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PREFACE 

This volume being a "Text-book" presents general principles 
rather than an exact description of details which would properly be 

found in a " Treatise.'' A fair knowledge of both Chemistry and 
Physics is assumed, but a short Glossary of Terms is included in 
Appendix III. 

Chapters I to XIV (inclusive) are based on lectures delivered to 
the Advanced Class at the Artillery College, Woolwich. 

The large (kilogram) Calorie is used for purposes of illustration 

throughout the book. Physical constants are, as far as possible, 

drawn from Kaye and Laby's Tables of Physical Constants, 1921. 

The ring formula of Keknle is taken to illustrate the molecular 

constitution of Benzene. 

Flow Diagrams are used freely ; these summarise concisely the 
general chemical and physical processes in explosives manufacture. 

Illustrations are numbered consecutively throughout each chapter, 

the number of the latter being placed immediately before the number 

of the illustration. 

The Tables are lettered alphabetically throughout each chapter. 
the letter in each case being preceded by the number :;i the chapter. 

thus :-

Table 4.A. 

Figures in parenthesis in the text, or at the encl of a paragraph, are 

references to Appendix I. 

The term "shock of discharge " is used as being familiar, though 

it is recognized that the phenomenon so designated is a rapid 

acceleration ancl not a "shock. " 

1n the Glossary of Terms, (Appendix III) the definitions given are 

only intended to apply to the terms in the sense in which they are 

used in this book. 
(B 28- 23l)z A 2 
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A-GENERAL. 

CHAPTER I. 

INTRODUCTORY. 

An explosive is a substance whose function is to exert a sudden 
intense pressure on its surroundings when suitably initiated. This 
pressure is developed by the decomposition of the explosive into gas, 
with a simultaneous liberation of heat. 

The fundamental features possessed by an explosive are thus :-

(i) Potential energy in virtue of its chemical constitution, which 
is independent of external agencies. 

(ii) Formation of gaseous products with simultaneous liberation 
of energy. 

(iii) Rapid decomposition when suitably initiated. 

Explosion is in many cases analogous to the burning of a combustible 
substance in air or o>.7gen. Ordinary burning of a combustible in 
the air can take place but slowly, for the products of combustion 
must be swept away before the necessary oxygen can come into 
contact with the burning surface. In explosives, however, the oxygen 
is self-contained, and the explosion may take place under the most 
confined conditions, being quite independent of any material outside 
the explosive itself. 

In some cases explosion is solely due to the simple decomposition 
of an unstable substance into its constituent elements. 

By the choice of explosive chemical compounds, by mixing them 
in suitable proportions, and by the modification of their physical 
form, the velocity of the explosive process can be controlled to meet 
requirements of a widely differing nature. It may be made to take 
place at speeds of a few centimetres per second, or it may be caused 
to rise to velocities of the order of 8,000 metres per second. Such a 
rapid explosion as this is known as "detonation," and explosives 
,Yhich can be "detonated" are called "high explosives." 

An explosive may consist of a single chemical compound, a mixture 
of two or more such compounds, or a mixture of combustible elements 
with oxygen bearing compounds, and further may be :-

1. Gaseous. 
As in the case of the petrol vapour and air mixture (in the 

proportions required for explosion) used as a source of 
energy in internal combustion engines. 

2. Liquid. 
As in the case of nitroglycerine. 

3. Solid. 
As in the case of picric acid or tri-nitro-toluene. 



Some explosives used in the service are of a . horny_ and flexible 
consistency (e.g ., cordites) ; but more generally, ill their final form, 
service explosives are rigid solids._ . In general foo, efforts are m~de to 
obtain them in as dense a comhtion as possible, as this provides a 
maximum store of energy in the minimum space. 

The explosive effect depends on two causes :-

1. A very rapid liberation of gaseous matter (whose ~olume is very 
many times great er than that of the explosive) ; and 

2. A simultaneous evolution of great heat. 

The first generates a high gas pressure, which, enhanced by the second, 
may become as great as 300 tons per square inch. As a result of the 
pressure generated, surrounding solid matter may be ruptured, and its 
fragments projected at great velocities. 

Unless both the above-mentioned causes function simultaneously, 
chemical decomposition falls short of being an explosion. 

Ammonilllll carbonate can be decomposed into products which are 
entirely gaseous :-

(NH4)2 003 + + 2NH3 + 002 + H 2O 

But this entails an absorption of heat , :tnd no explosion takes 
place. 

Magnetic oxide of iron (forge scale), if mixed in molecular propor­
t ions with finely divided metallic aluminium, and ignited by being 
brought to a fairly high initiating temperature, will evolve intense 
heat:-

3 Fep, + 4Al2 --+ 4Al2 Oa + 9Fe 

There is no evolution of gas, and so no explosion, but the mixture, 
which is known as " thermit," has been used commercially for welding , 
and in the Service for incendiary purposes. Temperatures of 2500° C. 
can thtts1~~-7,~t~¼'~ if4' closed mould. All metals, with the exception 
of tungsten, are mertect t'efore this temperature IS reached. 

Nitrogly2erine burns quietly if ignited in small quantities, but it 
can be detonated by impact, friction, or other suitable stimulus :-

2C3H0 (NO3)a -- + 6002 + 5H2O + 3N2 + 0 

Not only is it entirely resolved into gaseous products, and all its 
carbon content burnt to carbon dioxide (which causes a maximlllll 
cvolution of heat), but there is actually a surplus of free oxygen 
liberated. Very few explosive compounds, however, contain enough 
oxygen for their own complete combustion. The use of nitroglycerine 
unmixed with other substances is somewhat curtailed by its liquid 
nature, and extreme sensitiveness to shock of any kind, but it is largely 
used in the Service as a constituent of the cordites, and also in blastino 
gelatine and dynamites. 0 

The gases most frequently liberated in an explosion are carbon 
monoxide, carbon dioxide, nitrogen and water vapour. 

The formation of chemical compounds from their elements is 
usually accompanied either by an absorption or by a liberation of 
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heat, known as the heat of formation. Compo=ds are termed e,ufo­
thrnnic or exothermic, according as heat is absorbed or given out in 
:heir formation. When the reverse of combination takes place, for 
mstance, when a compound breaks clown as in explosion, the heat 
change is reversed. Thus when an endothermic compound is resolved 
into its constituent elements, an amount of heat is given out equal 
to the heat of formation of the compound. 

Explosives such as nitroglycerine and picric acid break down on 
explosion with the formation of the exothermic compoW1cls carbon 
monoxide, carbon dioxide and water vapour, with the liberation of 
their respective heats of formation. Thus :-

~C + 0 2 --+ 2CO + ~.2t I Cals. per grm. moJ.l",fq~, ~s: l"'!•.'11 (A). 

C + 0 2 -➔ CO2 + gyl: 3. Cals. per grm. molr•fk-1 .ss.d.,q"J~,:-r. (B). 

58·1 If retained as vapour. '\.Cals per 
:lH,+O, -➔ 2H,O+ 69 • o: If condensed as liquid. f grm. 1110!. (C). 

From (C) it will be seen that more heat energy is liberated if the water 
vapour is condensed, but from an explosive point of view, this is not 
available in practice. (A) and (B) show that an extra 68 · 3 Calories 
of heat per gram molecule are liberated when the carbon is completely 
oxidised to dioxide, as against the partial oxidation to monoxide. 
This represents extra energy, and can only be obtained if the oxygen 
content of the explosive, like that of nitroglycerine, is sufficiently 
high. As will be seen when the classification of explosives is con­
sidered, an explosive compound having a deficit of oxygen content 
may be mixed with another containing surplus oxygen in order to 
produce a mixture " balanced " in this respect. This ensures the 
entire oxidation of the carbon to dioxide, which not only secures the 
maximum liberation of heat energy, but may also Le of secondary 
importance when it is essential that the products of explosion should 
be non-poisonous. 

Very few individual compo=ds are thus "balanced.'' Dinitro­
glycol is, however, an example. It is a very powerful explosive, and 
is said to have been largely manufactured in Germany during the 
Great War. It decomposes thus:-

H2CONO2 
/ --+ :m.o + 2co2 + N2 

H2CONO2 

,Yhen a compound breaks down on explosion, the heat generated 
is lhe sum of the heat of formation of the compound (whether 
positive or negative), and of the heats of formation of the products of 
explosion. 

Lead azide is an example of an endothermic compound which on 
explosion liberates heat due to its decomposition into its constituents. 

PbN,--➔ Pb+ 3N2 + 105·9 Calories per gram molecule. 

)Iercurir fulminate which contains oxygen is another example of 
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an endothermic compound. Its decomposition may he representect as 
follows:-

11s·-1 
Hg (OCN),----+ Hg+ 200 + :1\2 ++w-Calories per gram molecule. 

,2·9 
The total heat evolved is the sum of ~ Calories per gram molecule 
given out by the breakdown of the fulminate, together with the further 
heat liberated by the formation of the exothermj,c_ carbon monoxide. 
The latter has previously been shown to be ~ Dalories per gram 
molecule, and since 2 molecules are formed in this reaction, the heat of 
decomposition of the fulminate is augmented by a further a8 Calories 
per gram molecule. .5:2 ·.2 

Nitroglycerine is an exothermic compound which gives out 9&-9 
Calories per gram molecule in its formation. The heat produced on 
explosion is therefore the difference between this quantity and the sum 
of the heats of formation of the various products. The decomposition 
proceeds thus :- C,sg.J 

2C3H,(N03).----+ 6C02 + 5H20 + 3N 2 + 0 +~ Calories. 

The total heat liberated may be shown as follows:-

Heat of formation of C02 + heat of formation of H 20 - heat of 
formation '¥ ".:troglycerine. t;q 

6(~) + 5(58·1)- 2(9/Mt) 
g,r.g ~ + 290 · 5 - W/-8 1qg 

~-3 6U,,5 Calories for 2 gram molecules, 
or 3~ Calories per gram molecule. 

l>u,. ,._ 
An explosive thus represents a compact store of energy. It cannot, 

in the solid state, be used as an efficient source of motive power in the 
ordinary sense of the word, though this use has frequently been 
suggested. The heats of combustion of ordinary fuels are from seven 
to nine times as great as the heats of decomposition of most explosives; 
but whilst the former get oxygen from the air, the latter carry their 
own supply, and consequently a much greater weight of explosive would 
be necessary to supply the energy given out by the combustion of a 
given weight of fuel. The rate of decomposition of explosives can, 
however, be controlled within certain limits, so that they can be used to 
drive projectiles from a gun, or employed for disruptive and destructive 
operations, whether industrial or military. 
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CHAPTER II, 

CLASSIFICATION OF EXPLOSIVES. 

Classification of explosives is essential, in order to arrive at a basis 
for framing rules for the protection of the community and of the 
workers employed in their manufacture and subsequent handling. 
Four distinct classifications may be mentioned :-

The Explosives Act, 1875. 
l\Iagazine Regulations. 
Service Classification. 
Chemical Classification. 

For the first t,vo, brief reference will suffice ; but the two latter will 
receive more detailed examination. 

The Explosives Act embodies the Home Office Regulations for the 
licensing and manufacture of explosives, and for the protection of the 
public and workers from accidents. It regulates by means of licences, 
the quantities of explosive, the work to be performed, and the number 
of work-people allowed in each building of a factory or magazine, 
and the distances to be observed between such buildings themselves 
and " protected works" such as dwelling houses, railways, public 
roads, etc., outside the factory or magazine. The inspection of 
factories is also ensured. It subdivides explosives into seven classes, 
for the purpose of reference with regard to their handling, storage, 
and transport. Extracts of rules with respect to the transport of 
explosives may be seen posted at many railway stations. The Act 
is augmented from time to time by Orders in Council, as the necessity 
arises. (1) 

Magazine Regulations adapt the relevant principles of the above to 
Service conditions, and may be consulted in detail. These regulations 
classify explosives into groups numbered I to XIII, and lay clown which 
groups must be kept apart, and which may be stored together. Groups 
are allotted for storage in a "Magazine " (" a building or buildings 
with passage leading thereto, in which explosives detailed in Groups I 
and II must, and explosives detailed in Groups III and IV may, be 
stored, and which must be under Magazine Conditions " ), or an 
·· Explosives Store"(" a separate building or portion of such a building, 
used for the storage of explosives. Explosives stores should not be 
kept under magazine conditions except in so far as is laid down in 
Appendix V, Magazine Regulations. Explosives in Groups V to XIII­
except those specially stored as in paras. 120 and 121-must, and those 
in Groups III and IV may, be stored in an explosives store "). 

Section II of Magazine Regulations defines "magazine conditions " 
in detail. 

Division into groups is based on the following principfos :- . 
Stable explosives, bearing explosion risk, and demandmg ~agazme 

precautions in storage and handling to obviate spark or fnction ; and 
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explosives liable to decomposition bearing an explosion risk, must be 
stored in a magazine. 

Explosives liable to decomposition bearing technically a fire risk ; 
am! stable explosives bearing fire or explosion risk (not included in 
Group I) may be stored in a magazine or an explosives store. 

The explosives not included in the above must be stored in an 
explosives store. 

When possible, ammunition and explosives are stored strictly by 
groups, each group in a separate building ; and as far as is practicable, 
each type of ammunition or explosive is kept together, so that buildings 
are completely filled with one type rather than with several. 

Service classification divides explosives into three main categories, 
according to military usage ; two of these categories lend themselves 
to further subdivision :-

1. Propellants. (Cordites, ballistite, nitrocellulose powders, etc., etc.). 

2. High Explosives. 

(i) Bursting charges (lyddite, trotyl, amatols, etc.). 
(ii) Intermediaries (picric powder, composition exploding, etc.). 

(iii) Initiators (mercuric fulminate, lead azide, etc.). 
(iv) Demolition and mining charges (guncotton, etc.), 

3. Miscellaneous. 

(i) Smoke producers. 
(ii) Light producers. 

(iii) Day signals. 
(iv) Incendiary compositions, etc. 

1. Propellants. 

These are required to explode at a moderately slow speed, 
comparable with that of rapid combustion. This is designed to produce 
a sustained high pressure, but one that never becomes unduly high and 
liable to over-strain the gun. Propellant charges of cordite or other 
explosive are made up from sticks, tubes, or slabs of the explosive 
substance; and the shape and dimensions of these are calculated so 
as to give the correct speed of burning. This has to be adjusted with 
the greatest care, and the explosive made of such a physical form as to 
ensure that burning takes place from layer to layer and that sudden 
increases of pressure in the chamber are avoided. A sudden pressure 
would either burst the gun or seriously damage the bore. It is also 
important that the temperature of explosion should not be excessive. 
High temperatures lead to the rapid erosion of the bore of the gun, with 
consequent inaccurate shooting. As the nitroglycerine content of a 
propellant of the cordite type is increased, so is the temperature of 
explosion. 

'l. High Explosives. 

High explosives are required to produce a great disruptive effect 
by their explosion when suitably initiated. They must not, however, 
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lw unduly senS1tJ1·e to shock or fril'tinn; for they must be safe in 
manufacture, tra1rnport, and storage, and, further, as shell fillings, must 
lw able to withstand the shock of clisclrnrge without being affecte,l. 
Th(' great shattering power of these explosives is due to the speed with 
which the detonation wave travels through them. If the maximum 
disruptive effect is desired, it is genera lly better to use a single chemical 
<'ompouml, rather than a non-homogeneous mixture. Homogeneous 
mixtures, in which one ingredient is actually dissolt·ed in another, may 
gi,·e a nry high clisrupth·e effect, arnl, especially when the mixture is 
· balanced,., the violence may exeeecl that of a single chemical cou1-

pound. Blasting gelatine is an example of this class. 
It is a fallacy to suppose that, in detonating, high explosives" strike 

downwards." In general. equal pressure is exerted in all directions, 
hut with such high wlocities of explosion, the inertia of the surrounding 
,1ir, and of the expanding gases from the explosive, becomes an 
important factor. The effect on the air cannot be seen, and the total 
result is liable to be judged from that which is visible on the ground. 

:3. Miscellaneous., 

Under this heading are included mixtures which are not strictly 
explosives, but which, on account of their nature, need similar precau­
tions for their safe handling and storage. Their uses are sufficiently 
indicated by their names. 

From a chemical point of view explosives may be grouped into 
two classes :-

1. Explosive chemwal compounds. 

:l. E.rplosive mixtures, 

1. E.cplosfre chemical compounds. 

Each of these consists of a single chemical compound, which on 
explosion breaks down into two or more substances of a simpler 
nature. This class may be further divided, and considered under two 
headings:-

(i) C'mnpounds containing combined oxygen, which on explosimi oxidises 
the combustible elements in the componnd. 

The oxygen is for the most part originally associated with_ n!troge_n ; 
on explosion the latter is usually set free , the oxygen comblllllg with 
the carbon and hydrogen of the compound to form oxides of ca~bon 
an<l ,rnter-yapour. Such organic nitrates (nitric esters) as mtro­
glyrerine and nitrocellulose, and also the true ni:ro-compounds such 
as picric acid and trinitrotoluene, fall under tlus headmg. It has 
been seen (Chap. I) that the products of exp!os10n depend upon the 
amount of oxygen available in the explosive, and that t~e latter ,m,y 
he eYen in excess of requirements, as in the case of mtroglycerme. 
Very little or no smoke results from the explosion of such a ~ubstane~. 
llfore often, however, as in the case of trinitrotoluene, there 1s a deficit 
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oE oxygen. In this case the 1moxidised carbon is set free, resulting in 
characteristic hlnck smoke. 

C,H, (N02)s -+ 7CO + 5H20 + 3N2 + 70. 

Some inorganic compotmds (e.g., chlorates1 perchl?rates, ammonium 
1,itrate, etc.) may also be dassecl under this headmg. 

iii) Endothermic compounds in which the molecule is in a state of ttnstab/,e 
cq11ilibri11m. 

In their formation energy has been absorbed ; on receiving a suitable 
stinrnlus, they break up explosively, ~iving up this energy _in the 
form of heat. Lead azide belongs to this class of compound ; 1t does 
not depend upon combined oxygen _for th~ _emission of heat en~r~y. 
Mercuric fulminate is an endotherm10 sens1t1ve compound contarnrng 
combined oxygen ; its decomposition, together with that of lead 
azide, has been demonstrated in Chap. I. 

2. E,·plosii-e 111ixt11res. 
This class may also be conveniently considered under two 

headings:-
(i) Explosive mixtures containing explosive compounds. For example:­

Cordites l (Containing both nitrocellulose and nitro-
Ballistite f glycerine.) 
Amatols (Ammonium nitrate and trinitrotoluene mix-

tures.) 
Cap compositions (Mercuric fulminate, potassium chlorate, and 

antimony sulphide, etc., mixtures.) 

A considerable range in properties can be obtained by the use 
of such mixtures, according to the purpose for which the explosive is 
intended. The maximum heat energy from an explosive is only 
obtained when all the combustible materials within it are completely 
oxidised. For this reason many explosive compounds are mixed with 
other explosive or non-explosive compounds, in order to compensate 
for an excess or deficit of oxygen content. Complete oxidation of 
carbon causes an absence both of smoke and of the highly poisonous 
earbon monoxide. The absence of poisonous gases may be very 
desirable in mining operations. Smoke, however, is required for such 
purposes as the location of shell-bursts, when the use of a " balanced " 
explosive necessitates the use of a special smoke mixture. Blasting 
gelatine has been mentioned above as a " balanced " explosive ; 
picric powder is a second example of such a mixture. It is very easily 
ignited from a powder flash, and burns rapidly to explosive violence. 
In many cases it is quite urmecessary to consider the question of oxygen 
balance, as it is often outweighed by other desiderata. In the cordites, 
for example, it is more in1portant that the temperature of explosion 
should be kept low enough to avoid erosion, rather than that the 
maximum available energy should be obtained from the propellant. 
Mercuric fulminate is often mixed with potassium chlorate in order 
to increase the heat of explosion ; and antimony sulphide may also 
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be aclde,l. The latter increases the flame effect necessary for ignitory 
purposes. Explosives may also be mixed for reasons of economy 
to obtain greater or less sensitiveness, to obtain some special effe~t 
(e.g .. smoke, light, _etc.), or to obtain a convenient consistency either 
for the manufacturmg processes or for subsequent application. 

(ii) Eq1losii•e mi~·tures of 11on-e.rplosii•e si,bsta11ces. 
These consist of mixtures of one or more combustible substances 

,dth one or more oxygen-bearing compounds. Gunpowder (carbon'. 
sulphur, ancl potassium nitrate) is a typical example. The combustible 
substances are rapidly burnt in the oxygen supplied by the oxygen­
bearing compounds. As the various materials are merelv incor­
porated, they are of necessity somewhat separated ; the explosion of 
such mixtures is comparatively slow, ancl is less violent than tliat of 
most explosive compounds. Heat is evolved by reason of the heat 
ginn out in the formation of the oxides being greatly in excess of that 
required for the break-down of the oxygen bearing compounds. Liquid 
oxygen, being now an article of commerce, and obtainable in unlimited 
quantities from the air, has actually been used (in conjunction with 
charcoal) as an explosive. In spite of its very low temperature, very 
violent results can be obtained by its means. This is due to the possi­
bility of greater closeness of contact between the oxygen and the 
combustible than is obtained in a mixture containing solid o>.-ygen 
compounds. It is not generally convenient for military purposes, 
but was used to some extent by the Germans during the Great 
War for mining operations. (2) 

The velocity of the explosion wave in a gaseous mi."l:ture of oxygen 
and hydrogen in molecular proportions has been the subject of practical 
experiment. Four distinct stages have been observed:-

1. Ignition During which the velocity rises to that o, 
explosion. 

2. Explosion At a uniform velocity of a few metres per 
second. 

3. Transition A period of rapid increase of velocity to that 
of detonation. 

4. Detonation At a uniform velocity of several thousand 
metres per second. 

This may be more clearly shown on a diagrammatic :-elocity-time 
curve (Fig. 2.1) in which the respective stages are md1cated by 
numbers corresponding with the above. 

With solid explosives the transition period is quite short, or even 
practically absent, decomposition either continuing at th~ speed of 
explosion, or passing rapidly to that of deton~tion, _accordmg to ~he 
composition of the explosive, and the manner m which t~e explosion 
is initiated. Hence, service classification of actual explosives ma}'. be 
defined according to the duration of the above periods on the velocity­
time curve. 

Propellants exploding in periods 1 and 2. 
High explosives exploding in periods 1 to 4. 
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"With initiators aml intermediaries the first three periods are very 
short. Shell fillings, demolition, mine, and simil1tr charges_ are made 
to detonate in period 4 only, the requi~it? ma~'.-1111 velocity of the 
explosiw w,we having been reac~e~l "?thm the unt1atory system .. 

The explosion of pro11ellants rn untiated by ~ flash from an 1gruter 
of gnnpo,Yder. The detonation of high expl~s1ves 1s brought ab_out 
by the detonation of a small qu~ntity of ~1ercunc fulm~nate (or 1 ~ssibly 
lead azide) either in contact with the high explosive itself, or with_ an 
intermediary, whose detonation brings abont that of the lngh explos:ve. 
The fulminate may be originally caused to detonate by percu~s1on, 
or bv flame from an ignitory detonator or length of fuze. As will be 
see1;later, a series of intermediaries is sometimes necessary, forming a 

t 
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FIG. 2.1 (not drawn to scale). 

\"elocity.Time curye of an explosiYe waye in a gaseous mixture of 
Oxygen and Hyd1ogen. 

train of explosives of increasing violence. A detonation, but of a 
somewhat lo'.''e! order, n_ia)'. also be initiated by an exploder of picric 
powder .. ThIB_ 1s readil.l'. 1gmted from a powder flash, and rapidly burns 
to explosive violence ; 1t a voids the use of the very sensitive mercuric 
fulminate for the ii1itiation_ of detonation, but is not universally applic­
able. According to conchhons and the method of initiation, sub­
stances, whether modern propellants or high explosives, may, in general, 
be made to decompose accordi11g to either period :3 or cl . But 
whereas a flame is usually sufficient to initiate explosion, some more 
violent stimulus, such as a mechanical blow, or the detonation of a 
small_ quantity of expl~sive i.J.1 close_ proxin1ity, is generally necessary 
to brmg about detonat10n . Mercuric fulminate is unusually sensiti,·e 
a1,d may be detonated even by a spark. · 
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Burning is the comparatinly slow oxirlation (accompanied bv the 
evolution of heat and light) of a combustible hocly by the oxyg.en of 
the air. 

Internal burning is the name given to combustion in which the 
substanre burning contains its own supporters of combustion. It is 
quite distinct from burning in air, and independent of any substance 
outside the explosive itself. 

Explosion is a rapid combustion. Its velocity may vary from 
about ¼ of a metre per second (if controlled, as with modern pro­
pellants), up to about 300 metres per second (under the severest condi­
t,ions as to pressure, etc.). It is, however, fairly constant for a given 
substance, provided the latter is homogeneous, and under constant 
conditions of pressure and temperature. 

Detonation is a molecular splitting up, followed, in the case of 
oxygen bearing compounds, by a practically instantaneous burning. 
It proceeds in a wave throughout the substance. The maximum 
velocity of the wave is very quickly reached, and then remains 
constant for a given explosive at a given density. Velocities of detona­
tion may vary from about the order of 3,000 metres per second, up to 
the order of 8,000 metres per second, according to the nature of the 
explosive and its physical condition. 



CHAPTER lII. 

HISTORICAL DEVELOPMENT OF EXPLOSIVES. 

The genesis of explosives is shrouded in obscurity ; the famous 
Greek Fire of the 7th century A.D. was probably of the nature of a 
firework, which no doubt created much surprise and consternation 
in an enemy until the novelty of the effect had worn off, and it was 
discovered how little damage it could really encompass. 

Opinions differ as to whether e'.'plosives were first kno\\~l in Europe, 
Arabia, or the Far East, and ancient documents concernmg them are 
often purposely obscure and misleading. There seems, however, to 
be little doubt that a mixture of charcoal, sulphur, and saltpetre, 
which closely resembled modern gunpowder in composition, was 
known throughout Europe early in the 14th century. This appears 
to have been used as a propellant at the Battle of Cre9y, the projectiles 
being lumps of stone or iron. In these early times, the naturally 
occurring saltpetre was the only known oxygen bearing compound 
suitable for making an explosive mixture, and gunpowders with this 
as a main constituent held the field for nearly 500 years, being used 
both for propellant and disruptive purposes. " Shells "filled with such 
gunpowder were first tried in the 16th century. The first records of 
industrial "blasting" date from the 17th centmr. The shrapnel 
shell was invented by Lieutenant Shrapnel, R.A., in the late 18th 
century, and was officially adopted in this country in 1803. 

In the 17th century Glauber discovered Ammonium Nitrate ; but 
it was only in the Great -war that this substance was destined 
to become of such supreme military in1portance, as an ingredient 
of modern explosives, though explosives similar in constitution to the 
amatols had been in commercial use for many years prior to 191+, 
under the name of Rendite. 

Picric Acid (Trinitrophenol) was discoYered by 1\'oulffe in 1771. 
Its explosive properties were long undetected owing to its compara­
tive insensitiveness, and for many years it was only used as a yellow 
dye. It is the earliest known example of an explosive nitro-compound 
in which the oxygen and combustible matter exist together in the 
same molecule. After its explosive properties began to be realised, 
Turpin in 1886 suggested compressing the material for use as a high 
explosive ; he was also responsible for its use in the form of a solid 
block, obtained by fusing the picric acid, and casting it from the liquid 
condition. In this form (kno,m in this country as lyddite) it still 
remains as a standard filling for certain shells. It was used in the war 
in South Africa 1899-1902, but hardly justified itself in that campaign 
0,7mg to t_he exploder system necessary for its complete detonation 
with certamty, not having been fully worked out. It has a large 
energy_ conte1:1t, and when properly initiated detonates completely 
and with a high velocity. Its melting point is too high for it to be 
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melted on a water bath, but it is quite stable at high temperatures of 
storage, and so is in favour for the tropics. 

Pot<1ssium C'hlornte was first prepared by Berthollet in 1786, and 
this, or one of the perch/orates discovered by Stadion in 1815, is a 
common constituent of modern mixed explosives. 

Mercuric Fulminate was produced by Howard in 1799; but its 
possibilit,ies as an initiator were first exploited by Nobel, the inventor 
of dynamite, half a century later ; and were further worked out by 
Sprengel. It still remains as a standard initiator, though it deteriorat~s 
rapidly 1mder hot conditions of storage. For this reason it may be 
replaced by lead azide in tropical countries. The latter was discovered 
by Curtius as recently as 1890. It is claimed that much smaller quanti­
ties of it are necessary to cause complete detonation of high explosives, 
that it withstands high temperatures better, and that unlike mercuric 
fulminate it does not become inert to flash when highly compressed. 

In the 19th century the discovery of further explosives progressed 
rapidly, though many accidents both in this country and abroad, 
acted as deterrents to their manufacture on a commercial scale. 

Guncotton, a highly-nitrated form of nitrocellitwse, was made by 
Schonbein in 1845; and nitroglycerine by Sobrero in 1846. Both 
these substances are nitric esters (organic nitrates), and not nitro­
compounds, as their name would imply. The difficulties encountered 
in using the dangerously sensitive liquid nitroglycerine as a blasting 
explosive, were partially overcome by Nobel in 1866 by absorbing 
it in the infusorial earth, Kieselguhr ; this takes up about three times 
its weight of nitroglycerine to form a plastic mass, which is com­
paratively safe to handle, and a powerful explosive. It is called 
dynamite. 

Blasting Gelatine and Cordite, both mixtures of nitrocelluloses and 
nitroglycerine, were hrought out about 1878 and 1888 respectively. 
Cordite is now the standard propellant in this country. Several 
varieties exist, and will be duly considered in a later chapter, but the 
compositions of two main types are :-

Guncotton 
Nitroglycerine 
l\lineral jelly 

Cordite Mark I. Cordite 111.D. 
Per cent. 

37 
58 
5 

Per cent. 
65 
30 
5 

Cordite l\I.D. was intro<.luced subsequently to l\lark I , ,,-hich, by 
reason of its high nitroglycerine content gave a hig_h te_mperature of 
explosion, and caused much erosion in the g,ms firmg It. 

Trinitrotoluene was discovered by Wilbrand in 1863. Being 
difficult to detonate, :1nd less sensitive than picric acid, it was onl_y 
developed as a high explosive during the Great War, though it 
had been used previously as an intermediary. It has now beco~e 
one of the most important high explosives in !nilitary use, and IS 
known in the Service as Trotyl or T.N.T. Its cost IS only about one half 
that of lyddite, and it can be safely and easily melted on a water 



bath and cast into shells. "\Yith a suitable exploder system, it can be 
entirely detonated. It is a true nitro-compound, and not being an 
acid, does not readily form sensitive salts. 

Ttinitro-phcnyl-111cthyl-nitra11,i11e is another nitro-compound, and 
is of importance as an intermediary. It was first made by Mert~s 
in 1877. It is invaluable in buildii1g up an exploder system, bemg 
readily detonated by a small charge . of mercuric fulminate.. It is, 
however, too sensitive, and too expensive for use as a shell filliI1g, and 
cannot safely be melted and cast in large quantities. It is known 
in the service as 1'etryl, Composition E~]Jloding, or "C.E.'' 

Durina the Great War, in order to eke out the available supplies 
of T.N.T.0 for shell, grenade, and bomb fillings, the amatols were intro­
duced. These consist of intimate mi.xt,ures of T.N.T. and ammonium 
nitrate. They are comparatively insensitive, and need a special 
exploder system to ensure their complete detonation. Various pro­
portions are used, each amatol being designated by a pair of figures 
(e.y., 80/20-'' Eighty, twenty") ; these represent the percentages 
of ingredients. the first figure always applyii1g to the ammonium 
nitrate. Amatols represent a great economy in output of explosive, 
for the cost of ammonium nitrate is about one-quarter of that of 
T.N.T. When efficiently detonated, 40/60 amatol is little less violent 
than T.N.T. alone. But 80/20 amatol has a lower rate of detonation 
and is almost smokeless, although it has a higher total energy content. 
Ammonium nitrate can be detonated by a sufficiently powerful impulse, 
but is not used alone as an explosive. 

From the foregoing brief review, it is seen that the majority of 
explosives mentioned are nitric esters or nitro-compounds, or else 
contain inorganic nitrates. Until quite recent years the naturally 
occurrmg nitrates of sodium and potassium have been the sole source 
of nitrates and nitric acid. The beds of sodium nitrate m Chile still 
remam the most inlportant source for this country, and these pro­
duced two and a-quarter million tons in 1920; but such natural 
resources cannot last indefinitely, and of necessity every country has, 
ii1 turn, sought for some source of supply which has not to be sea­
borne. The most obvious possibility of supply lies in the nitrogen 
of the air, and several methods are in use, which directly or indirectly 
convert this into nitric acid. Some of these will be considered later (3). 

Ammonia can be catalytically oxidised to nitric acid, and hence 
converted into nitrates. The vast quantity of ammonia recovered 
from the destructive distillation of coal is thus a valuable source of 
nitrates. Of the world's production of nitrates and ammonia in 1920, 
30 · 2 per cent. ca~ie from Chile saltpetre, 26 · 6 per cent. from ammonia 
reco:7ery from the distillation of coal, and 43 · 2 per cent. from syn­
thetic methods ( 4). 

The following figures (5) give some idea of the tremendous output 
of the most important high explosives durmg the War (1914-1918) :-

Picric acid 
T.N.T. 
Ammonium nitrate 

Tons. 
68,511 

238,364 
378,395 
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The construction and running of factories, and the amassing of raw 
materials (many of them necessarily sea-borne) to cope with the 
production of such unprecedented quantities of explosives, represents 
a stupendous task. 

By far the greater quantity of explosives expended in the Service 
are required for two main purposes :-

. 1. The driving of projectiles from guns, howitzers, mortars, 
and small arms. Explosives used for this purpose are 
called propellwnts. 

·> Disruptive purposes, such as bursting shells, bombs, mines, 
etc., and accomplishing demolitions. Explosives most 
suited to these purposes are the ones that can be detonated ; 
these are called high e.rplosives. 

A propellant charge may vary in size from that necessary to drive 
an automatic pistol bullet weighing much less than one ounce, to that 
required for a large modern naval shell weighing three-quarters of a ton 
or more . Perhaps nothing so well illustrates the advance in the manu­
facture of ordnance and explosives as the comparison of the 800 yards 
range of Napoleonic artillery with that of over 22,000 yards of the 
Naval guns at the Battle of Jutland. The German "Big Bertha" 
with its range of some 70 miles remains an extreme case even for 
the present clay. 

It is necessary to consider in some detail the main essential require­
ments of an expiosive to be used for either of the above purposes. 

ESSENTIAL REQUIREMENTS OF A PROPELLANT. 

1. To gii-e regular ballistics :-

i.e., a regular rate of burning, and so a steady development of 
pressure. This can only be obtained if the propellant:-

(a) Is uniform in composition. 
(b) Burns at its surface only, and at a regular speed from 

layer to layer. 
(c) Does not break up, giving a sudden change of surface 

area during combustion. 
If these three conditions are satisfied, the rate of pressure development 
depends upon the ratio :-

Surface area of the explosive. 
Volume of the explosive. 

This ratio is adjusted to give correct speeds of burning by varying 
the shape and dimensions of the explosive charge. 

:!. :riot to cc,use erosion of the gun. 

Erosion results fron1 :-
(a) The friction of solid products of combustion. . 
(b) Surface hardening due to alternate heating and _cooling, 

rendering the bore liable to surface disintegration. 
(c) The washing action of hot gases. 
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Cordite ;\fork I is more erosive than cordite l\I.D. because of its higher 
o:,_-ygen content causing a higher temperature of explosion. 

3. To be f,w from solid products of combustion. 
These cause smoke, which besides disclosing the position of the 

gun, may hide subsequent targets. Fouling of the bore may also be 
caused, with the possible danger of ignition of the next charge from 
smouldering fragments of the previous round in a B.L. gun or howitzer. 
Solid pn ducts are formed by substances which are not volatile, or 
which fail to be completely burnt. From gunpowder these are chiefly 
potassium carbonate and sulphide, alld any unburnt carbon. From 
propellants of the cordite type, unburlf't'~arbon< derived mainly from 
the mineral jelly is the chief solid product. ~ Steam and nitrogen peroxide 
(N02) also occur in the smoke. 

4. To be free from Mu:zle Flash and Back Flash. 
These are both caused by the ignition of the combustible gaseous 

products of explosion (hydrogen, carbon monoxide and small quantities 
of methane (CH4) ) either at the muzzle, or on opening the breech, as 
the case may be. The former is likely to disclose the gun position, 
particularly at night; whilst the latter may be a source of danger of 
ignition of cartridges in the neighbourhood of the gun. They could 
be reduced by lengthening the gun, or by raising the oxygen content 
of the propellant, but either of these courses is open to objection on 
other grounds. Various substances such as chlorides and oxalates or 
inert organic substances have been tried in conjunction with the 
propellant charge, to reduce the muzzle flash, either by cooling the 
gases below their temperature of ignition before they come in contact 
with the air, or by altering their composition so that they are not in a 
suitable condition to ignite. l\fost flash reducers have a tendency to 
increaRe the smoke. 

5. To be stable for stornge. 

This matter is discussed generally in Chapter XV. 

6. To be stable for transport. 

i.e., not too sensitive to impact or friction. l\Iost modern pro­
pellants are satisfactory in this respect. 

7. To give et maximum propellant effect. 

This depends in part on the volume of gas, and on the quantity of 
heat evolved by the explosion of unit mass (1 gram) of the propellant. 

If V = Number of cubic centimetres of gas evolved from the 
explosion of 1 gram of the propellant, 

C = Number of gram-calories of heat evolved from the above. 
V xC 
1,000 

gives a rough figure of propellant effect, suitable for purposes of com­
panson. According to this :-

Gunpowder gives 193. 
Cordite l\'!.D. gives 876. 
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Gunpowder (charcoal 15 per cent .. sulphur 10 per cent., saltpetre 
75 per cent.), originally used as a propellant, was eventually found to 
be quite unsuitable for this purpose. It gives most irregula; ballistics, 
especially at high pressures, chiefly clue to the impossibility of 
regulating its rate of burning. A mechanical mixture, it remains 
porous and easily penetrated by hot gases, whatever efforts are made 
to compress or glaze it. Attempts were made to get better results hy 
shaping the grains, perforating compressed blocks, anrl varying the 
composition ancl moisture content ; but none of these were very success­
ful, and charges generally broke up in burning, giving rise to sudden 
high pressures. A further great disadvantage is the large quantity 
of smoke evolved, and the fouling left in the gun, more than half the 
products of combustion being solid. 

Most of the faults of gunpowder were avoided by the introduction 
of colloidal smokeless propellants. These are readily obtained to 
fulfil the majority of the above requirements. They consist of rni..xtures 
of nitrocelluloses and nitroglycerine, incorporated together in various 
proportions, together with certain substances which increase their 
chemical stability. They comprise the various types of cordite and 
ballistite. Nitrocellulose without the addition of nitroglycerine is the 
standard American propellant and was introduced into this country 
during the Great " -ar. This is in the form of short cylinders 
pierced with seven small longitudinal holes, and is known as'· N.C.T.'' 
(nitrocellulose tubular). A small quantity of diphenylamine is added 
as a stabiliser. In all cases the final product is in a horny non-porous 
condition, having been gelatinized during manufacture with or without 
the aid of a solvent, the bulk of which, if used, is removed in the 
final stages of manufacture. 

ESSENTLI.L REQUIREMENTS OF A HIGH EXPLOSIVE. 

The essential requirements of substances to be used for _ large 
disruptive charges (shell fillings, demolitions, etc.) may be conv~mently 
considered separately from those of initiators and intermedranes, and 
will be taken first :-

l. To hai-e a maximum shattering effect. 

This necessitates :-

(a) A large volume of gas being liberated on detonation. 
(b) The evolution of a large quantity of heat. 

(c) A high velocity of detonation. 

2. To be highly insensitive to shock or friction :-

In order to be safe for transport ; and to withstand the shock of 
discharge, when used as a shell filling. 
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:t To be obtainable m a form of high de11sity :-

In order to:-
(a) Have a large mass in a giYen space. 
(b) Decrease sensitiveness. 
(c) Avoid "set-back," which may cause incomplete cletona­

tion due to discontinuity of the explosive material ; or 
prematures, clue to friction against the containing walls. 

(d) Increase the rate of detonation. 

4. To have sufficient ease of detonation :-
i.e. , to be certain of complete detonation under the initiation of a 

suitable exploder system, which will itself safely withstand 
the shock of discharge. This is in opposition to 2, neces­
sitating a certain amount of compromise. 

Difficulty was at first experienced in obtaining complete detonation 
with both lyddite and amatol shells of early type. 

5. To be stable for storage. 

This is discussed generally in Chapter XV. 

6. To be free from reaction with the containing vessel. 

Certain explosives such as lyddite ancl the amatols tend to react 
with some metals with the formation of sensitive salts. The 
nature of the containing vessels must thus be chosen carefully 
in order to a void this interaction. 

ESSENTIAL REQUIREMENTS OF INITIATORS AND INTERMEDIARIES. 

l. To rise rapidly to the maximum velocity of detonation. 

2. To be detonated readily by the means in use.-(i.e., percussion, flame 
or detonation of a neighbouring initiator). 

3. To be free from reaction with the containing vessel.-Whereby either 
the latter, or the properties of the explosive may be injured. 
Mercuric fulminate under certain conditions reacts somewhat 
readily with some metals, freeing mercury and becoming inert 
from an explosive point of view. Mercury thus set free may 
cause minute intercrystalline cracks in the metal of the contain­
ing vessel. " Season cracking " in brass has been traced to this 
cause. 

(±) To be stable for storage. 

Mercuric fulminate rapidly deteriorates in hot climates. Lead 
azide may for this reason replace it. 

Gunpow_d~r was t~e first explosive used for disrnptive purposes, 
b~t m _adcl1t10n to bemg an indifferent propellent, it is also a poor 
disruptive. It _needs heavy confuiement to produce any effect; its 
energy content 1s low, as 1s also the rate at which its energy is libernted. 
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It is_ very infl~mmable, and sensitive to_ friction and glancing blows, 
makin~ a fabnc _co_ntamer nece~sary fo~ its protection in shell fillings. 
As a disruptive it 1s only used m certam cases where little violence is 
required . 

• ,Jeans of Initiation. 

It is important that the various methods of initiating the different 
types of explosion should be appreciated. A brief outline of the most 
i1;11portant ~f these is given below. F~rther details, and their applica­
tion to particular cases may be sought m the Text-book of Ammunition. 

Gunpowder is ignited very readily by a small flash ; this is usually 
procured from some form of percussion ea p enclosing some sensitive 
substance or mixture, which usually, though not necessarily, contains 
mercuric fulminate. The cap may be enclosed in a tube, fuze or 
cartridge case, etc., according to the purpose for which it is required. 

In some cases gunpowder may be ignited by a small wire raised 
to a white heat by an electric current ; to facilitate the ignition, the 
wire may be surrounded with guncotton yarn or dust. 

The flash from gunpo,Yder ignited as above may be used to explode 
a further quantity of gunpowder (the igniter of a cordite cartridge, 
the magazine, or the time ring of a fuze) ; or it may be used to ignite 
a picric powder exploder system in a lyddite shell. When ignited, 
picric powder develops sufficient violence to initiate explosion of the 
lyddite, but the degree of violence of the latter with such an initiatory 
system is somewhat less than that of complete detonation, especially 
with the smaller natures of the shell. Its advantage lies in the avoid­
ance of the very sensitive mercuric fulminate in the initiating system. 

To cause complete detonation, some more violent and sudden 
stinmlus is necessary. A mechanical blow, the rapid burning of the 
explosive itself under confinement, or the detonation of another 
explosive in contact with the first, provide possible methods. Of 
these, the last is usually the most practicable and convenient : the 
actual method used must be adapted to the sensitiveness of the high 
explosive and the manner in which the latter is used. 

Wet guncotton for demolitions, etc., is detonated by means of a 
small primer of dry guncotton, which is itself initiated by a detonator 
containing a fairly large charge (i.e., as much as 2 grams) of mercuric 
fulminate , or a mixture of potassium chlorate and mercuric fulminate, 
which may be fired either electrically or by a flame from a length of 
fuze. Such a charge of fulminate as this could not safely withstand 
the shock of discharge from a gun ; a much smaller quantity, on the 
other hand, would not serve to bring a modern shell-filling to complete 
detonation. For this purpose detonating fuzes and special exploder 
systems within the shell are necessary. The detonation of a v~ry 
small quantity of mercuric fulminate initiates that of a s_m~ll quantity 
of C.E. within the fuze ; this detonation is picked up w1thm the shell 
by exploder bags filled with loose C.E. or T.N.T., and the detonation 
of the latter suffices to detonate a filling of T.N.T. or lyddite. C.E. 
exploders are not, however, used with lyddite, as these two substances 
interact chemically to the detriment of t,he former. 
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:For tlw more highly insensitiYe arncitol fillings the above system 
requires still further rdnforcenwnt.. The whole exploder system 
fonns a train of detonating explosives, in which the detonation wave 
works up to its maximum Yelocity, passing on through the mass of 
the main high explosh·e at this velocit?. The exploder bags must 
he tightly pn..J,ecl, and e>ich component part of the exploder system 
must be in dose contact with the next; any discontinuity in the 
form of an air gap must be avoided, as the detonating impulse 
rapidly falls off ac-ross such a gap. The detonator and Yarious inter­
mediaries must be well confined to obtain the maximum effect ; 
mercuric fulminate, if ignited in the open, m>iy explode with no 
greater violence than gtmpowder. 

