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P R E F A C E

T H E enormous and rapidly increasing impor t ance of ni t rogen

compounds can scarcely be over-es t imated a t the present t ime.

T h e y form the raw materials from which a r e manufactured

practically all the effective explosives now in use . Exceedingly

la rge quant i t ies of n i t rogen compounds a r e consumed annually

by the agricultural industries, in order to res to re to the soil the

ni t rogen ext rac ted therefrom by g rowing crops . W i t h o u t nitro-

g e n o u s manure soil becomes barren. In fact, in recent years, the

agricul tural industr ies have absorbed over 80 pe r cent, of the

avai lable supplies of n i t rogenous materials, a n d the supply does

not equal the demand . T h i s ever- increas ing w a n t has led within

the last few years to the creation of enormous new indust r ies—

like the cyanamide indus t ry—in which p roduc t s scarcely known

to the scientist of a few years ago are now placed on the market

in quant i t ies runn ing into hundreds of t housands of tons

annual ly .

W i t h i n recent years me thods h a v e been worked out for con-

ve r t ing the practically unl imited supplies of free ni t rogen in the

a tmosphe re into nitric acid, nitrates, ammonia , cyanamide, and

o the r valuable chemicals and fertilising agen t s .

T h e s e ach ievements of the chemist form one of the romances

of science, and a re undoubted ly dest ined to b r i n g about economic

revolut ions which will profoundly modify t he whole surface of our

planet . By means of these new industr ies G e r m a n y has rendered

herself practically independen t of external suppl ies of ni trates and

o the r raw materials for m a k i n g explosives.

Grea t Britain, however , is still a lmost ent i re ly dependen t upon

ni t ra te importa t ion from overseas, a n d in t h e in teres ts of nat ional

safety the G o v e r n m e n t should u n d e r t a k e t he es tab l i shment of

nat ional works for p roduc ing nitric acid a n d ni t ra tes from
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atmospheric air by the processes which have b e e n w o r k e d

successfully abroad.
In the present volume the methods of m a n u f a c t u r e a n d t h e

utilisation of the chief industrial nitrogenous s u b s t a n c e s a r c g i v e n

as concisely as possible.

Special weight has been laid upon new and p ro f i t ab le m e t h o d s

of production ; for this reason the chief pa ten t s r e l a t i n g t o t h e

newer processes of manufacture have been ind ica ted w h e r c v e r

possible.

For the same reason special prominence has been g ' i ven to t h e

new synthetic processes for making" ammonia d i r e c t l y from i t s

component elements, and its subsequent oxidat ion to n i t r i c a c i d

and ammonium nitrate by catalytic processes, which a r e n o w h c i n o -

worked in Germany on a very large scale.

On account of the importance of explosives at the p r e s e n t t i m e ,

and the fact that their manufacture intimately d e p e n d s u p o n t h a t

of nitric acid and nitrates, it has been thought a d v i s a b l e t o i n c l u d e

the manufacture and properties of the chief e x p l o s i v e s n o w

in use.

This section was contributed by Mr Wil l iam H a r b o u r , M . A . ,

B .Sc , whose extensive experience in the manufacture? of t h e s e

products will make the details given of special value t o p r a c t i c a l

men at the present time. T h e large number of p a t e n t s a n d n<»\v

processes referred to in the text are excused by t h e fact t h a t

although many of them have proved commercially u n s u c c e s s f u l in

peace times, yet they often embody fruitful ideas, a n d u n d e r t h e

present abnormal conditions may often be worked succes s fu l l y .

T h e editor wishes to thank Mr J. Louis Fouca r , B .Sc . , l a t e

assistant manager to the Beckton Gas W o r k s , for his k i n d h e l p in

revising the sections relating to ammonia and n i t ra tes .

July 1915.
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NITROGEN is an essential component of animal and vegetable living matter, and
must be supplied to them in an assimilable form.

Animals obtain their nitrogen in an "organically combined" form from
vegetable matter. Plants, however, obtain their nitrogen principally in the form
of nitrates or ammoniacal salts, which they absorb from the soil. To a much
smaller extent they take up (at least some varieties do) nitrogen directly from
the atmosphere.

When animal and vegetable matter decays, the combined nitrogen passes again
in the form of ammonia and nitrates into the soil. Part, however, is set free as
nitrogen gas, which thus escapes into the atmosphere.

According to Arrhenius (" Das Werden der Welten," pp. 130, 131, 1908) no less than 400,000,000
tons of nitrogen are annually withdrawn from the atmosphere either by direct assimilation by plants
or by union with oxygen by means of electrical discharges which occur in the air. The combined
nitrogen is washed into the soil and there taken up by plants, whence it passes into circulation in
the animal world. (The amount of atmospheric oxygen annually absorbed by plants and animals
from the atmosphere is about 100 times greater than the amount of nitrogen absorbed.) Now, since
nitrogen does not accumulate to any great extent in the soil, these 400,000,000 tons of atmospheric
nitrogen are yearly set free again as inert nitrogen gas by the decomposition of organic matter,
and so are restored again to the atmosphere. Consequently there is continually going on in nature
an immense and endless circulation of nitrogen.

The following scheme shows the course of the nitrogen cycle in nature :—
Free nitrogen in air ->- Nitrogen fixing bacteria ->- Plants

% ; c \ . s , ^ Proteins, fats,
^ y <c^^e ' carbohydrates, e tc.

Proteolytic -̂T
nitrifying and ^
de-nitrifying -""' fUrea, "I

- Bacteria -f- . J Proteins, > -<- Animals
\ Amino-acids J

Every scrap of nitrogen in every plant and every animal, and in the soil, came
originally from free atmospheric nitrogen. The fixation occurs principally by
means of silent electrical discharges, which continually go on in the atmosphere.
Under the influence of electricity the atmospheric nitrogen becomes active, and
unites with the oxygen of the air to form nitric oxide, thus N2 + O 2 =2N0.
The nitric oxide, NO, at once combines with the oxygen of the air to form
nitrogen peroxide, NO2, thus NO + O = NO2. The NO2 is then dissolved by




