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PREFACE

Tur enormous and rapidly increasing importance of nitrogen
compounds can scarcely be over-estimated at the present time.
They form the raw materials from which are manufactured
practically all the effective explosives now in use. Exceedingly
large quantities of nitrogen compounds are consumed annually
by the agricultural industries, in order to restore to the soil the
nitrogen extracted therefrom by growing crops. Without nitro-
genous manure soil becomes barren. In fact, in recent years, the
agricultural industries have absorbed over 8o per cent. of the
available supplies of nitrogenous materials, and the supply does
not equal the demand. This ever-increasing want has led within
the last few years to the creation of enormous new industries—
like the cyanamide industry—in which products scarcely known
to the scientist of a few years ago are now placed on the market
in quantities running into hundreds of thousands of tons
annually.

Within recent years methods have been worked out for con-
verting the practically unlimited supplies of free nitrogen in the
atmosphere into nitric acid, nitrates, ammonia, cyanamide, and
other valuable chemicals and fertilising agents.

These achievements of the chemist form one of the romances
of science, and aré undoubtedly destined to bring about economic
revolutions which will profoundly modify the whole surface of our
planet. By means of these new industries Germany has rendered
herself practically independent of external supplies of nitrates and
other raw materials for making explosives.

Great Britain, however, is still almost entirely dependent upon
nitrate importation from overseas, and in the interests of national
safety the Government should undertake the establishment of
national works for producing nitric acid and nitrates from

v



PREFACE

vi
atmospheric air by the processes which have been workead
successfully abroad.

In the present volume the methods of manufacture and the
utilisation of the chief industrial nitrogenous substances arc given
as concisely as possible.

Special weight has been laid upon new and profitable methods
of production; for this reason the chief patents rclating to the
newer processes of manufacture have been indicated wherever
possible.

For the same reason special prominence has been given to the
new synthetic processes for making ammonia dircctly from its
component elements, and its subsequent oxidation to nitric acic
and ammonium nitrate by catalytic processes, which are now being
worked in Germany on a very large scale.

On account of the importance of explosives at the present time,
and the fact that their manufacturc intimatcly depends upon that
of nitric acid and nitrates, it has been thought advisable to include
the manufacture and properties of the chief explosives now
In use.

This section was contributed by Mr William Barbour, M, A\,
B.Sc., whose extensive experiencce in the manufacture of thosc
products will make the details given of special value to practical
men at the present time. The large number of patents and new
processes referred to in the text are cxcused by the fact that
although many of them have proved commercially unsuccessful in
peace times, yet they often embody fruitful ideas, and under the
present abnormal conditions may often be worked successfully.

The editor wishes to thank Mr J. Louis Foucar, B.Sc., late
assistant manager to the Beckton Gas Works, for his kind hel P in
revising the sections relating to ammonia and nitratcs.

July 1915.
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CHAPTER I

CIRCULATION OF NITROGEN
IN NATURE

LITERATURE

CROSSLEY.—Pharm. fourn., 1910, 30, 329.
FowLeER.—‘ Bacteriological and Enzyme Chemistry.” 1911.
BRAUN.—-Abegg’s * Handbk. d. anorg. Chemn,” vol. 3, pt. 3, 216.

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) mtrogen directly from
the atmosphere.

When animal and vegetable matter decays, the combined mtrogen 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 Arrhenins (““ 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 gasses into circulation in
the animal world. (The amount of atmospheric oxygen annually absorbed by plants and animals
from the atmosphere is about oo 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 hy the decomposition of organic matter,
and so are restored again to the atmosphere. Conscquently there is continnally going on in nature
an inunense and endless cireulation of nitrogen.

‘The following scheme shows the course of the nitrogen cycle in nature :—

Free nitrogen in air  ---————— Nitrogen fixing bacteria. ——————— > Plants
N -
&
(a3 . .
‘7/\;.,%&/&‘ &oﬂ\a N
e, . o Proteins, fats,
e i bohyd
() S carbohydrates, etc.
N AN
. AN
Proteolytic
nitrifying and L ¥
de-nitrifving Urea,
—  Bacteria - . - Proteins, -~ Animals
Amino-acids

Every scrap of mtrogen 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 N,+ Q,=2NO.
The nitric oxide, NO, at once combines with the oxygen of the air to form
mtrogen peroxide, NO,, thus NO+O=NO, The NO, is then dissolved by
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falling rain, forming nitrous and nitric acid (2NO, + H,O = HNO, + HNOQ,), and in
this form it enters the soil, where the nitric acid and nitrous acid combine with
bases in the soil like lime, potash, etc., to form calcium or potassium nitrate or
nitrite ; these substances are finally absorbed by the roots of growing plants. This
is the main method whereby nitrogen is absorbed fromn the atmosphere, and for
many years it was thought that this was the only way of absorbing nitrogen.
However, it is now known, thanks to the researches of Hellriegel and Wilfarth,
that certain plants, especially those belonging to the Leguminose, directly absorb
nitrogen by means of certain bacteria. Peas and beans possess this capacity highly
developed.  Clover also is a plant which absorbs large amounts of nitrogen from
the air during its growth. Practical examples of utilising this fact have long been
known. After a crop has been grown which tends to exhaust nitrogen from the
soil (e.g., wheat) it is usual to grow a crop of clover, which is then ploughed into
the soil. The nitrogen absorbed by the clover from the atmosphere is thus
returned to the soil when the clover rots, and so a fresh crop of wheat can now
be grown. Thisis known as “rotation of crops.”

The nitrogen as nitrate in the soil is absorbed by the plant and turned into
complex protein matter. The plant is eaten by ‘animals, and the nitrogenous
protein is, by the processes of peptic and tryptic digestion in the animal body,
converted into end products, largely consisting of amino acids. These amino
acids are again built up into the body substance through biotic energy inherent in
the cells, part having been utilised as fuel in maintaining that energy.

In the case of flesh- -eating mammals most of the nitrogen not used in
maintaining the body substance is elimnated in the form of urea, CO(NI,),, in the
urine. From this urea much nitrogen is set free in the free state by the action of
nitrous acid, HNO,, thus :—

CO(NHy)e + 2HNO, = CO, + 3H.O + 2N,

Urea, Nirous Carbon ~ Waler.  Nirogen.
acid. dioxide.

Thus the nitrogen, in part at least, finds its way back to the atmosphere.

In the case of animals, whose diet is wholly vegetable, most of the mtrogen
is eliminated as higpuric acid, C;H,;CO.NHCH,COOH. These two main enc
products of animal SOTisT, viz., urea and hlppul’lC acid, are not directly
available for plant food. They must first be converted into ammonia, NH,, by
means of certain organisms contained in the soil. The most promment of these
organisms are the Micrococcus ure and the Bacillus wurew, These organisms
being widely distributed, soon cause urine when exposed to the air to evolw
ammonia. They are not contained in freshly excreted urine. ‘I'he following is the
change which takes place :—

CONHy, + H,0 = (NHJ.CO,

Urea. Water. Anaoniam
carbonale.

It is supposed that the change is brought about by an ““enzyme” called urease
secreted by the micro-organisms.

The ammoniacal fermentation of the urea proceeds until about 13 per cent
of ammoniacal carbonate is formed in solution, when it ceases. Nitrogen in th
form of ammonium carbonate is directly assimlable as a plant food, being buil
up again into.vegetable proteins, which form the food of animals.