The properties and general principles of manufacture of individual 
exp\osiYes will be considered in later sections of the book. 

B.-PHYSICAL AND CHEMICAL PROPERTIES 
OF EXPLOSIVES. 

CHAPTER IY. 

HEAT, GASES, PRESSURE, AND TEMPERATURE OF 
EXPLOSION. 

Introduction. 

In order to examine the purposes for which certain explosives 
may be most suitably employed, and in order to compare explosives 
with each other, there are a number of properties, both chemical and 
physical, which can be considered from both a qualitatiYe and quanti­
tatiYe point of view. Of these :-

(i) The heat of explosion, 
(_ii) The volume and nature of gases evolved on explosion, 
(m) The pressure procluced by explosion, 
(iv) The temperature of explosion, 

will now be consiclered. Further properties will be dealt with in the 
next chapter: ancl a tabulated list of physical clata for explosives is 
presente<i in Appendix II. 

In the above. '·explosion" is, in general, intended to include 
" detonation ... 

(i) Heat of e;:plosion. 

The heat evolved by the explosive decomposition of unit mass 
(l gram) of_ an explosive, give~ an approximation of the total energy 
content : this represents the difference between the quantit.y of heat 



[ PROP£R1\h 

11\. 

31 

evulved hy the furi!rntion of the_ Yarious pro~ucts of the explosion, 
and that ttbsorhed lll the formation of the original explosive. '!.'his 
quantity is by no means representative of the total useful work an 
explosive can do ; much of the liberated energy cannot be turned to 
useful account, but is rlissipated as heat, and to a certain extent as 
light arnl sound. 

'l.'o. measure the h~at of ex]_)losion, a weighed quantity of the 
explosJYe IS exploded m a gas-tight metal bomb calorimeter under 
starnfard conditions, the explosion being usually initiated 'by an 
electrically heated wire. '!.'he calorimeter is immersed in water con­
tained in a vessel covered with heat-insulating material. '!.'he water 
is stirred mechanically, and its temperature recorded by an immersed 
thermometer reading to hundredths of a degree. '!.'he quantity of 
water being known, together with the water equivalent of the calori­
meter, the heat evolved by the explosion can be calculated from the 
rise in temperature of the water. 

'!.'he heat of explosion can also be calculated theoretically, when 
the composition of the products of explosion from a known weight of 
explosive has been determined. 

(ii) T'olwne and nalnre of gases evolved on explosion. 

A weighed quantity of the explosive is fired electrically within a 
.. closed vessel." '!.'he latter consists of a massive metal bomb with 
special obturating arrangements. For safety, it is enclosed in a 
concrete building, the gear firing the charge being operated from 
outside the building. Arrangements are made for drawing off the 
gases after explosion. '!.'heir volume is then measured at atmospheric 
pressure, and a sample analysed. Any water-vapour formed is 
condensed, and from its weight the volume that it would occupy in 
the gaseous state can be determined. '!.'he experimentally measured 
volume of gas is that of "permanent " gases ; the "total " volume 
of all the products of explosion in the gaseous state can also be com­
puted. '!.'his " total " gas volume is of little value by itself, though 
a rough figure of "propellant effect,. may be obtained, as explained 
in the previous chapter, by considering the product of the heat and 
the " total " gas volume, evolved from the explosion of unit mass 
of propellant. 

(iii) Pressure produced by e.cplosion. 

In the case of slow-burning explosives (propellants), the pressure 
produced by explosion is also obtained from a " closed vessel " experi­
ment.. '!.'he pressure of the liberated gases is caused to act on the 
head of a piston working in a hollow cylinder. '!.'he piston crushes 
a small solid copper cylinder within the latter, and the amount the 
copper cylinder is crushed is an indication of the pressure. In some 
instruments a lead cylinder is used in the place of copper, but m either 
case the pressure is usually registered automatically by a stylus attached 
to the piston making a trace on a revolving smoked cylmder. AB_ the 
speed of revolution of the smoked cylinder is known, the trace obtamed 
represents a pressure-time curve. 
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The pressures measured as abo,·e_ much depend up?n the density 
of loadina, i.e., the ratio of the weight of the explosive (111 grams) 
to the volume of the "closed vessel" (in cubic centimekes), and upon 
other physical conditions of the explosive, etc . For purposes of 
comparison. therefore, experiments with different explosives must be 
made under similar standard conditions. 

It is quite impossible to measure the sudden dynamic pressure 
produced by a true detonation by any method im·olving the crushing 
of standard soft metal cylinders, as mentioned in former paragraphs, 
and even with slow-burning propellants such methods are at the best 
only approximate. The "total " gas volume gives some idea, of the 
pressure likely to be exerted, but this again is very approximate, for 
the pressure is also a function of the temperature at ,,hich the gases 
are evolved, and this cannot be determined without a knowledge of 
the specific heats of the gases ; these are not known with any certainty 
at temperatures as high as those of explosion. 

It is hoped that modern research may produce a more satisfactory 
method of measuring pressures, based on the electrical properties of 
certain crystals when subjected to pressure. 

In the meantime, with the Hopkinson Pressure Bar it is possible 
to measure with comparative accuracy the pressure set up in the 
immediate neighbourhood of a detonating explosive. This is not an 
absolute quantity, but depends on the way the explosive is " tamped," 
and the explosion initiated. For purposes of comparison, experiments 
must, as usual, be made under standard conditions. 

At an earlier date, rough tests were carried out for the comparison 
of explosives by means of the ballistic pendulum. This apparatus 
compared momenta given. to a standard projectile by different 
explosive charges under standard conditions, but took no account of 
the period of time over which the explosive impulse acted on the 
projectile. 

The Hopkinson Pressure Bar is now the standard apparatus for 
determining pressures. This measures the " time-integral ·· of a 
pressure wave set up by a detonation. over a definite short period of 
time (of the order of 1/200,000th second). The momentum produced 
in a given mass in the period of tin10 is measured, and from this, the 
pressure producing it can be approximately computed. 

The apparatus is represented diagrammatically in Fig. J.l. A 
definite quantity of the detonating explosive (B) is placed in position 
under certain standard conditions, and detonated bv means of an 
initiator (A), usually discharged by a swinging ~-eight (W). A 
" degrading pellet " (C) of asbestos and magnesia is placed between the 
explosive and the bar itself (D) to prevent clamao-e to the latter. This 
is a circular bar of steel, suspended in convenient supports. At its 
further encl is a second small bar (E) of the same material and cross­
section, called the " time-piece." ' The contiguous surfaces of the 
two bars (D) and (E) are carefully worked and polished, so that thev 
fit together with the greatest nicety and are easily made to adher"e 
by means of~ slight film of vaseline. Just beyond the "time-piece" 
1s a small balhst1c pendnlum (F), whose function is to catch the " time­
piece " when it is thrown forward, as explained later, and to measure 
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its momentuw by recording the swing of the pemluh1m on a smoked­
glass surface (H)_ by means of a _stylus_ (G). The pendulum is hung by 
threa.ds so that 1t can only oscillate lll one plane, and is box-shaped 
for the reception of the " time-piece." 

The detonation of the explosive (B} initiates a compression wave 
which passes along the bar (D) from left to right. This wave travels 
with the velocity of sound in steel (about 17,000 feet per second), 
passes on to the " time-piece" (E}, and is reflected back from its free 
right-hand surface as a tension wave. It may be noticed that there 
are no air gaps in the system; detonator," degrading pellet," pressure 
bar, and · · time-piece " are in successiYe contact with each other. When 
the amplitude of the tension wave exceeds that of the compression 
wave at the surface junction of (D) and (E), the surfaces will separate, 
the momentum trapped in the '· time-piece " (E) (which will now be 
propelled to the right, falling into, and giving up its momentum to 
the pendulum (F)) being the "time-integral" of the pressure wave 
over the period it takes to travel to and fro through the length of the 
"time-piece" (E). The length of the latter thus determines the period 
over which the pressure of detonation will be measured, i.e. the time 

/ ➔r'-------r.+r-8 [SI -------'<q,-----i:• I ; , I I 
F10. -t l.-Diagrammatic representation of the Hopkinson Pressure Bar. 

it takes a sound wave to travel twice the length of the '• time-piece" 
(forwards, and back again after reflection). 

In the actual apparatus the various parts are so dimensioned that 
the pressure in tons per square inch exerted by the detonation of the 
explosive, works out to be an exact multiple of the length of the record 
scratched on the smoked glass. A single linear measurement and 
simple multiplication thus give the required pressure, from any one 
experiment. 

The pressures actually developed reach a magnitude of hundreds 
of tons per square inch. No material could withstand the application 
of such stresses, and so the above-mentioned '· degrading pellet," which 
is scattered on explosion, is interposed between the explbsive and the 
end of the bar. It is made of standardised material and degrades 
the blow. Typical measured pressures are in the neighbourhood . of 
60 tons per square inch, whilst those actually deYeloped may rise 
to 300 tons per square inch, measured over a period of 1/200,000th 
second. 

(iv) Temperature of Explosion, 
No direct method has yet been de,cised to measure this, the actual 

process of explosion taking place too quic-kly for any known methu,l 
(B 2&-23l)z C 



of observation. It can only be roughly estimated by calculation ; 
and for this, two methods are available :-

(a) The product of the volume and pressure of a gas is 
related to its absolute t emperature. If the two 
former have been experimentally determined, the latter 
can be worked out. 

(b) The temperature can be estimated when the heat of 
explosion ( determined by the foregoing bomb calori­
meter experiment) is known, provided that the natures 
and specific heats of the gases evolved are also known. 
Owing to the impossibility of, at present, determining the 
latter with any accuracy at such high temperatures as 
those of explosion, this method gives results which are 
widely at variance with those of the former method. 
It is, however, claimed that modern research has to a 
great extent accounted for these discrepancies. 

Some experimental results for typical propellants are given 
below. (6) 

TABLE 4.A. 

HEAT, GASES, PRESSURE, AND TEMPERATURE OF EXPLOSION OF PROPELLANTS. 

Density of loading, 0.05. 
Quantities evolved from 1 gram. 

Cordites. I 
NitroceJlulose 

propellant 
100 per cent. 

Mark I. i\l.D. 

Heat evolved (Calories, with water 
liquid) ... ... ... ... . .. 1·272 1· 036 0·896 

Permanent gases ( c.c.) . .. ... 678·0 781 ·8 814·7 

Total gases (c.c,) ... ... ... 886 933 961 

Percentage composition of total gas-
co, ... ... ... ... ... 20·97 14·85 14·68 
co ... . .. ... ... .. . 26·53 34·87 35·63 
H, ... ... ... ... . .. 13·52 18·95 20·01 
CH, ... ... ... .. . ... 0·23 0·29 0·49 
N, ... ... ... ... .. . 15·99 12·89 11·19 
H,O ... ... ... ... .. . 22·76 18· 15 18·00 

Pressure (tons per square inch) ... 2·9 2·7 3·35 

Temperature ( estimated, 0 0.) ... 5151° 4056° 3488° 

The high percentage of inflammable gases, chlefl.y carbon monoxide 
and hydrogen, may be noted. It is these which canse mnzzle arnl 
back-flash. 

-

-
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The following figures for heat, and " total " gases of detonation of 
some h~h explosives, _were given by Sir Ro~ert Robertson, K.B.E., 
F.R.S., ma lecture delivered before the Chemical Society on December 
16th1 1920. The explosives were detonated in a steel envelope, at a 
density of l · 3. 

TABLE 4.B. 

HEAT AND GASES ON DETONATION • 

Calories per gram Total Gases 
(water gaseous) (c.c. per gram). 

Tdnitrotoluene ... ... ... . .. 0·924 728 

Trinitrophenol ... ... ... . .. 0·914 744 

Tetryl ... . .. . .. ... . .. 1·090 794 

Nitroglycerine ... . .. . .. ... l ·478 713 (Berthelot) 

Amato! 40/60 ... . .. ... . .. 0·920 897 

Amato! 80/20 ... ... ... . .. l ·004 907 

Many chemical equations are given in subsequent chapters illus­
trating the break-down of the various explosives. In all cases the 
simplest possible examples have been taken. Whenever an explosive 
containing carbon and oxygen explodes, both carbon monoxide and 
carbon dioxide will be formed (though, as a rule, only one of these 
appears in each of the above equations). It is almost impossible to 
predict the comparative proportions of the two gases, this being a 
function of the temperature of explosion as well as of the relative 
carbon and oxygen content of t,he explosive. 

(B 28-23l)z C 2 
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CHAPTER V. 

VELOCITY OF DETONATION, SHATTERING EFFECT, AND 
INSENSITIVENESS OF HIGH EXPLOSIVES. 

Introduction. 
Further properties of explosives w'hich it is necessary to examine 

are:-
(i) Velocity of detonation. 

(ii) Shattering effect. 
(iii) Insensitiveness to impact or friction. 

(i) Velocity of detonation. 
One of the primary essentials of an explosive is that it should 

explode at a velocity that is in keeping with the object for which it is 
required. Velocities of explosion vary very widely, being chiefly 
influenced by :-

(a) The chemical nature of the explosive. 

(b) Its physical state. 
(c) Its state of confinement. 
(d) The method in which the explosion is initiated. 

Cordite will burn rapidly if ignited in small quantities in the open ; 
will explode when ignited in close confinement ; and will detonate if 
initiated by contact with a detonating primer of dry guncotton. 

A small quantity of trinitrotoluene ignited in the open generally 
burns for a short time, and then goes out ; heat is dissipated by con­
duction, radiation, and the raising of the temperature of neighbouring 
particles of the explosive, until there is not sufficient heat available 
to raise the temperature of any remaining explosive to the ignition 
point. A larger quantity, once well ignited, will burn more and more 
fiercely, and finally will often explode ; heat is evolved more rapidly 
than it can be dissipated, raising the temperature of the explosive 
until it eventually explodes by reason of the energy imparted to it. 
If the breakdown of the molecular structure sets free more energy 
than is necessary for the breakdown of the contiguous molecules, an 
acceleration of the explosive process takes place, and this continues 
until a certain maximum velocity is reached. 'j'his is called the velocity 
of detonation, and is a constant for any one high explosive at a given 
density. 

In general, velocities of detonation increase with an increase of 
~ensity, but there is a limit beyond which further compression causes 
little or no change. The velocity of detonation of picric acid is about 
5,980 metres per second at density l ·3, and 7,110 metres per second at 
density l ·5. Compression to density l ·6 does not alter the latter 
velocity. (7) 
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The_ chara~teristic of expl~siv~s used to initiate detonations, e.g., 
mer_c?n? fulminate or lead azide, is a state of very unstable molecular 
equilibrmm, which causes the above mentioned period of acceleration 
to be practically instantaneous. 

The nature of the . effects that are likely to be produced by an 
e~plosive, may be predicted to some extent from its velocity of detona­
tion. The greater this velocity, the greater will be the local effect of 
the detonation, and t_he less will it be necessary to " tamp " the charge 
m order to get a satisfactory result. 

The velocity of detonation may be measured by :­
(a) The Mettegang Recorder. 
(b) Dautriche's method. 

R 

+----------4 

Fro. 5.1.-Diagrammatic representation of the Mettegang Recorder. 

(a) The Mettegang Recorder. 

0 

A 

B 

A diagrammatic representation of the instrument and electrical 
connections is given in Fig. 5.1. 

The explosive is packed at the required density in a long tube 
(AB), or arranged as a column of cartridges, and initiated by a detona­
tor (D) at one end, so that an explosion wave passes down the column 
in the direction of the arrow. Two thin copper wires pass through 
the column at (A) and (B) a definite distance apart (of the order of 1 
metre). These are ruptured as the explosion wave passes them. Each 
wire forms part of the circuit of the priniary coil (P) of an induction 
coil, and passes through a non-inductive high resistance (R), s~ch as a 
bank of lamps. The rupture of each wire greatly alters the resistance, 
and so the current, in the primary circuit. This induc_es moi:nenta'.y 
high pressure currents in the secondary coil (S) of the mduct10n coil. 
which is connected to a drum (C), and to a stylus of platinum (E) almost 
touching the drum. The drum is rotated at a known high speed by a 
motor (111:), and the in,hlcecl currents making sparks between drum and 
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stylus mark the surface of the drum, which is smoked. The marking 
occur; at the rupture of each wire, and t~e dista~ce between the marks 
is measured microscopically. From this, the trme between the ~wo 
sparks can be calculated, and hen?e the _velocity_ of the detonat10n. 
This apparatus is capable of measurmg periods of trme of less than one 
millionth of a second. By using a serie~ of wires emb~dded m the 
explosive column, any changes in the velocity of the explosive wave can 
also be measured. 

Velocities of detonation are given in the chapters on different 
explosives, and will be found tabulated in Appendix II. 
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FIG, 5.2.-Dautriche's method for the determination of velocities 
of detonation, 

(b) Dautriclie's method. 

This is a convenient method of comparing the velocities of detona­
tion of various high explosives, or of determining velocities, with refer­
ence to a standard explosive whose velocity of detonation is known. 
The method is illustrated diagra=atically in Fig. 5.2. 

As in the former method, a column (AB) of the explosive is initiated 
by a detonator (D) at one end of the column. The latter is packed at the 
required density in a steel tube, which may be considerably shorter 
than that required for the Mettegang Recorder. At points (A) and 
(B), which are a measured distance x metres apart, the ends of a 
length of detonating fuze are attached to two detonators which are let 



into the column of explosive. The centre of this loop is straightened 
out, and firmly attached to a lead plate (L). The fuze consists of lead 
or t_in piping,_ filled with a high eiq>losive, such as trinitrotoluene, at 
:, given density. _ This 1s the standard "·hose velocity of detonation 
must b,· known, m order to determme that of the explosive column. 
Th~ explosion wave _passing clown the column on firing the detonator, 
1mtiates the cletonat10n of the fuze at (B) a small interval of time after 
that at (A) by means of the detonators at these points. Explosion 
waves travel down the fuze from both ends, and where they meet 
make an indentation (E) upon the lead plate. The length (AE): 
measured along ~h~ _fuze, must be greater than the length (BE), for the 
fuze at (A) was lllltiated before that at (B). If y metres be the dis­
tance of the indentation from a point (F) midway between (A) and 
(B), measured along the fuze, and if v metres per second be the 
velocity of the explosion wave in the detonating fuze ; then V metres 
per second, the velocity of detonation of the material under test is 
given by:-

V= v X x 
2y 

It is of interest to note that a detonating impulse will travel through 
metals of high elasticity, and through water. Though there is a falling 
off of intensity, this principle is successfully employed in countermines. 
Across an air gap there is a very rapid diminution of intensity, and for 
this reason, air gaps must be avoided in any system which is required 
to transmit a detonating impulse. 

(ii) Shattering Effect. 

In general, an explosive with a high velocity of detonation gives a 
high maximum pressure. Both pressure ( over a definite small interval 
of time) and velocity of detonation can be measured, but it is more 
difficult to measure the shattering effect, or " brisance," of various 
explosives with any accuracy. This property depends both on the 
rate at which the detonation takes place, and on the total energy 
content of the explosive. The mean maximum pressure is measured 
over a definite interval of time in the Hopkinson Pressure Bar test, 
and this may be taken as an indication of the comparative disruptive 
power of an explosive. 

Useful information as to the efficiency of shell fillings can be 
obtained by detonating filled shell under water, or in sand, ":nd 
examining the resulting fragmentation. This test gives results which 
are concordant with those obtained from the Hopkinson Pressure Bar. 

Trauzl's test, which was standardized by the International Congress 
of Applied Chemistry at Berlin in 1903, has been largely used for the 
comparison of explosiYes, although it is a rough method, and m 
many cases gives anomalous results. A cylindrical block _of lead 
20 centimetres in diameter and 20 centimetres high, has a cylindrical 
hole 2·5 centimetres in diameter, and 12·5 centimetres deep, cast 
in it axially. Ten grams of the explosive under test ar_e placecl in the 
hole, and " tamped " with dry sand. This charge 1s fired hy ,m 
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electric detonator, distending the cavity. The amount of this disten­
sion is taken as a comparative measure of the shattering effect. The 
figures given take 100 as an arbitrary standard for t_he effect pro­
duced by pirric acid ; other explosives are compared with this. 

'fhis test gives misleading results for slow burning explosives such 
as gunpowder. Very low figures are obtained, which ~re not confirmed 
by practical results, weak as these are compared with those of high 
explosives. Mercuric fuhninate only gives a figure of 42.. Its velo?ity 
of detonation is low (3,000 metres per second). Very sensitive explosives 
are thus not necessarily very violent; whilst quite violent explosives, as, 
for instance, the amatols, may be very insensitive either to shock or 
friction. 

(iii) I nsensitiveness. 

A sufficiently violent impulse will initiate any explosive. It may 
be applied as a frictional blow, or by direct impact. It is necessary to 
have some comparative measure of the likelihood of ignition of an 
explosive under these circumstances, in order to fix the precautions 
necessary in manufacture and handling, and to determine for what 
purposes the explosive may be conveniently and safely used. 

An explosive to be used as an initiator must be suitably sensitive 
to direct impact. On the other hand, a bursting charge for a shell 
must be decidedly insensitive both to impact and friction, so that it 
will not explode on the firing of the gun, or on the shell striking a hard 
surface, such as armour plating. 

Sensitiveness to direct impact is measured by a falling weight 
apparatus, represented in Fig. 5.3. 

A definite blow is applied to a thin layer of a certain quantity of 
the explosive on a steel anvil, by means of a weight falling in guides 
from a measured height. The height necessary to cause 50 per cent. 
of explosions is found experimentally. The ratio of this height to 
the corresponding height required to explode picric acid under similar 
conditions is multiplied by 100, and given as the figure of insensitiveness 
of the ei:plosi':'e. The higher this figure, the safer is the explosive 
aga1DSt direct impact. The actual apparatus is designed to admit of 
the measurement of the volume of gas eYolved from the explosion, and 
from this the effect of the impact is judged. 

Sensitiveness to impact and to friction is not always similar in the 
same explosive, although explosives which are very sensitive to the 
one are usually sensitive to the other. 

~ _rise in the temperature of an explosive generally increases its 
sei;1siti_vene_ss, as does a d~crease in its density. Some explosives can 
ex1S~ m chfferent crystalline forms , each with a different degree of 
sensitiveness. 

Sensitiveness to friction is difficult to measure in a scientific manner. 
Rough tests may be carried out_ by striking glancing blows with a box­
wood mallet on a layer of material spread on anvils of varying hardness 
(soft wood, hard wood, stone, etc.). 
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_S?~e explosive materials, such as ammonium nitrate, can hardly 
be m1t1ated by the direct blow of the falling weight apparatus ; whilst 

Fro. 5.3.-Diagrammatic Sketch of Falling Weight Apparatus. 

others, such as nitrogen iodide, are too sensitive to stand even ordinary 
handling without explosion. . . 

" Figures of insensitiveness " will be found ill Appendix II. 



C.-MANUFACTURE OF HIGH EXPLOSIVES 
AND THE SUBSTANCES ENTERING INTO 

THEIR COMPOSITION. 

CHAPTER VI. 

PICRIC ACID, DINITROPHENOL, LYDDITE, SHELLITE, 
PICRIC POWDER. 

The substances for consideration in the ne:,,._1; four chapters are 
those used either as shell fillings, or as part of the chain of inter­
mediaries between the initiating detonator and the final explosive 
to be detonated. 

OH 

N0,2ON02 
PJCRIC ACID, or TRINITROPHE"OL. 

N02 

Introduction. 
A brief account of the history of picric acid has been given in 

Chapter III. The remarka'ble fact in its history is the long period 
that elapsed between its discovery by Woulffe in 1771, and its first 
recognition as a powerful high explosive about 1880. This points at 
once to the highly insensitive nature of picric acid. 

Picric acid is a true nitro-compound, trinitrophenol. The stages 
in the nitration of phenol may be shown for the purposes of illustra­
tion thus:-

OH OH 

HN03 ON_11> __ ~-N°zoN°z 

N02 

Phenol. Mononitro- m-Dinitro- Symmetrical 
phenol. phenol. Trinitrophenol. 

Trinitrophenol cannot be made satisfactorily by the direct action 
of nitric acid on phenol. 

(i) With dilute nitric acid, the resultant product is a mixture of 
two mononitrophenols ; 

OH 

0 
Ortho-nitrophenol. Para-nitrophenol. 

(ii) With concentrated nitric acid, much loss is caused by oxidation. 
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Trinitrophenol is readily obtained by a number of indirect 
methods. 

(i) The oldest process is nitration through phenol-sulphonic 
acid, which can be made by the direct action of sulphuric acid on 
phenol. 

Phenol. Phenol ni-disulphonic acid. 
N02 

Picric Acid. 

(ii) From chlorbenzene. This process is important, as it furnishes 
a means of obtaining dinitrophenol which is itself important as a 
constitu\ mt of high explosives. 

c. c~ ONe OH OH 

0 ON02 ON02 ON02 NOzoN02 

•NOz N02 N02 N02 
Chlor- m-Diniti-o- Sodium m-dinitro- ,n-Dinitl'O- Picric 

benzene. chlorbenzene. phenolate. phenol. acid. 

Picric acid is deficient in oxygen, with the result that on detona­
tion, free carbon is liberated, causing the familiar black burst of a 
lyddite shell. 

Picric acid goes by many names. In this country, it is melted and 
cast for shell fillings. This form is known in the Service as lyddite. 
In France (with collodion), it is known as melinite; in Japan, as 
shimose powder; and in Germany as Granatfiillung C/88. 

RAW MATERIALS AND THEIR MANUFAC1'URE. 

l. Phenol. 
Phenol is the starting point in the majority of the processes for 

manufacturing picric acid. . 
When pure, it is a white crystalline solid, having a melting pomt 

of 42'5° C. and a boiling point of 182° C. It is more usual to find 
crystals of a deep rose tint due to slight oxidation. 

It is an acid, as its common name, carbolic acid, indicates. 
Before the Great War, all the phenol required for the ~~nu­

facture of explosives in this country was obtained from the distilla­
tion of coal tar. This source of supply was found to be totally 
inadequate when it came to meeting war-time demands, and "syn­
thetic " methods of obtaining phenol were adopted to augmen~ the 
supply. The manufacture of" synthetic " phenol was well esta~Iishe_d 
on the continent prior to 1914, but had not been developed m this 
country. 
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2. Pherwl ftom Ben:ene thro11gh Bemene-s11lphonic Acirl. 
This was the chief method by "·hich " synthetic " phen_ol was made 

in this country. Describec.l briefly, the . pro~ess c~n~1sts of ~he 
sulphonation of benzene to benzene-sull'.horuc a~id ; this is _fuzed ~vith · 
caustic soda giving sodium phenolate, from which phenol is obtamed 
by acidification with sulphuric acid. 

0 
ONa OH 

0 H2S04 NaOH 0 H~S04- 0 
Benzene. Benzene sulphonic Sodium Phenol. 

Acid. Phenolate. 

3. Chlorbenzene. 
This compound is a derivative of benzene. It is readily made 

by passing chlorine into benzene until chlorination to monochlor­
benzene has taken place. 

Dichlorbenzene is also formed at the same time, but is easily 
separated froru monochlorbenzene by fractional distillation; the 
former boils at 172° C., and the latter at 132° C. 

THE MANUr'ACTURE OF PICRIC Acrn. 

1.-From Phenol. 
(a) Oki, Pot Process. 

This is the old process that was in vogue prior to 1914. It has been 
improved to such an extent that a modern plant bears very little 
resemblance to the original. These improvemei,ts have not altered 
the underlying principles so much as they have provided for greater 
economy in world.ng, by the recoyery of waste acids and fumes. 

The process may be divided into three main headings :-

1. Sulphonation. 
2. Nitration. 
3. Purification. 

1. Sulphonation. 

Phenol and sulphuric acid, in the proportions by weight of 1 to 4 · 5. 
are run into rectangular, steam-heated tanks. The temperature is 
maintained at 80° C. for 12 hours, by which time the phenol has been 
converted into the disulphonic acid, with a little of the monosulphonic 
acid. 

The sulphonic acids are allowed to cool, and are diluted with waste 
liquor from a previous operation to about half their original strength. 
The contents of the tanks are then allowed to stand, so as to permit 
any sohd matter present to settle .. 
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FLOW DIAGRAM FOR MANUFACTURE 

OF PICRIC ACID. 

12 hrs at 80'C 
Stei!lm heating 

Spent Acid 

Spent Acid ..,_ 

Waste Acid -
Water 

Phenol 

l 
Sulphonator 

I 
Phenol Su/phonic Acid 

Nitrator 

I 
Crude Picric Acid 

Drainer 

Crusher 

[ 
Covnter Current 

Wesh,ng 

Centrfuge 

Picric Acid -t- 57, Moisture 

I- H2 S04 

Dilution with waste liquid 
from previous operations 
cooling and ssttling 

I- HN03{6S!,) 

Crystallises out on cooling 

- Water 

Pure Pfcr,C Acid eo packing rooms 

flG.6.1. 
Malbya,Sons.Litl>-





Fro. 6.2.-Picric Acid iranufacture. Pot Proces-1. 
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. The phenol disulphonic acid i.s weighecl out into charges correspond­
mg to about 35 lbs. of phenol ; each charge being contained in a 
40-gallon earthenware pot. 

Nitric acid (65 per cent. strength) i.s syphoned slowly into the pots. 
'.J'.he temperature nses, ancl_ copious red fumes of nitrogen peroxide are 
given ofi. l\Ieans are provided by which these fumes are collected and 
conveyed to the absorption towers for recovery. 

The contents of the pots are kept at ll0° C. for 48 hours, and are 
then allowed to cool. The picric acid cryst.allLSes out on cooling. 

3. Purification. 

ThLS will be described later. 

The essential stages of this process are given in the form of a 
flow diagram in Fig. 6.1 ; a nitrating house being shown in Fig. 6.2. 

(b) Brooke's Go11ti1111ous Process. 

ThLS process, while chemically the same as that just considered, is 
entirely different in detail, being much more economical by virtue of 
the more thorough recovery of waste products and the greater saving 
in labour. It was worked out at Brooke's Chemical Works, Halifax, 
during the latter half of the Great War. 

The sulphonation LS carried out as already described, ancl, after 
dilution, the phenol sulphonic acid LS conveyed to the nitrating plant, 
Fig. 6.3. 

This consLSts of an acid-proof brick trough, about 160 feet long. 
Along this trough the phenolsnlphonic acid slowly flows, and at frequent 
intervals nitric acid LS introduced through a system of aluminium jets. 
Complete nitration is ensured by (a) regulation of the rates of flow of 
the liquids; and (b) maintenance of the temperature at about 100° C. 
by means of steam coils in contact with the trough. 

At the lower end of the trough, the picric acid and spent nitrating 
acids flow over a weir, where the picric acid crystallises out. 

The separation and purification of the picric acid LS carried out in 
the manner to be described later. 

(c) Strong Acid Nitration (Bradlry). 

This process LS essentially the same as the old pot process as far 
as the sulphonation of the phenol LS concerned. . . 

The nitration is accomplLShed, using a mixture of skong mtric and 
sulphuric acids, in enamelled nitrators fitted with strrrers. 

(d) Nitration using Sodium Nitrate. 

A process on these lines has been worked in Franc?. Sodium 
nitrate is used instead of nitric acid. Great economy 1s claimed for it, 
but the ArmLStice in 1918 prevented its full development. 
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II. From Chlorbenzene. 
The chemical reactions involved have been considered in the earlier 

part of this chapter. 
The process is divisible into five stages :-

(i) Nitration to dinitrochlorbenzene. 
(ii) Conversion to sodium dinitrophenolate. 

(iii) Liberation of dinitrophenol. 
(iv) Nitration to picric acid. 
(v) Purification of the crude picric acid. 

(i) Nitration to dinitrochlorbenzene. 
Chlorbenzene is nitrated with a Illlli;ure of nitric and sulphuric 

acids, and the dinitrochlorbenzene separates out as a solid which melts 
at 53° C. The action proceeds quite quietly. Dinitrochlorbenzene 
must be handled very carefully as it is poisonous to the skin. 

(ii) Conversion to sodium dinitrophenolate. 
The product from the previous operation is heated by steam in a 

boiler containing a solution of caustic soda (NaOH). The sodium salt 
is formed and remains in solution. 

(iii) Liberation of dinitrophenol. 
On acidification of the solution from (ii) with sulphuric acid, sodium 

sulphate is formed and remains in solution, the insoluble dinitrophenol 
being precipitated. 

(iv) Nitration to picric acid. 
The dinitrophenol is recovered by filtration and is treated with a 

mixture of strong nitric and sulphuric acids. Enamelled nitrators, 
fitted with stirrers, are used; the temperature is kept a little above 
100° c. 
(v) Separation and purification of the crude picric acid. 

This is carried out in the usual manner. 

Separatwn anil, Purificatwn of crude Picric Acid. 

Picric acid does not lend itself to purification by recrystallisation, 
and therefore a system of washing and drying is employed. The method 
adopted may be considered under six headings :-

(i) Draining. 

To remove spent acid from the crude picric acid crystals, 

(ii) Crushing. 

To free spent acid that has been trapped among the picric acid 
crystals. 

(iii) Counter-current Washing. 

T_his is a ':ery ~eneral method of purification in industrial chemistry, 
and 1s described m Appendix III. 
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(iv) Centrifuging. 

This reduces the moisture content to about 5 per cent. 

(v) Stove drying. 

The last traces of moisture are removed by this means. The 
picric acid is spread on glass trays in drying chanbers, the temperature 
of which is maintained _at_ 60° ~- This is t_he most dangerous stage in 
the manufacture of p1cnc acid and 1t 1s therefore carried out in 
buildings situated at a safe distance from the remainder of the works. 

(vi) Sifting. 
Reel sifters are employed. 

Of the impurities in picric acid, the picrates of lead and calcium 
are the chief. The former can be avoided by using lead-free materials ; 
the latter is introduced in the washing water, which may contain lime 
in solution. 

Oxalic acid and oxalates are also found. The metallic picrates are 
undesirable as they are highly sensitive, and are therefore a source of 
danger. 

PROPERTIES AND USES. 

Picric Acid is a yellow crystalline solid, melting at 121 · 6° C. It 
has a very bitter taste, whence its name from the Greek pikros, meaning 
bitter. Owing to its intense yellow colour it was employed for many 
years as a dye. 

When unconfined, it burns quietly, with a very smoky flame. 
It is an acid, forming salts, called picrates, with most metals. 

These salts are usually extremely sensitive, and the readiness with 
which they are formed constitutes the main disadvantage attending the 
use of picric acid. 

Below is a table of the figures of insensitiveness of the commonest 
picrates (picric acid= 100). 

Pwrate. 

Copper 
Lead 
Silver 
Sodium 
Zinc 
Ammonium 

Figure of 
I nseiisitweness. 

:W-- &q 
18 
74 
92 

107 
120 

Lead picrate is particularly sensitive, and therefore great importa~ce 
must be paid to the absence of lead from all paints, m~tals a~d _materials 
with which picric acid is likely to come in contact, either m its manu-
facture or use. . 

To avoid any possibility of lyddite in she!\ becoming sensitive ~wing 
to the formation of iron picrate, the interior of the shell bodies 18 

coated with copal varnish. 
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Ammonium picrate, on the other hand, is comparatively insensitive, 
and forms an important constituent of some mixed high explosives 
used as intermediaries. It is used in U.S.A. as a filling for armour­
piercing shell. 

Picric acid is soluble in water to the eid;ent of 1 part in 100 parts of 
cold water, and 1 part in 20 of hot water. It is readily soluble in 
benzene, and many organic solvents. 

Owing to the high melting point of picric acid it cannot be melted 
over a water bath, and other means of heating are therefore used. 

Picric acid is very stable, and maintains its stability so well under 
the most adverse conditions, that stability tests are not usually applied. 
As high temperatures of storage over long periods cause no deteriora­
tion, lyddite-fillecl shell are particularly suitable for tropical stations. 

The tests for picric acid can be obtained from the specification, to 
which the reader is referred. It may be of interest, however, to note 
the underlying reasons for these tests. 

(i) The Melting Point Test. 

This detects the presence of dinitrophenol, which lowers the melting 
point. 

(ii) Volatile ]\fatter. 

The percentage of volatile matter is an indication of the amount 
of unnitrated bodies present. 

(iii) Ash Content. 

Besides detecting the presence of grit and other extraneous solid 
matter, this test is important as a means of locating any sensitive 
picrates formed in process of manufacture of the picric acid. 

(iv) Test for the presence of Sulphates. 

As the sulphates that are most likely to occur are soluble, this test 
is a check on the efficiency of the purification. . 

DINITROPHENOL A.,.',D SHELLITE. 

Preparation. 

Dinitrophenol can be conveniently prepared by the chlorbenzene 
process, outlined above, omitting the final step. 

Properties and Uses. 

~init~ophenol is a yellow-brown crystalli°:e compound melting at 
llO -ll4 C., accordmg to its state of purity the purer product 
having the higher melting point. ' 

In a". unconfined state it burns quietly with a very smoky flame. 
It 1s poisonous, and should therefore be handled with care. It is 
somewhat less sensitive than picric acid. 

It is chiefly important in this country as a constituent of shellite. 
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::iHELLlTE. 

This is a high explosive consisting of a mixture of dinitrophenol 
and picric acid. 'i?3 

It melts at about ~ C., and hence it may be melted on a water 
hath. 

Its stability is much the same as picric acid, ancl it is rather 
more insensitive (figme of insensitiveness 124. Picric acid= 100). 

PICRIC POWDER, 

('omposition. 

Ammonium picrate 
Potassium nitrate 

Pmperties and Uses. 

~.3 'N, parts. 
n '.lS parts. 

On ignition, this mixture rapidly acquires a high degree of 
explosive violence, which renders it very valuable as an intermediary. 
It is capable of detonating the most inert high explosives. This 
property of picric powder does not seem to be affected by the degree 
nf confinement. A flash giving fuze should, of course, be used. It 
should be noted, however, that, especially in small shell. the 
rletonation initiated by the burning of picric powder is generally less 
,·iolent than that initiated by other detonating intermediaries. 

Another mixed explosive using ammonium picrate is pic-ramitc, 
which is dealt with in Chapter IX. 

The French have used an explosive named cresylite, or trinitro-m­
cresol. This is very similar to trinitrophenol, and although more 
expensive to make, is useful, as it conserves phenol. 

Picric acid. 

OH 

NOzoNOz 
CH3 

NOz 
Trinitro-m-cresol. 

In closing this chapter, it may be interesting to note a use that 
was made of waste picric acid during the war. 

If picric acid is treated with bleaching powder, the ring structure 
breaks down and one of the products is chwropicrin (C Cl, N02), 
which has been used as a lachrymatory shell filling. 

OH 

NOzoNOz 

NOz 

Pic-rk· acid. 

(B 28-23l)z 

+ 9 Cl --7 3 C.Cl.3 N02 + other products. 

Chloropicrin. 

D 
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CHAPTER VII. 

TROTYL, :NITROGEN FIXATION, Al\!11\IONIUl\I NITRATE. 
Al\!IATOL, DINITROTOLUENE, AMATOXOL. 

(Throughout this cluipter, the initials l\I.N.T. and D.N.T. are used 
to denote rnononitrotoluene and dinitrotoluenc respectively.) 

TRUTYL TRLXTTROTOLUJ~NE, OR T.N.T. 

Introduction. 

This compound was discovered as recently as l 86:3 by Wilbrancl, 
and prior to 1914c was not used in the service as a shell filling, though 
it had been employed by the Germans since 1902. Its development as 
a service high explosive in this country was undoubtedly handicapped 
by the difficulty that was experienced in designing an adequate 
exploder system. 

At the commencement of the Great \Var T.N.T. became 
important as a possible source from which to supplement the supplies 
of high explosive. Some idea of the i=ense progress made in the 
manufacture of T.N.T. during the war may be gained from a com­
parison of the output during the first six months of the war (143 tons), 
with the total output at the time of the armistice in November, 1918 
(238.3'64 tons). 

Trotyl is a true nitro-compound, consisting of toluene as a nucleus. 
to which has been added by replacement of three hydrogen atoms, 
three N02 groups in a symmetrical arrangement. It can be made 
by the direct nitration of toluene with nitric acid, though in practice 
sulphuric acid is always used in addition to remove the water formed 
in the reaction. 

0 'HNO' 0"''•HNo,ON'.;HNi~ONO; 
NO, N02 

Toiu,-,w. M.);.T. 0.:-(,T. T.X.T. 

The above gives an approximate representation of the nitration 
of toluene,_which is given more fully in Fig. 7.1. It will be noticed 
that there 1s only one symmetrical trinitrotoluene ; the other trinitro­
bodies, of which there are five in all, are known as the itnsymmetriC<il 
T.N.T.'s. 

0~ detonation T.N.T. _is conY_erted into a lllL,ture of gases. The 
followmg figures, from Bichel, give the approximate compositi,m of 

,, 
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trus mixture, the exact constitution of which will ,·ary with the 
conrlitions nuder "·hich detonation takes place. 

Carbon dioxide 
Carbon monoxide 
:N'itrogen 
Hydrogen . . 
Carbon 

Per cent. 
3·7 

70·5 
19·9 
1·7 
~ 4·.2 

The presence of free carbon suggests that T.N.T. is deficient in 
oxygen, and this is so. To supply this deficiency ammonium nitrate 
is adde<l as an oxygen carrier in the amatols. 

RAW :.\LnERIALS AND THEIR MANUFACTURE. 

Toluem. 

This hydrocarbon is derived from two main sources: (1), from the 
products of distillation of coal; and (2), from the distillation of 
petr,,leum found in Borneo. 

1. When coal is distilled toluene is recovered in two ways ; (i) 
from the gas by scrubbing, and (ii) by fractional distillation of the 
coal tar. An appreciable amount of toluene was obtained from this 
source during the war. 

2. ::--inety-five per cent. of the toluene used for T.N.T. manufacture 
during the war came from Borneo petroleum. This petroleum is 
particularly rich in the aromatic hydrocarbons, of which toluene is au 
important member. By partial distillation before shipment the 
proportion of toluene in the exported product was raised to about 
50 per cent. The distillate, known as "toluene-petrol" or " toluene­
benzine ·' was then shipped to this country in tank vessels. 

:.\IANUFACTURE OF TROTYL. 

Before considering any processes in detail, it would seem desirable 
to view the nitration of toluene on a commercial scale in a more general 
manner. 

When the war commenced in 19H, the nitration of toluene was 
little more than a laboratory operation, and it had not been established 
as a works process in gonrnment factories. The Research Department 
at Woolwich, by performing many hundreds of nitrations, eventually 
established the best conditions for nitration, which were further 
confirmed by work on a small experimental plant with a capacity 
of¼ ton of T.N.T. 

Methods r1 Si/ration. 

1. Direct nitration to T.N.T. in one stage. 
This is a very wasteful method. As nitration proceeds, water 

is formed and towards the end of the reaction, when the strongest, 
acids are ~eeded, all the water from the preceding stages of nitration 
Las accumulated and dilutes the acids. To maintain the necessary 

/u ~8-~:1l)z D ~ 



c,mcentmtion, a large excess of sulphuric acid or ol~um is need~d. 
This is expensive and also necessitates a very large pbnt to cope with 
this volume of acid . 

2. Nitration in stageo. 
Three-stage. Toluene ........ l\I.KT ........ D.N.T. . .... T.N.T. 

{ Toluene ........ ;lf.N. T .. . 
Two-Stage. Toluene . . . . . . . . . . . . . . . . . . D.JS'.T .. 

(a) Using fresh acid for each stage. 

.T.N.T. 

.T.N.'f. 

This is better than nitration in one stage, but the volume of acid 
required is still large. The process is m1economical for anoth~r 
reason ; the lower nitro-compounds of toluene are ,•ery soluble rn 
the nitrating acids, and this method does not permit of their recovery. 

(b) Using the waste acids from the last stage for the earlier 
stages. · 

This is the most economical for the following reasons :­
(i) The strongest acid is used in the final stage. 

(ii) The ,rnste acids contain nitro-compounds in solution 
as mentioned above (2a). These nitro-bodies are, 
however, more soluble in M.N.T. which extracts thelll 
from the waste acids and carries them forward to the 
next stage. This process is known as cletoluation. 

(iii) The quantity of acid required is reduced to a minimlllll, 
as the lower nitrations are easily carried out by the less 
concentrated acid. 

In three-stage processes the manipulation of the acids is, usually, 
as follows:-

The waste acid from stage 3 is fortified with nitric acid and used 
for stage 2 ; finally, the waste acid from stage 2 is diluted for stage 1. 

The problem of detoluation of waste acids is important. On the 
one hand, the recovery and further nitration of these nitro-bodies 
means an increased yield of T.N.T. from a given amount of toluene ; 
and, on the other hand, if permitted to pass away with the waste 
acids they cause a great deal of trouble by depositing in some part of 
the acid-recovery plant. 

