give about 5% hangfires and 9mm. will give about
15% hangfires. This is of considerablo importance sincc it gives a
mcasurc of thc keeping qualities of the ammunition. It is clear that
to obtain the best keeping qualities a cap must bec used which contains
at least .4 grain of fulminate. Any increase on this quantity is
unnecessary from the point of view of keeping quality, though of course
other considerations may call for a larger cap.

Since the initial parts of the curves are approximatcly linear, it
has been found possible to work out a mathematical expression for the
relationship., In the case therefore of caps containing .3 grain or less
of mercury fulminate, we can uso two equations.

P=250 (R + 2)
= log W +_R + 2,28.
67

Where P = percentage drop in fulminate content.
W = weight of fulminate originally prescnt (in grains).
R = percentago of rounds giving hangfircs.

Equation (1) applied for valucs of R of 5 or lcss and cquation (2)
applied where R is betwecn 5 and 20.

Garner's cxperiments on mercury fulminate showcd that when a crystal
of mercury fulminate is more than 1/5 dccomposcd it will not explode when
raiscd to a high temperatwre. It might thereforc bc expected that 2qt
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deterioration would mark the beginning of hangfires, An attempt was made
to find the point at which hangfires commence, but only a very rough
approximation could be made, However it was found that caps containing
more than .4 grain fulminate do start to give hangfires somewhere in the
region of 20% dccomposition,

(b) The Temperature Coefficient il

In Studies in Ignition in S.A.A. - Part 2, (A.R.D. Report No. 18/47.)
the kinetics of the decomposition of mercury fulminate were examined and
it was found that aftor the first 20% of decomposition the rcaction obcyed
first order law thereby allowing a temperature coefficient to be calculated.
In view of what has been said above however, it is clear that we must
reconsider the meaning of thce temperature coefficicent for S.A.A, caps.
Clearly if only the first 207 of the dccomposition is of practical value
then the first order rcaction is of only academic interest, Hence tamperaturc
cocfficicnts calculated from the latter arc of no usc in cstimating scrvice
lives, and we must consider the time taken to achicve the first 20% of
decomposition. Such a "temperaturc cocfficient" will have uncertain physical
significance, :

Coefficients have accordingly been evaluted both at constant absolute and
at constant relative humidity. As might be expedtcd from Farmer's work
the results are of the same order of magnitude as the first order cocefficicent,
being about 1.8 for 20°F., In the case of highcer humiditics a valuc of 3.5
was obtained but this is approaching thc region of high humiditics where,
as wc have scen in the previous report, accelerated decomposition can cccur
and thc normal fulminate dccomposition is masked by deliquescence cffccts.

(¢) The Anomolous Results with 50" (Browning)

It will be noticed that there are an anomolous set of results on
the graph which are duc to the ,50" (Browning) cap, This cap produces a
given percentage of hangfires with less deterioration than is to be
expected from the other results, However as far as can bc ascertaincd
it docs commence to give hangfires at about 20% decomposition. il

It is possible that this apparent anomoly arises from not taking
sufficient results on which to base the figures., .-However, it will be
noticed that although this cap does not conform to thc type of behaviour
characteristic of the larger caps it docs behave very much like the
smaller ones. If the charge had not becen .55 grain but about .4 grain,
then the points would fall on the curves., The reason for this is not
apparent,

CONCLUSIONS

1. It has been seen that there is a clcar relationship betwecn the

size of a cap and the percentage of hangfires produced on deterioration of
the fulminate. As a consequence of this, if a number of rounds arc subjected
to the same storage conditions for a given length of time, thc smaller the
cap the greater the percentage of hangfires that will rcsult. Thus in order
to obtain the best kccping qualities, a cap must be used which contains at
least .4 grain of fulminate; any increase on this quantity is unnecessary
from the point of view of keeping quality, though other considerations may
call for a larger cap.

2, It has been seen that in general, hangfires will set in not later than

the time when 207 of the fulminate has decomposed and so only this period

is of intercst from the scervice point of view., Calculations of the scrvice <
life of S.A.A, which is gencrally dependent on the lifc of the cap, have,

since 1922 been calculated on a figure of an incrcasce in the rate of

decomposition of 1.8 times per 59C. as found by Farmer for mercury fulminate. ' I
We have scen however, that watervapour in the air may modify this, ‘
but in gencral it may he taken that a risc in temperature of 5°C., will

i
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increase the rate of deterioration by a factor of between 1.5 and 2, There
are cases however, where very high humidities can cause deliquescence of
some of the constituents of the cap composition leading to an enormously
increased "temperature coefficient" possibly wp to a value of 300, The
possibility of this occurrence must always be borne .in mind in predicting
the lif'e of a service round.

3. Successful prediction of the service life of S.A.A. with mercury
fulminate sensitised caps depends on an exact knowledge of three things.

The weight of the fulminate in the cap originally, the provious history of -
tho samplc of fulminate used for the filling and the conditions of tempcrature
and humidity which arc likely to obtain over thc cap. It must be cmphasiscd
that the maximum humidity is the factor which is potentially liable to cause
the greatest damage.
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