The hippuric acid is similarly decomposed according to the equation—

CgHCO.NHCH..COOH + H,0 = CgH,COOll + CIL NI, COOH
Hippuricacid. Waier. Benzoic acid. Amino-acelic acid.

Plants, however, not only absorb their nitrogen in the form of ammonia, bu

also in the form of oxidation products of ammonta, viz, nitrites and nitrates.
(x) 2NH, + 30, = 2lINO, + 2H,0

Ammonia. Oxygen.  Nirous™ Waler.
acid.
(2) HNO, + O = HNO,
Nitrous Nitric

acnl. acid.
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_ The process of oxidation of ammonia into nitrous and nitnc acid is known as
nitrification, and occurs in two distinct stages by means of two separate lots of
Organisms. The one kind of organism oxidises the ammonia to nitrite, and the
other kind oxidises the nitrites to nitrates.

According to Boullanger and Massol there are two well-defined organisms which

CoOnvert the ammonia into nitrites, viz., Nifrosococcus, a large, nearly spherical,
Organism, existing in two varieties, one found in Europe and the other in certain
#01ls of Java. The other smaller organism is called Nztrosomonas.
. The nitric orgamsm is a very small bacterium, slightly longer than broad.
Che nitrous and nitric organisms exist side by side in nature, and neither can
perform its work without the aid of the other, e.g,, the nitrous organism alone
<annot carry the oxidation of the ammonia further than the stage of nitrite, while
the nitric organism is incapable of directly oxidising ammonia.

In addition to the oxidising of ammonia to nitrites and nitrates (nitrification),
there also goes on a reverse process (denitrification) whereby nitrites and nitrates
are destroped by the action of certain organisms, ¢.g., a nitrate is converted directly
Into nitrogen, the final result being shown by some such end equation such as this :—

4KNO, + 5C + 2H.0 = 4KHCO; + 2N, + CO,
Porassium Carbon. Waler. Polassium Niiro- Carbon
ailrale. bicarbonate. gen. dioxide.

The demtrifying organisms may be divided into two classes. (1) True de-
nitrifying organisms, which actually destroy nitrates, converting them into free
nitrogen. (2) Indirect denitrifying organisms, which reduce nitrates to nitrites,
and these nitrites, when brought into contact with amido compounds such as urea,
in the presence of acid, are decomposed with liberation of nitrogen, thus :—

CO(NH.,), + 2HNO, = 2N, + CO, + 3H,0
Urea. Nitrous Niiro-  Carbon Waner,
acid. gen. dioxide.

By means of these changes much nitrogen from the animal or vegetable body is
again thrown back into the atmosphere 1n its original form, thus maintaining the
nitrogen cycle in nature.

The chief nitrogenous artificial manures used are ammonium salts and sodium
or potassium nitrate. The quantities of these substances, however, at the disposal
of agriculturists, is far less than the demand.

Until quite recently the supply of nitrates, and also of nitric actd, was derived
almost exclusively from the natural deposits of sodium nitrate, NaNO,, found
in Chile (Chile saltpetre). The ammonium salts were principally derived from
coal-tar and gas-making works, coming into the market as ammonium sulphate.
‘The high price of these products, and the urgent need for more nitrogenous manure
for agriculturists, has caused the successful invention recently of several processes
for combining atmospheric nitrogen artificially, in a form assimilable by plants.
‘The economic “fixation of nitrogen ” has been achieved by three distinct methods
which we will later deal with in detail, viz. :— (1) Direct oxidation of atmospheric
nitrogen to nitric acid or nitrates. (2) Fixation of atmospheric nitrogen by means
of calcium carbide, with formation of calcium cyanamide. (3) Direct formation of
ammonia, NH,, by direct combination of atmospheric nitrogen and hydrogen.

Other nitrogenous compounds much used are cyanides, ferro- and ferricyanides,
etc. Cyanides find their chief use in the extraction of gold from quartz.
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SODIUM NITRATE (CHILE SALTPETRE), NaNQO,

Sop1uMm nitrate occurs in enormous quantities in the valleys of the Tarapaca and
Tacoma, along the coast of Chile and Peru. Deposits also occur on the coast of
Bolivia. The whole district is Tow a desert (rain only falling once in three years
or s0), but signs of former fertility are evident.

The main nitrate bed of Tarapaca is 2} miles wide, and ahout 260 miles long, stretching along
the eastern slope of the Cordilleras and the sea. The average distance from the sea coast is
14 miles, although some rich deposits occur inland as far as 9o miles. The deposits are sone
500-600 ft. higher than the valley of the Tamaragal, the deposits thinning out as the valley is
approached, all nitrate vanishing at the bottom.

The nitrate (locally called “caliche”) forms a rock-like mass 3-6 ft. deep; it is
covered over to a depth of 6-10 ft. by rocky matter, which in its turn is covered
to a depth of 8-10 in. by fine loose sand. The nitrate lies upon a bed of clay, free
from nitrate, which covers primitive rock. The colour of the nitrate varies from
pure white to brown or gray.

The crude caliche contains from 10-80 per cent. of NaNO,, much NaCl, a
little KNO,, some sodium perchlorate, NaClO,, and sodium iodate, NIO,.

A caliche containing 40-So per cent. NaNOQ, 1s regarded as of the best quality ;
25-40 per cent. NaNO, is second quality caliche, while anything below 25 per cent.
NaNOQ; is regarded as inferior quality.

The richest beds, it is stated, have been practically worked out, but it is asserted that sufficient
caliche still exists in Northern Chile and the neighbouring lands of Peru and Bolivia to supply
the world’s markets for another 100 years at the present rate of consumption.

The caliche is worked for refined nitrate on the places of production in about
one hundred and fifty factories. The ground is broken by blasting, and the big
blocks are broken into smaller ones by means of crowbars, and the lumps of
caliche are separated from the rocky overlayer by hand. The caliche is
crushed into 2-in. lumps, placed in long iron tanks heated with steam coils, and
is there boiled with water. The earthy residue 1s left on a false bottom about
1 ft. from the real bottom of the tank, while the mother liquors, containing the
NaNOQq in solution, are run into the next tank. The extraction of the caliche is
carried out systematically. The tank containing nearly exhausted caliche is treated
with fresh water, while the liquor from this tank is run through a ¢-in. pipe into
the second tank, where it meets with a partly extracted caliche. From this, still
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rich in nitrate, the mother liquors pass on, finally emerging from the last tank of
a battery of six filled with freshly charged caliche. The hot mother liquors from
the last tank, at a temperature of r12°, and containing about 8o lbs. of sodium
nitrate per cubic foot, are run off into the crystallising pans where, after cooling
for four to five days, much nitrate is deposited in a crystalline condition.

The mother liquors now contain about 40 lbs. of nitrate per cubic foot, and are used in the
systematic lixiviation of the caliche described above, being run (in addition to the weak liquor
from the final exhaustion of the caliche) on to the subsequent caliche. These mother liquors,
however, contain much iodine in the form of sodinm iodate, from which the iodine must first
e recovered in the manner described ia the section on Iodine in Martin’s ¢ Indnstrial Chemistry,”
Vol. I1I. From the iodine house the mother liquors are passed on to the lixiviating tanks, to he
used once more, as above described, m extracting crude caliche. The iodine recovered in this way
is now an important article of commerce.