An iniportant factor in the nitration of toluene is temperature. 
The following may be taken as representative of the temperature 
conditions in a typical three-stage process :-

(i) Toluene to ·' Hypotol ., (50 per cent-. Toluene and 50 per 
cent. l\I.N.T.). . 

Carried out at about 20° C. 

(ii) " Hypotol ·, to "Sesquitol " (25 per cent. l\f.N.T. and 75 
per cent. D.N.T.). 

Carried out at about 50° C. 

(iii) "Sesquitol" to T.N.T. 

Three hours at 70° U., one hour ri,ing to U0° C., and 
finally, two hours at ll0° C. 
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TJ'o.~hing rf Trinilrotolucw. 

Originally, attempts were made to wash the acids from T.N.T. 
with so<la .. as in the manufacture_ of nitroglycerine. This proved 
absoh1tel.1· 11n1michcable _as T.N.T. rn attacked by alkali, to form a 
mmpournl wluch almost mstantaneously decomposes. The products 
of ,lecomposition are dangerousl_v sen.sitive. 

The ne;<t development was_ the use of thorough and repeated 
washings w1th hot water. The disadvantage of this lay in the enormous 
c1uantitiPs of water necessary to give satisfactory res~lts; as much as 
5,IHJO gallons of water per ton of T.N.T. were needed. 

T,ater, the pelleting of T.X. T. (sec ,page 56) and the use of weak 
hasic salts such as sodium acetate reduced the amount of water needed 
to a reasonable amount. It must be remembered that the washing 
of T.N. T. is solely for the purpose of removing waste acids and inorganic 
impurities ; the removal of organic matter comes under the heading 
of purification. 

p,,,.,fication of T.X.T. 

The organic impurities in crude T.N.T. are:­
(i) Dinitrotoluene. 

(ii) Unsymmetrical trinitrotoluenes. 
(iii) Nitrobenzoic acids. 
(iv) Nitrocresols. 
(v) Tetranitromethane. 

Of these only the first two are of importance. Kos. (iiif and (iv) 
are soluble in water and are usually removed in the washing processes ; 
No. (v) can also be removed by washing, though traces usually remain. 

(i) Dinitrotoluene results from incomplete nitration, and is usually 
present in small quantities. 

(ii) There are si., isomeric trinitrotoluenes. Three are shown in 
Fi/!. 7.1, the remainder being unimportant. The two unsymmetrical 
T.:N".'l''s. shown. are known as P, and y T.N.T .. which melt at 112° C'. 
and 104° C. respectiYely. The elimination of these isomers is of the. 
greatest importance as exudation is clue to their presence. 

E:cudation is the name given to the percolation of oily matter from 
the shell-filling into either the exploder system or through screw­
threads to the exterior of the shell. This oily matter is a mixture 
of the unsymmetrical isomers of T.N. T. and the traces of D.N. T. present. 
~uch a mi.,ture has a low melting-point, so that it is liquid at tempera­
tures of storage such as may obtain in the tropics. 

This is undesirable for two reasons :-
(i) The exuded matter is sensitive, and is therefore a source of 

danger. 

(ii) Jf the exploder system is not contained in a steel container, 
the exudation products may saturate the substances m the system 
an,l render it inert. For this reason C.E. is alwa~-s used mstead of 
trot~·! for exploder systems for use in the tropics. and steel exploder 
('1,ntainers are preferable for shell filled with a T.N.T. explosive. 
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T,rn methods of eliminating the unsymmetrical T.N.'r·s. deserve 
consideration :-

1. The sodium-sulphite process. 
2. The removal of meta-nitrotoluene. 

1. The sodium-sulphite process. 

This method of purification was evolved by the French in 1916 
and was widely adopted in this country. 

The crystals of T.N.T. are treated with a 10 per cent. solution of 
sodium sulphite (Na,,S03) at a temperature of 35-45° C. The sodium 
sulphite is formed as a by-product in the manufacture of .. synthetic" 
phenol (see page 44). Interaction between the sulphite and the 
unsymmetrical isomers results in the formation of salts which are 
readily soluble in water. Subsequent washing with water removes 
these salts in the form of a deep blood-red solution. 

It should be noted that this method does not remoYe dinitrotoluene. 
Re-crystallisation of the T.N.T. from a hot alcohol solution will giYe a 
purer product ; washing ,,-ith cold alcohol is also efficacious. 

2. A reference to Fig. 7 .1 will show that the unsymmetrical 
T.N. T•s. are derived from meta-nitrotoluene. If this can be removed 
before proceeding further with the nitration, the undesirable isomers 
will not be formed. A process whereby meta-nitrotoluene was removed 
by fraction!tl distillation was developed at Oldbury during the latter 
part of the Great War, and gave the most promising results, but 
it had hardly left the experimental stage ,,hen the War ended. 

The Queensferry Discontinuous Process for Maniifacturing T.N.T. 

Fig. 7.2 gives a flow diagram of this process. It is diYided into 
three parts. 

l. The 11'1.N.T. Section. 

(i) The " toluene-benzine," as received from overseas, is nitrated, 
using a mixed acid consisting of SJ.ier cent. sulphuric acid, 62per cent. 
nitric acid and 17 per cent. water. This converts the toluene into 
M.N.T., while the remainder of the" toluene-benzine,'· which consists of 
cyclo-paraffins, is unaffected by the acids. 

(ii) The product is known as "M.N.T.-petrol." The M.N.T. is 
separated by fractional distillation, and is conveyed by pipe line to the 
T.N.T. section. 

2. The T.N.T. Stction. (See Fig. 7.3.) 

{i) The M.N.T. is treated in a " super-detoluator ·· which is similar 
iu design to a nitrator, using waste acids from p;evious operations. 
The reasons for this step will be apparent from the foregoing (page 5~). 

(ii) The "Acid M.N.T" from (i) now undergoes nitration in a 
'.' detoluator," where it is partially converted to D.N.T. The acid used 
1s waste acid from the final stage of nitration. 

(iii) The nitration of the D.N.T to T.N.T is finally completed bv 
the use of a mixed acid consisting of 78 per cent. sulphuric acid. 1 ~ per 
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cent. uitric acid, and 4 per cent.. water. A section through a nitrator 
is ginn in Fig. 7.4. 

8 

Frn. 7.4. 

NECTION THROUGH A T OLUENE XlTR.\TOR, 

The vessel as a whole is made of cast-iron. It is fitted with roils (B) into 
whic-h steam or water can be admitted, according as it is desired to rai:-;e or lower 
the temperature in the vessel. 

The D.N.T. and mixed acids are introduced throu"h the orifice (D) . (A) is the 
stirrer. It consists of a paddle (like a two-bladed p~opellor) operated Ly a belt. ­
driven shaft. 'l'he padclle revolves inside a vertical cylinder (F), and causes the 
1iquids to circulate in the manner indicated b,· the arro·ws. As the liquids rise 
from the cylinder they meet the disrupter (E). ~ This consists of two flat blad_es, 
attached to the same shaft as the stll'rer, whieh come into violent contact with 
the rising fluids and ensure the admixture of the constituents, so that nitra t ion 
proceeds as rapidly and as thoroughly as possible. 

(C) is the delivery valve, and (G) the valve into the main deli,·ery pipe. The 
two valves are connected together as shown, so that (C) (·annot hr opC'necl unless 
(<l) alHo i8 opc>nc<l. 
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(l\") The T.K.T. and waste acids are run into a separator, the aeid 
aoina back as once-used acid to stage (ii), and the T.N.'f. to a washer. 
At this point tlie T.N.T. is molten and it is washed by agitation with 
boiling water. 'l.'he washings go to waste and the T.N.T. to the 
pelleting tank. 

(v) The molten T.N.T. as it runs into the pelleter is met hy a jet 
of cold water. This immediately solidifies the T.N.T., which is brohn 
up b_y the force of tl,e i,~ts int? small grannies or vellets. In this form 
it is known as " pelhte and is m a smtable concht10n for transport to 
the adjoining purification plant. 

3. The Purification HousP. (Sec Fig. 7.5.) 
(i) The " pellite" is melted under the action of steam and hot 

water, which also serves as an additional "·ashing. 
(ii) The molten T.N.T. is then cooled in a "crystalliser" and 

washed with a solution of sodium sulphite (Na,803) and waste liquor 
from the next operation. This step has already received attention in 
the preliminary notes on the manufacture of T.N.T. 

(iii) The T.N. T. crystals are filtered from the sulphite solution and 
pass on to a washer, where they are subjected to steam and hot water. 

(iv) The wet T.N.T. is dried by steam heat and melted. In this 
condition it passes into a steam-jacketed trough. Revolving in this 
trough, and partially immersed in the molten T.N.T. is a gunmetal 
drum. This drum is internally cooled by water, which enters through 
one of the trnnnions supporting it, and overflows through the other. 
The drum rotates at about 8 revolutions per minute, and in so doing picks 
up molten T.N. T., which solidifies in a thin film on the periphery of the 
,lrum. A metal scraper removes this T.N.T. in the form of flakes, which 
pass away clown a chut,e to the packing room on the floor belo"'· 

l'l,e Counter-Current Washing of 1'.N.1'. 

This was introduced at a later period than the process described 
above. The plant consists of about nine pairs of pots ; one vessel of 
each pair is fitted with a stirrer and is known as the agitator, the other 
vessel of the pair being known as the settler. . 

Clean water and molten T.N.'f. pass in at opposite ends of the plant 
and proceed in contrary directions, emerging as neutral T.N.T. and 
strongly acid water. 

The Oldbury Continuo,,s Process for Manufaclltring 1'.N.T . 

. This i~ a_ counter-current process. It is carried out in units, each 
umt cons1st111g of 3 nitrators and 3 settlers, arranged in pairs and 
connected together, as shown in Fig. 7 .6. 

Strong sulphuric acid and M.N. T. (made separately as in the 
Queensferry proce~s) are introduced at opposite ends of t,he plant, and 
the mtnc acid 1s mtroduced into the nitrators direct as shown. The 
effluent products are T.N. T. and spent acid, 

A pan of pots consists of a nitrator and a settler the former beina 
fitted with a stirrer. From a settler, the nitro-body g~es forward to th: 

.,, 
I 



EWING 

l'u t t1(·,-. p,,g,· Sb'. 

To Fan. ~--~ 

Cfllef'. Two of 
these in eeNeS. 

Cooler 

Water f'f'Cr:1 Gflar:1.datof' Roll 

Water Supply 

MaJt!)l.iSons.lith 





5i 

n:xt •~itratnr, a1'.,l the aci<ls tr~,·el in the opposite direction. Thus the 
n~trahon " c-arnecl out Ly acid that is progressivelv stro,wer as the 
mtrat,on approaches completion. · r 

The te~np<'rature is neyer allowe,l to exceed 100° C., the necessarv 
control lw111g provlfled b_v steam and water coils. · 

'~his plant was \\onderfully efficient. That at Oldbury was built 
to_ g1w 11111 tons nf 'l'.X.'l'. a week, hut 500 tons was ofte·n produce,! 
mtlun this pertod. 

Tlw further pmifiL"ation nf the T.X.T. is rarriecl out as at Queeus­
ferry. 

:Sulphuric 

Acid 

TNT. for 

pur1ficafion 

N1fric ACJd 

l 

M!NcAcid 

l 
NITRATORS 

SETTLERS 

Nitric Acid 

l 

- --(<fl M.N.T 

Spenr Acid 

for r,covery 

Fw. 7.6.-Diagram oI thP Oklbury Continuous Process for the nitration 
of Toluere to T.N T. 

PROPERTIES Alm lTSES OF 'f.N.T. 

Symmetrical trinitrotoluene is a pale yello\\· crystalline solid melting 
at 81' f'. It is practically insoluhle in water, but is rea,lily dissolncl 
hy most organic so lvents, especially ethyl acetate and acetone. 

It is poisonous. In T.N. T. factories. careful attention must be paid 
to eleanliness (adequate provision of baths and washhouses), thorough 
ventilation, use of milk. and. in processes where T.N.T. dust is preYalent, 
the use of respirators. 

T.X. T. is not easy to detonate. but "·ith suitable i,iitintion th_is can 
be flnnP, giving a very powerful detonation, haying a Yelor1f:v of 
6.ff:JO nwtrrs/secornl. 

It is very stahlc in storage, an,l very insensitive to shock a~cl 
fri<·tion; operations such as n1il1ing and crushing can he C'arr1e1l out in 
perfec·t ,af~ty. 



\\'ht'n toluene is nitrated. about 3 per cent. of the final prrnlucl. 
under the usual conditions of nitration, is composed o{ the uusym 
metrical isomers referred to earlier in this chapter. A comparisr,n of 
their properties with those of ,vmmetrical T.N.T. is given in tlrn 
table below. 

I. Stabilil) 

~- Acti"dty 

:t Sensitivity 
4. Solubility 

Proputil',~ of 
T.X.1'. 

\ '"cry Good. 
Practically non-readiYC. 

Yery in:sl·n:sitin~. 

PracticaUv nil in water. 
Yery sol~1 ble in organil' 

~oh-enhi. 

)Id ting point .. . 81 · 5° C. 

Properties of the U 11.jy1,u,1ctricul 
Trinitrotoluen~. 

Fair. 
ReactiYe with alkali1:.,; to form 

sensiti,·c compoundi':i. 

l\Iore SC'nsiti,·e than T.N.T. 

Similar to T.N.'l'. Forms solu­
ble salts "·ith Naf,O ... 

104°-112° C. (refers to d and )' 
T.N.'£. respectiYely l. 

'f.N.T. is tliviued into three grades for service purposes. The chief 
characteristics of these grades are ~iven below. 

~elting point 
Stability 

TROTH (GRADE 1). 

80° c. 
Good. Decomposition is very slow at 110° C. 

Practically non-reactive. 

lnsensitiveness Impact figure 115. (Picric acid= 100.) 

Toxic properties Poisonous both internally and to the skin. 

)fore difficult to tletona.te than lydclite. 
Suitable for all purposes. 

Ylelting point 79 · 5° C. 
Less pure than Grade 1. 

'rROT\."L (GRADE 2). 

Other properties are similar to Grade 1. 
Used in the amatols, etc. 

TROTH (GRADE 3). 

Melting point. 76° C. 
Stability. Almost as good as Gracie 1. 

lnsensitiveness. A little more sensith·e than Grade 1. 

Slightly less powerful than pure trotyl, and more poisonous. 

If a meltin~ point of 78° C. is uscd insteau of that ginn aLuvc, 
the deto~at1o_n JS. as good as with other grades. The detonation 
becomes mferior_ with a lower melting point. 

Tins grade 1s pradicall~· obsolete for military purposes. 



The tests applied to T.N.T. for acceptance and grading are five 
in number. 

1. Setting Point Test (or melting point). 
The reasons for this arl' ob,·lous from the foregoing. 

·> Volatile matter. 
Thi:,; te;:;t is an incli(Jation of the pre,,ence of nnnifrated substanct•:-;, 

3. Ash Content. 
The percentage of i □ orga nic impmities. e.(J .• grit , lead or iron salt<.:. nf the 

nitrating acids, is g i,·en by this test . 

.J.. Acidity. 
This test ensures freedom from waste acids, which may be pre,,r-nt if the 

washing is insuflicient. 

5. Percentage soluble in acetone and insoluble in benzene. 
In the manufacture of T.N.T. a product known as "tran$formation 

product" is formed. This has been traced to interaction between alkaline 
material (~uch as lime in water) and T.N.T. to form a compound which 
afterwards breaks down into this '' transformation product.'' The amount 
present is only small, but it is extremely undesirable. It is Yery sensitive to 
heat. shock or friction , and, due to further decomposition, there may he a risk 
of spontaneous ignition, though this awaits definite proof. .A check on the 
amount present is imposed by this test. 

Trinitrotoluene can be used for many different purposes in the 
Service. It is not proposed to enter into any details of its sen·ice 
uses in this book, as these can be obtained from the Text Book of 
Ammunition. 

As a shell filling, T.N.T. is often used alone, but it is more usually 
mixed with ammonium nitrate in the amatols. These mixtures not 
only gi,·e more powerful results, but are a great economr as 
ammonium nitrate is cheap in, comparison with T.N.T. 

XITROGEN FIXATION AND A.ilmoNIA. (9). 

Nitrogen in the form of nitrates and ammonia, may Le called the 
keystone of the explosives industry, and a ready access to an abundant 
supply is an asset of the first order in time of 1rnr. 

There are three main sources of fixed nitrogen :-
(i) The nitrate beds in Chile. 

(ii) By-product recovery in the distillation of coal. 
(iii) The atmosphere. 

(i) The N itrale beds of Chile. 
The crnde sodium nitrate is shipped to this country anclpuritied 

by recrystallisation. The manufacture of nitric acid from this salt_ is 

discussed in any book on Inorganic Chemistry (8). The great chs­
advantage of this source is the necessity for overseas transport., wluch 
is vulnerable in war-time. In addition, modern demands on these 
nitrate beds must lead to their early exhaustion. 

The next two sources have the advantage of being indigenous 
to this country. 
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(ii) By-product recovery in the distil/at ion of Coal. 
When coal is subjected to destructi,•e distillation in a coke oven 

or gas retort, gas, tar and a watery liquor are _produced. The ga_s ?n 
leaving the retort is cooled, and much of the rutrogen that was ongm­
ally present in the coal is recovered, as ammonia, from the water_,­
liquor referred to above, and from the condensed liquor from the 
coolers.. The liquor is boiled with milk of lime, which liberates the 
ammonia as a gas. 

The gaseous ammonia is absorbed in sulphuric acid and crude 
ammonium sulphate separates. To purify it, the crude ammonium 
sulphate is digested with mill< of lime, and the pure ammonia which is so 
libernted is again absorbed in sulphuric acid. 

Ammonium sulphate is prepared in large quantities in peace time 
for use as an artificial fertiliser, and it is therefore readily available 
for the manufacture of ammonium nitrate by one, or other, of the 
methods to be described later. 

(iii) The .Atmosphere. 
The fixation of atmospheric nitrogen has been a chemical problem 

of immense difficulty, and its satisfactory solution is an event of com­
paratively recent years. The three most important methods which 
have been commercially successful are : (a) The "Haber" process; 
(b) the ·· Cyanamide" process ; and (c) the " Arc" process. 

{a) The Haber Process. 
This is a method of making synthetic ammonia by the direct 

combination of nitrogen and hydrogen. 

'sN.z+ 3H2 ::;=.:::: ~N}Ia 
The reaction is reversible, and a reasonable yield of ammonia can 

only be obtained in the presence of a catalyst under correct conditions 
of pressure and temperature. 

Xitrogen and hydrogen are introduced into the vessel in which the 
reaction takes place, in approximately molecular proportions. The 
maximum yield of ammonia is obtained when the pressure exceeds 
100 atmospheres and the temperature is about 500° C. 

The nitrogen is conveniently prepared from liquid air by fractional 
distilhtion. 

_The hydrogen can be obtained from water gas, which is made b:· 
passmg steam over red hot coke. 1¥ ater gas consists almost entirely 
of hydrogen and carbon monoxide (CO) in approximately equal pro­
portions. If an excess of steam be mixed with the water gas and the 
mixture be passed over specially prepared iron or copper (which acts 
as a catalyst) at a temperature of rather less than 500° C., the carbon 
m_onoxide_ is oxidised to the dioxide (CO.) at the expense of the steam. 
,nth the hberat10n of a further amount of hydrogen. 

CO+ H 2O-+CO2 + H 2 

The hydrogen is readily separated from the mixture of hvdroaen 
and carbon dioxide by absorbing the latter in water under pressurt 

_The power required for this process is · J3 kilowatt-years per ton 
of n ,trogen fixed. 
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(b) The " Cyanamide " Process. 

When calcium carbide (CaC2) (8) is heated to 1000° C. in an 
atmosphere of nitrogen, it combines with it to form calcium cyanamide 
(CaCN2). 

CaC2 + 2N----+ CaCN2 + C. 

The calcium cyanamide can be converted to ammonia and cal­
cium carbonate by treatment with superheated steam at a pressure 
of 50 to 250 lbs. per square inch. 

CaCN 2 + 3H2O ----+ 2NH, + CaCO3 

This process was patented in 1895. It is fairly economical in 
power, requiring 2 · 2 kilowatt-years per ton of nitrogen fixed. 

(c) The " Arc" Process. 

"lien air is heated to a very bigh temperature such as that which 
exists in the vicinity of an electric arc, the nitrogen and oxygen pre­
sent combine to form nitric oxide (NO). On cooling, the nitric oxide 
takes up more oxygen from the atmosphere to form nitrogen peroxide 
(N02). This can be absorbed in water to form nitric acid. 

This process is very wasteful of energy, using 8 · 56 kilowatt-years 
per ton of nitrogen fixed, and therefore its development has been 
mostly confined to places where water power is cheap and abundant. 

Oxidation of Ammon-ia to form Nitric Acid. 

As the processes (iii), (a) and (b) above, yield nitrogen in the form 
of ammonia, some direct method of converting this ammonia to nitric 
acid is desirable. 

In 1839 a process was discovered by Kuhlmann, a Frenchman. 
and deYeloped since 1900 by Professor Ostwald. If ammonia and 
oxygen are passed rapidly over a surface of platinum gauze (or other 
suitable catalyst) at a temperature of 300° C., about 85 per cent. 
of the ammonia is oxidised to water and nitric oxide. 

4NH3 + 502 + 4NO + 6H2O 

The nitric oxide combines with more oxygen to form nitrogen 
peroxide (NO,) which is absorbed in water to form nitric acid. 

4NO + 302 + 2H2O----+ 4HNO3 

This process was extensively used in Germany during the war. 
and formed her main source of supply. 

Experimental work has been done on other processes ;_ for_ example. 
the Bucher " Cyanide " process, in which sodium cyamde 1s formed 
by the interaction of nitrogen. carbon and sodium carbonate m the 
presence of an iron catalyst. 

AMMONIUM NITRATE. NH,NO3, 
Ammonium nitrate is usually obtained from ammon!um sulphate 

in a manner to be described. It was formerly made by direct neutral­
isation of nitric acid by ammonia. 



G2 

,11,,,,,ifacture of Ammonium Nitrate. (Freeth Process). 

2NaN03 + (NH,).SO, --+ 2NHiN'03 + Ka 2SO,. 

This equation represents the reaction. . 
It ,,.ill be noticed that all the salts un-olved are soluble l1l water, 

and therefore it is a matter of some difficulty to arrange the strengths 
of the solutions in such a manner that one of the salts may be preci-

~~ . . . 
The principle employed m the manufacture of ammomum 1;1trate 

by this method may he stated thus: A solut10n of ammonmm mtrate, 
sodium sulphate and sodium nitrate, existing at a temperature of not 
less than 60° C. and not in contact with any of these salts iu their 
solid state, may be so diluted that on cooling to a pre-determined 
temperature, the sodium salts will remain in solution and the 
ammonium nitrate will crystallise out. 

The process is cyclical and will be quite clearly illustrated if one 
cycle is considered. 

1. Consider the stage in the cycle at which the ammonium nitrate 
has been crystallised out. To the mother liquor is added the liquor 
from the washing of the sodium sulphate precipitate (see 4 below) 
and anv other wash liquor. 

2. The mixed liquors are concentrated to an extent sufficient to 
remow an amount of water equivalent to that added in the previous 
cvcle. 
· 3. Equivalent quantities of ammonium sulphate and sodium 

nitrate are added to the concentrated liquor, the total addition being 
equivalent to the 'amount of ammonium nitrate removed in the previous 
cycle. The reaction between the two salts results in the precipita­
tion of an amount of sodium sulphate equivalent to the amount of 
ammonium sulphate and sodium nitrate added. The temperature 
throughout this stage and the next is maintained at 70° - 90° C. 

-i. The sodium sulphate is filtered off, and after separation of the 
filtrate, is washed ; the wash liquors going back to stage 1. The 
filtrate, u·itlwut any added wash water, is diluted with sufficient water 
to keep the impurities in solution, and cooled to the temperature for 
which dilution has been arranged (usually about 25° C.). 

5. Ammonium nitrate crystallises out, and is drained. centrifuged, 
and packed. The mother liquor goes back to stage 1 ancl the cycle 
1s recommenced. 

Fig. 7. 7 is a flow diagram of the process. 
Ammonium nitrate as packed for transport contains about 3 per 

cent. of moisture. If the moisture content is reduced to a lower 
figure, water is absorbed from the air. This resuhs in the ammonium 
nitrate caking together into a hard mass which is very difficult to rrush 
mt-0 the fine form in which it is used. 

Properties of Ammonium Nitrate. 

Ammonium nitrate is a colourless crystalline salt, melting at 
170°_ C. when quite pure and_ dry. It exists in several different cry­
stalline forms ; changes taking place from one form to another at 

-I 
.... 
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p~~fectly <lefin_ite temper:1tu':es. One of these changes occurs at 
3~ C., whic~ 1s of es_pec1al 1mpOl'tance rn the filling of shell with 
amatol. This cha?ge 1s arco~1mmed by an increase in density, and 
the consequent shrmkage may ~nti:oduce an air gap into the detonating 
system. and. breakmg its contmmty. tends to render it ineffective. 

Ammunittm nitrate reacts with most common metals. The 
~ction with a lt~11;1inium is practically negligible. With iron and lead. 
1t forms msens1tJye salts that_ are harmless from the point of view of 
explosn·es. It forms salts with copper and tin that are somewhat 
sensitin, but a still more sensitin compound is formed when tin 
an<l copper are present together as in bronze. This was a cause of 
accidents in the earl_,. clays of amatol 1_uanufacture, when, following 
on the practice of the gunpo,nler factones. bronze tools were nsed. 

,\mmoninm nitrate is graded by anal!·.,is into three grades L 
'.l and 3. The chief impurities are :- ' 

(i) :\foisture. 
(ii) Saline impurities. 

(iii) Pyridine. 
(iY) Thiocyanates. 
(Y) Acidity. 

(i) The presence of too much moisture is undesirable for two 
reasons:-

(a) When filling by the method of hot mixing or pouring. 
steam may be formed which will tend to lower the density 
of the filling. 

(b) In a filled shell, moisture absorbed by, or already present 
in, the ammonium nitrate may cause a softening of the 
filling owing to the partial solution of the ammonium 
nitrate. This may result in a form of exudation. 

(ii) The chief saline impurities are sodium nitrate and sulphate 
and ammonium sulphate. They are deliquescent and cause instability 
in the amatol. 

· (iii) and (iv). Pyridine and thiocyanates are introduced ,rith 
ammonia rlerivecl from coal distillation. Thev are a fruitful cause of 
e.cudatwn. With the unsymmetrical trinitrotoluenes they form 
gaseous products. These give rise to frothing, either during or after 
filling. In the former case the density of filling is reduced. which is 
likely to cause set hack on discharge: with a consequent danger of 
blinds ; in the latter case exuclation follows. The gases formed. set up 
a pressure which forces out the li'luid exudation products. particularly 
with high temperatures of storage. This is undesirable and dangerous, 
as the exudation products may affect the exploder system and render 
it inert, or, if the shell are not carefully cleaned, remain on the out­
side of t.he shell or in screw threads and invite prematures. For this 
reason particular care has to be taken to ensure that amatol for use in 
hot climates is made from the purest ammonium nitrate and trot,yl. . 

It follows from the above that if the T.N.T. used for amatol 1s 
impure, the ammonium nitrate must be pure, and i-icc 1•ersa. In 
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practice, Grade :l Trotyl is use~ with Grade l .\lllillouium _nitrate for 
use in other than tropical stations (when both the 10gred1ents must 
be Grade 1). 

Alllillonium nitrate enters into the composition of many 
explosives besides amatol. and examples will be found elsewhere in 
this book. 

It is itself an explosive, but requires a very intense and powerful 
initiation before explosion will take place. 

AMATOL. 

Amato! is an intimate mixture of ammonium nitrate and trotyl. 
It was proposed with the object of economising in trotyl, and at the 
same t ime taking advantage of the excess of oxygen possessed by 
alllillonium nitrate to compensate partially or completely for the 
deficit of oxygen in T.N.T. 

There are many of these mixtures which differ only in the propor­
tion in which the two constituents are present. The constitution of any 
one of these mixtures is given by its name ; thus "Amato! 80/20" 
denotes a mixture of 80 per cent. ammonium nitrate with 20 per 
cent. T.N.T. ; the first number always refers to the percentage of 
ammonium nitrate. The principal amatols are 40/60 and 80/20; 
other proportions that have been used are 45/55, 50/50, 83/17, and 
90/10. Amato! is known in Germany as Fullpulver, and is designated 
Fp. 60/40, 20/80, etc., the numerators of the fractions referring to the 
percentage of T.N.T. present. 

The methods of manufacturing and filling shell with amatol 
differ with the composition of the particular amatol. The various 
methods are summarised in Table 7 .A, 

il-Ielting point 
Stability 

Insensitiveness 

Toxic properties 

Detonation 

Method of filling 

AMATOL 40/60. 
General Properties. 
About 76° C. 
Satisfactory if the ingredients are pure. If 

the alllillonium nitrate contains sodium 
nitrate, interaction may set in with the 
impurities in the T.N.T. , but only at very 
high temperatures (110° to 120° C.). 

Impact figure 120 if pure T.N.T. 
Impact figure 111 if impure T.N.T. (picric 

acid= 100). 
Poisonous owing to T.N.T. Care should be 

taken in handling and to avoid inhaling 
vapour. · 

Good. Velocity 6,470 m/s. for a 45/5,j 
mixture. 

T.N.T. is melted and powdered ammonium 
nitrate added ; the whole is stirred to form 
a mass of the consistency of porridge. The 
shell are filled by pouring. 
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'fAllLE 7.A. 

METHODS OF MANUFACTURE OF AMA'lOLS. 

J\Iethod of i\li.ring. Method of Filling. Appearance of Burst. 

(a) Milling in an edge-runner \ Stemming. Cavity formed Contains sufficient oxygen 
mill. by press-plunger. for complete combus-

tion. 
(Theoretical quantities 

83/17) and therefore 
practically no smoke. 

(b) Hot-mixing in a steam Stemmed or extruded : A smoke mixture pro-
jacketed pan.* While hot it is in a pasty vided to assist o bserva-

condition. tion. 

. .. Hot-mixing* .. .. .. . . . ,vhen hot, is fluid, and Deficient in oxygen, and 
therefore poured. gives smoke on burst. 

... Hot-mixing* Poured -

* Hot-mixing is carried out at about 103° C .. 

Remarks. 

Porous and therefore 
liable to absorb moisture 
before filling. 

Non-porous and therefore 
is NOT liable to absorb 
moisture. 

l These two amatols a~e 
are Yery easy to mu: 

~ and fill and are there-
I fore important in case 

J of emergency. 

°' "' 



Melting point 

Stability 

Insensitiveness 

Toxic properties 

Detonation 
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AMATOL 80/20. 

General Properties. 

Not readily fusible, but begins to soften at 
the melting point of crude T.N.T. (76° C.). 
Advantage is taken of this in the "semi­
melt " method of filling. 

Good with pure ingredients. 

Impact figure over 120 if pure T.N.T. is 
used; 111 if T.N.T. is impure (picric acid= 
100). 

Slightly poisonous owing to the T.N.T. 

Very powerful when properly initiated. 
Velocity 5,080 m/s. 

Shells are filled either hy stemming the cold amatol in by 
mechanical plungers, or, in the " semi-melt " process, the hot 
plastic mass is compressed into the shell mechanically. 

As combustion is complete with this filling, very little smoke 
is formed on burst, so a smoke mixture is usually provided to 
assist observation. 

Amato! 80 /20 is practically the only amatol at present in use in 
the Service, though amatol 40/60 may be used in emergency as a large 
output can be obtained more rapidly by its use. 

FUMYL. 

A mixed explosive similar to amatol has been used for the 
smoke mixture and bursting charge in chemical shell. It is known as 
fumy!, and has the following composition:-

Trotyl Grade 2 45 
Ammonium chloride 
Ammonium nitrate 

BAR.ATOL. 

40 
15 

This explosive, which is mentioned in Chap. IX (page 78) 
h~s recently (May, 1923) become more important. Ammonium 
rutrate attacks copper to form sensitive salt&--barium nitrate does not 
possess this disadvantage, and baratol has therefore been adopted 
as the standard fillina for grenades and bombs in which the detonators 
are contained in copper sheo,ths. ' 

The fact that baratol is non-hygroscopic is an additional advan­
tage, particularly for grenades and bombs. 



AMATOXOL. 

This is a mo<li.fiecl form of amatol 80/20, using" toxol," instead of 
T.N.T. 

Toxol consists of 70 parts of T.N.T. and 30 parts of T.N.X. or 

trinitroxylene 
N0,OCH3 NO; . 

CH3 

N0z 

Its propert,ies are practically the same 

as those of amatol made from crude T.N.T., and on this account must 
only be employed in temperate climates. 

Trinitroxylene is similar to T.N. T., and is made by the direct 
ChJ 

nitration of xylene O . It has been tried as an alternative 
CH3 

to T.N.T. as an additional source of supply. There are several 
trinitroxylenes, but symmetrical trinitro-meta-xylene, the formula of 
which is quoted above, is the only one of importance as an explosive. 
It melts at 182° C. and detonates with a maximum velocity of 
6,600 m/s. 

DINITROTOLUENE. 

'fhis compound can be made by direct nitration as suggested in the 
three stage processes for the nitration of toluene described in the 
early part of this chapter. It is an insensitive crystalline solid melting 
at 65° C. It is used as a moderant in "Dupont Powder." Dupont 
powder is a nitrocellulose powder (see Chapter XII), which is coated 
with dinitrotoluene. The powder is in the form of very small lengths 
of thin tube. In the final stages of its manufacture it is immersed in 
a solution of D.N.T. in alcohol, followed by evaporation of the solvent. 
'fhis leaves a coating of D.N.T. on the grains of powder. It serves the 
purpose of retarding (or moderating) the rate of burning, which prevents 
(i) a too rapid rise of pressure, and (ii) a rapid fall from the maximum 
pressure once it is attained. 

(B 28-23l)z E 2 
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CHAPTER VIII. 

TETRYL, OR COMPOSITION EXPLODING. 

Introduction. 
This is a single chemical compound, trinitro-phenyl-methyl­

nitramine, and is commonly known in the Service as "C.E." It is a 
true nitro-compound, and was discovered by Mertens in 1877. It 
was introduced as an intermediary several years before the 
Great War, and has now become of great importance in this 
capacity. Its chemical constitution is :-

CH ) NO , "' / -N 

Its stability is lowered by p1cnc acid, and for this reason 
it is not used as an exploder in lyddite shell ; it is unaffected by 
exudation from T.N.T., but is readily decomposed by alkalies. It 
contains more nitro-groups, and so a higher oxygen content than 
either picric acid, or T.N.T., and probably for this reason is more 
readily ignited, or initiated to complete detonation than these. 

The manufacture of tetryl in this country is carried out by the 
nitration of dimethyl aniline, which is not itself made at the explosive 
factories. 

Dimethyl aniline may be prepared by a variety of reactions :-

(a) 80 parts by weight of aniline, 78 parts of methyl alcohol, 
which must be free from acetone, and 8 parts of 96 per cent. sulphuric 
acid, are heated to 230° C. in an autoclave ; if the above quantities 
are in kilograms, the reaction takes about 11 hours. The contents of 
the autoclave are allowed to cool, and on opening t-he safety valve there 
is a large escape of gas containing methyl ether. The liquid from 
the autoclave is neutralised with caustic soda, and steam distilled. 
There is a yield of about 98 parts by weight of dimethyl aniline, this 
being about 94 per cent. of the yield given by theory. 

(b) Aniline and milk of lime are placed in an autoclave, and 
methyl chloride gas is pumped in at a pressure of five or six atmo­
spheres, the temperature being 100° C. The final product is obtained 
by steam distillation as before 

The base dimethyl aniline is insoluble in water, and reacts very 
violently in contact with nitric acid. For the manufacture of tetr;l 
it is first converted into the soluble sulphate. Dimethyl anili,;e 
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~ulpha~e dissolved in sulphm(c acid, is added to nitric acid, resulting 
Ill a mL,'i;ure of crude tetryl With a very small proportion of tetranitro­
phenyl-met?yl-nitramine_. _This is_ an unstable by-product containing 
an_ extra mtro-group_ ;_ it_ 1s readily hy,lrol_ysetl @~l~ryl and nitric 
amd by prolonged boiling m water, provided that it 1s not present in a 
greater proportion than 1 to 2 per cent. As any by-products from the 
boiling are soluble, they are removed in the washings. The tempera­
tures of the various processes of manufacture, and the strengths and 
proportions of the nitrating acids are calculated :-

(i) To keep down the proportion of tetra-nitro-phenyl­
methyl-nitramine formed to 1 or 2 per cent. 

(ii) To ensme that the nitration is rapid enough to prevent 
the locking up of unnitrated material in the tetryl 
crystals that are formed. 

The chemical processes of manufactme may be summarised as 
in Fig. 8.1. 

l\IANUFACTURE. 

The manufacture of tetryl may be divided into two main stages :­

(1) The nitration of dimethyl aniline. 
(2) The purification of the crude tetryl thus obtained. 

The following is an outline of the manufacturing process as carried 
out at H.l\I. Factory at Queensferry. 

16 parts of 9± per cent. sulphuric acid, and 6 parts of 90 per cent. 
nitric acid are used to sulphate and nitrate 1 part by weight of 
dimethyl aniline. It is found that a large excess of acid minimises 
the risk of fire in the nitrating vessel. 

(1) The Nitration of Dimethyl Aniline. 
This is best considered in its several different stages. 

(a) Su!phation. 
This is carried out in a cast-iron pot fitted with cooling coils and 

stirring gear. Dimethyl aniline is poured into the sulphmic acid in 
the pot through a regulated feed. The temperature is controlled by the 
regulation of the feed, and is not allowed to rise above about 30 ° C. 
lest charring and violent fuming should set in. The solution is finally 
cooled to about 15° C. 

(b) Nitration. 
This takes place in enamelled iron pots with enamelled stirr_ers, 

the pots being jacketed both for steam heating and water cooling. 
Each pot has a capacity of about 100 gallons, and _can ~ea!_ with a 50 lb~. 
charge of dimethyl aniline. The charge of nitrw acid Ill the pot 1s 
steam heated to about 45° C., and the cooling apparatus then. I)Ut 
into operation in the place of the steam heating. The dimethyl a~ilme 
sulphate solution is run in, the temperature being Rllowed to nse_ at 
the rate of about 2° C. per minute, until it reaches 70° C. By varvmg 
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the inlet flow the contents are kept at t.l1is temperature. Care is 
neces&iry to prevent the charge catching fire. As this woulcl 
certainly happen were the stirring to cease, an auxiliary power supply 
is usually provided to drive the stirring gear in case of a breakdown, 
or, alternatively, this is accomplished by air injection. For safety, 
nitrators are separated by brick walls, and each one has a drowning 
injector fitted to operate through a hole in the fume hood. After 
nitration the contents are cooled to about 30° C. and run on to the 
filters. Nitration occupies about 2 hours. 

( c) FiUration. 
Filters are of a type in which the liquid is sucked through the 

filtering medium by means of a vacuum ; they are run with a vacuum 
equivalent to 5 to 10 inches of mercury. Graded quartz is the filtering 
medium. The charge is allowed to stand on the filter for about half 
an hour before the vacuum is applied ; during this time the greater 
part of the crude tetryl rises to the surface. It is then drained, but 
still contains some 50 per cent. of acid. This is removed by subsequent 
drowning, but no water must enter the filter, for the ensuing heat of 
dilution of the acid would probably fire the whole charge. 

(d) Drowning and Washing. 

The crude tetryl from the filters is gradually added to water in 
JOO-gallon stoneware vessels, and thoroughly agitated. When all 
the charge has been added, it is allowed to settle, and the water syphoned 
off. This is repeated four times with fresh water, and the wet tetryl 
then run off to wooden boiling vats. 

(e) Boiling. 

The charge is boiled for 20 minutes, washed twice with water, 
boiled again, and again washed. It is then run to a centrifuge. 
Boiling removes the last traces of acid, and hydrolyses the tetra-nitro­
phenyl-methyl-nitramine. 

(f) Centrifuging. 

Washing is co~tinued for some minutes in the centrifuge ; the 
tetryl 1s then centnfuged down to about 5 per cent. moisture content. 
It is now ready for purification. 

The manufacturing processes are summariseil in a flow diagram 
in Fig. 8.2. 

The spent acid from the filters is run into settling vats, and 
allowed to stand as l?ng as possible ; fine particles of tetryl which rise 
to the surface are skimmed off, and returned to the filters. The acid 
is then treated at 260° C. in shallow cast-iron stills worked on the 
continuous system. Organic matter is broken up, and nitric acid 
recovered. 

The yield of cr~dc tetryl is 70 to 80 per cent. of that indicated by 
theory; _the )oss 1s ~ue _to the formation of tetra-nitro-phenyl­
methyl-mtramme, to ox1dat10n, and to the fact that tetryl is to some 
extent soluble in the spent acid. 
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FLOW DIAGRAM FOR THE MANUFACTURE .OF 
CRUDE TETRYL . 
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2. Purification of the Crude 'l.'etryl. 

The method of purification depends upon the Grade of the finished 
product. Purification is the only method of stabilising no other 
materials being added for this purpose. ' 

For Grade 2, the crnde tetryl in a state of very fine division, is 
subjected to prolonged boiling and agitation in water, and is then 
centrifuged. This is the cheapest grade. 

For Grade 1, the crude product is dissolved in acetone, in pans with 
mechanical stirrers. It is then passed through a filter to remove 
solid impurities, and precipitated in a fine state of division by the 
addition of water. It is collected, boiled, and centrifuged, as for 
Grade 2. The diluted acetone goes to the plant for acetone recovery. 

Grade la is purified similarly to Grade 1, but nitric acid is used 
in the place of acetone, and is subsequently recovered. This process 
of purification, however, is obsolescent. 

All the above grades are finally " corned." This is carried out 
to prevent injurious effects on the health of the workers, in whom 
tetryl, in a finely divided state, is liable to produce dermatitis. It 
consists in converting the fine crystalline or powdered product into 
very small pellets, by working up with a 1 per cent. solution of gum 
arabic, passing through a sieve of definite mesh, and finally drying. 
Corned C.E. is used for all purposes for which C.E. is applicable, 
except for the fire channels of fuzes ; for this purpose only uncorned 
C.E. is at present used. 

PROPERTIES AND USES. 

C.E. is a pale yellow crystalline substance. It is soluble in 
acetone, benzene, etc., but is insoluble in water and is not hygroscopic. 
It melts at 129° C. and readily inflames. It is not used in the cast 
condition, but is made into pellets by compression, and is also used, 
tightly packed, as powder. Its apparent density when compressed 
into pellets is about l ·5. 

Its chief use is as an intermediary between main explosive 
charges and their initiating fulminate detonators. As it has a higher 
degree of sensitivity than the main charge, it readily responds to the 
impulse of the initiator, whilst the violence of its own detonation 
ensures that of the main charge. At the same time it is much less 
sensitive than mercuric fulminate, and can itself safely withstand the 
shock of discharge, when used as a fuze filling. 

It is used as a filling for the magazines of detonating fuzes and 
ga.ines, for exploder systems in shells, and in composite detonators, etc. ; 
i.e., in general, to reinforce the initiating impulse from a detonating 
composition which can only be used with safety in such small 
quantities that it would not serve to initiate the main charge to 
complete detonation without the assistance of an intermediary. 

Grades 1 and la are used for all purposes for which C.E. is 
applicable. Grade 2 is used for exploders only. 

Its cost and high sensitivity preclude C.E. from use as a shell 
filling, It cannot be safely melted and cast in any quantity. ~Vhen 
suitably initiated its detonntion is very violent; and the velocity of 
detonation is high (7,520 metres per second). 
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CHAPTER IX. 

MIXED EXPLOSIVES. 

Introduction. 
In addition to the high explosives already mentioned, there are 

a large number of explosive mi..,tures which_ ~an be de~onated, an_d 
which are largely used for such purposes as mmmg operat10ns, demoli­
tions, and trench warfare (fillings for bombs and grenades). For 
the former, mixtures with a high oxygen content which form no 
poisonous gases on detonation are often necessary ; whilst bombs 
and grenades may be filled with high explosives which are too sensitive, 
or in other ways unsuitable, for shell fillings, so freeing material for 
the latter purpose, and furthering economy by ma1cing use of the 
cheapest available material. 

In war, the demand for explosives is likely to exceed the supply, 
and it becomes necessary to take advantage of any explosive material 
that is available. Many mixtures are thus used in war that find no 
place in the Service in times of peace. A short " Dictionary of 
Explosives " for reference is included in Appendix IV, which is not 
entirely confined to explosives used in the Service in peace time. 

The general principle of mixing explosives, is to obtain the 
maximum total energy from the mixture by providing sufficient 
oxygen to completely oxidise all the combustible material in it. 

The most suitable oxidising agents which can be readily and 
economically made, are the nitrates, chlorates, and perchlorates, of 
sodium, potassium, and ammonium. 

Synthetic and other methods of ammonia supply, the oxidation 
of a=onia to nitric acid, and the production of a=onium nitrate 
have been considered in Chapter VII. 

An outline of the manufacture of certain raw materials, and a 
description of a few of the explosive mixtures in which they are used 
will now be given. It is only possible to consider quite a small 
number of such mixtures in order to illustrate general types ; they are 
made commercially in endless variety. 

Nitrates. 

The natural deposits of sodium nitrate (chile saltpetre) and 
potassium nitrate (nitre, or saltpetre), have already been mentioned. 
Artificial nitre beds used also to be a source of saltpetre, but the 
supply from these, has been replaced by " conversion " saltpetre 
produced by the action of chile saltpetre on potassium chloride in hot 
solution; the latter salt occurs in vast natural deposits in Germany. 

KC!+ NaN03 ~ KN03 + \ NaCl. 

Sodium ai:d potassium nitrates ~re purified by solution in boiling 
water, filtrat10n, and recrystalhsat10n. They are then dried, and 
finely ground. 
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So<!lum >:mu. ammo~um nitrates are very hygroscopic, and 
explosives ~ontammg either of these constituents must invariably 
be enclosed ma waterproof and gas-proof covering, for if such mixtures 
become <lamp, they will often fail to detonate, or explode. 

Potassium nitrate is not hygroscopic. For this reason it is 
employed in gunpowders, rather than the much cheaper sodium 
nitrate. 

Other nitrates commonly used in explosive and illuminating 
mixtures are those of barium and strontium. They are prepared by 
disso!Ying the sulphides or carbonates in nitric acid, or by the double 
decomposition of soluble barium or strontium salts with sodium nitrate. 

Chlorates and Perch/orates. 

Sodium chlorate and perchlorate are manufactured as a source 
of potassium chlorate, potassium perchlorate, and ammonium 
perchlorate, which are obtained from them by double decomposition 
with a soluble potassium or ammonium salt. 

Sodium chlorate is too hygroscopic and ammonium chlorate too 
unstable, to be used much for explosive purposes. 

Potassium chlorate is, however, an important ingredient of 
detonators and cap compositions ; and ammonium perchlorate is 
the basis of many mixed high explosives. Both these salts are very 
rich in oxygen, "·hich is comparatively readily liberated. Explosives 
containing either salt are much more sensitive to shock or friction 
than those containing nitrates, and this somewhat limits the field of 
their employment ; but perchlorate mixtures are considerably more 
stable, in this respect, than those containing chlorates. 

Sodium chlorate is made by the action of chlorine on a hot solution 
of sodium carbonate :-

3Na2C03 + 3Cl 2 - ➔ NaCl03 + 5NaCl + 3C02. 

or by the electrolytic oxidation of a hot solution of common salt :­

NaCl+ 30 - - + NaC103• 

The chlorate is obtained by concentration and crystallisation from the 
solution. 

Under suitable conditions the sodium chlorate solution can be 
further oxidised electrolytically to perchlorate :-

NaCI08 + 0--+NaClO,. 

Potassium chlorate and ammonium perchlorate are readily 
prepared by do,1ble decomposition from the chloride and sulphate 
respectively, with sodium chlorate or perchlorate:-

KC! + NaCI03 -. KCl03 + NaCl. 
(NH,)2SO, + NaClO, --- 2NH,Cl0, + Na2SO,. 

These may be compared with similar reactions for the manufacture 
of potassium and ammonium nitrates from the chloride and sulphate:-

KC! + NaN03 - """KN03 + NaCl. 
(NH,)2S0, + 2NaNO., _,,_ 2NH,N03 + Na,SO,. 



The chlorate, perchlorate, or nitr_ate, is olitain:d by conc~ntration ~nd 
crystallisation from the mother liquor contammg it, ancl is then dried, 
and finel~• gTOund. . . . 

.Ammonium perchlorate can he detonated ~y itself, but it ~ 
always mi.wd with other substances for explosive p~poses! as it 
contains more oxygen than is necessary fo~ the_ comb1;1st1on of it~ own 
hydrogen. The production of hydrochlonc acid by its detonation 1s 
in some ways disadvantageous. . 

i\Ieta-dinitro-benzene and trinitro-meta-xylenc are two mtro­
compounds which have been used in certain mixed explosives :-

,n. dinlt ro-benzcne. 

CH3 

MOzoNOz 
CH3 

NO? 

Trinitro•m•xylene. 

They are made by the fu_rther nitratio~ of nitro-h_enzene and mon?­
nitro-meta-xylene respectively, by a m,xture of mtric and sulphuric 
acids. They are both solids, and can be detonated at maximum 
velocities of 6,100 and 6,600 metres per second respectively. 

Dynamites. 
This bas become a generic name for a class of explosive in which 

nitroglycerine is the main active constituent. The first dynamite 
was suggested by Nobel in 1866. He found that the infusorial earth 
'· kieselgubr," after calcination which dro\"e off moisture and organic 
matter, would absorb about three tinies its own weight of nitro­
glycerine, without the latter exuding at ordinary temperatures. 
Although kieselguhr is quite inert, the resulting plastic mass can 
be detonated with certainty, by the use of the ordinary type of 
fulminate detonator. 

The proportions of nitroglycerine and kieselgubr vary in the 
many modern dynamites ; but the constituents are usually thoroughly 
kneaded together to a plastic mass, which is pressed into cartridges 
of parchment paper, of suitable sizes for placing in bore-holes, etc. 
Dynamite must be kept dry, and not allowed to freeze ; water will 
displace the nitroglycerine, and freezing causes eJ..-udation which 
inipairs sensitiveness. To avoid freezing, the nitroglycerine may be 
mixed, with dinitroglycerine, or some organic nitro-componnd, such 
as a liquid nitrotoluene, which will lower the freezing point. As 
nitroglycerine contains more than enough oxygen for its own com­
bustion, it is unnecessary to add any further oxidising agent. Nearly 
all dynamites contain a small proportion or calcium or magnesium 
carbonate as a stabiliser. 

Some types of dynamite contain an absorbent combustible, such 
as wood meal or charcoal, in the place of the inert kieselguhr. In 
these, P?tassium or sodium nitrate is generally added also, in order 
to provide enough oxygen to completely oxidise all combustible 
material. 
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Other types contain soluble nitrocellulose in the place of wood 
meal or charcoal. These_ form a ''. gelatinised " type of explosive, 
and are known as " gelatrne dynamites " ; a typical composition for 
one of these is given later : it is intermediate in violence between. 
blasting gelatine and gelignite. 

Bl,,sting Gelatine and Gelignite. 

These are similar types of high explosive, used for blasting. 
The former is by far the most violent, and can be used against the 
hardest rocks. It is a balanced explosive, and one of the most violent 
known. It has a velocity of detonation of 7,700 metres per second. 
Its high temperature of explosion somewhat limits its use. It is a 
uniform gelatinous solid, and loses some of its sensitiveness on 
prolonged storage. It is unaffected by water. 

TABLE 9.A. 
PERCENTAGE CoMPOSI'fION OF BLAS'f!NG GELA'f!NE, GEf.lGNITE, AND 

GELATINE DYNAMITE. 

Nitroglycerine ... 
Collodion cotton (soluble nitrocel-

Iulose) 
Wood meal 
Potassium nitrate 
Calcium carbonate 
Moisture ... 

Blasting 
Gelatine. 

91 ·5 

8·0 

0·2 
0·3 

I Gelignite. 

60·5 

4·5 
7·0 

27·0 
0·2 
0·8 

Gelatine 
Dynamite. 

74·5 

5·5 
4·0 

15·5 
0·2 
0·3 

The calcium carbonate is a stabiliser, which serves to neutralise 
any small traces of acid set free by decomposition. These explosives 
should not be stored at a higher temperature than 120° F., as both 
nitroglycerine and nitrocellulose tend to decompose when stored under 
such conditions. 

Composi.tion. 
Ammonium nitrate 
T.N.T. 

AMMONAL. 

Aluminium powder (coarse) 
Aluminium powder (fine) 
Charcoal 

Properties and Uses . 

65 
15 
16 
1 
3 

A fine grey powder which is hygroscopic and very insensitive to 
shock. Its velocity of detonation is about 3,450 metres per secon~. 
It has been extensively used for filling bombs and grenades, but is 
being replaced for this purpose by amatol and alumatol ; the latter 
being a very similar type of explosive, containing no charcoal, and a 
lower percentage of aluminium. 
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ALU.IATOL. 

Composition. 
A=onium nitrate 77 
T.N.T. (Grade 3) 20 
Fine aluminium powder 3 

The percentage of aluminium powder varies, b~~ in each case this 
is designated by a number. The above compos1t1on, for example, 
would be designated" Alumatol 3." 

Properties aml Uses. 
A silver grey powder, which is hygroscopic, but flows very freely, 

so that it can be filled through small orifices. It is a substitute for 
a=onal. and is used as a bomb and grenade filling. 

PICRAMITE. 

Composition. 
Ammonium nitrate 72 
A=onium picrate 28 

Propertws and Uses. 
A yellow powder, which is hygroscopic, and non-poisonous. Its 

explosiveness is deadened by moisture. It cannot be used in the 
presence of any material containing lead, lest the dangerously sensitive 
lead picrate should be formed. It is used for grenades and bombs, 
into which it is ste=ed by hand. It is less violent, but also less 
sensitive than lyddite, .and is considerably cheaper. 

OPHORITE. 

CIY!nposition. 
Potassium perchlorate .. 
Magnesium powder 

Properties and Uses. 

60 
40 

A fine powder of silver grey appearance, originally proposed as 
a flashlight mixture. It is dangerously sensitive to both friction 
and percussion, and needs special care in handling. It is very easily 
ignited, is not hygroscopic, and has an explosive violence similar 
to that of gunpowder. Its important characteristic is the great 
incendiary effect of its explosion ; it is therefore used as a mild burster 
for bombs or shells with fillings that require ignition ; e.g., smoke, or 
thermit types of incendiary shells. 

PERMITE OR p ALMERITE. 
CIY!nposition. 

Ammonium perchlorate 82 
Zinc dust 10 
Mineral jelly 5 
Asphaltum varnish 3 

. Another type contains potassium perchlorate, and sulphur, in 
add1t10n to the above. A mixture of methyl alcohol and benzene is 
used as a solvent. 
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Properties and Uses. 

. It is ~n a=onal typ~ ?f explos(ve, with aluminium replaced by 
ZIDC. It 1s, however, sens1t1ve, and its use is thus limited to fillings 
for bombs and grenades, which will not be subjected to severe shock. 
It is a fine dark brown powder, whose composition renders it water­
proof. The addition of mineral jelly reduces its sensitiveness to shock 
or friction. 

BLASTINE. 

G<>mposition. 

Ammonium perchlorate 
Sodium nitrate .. 
Dinitro-toluene 
Paraffin wax 

Properties and Uses. 

63 
23 
8 
6 

A hygroscopic high explosive used for mining operations, and in 
trench warfare. Its high oxygen content prevents the formation of 
poisonous gases on detonation. The addition of paraffin wax to this 
and other mixtures, reduces sensitiveness to shock and friction. 

Further compositions are :-

C<>mposition. 

A=onium perchlorate 
Wood meal 
Aluminium powder 
Paraffin wax 

Properties and Uses. 

R.D. C'oMPOSITION R.D. CoMPOSITI0:-1 

"B." No. 30. 

80 
5 

15 
\\'hite. or faint 

brown granules. 

78 

6 
16 

~oft, silver-white 
granules. 

Both are used in mines, being powerful high explosives with a 
velocity of detonation of about 5,000 metres per second. They are 
not sensitive to shock ; but are readily ignited by flame, or by fric­
tional blows. When ignited they burn most fiercely, and are Yery 
hard to extinguish. 

ComJJOsition. 

Guncotton 
Barium nitrate 

TONITE. 

50 
50 

Charcoal is sometimes added ; and another type contains dinitro­
benzene and chalk. 
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Properties and Uses. 

The hi"h oxygen content prevents the formation of poisonous 
<1ases. Put° up in waterproof cartridges, it is used for blasting and 
~imilar purposes. It is also used to give the report in service sound 
rockets, and has been employed in grenades. Unconfined, it burns 
without explosion, and is much safer than guncotton, not being sensitive 
to percussion or friction. It should not be stored at a temperature 
greater than 120° F. 

Composition. 

Barium nitrate 
T.N.T. 

Properties. 

B,1.RATOL. 

20 
80 

A high explosive that is not hygroscopic, and not materially 
affected by high temperatures of storage ; it can thus be used in the 
tropics without loss of detonating properties. It is used as a grenade 
filling, and to a certain extent as a substitute for guncotton. 

BELLITE • 

.A Inixture of 83 per cent. of ammonium nitrate, with 17 per cent. 
of din.itro-benzene, has been used for filling bombs and grenades. 

SoNITE. 

A mixture of guncotton and soluble " nitrocellulose " with 1 per 
cent. of Inineral jelly, gelatinised with an acetone-alcohol Inixture, 
has been used for smokeless blank charges. 

Composition. 

Ammonium nitrate 
Calcium silicide 
T.N.T. 

Properties and Uses. 

SABULITE. 

77·8 
14·2 
8·0 

A sage green, dark brown, or black, hygroscopic powder. It is 
more sensitive than lydclite, its use being restricted to bomb and 
~enade fillings, in which capacity it is not likely to be subjected to 
v10lent shock. The use of calcium silicide as a combustible ingreclient 
may be noted. 
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Oompositim,. 

Ammonium nitrate 
Ferro-silicon 
Aluminium powder 
Wood meal 

Properties and Uses. 

ClLFERITE. 

78·5 
13·75 
2·75 
5·0 

A hygroscopic powder that is not damaged by high temperatures 
of storage. It has been used as a grenade filling. Thouoh not at 
present in use, it is included as an interesting example otan extra­
supply explosive. The inclusion of ferro-silicon (giving the explosive 
its name) as a combustible material in an explosive, has not been met 
with previously. 

R.D. COMPOSITION. No. 202. 
Composition. 

Ammonium perchlorate 
Charcoal 
Starch 

77 
20 

3 

This is a special preparation for the time rings of long burning 
fuzes. It will continue to burn even under adverse conditions of rapid 
spin of shell, and low atmospheric pressure. The products of com­
bustion are entirely gaseous, and there i8 no formation of slag. The 
composition is slightly more sensitive to friction than ordinary fuze 
powder, and its rate of burning is more susceptible to changes of 
temperature. 

PRIMING COMPOSITION, containing some 25 per cent. of magnesium 
powder mixed with barium and potassium nitrates, and 75 per cent. 
of gunpowder size 3, is used with certain shell fillings (e.g., incendiary 
mixtures, etc.) in cases where the flash from the magazine of the 
ordinary fuze is not found to be sufficient to ensure ignition. All 
mixtures containing magnesium powder and oxidising agents must 
be handled with great care, as they are most sensitive to friction. 
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D.-MANUFACTURE OF PROPELLANTS AND 
SUBSTANCES ENTERING INTO THEIR 

COMPOSITION. 

CHAPTER X. 

GUNPOWDER, SLOWMATCH, QUICKMATCH, AND FUZE 
COMPOSITION. 

GUNPOWDER. 

Introduction. 
Gunpowder is the oldest explosive in existence, and its origin is 

entirely unknown. A brief resume of its history is given in 
Chapter III. 

It is still important as au explosive, though that importance is 
of a secondary nature. As a propellant, for use in the Service, it is 
obsolete. 

Gunpowder consists of charcocd, sa.ltpetre and sulphur, in various 
proportions. It is a mechanical mixture; in which respect it differs 
from explosives such as the cordites in which the mixture is of the 
more intimate colloidal nature. 

The ingredients _in themselves are not explosive. Charcoal is the 
combustible element present ; saltpetre is the oxygen carrier ; sulphur 
lowers the tempera.ture of ignition. 

It is obvious from its constitution that the products of combustion 
of gunpowder will not be entirely gaseous. This is so far from being 
the case, that more than half (56 per cent.) of the products of com­
bustion arP solids, the remainder being gaseous and including about 
1 per cent. of water vapour. This was the great disadvantage of 
gunpowder as a propellant, apart from others, as the solid products 
caused rapid fouling of the weapons, and constituted huge clouds of 
dense white smoke on discharge. 

RAW MATERIALS AND THEIR MANUFACTURE. 

1. Charcoal.-Soft woods give the best charcoal for use in 
gunpowder. In the Service, dogwood is employed as a source of 
charcoal for rapid burning powders, and alder or willow for the large 
grain powders. Cheaper woods were introduced during the Great 
War to augment the supply. 

The wood requires careful selection. It is cut in the spring for 
preference, as at that time of year, the ash content is least. The cut 
wood is seasoned for l½ to 3 years either in the open or under thatch. 

_The treatment of the wood varies slightly for different powders, 
but m general the procedure followed is as described below. 

(i) _The wood is packe_d in an iron cylinder. The cylinder is 
placed m a retort, fitted with a delivery pipe, and heated for 3½ to 
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6 hours. The volatile products of distillation escape by the delivery 
pipe, and are either collected for by-product recovery, or are used as 
gas to assist in heating the furnaces. 

(ii) The cylinder and its contents are then removed from the 
furnace and allowed to cool out of contact with air. After a week 
has elapsed, air is gradually admitted to the charcoal. This must he 
done slowly as charcoal absorbs oxygen very readily, and with so · 
great an evolution of heat that ignition may occur. 

Charcoal for Service powders should be jet black in colour, have 
a clear velvet-like surface on fracture, and be so so~ that it will not 
scratch polished copper. 

The usual yield is from 28 to 39 per cent. of the dried wood. 
An average analysis for black charcoal is: Carbon, 81 per cent.; 
hydrogen, 3 per cent. ; oxygen, 14 per cent. ; and ash, 2 per cent. 

Brown Chai-coal.-This was used for the brown or "cocoa" 
powders. It is made from rye straw by charring with superheated 
steam. It yields a soft charcoal of a brown colour, which contains a 
much higher percentage of hydrogen and oxygen than the ordinary 
black charcoal. 

Under pressure, this brown charcoal coalesces, and, in the 
gunpowder in which it was used, binds the other constituents 
together into a dense impervious mass. The " cocoa " powders 
gave the best ballistics of any powder used as a propellant, but 
were inferior, of course, to the smokeless propellants which have 
superseded them. 

2. Saltpetre. (KN03) -(i) Saltpetre is found native in India, 
where large quantit,ies are recovered from the soil of certain localities 
by the inhabitants. The soil is li.xiviated with water, and the solution 
concentrated by boiling. Crude saltpetre containing about 90 per 
cent. KN0 3 is obtained by crystallisation, and is then exported to 
this country. It is further purified by recrystallisation before it is 
suitable for use in gunpowder. 

(ii) Saltpetre can also be obtained by a conversion reaction between 
sodium nitrate and potassium chloride. The sodium nitrate is used in 
the form of Chile nitrate ; and the potassium chloride occurs as a double 
chloride of potassium and magnesium in the mineral Carnallite, of 
which there are large deposits at Stassfurt, Germany. 

By suitable control of the temperature and concentrations of the 
mixed solutions, most of the sodium chloride can be precipitated On 
cooling, the potassium nitrate separates out. The potassium nitrate 
so obtained contains a certain amount of sodium chloride and about 
· 5 per cent magnesium chloride 

KC! + NaNOs-+ NaCl + KN03 

The percentage of chloride can be reduced to about · 05 by further 
recrystallisation from solutions in some of the wash liquors, and the 
purified saltpetre is finally dried. . 

During the final crystallisation, the solution is vigorously ag1tate_d 
in order to obtain the saltpetre in as fine a form as possible. This 

(B 28-23l)z F 
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eliminates the necessity for grinding before the saltpetre 1s incor­
porated in the powuer. 

3. S11lph11r.-Sulphur occurs as nati,·e deposits of volcanic 
origin in Sicily and America. It is also obtained by chemical methods 
from calcium sulphides. 

(i) Sulphur from Sicily. Volcanic sulphur occurs native in Sicily 
as an ore in which it is mixed with limestone. The ore contains from 
20 to 40 per cent. of suiphur. It is recovered from the ore by burning 
or heating. The sulphur melts, is run out and collected. It is finally 
purified by distillation. 

(ii) American Sulphur (Frasch process).-A limestone ore containing 
about 70 per cent. of sulphur is found at depths of about 500 feet in 
Louisiana (U.S.A.). The deposit is covered by extensive quicksands 
which prohibit normal mining methods. Borings are sunk, and super­
heated water forced down. Under its action the sulphur is melted. 
The molten sulphur is blown to the surface by compressed air. It is 
there collected, and in this state contains about O · 03 per cent. of 
impurity. 

The purification of sulphur by dist.illation has been referred to in 
(i) above. This gives sulphur in two forms: (a) by sublimation 
"flowers" of sulphur; and (b) "roll" sulphur. The former is entirely 
unsuitable for use in gunpowder, as it contains an appreciable quantity 
of sulphuric acid. The roll sulphur is sufficiently pure, and only needs 
grinding. 

Roll sulphur is a pale yellow crystalline solid. It melts at 113° C. 
but on further heating it becomes gradually darker in colour and con­
siderably more viscous. It is practically solid between 160° and 
220° C. It boils at 444·5° C., and ignites at 261° C. 

J,, ve MANUFACTURE OF GUNPOWDER. 

Only ~ grades of gunpowder are being retained in the Service. 
These are=:- (P~) 

Size 1 For pebble~ powder. Passing sieve apertures of 
·75 in. - ·375 in. l 

Size 2 For granulated powder (G.'i). Passing sieve 
apertures of · 25 in. - · Ht in. 

Size 3 For granulated powd:f't (G.12). Passing sieve 
apertures of IMM Standard -5---W. C -/1. 

Size 4 For granulated powder (G.20). Passing sieve 
,. apertures of IMM Standard i&- 20. 

J/_3,C 2, 3 !f ➔ 12. 

Tl:\e last 'tli,ee siBesJ&;rrespond to R.L.G.2, R.F.G.2 and R.P.P. of the 
old nomenclature. \ M,,l,d fovref" ta"'•r s,,,, aj,,a,.., of'·"'·"'· sliio,ra.d 

/.20•'¼, I 

. T~e manufacture may be divided into various operations, e.g., 
Grmdmg, Incorporating, &c. 

l. Grin~li.ng.-'!'he three ingredients are ground separately, the 
state of d1v1s1on bemg controlled by sifting through sieves of appropriate 
mesh. 
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2. 1J'cighing.-The constituents are weighed separately in the 
proper proportions, which are : saltpetre, 75 per cent. ; charcoal, 15 
per cent. ; and sulphur, 10 per ceut. In weighing out, the proportion 
of saltpetre is often increased slightly to allow for the appreciable 
amount of moisture that is usually contained in it. 

3. Preliminary Mixing.-The ingredients are placed in a cylindri­
cal clrum on the axis of which are mounted a number of radial arms. 
The drum and the arms rotate in opposite directions at different speeds, 
anil mixing is completed in about five minutes. This opemtion is 
followed by sifting through a fine mesh wire gauze. This sifting is 
important, as the presence of large hard particles in the subsequent 
operations may give rise to an explosion. 

4. INCORPORATING OR M:rLLING.-Iron edge-runner mills similar to 
those used in mixing mortar, are used. In the latest types (Fig. 10.1) 
the runners are supported in such a manner that there is a small clearance 
between them and the iron bed-plate on which they run. They are 
also capable of slight independent movement in a vertical direction. 

The older mills had stone or iron runners which were not suspended. 
These are still in use. 

Two wooden ploughs rotate with the edge-runners. They stir up 
the charge, and prevent it accumulating at the centre or curb of the 
bed-plate. 

The mills are isolated by strong masonry walls, and the clanger of 
explosion during milling is minimised by keeping the charge clamp. 
No one is allowed in the milling house once the operation has started. 
Automatic drowning arrangements are provided for each mill. 

Incorporation is important ; long incorporation gives a uniform 
and quick burning powder. During the Great War "short­
milled " powders were introduced, in which the time of incorporation 
was reduced from about six hours to two. These powders are now 
obsolete but they may be reintroduced in case of emergency. 

The product, after milling, is known as " mill-cake." 

5. Breaking Down.--The mill-cake is often found to adhere to the 
bed-plate of the mill in hard masses. It is removed by the application 
of water, and the careful use of a wooden instrument if necessary. 
'fhe mill-cake is broken up either by hand, or by passing it between 
gunmetal rollers. 

6. Pressing.-The mixture is compressed into a hard dense mass 
in a press operated hydraulically. The powder is not usually con­
fined in any container during this operation owing to the danger of 
friction against the sides. This is a dangerous part of the manufacture 
of gunpowder, each press being carefully isolated, and no one 
is allowed in the building during "pressing," . the necessary 
controls for the mills being contained in a separate bmldmg separated 
from the press-house by a mound. 

The product is known as " press-cake." 

7. Granukiting (01" Coming). - The press-cake is passed 
through a series of rollers which break it up. Between each set 
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of rollers is an automatic sieve, which passes the powder on to the 
next set of rollers, or returns it to the previous set for regrinding. 
Any dust or fine powder is collected, and, after re-incorporation 
and pressing, is once more granulated. Isolation of the umts 1s 
necessary, as the operation is dangerous. 

Powders, which are particularly liable to be dusty, such as those 
made from Dogwood charcoal, are dusted in a special machine arranged 
for that purpose. 

8. Glazing.-Slow-burning powders are glazed by rotation in a 
wooden drum with a little graphite. This renders the surface less 
porous, and so impedes the progress of the flame from one grain to 
another. 

Other powders are glazed for a longer period in the same way, but 
without the addition of graphite. 

9. Drying.-Gunpowder is dried by steam heat from one to four 
hours at 40° C. 

10. Finishing ancl Blending.-The last traces of dust are removed 
by rotating the powder in a wooden cylinder lined with canvas, for 
two hours. 

Blending is accomplished by collecting the powder from several 
batches in a large hopper, which is furnished with four outlets. The 
contents of the hopper are thus divided into four equal portions. By 
returning these to the hopper and repeating the operation, blending 
is rapidly and easily completed. 

PROPERTIES OF GUNPOWDER. 

Gunpowder burns with the evolution of large quantities of white 
smoke. It cannot be detonated, as it is only a mechanical mixture 
and the constitutents are not, in themselves, explosive. 

It is quite stable in storage. l\Ioisture affects it, as it renders it 
more difficult to ignite, and it may also remove some of the saltpetre. 
The effect of moisture on the saltpetre is not so great if the latter 
is absolutely pure. 

Gunpowder ignites at about 300° C. Under the falling weight 
test gunpowder has a figure of insensitiveness of 65 (picric acid= 100). 
The violence of the explosion of gunpowder can be varied in many ways. 
It may be made slower burning by decreasing the percentage of 
saltpetre, compressing it to a high density, or by making a coarser 
grained powder. 

The ordinary black powders are porous, and hence the flame 
penetrates to the interior, resulting in a very rapid burning of the 
\\ hole mass. The brown or " cocoa " powders were Jess porous, and 
therefore they burnt more evenly from the surface. 

When_ explodecl, as has already been mentioned, gunpowder pro­
duces solid and gaseous material. The solids ar~ chiefly potassium 
carbonate, potassium sulph»J:e and,,-,potassium tli:~e'is',,1,.,te, with a 
small quantity of potassium ~, and trace of free sulphur. The 
gases are chiefly carbon dioxide and nitrogen, anil a little water 
vapour. 
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Good gunpowder is free ~om dust, well glazed, har<l , crisp, and of 
a good colour. These qualities can be estimated by visual examination. 
In addition tests are carried out to ascertain : -

(a) Thoroughness of incorporation. 
(b) Size, shape and uniformity of the grains. 
(c) Density. 
( d) llloisture. 

(e) Capacity for absorbing moisture. 
(/) Proportions and purity of the ingredients. 

Gunpowder is used in the Service for the following purposes :­

(i) Blank charges. 
(ii) Charges for firing paper shot. 

(iii) Igniters of most cordite cartridges. 
(iv) Fuzes and tubes. 
(v) Combustible compositions, e.g., quickmatch, priming and 

cap compositions. 
(vi) Bursting charges of some shell, e.g., shrapnel. 

It is much used commercially for demolition and blasting 
purposes. 

SLO\V}!ATCH. 

Slowmatch consists of slightly twisted hemp boiled in a solution 
of wood ashes (potassium carbonate) and water, or in a solution of 
saltpetre (potassium nitrate) in water (8 oz. in 1 gallon). 

It burns at the rate of 1 yard in 8 hours, and is used for lighting 
portfires, etc. 

QUICKMATCH. 

This consists of cotton wick boiled with a solution of mealed 
gunpowder and gum. Before it is quite dry, it is dusted with mealed 
gunpowder. It is usually issued enclosed in a tube of paper or calico, 
in which form it is known as a" leader." 

Unenclosed it burns at the rate of 1 yard in 13 seconds. The 
enclosed form burns very much more rapidly. It is largely nsed for 
priming rockets, detonators, etc. 

INSTANTANEOUS FuzE. 

Instantaneous l\Iark III/L/. consists of two or more strands of 
quickmatch enclosed in a tube of waterproof tape, which is surrounded 
by a covering of twisted cotton. The whole is enclosed i_n a gutta­
percha tube, which is braided with worsted on the exterior. _It_ 1s 
varnished orange or yellow. The colour, and the worsted braidmg 
serve to distinguish it, both to the eye and to the touch, from safetr 
fuze. 
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It burns at the rate of 30 yards a second. It is easily ignited by 
a portfire or vcsuvian, but it should not be held in the hand while so 
doing. 

SAFETY F UZE. 

Safety Fuze No. 9, l\lark II/C/ consists of a tmin of fine gr_ain 
powder enclosed in jute yarn. The whole 1s contamed m a flexible 
tube of waterproof composition encased in waterproof tape. Its 
external colour is black. 

It burns at the rate of 1 yard in 75 to 105 seconds. 

TrME-FUZE Co11PosrTIONS. 

Compositions for use in the time rings of fuzes have the approxi­
mate constitution given below :-

Potassium nitrate 
Sulphur 
Charcoal 

U--76 
8--10½ 

18--13½ 
The composition is made in the same manner as gunpowder 

but great care is taken in the selection, manufacture and blending 
of the constituents. The powders are made in lots and carefully 
blended, so as to obtain the specified time of burning. 

The time rings are filled by pressing in the composition. Careful 
regulation of the pressure of filling is necessary. The time of burning 
of a fuze composition can be varied, within limits, by three means ; 
(a) Control of the time of incorporation: (b) treatment and blending 
of the charcoal ; ·(c) final blending of different powders. 

(a) Control of the Time of Incorporation.-The time of burning 
varies inversely as the time of milling up to a maximum time of 
milling of 12 hours. Milling for any longer period has no effect on the 
time of burning, but may be slightly beneficial in other directions. 

(b) Treatment and Blending of the Charcoal.-Charcoal from 
different woods may be blended to give definite times of burning. 
Lignum vitre is a hard wood, the charcoal from which is used as a 
slowing agent. 

Variations in the time of charring, produce charcoals which vary 
in their effects on the time of burning. 

(c) Blending of Different Powders.-Powders which burn at 
different rates may be blended to produce a powder with a mean 
time of burning. 

For anti-aircraft purposes, fuzes which are quite successful for 
fire at low elevations have proved to be entirely unsuitable. Investiga­
tions of the factors influencing the behaviour of time-fuze compositions 
under varying conditions, were carried out durina the Great "' ar 
in the Engineering Laboratory of the University" of London. An 
exhaustive description of these tests and the results obtained will 
be found in the" Text Book of Anti-Aircraft Gunnery," Volume I. 

The trials comprised the burning of various tvpes of fuzes and 
fuze composit!ons under varying conditions of pres$ure, temperature 
and rate of spm. 
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From the results obtained, it is evident that the factors affecting 
the successful operations of a time fuze, are (a) External and (b) 
Internal. 

(a) External factors comprise the following:-
Rotational speed, pressure on the burning surface, tempera­

ture of composition in the rings, humidity of the air. 

(b) Internal factors are those inherent in the fuze composition 
itself, e.g., formation and nature of slag. 

The factors under heading (a) were thoroughly investigated in the 
trials referred to above, and the reader is referred to the book already 
mentioned, and to the TeA-t Book of A=unition for further details. 

As regards (b) more may be said here. In the case of a fuze 
composition the products of combustion of which are not entirely 
gaseous, a slag is formed. This slag, under the action of the 
rotation of the projectile, is liable to choke the ring vents, so 
giving rise to fluctuating pressures which lead to irregularity of burning 
and blinds. These effects are particularly noticeable when the slag 
is of a fluid or plastic nature. The fluidity of the slag seems to be a 
function of the sulphur content of the composition, and for this reason 
fuze compositions should not contain more than 10 per cent. sulphur. 

Attempts have been made to produce slag less compositions ; 
one of the most successful being Research Department Composition 
No. 202 (see page 79.) 

This composition has the additional advantage of giving very 
long times of burning. 

Finality in the design of time fuzes is far from being reached, and 
the subject offers a wide field for further investigation. 

CHAPTER XI. 

NITROGLYCERINE. 

I nl!'ocluctio n. 
Nitroglycerine was discovered by Sobrero in 18_46, and its manu­

facture on a commercial scale was co=enced m S,,eden about 
fifteen years later. It is not a nitro-compound, as its name would 
imply, but a simple nitric ester, glyceryl trinitrate. . . . 

Glycerol (glycerine) is a trihydric alc?hol which 1s obtamed 
from fats and oils in the process of soap-bmlmg. These are _esters_ of 
glycerol and fatty acids, and yield glycerol ai:id soaps when boiled with 
an alkali. Taking glyceryl tristearate (which occurs m many fats) 
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as a typical example, the chemical reaction may be repres~1,tecl as 
follows:-

CI-I.COOC 11H 35 CH20H • I 
/;HCOOC1-H35 + 3Na0H -· - -+ CHOH + 3C1,Hs0COONa . I 
6H2COOC17H 35 CH 20H 

Glyceryl 
Tristearate. (A Fat.) Glycerol. (A Soap.) 

l\lost common fats, ancl whale oil, are manufacturing sources of 
glycerol, which is a co=on article of commerce. From these it is 
obtainecl by soap-boiling ; by hyclrolysis with water uncler pressure 
in the presence of a catalyst ; or by the action of superheated steam. 

Glyceryl trinitrate is readily formecl by the action of nitric acicl 
upon glycerol :-

CH20H CH20N02 

I I 
CHOR+ 3HN03 - + CHON02 + 3H20 
I I 
CH20H CH20N02 

Glycerol. Glyceryl Trinitrate 
or Nitroglycerine. 

If the above molecular proportions are usecl, the reaction will not 
proceed to completion, owing to the clilution of the nitric: acid by 
the water forrne_cl. In manufacture this is removed as rapiclly as it 
is formed by the addition of sulphuric acid to the nitric acid usecl for 
nitration. The action then proceeds very reaclily, and with a con­
siclerable evolution of heat. 

·when nitroglycerine is cletonatecl, the resulting proclucts are 
entirely gaseous :-

2C\H,(N03)3 - --+ 6C02 + 5H20 + :3N 2 + 0 

As a nitrate, nitroglycerine is unique, in that, it contains more than 
enough oxygen for its complete combustion. 

Owing to its great sensitiveness, nitroglycerine can neither be 
pumped through pipes, nor its flow controlled through stop-cocks 
with any degree of safety. In manufacture it is passed from vessel 
to vessel in coverecl lead gutters, connected when necessary by hose 
piping, the whole flow being controllecl by gravity. Manufacturing 
vessels are all made of lead, and when transportation by hancl is 
necessary, this is done in rubber vessels. 

lllANUFACTURE, 

The following is an outline of the process of manufacture, con­
sidered in its various stages, 

(a) Nitration. 

The nitration of the glycerol is carriecl out in the nitrator-separator 
of Rmtoul and Thomson, a cliagram of which is gi,·en in Fig. ll .l. 
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Fm. 11.3.-Interior of Nitrator House, showing Nitrator-Separator. 
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This consists of a lead vessel {A) with a slopincr bottom, fitted with a 
cooling .coil system (B), _in which is circt~latecl brine at a temperature 
below 0. C., and an air stirrer (0) for contmually agitating the contents 
by blowrng air through them. Pipes (D) and (E) co=unicate with 
the bottom of the vessel ; the former is an inlet for both nitrating and 
cl1splacement acids, as well as an outlet for displacement acid whilst 
the latter co=unicates "·ith a " drowning tank " into which the 
contents of the nitrator are evacuated should the chemical reaction 
within it get out of hand, and the temperature, as observed by a ther­
mometer (T), become dangerously high. 

The top of the vessel is conical, and fitt ed with an overflo"· pipe 
(F) leading to the " pre-wash " tank (I). A glass sight window 
( G) is let in at the level of the overflow pipe, and a fume exhaust 
connected to the latter at (H). The " pre-wash " tank is a lead 
vessel with a sloping bottom, and is fitted with arrangements for air 
stirring. 

A charge of 2 · 6 tons of mixed nitrating acid is run into the nitrator. 
The composition of the mixed acid is :-

Rulphuric acid 
Nitric acid .. 
Water 

Per cent. 
59 
39 
2 

This will completely nitrate 0 · 44 tons of glycerol, producing about 
l ton of nitroglycerine. 

The acid is stirred by the injection of air, and cooled by the brine 
eoils to below 12° C. The above quantity of glycerol is then slowly 
introduced through the top of the nitrator. It is projected into the 
continually cooled and stirred acid in the form of a fine spray from an 
air injector. There is a great evolution of heat, and the temperature 
of the contents of the nitrator must be controlled by means of the 
brine cooling, air stirring, and regulation of the rate of glycerol 
injection. The temperature of the contents must be kept well below 
:!:!° C. ; should this temperature be accidentally reached, the whole of 
the charge must be " drowned " in a large lead vessel containing water 
provided for this purpose. The nitration of the above quantities 
orcupies about forty-five minutes. The contents are then cooled to 
about Hi° C. and the air shut oft to allow the nitroglycerine to 
~e1larate. 

(b) Separati.on. 

The nitroglycerine is lighter than the nitrating acid, and in about 
twenty minutes has for the most part separated into an oily_ layer 
on the surface of the latter. "'aste acid from a former charge 1s now 
slowly introduced into the bottom of the nitrator, until the nitro­
glycerine overflows through the pipe (F) into the " pre-w~sh " tank 
(I). The flow is watched through the sight window, and 1~ stopped 
before any quantity of nitrating acid escapes. The waste acid 1s then 
run out of the nitrator, part of it beiug used for the displacement of 
a subsequent charge, and part going to the acid recovery plant, where 
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the nitric and sulphuric acids are separated and recovered. The 
nitrator is then ready for the next charge. 

The waste acid is diluted with a bout 5 per cent. of water after 
the completion of the nitrating process. 

This is done for two reasons :-
(a) To precipitate all nitroglycerine from the waste acid 

before separation, and 
(b) To prevent after nitration of mono- and dinitroglycerine, 

traces of which might be present in the waste acid. 
Two nitrators and one " pre-wash " tank usually constitute a 

factory unit, which is enclosed in a light wooden building, and for 
safety surrounded with a high earthen embankment to localise the 
effects of an explosion. If it becomes necessary to " drown " a 
charge, the operators make good their escape as quickly as possible 
either through a tunnel in the embankment, or by means of a bridge 
according to their position, or the design of the building. 

Units in newer factories may have two nitrators, each with its 
own wash tank, in one building. 

(c) Washing. 
The nitroglycerine still contains much acid, which must be removed 

by washing. It is agitated with an excess of water by the injection 
of air into the " pre-wash " tank ; the air is then turned off, and on 
standing the nitroglycerine forms a layer at the bottom. The wash 
water is skimmed off this layer by means of a funnel and rubber pipe 
device (J) which can be lowered by means of a flexible cord. The 
wash water flows away by the rubber pipe (L) to a "labyrinth," a 
vessel divided: into partitions by means of baffle plates ; any 
nitroglycerine carried over settles at the bottom of this, and is 
eventually drawn off. From this the washings flow to a settling 
tank, where any final traces of nitroglycerine are allowed to settle out 
for recovery. 

The washing process is repeated, three times in all with water, 
and a fourth time with a dilute solution of sodium carbonate. The 
temperature in the washing tank can be observed by a thermometer 
(T), and fumes are drawn off by an exhaust pipe (M). The nitro­
glycerine is led away by the hose pipe (K). 

In older plant, the nitroglycerine now received a further series of 
about five washings in a tank similar to the" pre-wash" tank, situated 
in a separate washing house. The first washings ,,ere with dilute 
sodium carbonate solution, and the last few with water. For these 
washings a temperature of about 30c C. was employed. In newer 
plant the washing is completed in the nitration house. 

The nitroglycerine is now very slightly alkaline. It is finally 
run through a sponge filter to remove the last traces of water, subjected 
to the heat test (see p. J 25), and is then ready for use, provided 
that the test is satisfactorily passed. 

The yield_ is a_bout 91 per cent. of that expected by theory, the 
abo,e quantities g1vmg_ about 1 ton of nitroglycerine. 

The chemical reaction was illustrated in the introductorv. section. 
Fig. 11.2. presents the manufacturing processes in the form· ~f a flow 
diagram. 



PROPER'rIES AND UsEs. 

Nitroglycerine is a colourless oily liquid of sp. gr. 1, 6 which is 
insoluble in water, but soluble in alcohol, acetone, ether, &c. It is 
very poisonous, giving rise to violent headache, even by the absorption 
of minute quantities through the skin. Workers in factories, however, 
soon become inured to its effects, and are no longer troubled by them. 

It is slightly volatile, decomposes before boiling, and ignites at 
about 180° C., burning quietly with a flame whose edges are tinged 
with green. 

Its use is somewhat restricted by its sensitiveness and its liquid 
condition. It is gradually hydrolyzed by moisture in the presence of 
either an acid or an alkali. It possesses inherent instability, the acid 
products of its breakdown serving to accelerate its rate of decom­
position unless they are freely allowed to escape, or are neutralised 
by some stabiliser. 

In the solid state it can exist in two crystalline forms. The normal 
rhombic form with a melting point of about 13° C, is comparatively 
stable ; whilst the triclinic form melts at about 2° C. and is much more 
sensitive. The latter has probably been the cause of many accidents 
which have occurred during the thawing of dynamites. 

It is a most powerful explosive with a maximum velocity of 
detonation of 8,000 metres per second, and is very sensitive to impact 
or friction. 

Nitroglycerine is an important constituent of dynamite, blasting 
gelatine and gelignite ; but by far its most important use in the Service 
is for the manufacture of propellants of the cordite type. 

Di nitroglycerine. 
From its chemical formula it is seen that glycerol can form two 

clinitrates. 

CH20N02 

I 
CHOR 
I 
CH 20N02 

IH20NO, 

CHON02 

I 
CH20H 

8ymmetrical Unsvmmctrical 
Glyceryl Dinitratc. Glycer,YI Dinitratc. 

A mixture of these can be obtained by the hydrolysis of the trini~rate 
by moderately strong sulphuric acid. This mixt~e 1s sometimes 
added to nitroglycerine (for making clynanutes, &c.) m order to lower 
its freezing point. 



C!IArTER XII. 

XlTROCELLULOSE, GUKCOTTON, SOLUBLE AND 
INSOLUBLE NITROCELLULOSE. 

lntroduclion. 
The first record of nitrocellulose is in the investigation of the action 

of nitric acid on cotton by Pelouze in 1838. Some seven years later 
Schiinbein discovered its value as a high explosi,·e, and he also workecl 
out a method for its preparation. 

Under licence from Schiinbein, its manufacture was started in this 
country at Faversham, but a disastrous explosion which occurred 
there in 1847 put a stop to it for some twenty years. 

About 1852 von Lenk advocated the use of guncotton as a propel­
lant for the Austrian artillery, and it was so utilized, in spite of many 
burst guns and prematures, until 1863. Its use was then abandoned 
by the Austrian Government as a result of two serious magazine 
explosions. 

These disasters retarded the development of nitrocellulose as an 
explosive for general use, and, if it had not been for the investigations 
of Sir Frederick Abel, might have resulted in its abandonment. He 
carried out a series of researches into the causes underlying the apparent 
instability of the explosive. This was found to be due to incomplete 
elimination of the residual nitrnting acids, which set up rapid de­
composition in the nitrocellulose. Abel showed that thorough 
purification after nitration was essential, and that it could best be 
accomplished by pulping the nitrocellulose, and then subjecting it to 
thorough treatment with both boiling and cold water. 

Cellulose under the action of nitric acid (usually in conjunction with 
sulphuric acid as a dehydrating agent) forms the nitric esters which 
are commonly known as nitrocellulose. The term nitrocellulose is a 
misnomer, as the compounds formed by the action of nitric acid on 
cellulose are nitrates or nitric esters and not nitro-bodies. It would 
therefore he more accurate to refer to nitrocellulose as cellulose nitrate, 
hut the older name has the authority of custom. 

Cellulose is so complex a substance that no definite compounds 
corresponding to mono-, di- or tri-nitrates are formed. On the con­
trary, it is possible to prepare a series of nitrocelluloses in which the 
nitrogen content increases continuously from 6 per cent. to 13 · 9 per 
cent. Nitrocellulose corresponding to the tri-nitrate (14· 14 per cent. 
N.) has not, so far, been prepared. 

On explosion, or combustion, nitrocellulose yields entirely gaseous 
products, chiefly consisting of carbon monoxide and dioxide, water and 
oxides of nitrogen. 

RAW MATERIAL AND ITS PREPARATION. 
Cellulose. 

Cellulos_e is the main constituent of the cell walls in vegetable 
tissue. It 1s a ,,ery complex substance, having the formula (C0H100,),.. 
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I 
Composition. Per cent. N. Use. 