The crystals of nitrate deposited in the crystallising tanks are covered with a
little water, drained, and allowed to dry in the sun for five or more days. They
have then the following composition :—

Best Quality.  Second Grade.

gaglo3 - - . . 96.5 95.2
a - - - - 0.75 2.5
Na,S0; - - - - 0.43 0.7
H,0 - - - - 2.3 1.6

About 1 ton of coal is required for the production of 7 tons of nitrate.

This 95-96 per cent. NaNO, 1s shipped, and can be used directly as manure.
About 2o per cent. of total export is used for the manufacture of nitric acid and
other nitrogen compounds.

The second grade 95 per cent. NaNOQ, contains (as is evident from alove analyses) much NaCl,
and sometimes a little KNO, and salium perchlorate, NaClO,. This latter substance is especially
undesirable in manurial nitrate, as it acts as a poison for plants. The nitrate is usually valued on
the basis of its nitrogen content, the pure nitrate containing 16.47 per cent. N against 13.87 per
cent. N in potassium nitrate (KNO,, saltpetre).

Properties of Sodium Nitrate.—The substance forms colourless trans-
parent anhydrous rhombohedra, whose form closely approximates to cubes (hence
the term “cubic nitre”). It fuses at 316°, and at higher temperatures evolves
oxygen with formation of nitrite. At very high temperatures all the nitrogen is
cvolved, and a residue of Na,O and Na,O, is left.  The salt, when quite free from
chlorides of caleium and magnesium, is not hygroscopic; as usually obtaned,
however, 1t is slightly hygroscopic. Oune hundred parts of water dissolve :—
Temperature - - o C 10° 15° 21° 29” 36° 51° 68°
NaNoO, - - - 66.7 76.3 80.6 8s5.7 92.9 99.4 113.6 125.1

Statistics.—The shipments of sodium nitrate from Chile and Peru are
rapidly increasing, as the following figures show :—

Year. Tons (Metric). Year. Tons (Metric).
1850 - - - - - - 25,000 1909 - - - - 2,100,000
1870 - - - - - 150,000 1910 - - - - 2,274,000
1890 - - - - - 1,000,000 1911 - - - - - 2,400,000
1900 - - - - - - 1,400,000 1912 - - - - - 2,542,000
1908 - - - - - - 1,746,000

In 1912 the 2,542,000 tons of nitrate were divided among the following
countries :—United Kingdom, 5.60 per cent. of total; Germany, 33.30 per cent,;
France, 14.30 per cent.; Belgium, 12.2 per cent.; Holland, 5.90 per cent.; Italy,
2 per cent.; Austria-Hungary, o.25 per cent.; Spain and Portugal, o.50 per cent. ;
Sweden, o.15 per cent.; United States, 22.2 per cent. ; Japan and other countries,
3.60 per cent.

In view of the rapidly increasing demand for sodium nitrate, there is grave doubt as to the
possibility of any great extension in the demand being met by Chile. The caliche beds are spread
over great areas in a desert region, where fuel and water are expensive, and are not uniform in
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ty.  The richer and wore easily extracted nitrate, the first to he worked, is stated to e
ned to the valleys of the Tarapaca and Tacoma, and, i1 is asserted, will not last nch longer
X 923 at the present rate of increased extraction. 100-150 years is the limit assigned for the
ing out of the less valnable beds in the hands of the Governinent. However, it must be
mibered that perfectly enormous supplies of inferior nitrate remain in the soil, now regarded
»t worth working, and possibly with improved methods these supplies will last much longer
the estimated time. In fact, fresh estimates by competent scientists put off the date of failure
= caliche beds for another 150 years at least.

U'ses of Sodium Nitrate.—The main use of sodium nitrate is for manurial
yoses, no less than 80 per cent. of total product being used for this purpose in
:.  Of the remaining 20 per cent used for manufacturing nitrogen com-
1ds, about 15 per cent. was used for making nitric acid, and the remaining
:r cent. for manufacture of potassium nitrate (saltpetre) for use in the lead
n ber process for making sulphuric acid, and for other purposes as well.

Tor the manufacture of old black gunpowder or for fireworks, the slightly
‘oscopic nature of NaNQ, renders it inapplicable as a substitute for potassium
ite, KNO,.

POTASSIUM NITRATE, KNO,

>otassium Nitrate, KNO,, crystallises in large prisms, isomorphous with
abic aragonite, and so is sometimes known as “prismatic” saltpetre. It is

principally for the production of black shooting powder and for fireworks.
—Iowever since the production of the new smokeless powders, the manufacture
lack powder has greatly decreased, and with it the use of potassium nitrate
11s0 decreased.

VI anufacture.—Germany alone produces zo,000 tons of KNO,, and Great
uin imports annually 10,000 tons, while over 30,000 tons are produced in other
5, almost entirely by the so-called “conversion process,” using as raw materials
Geerman potassium chloride, KCl (mined at Stassfurt) and Chile saltpetre,
1 nitrate, NaNO,. This process depends upon the fact that under certain
litions of temperature and pressure, solutions of potassium chloride, KCl, and
2 saltpetre, NaNO,;, when mixed, undergo a double decomposition, sodium
s1de being deposited and potassium nitrate remaining in solution :—

KCl + NaNO, = NaCl + KNO,.
conversion takes place all the more readily because KNO, is much more

>le in hot and much less soluble in cold water than 1s sodium nitrate. 100 g.
ater dissolve :—

KNO,. NaNO,. NaCl. KClL
At 20° C. 32g. 88 g. 36 g. 34 ¢
sy 100° C. 246 g. 176 g. 39.6 g. 56.5 g.

potassium nitrate thus obtained is exceedingly pure. In fact, that technically
uced for the manufacture of black powder must not contain more than o.1-0.05
:ent. NaCL

“he process is carried out as follows:—In a large tron pan, provided with a
ng apparatus and indirect steam heating arrangement, there is added 188 kg.
ssium chlonde (88 per cent., containing: NaCl) and 180 kg. Chile saltpetre
per cent.) and 160 kg. of mother liquors from a previous operation. The
ion is boiled by indirect steam. The amount of water present is not
:dient to dissolve all the difficult soluble NaCl present, whereas the readily
>le KNO, at once goes into solution. The Lquid is filtered hot, and the
ual salt, after covening with a little water, and draining, is sold as such. The
n other liquors are allowed to cool, when “raw” KNO, crystallises out—still in
tcle state, however, containing several per cent. of NaCl.

“he crude KNO, is once more dissolved by hot water, and allowed to crystallise
opper pans provided with stirrers. “ Refined” potassium nitrate is thus
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obtained, which, after passing through a centrifugal machine, washing with very
little water, and drying, is almost quite free from NaCl. The various mother
liquors resulting from these operations are evaporated and added to the mother
liquors for the initial treatment of the KCl and NaNO; as above described.

There is thus but little loss, although the calcium and wmagnesium salts which gradually
accumulate in the mother liquors must from time to time be removed by the cantious addition
of sodium carbonate. Sometimes a considerable amount of sodium perchlorate, NaClQy, and
sodium iodate accumulate in these mother liquors, and occasionally they are worked up for
perchlorate and iodine.