I 
Stability. 

Triuitrate ... 14· 14 - -

13 ·9 Highest obtainable: not used ... ... V.Bad 

13·5 Highest stable nitrate ... ... . .. Fair 

13·1tol2·8 Manufacture of" G/C" ... . .. Good 
Cordite Mk. I. 

M.D. 
Ballistite. 

12·3to 12·1 Manufacture of R.D.B . ... ... . .. " 
Ballistite. 
N.C.'1'. 
Blasting gelatine. ,. 
Ardeer type propellants. 

Dinitrate .. . 11 ·1 - -

Solubility. 

Water, and most I 
Organic Solvents. Acetone. 

Insoluble I Soluble 

" " 

" " 

" 
., 

., " 

" " 

I " .. 

' 

I Ether Alcohol. 

Insoluble 

" 

" 
.. 

Soluble. 

.. 

.. 

<C 
c,, 



The value of n cannot be stttted definitely, but it seems improbable 
that it is ever less than 4. 

There are several types of cellulose differing in chemical behaviour 
and composition. These different types may be grouped into two 
main categories :-

1. Hemi- or ~-Cellulose. 
2. Normal, oc- or Resistant Cellulose. 

The latter is the most important, as it is the cellulose required for 
explosives manufacture. 

H emi- or ~-Cellulose. 
This is distinguishable from the a-variety by its higher reactivity. 

It is reactive to weak reagents and it is soluble in a 3 per cent. solution 
of caustic soda (NaOH). Under this class, many Celluloses could be 
discussed, but it is sufficient for the present purpose to say that 
they usually form unstable nitrates and are therefore undesirable. 
The same applies to hydro- and oxy-cellulose (see below). 

Normal or Resistant Cellulose. 

The following are a few of the distinctive reactions of normal 
cellulose. 

(i) On treatment with a solution of caustic soda (NaOH), oc­
cellulose changes over to compounds of lower molecular weight which 
contain higher percentages of oxygen and hydrogen. These are known 
as a whole by the name of hydrocellulose. This form of cellulose is 
more reactive than normal cellulose, and is soluble in a 3 per cent. 
solution of caustic soda. 

(ii) Normal cellulose is insoluble in a 3 per cent. solution of 
caustic soda. 

(iii) Oxidation with dilute nitric acid, 11otassium permanganate, 
bleaching powder or any similar mild oxidising agent, increases the 
percentage of oxygen in the cellulose, and transforms it to oxycellulose. 
This substance is again more reactive, and is soluble in a 3 per cent. 
solution of caustic soda. 

(iv) If oc-cellulose is heated with potassium hydroxide (KOH), 
the cellulose molecule breaks down completely with the formation of 
potassium oxalate and water. 

(va) Strong sulphuric acid will form a sulphuric ester of oc­
cellulose, but considerable charring takes place at the same time. 

(vb) With dilute sulphuric acid, the oc-cellulose is transformed to 
a sugar (C6H12O6). 

Action of Nitric Acid. 

Table 12.A shows the different percentages of nitrogen in nitro­
cellulose used for explosives. In general the nitrogen content can 
be controlled by the amount of water in the original mixed acid. 

The lower nitrates are much used in commerce for the manufacture 
of substances such as pyroxylin, celluloid, collodion, etc., as they are 
readily wluble in many organic solvents. 
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As an ~xample of. the uses of nitrocellulose for plll'poses other 
than explosives, collodwn may be taken. This product consists of 
a soluble nitrocellulose dissolved in ether-alcohol, together with 
camphor and castor oil. This leaYes a film which does not contract 
on ,trying. One of the most familiar applications of collodion is as 
a strengthening coating on incandescent gas mantles, to enable them 
to withstanrl transport and handling. 

Some processes for making artificial silk are based on the solubility 
of the lower nitrates of cellulose. The nitrated cellulose is dissolved in a 
volatile solvent, and the solution is then squirted through a fine die. 
The solvent evaporates almost immediately, and leans a thread of 
nitrocellulose. This then undergoes further treatment in order to 
convert it to non-explosive cellulose, which is used as " artificial 
silk." 

oc-cellulose is soluble in a few reagents. It is directly soluble in 
a solution of copper hydroxide in ammonia (Schweitzer's Reagent), 
and also in a solution of zinc chloride in hydrochloric acid. Its direct 
solubility in this way is, however, limited, but it can be readily 
dissolved by indirect methods. 

Cellulose for the manufacture of nitrocellulose comes from three 
sources :-1 , Cotton, 2, wood, and 3, annual plants. 

l. Cotton Cellulose. 
The seed of the cotton plant is surrounded by a light fibrous 

mass of almost pure cellulose. This material is collected, and after 
cleansing and picking, forms the raw material of the cotton industry. 

Cotton cellulose is a white fibrous substance. Under the micro­
scope the fibres appear like a flat twisted tube. 

Fig. 12.1, which is a photomicrograph, plainly shows this twisted 
structure. 

For explosive purposes, cotton is used in ti.o forms: For Naval 
purposes, only the best cotton sliver (unspun carded cotton) is per­
missible ; for Military use, the best cotton waste is considered suitable. 

Specifications lay down the sources from which it may be supplied, 
and the tests and limits of impurity with which the material must 
comply before acceptance. The following quotation is taken from one 
of these specifications :-

" Dffinition.-The cotton cellulose as finally pl'epared for nitration should 
be in the form of free fibre, and may contain loose th1·ead and well• 
opened cop, and must not contain woven thread nor ~ne cotton dust. 

·· Preparation.-The bales of raw cotton waste to be p1~ked free. from 
gross foreign impurities and passed through an opemng machme to 
disintegrate completely all felted or helically wound m~sscs. T~e 
cotton woulrl be degreased if necessary. 'l'he cotton, d~nng transit 
.. ........... .. ... is to be packed in suitable packages, wluc~ are not 
liable to damage on transit, thus exposing the cotton to n~k of c~n• 
tamination. . ... ............. The cotton to be subjected to inspection 
..................... throughout all the operation. 

•· The cotton is to be boiled in a rotating kier with 3 per cen~. solution of 
sodium hydroxide.................. Boiling is to be continued for 10 
hours at a steam pressure of 40 lbs. to the square inch. 

·• ..................... At the end of this treatment .................... the cooled 
cotton .................. should be washed with cold water .................... . 
dried at 95° to 105° C. tested and baled. 
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"' ~I1ests.-Thc finished cotton to be free from gross impurities and to gi\·e 
values not greater than the following:-

l\Ioistul'c ... 
Soluble in ether ... 

Per cent. 
8·0 
0·5 

1:,olu bJe in 100 parts of boiling 3 per cent. sodium 
hydroxide 3 · 0 

Mineral matter . . . 0 · 8 
Absolute viscosity of a 2 per cent. solution in 

"cuprammonium" (Schweitzer's reagent)... 50·0 

·' Except as regards the aboYe figures it must be entirely free from 
organic matter other than pure resistant normal cellulose. The 
purified waste when dyed by the l\falachite Green Test shall n?t 
contain an amount of ligneous impurity greater than that present rn 
the standard sample held by the War Department Chemist, 
\Voolwich.,, 

2. Wood Cellulose. 
When the Great War accentuated the need for indigenous 

sources of supply, attention was drawn to the possibility of replacing 
cotton, as a source of cellulose, by wood. Wood contains a large 
proportion of cellulose, but the nature and extent of the impurities 
present necessitate drastic methods of purification. 

To a certain extent the methods and machinery for producing 
wood cellnlose lie ready to hand in the paper-making industry, thongh 
the majority of the wood pulp is imported. This, however, is not so 
serious a drawback as it is with cotton, since Norway and Sweden, 
from which the majority of the pnlp is imported, are very close to our 
shores. In an emergency it might be possible to arrange for home­
production in its entirety. 

The general scheme for the preparation of cellulose from wood is 
as follows :-

(a) The wood is split into small pieces and subjected to the action 
of either canstic soda (NaOH) or calcium bi.sulphite (Ca(HS03) 2) in a 
high-pressure boiler. The major portion of the impurities is thereby 
removed, and the wood is reduced to a pulp. The pulp is thoroughly 
washed with water, and strained. 

(b) Colouring matter and certain other impurities are removed by 
the action of bleaching liquor, the process being accelerated by passing 
the pulp through a beater, in which it is subjected to the action of 
rapidly rotating knives. 

(c) After the excess of the bleaching liquor has been washed ont, 
it is usual to add sodium snlphlte (Na 2S03) or some other substance, 
whlch will eliminate any residual chlorine retained from the 
bleaching liquor. 

(_d) All soluble salts are then removed from the pulp by thoroughly 
washmg with water. 

Wood cellulose may be nitrated either in a loose fibrons form or 
in the form of thin pa per. In the former case, it is usually made 
into a thick cardboard for convenience in handling and storO:ge, and 
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subsequently disintegrated prior to nitration. In the latter case 
the pulp is made int_o a thin _crinkled paper, strict attention being 
paid to the wufornuty of thickness and texture of the material. 
Absolute cleanliness is essential ; grease spots, and metallic fragments 
render the cellulose useless for nitration. 

The subsequent treatment of the cellulose during nitration and 
after does not differ in princi pie from the methods at present 
employed for the nitration of cotton. 

3. Cellulose from Annitals. 

Annuals such as flax, artichokes. etc., contain appreciable 
quantities of cellulose, which is obtainable in a form suitable for the 
manufacture of nitrocellulose by methods which are essentially similar 
to those employed in the case of wood. 

It is unlikely, at present, that this source of cellulose will attain 
any importance except to augment other supplies in case of ,rnr 
emergency. 

Cellulose from any source contains the following impurities in a 
greater or less degree, and they must be removed before nitration can 
be attempted. 

1. Extraneous matter picked up during manufacture. 
(a) Oil or grease. This is removed by treatment with a 

solvent such as benzol. 
(b) Particles of dust, grit, and metal. Sifting will remoYe 

most of this, while particles of iron or steel can be 
removed with the aid of magnets. 

(c) String, wood, etc. These are picked out by hand. 

2. Cellulose other than normal cellulose. 
Boiling with a 3 per cent. solution of caustic soda will dissolrn 

out these substances. Formerly further purification 
was attempted by bleaching the cotton with bleaching 
powder, but this was found to result in the formation of 
oxycellulose, which had then to be eliminated . 

It is essential that only <)(-cellulose should remain in the final 
material for nitration, if a stable product is to be obtained. 

Before cellulose can be accepted for nitration, certain tests are 
applied as laid down in the service specifications. They are approxi­
mately seven in number. 

1 Moisture content. This should not exceed about 8 per 
cent. 

2. To estimate the amount of oily or greasy matter present, 
the cellulose is extracted with ether, and the percentage 
of matter so removed is estimated. 

3. The presence of celluloses other than <)(-cellulose is detected 
by estimating the percentage soluble in a 3 per cent. solu­
tion of caustic soda (NaOH) after boiling for one hour. 

(:u·2S/23l)z G 
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4. The ash content is mken as evidence of the percenroge 
of inorganic impurity present. 

5. Due to various causes, there is a possibility of starch being 
present in the cellulose. It is undesirable, as the esters 
formed by it with nitric acid are not srable. The 
cellulose is treated with a solution 'of'po~assium iodide, 
and if a blue colouration ensues, thei1 starch is present, 
and a quantitative estimation is necessary. 

6. The presence of wood fibre in the cellulose is detected 
by dyeing the material with malachite green. On 
bleaching, the cellulose becomes colourless, but the 
particles of wood remain unaffected, and show up as 
dark green specks on a white background. The test is 
made comparative by examining the specimen in con­
junction with an accepted standard, kept by the 
War Department Chemist at Woolwich. 

7. A further test, which was introduced during the Great 
War is the determination of the absolute viscosity 
of a 2 per cent. solution of the cellulose in Schweitzer's 
Reagent. The various solutions are made under 
standard conditions laid down in the specifications, and 
the viscosity is found by the "falling sphere" method. 
This test has for its object a comparative estimation 
of the molecular size of the cellulose in the sample. 

THE :MANUFACTURE OF NITROCELLULOSE. 

The general reaction for the nitration of cellulose may be indicated 
by the following equation :-

C6H100• + xHNOa - -+ c,Huo-,,P,,-•l (N03), + xH.o. 
The value of " x " varies according to the conditions of nitration, 

viz., (i) temperature, (ii) time of nitration, and (iii) percentage of 
water present in the mixed acids. An increase in (i) and (iii) gives 
a lower, and an increase in (ii) a higher value to "x." 

In general, control is exercised through the medium of (iii). 
For example, the approximate compositions of the mixed acids for 
nitrocellulose, for use in the manufacture of cordite M.D. (13·1 per 
cent. N.), and cordite R.D.B. (12·3 per cent. N.), are as follows:-

Sulphuric acid 
Nitric acid 
Water 

M.D. 
71 
21 
8 

R.D.B. 
62 
24 
14 

With this exception, the procedure and treatment is similar for 
all classes of nitrocellulose used for explosives. 

A flow diagram of the method of nitration now to be described 
will be found in Fig. 12.2. 

The nitration of cotton cellulose is here considered. 
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l. Preliminary Treatment. 

(i) The cotton as received into the factory has passed the 
specification tests for acceptance. It arrives in bales, which have been 
hydraulically compressed. 

(ii) The bales are opened, and partially broken up by hand, 
before the cotton is fed into the bale breakers. 

These machines are generally arranged in sets of three, and the 
:otton is passed successively through each machine of a set, until it 
1s thoroughly broken up. Three of these bale breakers are shown in 
Fig. 12.3, marked A, B, and C. In front of each machine is seen a 
table on to which the cotton emerges. These tables are strongly 
illuminated from above, and on them the cotton is spread out and 
subjected to a visual examination. 

(iii) The cotton is then teased mechanically before it enters the 
drier (Fig. 12.4.) 

(iv) As received, the cotton contains some 8 per cent. of moisture. 
This must be reduced to less than 1 per cent. before nitration, or the 
heat produced by interaction between the sulphuric acid and the 
moisture would be great enough, in all probability, to ignite the mass. 
In the drying machine, the cotton is carried on to three shelves by 
a . belt conveyer. The cotton traverses all three shelves before it 
emerges from the drier. The operation is quite continuous, but 
any one batch of cotton is in the drier for about 30 minutes. The 
temperature is maintained at 85° -90° C. by steam heating. Two 
driers (D and E) are visible in the background of Fig. 12.3. Below 
the letter D is the entrance to the drier, and the belt conveyer can be 
seen ascending towards the main compartment in the background. 
The rockers and bars operating the shelves can be seen to the left of 
the letter E. 

(v) The dried cotton is withdrawn from the drier by the suction 
of a large electric fan, through which the cotton passes on its way 
to large, glazed earthenware, storage bins. 

(vi) From the bins, the cotton is weighed out into aluminium 
boxes, 26¼ lbs. to a charge, and conveyed to the nitrators. 

2. Nitration. 
(i) Nitration is performed in stoneware Nathan and Thompson 

displacement pans (Fig. 12.5), which are arranged in se!s, four pa1;1s 
to a set. The interior of a cotton nitration house 1s shown m 
Fig. 12.6. The set nearest the camera is shown in its complete 
state. The four pans constituting the set are numbered 1 to 4. 
The aluminium covers are fume hoods, and these are only 
placed in position during the operation of" dipping." The connection 
to the fume main can be seen at B. C is one of the stoneware 
nitrators. 

The cotton is " dipped " in the mixed acid, wh_ic~ has been 
placed in the correct quantity in the nitrator. Alumnnum paddles 
are used to push the cotton under the surface of the acid. When 

(B 28/23 l)z G 9 
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immersion is complete the cotton is covered over with stone ware slabs 
so as to keep it below the surface of the acid. Some of these slabs 
are visible in the photograph at A, A, A. To prevent fuming, water is 
gently run over the surface of these slabs when they are in posi~ion. 
Being lighter, it remains as a layer above the acid. The water mlet 
for four pans is shown at E in the figure. 

Nitration to guncotton (13 · l per cent. N.) takes about 2½ hours, 
and the temperature is maintained at 17° -21 ° C. by coils containing 
cold refrigerator water in summer, and hot water or steam in winter. 

(ii) After nitration is complete, cold water is run gently in at the 
top of the pan, while the spent acid is withdrawn from the bottom 

_,,.:: _ ----- ---- - -- -- -------- --------- - - - - - - .::: .. 
REMOVABLE ALUMINIUM COVER 

I 1 ! Perforated Plate 

SCALE: FE£ T. 

F10. 12.5.-Section of Displacement Nitrntor. (l\'lanufacture of Nitrocellulose.) 

From Arms and E.rplosires. 

of the pan at the same rate. This displacement takes about three 
hours, the temperature being kept at about 8° C. by the use of cold 
refrigerator water. · 

(iii) The displace~ acid is stron~ at the commencement of displace­
ment and only reqmres the addition of a little fresh acid to render it 
su!table_ for_ further use. This strong acid is therefore conyeyed by 
ac1d-ma1~ duectly to the acid mixing plant. 

As displacement proceeds, the acid becomes weaker until at a 
pre:determined strength (indicated_ by the hydrometer in the sight 
box, whrnh can be seen above D m the figure) it is diverted to an 
acid-main leading to the recovery plant. 

The two mains for strong and weak displacement acid can be 
seen at D. 



To face page 100.J 



[To J~ce page IOI. 



101 

The final portion of tlie displacement acid is too dilute to warrant 
recovery, and it is therefore run to waste. 

The mixed acid supply is not shown, as the acid is fed into the 
nitrators from below. 

3. Purification. 

(i) The nitrocellulose is now removed to the boiling house. Here 
it undergoes seven "boils," the water being changed after each boil. 
Wooden vats with a perforated false bottom are u~ed; steam is 
admitted at the base, and serves both to heat and to stir the mass. 

The acid remaining in the nitrocellulose after displacement is 
ample for the first boil which is intended to contain 1 per cent. acid 
and takes 12 hours. This is a most important step in the purification 
of nitrocellulose. During nitration, some of the cellulose is attacked 
by the sulphuric acid to form cellulose sulphates, which, being un­
stable products, would, if present in the nitrocellulose, break down, 
freeing sulphuric acid which accelerates the decomposition of the 
explosive. The 1 per cent. acid in this first boil is sufficient to hydrolyse 
these sulphuric esters. 

Five "boils" with clean water follow, and they occupy 12, 4, 4, 4, 
and 4 hours respectively. Finally the nitrocellulose is boiled for two 
hours in water which is made alkaline, if necessary, by the addition 
of calcium carbonate, as it is imperative that all acid should be 
eliminated. 

(ii) An appreciable quantity of acid remains trapped in the fibres 
of the cellulose, and to remove this the nitrocellulose is pulped. Mixed 
with a large volume of water, it is conveyed from the boiling vats to 
beaters (Fig. 12.7) in which it is agitated for two hours between 
rapidly rotating knives. A battery of beaters is visible in the 
background of Fig. 12.8, numbered 1 to 6. The nitrocellulose leaves 
the beaters as a fine suspension in water. 

(iii) From the previous operation, the nitrocellulose flows into a 
small tank fitted with a vertical baffle. This tank acts as a grit trap, 
and from it, the nitrocellulose overflows on to a shallow trough, the 
bottom of which is covered with blanket cloth. The finer particles of 
grit and foreign matter are trapped by the blanket, and at the end 
of the " blanket run," the nitrocellulose passes over the !?oles of 
electric-magnets, which remove any particles of iron or steel which may 
have been picked up during manufacture. The " blanket runs " are 
visible in Fig. 12.8 at A, A, A. 

(iv) By means of the gutter C, C, C (Fig. 12.8) the pulp runs _into 
the " potchers " of which three are seen at B, B, B. Her~, the rut~o­
cellulose receives three final washings, being violently agitated with 
cold water for three periods of ten minutes. 

Samples are taken and tested for alkalinity (which should be O · 2 
to O·c! per cent.) precipitated chalk being added 1f necessary. 

(v) Blending is a simple operation. The nitrocellulose from all the 
nitrators is run into large tanks holding some 4 tons, and thoroughly 
mixed by stirring. 
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(vi) The blended nitrocellulose is then pressed into cylindrical 
·' primers " about 2 inches in diameter by 6 incles long, in a hydraulic 
mouldin11 press. In this condition it is transported to magazmes, 
where ii°is kept in a moist condition until required. 

Dupont Dipper Process for Nitrating Cotton Cellulose for manufacture 
of N.O.T. 

This process is worked in America, and possesses the advantage 
of speed, as the whole operation only occupies thirty-five minutes. 
Its disadvantages are, a greater risk of fire, and the necessity for 
rigorous adherence to the details of procedure. 

The plant is composed of units of four pans, each unit being 
arranged so that it can be operated from a central point. In each 
pan, are two vertical stirrers revolving in opposite directions and carry­
ing horizontal arms, so arranged that, under their influence, the cotton 
is drawn below the surface of the acid. 

A charge for one nitrator consists of 1,440 lbs. of acid and 32 lbs. 
of cotton. The acid is run in, and after the paddles have been set 
in motion, the cotton is added. The speed of rotation of the paddles 
at first is 72 revolutions per llllnute. Once the cotton has been im­
mersed this speed is reduced to 36 revolutions per !Illnute, and is main­
tained at that rate during the period of nitration (18 to 24 minutes). 
Just prior to the discharge of the contents of the nitrator, the agitation 
is made more violent by increasing the speed of the paddles to 72 
revolutions per minute again. 

The nitrator is discharged through a pipe situated centrally in 
the base, and the nitrocellulose is lowered into a centrifugal wringer. 
The bulk of the acid is here removed by centrifuging. Fires are liable 
to occur at this stage if careful attention is not paid to the speed of the 
wringer, and the method of discharge. Wringing is continued for 
five !Illnutes, after which time the nitrocellulose is emptied into an 
i=ersion basin below. Here the nitrocellulose is met by a strong 
stream of water, and the nitrated cotton is transferred directly to the 
boiling house. The remainder of the process is similar to that described 
above. 

GUNCOTTON. 

Guncotton is the name applied in the Service to nitrocellulose 
containing more than 13 per cent. nitrogen. It is therefore soluble 
m acetone, but only slightly soluble in ether-alcohol. The Home 
Office definit,ion is wider as it embraces all the varieties of nitro­
cellulose which contain more than 12.3 per cent. nitrogen. 

In the Service it is used for the manufacture of cordites, Mark I., 
M.D., and M.C., and as a high explosive for demolitions. 

In ~he latte~ case it is supplied in rectangular slabs, made by 
~ubiect1ng th~ mtrocellulose to a pressure of 4 to 7 tons per square inch 
m a hydraulic press. The slabs, which contain from 15 to 20 per 
cent .. of water, are packed m sealed tin cases, and are periodically 
exammed to ascertain that the water content has not decreased, more 
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water being ~dded if necessary. So_dium phenate (C6H60.Na) is 
added to the mtrocellulose before pressmg to prevent the formation of 
fungus. 

The slabs are pierced in the centre in order to acco=odate a dry 
guncotton primer, through the medium of which they are detonated. 
The primers are made of compressed nitrocellulose, dried in hot air 
until the moisture content is not greater than 1 per cent. After drying 
they. a~e rend~red waterproof b}'. immersing_ them in acetone, which 
gelatm1ses their surface. The primers are pierced centrally to permit 
of the insertion of the initiating fulminate detonator. 

Mention has been made of the addition of precipitated chalk 
(CaC03} to nitrocellulose during manufacture. It acts as a stabiliser 
in guncotton by neutralising the acid products which, together with 
a certain amount of carbon monoxide, are liberated during the slow 
decomposition of the explosive. This decomposition is accelerated 
by direct sunlight and high temperatures of storage. 

SOLUBLE AND INSOLUBLE NITROCELLULOSE. 

Nitrocellulose containing more than 12 · 8 per cent. of nitrogen 
is only soluble to a limited extent in ether-alcohol, and the name 
insoluble nitrocellulose is therefore applied to it. 

The lower nitrates are completely soluble in ether-alcohol, and 
hence are classed as soluble nitrocellulose. 

Properties of Nitrocellulose. 

The different nitric esters of cellulose are distinguished from one 
another by their nitrogen content, a useful index of which is provided 
by their relative solubility in certain liquids. The highest percentage 
of nitrogen in any co=only used nitrocellulose is 13 · l per cent. 

All the varieties of nitrocellulose are soluble in acetone, amyl 
acetate, ethyl acetate and a few other organic solvents. They are 
all insoluble in water. 

Ether or alcohol alone will not dissolve any but the lowest nitric 
esters of cellulose. A mixture of the two solvents in the proportions 
3/2 will completely dissolve nitrocellulose containing less than 12·8 
per cent. nitrogen. As the nitrogen content increases above that 
figure, the solubility rapidly falls off until only about 10 per cent. of 
the nitrocellulose containing 13 · l per cent. of nitrogen is dissolved. 

The stability and insensitiveness of nitrocellulose (whe~ dry) 
bear an inverse relation of the nitrogen content. The lower mtrates 
are very stable and very insensitive to blows and friction. As ~he 
nitrogen content rises, the stability slowly decreases and the expfos~ve 
becomes more sensitive. Above 12·8 per cent. nitrogen, the stability 
and insensitiveness fall off with increasing rapidity until the c01~pound 
approximating most closely to the trinitrate (14·14 per cent.) 1s very 
sensitive and is so unstable that on formation 1t readily decomposes. 

Nitr~cellulose, when in a loose condition, is a cream-white friable 
mass. If dry, it ignites readily and burns fiercely, the products_ of 
combustion being entirely gaseous. The higher nitrates are sensitive 
to friction and blows, and can be readily detonated. 
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When wet i.e. containing more than 13 per cent. water, it is one 
of the safest 'explosives in existence. It is insensitive to blows or 
friction, and cannot be ignited at once by a flame. It can only be 
detonated successfully by the detonation of a primer of dry guncotton, 
or similar initiator, in close contact with it. Wet guncotton 1s ~ 
insensitive that ordinary woodworking tools may be used on it 
provided they are kept wet . . 

Nitrocellulose which has been brought to the colloidal state by 
gelatimsation with solvents, is a tough hard substance resembling 
horn. 

Nitrocellulose is used in the Service in all propellants, of which 
it is one of the main constituents, since few of them contain less than 
50 per cent. Its use as guncotton is extended to fillings for the 
war-heads of torpedoes, mines, &c. 

CHAPTER XIII. 

CORDITES, N.C.T. AND BALLISTITE. 

Table 13.A gives the composition and properties of the substances 
which have been used in this country as propellants at one time or 
another. In this chapter the various types of corrlite, N.C.T. (nitro­
cellulose tubular) and ballistite are considered. 

CORDITE. 

I ;itroductio n. 

This is the name applied in this country to a group of propellants 
which consist essentially of a uniform colloidal mixture of mtrocellulose 
and nitroglycerine with the addition of a stabiliser. The propellant 
is usually employed in the form of sticks or cords (whence the nomen­
clature), though this is by no means invariably the case. 

Historically, cordite is a development of the smokeless powders 
which were introduced about 1880. In 1882 the Explosives Company 
introduced their E.C. powder, which consisted of " soluble " nitro­
cellulose, potassium nitrate, barium nitrate and some colouring matter. 
The powder was partially gelatinised with ether-alcohol. These 
powders were excellent for smooth-bore weapons, such as shot-guns, 
for which they are still made, but they were found to be altogether 
too rapid in burning for use in rifled firearms. 

_The French (Vieille 1884) partially overcame this difficulty with 
t.hetr poudre B, which consisted of nitrocellulose gelatinised with 
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TAllLE 13.A. 

PROPELLANTS. 

I Per cent. Composition. 
Nature Percent. 

Physical Propellant. I N/C. / N/G.1 ~ta~~~er, 
of Nin 

Properties. Stabiliser. N/C. 

Cordite, Mark I 
···1 

37 58 5 I Mineral Jelly ... 13·0 - Soft, easily 
fJ./ marked by fin-

ger nail. 
-- -- ---

Cordite, Jli.D. ... 65 30 5 Mineral Jelly HH Hard, smooth ... 
Gordite, lli.C .... ... " Cracked " M.J .... •·9- ,~., Horny, brittle ... 

-- -- ---- ---· 
Cordite, R.D.B. ... 52 42 6 Mineral Jelly . .. 12·2 Rough. Not 

brittle. Between 
MarklandM.D. 

-- ---- ---
Ballistite " A " ... 60 40 Trace of Diphenylamine ... 12 · 6and -

Diphenyl- 13·2 
amine. 

---- ---- ---
*-6:'i'JN.C.T. ... 99·5 - 0·5 Diphenylamine ... 12 · 6 -

·"\.~- 03·'li - ~ 
" 

12·6and -
N,cz. ., 13·2 -- --- ---

.A..deet· ... . .. w - -&. "P...heny]-benzy]- ~ gmeeth, seme-
U<etha.ue. t;imea smeHs of 

•t•bili,m(e .. eet-

Gerri>r!tlite b~pe ... SW 42-
.ish.smell). 

-s- BitJheayl wethyl- liW!. 
..u.r.ea.-aB<l-erivo.-
~ ------ ---

Gunpowder ... . .. - - - - - -

C'o,,i,/l f.t. s·o 

(a1,, , .,.,,._ 

41 C, 

~ initrotoluene added as a. moderant. 

<!ttfba,n,/e. h·l J'mo11fli 

Heat Vol. gas 
evolved at 

Cals./gram. N.T.l'. 
(water c.c.s./ 

gaseous). gm. 

1·114 886 

0·939 933 

0·904 959 

l · 136 800 

0·'77 961 
f;-'R+ --9{H-

O·t•'>- __2E!_ 
(M!9t ~ 

-e-994 !l-l'R 
(- twater 
li<j,a<I). liquid). 

0·726 256 

Notes. 

Very erosive. 

Less erosive. 
Less N /G, therefore 

more propellant 
needed. 

More N/G compen-
sated by low N in 
N/C and more M.J. 

Erosive. 

-
-

Coolet bban M.D . 

-

.... 
0 
<,a 

<.orr,6111;,I S~ll1/,zo' qr,,/ ftf1t4htttl' 

('tJd/u/~/J'J.l) , 
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ether-alcohol. The propellant was in the form of small squares cut 
from thin sheet. 

This was followed in this country by the invention of ballistite 
(Nobel 1888), an explosive which was used in the Great War and 
which is described later in this chapter. 

In this same year (1888) cordite Mark I was recommended for 
use in the Service by a special committee ; it was introduced in 
1893. 

In the South African War, Cordite l\Iark I ,rns found to be 
highly erosive, this being due to the high percentage of nitroglycerine 
(58 per cent.), which made the propellant very hot burning. Cordite 
M.D. was therefore introduced, in which a much lower percentage of 
nitroglycerine (30 per cent.) was employed. This has been most 
successful in increasing the life of guns, and it is now the principal 
propellant in use in the Service. 

These two varieties of cordite were the chief propellants in use 
in the Service in 1914. Later developments will be considered in 
their order as they occur in the chapter. 

In discussing the manufacture of the cordites and N.C.T. , it is 
proposed to treat the manufacture of Cordite J\<1.D. in detail, and to 
indicate, in the other cases, in what manner their manufacture 
particularly differs from that of Cordite M.D. 

Cordite is a colloidal mixture of nitrocellulose and nitroglycerine, 
and contains enough oxygen to ensure that the products of combustion 
are gaseous. These products of combustion are colourless ; it is true 
that dense clouds of reddish-brown fumes are formed when large 
guns are fired, but this is an after effect. When combustion takes 
place inside the gun, nitric oxide (NO) is one of the gases formed ; 
when this comes in contact with the outer air it is oxidised to nitrogen 
peroxide (NO2), which is the reddish-brown gas to which reference has 
been made. 

RAW MATERIALS AND THEIR MANUFACTURE. 

The principal constituents of cordite, nitroglycerine and nitro­
cellulose are dealt with in detail in Chapters XI and XII. The 
stabilisers and solvents remain, and will now be considered. 

Stabilisers. 

(i) Mineral Jelly.-This substance is incorporated in the first 
four cord)tes mentioned in Table 13.A. It was originally introduced 
mto cordite, Mark I, as a lubricant, but was afterwards found to 
possess stabilising properties. These have been traced to the presence 
of unsaturated hydrocarbons in the jelly. 

By subjecting the jelly to a process of distillation known as 
'.' cracking," the percentage of these unsaturated bodies mar be 
mcreased; -this form of mineral jelly is known as cracked mineral 
Jelly (C.l\I.J.) and is used in cordite M.C . 

. . Miner~! jelly i~ a mixture of petroleum hydrocarbons of high 
b?i~ng . pomt. It rn_ made from the residue remaining after the 
distillat10n of American petroleum. For service purposes, limits 
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are _laid down, contr?iling the flash point, specific gravitv, amount of 
foreign matter, volatile matter, and acidity. · 

C0H6 

(ii) Diphenylamine NH. 
C6H6 

. This subst_ance is used as a stabiliser in ballistite and N.C.T. 
It _is a cry_stalline s1:~stance having a melfo1g point of 54° C. and a 
boiling pomt of 302 C. It 1s msoluble m water but is readily 
Jissolved in alcohol and ether. ' 

/%H;J 
-H 

(iii) /2.B.t!. (phenyl benzgl weth.tne). e£ '--~ 
\ 
.0--C~ 

This i::s the stabiliser used in Arcleer Cordite. it 1s a pale bto\or 
,ieeetts littuili e.t oraiBary temt1erakues. 

(iv) Cenlralite. (diphenyl-diethyl-urea). 
~re r111,1r 

_,,C5H.5 

N'-
/ CzHs 

co 
"" /CaHS 

N'-.._ 
CzHs 

This is a white crystalline solid used in the manufacture of 
solventless cordite as a stabiliser and to assist gelatinisation. 

Several derivatives of urea have been suggested and used as 
stabilisers, particularly in Germany. 

Solvenls. 

There are two solvents used in the manufacture of cordite : 
Acetone, which is used for those cordites made from insoluble nitro­
cellulose, and ether alcohol for gelatinising soluble nitrocellulose. 

Acetone. 
CH3 , 

'00 
CH3 / 

There are two chief methods by which acetone is prepared : (i) 
From calcium acetate, and (ii) by fermentation of yegetable matter. 

(i) Acetone from calcium acetate. 

CH3COO Heat CH3 

Ca _...,. CaC03 + CO 
CH3000 300°0. C'H3 

Ualcium acetate. Acetone. 

Calcium acetate is made by treating lime with acetic acid, the 
latter being a product of the destructive distillation of wo~d. 



108 

(ii) By the fermentation of starch. 
Starch can be fermented to produce fuse! oil, and acetone ; 100 

parts of potato will, on fermentation, yield 14 parts of acetone: 
A fermentation process, using artichokes as the raw material, was 

,rorked out and operated at the Royal Naval Cordite Factory, Holton 
Heath, during the Great War, which yielded a mixture of butyl 
alcohol and acetone. 

Acetone is a colourless volatile liquid, possessing a characteristic 
odour. It has a boiling point of 56 · l ° C., and has a specific gravity of 
•800 at 15° C. It is miscible with water in all proportions. Jt5 
importance in explosives lies in its ability to dissolve highly nitrated 
nitrocellulose. 

Ether-alcohol. 
The soluble nitrocelluloses are distinguished from those which 

are termed insoluble by their being dissolved by a mixture of ether 
and alcohol; di-ethyl ether and ethyl alcohol being those used in 
practice. Ether or alcohol alone have practically no solvent effect 
on these soluble nitrocelluloses. Maximum solubility is obtained with 
a mixture of ether and alcohol in the proportions of 3 : 2. 

C,H5 "-

(a) Ether. / 0 
C2H5 

This substance is made by the action of sulphuric acid on ethyl 
alcohol. 

(i) C2H6 • OH + H 2S0, --+ C2H5 • HS04 + H20 
Ethyl Alcohol. 

C2H 5 , 

(ii) C2H5 • HSO, + C2H5 . OH --+ / 0 + H,SO,. 
C2H0 

Diethyl-ether. 

Crude ether results, together with a certain amount of alcohol, water 
and a little sulphurous acid. The ether is then purified by distillation. 

Pure ether is a colourless, neutral and very volatile liquid boiling 
at 35·6° C. It possesses a well-known characteristic odour. Its 
specific gravity is · 725 at 15° C. It is extremely infla=able, and 
grea.t care is necessary for this reason. It is used as a solvent and 
has a large commercial outlet as an anresthetic .. 

(b) Alcohol. (C2H5 . OH). 

Alcohol is procured in the pure state by the distillation and 
subsequent drying of the crude spirit obtained by the fermentation 
of many kinds of vegetable matter containing sugars and starches, 
e.g., cane or grape sugar, barley, etc. ,vines and spirits contain 
alcohol, wh_ich is readily separated from them by distillation. 

A_lcohol 1s a colourless mobile liquid, with a vinous odour and a 
burmng _taste. It has a boiling point of 78° C., and burns with a pale 
non-lummous flame. It mixes with water in all proportions and 
forms a eutectic containing 4.41 per cent. of water. It is a useful 
organic solvent. 
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FLOW DIAGRAM FOR MANUFACTURE OF 
CORDITE M. D. 

I week at 
70°C.---+35°C. 

Acetone . 

Acetone 
Recovery 
Plant. 

Acetone Vapour> 

and AiP. 

Samples f'or> 

Wel C/C. 

Drying Stoves. 1-1 
Hot Ai,-,. 

t D,-,y GjC. 

'-_P_a_s_t_e_M_,_·x_in-"gc..._--' ~ N/G. 

Paste . 

'---ln_c_o_,,:...p_o~r_a_t_o_r. _ _,~ Acetone 8, M.J. 

Dough. 

Pr>ess . 

Cor>dite. 

Acetone Recovery 
Stove. 

Heated by 
-Steam pipes . 

Volatile Matter> +-- Dr>ying Stoves . 
Test . 

Blending. 

Latting or> Gauging. 

Stor>e -Magazine 

FIG. 13,1. 
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C'ordite Paste Mixing Trough. 



FIG. 13.3. 
I ncorpora1or. (Cordite Manufacture.) 
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Tm, MANUFACTURE OF CORDITE i\l.D. 

Fig. 13.1 gives a flow diagram of the process. 
1. Drying of the Nitrocellulose.-The nitrocellulose as received into 

the cordite plant contains, for safety, some 30 per cent. moisture. 
The nitrocellulose is in the form of compressed cylinders. These are 
dried in stoves by hot air. The cylinders are stacked on racks of 
galvanised iron wire supported on wooden frames. The nitrocellulose 
is liable to become electrically charged in drying, and therefore, to 
avoid any danger from sparking, each rack is "earthed." 

Drying takes 60 hours, the inlet temperature of the hot air varying 
from 70° C. at the commencement, of the period, down to 35° C. at 
the end. 

2. Paste ,llixing.-The dry nitrocellulose, which contains not 
more than 5 per cent. moisture, is now ready to be mixed with 
nitroglycerine. It is transferred to the paste-mixing house in 
waterproof canvas bags, each bag containing a charge. This 
charge, after the addition of a measured amount of nitroglycerine, 
is emptied on to the mixing-table (Fig. 13.2) ; a pear shaped lead 
table having a depression at one end. The mixture is worked by 
hand, on the table, and through a sieve of half-inch holes formed at 
the bottom of the depression iuto a bag attached below. The 
product is known as "paste.'' 

3. Incorporation.-The " paste " is conveyed to the Incorporation 
House on canvas-cowred aluminium bogies. The incorporator (Fig. 
13.3) is similar to the dough mixer of a machine bakery. It consists 
of a rectangular trough containing two shafts each fitted with four 
blades which rotate in opposite directions, one shaft at about 
40 r.p.m. and the other at twice that rate. 

A charge of " paste '' is loaded into the incorporator and during 
loading a measured quantity of acetone (97 per cent. strength) is 
slowly added. The machine is run for three hours ; at the end of 
that period the appropriate quantity of mineral jelly is added. Incor­
poration is then continued for another three hours, when the " dough," 
as it is now called, is ready for the next process. 

4. Pressing.-In this operation the "dough" is pressed, through a 
die, emerging in the familar cord form of cordite. This is accom­
plished in a hydraulic press (Fig. J 3.4), in which the dough IS fo_rced 
in one operation through a series of muslin and wire gauze stra~ers 
and finally through a die containing holes of the diameter reqms1te 
to give the desired size of cord. 

5. Cutting or Reeling.-(a) In the case of the larger sizes (4¼ and 
upwards), the cordite, as it leaves the press, is collected by band and 
cut off into measured lengths. The lengths are those for the final 
cartridges plus an allowance for shrinkage. 

(b) In the case of the smaller sizes, such as are used for rifle ca~t­
ridges. a die with a single orifice is used. As it is extruded, t-he cordite 



110 

is wound on to small reels each carrying about a mile of cordite. The 
reels are then conveyed to the solvent recovery and drying stoves. 

6. Acetone Recovery.-Thc cordite is conveyed to the acetone re­
covery stoves on shallow wooden trays, whic~ 3:re stack~d in chamb~rs 
heate<l by steam pipes. Each chamber, as 1t 1s filled, lS sealed, with 
the exception of a small opening at the bottom of t~e door.. . 

Stoving occupies a week, the temperature bemg mamtamed at 
not more than 43° C. during that tinie. 

The acetone vapour mixed with a large excess of air is drawn by 
suction from the stoves to the adjacent recovery plant. 

(i) The vapour there passes through a series of towers, counter 
current to a stream of sodium bisulphite solution (15-30 per cent.). 
The acetone combines with the bisulphite to form a soluble salt. 

CM3 OM 

"" / C 

/~ 
CMJ so3 Na 

(ii) From this salt the acetone is recovered by distillation with a 
solution of sodium carbonate. 

OH 
2(CH 3) 2-C + Na2CO3 --+ 2Na2SO3 + CO2 + H 2O 

' SO 3Na + 2(CH.) 2CO 
Acetone. 

(iii) The acetone so recovered is obtained as a dilute solution in 
water. This solution is liable to be slightly acid, and if this is so, 
caustic soda (NaOH) is added until the whole is neutral. 

(iv) A final distillation procures the acetone in a concentrated form 
suitable for further use. About 50 per cent. of the acetone can be 
recovered under normal working conditions. 

7. Stove Drying.-The cordite is removed to the final drying stoves 
which are similar to those used in the previous operation. No attempt 
is made to recover any of the solvent that may be driven off at this 
stage, as the vapour is too dilute to render such recovery economical. 
The temperature of the drying stoves is varied slightly according to 
the size of cordite to be dried ; the smaller sizes requiring a lower 
temperature than the larger. Thus the reels of rifle cordite require 
only a few days at 15-20° C. In most cases, however, the temperature 
is maintained at about 40° C. The time of drying varies with the 
size of the cordite. 

Thus : Size 45 requires 37 days. 
,, 19 14 
,. 4! 7 ,, 

Towards the end of the period samples are taken for the specifica­
tiOJ, test for volatile matter. 
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_ 8. Stove Blending.-Each operator engaged in unloading a stove 
mixes the contents of ten trays of cordite into a case. The cases are 
numbered, and about 30 cases constitute a " blend " ; the blends are 
also numbered. 100 sticks are taken from each blend as a sample 
for the average weight per 100 inches. 

9A. Lotting.-Blends are further mixed into lots, eight blends 
forming a lot. These blends are so mixed that a sample of 100 sticks 
from any lot is of the correct average we\ght per 100 inches. 

9B. Gauging.-This process has been introduced lately in place of 
lotting, as it is found to give more consistent ballistics. The blends 
are gauged by passing each stick through a machine shown diagram­
matically in Fig. 13.6. 

At present this is a manual operation but it is probable that gauging 
will be performed mechanically in the near future. 

The ~ consists of a brass guide, along which a stick of 
cordite may be moved. Four brass micrometers are mounted as 
shown in t-he figure, each being set for a slightly different diameter of 

Frn. l~.6.-Machine for Gauging Cordite. 

cord, decreasing progressively from left to right. The operator 
slides a stick between the jaws of the gauge, and along, until the stick 
encounters a micrometer which will not allow it to pass. If the stick 
fouls the first micrometer, the operator pushes the stick forward 
until it falls into a chute guiding it to a box marked " A." . 

Sin1ilarly a stick failing to pass the second micrometer, falls mto a 
box marked " B " ; and so on. Sticks passing all the micrometers 
are collected in a box marked "E." Sticks of the correct size are 
confined to box " C." 

At present size "A" (very large) and size "E ., (very small) are 
discarded and the cordite is sent back to be re-worked. Equal amounts 
of sizes "B" and "D" are blended vo'ith size "C," the resultant lot 
having an average diameter of cord " C." 

10. Packing and Storing.-Finally, the cordite is placed in ~tore to 
await the result of the acceptance tests ; it is then packed and 1s ready 
for despatch to the filling factories. 

ll. Reference has been made to rifle cordite, which is collected _on 
reels after pressing, and is retained on these reels during the two stovmg 
operations. Blending is carried out by winding the contents of several 
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of these reels simultaneously on to one large drum ; these drums are 
sent to the filling factories after the usual tests. . . 

The above description of the manufacture of cordite l\I.D. applies 
also to the manufacture of cordite l\1ark I and cordite l\1.C. Cordite 
R.D.B. and the "solventless" cordites are treated somewhat 
differently. 