Potassium nitrate, KNO,, is one of the oldest known salts of potassium, and
is characterised by the fact that when mixed with oxtdisable matter it gives rise to
readily inflammable products, such as black powder and mixtures used in fireworks.
KNO, is the final result of the oxidation of nitrogenous organic material, and so it
1s steadily produced in the soil from decaying organic matter by means of special
bacteria (see p. 5). It thus occurs, together with other nitrates, as an efflorescence
in the soil in tropical countries like Bengal, Egypt, Syria, Dersia, Hungary, etc. In
India, and especially Ceylon, considerable quantities, e.¢:, 20,000 tons per year, of
potassium nitrate are obtained by the lixiviation of certain porous rocks, which
yield from 2.5-8 per cent. of their weight of nitrate.

Whether derived from rocks or from efflorescences in the soil near stables, urinals, cte., the
nitrate is invariably produced by the decay of nitrogenous organic material, first into ammonia,
and later, by oxidation, into nitrous and nitric acids, which, in the presence of alkali, produce
potassium nitrate.

At one time much potassium nitrate was produced in Europe by the Govern-
ments of the different countries for supplying themselves with the necessary
nitrate for making gunpowder, the operation being carried out in “salipetre
Plantations.”

For this purpose nitrogenous organic matter of animal or vegetable origin was allowed to putrefy
Dy exposnre to air in a dark place ; it was then mixed with lime, mortar, and wood ashes (containing
salts of potassimm and sodinm) and heaped into low mounds. These were left exposed to the
air, being moistened from time to time by urine and the drainage from dung-hcaps.

Afier a couple of years the outer surface of the saltpetre carth was removed, and the nitrates
extracted by lixiviation with water. To the solution potassium carbonate was added, and on
concentration and filtering from the precipitated calcium and magnesium salts, the clear solution
was evaporated for KNO,.

This industry, however, since the introduction of the cheap NaNOQ,, has almost entirely ceased,
the KNO, being now made from the NaNO, Ly the conversion process described above. It is
possible that, in a modified form, this old industry may revive.

Thus Muntz and Laine (Compr. rend., 1905, 141, 861 ; 1906, 142, 430, 1239) Impregnated peat
with sufficient lime to combine with the nitric acid formed, and then Inoculated it with nitrifying
bacteria and passed through it a o.75 per cent. solution of ammonium sulphate (NI1,).50,,
at 30° C., thereby obtaining a I per cent. solution of calcium nitrate, Ca(NOy),. The Dbacteria
would oxidise quickly only 27/xte solution of ammonium salts, but even 22 per cent. nitrate in the
solution did not interfere with the process. Consequently, by sending the ammonium sulphate
solution five times through the peat beds there was finally obtained a solution containing 41.7 g.
of Ca(NO,)., per litre.

Yield.—6.5 kg. of Ca(NO,), in twenty-fonr honrs per cubic metre of peat. The old saltpetre
plantations yielded 5 kg. KNOjy in two years per cubic metre.

Properties.—White soluble crystals which readily dissolve in water, producing
a great lowering of temperature, a fact which was once utilised for making freezing
mixtures. 100 parts of water dissolved :—

Temperature - o° C. 10° 20° 40° 60° 80° 100" 114.1°
KNO, - - 13.3 20.9 31.6 63.9 109.9 169 246 311

The saturated solution boils at 114.1° C. When heated KNO, evolves oxygen,
and so is a powerful oxidising agent.

Uses.—Chiefly for the manufacture of black powder and fireworks, but also
for pickling or salting meat, to which it imparts a red colour. It is also used in
medicine and in the laboratory.



THE NITRATE INDUSTRY 13

Calcium nitrate, Ca(NO,),+4H,0, contaimng 11.86 per cent. N, is now
made by allowing nitric acid (made by the electrical oxidation of the atmosphere)
to act on limestone (see p. 27). At the present time it is being produced
in rapidly increasing quantities, and is now competing with Chile saltpetre
{(sodium nitrate) for manurial purposes. One great disadvantage to its use
is its very hygroscopic nature; it is too readily washed from soils without
complete assimilation of the nitrogen. It is now produced in Norway on a large
scale; it is put on the market in coarse lumps, in a partly dehydrated condition,
containing 13 per cent. N., being sold as “Norwegian saltpetre,” or “nitrate of
lime.” It is largely used for preparing barium nitrate, Ba(NO,),, and ammonium
mtrate.

Ammonium nitrate, (NH,),NO,, is a product of increasing importance. It
is used in large quantities for the manufacture of certain safety.explosives, being
especially suitable for this purpose because it leaves no solid residue on explosion,
and develops heat when it decomposes according to the equation :—

2NHNO, = N, + O + 2l4,0.
also for making nitrous oxide :—
NH,NO, = N,0 + 2H.0.

Manufacture—1It may be produced by leading vapours of ammonia into nitric
acid, using synthetic ammonia and Ostwald’s mitric acid (see p. 29).

Regarding the production of ammonium nitrate by Ostwald’s process of directly oxidising the
ammonia to ammonium nitrate hy catalytic platinumn, the reader should see the following patents :—
English Patents, 698 and 8,300, 1902 ; 7,908, 1908 ; American Patent, 858,904, 1907.

For a description of the process see Ostwald, Berg. u. Hiittenn:. Rundsckan, 1906, 3, 71 ;
see also Kaiser, English Patent, 20,305, 1910 ; see also Schmidt and Bécker, Ber., 1906, p. 1366.

Frank and Caro (D.R.I’., 224,329) propose to use thorium oxide as the catalyst. M. Wendriner
(Chem. [nd., 1911, p. 456) suggests uranium compounds as catalyst.

The Deutschen Ammoniak-Verkaufs-Vereinigung, in Bochun, produced by Ostwald’s process
in 1908, 651 tons; 1909, 1,096 tons; 1910, 1,237 tons.

In 1915 one firm alone in Germany estimate that they will produce 90,000 tons annually of this
ammonium nitrate by this process.

Traube and Biltz (Swedish Patent, 8,944, 1897) oxidise ammonia gas by electrolytic oxygen,
using as catalysers copper hydroxide, and clain an excellent yield.

Siemens and Halske (D.R.P., 85,103) oxidise ammonia gas by silent electrical discharges.

Nithack (D.R.P., 95,532) electrolyse water, containing nitrogen, dissolved under a pressure of
50-100 atmospleres.

The bulk of the ainmonium nitrate at the time of writing is made, however, by

treating calcium nitrate (made as above described) with rather less than the
equivalent quantity of ammonium sulphate :—

Ca(NOQ,); + (NH,),S0, = CaSO, + 2NH,NO,

(see Wedekind’s patent, English Patent, 20,907, 1909).

The yield is quantitative, the CaSO, being removable without difficulty.

For a complete summary of patents see ZeiZ. gesammit. Scheiss. Sprengstaffivesen,
1914, 9, 31

Regarding the manufacture of ammoniuin nitrate fromn calcium nitrate the reader should
consult the patents :—Dyes, English Patent, 15,391, 1908 ; Nydegger and Wedekend, English
Patent, 20,907, 1909. ,

The Norsk Hydro-Elektrisk-Kraelstof-Aktieselshab (D.R.P.,206,949 of 1907) prepare ammonium
nitrate by leading nitrous gases through calcium cyanamide :—

CaCN, + 2H,0 + 4HNO, = Ca(NO,), + CO, + 2NH,NO,.

See also the French Patent, 417,505 of 1910 ; English Patent, 19,141 of 1910 ; Colson, Journ. Soc.
Chem. Ind., 1910, p. 189 ; Garroway, English Patent, 7,066, 1897.

Preparation of Ammonium Nitrate by the Awunonia Soda Process.—In 1875 Gerlach (English
Patent, 2,174) attempted to prodnce ammoninm nitrate from ammoninm carbonate and Chile
saltpetre according to the equation :—-

NHHCO, + NaNO, -7 NallCO; + NH,NO,.
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The process, however, failed on account of the incomplete decomposition (see Jorrrn. Soc. Chent.
. . p. 706).

Ind, XBB9. B 700) bear on this :—Lesage & Co. (French Patent of zoth Jan. 1877), Chance

The following patents Pater : :
(English Pateng p5,919, 1885), Fairley (D.R.P., 97,400; English Patent, 1,686, 1896), ¢/
Lunge (*¢Sulphuric Acid and Alkali,” Vol. I11.), Feld (I?nghsh Patent, 5,776, 1906 ; Anu-rican
Patent, 839,741 ; D.R.P., 171,172, 178,620) have recently improved the process. . .

The theory of the pracess, according to the Phasc Law, has been worked out in full by Fedoticdl

and Koltunov, Zeits. anorg. Chem., 1914, 85, 24:7-260. ) ) )
Numerous attempis have been made to realise the production of ammoniun nitrate from  the

equation :—

d 2NaNO, + (NH,SO, = Na,SO, + zNII,NO,.

Concerning this the following patents should be consuhed :—Roth (D.R.1%., 48,705, 55.304,
33,155, 149,026), F. Benker (D.R.P., 69,148), T. Fairley (English Patent, 1,667, 1896), J. V.
Skoglund {D.K.P., 127,187, 1901), E. Namnann (D.R.P.. 166,7‘}6!? Caspari, Nydegger, and
Goldschmidt (American Patent, 864,513; D.R.P., 184,144), C. Craig (Inglish Patent, §.815,
1896 ; D.R.P., 92,172), R. Lennox (D.R.P., 96.689), Wahlenberg (I‘nglish Datent, 12,4351,
1889), Campion and Tenison- Woods (English Iatent, 15,726, 1890).

Ammonium nitrate is extremely soluble in water and hygroscopic. These propertics mitigate
to some extent against its usefulness as a mamure. When dissolved in water a lowering uof
temperature up to —16.7° C. is autainable. Owing to its great solubility in water it cannot la:
manufactured by the double decomposition of sodium nitrale with ammoninm salts.

Sodium nitrite, NaNO,. Some 5,000 tons of this substance are now annually
produced for the purpose of diazotisation in the manufacture of dyes (sce Martin's
“Industrial Chemistry,” Vol. L).

Unitil recently it was made solely from Chile saltpetre by heating with metallic

lead to 450° C.:—
NaNO, + I'hb = NaNO, - I'bO.

See J. Turmer, Journ. Soc. Ckhem. Ind., 1915, 34, 585, for details.

At the present time it is now almost exclusively produced Dby the cheaper
process of leading the /oz nitrous gases coming from the furnaces for the manu-
facture of nitric acid by the Birkeland-Eyde process (pp. 27, 28) up a tower down
which streams NaOH or Na,CQ, solution.

When the hot nitrous gases from the furnace arc thus treated when at a
temperature of 200°-300° C. (when they consist of a mixture of NO and NQO,
molecules), there is produced a nitrate-free sodium nitrite, NaNO,, which is now
manufactured in this way in Christiansand. For further particulars see . 28.
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CHAPTER III
THE NITRIC ACID INDUSTRY
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NITRIC ACID, HNO,

WitniN the last thirty to forty years a very great change has come over the
character of the nitric acid manufactured. At one time the only acid placed on
the market was an acid of 55-68 per cent. HNQ, (1.35-1.41 sp. gr.), and the some-
what stronger “red fuming” acid; at the present time the bulk of the nitric acid
made has a strength of g5 per cent. and over (1.5-t.52 sp. gr.). In order to
produce an acid of this strength very considerable difficultics have to be overcome,
smece roo per cent. HNO, 15 only stable below o° C., and begins to boil at 86° C,,
evolving red fumes and partially decomposing according to the equation :—

2HNO, = NO + NO, + 0, + 11,0,

As the nitrous gases escape the boiling point of the acid rises, and it is only
when a liquid containing 65 per cent. HNO, (1.4 sp. gr.) is attained that the
mixture distils over unchanged under atmospheric pressure at rzo” C. ‘These
dificulties are now almost completely overcome with modern apparatus.

Nitric acid is now made on the large scale by three distinct processes :—

(1) Manufacture from Chile Saltpetre and Sulpluric Acid.
(2) Mannfacture by Electrical Oxidation of the Aimosphere.
(3) Manufacture by Catalytic Oxidation of Ammonia.

We will consider each process in detail.

(1) Manufacture of Nitric Acid from Chile Saltpetre.— Nearly equal
weights of Chile saltpetre, NaNQ,, and “oil_of vitripl ” are heated together in large
iron retorts, often capable of holding some 5 tons or more of the mixture. ‘The
quantities taken correspond to the equation :—

NaNO, + H,S0, = I1INO; + NallSO,.

(8]
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This reaction is carried to completion at a temperature under 150° C., thereby avoiding much
loss by decomposition of the nitric acid. A imch higher temperature with half the amount of
sulphuric acid is necessary to cause the formation of the neutral sulphate, according to the

equation : —
2NaNQ, + H,S0O, = Na,SO; + 2HNO,.

This latter action, however, in the best practice is never used, becanse the high temperature
necessary to complete the action causes a very considerable decomposition of the nitric acid
formed ; also the neutral sodium sulphate remaining sets to a solid mass, and causes great difficulty
as regards removal from the retort; also the action takes a much longer time to complete, and
requires more fuel.

By working not much over 150° C. and using more sulphuric acid, as corresponds o the first
equation, the ‘Dbisulphate™ is oltained as an casily fusible mass, which is withdrawn in a fluil
condition from the retort merely by opening a plug at the base. However, in actual praciice,
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I‘r. 1.—Nitric Acid Still.

right towards the end of the action the tempcrature is raised somewhat, when the bisulphate
foams somewhat and is probably converted into pyrosulphate, thus:—

2Nal1SO; = Na,5,0; + H.O.
This pyrosulphate (or disulphate) is run off in a fluid condition into iron pans, where it
solidifies and is used for the mannfacture of normal sodium sulphate by heating with salt, NaCl,

in mechanical snlphaie furnaces. Part of this ‘“nitre cake,” as the product is called, is now
converted into sodium sulphide, Na,S.

The kind of sulphuric acid used varies with the nature of the nitric acid it is
desired to produce. For a dilute nitric acid of 1.35-1.4 sp. gr. it is sufficient to
use 60° Bé. (141° Tw.) sulphuric acid direct from the Glover tower. The first
distillate will be strongest, and the last nearly pure water. Should, however, a
stronger ENO, of over 1.5 sp. gr. be required (as is now nearly always the case),
a more concentrated 66° Bé. (167° Tw.) sulphuric acid must be employed, and the
NaNOQ, is often previously melted.

Excess of H,SO, is bad, for although it does not injure the quality of the IINO, produced,
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yet it diminishes the value of the NaHSO, or N2,5,0; (nitre cake) produced as a by-product for
the manufacture of sodium snlphate.