CORDITE R.D.B. 
The shortage of acetone_ during the Great War led to the intro­

duction of cordite R.D.B. A reference to Table 13.A shows that 
cordite R.D.B. differs from cordites l\Iark I , M.D., ancl l\1.C. in the 
employment of nitrocellulose containing only 12 · 2 per cent. nitrogen. 
This is a " soluble " nitrocellulose, and therefore ether-alcohol may be 
used as a solvent instead of acetone. 

Its manufacture is very similar to that of cordite M.D., with certain 
important exceptions, which are considered in detail below. 

1. Alcohol Dehydration.-Instead of air-drying the wet nitrocellulose, 
the water is displaced from it by alcohol under pressure. The alcohol 
is not removed from the nitrocellulose as it forms part of the soh·ent 
at a later stage. 

2. In the incorporator, ether and a certain amount of additional 
alcohol (if necessary) are added in place of acetone, the mineral jelly 
being introduced as before. 

3. Solvent Recovery.-The solvents are evaporated in a stove and the 
vapours collected and absorbed in cresol, from which they are subse­
quently recovered by distillation. At the explosives works at Gretna, 
during the Great War 36 per cent. of the ether and 83 per cent. 
of the alcohol used were recovered in this way. 

4. The final stove drying is much quicker than in the case just 
considered. For example, size 60 cordite M.D. requires 77 days at 
45° C., as against 44 days at 45° C., for the same size of cordite R.D.B. 

" SoLVENTLESS " CORDITES. 

The use of volatile solvents (e.g., acetone and ether-alcohol) in 
cordite manufacture entails serious disadvantages. These solnnts 
must either be imported, or made in this country, in which case their 
manufacture necessitates the use of foodstuffs as raw material ; a 
factor which is to be deprecated in time of war. 

In addition to these drawbacks, their use is attended by technical 
disadv~ntages. Recovery and drying stoves are necessary : these are 
expensive to erect and costly to maintain. During the processes of 
recovery a1;1d drying much time is oc~upied, and many weeks' suppl? 
of cordite 1s thereby held up ; a senous matter in an emeroency. 

The ~toving ~perations also_ re~ct disadvantageously on the pro­
pe~ant, mtr~ducmg 1rregulanties m the cordite consequent on the 
shrmkage which occurs durmg the evaporation of the solvent. The life 
of the cordite is also appreciably affected by its maintenance at a 
comparatively high temperature (circ. 40° C.) for several days. 
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To overcome these difficulties, the " solventless " process has been 
designed. The principles employed are not very different from those 
underlying the manufacture of bal!istite. That is to say, the gelatinisa­
tion of the nitrocellulose is mainl_y carried out by the nitroglycerine, 
but. to a<ltnit of the use of higher proportions of nitrocellulose than 
"·oultl be.possible by this means alone, a substance is added, which, 
while acting as a stabiliser in the fi~ished :propellant, serves during 
manufacture to enhance the gelatmtsmg action of the nitroglycerine. 
A brief mention of some of these substances will be found earlier in this 
chapter. 

The name " solventless " cordite is, therefore, somewhat misleading ; 
the characteristic feature of these propellants being the emplo?ment of 
a non-volatile solvent. 

Ma,wfac/ure of" 80/ventless" Cordite. 

1. The nitrocellulose is pulped to a finer state of division than is 
usual, and the excess of moisture is pressed out. 

'.l. The nitrocellulose, nitroglycerine, and gelatiniser are mixed under 
water, agitation of the mixture by compressed air being employed. 
During this process the nitrocellulose absorbs the other two con­
stituents. 

3. The excess of water is removed by draining and pressing. The 
moisture is then reduced to about 5 per cent. by passing the mixture 
between slowly moving, heated rollers. Final drying is accomplished 
b~- a short stoving at 49° C. 

4. The dried material is then readily gelatinised by passing it a fe"· 
times between heated rollers, the mixture now taking the form of sheet 
cordite. 

5. The sheet is stamped into discs, and, after a preliminary heating, 
the discs are loaded into the heated cylinder of the press. 

6. Extrusion into the final cord form follows, after which the cordite 
is ready for use. 

The time occupied is very much less than in the case of the pro­
d,,ction of other forms of cordite. It is, however, not quite so safe to 
manufacture as the extremely viscous nature of the sheet cordite 
necessitates the use of high temperatures and heavy pressures for 
extrusion. For the same reason, the cordite cannot be forced through 
strainers during the operation of pressing. Particular attention has 
to be pai<l to the provision of screens, so that the workers are 
adequately protected. As an offset to this disadvantage, the entire 
absence of loose, dry nitrocellulose must be noted . 

. 11foantages of the "8olventless" Cordites. 
i'<ome of these ha,-e been mentioned, but it may be useful to 

recapitulate. 
1. Increased life of the propellant, and increased output in a giyen 

time are a result of the absence of the staving operations, which, of 
necessity, attend the use of a Yolatile solvent. 

(B 28/23l)z H 
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2. Initial expense and cost of maintenance are reduced, since the 
plant required for the manufacture of these cordites is much smaller 
than is necessary for the procluct10n of the other types. 

3. The absence of the stoving and drying processes eliminates the 
possibility of shrinkage and . distortion of the finish.ed cordite. 
" Solventless "cordite is very umform Ill its d1mens10ns, whwh conduces 
to regular ballistics. . . 

4. In use, it is a cool-burning propellant, and its general properties 
are not unlike those of cordite M.D. 

Disadva.ntage. - A serious disadvantage of ·' solventless" cordite 
is the impossibility of st.raining it during pressing. It is therefore 
difficult to avoid the inclusion of small particles of foreign matter 
which may cause corrosion. 

PROPERTIES OF CORDITE. 

Cordite is a "colloid," i.e., it has no internal structural form. For 
this reason it burns comparatively slowly. The hot gases being unable 
to penetrate into the interior of the sticks, burning takes place 
layer by layer. Therefore control of the rate of burning can readily 
be exercised by varying the size or shape of cord. 

It is a translucent substance, varying in colour from light to dark 
brown. 

When in good condit.ion it has very little smell ; when decomposition 
is advanced a distinct smell of the oxides of nitrogen is noticeable. In 
the case of the " solventless " cordites, the characteristic odour of the 
stabiliser is sometimes apparent. 

Finely ground cordite ignites at about 152° C. Ignited in the 
open in small quantities it burns furiously, but a small degree of 
confinement is quite sufficient to accelerate the rate of combustion 
to the degree of explosion. The combustion of cordite of small 
diameter can be brought to a very high order of explosive violence, 
and it can be detonated if suitably initiated. 

Cordite is poisonous owing to its content of nitroglycerine. It 
is not appreciably affected by damp. Direct sunlight will cause 
rapid deterioration, and for this reason cordite should always be 
covered as much as possible. It is somewhat difficult to ignite, and 
the use of a gunpo»:S!ei;, or guncotton igniter is therefore necessary. 

Backflash.-~~r 0cent. of the gases produced on ignition and 
explosion of cordite in a gun are inflammable, and ignite on contact 
with the outside air. This may be a source of danger in big guns, 
especially if the breech is enclosed in a turret. For this reason these 
gases are expelled, in the case of the largest weapons, by a compressed 
air blast. 

Further, even if ignition of the gases does not take place, they 
are dangerous, as carbon monoxide is one of the chief products of the 
combustion of cordite. This, of course, is exceedingly poisonous, an!l 
cases have occurred of gun crews in turrets being overcome by it. 

"8weati11g."-Thi~ term as applied to cordite has two distinct 
applications. 

(a.) At low temperatures, nitroglycerine is e,n,ded. This may 
take place at and below 32° ]'. for l\I.D. and III.C., or 45° F. for !\,lark I 
and R.D.B. Prolonged storage under these conditions may affect 
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the ballistics, and there may be n disc·or<lance in some of the tests 
applied to cordite due to the Joss of nitroglycerine. Chemical 
decomposition of cordite at Yery low storage t~mperatures is nry 
slow, and adnmtage might be taken of this to mcrease the life of 
cordite if the separation of nitroglycerine could be avoided. 

The presence o~ exuded nifroglycerine ~ay be detected by wiping 
a stick of the corchte with a piece of blottmg paper. If this is then 
ignited, any nitroglycerine absorbed by the paper will be evidenced 
hy a green edge to the flame. 

(b) At temperatures exceeding 80° F., mineral jelly may be exuded. 

Stability.-Cordite is not a thoroughly stable substance: a slow 
but continuous decomposition goes 011. resulting in the formation of 
free nitric and nitrous acids. The action is accelerated by external 
heat. The internal heat generated by the chemical action of decom• 
position is not carried away rapidly, since cordite is a bad conductor, 
haYing a con<luctiYity about equal to that of porcelain. To retard 
the rate of decomposition of cordite, substances (stabilisers) are added 
to it, which combine "·ith tbe free acids to form innocuous products, 
and so stabilise the propellant. 

If decomposition proceeds far enough sufficient heat may be 
generated to ignite the corrlite. To guard against this, periodical 
tests are carried out. These tests are described in detail in R.A.0.S. 
Part II. The amount of decomposition is small and does not 
suffire to affect ballistics. 

The temperature of storage has a great effect on the ·' life " of 
c-ordite, and it should not be allowed to exceed 70° F. if possible. 

Contact with iron or wood affects the stability of cordite o"·ing to 
chemical action being set up, with the production of unstable lower 
nitrates. Non-absorbent paper is therefore used to line all boxes 
containing cordite. 

XITROCELLULOSE TUBULAR. (K.C.T.) 

This is the standard propellant in U.S.A., and large quantities were 
imported from that country for use in the Sen·ice during the 
Great War. Its manufacture was also developed to a small extent 
in this country. 

Fig. 13. 7 is a flow-diagram showing the details of the process_ of 
manufacture. The operations are sin1ilar to those of R.D.B. cordite. 
with the following exceptions :-

1. No nitroglycerine is used, and therefore there is no paste mixing. 
Alcohol dehydration is employed. 

2. · 5 per cent. of diphenylamine is used as a stahiliser in two of 
the varieties of K.C.T., Yiz., that manufactured m this country and 
that made hy the Dupont Company in U.S.A. . 

Dinitrotoluene is used to regulate the rate of bnrnmg of the Dupont 
K.U.T. used in S.A.A. In addition, this Dupont powder 1s coate,l mth 
graphite. 

(B 28/2:H)z 
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3. Iucorporation takes 45 minutes as opposed to 6 hours 111 the 
case of cordites. 

4. Four pressing operations are required. 
(a) The dough as removed from the incorporator is a very 

powdery friable mass, and must be compressed in order 
to bring it into a compact form. 

(b) The nitrocellulose is tben filtered by forcing it through 
a "ire gauze strainer under pressure. 

(c) The filtering operation breaks up the nitrocellulose once 
more, and a further compression is needed to regain the 
compact condition. 

(d) Finally, the nitrocellulose is extruded through a die under 
pressure. The die forms a cord with ·seven holes running 
longitudinally through it. Owing to the extremely 
viscous nature of the dough, the die has to be water 
cooled to keep its temperature down to about 35° C. 

5. N.C.T. is not used in the form of cord, as it is too brittle. It is 
therefore cut into short cylinders having a length about equal to twice 
their diameter, and pierced longitudinally with 7 holes. 

Final drying takes a considerable tinie in the case of the largest 
sizes ; .Jc or 5 months at 44 ° C. is quite usual. 

N.C.T. is known in its various sizes by its diameter in hundredths 
of an inch. The sizes employed in this country were 5, 11, 16 and 
22. It was used for all natures of howitzer, but it was not employed 
for guns larger than 60-pdr. 

Properties of X.C.T. 
N.C. T. is lighter in colour, and is not so well gelatinised as 

cordite, and it therefore exhibits a capacity for absorbing moisture. 
' '!'his doe.s nob affect il>s properties as rn 8,-pleai,;e, llat it al-ters ~ 

loading density anel se leaie1~s t6 irregalar pressHros aBE1. itt&erurnte 
~- It is also liable to alteration in density on storage, due to 
loss of residual solvents. 

It is not so stable in storage as cordite, and it is therefore unsuitable 
for use in hot climates. 

The fumes from the explosion of N.C.T. under pressure are 
poisonous. 

A disadvantage of N.C.T. is, that it is so much less powerful than 
cordite that the charges are rather bulky. 

It possesses the advantage of burning more slowly and more 
uniformly than cordite, and it causes less erosion. 

BALLISTITE. 
Introcluclion. 

This explosive, ,rhich was inrnntecl by Nobel in 1888, was the 
forerwmer of cordite Mark I. It differs from that propellant in two 
~espects :_ (1) Soh1ble mtrocellulose is used, and (ii) the nitrocellulose 
1s gelatnnsed by mtroglycerine, and not by a volatile solvent. 
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FLOW DIAGRAM FOR MANUrACTURE OF BALLISTITE. 
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3. Incorporation takes 45 minutes as opposed to 6 hours in the 
case of cordites. 

,!. Four pressing operations are required. 
(a) The dough as remond from the incorporator is a very 

powdery friable mass, and must be compressed in order 
to bring it into a compact form. 

(h) The nitrocellulose is then filtered by forcing it through 
a wire gauze strainer under pressure. 

(c) The filtering operation breaks up the nitrocellulose once 
more, and a further compression is needed to regain the 
compact condition. 

(d) Finally, the :nitrocellulose is extruded.through a die under 
pressure. The die forms a cord with seven holes running 
longitudinally through it. Owing to the extremely 
viscous nature of the dough, the die has to be water 
cooled to keep its temperature domi to about 35° C. 

5. N. C. T. is not used in the form of cord, as it is too brittle. It is 
therefore cut into short cylinders having a length about equal to twice 
their diameter, and pierced longitudinally with 7 holes. 

Final drying takes a considerable time in the case of the largest 
sizes ; 4 or 5 months at 44 ° C. is quite usual. 

N.C.T. is know11 ln ihi 'lrnl'il"t.HO C'~'70C! l·m ~h.• ,li!:nnpfpr in hnnrh-PrttJ,1:1 

"This moisture does not prevent it function : ·­
ing as an explosive, but ea.uses variatioa 
in ballistics which lea<ilJs to inaccurate 
shooting, and is due to the heat absorbed 
by the volatilisation and dissociation of 
the water present, and the consequent effec 
on the rate of burning. The ea.se of ignitio 
is also affected, particularly if the powde 
grains are externally wet." 

for use in hot climates. 
The fumes from the explosion of N.C.T. under pressure are 

poisonous. 
A disadvantage of N.C.T. is, that it is so much less powerful than 

cordite that the charges are rather bulky . 
. It possesses the. advantage of burning more slo,Yly and more 

umformly than cordite, and 1t causes less erosion. 

B.,LLISTITE. 
Introcluction. 

This explosive, which was im·entecl by Nobel in 1888, was the 
forerunner of cordite Mark I. It differs from that propellant in two 
~espects :. (1) Soluble mtrocellulose is used, and (ii) the nitrocellulose 
1s gelatunsed by nitroglycerine, and not b:, a Yolatile soh·ent. 
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Balli,tite has the following compositiou :-

Nitroglycerine .. 
Soluble nitrocellulose 

1llanufacturc. 

Per cent. 
;39.5 
60·5 

Fig. 13.8 is a flow-diagram of the present method of making 
ballistite. 

1. The uitrocellulose in the form of a wet pulp is agitated with the 
correct amount of nitroglycerine by compressed air, in the presence 
of a large excess of water. The nitroglycerine is absorbed by the 
nitrocellulose, and the majority of the water can then be removed by 
draining. 

2. After pressing, the water content is reduced to about 2 per cent. 
by passing the mixed nitroglycerine and nitrocellulose between hot 
rollers. The dry ungelatinised mi.s:ture is then incorporated by passing 
it between rollers which are internally heated by steam, so that rolling 
is carried out at about 60° C. The explosive emerges as a thin sheet, 
which is folded over and passed again through the rollers. This 
operation is repeated several times, until a uniform gelatinous material 
is produced. (Fig. 13.9). 

3. The propellant is then cut into flakes, 4 mm. square by 0·71 mm. 
thick. after which it is blended. 

During the Great War the process was modified, in order to 
accelerate the rate of production. .After wet mixing and pressing, 
the mixture was partially gelatinised with acetone/alcohol (70/30). 
The remainder of the process was as described above. 

Properties. 

Ballistite is a dark-brown translucent material, which has the 
appearance of being well gelatinised. In the Service it is always used 
in the form of square flakes. It is a rapid-burning explosive, particu­
larly in the flake form, and for this reason its use is confined to howitzers, 
small guns and mortars. It was introduced into the Service in the 
Great ·war in order to augment the supply of propellants. 

Its great disadvantage is that it is not so stable in storage as cordite. 
Diphenylamine is added to it as a stabiliser. and other substances 
such as camphor, calcium carbonate and aniline have been tne~. m 
the past for that purpose, but the explosive is still inferior in stability 
to cordite. 

It gives more regular ballistics than cordite, and it is _rather more 
powerful. On the other hand, it is very much more eros1:e. 

Ballistite ii; mostly used as a sporting po,nler, for which purpose 
it has been used for manv years. 

It has been used in ~ther countries as a roilitarr propellant : the 
Italians used it in cord form under the name of "Filite," and the 
Germans adopted it for use in the Navy in 1898 in the form of cubes 
and flakes. 
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CHAPTER XIV. 

THE HECOVERY OF WASTE ACIDS. 

I ,itroduc~ion. 
An important feature in the economical working of anv explosives 

factory is the recovery of waste acids, and their pmification and 
concentmtion to a degree suitable for further use. 

In many of the nitrating processes discussed in the previous 
chapters, whether it has been the nitration of toluene to trinitrotoluene 
or the nitration of glycerine to nitroglycerine, a mixed acid consisting 
of nitric acid, sulphuric acid and water in various proportions has 
invariably been employed. 

During nitration a considerable amount of the nitric acid is used 
up, with the formation of an eqniYalent amount of water. The 
resulting waste acid therefore differs from the original mixed acid 
in two ways: (i) it contains a greatly-reduced percentage of nitric 
acid, and (ii) the percentage of water present has been increased. 
The amount of sulphuric acid remains very nearly constant, a little 
being lost in the side reactions that ineYitably accompany nitration. 

To emphasise this point the following approximate figures for the 
nitration M.N.T. to T.N.T. are quoted:-

i\Iixed Acid. Waste Acid. 
Per cent. Per cent. 

H.so, SU 72 
HNO3 18 "S-.. 
H 2o.. 2 25 
Htvo3 J 

The general reaction of nitration may be symbolised by the two 
equat10ns given below. The first represents the nitration of benzene 
derivatives such as phenol, toluene, &c. The second equation is that 
for the nitr~tion of bodies such as cellulose and glycerine. In both 
cases water 1s formed as a product of the reaction. 

1. R H + HO NO2 -----,.. RNO2 + H 2O 

2. R.OH + H ONO2 --+RO.NO,+ H,O 

The manner in which the recovered acids enter into the ueneral 
scheme for the_ circulation of acids in any explosives factorv is 
illustrated by Fig. 14.1. . It is obvious from the foregoing that the 
waste acids are of considerable value in so far as they can be 
recovered in a form suitable for further use. 

I 

' 
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FLOW OF ACIDS IN AN EXPLOSIVES FACTORY. 

Pyrites. 

1 
Sod,urr, 
Nitrate. 

l 

Acid 

Cotton 
Cellulose 
Glycerine 
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Toluene etc. 
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Sulphur,ic 

Acid. 

FIG.14-1. 
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The methods adopted for such recovery are governed mainly bv 
the degree of dilution of the waste acids. Generally, the following 
courses are open :-

(i) To use the waste acids as collected, for some other 
.. operation for which ther may be suitable (qf. p. 54). 

(n) To add fresh strong aC1Cls to the waste acids, until the 
final product has the required composition. This 
requires no further elaboration. 

(iii) To separate and concentrate the constituents of the 
waste acids, with a view to their addition to the main 
supply of fresh acids. This is the method adopted in 
dealing with acids surplus to requirements under heads 
(i) and (ii) above, and is the subject for discussion in 
the present chapter. 

This separation of the nitric acid from the sulphuric acid is 
generally known as the denitration of the waste acids, and it is the 
essential preliminary to concentration. Direct concentration of the 
waste acids is impracticable owing to the excessive corrosion of the 
plant by the nitric acid. 

PROCEDURE. 

1. Denitration.-There are two types of denitrator, (a) denitrating 
stills, and (b) column denitrators. 

(a) Denitrating Stills.-These are similar to the retorts used in the 
manufacture of nitric acid. The waste acids are heated in the still 
to about ll0° C. The nitric acid passes over with a large amount 
of steam and is condensed, cooled and collected in the usual manner. 

(b) Column Denitrators (Fig. 14.2).-These are of two types:­
(i) Low-temperature column denitrators. 

(ii) High-temperature column denitrators. 

Both types comprise the following :-

1. A feed tank. 
:l. A denitrating column of acid-proof material, packed with 

quartz. 
(i) Low-temperature columus are built of acid-proof 

bricks, contained in a steel case. Superheated 
steam is used as the source of heat. 

(ii) High-temperature columns are made of acid 
resistant cast-iron, and are heated externally by 
hot furnace gases. 

3. Condensers and absorption towers. 

The nitric acid, and the nitrous acid which is always associated 
with it, are driven off and partially dissociate according to the 
following equations :-

4HN03 ---+ 4N02 + 2H,O + 02. 
2HNO, ---+ H,O + NO + NO,. 
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The unchange,l acids arc condensed, while the oxides 0£ nitrogen 
pass through the condensers to the absorption t?wcrs. In these 
towers the oxides are absorbed, the lower oxide bemg converted to 
nitrogen peroxide (N0 2). Nitrous and nitric acids are formed. 

II,O + 2N02 -+ HNO, + HN03 

This process of oxidation is not instantaneoue. A sufficiency of 
oxygen in the form of air is the first essential ; the second is adequate 
time for the reaction to proceed to completion. The nitric acid 
collected in the manner just described is dilute, but its further con­
centration is not difficult. The nitrous acid (HN0 2) being unstable, 
breaks up into water and oxides of nitrogen, from which. by further 
oxidation, nitric acid is formed. 

Denitrated acid is collected from the bottom of the denitrating 
colurun, cooled and stored for concentration. It contains about 
75 per cent. sulphuric acid, the remainder being chiefly water. 

The waste acids from the nitration of glycerine and the manufacture 
of picric acid, T.N.'r, etc., may be concentrated in low temperature 
denitrators ; but those from the nitration of cellulose must Le deni­
trated in stills or high temperature columns, as they contain non­
volatile substances not readily decomposed b>· superheated steam, and 
which would clog the packing of the column. 

2. Conccntrativn of Deni/rated A.cid.-There are three main 
types of sulphuric acid concentrators :-

(a) Kessler concentrators : 
These are useful in small works where the amount of 

acid tu be treated is not large, or where working is 
intermittent. 

(b) Cascade concentrators: 
These are inefficient., and are expensive to maintain 

and are now obsolete. 
(c) Tower concentrators: 

(i) Gaillard Towers. 
(ii) Gilchrist Towers. 

These are operated in much larger units than (a) and 
(b) above, and are the best where large quantities 
of acid have to be handled. 

(a) Hessler Concentrator (Fig. J.!.:3, (a) and (b)).-Tbis consists of a 
~mall tower of acid-proof brickwork, in which trays of the type shown 
m the diagram are mounted. The weak acid enters at the top, and 
desc_ends from tray to tray against a stream of hot furnace gases. 
Durmg its passage through this portion of the concentrator the acid 
is heated and partially concentrated. 

The descending stream of acid is collected in a large trough at the 
base of the tower, and the final concentration is accomplished by the 
heat from the bot fumace gases as they impinge on the surface of the 
hqmd. The strong acid is then run off into coolers, and is finally 
stored. 

(b) Cascade Concenlralors.-The acid is feel into the top of a 
long senes of paus arranged on a slope, so that the acid traverses 
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the whole series of pans by overflowing from one pan into the next 
below it. 

The pans in the first third of the run are made of lead, and in these 
the acid is heated prior to its conc_entrahon in the lower pans. The 
latter are made of fused silica or s1hcon-1ron, and are coYered with a 
hood from which fume mains are led, for the remoyaJ of the acid fumes 
prodnced as concentration proceeds. The whole series of pans is 
heated by hot furnace gases, which ascend a flue situated underneath 
the pans. 

By the time the acid has reached the bottom of the cascade it is 
sufficient!~- concentrated to be cooled and store,l. ' 

(c)-(i) The Gaillard Tower.-The acid is sprayed down a tower 
against a flmy of hot furnace gases. The concentrated acid is collected 
at the bottom of the tower, cooled, and stored. 

(ii) The Gilchrist Tower.-The acid undergoes a preliminary 
concentration in a tower packed with acid-proof bricks. The partially 
concentrated acid is then collected in a long covered trough, and the 
action of hot furnace gases playing on the surface of the liquid completes 
the concentration as in the Kessler plant. 

The concentrated acid produced by any of the methods just des­
cribed contains 96 to 97 per cent. of sulphuric acid. 

3. R,cv;•ery of Acid Fumcs.-In all the methods of concentration 
outlined above, acid is carried away in the fumes, and it is important 
that this acid should be recovered, both in the interests of economy, and 
because it is undesirable that the acid fumes should escape into the 
outside air. 

The majority of the acid can be recovered by passing the fumes 
through either coke scrubbers or Glover towers ; the final removal 
can then be carried out in the Cottrell electrostatic precipitator. 

(a) In the case of coke scrubbers. the acid fumes are passed through 
a series of rectangular lead chambers packed with graded coke. The 
acid collected at the bottom of the tower can then be concentrated by 
any of the methods described above. 

(b) In the Glover tower, the acid fumes ascend a tower packed with 
acid-proof brickwork against a stream of weak acid. 

(c) The fumes issuing from the coke scrubbers or Glonr towers 
contain a certain amount of acid mist, which cannot he recovered by 
any scrubbing process. If, howenr, the particles can be electrically 
charged, they will he attracted to a plate carrying a charge of the 
opposite sign, and so can he collected. This is done in the Cottrell 
electrostatic precipitator. . 

This consists of a chamber carrying the plates of a large electncal 
condenser, of which air is the insulating medium. The plates are 
charged to a pressure of some 60.000 volts, and the acid particles collect 
on the plates in the manner indicated abo,·e, ancl drain to the base of 
the chamber. 

The general arrangement of a concentrating. 1~lant ernploying. a 
Gaillard tower. coke scrubbers awl a Cottrell prec1p1tator, 1s shown m 
Fig. 1-!A. 



E.-CHEMICAL STABILITY OF EXPLOSIVES 

CHAPTER XV. 

STABILITY AKD TESTS. 

STABILITY. 

All explosives are liable to alteration on storage to a greater or less 
dearee. This liability depends on (i) the explosi;-e concerned, and 
(ii) the conditions under which it is stored. 

The changes may be of a physical character! affecting only the 
general efficiency of the substance as an explosive. Two examples 
of this are (i) the absorption of moisture by amatol on exposure to 
the air, and (ii) the effect sometimes observed in the tropics, when 
amatol may cake together into a dense, hard mass as a result of a 
change in the crystalline form of the ammonium nitrate. 

In some cases explosives, in \\·hich the molecule is in a state of un­
stable equilibrium, may suffer from chemical deterioration arising from 
very small causes. This may render the explosive inert and therefore 
useless ; or the decomposition may increase to the point of spon­
taneous inflammation. 

Explosives, which are stable \\·hen pure, may be rendered unsafe 
by the presence of impurities, introduced in manufacture or by con­
tamination in storage. 

As a class, high explosives are characterised by excellent stability, 
so much so that, with the exception of tetryl (C.E.), stability tests 
are not usually applied to them. If desired, the vacuum test (see 
below) may be applied ; indeed this is the only test that gives satis­
factory results with high explosives, and is one of the tests applied 
to C.E. before it is accepted into the Service. 

Another class of stable explosives is that, which, like gunpowder, 
consists of an inorganic nitrate mixed with combustibles. Apart 
from the danger of their being affected by damp, they are unaffected 
by any ordinary conditions of storage. 

Only those explosives, classed in this book as propellants, remain 
and these all contain nitrocellulose with or without nitroglycerine. 
and are the most unstable explosives in general use. 

Nitrocellulose and nitroglycerine are nitric esters and as such are 
liable to decomposition, with the consequent formation of free acids. 
These acids accelerate the decomposition, and therefore great care is 
taken to cleanse the explosi;-e from any waste acids that may remain 
after nitration. This subject has received detailed attention in 
Chapters XI and XII. 

It has been found that, howenr careful the purification of nitro­
cellulose ma}'. be, the rate of decomposition cannot be reduced below 
a _certam m1mmum (frill.). The presence of impurities increases 
th1s rate, and decomposition is accelerated, particularly by oxides of 
rntrogen and the acids to which ther girn rise. 
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This question of the rate of decomposition is intimately connected 
1Yith temperature of storage. For nitrocellulose powders,' the French 
consider that 1 hour at ll0° C. is equivalent to 1 day at 75° C. or 1 
month at 40° C. (Memorial des Poll(/res et Salpetres. Fol. XT".) 
The Re~ulations for the Army Ordnance Services, Part II, girn figures 
for coru1te wluch mdicate that a nse of temperature of 5° C. increases 
the rate of decomposition l · 7 times. 

The decomposition of an explosive such as cordite passes throuuh 
successive phases which are approximately as follows. The first sign 
is the formation of traces of nitrous acid (HN02). Gases (CO, 00 2, 

K 2• N20, NO, N02• ~t.c.) are graduaHy evolved, and on long storage, 
particularly m hot climates, the cordite may undergo a visible change. 
losing its uniform brown colom and showing local discoloration, indi­
cating chemical transformation and approaching danger (See Front,is­
piece). As decomposition advances, heat is generated, leading 
ultimately to SJJontaneous iguition. l\Iany years are, of course. 
required before this cycle of changes is complete, but careful watch 
over the condition of material in the Services is necessary to ascertain 
that it is not approaching an unduly unstable condition. 

It has been found by Robertson and Napper that the oxides of 
nitrogen given off by guncotton while undergoing a Will Test (see below) 
at 136° C. consist approximately of 40 per cent. nitrogen peroxide 
(X0 2) and 60 per cent. nitric oxide (NO). The guncotton is oxidised 
by the nitrogen peroxide, which is thereby reduced to nitric oxide, 
with a reduction in the stability of the explosive. 

If there is sufficient access to atmospheric oxygen, this oxidation 
proceeds much more rapidly, since nitric oxide is oxidised to nitrogen 
peroxide which then reacts on the gnncotton in the above-mentioned 
manner. Very free access to the air will not have this effect, as the 
oxides of nitrogen will be dissipated before they have time to be 
harmful. If no oxygen whatever is present, the higher oxides of 
nitrogen are reduced to nitrogen and nitrous oxide (N20) which are 
innocuous. For this reason explosives containing nitrocellulose in a 
gelatinised form are more stable, other factors being equal, than those 
which are porous. 

Under a Will Test at 135° C., the only nitrogenous gas evolved by 
nitroglycerine was found to be nitrogen peroxide. The ill-effects 
that might be attributed to this are minimised by the fact that nitro­
glycerine is not so readily oxidised as nitrocellulose and therefore 
explosives which include nitroglycerine share this advantage to a 
certain extent. 

These actions are considerably modified if water is present, since 
nitrogen peroxide (N02) with water forms nitric and mtrous acids 
which decompose nitrocellulose and nitroglycerine. l\Io1sture 1s usually 
present to a slight extent in these explosives, and it is also a product 
of decomposition. . 

With an excess of water as, for instance, in wet gnncotton, the acids 
are diluted , with a corresponding diminution in their effect. 

Nitric acid is less injurious than sulphuric acid for two r~_asons_: 
(i) it is more volatile and therefore tends to escape, and (n)_ it 1s 
destroyed in its interaction with nitrocellulose. Sulphuric acid 1s not 



ne,irh' so ,·olntile, and it; removal, by substances which will neutralise 
it, is 'therefore essential. Hence it is important that sulphuric esters 
should be eliminated from nitrocellulose since free sulphuric acid is 
formed on their decomposition. 

i\licro-or.,anisms (funai) m,w attack nitrocellulose and remler it 
less ,table, though this i; readily a,·oided by the addition of sodium 
phcnate (C,H50l'i"a) to the explosive. 

Particles of foreign matter, particularly metallic fragments, are 
harmful, as they form centres from which decomposition can spread. 
Care is taken to remove them in the pmification processes (e.g., in 
the blanket and magnet runs described on page 101). 

Stabilisers. 

Substances, which react with the harmful products of decom­
position to form illllocuous compounds, are usually incorporated in 
explosi,·es containing nitroglycerine or nitrocellulose. 

Strong alkalies in solution cannot be employed as their action on 
nitroglycerine and nitrocellulose is much more marked than is the case 
with acids. Therefore only alkaline substances which are practically 
insoluble in water (e.g., calcium and magnesium carbonates, CaC03 and 
:MgC03) are employed. 

Calcium carbonate (CaCO:,) is added to nitrocellulose ; with nitric 
and nitrous acids it forms calcium nitrate and nitrite. Quite a small 
percentage is sufficient to maintain guncotton in a stable condition 
for many years, enn under ad nrse conditions of storage. 

In addition to these inorganic compounds, several organic substances 
are used. Among these are diphenylamine, mineral jelly, cracked 
mineral jelly, and derivatives of urea such as centralite and P.B.U. 
( See Chapter XIII.) 

The action of diphenylamine and the derivatives of urea may be 
exemplified by the reaction giYen below for the first mentioned. 

C'oHs C'0H5 

) NII+ HN02 --➔ ", N . NO + H 20 . 
C\Hs C'oHs / 

l)jphenylarnine. Xitrou;, acirl. 

Mineral jelly acts as a stabiliser by virtue of the unsaturated hydro­
:arbons it contains. It also prevents atmospheric oxidation by render­
mg the surface of the explosive impervious. If mineral jelly is sub­
iected to the heat treatment known as "cracking," the percentage 
of uusaturated hydrocarbons is increased, and its stabilising action 
thereby enhanced. To illustrate the formation of unsaturated com­
pounds from a saturated hydrocarbon by "cracking," the following 
example of the convers1011 of a paraffin of high molecular weight to a 
paraffin of lower molecular weight plus an olefine (which is an un-
saturated compound) is r1uotecl. \ 

(C21,HJU· 
Parattin. 

-- C,,H2,,+e + C',.H2,,) 

Paraffin. Ole-fine. 
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Fro. 15.1. 

Apparatus for Abel's Heat Test. 



TESTS. 

To avoid danger due to advancer! deterioration, explosi,·es which 
are suspect are sub J ected to tests, "·hich indicate their rontlition. 
Attempts hav_e also been made to use'' auto-indicators," i.e .. substances 
rncorporated rn t,he explosive, which indicate the adyent of nronouncecl 
decomposition by a change uf colour. • 

All stability tests are based on the detection or measurement of 
the oxides of nitrogen liberated in a measured time at a definite 
temperature. 

They may be divided into three main types:-

(i) Ttare Tests in "·hich the first minute traces of gas ginn 
oft are detected by the colourat10n of a delicate test 
paper or solution. The time for the denlopment. of a 
standard tint is taken as an indication of the stability 
of the explosive. · 

(ii) Fume Tests in which the explosive is heated to about 
120° C. The fo:>ie taken to produce distinct fumes of 
nitrogen peroxide, or to affect some coarse indicator 
such as litmus paper. is the guiding factor. 

(iii) Quu11titative Tests in \Yhich the volume of gas evoh·ed in 
a given time under standard conditions is the criterion. 

Abel's Heat Test. (Fig. 15.1). 

This is the oldest stability test, and it is still the most frequently 
applied on account of its simplicity. For a detailed description, 
reference must be made to R.A.0.S., Part II. 

The explosive to be tested is carefully crushed and sifted, and a 
sample is weighed out into a test tube (A). Suspended above the sample 
is a starch-potassium iodide test paper (B), ,,hicl:\.)1c1s been previously 
prepared under standardised conditions. The ~'{. half of this test 
paper is \\·etted, immediately before it is used, with a non-drying 
solution of glycerine and water. The lower encl of the test tube is 
immersed in a water bath (D), which is maintained at a constant 
temperature {usually about 80° C.) indicated by the thermometer (C'). 
During the test the exposed positions of the tubes are protected by 
a cover (E) as light affects the test. . 

The first traces of nitrogen peroxide are detected by a change m 
colour at the junction of tbe wet and dry portions of the test paper. 
This assumes a brownish tint, \Yhich gradually deepens, and the test 
is complete when this tint matches that of a standard test paper. 
This test is extremely delicate, as the standard tint is produced by 
0 · 000135 milligram of nitrogen peroxide. . . 

The time from the first immersion of the tube, contammg the 
sample, in the water bath, to the development of _the standard tint. 
is taken as a measure of the stability of the explosive. For mstance, 
the acceptance test for ne\\· cordite la'.rs down a minimum of 30 minutes 
at a temperature of 180° F. (8:l-2° C.). Cordite which is in the Sernce 
is required to pass a test of not less than 10 minutes _at 160° F. (71: 1° C.). 

The Abel heat test is applicable to anr explo~n-e formmg mt~o;;en 
peroxide on decomposition. It is open to certam obiections ar1smg, 

I, 

I 
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chiefly, from it s extreme sensitiveness. 'fhe test paper can be affected 
by other gases than nitrogen peroxide (e.g., ozone) the presence of 
which does not necessarily imply instability. Again, the test may 
give false indications owing to the presence, in the explosive, of some 
substance, such as mercuric chloride, which prolongs the heat test by 
retarding the action between the test paper and the nitrogen peroxide. 
'l'he test is not suitable for explosives gelatinised with ethyl acetate or 
,licohol, since these soh·ents prolong the test unduly. 

Other trace tests ha,·e been suggestecl from time to time, the main 
difference between them and the heat test being the use of other 
indicators. 

ffalt/>a,n Abbe!} Sifrcrerl T'cssel Tesl. (Fig. 15.2 (a) and (b) .) 

This is a fume test originally introduced for the examination of 
Cordite, Mark I. Full details will be found in R.A.O.S., Part 11. 

A weighed sample of cordite which has been ground and sifted, 1s 
contained in a Dewar vacuum flask, the outer jacket of which is 
silvered (Fig.15.2 (b)). A thermometer ((B), Fig. 15.2 (a)). is situated 
so that its bulb is covered by the explosive. A side tube (A) 
branches off horizontally from the upper part of the neck of the 
,·essel, to facilitate the observation of the reel fumes which are given 
off towards the close of the test. 

The cordite is maintained at· a temperature of 80° F by immersion 
in a bath (D), heated by a burner (E) which is controlled by a gas 
regulator (C). After some time, reel fumes are observed in the side 
tulie, followed by a rise in temperature. The test is finished when 
the thermometer indicates a rise of 2°. 

A good cordite will stand such a test for 500 or 600 hours. It is 
usually applied to samples of cordite which have given results under 
the heat test, of between four and eight minutes at 160° F. 

It will be noticed that this test is intended to imitate adverse 
conditions of storage. 

The Vacuum Test. (Fig. 15.3 (a) and (b).) 
This was introduced as a stability test for tetryl (C.E.), and it is 

peculiarly suitable for high explosives. It is a quantitative test in 
that the volume of gases evolved is measured. 

The apparatus consists of a test tube 15 c.c. capacity, fitted with a 
ground hollow stopper and a mercury cup. The stopper is joined to 
a capillary tube connecting with a manometer. The manometer has a 
reservoir at its lower end into which mercury can be introduced. 

A weighed quantity (about 5 grams) of explosive is placed in the 
test tube and the manometer is attached, connection then being made 
to a vacuum pump aml the apparatus is exhausted. On disconnecting 
the pump, the mercury runs up the capillan· tube ancl maintains 
the vacuum. · 

Th_e exph~ive is then heated _to 80° C. for twenty hours, at the ell<l 
of which pe~10d the apparatus 1s again exhausted. The explosive is 
now rnamtamed at a temperature of 120° C. bv the immersion of the 
test tube in a bath, the temperature being controlled Ly a thermostat 
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Fm. 15.2 (a). 

:,jilvcrecl , ~essel Test. 

Uencral A,·ra.ngem<.'nt. 



Ji'w. J.':"I.:? (h). 

Nih-en•d \'e.\H;l'I . 
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Fm. 15.3 (a). 

\?acuum Test. 
A Vacuum test in operation. The test, tubes (seen at A Fig. 15.3 (b)) are 
irrnnt'rsed in the bath (D), the necks just being visible above the top of the 
bath. The manorneters leading from thein (A, A) are plainly visible. C is a 
condenser which l'ondenses and returns as licluid the vapour of the substanro 

m1(:.'d in the hath. the temperature of which i:-s ~hown by the thermometer (B). 
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Frn. 15.3 (h).-Detail of Yacuum Tube and .Manometet. 

The Lube contain ing the explosi,·e is sho,\·n at (A). Above the neck of the 
Lube can be seen the small trough (B) surrounding the capillary tube ((l 
Mercury l'an he introduced into this tl'ough where it serves as a seal. The 
capi llary t.ube (C) leads to the manometer (D) at the lower end of which i!-; 

the reservoir for l\Iercury (E). 
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Fm. 15.4 (o).-Ccnera l Arrangcment of \\' ill Test. ~ 
0 

On the left side at (A) i.:1 the apparatus for generating Carbon Dioxide by the interaction of H ydrochloric Acid and :--;odh1m Carbonate contained in solution ? 
in the two ,·essels. The rate of flow and purity of the gas are ensured b_v the manometers (i\l ) and the wash bottles (C). The Carbon Dioxide is then led ;;,; 
into the test tube (F) by t,he spiral shown. \Vhen the test is in operation the bath (E) is raised so as to surround the test tube. by means of the rope an<l ~ 
pulkyi':i shown, The combustion tube is shown at (G) from whence the mixture of Carbon Dioxide and ):itrogcn is led to the special burettes (H)contain- ~ 

ing a solution of Sod ium Hydroxide. ~ 
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Fro. 15.4 (b).-Detail of Apparatus for \\'ill Test. 

This is a close view of the test tube and bath. It shows the thermometer which 
indicates the temperature of the bath (A), the means of raising and lowering the 

bath (which is shown in the lower position) and two combustiou tubes (B, B). 
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or by using in the bath, a _Ji_quid ,d1ich boils at 120° C'. Readings are 
taken at mtervals, compnsmg the followmg obsen-ations :-

J. Temperature of bath. 
·> Temperature of manometer. 
:i. Temperature of barometer. 
-!. Height of mercury in manometer. 
,,. Height of mercur}' in barometer. 

The first reading is taken 1 !- hours after the introduction of the 
apparatus into the bath, followed by three readinas per dav for two 
days, or until the total evolution of gas is ,I c.c. 0 

• 

For the calculations, the volume of the test tube, the volume of 
explosive, and the volume of unit length of the capillary must be 
known. The volumes of gas recorded require correction to normal 
temperature and pressure (0° C. and 760 m.m. of mercury). 

Not more than -! c.c. (corrected) of gas should be evoh·ed in 40 
hours at 120° C. 

TVill Test. (Fig. 15.4 (a), (b) and (c)). 
This test, ,,-hich is usually applied to nitrocellulose, is a quantitative 

test. 
The explosive is heated to a temperature of 135° C. in an atmosphere 

of carbon dioxide. The nitrogenous gases evol_ved are reduced to 
elementary nitrogen in a combustion tube containing metallic copper 
and copper oxide at a red heat; this also serves to convert the other 
organic gases which are evolved to carbon dioxide and water. The 
volume of nitrogen so obtained is measured in a gas burette filled with 
sodium hydroxide solution in which carbon dioxide is readily absorbed. 

2 · 5 grams of good service guncotton will yield 6 · 5 to 8 · -5 milligrams 
of nitrogen in four hours (Robertson). 

Bergmann and Jwik's Test. 
This quantitative test is an alternative to the Will test, and is now 

more frequently applied as it is quicker and the apparatus is much 
more simple. 

The nitrocellulose to be tested is pressed between filter papers 
and dried for 6 hours at 50° 0. After cooling, it is passed through an 
Il\IM Standard 50 mesh sieve. The sample before test should contain 
a minimum quantity of moisture. Two grams of the sieved sample 
are placed in a glass tube ; three tubes are prepared, one being used 
as a blank. 

The two test tubes (A, A), after being fitted with absorption bulbs 
(B, B) containing 30 to 40 c.c.s. of distilled water, are mounted m 
copper tubes in the heating bath (D). They are then maintained at a 
constant temperature of 132° C. for two hours. In Fig. 15.5 (a) (C) 
is a condenser for condensing and returning the vapour from the liqmd 
used in the bath. A liquid having a boiling point of 13_2° C'. is used. 

On cooling some of the water in the absorption bulbs 1s drawn mto 
the test tubes, the remainder being poured into a flask. To the water 
in each test tube and to the contents of the blank, 20 c.c.s. of N /10 
hydrochloric acid' are added. After corking, the contents of the tubes 



are shaken for 15 minutes and then filtered. Care is taken to remove all 
acid bv careful washing. 

To· the solutions from the heated samples and from the blank 
25 c.c.s. of K/10 potassium hydroxide solution arc ac\ded. The excess 
of alkali present is then estimated by titrating with N /10 hydrochloric 
acid, using methyl orange as an indicator. . . . 