We have seen above that when nitric acid boils, a mixture of NO and NO,
gases is produced, and the NO,, condensing, would cause the nitric acid produced
to be contaminated with nitrous acid (2NO,+ H,0=HNO,+HNO,). This
contamination may be very simply avoided by keeping the condensed distillate
hot until it escapes from the cooling worm, or else by blowing air through the hot
acid by means of an injector.

The plant used in practice is shown in Fig. 1, which shows the usual
cylindrical cast-iron boiler B, the sulphuric acid and nitrate being introduced at
E, while the nitric acid distils away through a. Such a cylinder will hold over
5 tons of the mixture, and is heated over a free fire. The cast iron is scarcely
attacked by the nitric acid vapour.
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¥1i. 2.—Doulton’s Nitric Acid Condensing Ilant.

The retort is emptied after the distillation by turning the screw stopper b, when
the fused bisulphate and pyrosulphate pours away through the trough c into an
iron pan E.

For very small installations sometimes an earthenware ‘‘ ot ” retort is used.

Since the specific heat of strong nitric acid is small, the Iuel consumption for distillation is low ;
the condensation of the vapours is readily effected.

T'he condensing arrangement consists of a series of earthenware or stoneware
vessels, pipes, etc., which are luted together by means of an asbestos water-
glass lute.

Fig. 2 shows an air-cooled condensing arrangement mmade hy Doulten & Co., of Lambeth,
London. A is the still head, the nitric acid from which passes into a preliminary stoneware
receiving vessel B, and thence into a series of air-cooled vessels B,. € is an earthenware condensing
worm immersed in a cooling tank of water, while D are condensing towers, usually packed with
glass balls or cylinders, or sometimes provided with plate columns, down which trickles water to
absorb the lasi 1race of free acid.
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Fig. 3 shows a ““Griesheim” condensing system, nuich used in Germany. Here the nitric
acid, distilling out of retort A, passes first into B and then into an earthenware condensing coil E,
standing in cold water. The vapours then pass through the pipe F, through a series of earthenware
receivers, and then into the plate column condensing tower G.

First of all, at the lowest temperature the strongest acid distils over, contaminated, however, by
HCl, NO,Cl, and similar chlorine-containing volatile compounds. Next, there distils over the main
quantity of strong acid, fairly pure, but contaminated with red nitrous fuines. To oxidise these
a stream of hot air is blown in at K.

In some forms of apparatus (.., Oscar Guttmann's) the oxidation is antomatically cffected by
causing the gases coming from the still to pass into an enlargement in the pipe, where they produce
an injector action and suck in a quantity of air through perforatrons in the socket pipe, thus causing
oxidation of the nitrous to nitric acid.

The air not only purifies the condensed nitric acid from nitrous acid, but alsa frees it from
volatile chlorine compounds, snch as NO.CI. By regulating the temperature of the water in which
the cooling coil 1 (Fig. 3)is immersed, 1the qualily of the acid collecting in u can be also regulated
ty some exlent, and the acid can be withdrawn in successive fractions as it cowmes over into the
receiver ¢. In the tower ¢ (Fig. 3) all the nitrous fumes finally cscaping condensation are
absorbed by the down-sireaming water, so as to form a dilute nitric acid of 1.35-1.36 sp. gr. The
walter enters at £.

Ire:. 3.--The Griesheim Nitrie Acid Plaut.

Other excellent condensing systems have been devised by Hart, ‘I'homson, and
others.

Valentiner’s Vacuum Process.— In this process the outlet pipe from the
still passes into a small receiver, half filled with pumice stone, so that any acid
or solid coming over as spray or foam from the still is retained. ‘The vapours then
pass on through two water-cooled stoneware coils arranged in scries ; the vapour
1s next passed through two separate sevies of receivers.

- Here, by means of a three-way tap, the condensed acid may, either at the
beginning or e¢nd of the distillation, be collected in a large receiver while the
concentrated ¢6 per ceat. HNO,, coming over intermediately, may be collected
in the separate receivers. Froni these receivers the vapours pass into a reflux
condenser consisting of an earthenware coil immersed in water.

Next, the vapours pass through eight receivers, alternately empty and half-filled
with water. Finally come seven receivers, alternately empty and half-filled with
milk of lime, which removes the last traces of the nitrous gases. ‘The last receiver
is connected with a vacuum pump.

This system offers great advantages, since the decomposition of the strong acid is largely avoiderl
under the diminished temperature of distillation, resnlting from the diminished air pressure over
the still. The time of distillation is also greatly reduced, thereby causing a great saving in fuel.

The process is gaining ground, since no leakage of injurious fumes ard a larger and purer yield
of acid is claimed. The first cost, however, is heavy (see United States Patent, 920,224).
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(2) Manufacture of Nitric Acid from the Atmosphere.—The atmos-
phere contains about 4,041,200,000,000,000 tons of mitrogen, together with about
one-fifth this amount of oxygen gas. ‘T'here is thus an inexhaustible supply of
nitrogen available for conversion into nitric acid or nitrate, and thus available for
manurial purposes. ‘The mitrogen in the air over a single square mile of land
amounts to nearly 20,000,000 tons of nitrogen—sufficient, if suitably combined as
nitrate or nitric acid, to supply at the present rate of supply the world with manure
for over half a century.

The prohlem of directly uniting the oxyuen and niirogen of 1he air to farm nitric acid and
nitrale was first solved in a comumercinlly snccessfl form in 1903 hy Birkeland and Eyde. In
1907 they established a factory at Notodden, in Norway, ntilising the go,000 111 there
available from waterfalls. In the same year the Badische Anilin- und Soda-Fabrik built an
experimental works at Christiansand, in Norway, and an agreement was come to between the
interested firms whereby a company pessessing a total capital of 34,000,000 kronen came into
existence, which in 1911 opened a large works on 1he Rjnkan Falls, near to Notodden, with
125,000 H.I. Hawever, the Badische Anilin- and Soda-Iabrik have since withdrawn all their
capital from the concern, sclling all their rights in the manufacture of nitric acid from the
apmosphere to the I‘renclk Scandinavian Ca.  The cause of this is possibly the perfection by
the B.A.S.F. of their process for making synthetic ammonia cheaply and thence oxidising it into
nitric acid (see p. 28).  Other works are building or are bnilt in Norway and Sweden, and
similar factories, nsing ifferent systemns as described below, have come into existence at Innsbruck,
in Italy, France, the United Siates and other conntries possessing considerable water power for
the generation of electrical power.  Altogeirher the industry is now well established.

At the present 1ime, however, 1 FH.1. per year can only produce 4 to I ton of nitrate per
year. There are, it is calenlated, some § to 6 million H.P. available in Norway, and some 50,000
to 60,000 1.1, available in lZurope, so that were it possible to harness all this power for the sole
manufaciure of nitrates from the air it would be possible to prodnce some 50,000,000 tons of
nitrate ammally. Thbe amonnt now producetl is far nnder 200,000 tons annually.

The process adopted for making nitric acid froms the air 15 to oxidise the latter
by means of an electric arc, whereby the nitrogen and oxygen directly unite to
form niiric oxide, NO. This latter takes up oxygen from the air to form mitrogen
peroxide, and the nitrogen peroxide is then absorbed by water, with the production
of nitric and nitrous actd.

Theoretical. —When air is strongly heated, atmospheric oxygen 2nd nitrogen directly mnite to
form nitric oxide, NO, according to the equation —
N, 4+ 0,=2NO — 43,200 calories.
The process is reversible, and depends upon the equilibrinm represented by the expression :—

P r
K =0 (N

m(NO)

where P represents the partial pressures of the respective gases, and K is the reaction cunstant.

Also the reaction is endo-thermic (7.e.. the formation of NO is attendeill with the absorption
of heat), and consequently is favoured hy a high temperature, as is shown by the following results
of I\Lﬁl?st (Zedz. auorg. Chem., 1906, 49, 213 ; Zeit. Elektrochem., 1906, 12, 527) interpolated for
simphety (—

1. 2. 3
Temperatnre | Per Cent. Volume | ’er Cent. Volume
°C. NO Observed. NO Calenlated.

1,500 o.10
1,538 0.37 0.35
1,604 0.42 0.43
1,760 0.€4 0.67
1,022 0.97 0.98
2,000 1.20

2,307 2.05 o2
2,402 2.2 2.35
2,500 2.60
2,927 5.0 (approx.) 4.39

wn
w o

3,000
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The second column represents the volume of NO found in 100 volumes of air, whicli have been
exposed to the temperature indicated in the first colnmn.  The third cohimn represents the amount
of NO which should have been found as calculated from the law of mass action and the heat
of formation.

It will be seen from this that the reversible reaction, N+ O, _ "72NO, is very incomplete,
only a small but definite amount of NO being produced, the quantity, however, /zcrrasing as the
temperature rives, a very large quantity of NO being found above 3,000 C. Now Nernst and
Jellinek showed that the equilibrinm, N,+Q, _E -2NO, is almost dmmediately established (in a
fraction of a second) at temperatures over 2,500”, but bhelow this an appreciable time is recquired
to establish equilibrium, hours being required helow 1, 500"

This is clear from the following table, compilel from Jellinek’s results (Zeit. anorg. Chem.,
1906, 49, 229} :—

! Absolute Time of Formation of alf

‘ Templzmture. the 'ossible Concentration
* of NO from Air.

I

H

i 1,000° 81.62 years

I 1,500° 1.26 days

| 7,900° 2.08 mins.

1 2,100° 5.06 secs.

| 2,500° 1.06 x 107% secs.

' 2.900° 3.45 % 1077 sees.

Consequently, the decompesition of NO imo N, and O, proceeds so slowly that its isolation is
possible in appreciable quantitics, if the cooling to helow 1,500° C. is carried out rapidly enongh.

To make this clear to the 1echnical student, we will suppose that (according to Nemst results
above talmlated) air is exposed to a temperature of 3,000° C. Then in 100 vols. of this air will be
found 5.3 vols. of NO, and this equilibrinm will be established in the fraction of a second. Let now
this oo vols. at 3,000° C. of air be snddenly cooled to say 1,500° C. Then, acconling to the
equilibrium conditions tabalated Ly Nernst in the above table, the 5 per cent. of NO in the 100
vols. of air will gradually deerease, according to the equation, 2NOZZN._‘+- 0O, until, after
waiting until cong)lele equilibrium is attained a1 1,500° C., only o.1 per cent. vol. of NO is
left, as corresponds to equilibrium at this temperatnre of 1,500° C. llowerer, to reach this
cquilibrimn at the lower temperature requires somne time, and if the cooling takes place in a
fraction of a second, practically all the 5.3 per cent. of NO in the air at 3,000° will be lotnd m
the air a1 1,500° (as the NO will not have hail time to decompose), and if the air be kept tor
many hours at t,500” the percentage of NO will gradually decrease from § per cent. in the sample of
air until it reaches that which corresponds to #7ue equilibrinm at 1,500" C., viz., o.1 per cent. N(.
But now suppose we do not stop the cooling process at 1,500°% but cool it in a fraction of a second
from 3,000° C. down to 1,000° C., then practically we will have 5 per cent. NO in our sample of
air at 1,000° C., and althongh the equilibrinm at this temperature requires that practically all the
NO would decompose into O and N, thns :—2NO—->N,+ O,, yet we would have to wait years
for this action to proceed to completion, and so we could keep our specimen of air containing § per
cent. NO for many hours at 1,000° C. without much loss.

Hence we may formulate the conditions of practical success for the isolation
of NO as follows : —

NO is endothermic, and lil;e other endothermic substances its stability increases as the
temperature rises, and it is capable of existing in very large quantities at very high temperatures,
snch as 3,000%-5,000° C. Itis also capable of existing stably below 1,000° C., but is unstable at
intermediate temperatures. lMence in order to isolate reasonable quantities of NO we nwmst
(1) cause the formation of NO to take place at very high temperatures, such as 3,000°-10,000 C.,
when large amounts are formed ; (2) then extremely rapidly cool the NO formed through the inter-
mediate nnstable range of temperature, 2,500°, to a stable low temperature, ¢.g., 1,000° C.
If the cooling is effected quickly enough, althonghsome of the NO is decomposed as it cools through
the unstable lower temperature, yet sufficient survives so as to make an appreciable amount still
existing at 1,000° C., which then ceases to decompose further, and so is available for conversion
into nitric acid. Now in practice the intense heating of the air to very high temperatures such as
3,000-5,000° C., necessary 1o canse a reasonable oxidation of the air to NO, is always produced by a
high tension alternating current of some 5,000 volts.

This electric cnrrent not only produces the union of the O and N as a purely thennal effect,
but also ionises the air and causes a direct union by means of electrical energy, much as ozone
is formed from oxygen by means of a silent electrical discharge. So that mmch larger quantities
of NO are obtainable than strictly corresponds to the thermal conditions, e.g., Haber and Kanig
(Zeit. Elelitrockem., 1907, 13, 725; 1908, p. 689), by means of a (relatively) cold electrical arc of
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a and B, are bent into the shape of a V, A HH being a section of one main
electrode, and b K X a section of the other. ‘The base of the electrodes thus forms

SRDATLA B
LR G
i

WA

Nam

M,

Fra. 5.—Section through the Birkeland- I"16. 6.—External View of the
Eyde Fumace. Birkeland- lXyde Furnace.

at MN a vertical slot, through which are introduced thin “lighting knives v v.”
‘These “knives” can be brought very close together, 2-3 mm., by the screwing

©

A

F16. 7.—The Pauling Furnace.

arrangement PP, and the arc, thus lighted at the narrowest portion of the spark
gap, shows a tendency to rise up between HH and k K, owing mainly to the upward
pull of the hot gases, but is interrupted at every half period of the alternating
current, only to be reformed at the lowest and narrowest part of the electrodes.
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und Soda Pabrik erected in 1907 a lactory
600 H.P. at 4,200 volts. Others are
of air per hour, producing ares 7 yds.
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A; Chrisiiansand, in Norway, the Badische .gnilipl-
cm;;lc;\’inw these furmaces, each being supplie leL lﬂ
p}oiecied:’using 750 H.In and requiring 40,000 cub. It.

g f $50° C., and contain 2-2.5 per ceul.
g < g furnace at a temperalure O ) mtant 2 ki

‘OThe_\ %ﬁi’inl,e?;i{iir and Koenig, Zeit. B eltrochem., 1910, 16, 11, the yield ingrams 1TNO,