Then if A= number of c.c.s. of N/10 Hydrochlonc acid titrated 
in the case of the heated sample, and B is the corresponding figure 
for the blank experiment, then the amount of nitrogen liberated per 
gramme of nitrocellulose is 

0·7 (B-A) milligram. 

Climatic Trials. 
The deterioration of explosiYes at tropical temperatures of storage 

is sometimes ascertained by " climatic " trials, in which the explosh·e 
is stored in chambers, artificially heat ed to regulated temperatures, in 
either a dry or a moist atmosphere. Moisture has an important 
influence on the rate of deterioration. 

One of the most important cases of failure under high temperatures 
of storage is that of fuze detonators containing mercuric fulminate. 
Trials have shown that the 4 and 5 grain detonators may become 
useless after a period of three months at H0° F. 

The larger detonators which contain a mixture of mercuric fulminat e 
and potassinm chlorate do not appear to be quite so susceptible 
to high storage temperatures, but they are adversely affected in time. 

Lead azicle does not suffer from this disadvantage, and herein lies 
one of the main arguments in fayour of its adoption for tropical 
service. 

F.-INITIATORS. 

CHAPTER XVI. 

i\IERCURIC FUL'.°IHNATE, CAP COi\IPOSITIONS, LEAD 
AZIDE. 

llIERCURIC FUUIINATE. Hg (OCN) 2• 

Introduction. 
This is the mercuric salt of fulminic acid. The latter has not yet 

been isolated, and its exact chemical constitution is still a matter of 
some uncertainty .. l\Iercuric fulminate is an endothermic compound, 
much energy havmg been absorbed in its formation. It is Yen· 
un~table, being_probably in a state of molecular strain. If subjected 
to impact, friction , or sudden heating by contact with a flame or a hot 
wire, it will, if suitably confined, detonate violently :-

Hg (OCN) 2 ----+ Hg+ 2CO + N2 

This br_eaking up is accompanied by a great evolution of heat. This 
is clue m part to the heat of decomposition of the fulminate, and in 
part to the exothermic oxidation of the carbon to carbon monoxide. 
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FIG. 15.5 (a). 

BL"rgn\itn n and Junk Test. 

t :eneral Arrangement,. 
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'fhe degree of violence of the explosion much depends on the state of 
confinement ; a very small quantity of the fulminate if ignited in the 
open, may burn without much explosive effect. 

1'Ia111,jac/11re. 
On account of its extreme sens1t1veness, mercuric fulminate is 

manufactured, as far as gonrnruent factories are concerned. in small 
quantities at a time by what amounts to a laboratory process, entailing 
the use of no special plant. 

One part by weight of pure mercury is dissolved in 11 parts of 
nitric acid, sp. gr. l · 36. This forms an acid solution of mercurir 
nitrate. and copious brown fumes of nitrogen peroxide are gi,·en off, 
and much heat evolved. The solution is allowed to cool, and then 
poured into a large flask containing 10 parts of 90 per cent,. ethyl 
alcohol at about :l5° C. There is a brisk reaction and an evolution of 
white fumes. These later become brown, then lose their colour, 
becoming white again. The temperature rises to over 80° C. Dming 
the reaction very small crystals of mercuric fulminate begin to separate 
uLLt. Quantities of about ½ kilogram of mercury are dealt with at a 
time, and the reaction with the alcohol occupies about half an hour. 
The flask is allowed to stand and cool, and the liquid is then poured 
off from the heavy fulminate which settles to the bottom. The latter 
is agitated with several washings of fresh water in the flask, all traces 
of acid being thus removed. The fulminate is finally separated on a 
muslin filter. It is stored in the wet condition in which it is com­
paratively safe, and most carefully dried at a low temperature as 
reg ,ired for use. 

Properties ancl Uses. 
l\Iade as above, the product resembles grey or brownish sand. It 

is sometimes bleached white in manufacture by the addition of a small 
quantity of a copper salt to the solution of mercury in nitric acid : 
but this makes little difference to the final product beyond the change 
of colour, 

It is a substance of hiuh densitv, 4 · 45 ; but when loose, its 
apparent density is only l ·7. This ;s increased to about 3 · 5 to ± 
by compression, in the manufacture of detonators, etc. Co~press1on 
decreases its sensitiveness to flash, and if carried to an excessive extent 
markedly reduces the violence of the detonation of the fulminate : 
in this condition it is said to be " dead pre,sed." . 

It is very sparingly soluble in water either hot or cold, and 1s not 
hygroscopic, but when moist is readily decomposed by many metals, 
freeing metallic mercury and forming fulminates of other_ metals. 
which are often more unstable than the mercuric salt. For this reason 
it is usually protected in detonators, etc., by a film of_ va'.nish which 
prevents the access of moisture. It is soluble in alkalme wd1des and 
cyanides, and in sodium thiosulphate. It is decomposed by the lat.ter. 
and this reaction is used for the analysis of fulminates. It 1s extreme]_, 
poisonous. . . 

Mercuric fulminate is more sensitive to shock or fnchon than most 
high explosives, and is very violent when detonated. Although 1 ts 
Yelocity of detonation is low (of the order of 3.000 metres per second I, 

(n 28/231 )z I 
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a c,nuparati,-ely su1H ll impulse suffices to bring it to it~ full rate of 
cletonation very quickly. 

It is used in detonntorn, either alone, or mixed with from 10 per 
cent. to ~O per cent. ol potassium chlorate; it is also the most active 
constituent, of many cap compositions. Its extreme sensitiveness 
limits the quantity that can be safely used in a detonator that is to be 
fired from a gun, and it is for this reason that exploder systems con­
tairung intermediaries are necessa.ry in modern shells filled with 
comparatively insensitive high explosives. 

Detonators are made in various forms, and may be initiated by 
means of a flame, a blow, or an electrically heated wire, as the case 
may be. 

CAP COMPOSITIONS. 

These are sensitive mi,dures which are usually enclosed in some 
form of percussion cap. They are exploded by piercing with a needle, 
or by a blow from a striker. Similar mixtures are used in friction 
tubes, and in this case rubbing on a rough surface is the initiating 
agency. By these means an explosion, as distinct from a detonation, 
is initiated. 

The main sensitive constituent is mercuric fulminate, but as little 
flame is produced when this is used alone, such as there is being of 
Yery short duration, the fulminate is usually mixed with bot,h 
potassium chlorate and antimony sulphide. The former increases 
the heat of explosion, and the latter prolongs the flame effect. To 
dimirush the violence, sulphur and gunpowder are also included in 
certain cap compositions ; powdered glass is sometimes used to increase 
friction, and a small proportion of gum or gelatine may also be added 
to bind the materials together. In certain compositions such as those 
used in friction tubes, the dangerously sensitive mercuric fulminate 
may be dispensed with altogether. 

The following are some typical compositions, the proportionate 
quantities being gh-en in approximate percentages for purposes of 
comparirnn. 

:Mercuric fulminate' ... 
Potassium cb loratr ... 
.Antimony suJphid(" ... 
Gunpowder ... 
i:,u]pbur 
Powdered g]ass 

TABLE 16.A. 

S.A. Percussion 
cap.;:. 

British. I Austrian. 

19·0 I.I, 
33·0 42 
43·0 34 
2·5 Nil. 
2·5 Nil. 

Nil. 10 

Cap in 
German 
T. & P. 
Fnze. 

16·5 
50·0 
33 ·5 
Nil. 
Nil. 
Nil. 

Friction 
tube. 

Xil. 
.J4·6 
44·6 
3·6 
3·6 
3·li 

Detonr..tiug 
Composi­
tfon "A .. 
Mixture. 

37·5 
37·5 
25·0 
Nil. 
Nil. 
Nil. 

In t_he above German and Austrian compositions. a very small 
proport1011 of gelatme 1s also added to binrl the materials together. 
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Potassiurn chlorate when used in S.A. caps has a tendency to corrode 
rifle barrels, and many attempts have been made to produce a cap 
composition without this ingredient. 
. The n_ahue of these mi"-i;ures p~ecludes incorporation by any mill­
rng or s1m1lar pr_ocess. The _constituents are ground separately, and 
passed through sieves to ehmmate any extraneous gritty matter. The 
materials are mixed dry, by gentle agitation in a conical fabric bag in 
which are a number of loose rubber balls. For the safety of the worker 
the bag is operated from behind an iron screen. 

Such sensitive mixtures are usually transported and stored in small 
boxes of pa pier-mac.he or other soft material. 

The mi..,tures are filled into metal caps and brought to a suffi­
ciently dense state within them by a certain amount of compression : 
the surface of the material is then protected by a coating of waterproof 
varnish aml sometimes also by metal foil. 

LEAD AzmE. PbN0 • 

Azides are salts of hydrazoic acid HN3. The latter can be isolated 
in a pure state. It is soluble in water, and in solution dissolves metals 
such as iron, zinc and copper forming metallic azides and liberating 
hydrogen. Both the acid and its salts are, in general, extremely 
poisonous. :\Iost metallic azides are very sensitive and powerful 
explosives. Those of mercury, silver and lead can be employed as 
initiators in a similar manner to mercuric fulminate. They are usually 
prepared by indirect methods. Lead azide has an advantage over 
other metallic azides in its ease of preparation. 

Preparation. 
Lead azide is obtained as a crystalline deposit on adding a solution 

of sodium azide to a solution of a soluble salt of lead, such as the 
acetate. 

Sodium azide is not sensitive to shock and may be prepared from 
hydrazine (N2H4) in alcoholic solution, by treatment with ethyl nitrite 
and caustic soda : 

N,H, + C\H,NO2 + NaOH - -+ NaN3 + C2H,OH + 2H,O 

The subsequent stages of the process are of a d3:ngerous nat0;e, 
since lead azide is extremely sensitive. The operat10ns are earned 
011t under rigid precautions, and only small quantities of the order 
of 300 grams are made at a time. . . 

Equal volumes of equivalent solutions of sodmm azide. and lead 
acetate are run into water in a highly glazed pan, and the nuxed solu­
tions .~tirred by a rotating paddle. 

:lNa:'.\3 + Pb (CH3 COO),--+ PbN, + 2CH3 COOK a 

For safety in subsequent stages of manufacture, and in later 
handling, great care has to be paid to the details of the pro~ess rn ord~r 
to obtain the lead azide in a suitable physical form. Unlike mercunc 
fulminate, lead azide is equall~• sensitive whether it is wet or dry, and 

(n ~R, 23 I )z I ~ 
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is not rendered safe by immersion in water ; contact with water is 
conducive to the formation of large crystals which are extremely semi­
tive, and which may detonate spontaneously. 

The lead azide is washed several times in the mixing pan, the wash 
waters being decanted off by special gear. The azide is then flushed 
on to a filter and is there washed again . It is next transferred to dry­
ing pans where the water is driven off at a temperature of 140° F. 

The azide is finally sieved through silk, with mechanical agitation. 
All mechanical operations are controlled from outside the building 
in which they take place, and all moving parts where shock or friction 
might occur are protected by felt pads. 

Properties and uses. 

As prepared above, lead azide, is in the form of very small crystals 
like fine white sand. It tends to become greyish brown, due to decom­
position, on exposure to light. It is pJactically insoluble in cold, and 
only slightly soluble in hot water. Solution in nitric acid in the 
presence of a nitrite is used as a means of destruction ; this avoids the 
production of the poisonous hydrazoic acid which occurs if nitric acid 
is used alone. 

Lead azide is decomposed on prolonged heating with water. At 
ordinary temperatures, carbon dioxide in the presence of moisture 
liberates hydrazoic acid, which may attack the copper case of 
detonators. 

Hs true density is about 4'8, but the apparent density of the loose 
powder is only about l ·2. Its ignition point is high (320°-390° C.). 

Lead azide is more sensitive to friction than mercuric fulminate, 
but is much less sensitive to blows and to pricking by a needle. It 
attains its maximum rate of detonation very rapidly, and compared 
with mercuric fulminate, a much smaller quantity is required to 
initiate detonation in other high explosives. 

It does not exhibit the tendency, shown by mercuric fulminate, 
of becoming insensitive to flash when highly compressed (" dead­
pressed '"). But its chief advantage over mercuric fulminate is that it 
does not deteriorate rapidly with hot dry storage. Dry mercuric 
fulminate is seriously deteriorated :ifter about three or four months at 
1~0° F. whereas lead aziue is not appreciably affected after a year 
under these conditions. 

Lead azide may be used to replace mercuric fulminate in detonators 
and similar devices. 
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G.-MISCELLANEOUS COMPOSITIONS. 

CHAPTER XVII. 

ILLUMINATING, SIGNAL, SMOKE AND INCENDIARY 
COJ\IPOSITIONS. 

, Those compositions mention:d in_ the third main category of the 
Sernce. Classifi.cat10n of Explosives m Chapter II, alone remain to 
be considered. 

ILLUMINATING ;\ND SIGNAL COMPOSITIONS. 

These differ from explosives in that they are intended to burn 
slowly, regularly, and without violence, from an exposed surface. 
The ingredients are generally finely ground and mixed, and finally 
brought to a dense state, by compression, or by incorporation with 
some organic combustible binding material such as paraffin wax or 
shellac varnish. Wax, if used, reduces sensitiveness to shock or 
friction, helps to waterproof the material, and protects such ingredients 
as powdered metals from oxidation, besides helping to regulate the 
speed of burning. l\Iost of these compositions are more sensitive than 
ordinary high explosives, and are readily ignited by spark or flame ; 
ther usually require protection from moisture. 

The basis of most miscellaneous compositions is a readily com­
bustible material mixed with a solid oxygen-bearing compound. 
Other ingredients are used to regulate the speed of burning, to give 
colours to the light produced, to reduce sensitiveness, or to bind the 
ingredients into a convenient solid form. 

When an intense illumination is required, powdered magnesium. 
aluminium, or a mixture of both these metals, is employed. the oxygen­
bearing substance usually being potassium chlorate or nitrate. Other 
chlorates or nitrates may also be used. 

For purely signalling purposes, where a very intense light is _not 
necessary, the powdered metals may be replacecl bv co_mbustible 
organic material such as charcoal or shellac. These, mixed _with 
suitable oxidising agents, burn brightly, and are used for the signal 
lights discharged from the Very pistol. All mixtures ~f chlorates and 
combustible material are sensitive to friction, this bemg partwularly 
the case if powdered magnesium is also present. . . 

The addition of salts of certain metals imparts a charactenstic 
colour to the light produced on burning. Salts of_ sodium produce 
an intense yellow colour. which can be changed to white by the further 
addition of a salt of lead, or of powdered metalhc antimony._ Barmm 
salts give green light; strontium salts, red; whilst _basic copper 
carbonate gives a blue colouration. Mercurous _ chlonde (calo1;11el) 
dec-reases the rate of burning, and increases the bnlhaney of the hght 
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produced. Sugar of milk (lactose), and wood meal are sometimes used 
to provide a suitable combustible material. Sulphur is also occasionally 
employed as an ingredient ; it lowers the ignition point. 

These compositions may be used in a variety of forms. As flares 
they may be burnt on the ground, in holders, or suspended from a 
suitable support. As stars, they may be discharged from a Very 
pistol, from a rocket, or from a star shell. In the latter case they are 
generally attached to a parachute. Illuminating compositions are 
also used for filling night tracers for shells. Precautions must be 
taken to a,·oid the development of pressure which would tend to make 
the composition explode ; the products of combustion must be allowed 
to escape freely, and the burning surface prevented from becoming 
choked with slag. 

The following exemplify various types of composition, the numbers 
representing parts by weight. 

Trhite. 
Potassium chlorate 
Potassium nitrate 
Antimony powder 
Charcoal 
Shellac 

Yellow. 
Sodium nitrate 
Shellac 

GROUND FLARES. 

Reil. 
64 Strontium nitrate . 
14 Potassium chlorate 
14 Calomel 

4 Shellac 
4 

Green. 
70 Barium nitrate 
30 Barium chlorate 

Shellac 

60 
2 
3 
3 

55 
25 
20 

The following mixture has been reco=ended as a flash com­
position, owing to its very high illuminating power, and its com­
paratively low sensitiveness. 

i\lagnesium powder 
Aluminium powder 
Potassium perchlorate 

STAR COMPOSITIONS FOR SIGNAL CARTRIDGES. 

Illuminating. 
Barium nitrate .. 
Aluminium powder 
Sulphur 

rellow. 
Potassium chlorate 
Sodium oxalate 
Shellac 

64 
20 
16 

20 
6 
5 

Red. 
Strontium carbonate 
Potassium chlorate 
Calomel 
Charcoal 
Shellac 

Green. 

Barium chlorate 
Lactose 
Shellac 

50 
25 
35 

6 
16 
2 

1 to 3 
3 

24 
8 
1 
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;',[ag,w.,ium powder 
.l.luminium powder 
Barium nitrate 
Parallin wax 

'27 
9 

51' 
fj 

. A special compositio~1 _is in use for a burning star which is vi,iLle 
1~1 day·hght ; anrl con1pos1hons also exist for silllilar Mars gi\·in_g rnlnured h_ghts. 

ROCKETS. 

. Rockets are. used for signalling and other purposes. The_,. mav 
,hscharge 1llummahng or coloured stars, or may contain a small 
charge of a high explosive, which is fired by a detonator, t.o giYe a 
loud report. The follo"·ing is a composition for a blue ro,·ket ,tar:-

Blue Star. 

Potassium chlornte 
Basic copper carbonate 
Calomel 
Shellac 

Rockets themselves are filled with a composition reseml,liug gun­
powder ; the composition is varied according to the speed of hurning 
required, but. a typical example is:- _ 

Rock,·/ Compositio11. 

Saltpetre 
Sulphur 
Charcoal 

s:; 
1 

H 
Rockets are generally ignited by means of port fires : the,e are 

made of a mixture of saltpetre, sulphur, anrl mealed gunpowder. 
Flares are often provided with a special match, which is rubl,ed 

over a prepared portion of their surface in order to light them. The 
match head is usually a mixture of about 6 p1trts of potassimu chlorate 
with 1 part of charcoal. made into a paste with shellac varnish and 
drie,l. 

Eh[OKE Co.:uPOSl'l'lONS. 

These may be filled into ground candles for hurniug to m,ke a 
smoke screen, or may be used in shells, bombs or grenades f,,r the 
same purpose. 

Phosphorus is the usual filling for smoke shells or boml,,_ On 
bursting the fillino- is ignited and scattered. The phosphorus l,urns 
to dense' white fu~es of phusphorns pentoxicle. which hang 1te;1r the 
ground, fonning n n1ost. pffirient ~creen of white Rnwke. 
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The folio\\ ing mixture is used in ground candles as fl smoke 
producer:-

Potassium nitrate ,If, 
ffl~ w 
Sulphur l:l 
Borax 9 
Glue "1 

Carhou tetrachloride, hexachloretlrnne, zinc dust , and zinc oxide 
have been suggested, and to some extent used, as active constituents 
in smoke producing compositions. 

For addition to the fillings of certain high explosive shells which 
11ive but little smoke on detonation, and as bursters for chemical shell. 
~ome mixtures have been introduced, which are both explosive and 
smoke producing ; on the bursting of these shells, sufficient smoke is 
evoh·ed for purposes of observation. 

Jii,·t11re, Explosive and 
Smoke, No. 4. 

Amato!, 80/20 .. 
Aluminium powder 

1 
3 

Mi,tlure, E~·plosive and 
Smoke, No. 7. 

Ammonium nitrate 
Ammonium chloride 
T.N.T. 

40 
-10 
20 

Tanks are able to discharge a cloud of smoke from their exhaust 
pipes, for screening purposes. This is accomplished by dropping 
chlorsulphonic acid (S03HC1) into the hot exhaust pipe. The acid is 
split up by the heat into sulphur trioxide and hydrochloric acid, both 
of which combine with any atmospheric moisture and cause a dense 
white smoke. 

Coloured smoke clouds are used for day signals. They can be 
thrown into the air by Very pistols, or by rifle grenades. The smoke 
is made by the combustion of material producing a white smoke, 
which is coloured by the volatilisation of a suitably coloured dye-stuff 
incorporated in the mixture. Antimony sulphide (orpiment) is used 
alternatively to dye, for the production of yellow smoke. 

Yellow Smoke Mixture. 
Potassium nitrate 
Orpiment 
Sulphur 

33 
38 
29 

Y el/011•, Red, Bl11e o,- P11rple, 
Smoke 1ll ixture. 

Potassium chlorate 
Lactose 
Dye 

31 
21 
-18 

These quantities are only approximate, and are somewhat varied with 
the rlifferent coloured dyes. 

INCENDIARY Co,rrosrnoNs. 

Illuminating compositions containing aluminium or magnesiun1 
powder, produce a very high temperature on combustion. By modi• 
fying the proportions of the ingredients, this property can be accent• 
uated,. and the composition used for incendiary purposes. 

Incendiary agents may be employed in aeria l or trench howitzer 
bm:'bs, or as shell fi ll in~s. In the latter case the incendiary eom­
pos1t10n, after 1gmt1on, 1s usually scattered by a small bursting 



charge. Some i~cenJiary mi1dt1res. su~h _as thermit, are hard to ignite, 
and mt1st be m1tiated by a suitable pnmmg material. 

'fhe requisite essent_ial of an incendiary mixture is, a very high 
temperature of combustion, or ,i persistent flame effect. When ignited, 
such a mJXture should be d 1fficult to extinguish. 
. Shell_s and bombs m~y he filled with carcass composition. This 
1s effec_t1ve agamst readily rnflarnmable material ; it does not give a 
wry h1~h temperature, b~1t relies on the long flames produced. The 
proport10ns of the mgrechents haYe been altered from time to time 
and the proportions given are thus only approximate. ' 

Oriroass Composition. 
Saltpetre ~O 
Sulphur 20 
Resin 15 
Antimony ·sulphide 5 
Russian tallow . . 5 
Venice turpentine 5 
l\Iealed black powder 8 
Aluminium powder 40 

Incendiary shells may be filled with magnesium mixtures ; by 
the addition of certain metallic salts, these may be made to give a 
distinguishing coloured light daring combustion. 

COMPOSITIONS FOR IxcEXDIARY SHELLS. 

8.R. Composition 512. 

}",,/low during burning. 
8.R. Composition, ~60. 

Red during bunzin_q. 
1Iagnesium powder 28 :\Iagnesium powder 35 
Paraffin wax 6 Paraffin wax 6 
Sodium nitrate . . 50 Strontium nitrate 48 
Powdered ivory nut 113 Wood meal 11 

For use against less readil_1· inflnmmnble material, thermit is t1sed 
as au incendiary. 

M ilit,iry Tlieonit. 
Magnetic iron oxide (Fe30,) 
Aluminium powder (or flake) 

76 
2± 

\Yhen ignited the two substances interact; no gas and fracticall_y no 
flame is evolved, but there is a great eYolutiou of heat, which 1s retamecl 
in the mixture of molten iron and aluminium oxide. This may be 
scattered by a small bursting charge, and then_ has great incendiary 
effect. If not scattered, the effect is local, owmg to the absence of 
flame; but in this case thin sheets of metal may be perforated by the 
extreme temperature of the molten material. 
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H.--SAFETY PRECAUTIONS. 

CHArl'ER XY!lf. 

SAFETY PRECAUTIONS. 

ln/rodudion. 
Throughout the manufacture, packmg, storage _and handlmg of 

explosiYes, preoautions have to be taken to avoid accidents, the results 
of which may be disastrous to life and property. The storage and 
handling of finished explosives ~nd the precaut!ons to he observed 
are laid down as far as the Servwe 1s concerned Ill i\Iagazme Regula­
tions; for the gL1idance of the public in general, regulations are drawn 
up by the Home Office. It is proposed in this chapter to giYe a general 
resume of the precautions necessary in the manufacture of explosives, 
with the intention of emphasising the reasons underlying them. The 
general principles then become eYident, and an informed and i~telligent 
understanding can then be brought to bear on the regulat10ns laid 
down in other publications. 

Buildings. 
These may be broadly divided into two main classes ; building., in 

which the manufacture of some explosi,-e is carried out, and magazines, 
or buildings in which explosives are stored. 

1. The danger of explosion is greater in the first case. Therefore, 
the building should be of such a nature that in the event of an explosion 
taking place within it, the effects are confined to that building and not 
transmitted t.o its neigh hours. 

With that encl in view, such buildings are made on as light and_ 
flimsy a scale as possible. Weighty masses are avoided as they may 
be projected to a considerable distance by an explosion. For the walls, 
light fire-resistant material is usually employed, and for the roof, 
corrugated iron. The flooring is usually made of asphalt, or lead 
sheeting joined together by burning. The whole of the interior should 
be constructed with regard to the aYoiclance of cracks and crevices 
in which explosive material may lodge. 

All doors are made to push open outwarcls, and are sited on the 
lines of exit which workers \Youlcl be most likely to take m an 
emergency . 

. Mention _has bee_n made of the use of corrugated iron for roofing. 
It 1s not entirely satisfactory, and other materials such as" Ruberoid" 
have been tried. Tarred felting and any material of that nature is 
useless as it is very inflammable. " Ruberoid " suffers from that 
disacl~antage, but it is readily e:,.i;ingnished if it is projected through 
the_ aJI. The roof should be as light as possible though this involves 
a nsk of the roof bemg penetrated by heavv debris from an explosion 
in the vicinity. · · 
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Wood may often be used in the construction of these buiklin"s 
particularly where picric acid or picrates are present. It should b~ 
:woided in nitric acid factories or stores tuntaining nitrates. as wood 
impregnated with these substances is very inflammable au<l burns 
fiercelv. 

Exposed iromrnrk should be avoided as a general rule ; this is 
imperative where sensitive explosives are being handled. 

Lead, iron, lime or whitening must on no account be present in 
buildings containing picric acid or its derivatives, on account of the 
clanger of the formation of sensitive picrates. 

Where nitroglycerine or its vapollf are present, buildings should 
not be lined, as this explosi,-e may accumulate behind the lining. 

Nails or screws entering into the construction of buildings. except 
those containing ammonium nitrate, should be of copper or brass. 
If they are made of steel or iron they should be countersunk anr\ the 
heads covered with putty. 

2. In magazines or stores the danger of explosion is not near! y so 
great, and the risk of unauthorised entry is the paramount considera­
tion. A much stronger method of construction must therefore be 
adopted, though this is not necessary in places guarded by police or 
watchmen during the absence of the workers. 

Disl{tnces betu-een buildings. 

Regulations han been drawn up by H.111. Inspectors of ExplosiYes 
laying down the minimum distance permissible between adjacent 
buildings. These distances depend upon:-

(a) ·whether the explosives contained in the buildings bear 
a fire risk, or an explosive risk, or both. 

(b) The presence of intervening ground either as natural or 
artificial mounds. 

(c) The quantity of explosive which the contiguous build­
ings are designed to contain. 

Other countries have similar regulations, though the distances are 
governed by different considerations, in some tases being based on the 
results of tests. For instance, in Austria, for the purpose of these 
regulations, buildings are relegated to one of two classes :-

(1) Buildings "-hicli are remote from other centres of atti1·ity, 
and which do not contain fires ; and 

(:3) Buildings which are near populated centr~s, or ne,u rail­
ways, roads and paths where an explos10n might haye 
disastrous consequences. 

In France an extended series of experiments was carried out. and 
<\ formula connecting distance with weight of explosive was evolved. 
It was found that for n gi,·en effect, the distance from an expluswn. 
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at ,rhich this effect might be expected, varied as the square root of the 
weight- of explosive present, i.e., d = k , iv, where 

d = distance in metres, 
w = weight of explosi,·e in kilograms, 
k = a constant which depends on the nature of the explo­

sive, the kind of effect considered, and the existence 
or absence of earth traYerses. It varies in value from 
15 to 2½, 

It is questionable whether this theory can be applied to all prac• 
t ical cases, particularly where large masses of explosives are involved. 

For instance, the rate of explosion of gunpowder is comparatively 
slow. It therefore will do most damage where the resistance offered 
to it is least, i .e., the walls and roof of a building will suffer more 
than the ground beneath it. With high explosives this is not the case. 
The rate of explosion is very much greater, and the air offers consider• 
able resistance, and acts as a tamping, with the result that high explo· 
siYes have the appearance of striking downwards. 

Explosions of such materials as nitroglycerine are very violent, 
and concussion waves are set up, both in the air, and in the ground. 
The latter are usually the more feeble, as the explosive is usually 
insulated from the ground to some ext ent by the packing in which it 
is contained, and the platform by which it is supported. Conse­
quently, the air wave is the more violent and causes the most damage. 
That this is so is evidenced by the protection afforded by earth mounds, 
which can only intercept the air wave, and can lrnYe little or no effect 
on the ground wave. The effect of these mounds is to reduce the 
damage by at least one-half. 

Lighting of Buildings . 

.-\.II windows and skylights are made, as a rule, of glass with a wire 
insertion, so as to prevent the ingress of debris. Windows, except 
those facing north, are dulled in some way, so as to protect the con­
tents of the building from direct sunlight, which has a deleterious effect 
on most explosives. 

For artificial lighting, electric lamps are almost always employed. 
They should be mounted in such a manner that all switches, connec• 
tions and wiring are outside the building, and it is usual to find the 
lamps outside and placed so that they illuminate the building through 
a ,,:indow. H they are inside, they should be so arranged that any 
accident ,,-h,ch shatters the globe of the lamp also fractures the fila­
ment and so cuts off the current. 

For magazines or buildings where explosi,·es are only present in 
packages, lamps burning rape oil or candles mav be used, but the1· 
sho~ld. be mounted in recesses in the wall ":hich are glazed on 
th': ms1cle. Access to the lamps should only be from the exterior of the 
bmlclmgs. 

For portable lamps, electric torches are preferable, though in some 
cases portable candle lamps may be permitted. 
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Precautions against Lightning. 

Lightning can be dangerous to buildings containing explosives in 
two ways:-

(a) The building may be directly struck and so destro,·ed. 
(b) A flash may strike near a building and induced c~rrents 

s~t UJ? by it in the metal work of the structure. ma}; 
give r1se to a spark and so cause an explosion. 

The precautions to be taken are therefore twofold, and the best 
system is probably that described below. 

1. Plain metal masts should be sited at some little distance from 
the building, and well "earthed." They should be provided with 
a sharp point at the top, as this assists in the dissipation of the 
electrical charge induced in the earth's surface by the passage of a 
thunderstorm over it. · 

In dry ground, arrangements are usually provided to ensure good 
conductivity between the mast and the ground by drenching the 
base. 

2. Each piece of metal in the building should be " earthed ·' and 
insulated from the main structure. Sharp points on different masses 
of metal across which a spark may jump should be avoided, or 
separated by as great a distance as possible. This danger may be 
minimised by electrically connecting all the masses of metal in the 
building. 

The above precautions for the prevention of explosion by lightning 
are particularly necessary in the case of nitroglycerine nitrating 
houses, since these buildings contain large masses of metal, and are 
necessarily situated at the highest point of a factory site. 

Electrostatic Charges. 
These charges accumulate, and may result in sparking, in many 

processes. Belts driving incorporators in cordite manufacture may 
be charged bj, the friction of driving. Frequent dressing :w!th 
glycerine and water removes this danger by increasing the conduct1v_1ty 
of the belt. l\Iodern factories eliminate this danger by adoptmg 
direct drh·e, employing electric motors. The motors are housed 
outside the compartment containing the explosiYe, the dnvmg shaft 
passing through the partition. Dry nitrocellulose 1s very ~able to 
electrification. For this reason all racks or boxes m which this explo­
sive may be stored should be thoroughly connected to earth. 

" Clean" Areas. 
Barriers are erected at all entrances to clanger buildings, at which 

all persons are required to change their footw~ar for special ~?ots, o~; 
in the case of visitors, to don overshoes. A raised part of the clean 
floor is provided on which the special boots or overshoes stand. A 
division is made between the "clean" and "dirty" areas b)' means ~f 
a hoard about 9 inches high, and in addition, the " clean., area 18 

uften outlined in reel. or indicated in some other manner. 



The boots or overshoes are rubber soled, and in some cases, such as 
for workers handling dry nitrocellulose, copper rivets are placed in the 
sole .,o as to electrically "earth " the wearer. 

The regular employees are provided with special clothing, which 
has no pockets, and no metal buttons or fastenings. Ste_Ps are ta~en 
to ensure that this clothing does not become saturated \\·1th explosive 
or inflammable material. 

All persons entering a clanger area are also re'] ttired to deposit all 
smoking materials and combustibles, such as pipes, matches, tobacco , 
cigarettes, pocket lighters, &c. , at the entrance. This provision is 
enforced by giving some principal official the right to search or to 
authorise the search of any persons in a clanger area. 

Thawing of Froten Explosives. 
In countries in which low temperatures prevail in the winter, 

nitroglrcerine explosives become frozen and may require thawing. 
This is best clone in special thaw houses, in which the temperature is 
maintained at about 38° C. by external hot-water pipes. The ideal 
method is to eliminate the clanger of freezing by keeping the magazines 
and buildings at a temperature of 15°-20° C. \\i nter and summer. 

Tropical Storage. 
Hot, clamp conditions of storage are exceedingly detrimental 

to the stability of most explosives (an important exception is picric 
o.cid). and so precautions are particularly necessary in tropical climates 
to ensure the coolness and thorough ventilation of magazines. If the 
buildings are solidly constructed, and well covered with earth, the 
temperature does not vary sensibly throughout the 24 hours. Ventila­
tion sho1ikl only be allowed when the temperature of the outside air 
is at its lowest, i .e., at night or in the very early morning. 

If large quantities of explosives are being stored, cooling with water 
from refrigerators should be employed, '1\-ith the assistance of thermal 
insulation of the walls, floor and roof. 

Spo11/mwo11s Ignition and Explosions. 
No case has yet been recorded of smokeless powders, of themseh·es. 

exploding after spontaneous ignition. But fires of this nature have been 
accompanied by phenomena of a distinctly explosive nature which have 
been t raced to the explosion of combustible gases evolved during the 
burning of the propellant. That such gases are given off under these 
conditions was demonstrated by Berthelot. He ignited nitroglycerine 
and nitrocellulose under a pressure of approximately one atmosphere, 
and analysed the products of combustion. The following are his 
figures:-

Gas. 
NO 
co 
co. 
Il2 
N, 
CH 

Nitroglycerine. 
48·2 
35·9 
12·7 

l ·f) 
l • :3 

Xitrocellulose. 
24·7 
41·9 
18·4 
7·9 
5·8 
1·3 



lt must be remembered that this analysis only holds good for t,he 
conditions under which the combustion took place, and that factors 
such as degree of confinement,, temperature, amount of air present, 
&c., will all haYe their eftect in anr particular instance. But it is safe 
to presume, from the foregoing, that there will always be present an 
appreciable quantity of combustible gases which will mix with air 
to form an explosive mixture. 

The result of the spontaneous ignition of a smokeless powder 
is therefore more dangerous from the risk it entails of a gas explosion 
than for any other reason. This gas explosion may be sufficiently 
violent to break down partitions, and so cause the ignition of explosives 
stored in adjacent compartments. Therefore, either (1) the walls, 
floors and roof must be made strong enough to withstand the pressure 
of a gas explosion, or (:3) explosiYeS liable to ignition by a gas explosion 
must not be stored in the vicinity. 

The action of stabilisers in ;etarding the decomposition of these 
explosives has been discussed in another chapter. From the point 
of view of this chapter, the maintenance of moderate temperatures 
in buildings is the best precaution against spontaneous ignition. 

While it is trne that explosion does not, as a rule, follow the ignition 
of smokeless powders and kindred explosives, it must be remembered 
that if the explosive is in small sizes and in large quantities the 
combustion can become very violent. The danger lies in the possibility 
of the fire spreading to other explosives which will explode on ignition. 

Repair of Buildings. 
Before any repairs are carried out on a danger building, all 

explosives should be removed from it, and the whole structure 
thoroughly cleaned out and afterwards inspected. All spaces, 
corners and crevices where any explosive material may have 
lodged should have careful attention paid to them. Water a.lone 
may not suffice for cleansing, and the use of various reagents stich as 
acetone and caustic soda, according to the explosive Jikeh· to be 
present., may be necessary. 
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APPENDIX II. 

TABLE l l.A.-TABLE OF PHYSIOAL CONSTANTS FOR EXPLOSIVES, 

Note.-The gram-calorie is used in this table. P/A = Picric Acid. 

"-----------------------------------------------------
Explosive. 

Amatol 40/60 

Amato! 80/20 

Eallistite 

Cordite Mark I 
Cordite M.D. and M.C. 
Cordite R.D.B. 
Dinitrophenol ... 
Guncotton, Dry 

I 

· ·1 
... 1 

.. J 

. . . I 

Guncotton, Wet (13 per cent. water) 

:::1 Gunpowder 

'" 

Specific 
Gravity at 

15·5° c. 

l ·70* 

1·71* 

l ·57 
l ·58 
1·54 
l ·67 
l ·67 
l ·5± 

I 

Figure of 
Insensitiveness. 

I 

I 
I 

P/A = JOO. I 

115 

120 

14-16 (?) 

94 
56 
61 

Over 120 
23 

120 

65 

Rate of 
Detonation in 
Metres /Second 
(at Density). 

6,470 (Cast 
1·55) 

4,620 (l ·3) 
5,080 (l ·5) 
Up to 5,200 
with greater 
confinement 

-

-
6,100 

7,300 (l ·2) 
About 

5,500 (l·l) 

Melting 
Point. 

76° c. 
Softens at 

76° c. 

-

110° c. 

-

Ignition 
Point. 

242° c. 
235° c. 

166° c. 

151° c. 
160° c. 
155° c. 

I Over 250° C. 
187° c. 

About 
300° 0. 

Heat of 
Volume of Decomposition 

Total Gases (Gram-calories 
(c.c./gram). I per Gram/Water 

Gaseous). 

---·1-

892 

I 
920 

907 1,004 

800 

I 
1.136 

886 1,114 
933 I 939 
959 904 

-
830 960 
859 770 

256 726 

.... .... _, 



TAHU: H .. L-TAJ3LE OF PHYSICAL CONSTANTS FOR ExPLosn·Es-rrmlinued. 

Explosive. 

I 
Lyddite (fusee! trinitrophenol) 
Lead azide 
Mercurv fulminatC' 
~itrog1)·cerine ... 

Nitrocellulose powder (·,5 per cent. 
rliphenylamine) 

Picric po~,,der ... 
Tctryl (C.E.) ... I 
Trotyl (T.N.T.) 

Specific 
Gravity at 

15·5°C. 

1•77 
4·8 
4·43 
1 ·G 

1 ·G 

-
l · 77 
1·6S 

* Calculated. 

Figure of 
InsensitiveneH~ 

P /A= 100. 

100 
20 
10 
13 

87 
70 

115 

Rate of 
Detonation in 

Metres/Second 
(at Density). 

7,250 (1·63) 
3,500 (1) 

3,000 (loose) 
7,500 to 8,000 

-

-
7,520 (l ·63) 
6.950 (l · 57) 

t Mercury liquid. 

Melting 
Point. 

120° c. 
-
-

13° c. 
Rhombic form 

-

129° c. 
76°-80° c. 

Ignition 
Point. 

Over 250° C. 
320°-390° c. 

147° c. 
170°-180° c. 

152 c. 

180° c. 
240° c. 

(?) Not reliable. 

Volume of 
Total Gases 
(c.c./gram). 

744 
230 
240t 
713 

961 

794 
728 

Heat of 
Decompo8ition 
(Gram-calories 

per Gram/\l"ater 
Gaseous). 

914 
Wlft ,l(, 

~ ~ 

1,478 

777 

1,090 
924 

00 
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TABLE Il,B.-RESULTS OF :MEASUREMENTS MADE BY THE PRESSURE BAR TEST. 

Explosives. 
I 

Weight. 
I 

Density. I Container. I Shaft Protection. I 

T.N.T., Grade I ... ... . .. . .. . .. 47·3 grams 1·3 Bomb, !-in. wall, Asbestos pellet, 
with cap Length l · 55 ins. 

a= 1·3 
T.N.T .. Grade I ... ... .. . ... .. . 41·7 grams 1·2 Paper. Do. 
C.E., Grade I ... . .. ... ... ... 47·3 grams 1-:J Bomb, ¼-in. wall, Do. 

with cap 
C.E., Grade I ... . .. ... . .. . .. 41·7 grams l ·2 Paper Do . 
Amato! 40/60 ... . .. . .. ... . .. 48· l grams Cast Bombs, ¼-in. wall, Do. 

with cap 
Amato! 80/20 ... ... . .. ... 47·3 gralllS l ·3 Bombs, ¼-in. wall, Do. 

with cap 
Amatol 80/20 ... . .. ... . .. 41·7 grams 1 ·2 Paper Do. 
Mercuric fulminate ... ... ... . .. 4 grain - 4-grain shell, in 0·20 ins. 

brass holder 
Mercuric fulminate ... . .. . .. . .. 5 grain - 5-grain shell in 0·20 ins. 

brass holder 
Lead n.zide, with 6.6.4- composition ... .. . 3½ grains lead azide Pressed 1,000 lbs 5-grain shell in 0·20 ins. 

per sq. in. brass holder 
I½ grains 6.6.4 Pressed 900 lbs. 

Lyddite 
per sq. in. ... ... . .. ... . .. ... 47·3 gralllS 1 ·3 Bomb, ¼-in. wall, Asbestos peliet, 

with cap length l · 55 ins. 
<l.=1·3 

Lyddite . .. . .. ... . .. ... 41·7 gralllS 1 ·2 Paper Do. 
liunpowder ... ... . .. . .. ... ... 51 grams 1·45 Bomb, ¼-in. wall, Do. 

with cap I 

Pressure. 

'follil /sq. in. 
42·3 

13·2 
46·2 

14·2 
41 ·9 

36·9 

IO·S 
9·56 

12·6 

9·26 

45·3 

ll·85 
8·2 

>--' .... 
'° 
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APPENDIX III. 

GLOSSARY OF TERMS. 

Analysis.-The determination of the composition of a substance, by its con• 
version into other compounds which can be recognised. Qualitative analysis 
determines t,he nature of the constituents; quantifati·ve analysis the propor• 
lions in which they are present. 

Absolute Temperature.-See Temperature, Absolute. 

Autoclave.-A vessel in which chemical actions can be performed at high 
pressures, the pressure being produced by the evaporation of liquid in the 
vessel. 

Calorie.-Throughout this book the Kilogram Calorie is used, and this is defined 
as the amount of heat required to raise I kilogram of wate1· from 15° to 
16° c. 

Catalyst. Catalytic Action.-A substance which accelerates a chemical 
action, but which is itself unchanged at the end of the process. Catalytic 
action : the operation of a catalyst. 

Centrifuge .-A machine used for separating substances (1) of different densities 
and (2) of different states by the action of centrilugal force. The 
substances are contained in a cylindrical vessel which can be rotated at 
a high speed. The denser materi8.l is driven to the outside, whence it may 
be withdrawn. Familiar examples of a centrifuge are to be found in (i) the 
cream separator, and (ii) the centriiugal drier used in laundries. 

Counter-current Methods.-Methods by which two liquids may be caused 
to interact while flowing in opposite directions, i.e., counter-current. The 
products of their interaction follow the direction of flow of their parent 
substance. Thus iu the process of nitrating M.N.T. to T.N.T. described on 
pages 56 and 57 the M.N.T. is gradually nitrated to T .N.T., the direction of 
flow remaining the same as that of the original :M:.N.T. The nitrating acids 
flow continuously in the opposite direction to the nitro-body, becoming 
progressively ,veaker, until they emerge as waste acid at the l\f.N.T. end of 
the plant. 

Apart from t,hc incidental saving in time, plant and labour, they possess 
a distinct technical advantage in that the last stages of the reaction are 
pedormed by the reagents in t,heir most concentrated form. 

Density of Loading.-The ratio: \\~eight of charge in the chamber (in grams). 
\J/eight, of water which would fill t-he 

chamber (in grams). 
The denominator is equivalent to the volume of the chamber in cubic 

centimetres. 

Deliqu~scence.-The propert,y possessed by some substances of dissolving in 
moisture absorbed by them from the air, e.(J., calcium chloride. (CaC12.) 

Distillation~ Fractio~al.-The separation of a mixture of two or more liquids 
by _heatm~ _the m~ture ~ at temperatures rising successively through their 
:,7ar1ous boiling pomts. The vapour that comes over at each boiling point 
1s condensed and contains the majority of the constituent which boils at 
that. temperature. The mixture is thus separated into fractions. The 
fractions may be further purified by repeating the process. 

By the ad~ption of special stills, mixtures of liquids whose boiling points 
are very proximate may he separated at one operation. 
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Distillation, Steam.--Substances which would chal' jf heated strongly but 
\\Jlich vaporise slowly at the temperature of hoiling water, may often be 
tlistilled by passing a. current of steam through them. The steam carries 
\\ith it the vaporised substance, which can then be recovered by condensa­
tion. This process is known as steam distillation. 

Endothermic Action.-A chemical action in which heat is absorbed. An 
cxaruple will be found on page 12. 

Endothermic Compound.-A compound wh.icll absol'bs heat on its formation. 
An exa mple will be found on page 13. 

Exothermic Action.-A chemical act ion in which heat is liberated. An 
example will be found on page 13. 

Exothermic Compound.-A compound which liberat,es heat on formation . 
• .\n example will be found on page 14. 

Ester.-An organic salt fonned by the interaction of an acid arid an organic 
compound containing a replaceable hydroxyl (-OH) group or groups. The 
acid may be organic or inorganic. Compare the formation of inorganic 
:--alts. 

Examples:-

(i) Inorganic Salt. 

NaOH + HCl -··--r NaCl+ H,O 
Salt. 

(ii) Esters. 

a. C,H.-,. OH+ HCl --+ C,H,. CJ + H,O. 
Ester. 

b. C,H,. OH+ CH,. COOH --➔ CH,. COO. C,H, + H20 
Ester. 

c. CH.,OH + HNO, 

J H:OH + Hl'W, 
I 

l'H,OH + HKO,, 

CH,NO.., 
I 
CH . XO., + 3H20. 
I 
CH,;''10, 
Ester. 

"· repl'Csents the act ion of hydrochloric acid on ethyl alcohol to forlll 
ethvl chloride and water. 

b. r<'prrs~nts the attion of acetic acid on ethyl alcohol to form ethyl 
acetate and water. 

c. represents the action of nitric acid on glycerine to form gJ_vceryl 
trinitra.te (nitroglycerine) and water. 

Eutectic.-A mixture of two substances which has the lo,,,res~ melting point of 
any possible mixtm·e of the two eonstituenh~ and in "hteh the two corn• 
poueuts are structurally distinct. 

Fractional Distillation.-See Distillation, Fractional . 

Grani-Molecule.-The molecular weight, in grams, of a substance. 

Hydrolysis.-A particular case of chemical dccompositi~n .in w!1ich tht' el~mer~~ 
of water are added to a substance, followed by sphthng mto an acid a 
a hydroxy compound. If the substance is a salt or an ester the process 
iti the reverse of Neutralisation. For <'xnmplc :-

Zn(OH), + H,i'-10, 
Neutralisation. ---+-

ZnKO, + H,O. 
-+--- Hydrolysis. 

Hygroscopic.-.-\ substance capable of absorbing m~istnre. from the ail' and 
retaining it is said to be Hygroscopic, e. y. , ammomum mtrate. (NH,N03,) 
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J.M.M . Sieves .-These sieves nro standardised by the ln.stit~te ?f Mining _a~1d 
Metallurgy. A table of wire cliameters and apert.m·e ~1zes 1s given helO\\ for 
reference. 

Table of I.M.M. Sta11dard Laboratory Scree11s. 

Mesh 
Diameter of \Vire. Aperture. 

apertures per 
linear inch. 

jnch. m.m. inch. m.m. 

- - -
5 O· l 2·540 O·l 2·540 
8 0·063 1·600 0·062 1·574 

10 0·05 1·270 0·05 l ·2i0 
12 0·0417 1·050 0·0416 1·056 
16 0·0313 0·795 0·0312 0·792 
20 0·025 0·635 0·025 0·635 
30 0·0617 0·424 0·0166 0·421 
40 0·0125 0·317 0·0125 0·317 
50 0·01 0·254 0·01 0·254 
60 0·0082 0·211 0·0083 0·211 
70 0·0071 0·180 0·0071 0·180 
80 0·0063 0· 160 0·0062 0· 157 
90 0·0055 0· 139 0·0055 0·139 

100 0·005 0·127 0·005 0·127 
120 0·0041 0·104 0·0042 O· lOi 
150 0·0033 0·084 0·0033 0·08,l, 
200 0· 0025 0·063 0·0025 0·063 

Isomeric.-Having the same composition by weight, but possessing different 
chemical and physical properties owing to a difference in the structure of 
the molecule. Substances eo related to each other arc kno,vn as Isomers. 

Xilowatt-year.-An electrical unit of work or energy. The Board of Trade 
H unit " is the kilowatt-hour. Thus 1 kilou:alt•year = 8,760 kilowalt•hours = 
11,738·4 horse-power hours. 

Molecular Heat of Formation or Decomposition.-1.1he amount of heat. 
measured in Calories, given out or absorbed in the formation or decomposi­
tion from or into its constituent elements of 1 gram.molecule of a substance. 

Molecular Heat of Explosion or Combustion.-The amount of heat. measured 
in Calories given out or absorbed on the explosion or combustion of 1 
gram•molecule of a substance. If water is one of the products of 
explosion or combustion, it must be stated whether the water is considered 
as a gas (steam at 100° C.), or as a liquid. 

Mother Liquor.-Theimpure liquid remaining after a substance has crystallised 
out of solution. 

Nitrate, Nitric Ester .-A compound formed by the action of nitric acid upon a 
substance, in which a hydi·oxyl group (-OR) is replaced by the nitrate 
group (-0.N.02 ). In organic chemistry, nitric esters are distinguished from 
nitro•compou11ds by the linkage of the nitrogen to carbon through an ox;vgen 
atom, e.g., gl~·ceryl trinitrate or nitroglycerine:-

H, C----0-N-O, . 

H-&-O--N-0-.. 

H,Lo-N-o:. 



"' 

11.U 

-
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Nitr~c.ompound, nitro-body .-Compounds in which the nitro group (-NO .. ) 
is introduced b?· repla_ce~1ent, l~sually of hydrogen. In organic nitrO­
<'ompounds. the mtL"Ogen 1s lmked directly to carbon. e.g., t.ri-nitro-toluene :-

CH3 
I 

/, 
QN-C C-N02 

" \\ I 
H-C C-H 

\ // 
C 
I 

NO, 

Reversillle Reaction.-A reaction which may proceed in either of two direc­
tions according to the conditions under which it is performed, e.g., 

'II.Ni+ 3H, ::;;::...--r-~i,. (See page 60.) 

Specific Heat.-The amount of heat required to raise unit ma.as of a substance 
through unit interval of temperature. If measured in Calories, it is the 
amount of heat required to raise 1 kilogram of a substance through 1 ° C. 
\Vith gases there are two principal spec1fic heats according as the deter­
mination is made at constant pressure (Op) or at constant Yolume (C1 ). 

Steam Distillation.--See Distillation, Steam. 

Synthesis.-The formation of a substance by artificial methods as distinct 
from its production from natural sow·ces e.g. " synthesis" of ammonia. (See 
page,60.) 

Temperature, Absolute.-The absol1.tte zero is the temperature at which a 
perfect gas would occupy zero volume. On the Centigrade scale this fa 
-273° (-459° F.). 

Unsaturated Compounds.--Compounds which are capable of combining with 
other compounds or elements by addition, there being no formation of sub­
stitut,ion products. e.g., 

C,H, + Cl,--+ C,H,CJ,. 
Ethylene., Ethylene Dichloride. 

Water Equivalent of a Body .-The weight of water which can be ra~sed 
through a gi,·en interval of temperatw·e by the amount of h_ea.t reqmred 
to raise the body through the same interval of t,emperature. It 1s the pro­
durt of the mas8 of the body and its specHic heat,. 
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APPENDIX IV . 

. -\. SHORT DICTIONARY OF EXPLOSIVES (llJ. 

Ammonite .-A coal-mine explosive. A modern Yariety of this cxplor-:1i,·e has 
the following composition :-

_..\.mmonium nitrate ... 74· 5 
Tri.nitro-naphthulene 5 
Sodium chloride 20· 5 

The use of trinitro-naphlha.lene should be noted. 

Bellite.-A coaJ-mine explosive employing meta-<l in£tro-bcn:e11e. 

Ammonium nitrate... 63 · 5 
Dinit.ro-henzene 15 
Sodium chloride 16·5 
~~ . • 5 

Blastine.-A high explosive, which possesses the disadvantage of producing 
poisonous fumes of hydrochloric acid on explosion. 

Ammonium perchlorate 
Sodium nitrate 
Dinitro-toluene 
Paraffin wax 

60 
23 
11 
G 

Bobbinite.-A very widely used coal-mine explosive of the nature of gunpowder. 
It is not suitable for use in gassy mines. 

Potassium nitrate . . . U.5 
Charcoal 20 
Sulphur 2 
Rice or maize starch !) 

Paraffin wax 3 
Moisture 1 

Another variety differs from the above, in the replacement of the starch 
and wax by amm.oniu,n and copper sulphates. 

Carbo-dynamite.-This explosive, though unimportant, is interesting. It 
differs from ordinary dynamite in employing cork charcoal instead of 
kieselguhr as the absorbent for the nitroglycerine; 1 part of charcoal absorbs 
9 parts of nitroglycerine. 

Cheddite.-A French chlorate explosive with the following composition:-

Potassium chlorate 70 
Castor oil .5 
l\fononitro-naphthalcne l 
Dinitro-toluene 1.5 

Cheesa Sticks are used in South Africa as fuzes for blasting charges. They 
consist of sticks of cordite coated with powdered ammonium oxall'lte and 
shellac. 

Dinitro-chlor-hydrin.-CH,p!. CH(NO.,) CH,(NO,) .-A yellow liquid "ith a 
slight aromatic smell. It is soluble in most organic soh·ents, but is 
insoluble in water and acids. It is extremely insensitive to blows and 
friction, but itis easily detonated by means of a fulminate detonator. It 
mixes ·with nitroglycerine in all proportions. It has a melting point of 
about 2° C., and boils at about 192° C. 
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Du Pont Smokeless Powder.-An American shot-gun powder 
Soluble nitrocellulose ... ... ... ... 95·8 
Metallic nitrates 2. 2 
Moisture 2·0 

E.C. Powder.-A successful smokeless powder for use in shot-gum:i. 

Soluble nitroceHulose 
Insoluble nitrocellulose 
Metallic nitrates 
Vaseline 
Campho1· 
Moisture 

44·0 
30·4 
14·0 
6·0 
4·0 
l · 6 

Earlier varieties employed resin, the vaseline or camphor being omitted. 

Ecrasite.-An Austrian military high explosive consisting of the ammonium 
salt of trinitro-cresol. 

Faversham Powder.-Originally consisted of 90 per cent. ammonium nitrate. 
and 10 per cent. T.N.T. It therefore was an amatol. Later yariants 
contained pol4t-,.sium nitrate and arnnwnimn chloride in addition to the above. 

Fulminate of Silver.-AgONC. The silver salt of fulminic acid. It is made 
in a similar manner to mercuric fulminate. It is, however, verv much 
more sensitive. Its use is confined to toy fireworks, crackers1 &c~, which 
are not allowed to contain more than a very limited a.mount. 

Fulminating Mercury .- Hg3N 2.} 

Are the nitrides of mercury and silver. 
Fulminating Silver.-Ag N. 

They are made by treating the respective oxides with ammonia. They a.re 
too sensitive for general use as explosives. 

Gelatine Dynaniite consists of about 70 per cent. nitroglycerine plus collo•tion 
cotton, potassimn nitrate, and wood meal. Calcium carbonate or mineral jelly 
is used as a stabiliser. 

Gelignite is ve1y similar to gelatine dynamite, but contains a reduced prop~rtion 
(60%) of nitroglycerine. Other varieties embody sodium 01· barium mtrate 
in place of some or all of the potassium nitrate. To permit of its use a~ low 
temperatures, clinitro-toluene, T.N.'T'. or dinitro-glycol are sometimes 
introduced. These substanct::s have the effect of depressing the freezing 
point of the nitroglycerine. 

Hexanitro-ethane.-C2(NO2) 6• A neutral crystalline s':lid me~ting at 142° C. 
It is soluble in most organic solvents, but only slight!)'." m c?I_d alcoho!­
Jt is insoluble in water. To blows or friction it iR very msens1tive, but it 
can be detonat.ed. Alone, or with oxidising agE'"ntR, it forms a powerful 
high explosive. It is, however, too unstable for general use. 

Judson Powder.-A blasting powder, not used in this country, consi8tin~ of 
low grade gunpowder coated with nitroglycerine. The percentage of mtro­
glycerine varies from 5 to 20. 

The following is an analysis of one variety :-

Nitroglycerine ... 
Sodium nitrate ... 
Sulphur ... 
Cannel coal 

5 
64 
16 
15 
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Melinite.-A French high explosive. There aro different types. All contain 
picric acid, but other constituents such as cresylite a.re found. Paraffin 
tmx is added to decrease the sensitivity. 

Mercurit.-A German blasting explosive. It consists of 88 per cent. potassium 
chlorate, and 12 per cent. neutral tar ail of high boiling point. Another variety 
em bodies potassium percltlorate in place of some of the chlorate. 

Nitrolit.-A high explosive used for shell fillings by the Germans. It consists 
of ammonium nitrate and tri-nitro-anisol. 

Oxyliquit.-A blasting explosive consisting of liquid oxygen, absorbed in some 
porous combustible such as cork or charcoal. It has the advantage of being 
cheap, and, for blasting purposes, there is little danger attending a missfire, 
as the explosive becomes inert in a short time owing to the evaporation 
of the oxygen. 

Panclastite.-(Turpinite.) Liquid nitrogen peroxide and carbon bisu'lpkide,nitro­
benzene 01· nitro-toluene are the constituents. It is very powerful and violent 
but dangerous to hand.le owing to the poisonous nature of the first named 
constituent. The two constituents are kept separate until the explosive 
is required. 

Pannonit.-An Austrian blasting explosive, having an interesting constitution. 
Nitroglycerine 
Collodion cotton 
Ammonium nit,rate 
Dextrin 
Glycerine 
Nitro-toluene ... 
Sodium or potassium ch1oridr 

25·5 
l ·5 

37 
4 
3 
5 

24 

Pierrite.-A form of cheddite which is notewort,hy for its employment of picric 
acfrl. 

Potassium chlorate 
Nitre-naphthalene 
Picric acid ... 
Castor oil 

80 
11·5 
2 
6·5 

Pou~~ B.-_The French Service propellant. It consists of nitrocellulose gela­
t1msed with ether/alcohol. Diphenylamine is used as a stabiliser. Various 
sizes are used, denoted by an initial indicating the purpose for which it is 
used, e.g., "Poud.re BF,, for rifles (fromfusil). 

Poudre J.-A French smokeless powder for shot-guns and revolvers. 
Nitrocellulose . . . . . . . . . . . . . . . 83 
Ammonium bicluomate 14 
Potassium bichromate 3 
Moisture 3 

Poudre M.-Another shot-gun powder much used in France. 
Nitrocellulose 71 
Barium nitrate 20 
Potassium nitrate 5 
Camphor ... 3 
Binding material 1 

Poudra S is a French shot-gun propellant similar to Poudre ~ 

Pouru:e T is a French s~orting powder ~onsisting mainly of guncotton gelatinised 
with 3:ceton~, an~ mcorporated w1th gum and graphite. 2 per cent. of 
pota~s1~m mtrate 1s added during the early stages of mliJluiacture, but most 
of tins 1s removed hy washing in a latter stage. 
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Pro~at~eus.-A !rench explosive coi~R-i8ting of a porous oxyyen carrier and a 
hquui comb1Hitble. The two c-onstitucnts arc kept separatf! until required 
for use; when the former is dipped in t,he Jatter. 

0.tygen Carrier.-Potas!"lium chlorate fl5 90 80 
ManganeR-e dioxide fi 10 20 

Combu.stib/e.-Nitro-benzene 50 60 
Turpent,ine 20 15 
Nap}ha 30 25 

Any of the different oxygen carriers may be mixed with either of the com­
bustibles. The disadvantage of this explosive is the uncert,ain and irreoular 
results consequent on tho varying amounts of liquid taken up b; the 
porous oxygen c3rrier (from 8 to 13 per cent.). · 

Pyrocollodion is nitrocellulose containing 12· 6 per cent. nitrogen. 

Schneiderite.-A French high explosive used as a shell filling. 

Ammonium nitrate... +-;+ 'i'/ 4 . 
Dinitro-naphthalene 12· 6 

Schultze Powder.-The first successful smokeless powder. 
has the following constitution :--

Insoluble nitrocellulose 
Soluble nitrocellulose 
Metallic nitrates 
Vase1ine 
Moistul'e 

The nitrocellulose is obtained from wood cellulose. 

A modern Yariety 

55 
27 
]] ·2 
5 
1·8 

Sprengel Explosives .-This is the general name given to the type of explosin• 
invented by Dr. Hermann Sprengel, F.R.S., in 1871. 

They consist essentially of two components, an oxidising agent and a 
combustible, which are segregated until required for use. In this way, all 
danger of premature explosion is eliminated. 

Suitable oxidising agents that have been suggested or used are :­
Nitric acid, potassium chlorate, nitrogen peroJ:ide, etc. As combustibles, the 
following may be mentioned :-Nitro-benzene, nitro-naphthalene, carbon 
bisulphide, petroleum, JJicric acid, etc. 

They are not used in Great Britain as the necessary admixture of the 
two components is only permissible in a properly licemed explosives factory. 

Examples of these explosi,~es mentioned in this dictionary are Panclnstite 
and Prometheus. 

Super-Excellite.-A widely used coal-mine explosive. The composition of 
No. 3 is as follows :-

Nitroglycerine 
Collodion cotton 
Ammonium nitrate 
Starch 
Castor oil 
Sodium chloride 
Ammonium oxalate 

The use of collodion cotton should be noted. 

Turpinite.-See Panclaatite. 

9·5 
0·5 

59·0 
4·5 
1·0 

15·0 
10·5 
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INDEX TO THE TEXT-BOOK OF EXPLOSIVES 
USED IN THE SERVICE. 

A. 

Abe\ir Fre<lorick, 92; Heat Test. 125. 
Absolute Temperature, 

definition. 153. 
Acetone, 

107 ; properties, 108; recoye,•y in 
cordite manufacture, 110. 

Air Gaps, . 
in explo!:iin' syRtem. to be avoided, 
30. 

Alcohol, 
(Ethyl\, 108; forms an eutectic with 
water, 108. 

Alkalies, 
affect T.N.T., 53; Strong solub]e, 
rn1eless as stabilisers, 124-. 

Alumatol, 76. 
Amato!, 

24, 64 ; initiation, 30 ; methods of 
manufacture, table showing, 05 ; 
methods of filling shell with, 66 ; 
necessity for pure ingredients, 63 ; 
necessity for smoke-box with -
80 120, 66; nomenclature of-, 24; 
properties of - 40/60, 64; pro­
perties of - 80 /20, 66. 

Amatoxol, 67. 
Ammonal, 75. 
Ammonia, 

from coal, 60 ; oxidation of - to 
form nitric acid, 61. 

Ammonite, 154. 
Ammonium Carbonate, 

decompo~ition of-, 12. 
Ammonium Chlorate, 73. 
Ammonium Nitrate, 

action with metals. 63 ; an ex­
plosive, 6-l : crystalline forms, 63 ; 
discovery, :?2 ; Freeth process for 
making, 62 ; hygroscopic, 73 ; im. 
purities, 63 ; manufacture. 61 ; 
properties, 62. 

Ammonium Sulphate, 60 and 61. 
Ammonium Perchlorate, 73. 
Ammonium Picrate, 48. 
Analysis, 

definition, 150. 
Aniline, 68. 
Antimony Sulphide, 10. 130. 
Arc Process, 

for the fixation of atmospheric 
nitrogen, 61. 

Artichokes, 
as a source of acetone, 108. 

Atmospheric Nitrogen, 60. 
Autoclave, 

definition, 150. 
Azides, 131. 

B. 
Back Flash, 26, lJ 4. 
Ballistics, 

of gunpowder, 27; properties of a 
propellant for regular -, 25. 

Ballistic Pendulum, 32. 
Bal!istite, 

Chapter XIII; constitution, 117; 
manufacture, 117 ; properties, 117 ; 
stabilisers use;? in, 117. 

Baratol, ff;- l-54. " , "b 
Barium Salts, 

in signal compositions, 133. 
Battle of Crecy, 22. 
Bellite, 78, 154. 
Benzene, 

as a source of phenol, 44. 
Benzene-Sulphonic Acid, 44. 
Bergmann & Junk Test, 122. 
Berthollet, 23. 
Blastine, 77, 154. 
Blasting Gelatine, 23, 75. 
Bobbinite, 154. 
Bomb Calorimeter, 31. 
" Brisance ", 39. 
Brooke's Continuous Process, 

for making picric acid, 45. 
Brown Charcoal, 81. 
Buildings, 

danger of explosion greatest in fac­
tories, 138 ; distances behveen, 
139 ; distinction between factories 
and explosives stores or magazines, 
138 ; lighting of -, 140 ; materials 
suitable, 138; naturrs of -, 138; 
repair, of --, 144. 

Burning, 
definition. 21. 

Butyl Alcohol, JOS. 

c. 
Calcium acetate, 107. 
Calcium carbide, 61. 
Calcium carbonate (chalk), 

action as a stabiliser, 124; a.~ a 
sta.biJiser in guncotton. 103. 

Calcium cyanamide, 61. 
Calorie, 

definition, 150. 
Cap Compositions, 130, 

intended to explode, not detonate, 
130. 

Carbon Monoxide, 
dangerous, IS. 

Carbo-dynamite, 154. 
Carcass Composition, 137. 
Carnallite, 81. 
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Cascade Concentrator, 120. 
Catalyst, Catalytic action, 

<lefi.nition, 150. 
Cellulose, 92 to 98. 

acceptance tr-sts. 07 ; action of 
nitric acid on. 94 ; cotton -, 05; 
from annuals, 97 ; formula, genera}, 
of --, 0:3 ; Hemi-, 01· f3· - , 9-1- ; 
impurities in, 97 ; nitrates of -, 
tahle of, 9~ ; nitrates. soluhilit,y of 
Jowt>r. 95; norma,J. fl- or resistant, 
-. 94 ; normaJ, solubi lity . 95; 
wood-. 96. 

Centralite (diphenyl-Jiethyl-urea). 107. 
Centrifuge, 70, 150. 
Charcoal, 80, 81. 

analyFtis of-, 81 ; brown , 81 ; pro­
pertif'~. 81 ; woods used, 80. 

Cheddite, 15-1. 
Cheesa Sticks, J 54. 
Chile Nitre, 59. 
Chlorbenzene, 14. 
Chlor-dinitro-hydrin, 15!. 
Cbloropicrin, 49. 
Chlorsulpbonic Acid, 

as a smoke producer, 136. 
Cilferite, 79. 
Classification, 

of explosives, 21. 
" Clean " Areas 141 142. 
Closed Vessel, 3j_ ' 
Coal, 

as a source of ammonia, 60. 
·· Cocoa " Powders, 81. 
Coke Scrubbers, 

for acid fumes, 121. 
Collodion, 95. 
Column denitrator, 

for waste acids, 119. 
Colours, 

of light and smoke signals, how pro­
rluce<l, 133. 

Combustion, 
molecular heat of - . 152 ; solid 
product ~ of -, unde~irable, 26. 

Composition Exploding or C.E. (and .<ee 
Tetryl), 71. 

Compositions for Incendiary Shell, 137. 
Continuity, 

of explosive system, important. 30. 
Cordite, 23, 104 to 115. 

Ardeer, 107; backfiash, 114; change 
of colour sho~ing decomposition. 
123 : Chapter XIII ; constitution 
of Mark I and ~l.D., 23 ; Mark I. 
106: }I.C .. 106; M.D., 106 ; M.D .. 
manufacture ol, 109 to Ill ; M.D., 
Jotting and gauging, 111; nature 
of-, 106; properties, 114; R.D.B .. 
112 ; red fumes, on discharge of 
larg~ guns. 106; sta.bi1ity, 115; 
.;wea.ting, 114. 

Cotton Cellulose, 95. 
preliminary treatment. 99; nitra• 
tion, 100 ; Dupont Dipper Process 
for nitrating -, 102. 

Cottrell Electrostatic Precipitator, 
for acid fumes, 121. 

Counter- current Methods, 
definition, 150. 

Cresilite, 49. 
Crusher Gauge, 31. 
Crystalline forms of ammonium nitrate, 

63. 
Curtius, 23. 
Cyanamide Process, for nitrogen fixation, 

65. 

D. 
Danger Area, 

all smoking materials forbidden in, 
142 ; search of persons before 
entering, 141. 

Decomposition, 
gases given off, on the - of a nitro• 
cellulose explosive, 123 ; heat 
changes on the - of an explosi,·e, 
13 ; molecular heat of, 152. 

Deliquescence, 
definition. 150. 

Denitrators, 
for waste a,iids, 119. 

Denitrating Stills, 119. 
Density of Loading, 32, 150. 
Detonation, 

Dautriche 's method for measuring 
velocity of, 38 ; definition, 11, 21 ; 
dependence of the velocity of -
on density a,nd other factors, 36 ; 
means ol causing complete, 29 : 
of wet gnncotton. 29. 

Detoluation, 
of wMte acids, in manufacture of 
T.N.T., 52. 

Dictionary of Explosives, Appendix lV, 
pps. 154 to 157. 

Dimethyl-aniline, 68. 
nitration, 69. 

Dinitro-chlorbenzene, 46. 
Dinitroglycerine (glyceryl dinitrate), 91. 
Dinitroglycol, 13. 
Dinitrophenol, 46. 48. 
Dinitrotoluene, 53, 67. 
Dipbenylamine, 107. 

action as stabiliser, 124. 
Diphenyl-dietbyl-urea (Centralite). !Oi. 
Displacement nitrator. 

for nitrocellulose. 100. 
Dupont Dipper Process. 

for nitrating cotton cellulose, 102. 
Dupont Powder, 67. 
Du Pont Smokeless Powder, 155. 
Dynamites, 23, 7 4. 

with wood meal or charcoal, 74 . 
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E.C. Powder, 104. 155. 
Ecrasite, 155. 
Edge-runner mills, 

in gunpowder manufacture, SS. 
Electrostatic Charges, 

lGO 

dangerous, 141. 
Electrostatic Preciuitator (Cottrell). 121. 
Endothermic Action, compound, 13, 151. 
Endothermic Compound, 

in which molecule ia unstable, IP. 
Equations, 

note re chemical, 35. 
Erosion, 

causes of, in guns, 25. 
Ester, 

definitions, 151. 
Ether, 108. 
Ether-alcohol, 108. 

di-ethyl ether used, 108. 
Ethyl nitrate, 131. 
Eutectic, 

definition, 151. 
Exothermic Action, compound, 13, 151. 
Exploder System, 

affected by exudation, 63. 
Explosion, 

analogy to burning, 11 ; defined, 
21 ; effect on buildings, 140 ; 
gases liberated on, 12 ; molecular 
heat of, 152 ; range of velocity of. 
11 ; temperature of, 34 ; wave 
analysed, 19. 

Explosive, 
' 1 balanced," 13; compared wit.Ii 
fuels, 14; conditions of use govern 
constitution, 18 ; definition, 11 ; 
fundamental features of, 11 ; gas­
eous, liquid or so1id, 11 ; generally 
in a dense condition, 12 ; necessity 
for complet.e combustion, 18 ; types, 
11 ; useless as motive power, 14. 

Explosives, 
classification of, Chapter II t frozen , 
thaw of, 142; mixed, Chapter IX; 
rates of decomposition c.ontrol­
lable, 14; properties, 30, 36 ; 
Service classification, 16; stabJe 
and unstable types, 122 ; store, 
138, 139; two main uses in the 
SerTice, 25. 

Explosives Act, 15. 
Explosive Chemical Compounds, 17. 
Explosive Chemical Mixtures, 18. 

containing explosive compounds, 
18; of non-explosive substances, 19. 

Explosive Effect, 
depends on two causes, 12. 

Exudation, 
with crude T.N.T., 53; and am­
monium nitrate, 63. 

F. 
" Falling-Weight ,, Test for inscnsitive­

ness, 40. 
Faversham Powder, 155. 
Figures of lnsensitiveness, 40 ; and 

A ppenclix II. 
Filite, 117. 
Foreign Matter, in nitrocel1uloae, assists 

decomposition, 124. 
Fractional Distillation, 

definition, 150. 
Freeth Process, 

for making ammonium nitrate, 62. 
Fulminate of Mercury, -~ee Murcuric 

Fulminate. 
Fulminate of Silver, 155. 
Fulminating Mercury, 155. 
Fulminating Silver, 155. 
Fumy!, 66. 
Fungi (micro-organisms) and nitrocc-1-

lu]ose, 124. 
G. 

Gaillard Tower, 121. 
Gases, 

given off on decomposition of a. nitro­
cellulose expJosive, 123 ; " pel'­
manent" and " total '' 31 · volume 
aud nature of - gi;en off on ex­
plosion, 31. 

Gas Volume, 
"total," 31. 

Gelatine Dynamites, 75, 155. 
Gelignite, 75, 155. 
Gilchrist Tower, 121. 
Glauber, 22. 
Glossary of Terms, Appcndi x TU, pp. 

150 to 153. 
Glover Tower, 121. 
Glycerol (Glycerine), 87. 
Glyceryl trinitrate (nitroglycerine), 

formation, 88, 
Glyceryl Tristearate, 

its conversion to soap, gi\ing gly­
cerol, 88. 

Gram-molecule, 
definition, 151. 

Granat!0llung, C/88, 43. 
Greek Fire, 22. 
Ground Candles, 

composition used, 136. 
Ground Flares, 

compositions for, 134. 
Guncotton, 23, 102. 

Analysis o! oxides of nitrogen given 
off hy - during a VYill test, 123. 

Gunpowder, 
Cha,pter X ; constitution, 80. 83 ; 
functions of constituents, 80 ; 
grades, 82 ; ignition, and use as an 
jgniter, 29; manufacture, 82-84; 
properties, 84 ; short - milled 
powders, 83; the oldest propel­
lant, 22; us<.·s, 85. 



H. 
Haber Process. 

for fixa.tioa of a,t-in,,~ph,·rii:- uitro­
gcu. fiO. 

Heat of Explosion, 31. 
lleat of Formation, 13 ; 

molecular, 152. 
Heat Test {Abel's), 125; 

a.pplica.tion and object ions, 126.. 
Hexanitro-ethane, 155. 
High Explosives, 

a.pparentJy strike downwards. 140 ; 
definition, 11 ; described. 16; out­
put dnring the Great \Var. 24; 
requ~rements of, 2i ; stal,Je as a. 
class, 122 ; to be easily detonated, 
28 ; to be iuse12sitive to shoek or 
friction, 27 ; to be non-reactive, 
28 ; to have high density, 28; t0 
hM·e a maximum shattering effec~ 
27. 

'Home Office, 138. 
Hopkinson Pressure Bar, 32, 33 : 

" degrading pellet," 32 ; results of 
measurements made with, 149, 
150 ; " time-integral, " 32; cc time 
piece," 33. 

'Howard, 23. 
Hydrazine, 131. 
Hydrazoic Acid, 13L 
Hydrolysis, 

definition, 151. 
Hygroscopic, 

definition, 151 .. 

:Illuminating Compositiou.s, 13:J 
I.M.M. Sieves, 

table of, 152. 
Incendiary Compositions, 136. 
Jnitiation, 

means of, 20, 29. 
Initiators, 128-132; 

characteristics of, 37; CSSC'ntfal 
requirements of, 28. 

lnsensitiveness, 40 ; 
falling weight tei;t for, 40; figurns of, 
40. 

Instantaneous Fuze, 85. 
Intermediaries, 

cha.in of -in H.E. shell , ~9; csi:;(•H.• 
tial requirements of, :?S. 

Internal Burning, 
definition, 21~ 

lsomeric-Isomers, 
definition, 152. 

Isomeric Trinitrotolueoes, .:i:t 

J. 
Judson Powder, 1J6. 

(B 28/:l3l)z 

JGJ 

K. 

Kessler Concentrator, 
for waste acids, 120.. 

Kiesolguhr, 74. 
Kilowatt-year, 

definition, 152. 

1,, 

Lead Acetate, 131. 
Lead Azide, 131 ; 

an endotb.er1uic compound, 18, 23 ~ 
equally BeUBitive wet or dry, 131 ~ 
heat change on breaking down, l:l; 
k(>eps well in hot storagt'. U8 : 
preparation, 131 ; propertfrs anJ. 
uses. 132. 

Lead Picrate, 4 7. 
Lightning, 

precautions against, 141. 
Liquid Oxygen, 

-as a conati.tuoo.t of a, mixed explo 
sive, 19. 

Lyddite (and see Picric Acid), 
nsed in South African ,,ar, 22.; 
.Shell, varnishing o{. 47. 

M. 

Magazines, 138, 139. 
Magazine Regulations, 15, 13,. 
Malachite Green Test, 

for cellulose, 98 ; 
Melinite, 43, 156. 
Mercuric Fulminate, 

chapter XV.I; "dead presse1l,'1 

129; decomposition of, 14, 2a; 
•.f>quation showing decomposition. 
128 ; failure under high tempera­
turer1 of storage, 128; manufacture., 
129 ; pro~rt,iea and uses, 129. 

lllercurit, 156. 
Mertens, 24. 
Meta-Dinitrobenzene, 74. 
•~ Meta-dinitro-tetryl. 11 See Tetra~nitro 

phenyl-methyl-nitramine. 
Meta-nitrotoluene, 

removal of, 54. 
Methyl Alchohol, 68. 
Mettegang Recorder, 3i. 
Micro-organisms (fllllgi), 

a,nd nitrocellulose, 124-. 
Milk of Lime, 68. 
.Mineral Jelly, 

106; "cracked" (0.)LT.), luG 
,equation illustrat ing ,: crackin~, ., 
124. 



Mixed Acid 
for nitl',1,ting D.N.T. to T.X.T .• LJ~ ; 
for nitratin~ eellulosr for cord1te­
)l. D. and RD.ll.. 9~: for nitrating 
,,Ivc-niue. ~fL 

Mixt~es1 Explosive and Smoke, ifos -l 
and 7, 1:~6r 

• M.N rT .· petrol,." 54. 
Moderant, 

th•finition . 67 .. 
Molecular Heat of Explosion or Comliu•­

tion, 
definition. 152. 

Molecular Heat of Formation or Decom­
position, 

definition. 152 .. 
Mononitrotoluene (M.X.T.), 54, 5ij_ 
Mother Liquor, 

d<'finition. 152 .. 
Muzzle Flash , 26. 

Napper, 123. 
N.C.T. (nitrocellulose tuLular)'. 

Chapter :S:III, 115 ; Dupont. Il 6 ;. 
pressing operations. 116;. :vro1:ie1-t«'s .. 
116 ; ~izes used, 116 .. 

Nitrate, nitric-ester,. 
definition, 152 .. 

Nitrates,. 72 .. 
Nitration, 

two gennal equations for, 118" .. 
Nitralor-Separator (Rintonl & Tholl1p• 

son), 
in nitro,glycerine manufacture, 88 .. 

Nitric Acid, 
dissoc-iation, 119 : not so injurious 
to nitrC1cellulose as sulphuric acid,. 
124 ;. sources of, 24 .. 

Nitric 01ide, 61. 
Nitrobenzoic Acids, 53. 
Nitrocellulose, 

ChapteJ XII ; blanket ru:os,. IOI ; 
diffe1·e-i1r. type~.- 92;, drying. in. 
manufadure of c-Ol'dite )LD-, 109 ; 
history, 92; manufacture, 98-103;, 
not a nitrn-body. 92;. pmpe,.ties. 
103; pm'lfication. 101 ; rate o{ 
decomposition not reduceahle below 
a certain mininrnn1, J 22 ; relation of 
stability to n.itrogen content, 103; 
Roluhility of different types. 03, 103 :. 
solulile and in.soluble, 103. 

}iitrocellulose Powders, 
relation of ra.te of decomposition and 
temperature, 123. 

Nitro-Compound (nitro-body). 
definition, 153. 

Nitrocresols, 53. 
Nitrogen~ 

oxirles of, fhc•ir ctt'l'ct on nitro-
1:dluloi;;e, 12:l~ 

Nitrogen Fixation, 5!l-6t ; 
riower l'('quii:e<l, 60. 61. 

Nitrogm Peroxide, 61. 
Nitroglycerine, 

Chapter XT; Ui'compoffition,.12, IJ ;: 
manufacture. 88-90; not a, nitro­
eompoun<l. 87 y p:rcc:1utions in, 
hancUing, 88 ;. " prC'•wash" tanks. 
'9; prodncts of detonation. 88 ; 
properties. 91 ; URe!'I., 12. 91,. 
washing, 90. 

Nitrolit, 156. 
Nitrous Acid,. 

clissociat.ion. !19., 
Nohel, 23 .. 

a. 
Oldliury Continuous Process, 

for makjn6 T.N.T., 56 .. 
Ophorite, io. 
Oxidising Agents, 

in mixed explosives, 72' .. 
Oxyliquit,, 156. 

Parrclaslite, 156". 
Pannonit, 156 .. 

P. 

P.B.U. (phenyl-benzyl-nretha.ne), !61. 
Pelleting (" pellite "), 

of T.N.T., 56. 
"' Permanent '' Gases, 

in homb calorimeter; 31. 
Permite (Palme,;te), 76. 
Phenol, 

action of nitric acid on. 42 :. fron.il 
l:,enzene, 44:; manufacture of, 43 ;. 
nitration m;ing sodium nitrate. 4.5;: 
strong acid nitration (BradJcy), 45;; 
"' synthetic," 44. 

Phenol'.Sulphonic Acid, 43. 
Physical Constants, 

for expJosive-s~ ta!.,le of, 147-150. 
Picramite,. 76, 
Pi.crates, 7. 

figures of inSt:•ntjyeuces of. 47. 
Pieri< Acid (Lyctclite), 22, 42-48, 

B,ooke's continuous- process. 45 :'.: 
deficient in ox~·ge:n. 43; equation 
shmving formation Yia phe.nol-disul­
phonic acid, 43; from chlorbcnzene. 
4·3--46 ; born phenol, 44 ; lead, iron. 
lime, or whitening not to be used 
in buildings containing. 139 ; lead.­
free conditions, 4 7 ; 01<1 Pot process. 
44; other names for. 43; propcrtieR, 
47 ; purification and separation of 
crude. +6: tests. 4-8. 

Picric Powder, 29, 4-U. 
Pierrite, 15G. 



Pot Process, 
for making picril' A.L'id. 4A. 

Potassium Chlorate, I~. 23. 73. 1:io: 
liaUr to corrodt· rine barrdg. 1:u. 

Potassium Nitrate, 
Uy "com·(·1·sion" method, 72. SL 

Potassium perchlorate, ::!3. 
Poudre B, l(H, 156. 
Poudrcs, U, M, S & T, 1,,6 nnd l5i. 
Pressure, 

prorluCl'rl hy explo~ion. 31. 
Priming Composition, 79. 
Prometheus, 157. 
Propellants, 

described. 16: essential rcquirc­
mtnts of, 25 ; talile of -properties, 
105 ; the most uIIBtali}e ty)?t1 of 
Pxp)osiYe. 122; to µin: maximum 
propPllont effect, 26; to withstand 
transport. 26. 

Pyridene, 
causes frothing with impure T.:N.T., 
63. 

Pyrocollodion, 157. 

Q. 

Queensferry Process, 
for maldng T.N.T .. 5-i. 

Quickmatch, 85. 

R. 

Regulations for the Army Ordnance 
Services, Part H. 123. 125. 

Rendite , 32. 
Research Department, 51. 
Research Department Compositions, ··B.'' 

77 ~ :Xo. 30. Ti ; Xo. 202, 79. 
Reversible Reaction, 

definition, 153. 
Robertson, Sir Robert, 35, 123. 1~7. 
Rocket, compositions for use in, 135. 

s. 

Sahulite, 78. 
Safety Fuze, 81i. 
Safety Precautions, l'hapt,·r ~\"!II. 
Saltpetre, 81. 
Schneiderite, 157. 
Schonbein, 23. 
Schultze Powder, 157. 
Schweitzer's Reagent, fh3. 
Shattering Effect of Explo~in·~, :~u. 
Shells, fillNl gunpowdn. 22. 
Shellite, 4~-
Shimose Powder, 43. 

" Short-Milled" (S.M,) Gunpowder , 3_ 
Shrapnel, Lt. R.A., 22. ' 
Signal Compositions, 133. 
Silvered Vessel Test (\Yaltham Ahhr·y'. 

126. 
Sliver, 95. 
Slowmatch, 85. 
Smoke, 

compositionR. 135 ; mixturn:, 
colour<>d, 136 ; not produced Jiy 
" balanced" explosi\"e~. 18. · 

" Smoke-Box'' 
needc<l with sheU-fi11Nl Amatol 
80,~0. 66. 

Sobrero, 23. 
Sodium Azide, 131. 
Sodium Chlorate, i3. 

hy electrolytic oxidation of :,;.odium 
chloride, 73. 

Sodium Dinitrophenolate, 46. 
Sodium Nitrate, 73. 
Sodium Perchlorate, 73. 
Sodium Salts, 

in Rignal compositions, 133. 
Sodium-sulphite process, 

for eliminatina unsymmetrica1 
T.N.T .. 54. 0 

"'Solventless" Cordite, 112, 113. 
arlvantages, 113, 114; manufac­
ture, 113. 

Solvents, 
in manufacture of nitro~llu101s1· 
propellant,, 107, 108. 

Sonite, 78. 
Specific Heat, 

definition, 153. 
Spontaneous Ignition, 

of explosives. 142. 
Sprengel, 23. 
Sprengel Explosives, 157. 
S.R. Compositions, :Xos. 512 anrl :!60, 

137. 
Stabilisers, 

action of, 124; for nitroceJ1ul1.•~~ 
propellants. 106, 107, 1~4-

Stability (and Tc•ts for). Chapter V; 
122. 

impurities lower. 122; 11hysicnl 
change-a affecting. 122: nn:-1tahlt' 
1•quilibrium of molecu](-', 122. 

Stadion, 2:{. 
Star Compositions, 

for parachute star shell. 1:r>. 
for signal caitri.<lges, 1:~. 

Starch, 
as a source of a<'dont•. JOS. 

Steam Distillation, 
detinition. 151. 

Storage, tropical, 142. 
Strontium Salts, 

in i..ignal compos.itious, 1:1:t 



Sulphur, 82. . "' 
l"rasch proccs,-, in U.KA., b:. ; pro­
perticg, 82. 

Sulphuric Acid, . 
it~ injurious effect on mtror<.'llulost.•, 
123 a nd 124. 

Super-excelite, 157. 
" Sweating," 

of cordite, I 14. 
Synthesis, 

d{lfinition, 153. 

T. 
Tests, 

applied to explosfrcs, 125 to 128; 
Fume, 125; Quantitative, 125 ; 
Trace, 125. . . 

Tetranitro - phenyl - methyl - mtramme, 
69, 70. 

Tetryl (C.E. or Trinitro-pbenyl-metbyl-
nitra.mine), 

Chapter YIU ; 24- ; const_itution of 
mixed acid in makmg. 69; 
"corning," 71; dissolved in ace­
tone for grade, l , 71 ; form ula and 
some properties, 68 ; manufa(;~ure, 
69-71 ; properties, 71; purifka­
tion of crude, 71; useR, 71. 

Thermit, 137 ; 
combustion of, 12. 

Time Fuze Compositions, 86. 
Toluene, 51 ; 

nitration in stages, 51 and 52 ; tem­
perature control during nitration of, 
52. 

•· Toluene-benzine ," 54. 
Tonite, 77. 
·• Toxol," 67. 
'• Transformation product,' 1 59. 
Trauzl's Lead Block Test, 39. 
Trinitrocresol, 49. 
Trinitrophenol, 22 (and see " Picric 

Acid "). 
Trinitrotoluene, Trotyl or T.N.T. , 23, ;j0-

59; 
attacked by allrn.Jies, 53 ; burning 
of, 36; comparison of properties of 
symmetrical and unsymmetrical, 58 : 
counter-current washing, 56; flak­
ing, 56 ; gases produced on ?-1:'tona-­
tion of, 51 ; grades, 58 ; import­
ance during \\'ar (1014-1918), .50 ; 
manufacture, 51 ; Oldbury con­
tinuous process for making, fi6 ; 
pelleting, 53, 56; prope1-ties anrl 
uses, 57, 59; llllrification, 3;3; 
Qucensferry Procc1::1s fo1· making, 54 ; 
symmetrical and unsymml'tricaJ. 50, 
fi3 ; Test~. 5~ ; Unsymmetric·al. 
e-Jimination of. ti4 : washing, fi:l. 

161 

Trinitroxylene, 67, 74. 
Turpin, 22. 
Turpinite, IJ6. 

u. 

Unsaturated Compounds, 
definition, 15:t 

Vacuum Filters, 70. 
Vacuum Test, 126. 
Velocity-time curve, 

V. 

classification of explosives according 
to nature of, 19; of an explosion 
wa,·e, 19. 

Volume of gases, 
e,·ol ,-ed on explosion, 31. 

Von Lenk, 02. 

w. 
Waste Acids, 

detoluation in T.N.T. manufacture, 
52 ; general methods for recovery, 
Chapter XIV ; procedure for re­
covery, concentration, 120 ; pro­
cedure for recovery, dcnitration, 
l 19 ; procedure for recovery, de. 
nitration, reactions, 120; procedure 
for recovery, denitration, low 
temperature, not suitabJe for waste 
acids from manufacture of nitro­
cellulose, 12a ; procedure for re­
cO\·ery of acid fumes, 121. 

Water, 
and the formation of nitrous and 
nitric acids in decomposition of 
nitrocellulose. 123. 

Water Equivalent, 
definition, 153. 

Wilbrand, 23. 
Will, 122. 
Will Test, 123. 
Wood, 

dangerous wht·re nitric acid or 
nitrates are present, 139; for bJ.ild­
jngs, preferable where picric acid or 
picrates are present, 139; for char­
coal. and treatment, 81. 

Woulffe, 22. 

x. 
Xylene, G2. 
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