N };»1"5311-‘1;011‘1' is 75 g. and the NO produced amounts to 2.5 per cent.‘ Elettrortons. Sor . 1900

Pechln? {urther p:trticul;rs of this process see Schinherr, Zrans. dmer. ket vorhent. Sor. X

* EI‘K Scott ( fourn. Soc. Chem. Ind., 1915, 34, ¥ 13) deseribes a new type of furmace.
1 Plan of Plant for the Manufacture of Nitrates by
Genera Electrical Oxidation of the Air

How the manufacture of mitric acid and nitrates from‘thc_ air is c:x‘rncdf"out
technically by means of the electrical furnaces above dcscrtpcid will 1)‘c l.su‘;r} 1_0{11
the diagrammatic sketch, Fig. 9. 4 1s an air compressor Wh‘ldl‘drlvc.s the aILr ulx o
the electrical furnace B (which may be any of the kinds described above). . n" t 1‘1.1.
chamber B, the air is passed into a verynhot elestrxcal‘ arc flame, where 1t is ht‘.'d.ti.( .
to a very high temperature, say 5,000°-10,000 C.,in ’the immediate path o L‘n,
arc. Here union takes place, NO being formed. The hot gases passing :L'\\r.Ly
from the arc experience a sudden fall of temperature (although the fall is sa slow

ASES

=) g
wor GAsES ar B00-1000°C LIILER N £

£
00L3 16 !
ERiNata 50°¢ “BLRNER
by G
o
spo'c| MO NG,
F
| I—
'———JF L ;
AIR COMPRESSER 0XIDATON -
ELECTRIC STEAN BOILER CHAMBER / LImMESTONE BED

F16. g.—Plan of Plant for the Manufacture of Nitrates by the Eleetrieal Oxidation of tie Adr.

that in practice most of the NO formed is decomposed again), aud the gases escape
from the furnace ata temperature of 800°-r,000° C. contairing only 1.5.2 per cenl. by
volume of NO, the rest being unchanged oxygen and nitrogen (e.g:, 30 mg. IINO,
per litre). The hot gases at 8oo-1,000° C. stream into a cooling chamber ¢;, whote
the temperature falls to about soo° C., and then are passed, still very hot, throngh
a series of tubes conrained in a number of tubular boilets. Here they give wp
their heat to ihe water in the boilers, the latter developing a pressure of 130 lhs.
on the square inch, and thus sufficient steam is generated to work all the necessary
machinery in the works, the use of coal being thus entirely donce away with. The
gases leave the boilers at a temperature of only 200°-250° (.., and ly passiog
through another cooling arrangement their temperature is further lowered to abuut
50" C., when they finally enter a large oxidation chamber ¢, consisting of o series
of vertical iron cylinders with acid-proof lining. Now the nitric oxide only beging
to unite (2NO +20,=2N0,) with the oxygen of the excess air at a temperature
below 500° C,, and so_ the formation of nitrogen peroxide, NO,, almady begins i
the gases, and this oxidation is nearly completed in the large “oxidation chamber
G, the gases finally leaving ¢ consisting of 98 per cent. of air, and 2 per cent. of a
mixture of 75 per cent. NO, and 25 per cent. NO.
tc)WNext the gases pass from the oxidation chambers into a series of absorpticn
ers X (one tower only being shown), where they meet a stream of descending
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water, and the nitrous peroxide is absorbed with the formation of nitric and nhrous
acids, thus :—

(1) 2NO, + H,0 = HNO, + HNO,
Nirogen Waler. Niirous Niaric

peroxide. acid. acid.
(2) NO + NO, + H,O = 2HNO,

Niiric  Nitrogen  Waler, Nitrous

oxide. peroxide. acid.

According to these equations much nitrons acid is formed. Flowever, in practice, witk fnc-casing
concentration, the nitrous acid becomer unstable and decomposes into nitric acid and nitric oxide,
thus :—

3lINO, = lINO, + 2NO + H.O.

Under certain conditions of temperature, and by diminishing the amount of water, the instability

of nitrous acid is so marked that practically only nitric acid is finally left in solution.

The absorption of the nitrous fumes takes place in such a way that the first
absorption tower contains the strongest acid and the last the weakest acid, the
practical result being that the first tower not only contains the strongest nitric
acid, but also an acid practically free from nitrous acid. The NO passes on from
absorption tower to absorption tower, and is oxidised to NO, and absorbed
according to the equations given above. Hence the amount of nitrous acid,
HNO,, increases in each succeeding tower, until in the fifth tower (which is fed
with a solution of sodium carbonate) only pure sodium nitrite is formed.

The absorption towers consist of three series of stone towers, 20 m. high and
6 m. internal diameter. KEach series contains five towers, viz., three acid and
two alkali towers. The acid towers are built of granite slabs bound together by
iron rods, having a capacity of 6oo cub. m. They are filled with broken quartz,
over which water (or the dilute nitric acid formed) is slowly flowing. The alkali
towers are built of wood bound together by wooden rods, and having a capacity of
700 cub. m. ; they also are filled with broken quartz, down which flows a solution
of sodium carbonate. The passage of the gases from tower to tower are aided by
aluminium fans.

The water is allowed to flow down the third absorption tower (being once more pumped to the
top when it reaches the bottom) until it attains a strength of 5 per cent. HNO, by volhmne. This
liquid is then pumped to the top of the second tower. where it is allowed to circulate until it attains
the strength of 20 per cent. HNO, by volume. Next the acid is pumped to the top of the first
tower, where, meeiing the fresh gases from the oxidation chambers, it attains the strength of
42+60 per cent. HNO, Ly volume, and thus, nitrous acid being under these conditibns nnstable,
the first tower is made to coutain not only the strangest nitric acid, bnt also an acid free from
nitrous acid (see above).

The tower coming after the third tawer is the alkali tower, being fed with sodium carbonate
solution, and in this fourth tower a mixture of sodium nitrate and nitrite is produced (sodium
nitrate). The fourth tower, likewise fed with sodinm carbonate solution, produces practically pure
sodium nitrite, as above explained.

The total absorption in 1hese towers is over 98 per cent.

The main product of manufacture is the 40 per cent. by volume nitric acid
obtained from the first tower. 1 kilowatt-year gives 550-650 kilos of HNO,
(calculated as roo per cent.)

Five fimshed products are made in the works :(—

(1) 40 per cent. HNO, from the first tower.

(2) Calcium nitrate, CaNO,, made by runniag the crude nitric acid through
a series of granite beds filled with limestone (CaCO,) until the liquid contains under
0.5 per cent free HNO,. ‘T’he liquor is neutralised with lime, evaporated in vacuum
pans until of 1.9 sp. gr., and allowed to sohdily. It is then either exported in drums,
or ground up and put into casks, being sold as ‘“Norwegian saltpetre.” It is
reddish-brown to black. It is further described on p. 12.

(3) Sodium Nitrite, NaNO,.—The liquid from the fifth absorption tower is
evaporated, run into shallow tanks, allowed to crystallise, centrifuged, and the
crystals dried in a current of hot air.  The product contains gg per cent. NaNQ,,
being sold as a fine white powder (see p. 14 for properties). ’

Nitrites are also made from the furnace gases by passing the latter, still at a
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temperature of 200°-300° C. directly up an absorption tower fed with sodium
carbonate solution. Under these conditions only nitrite is produced according
to the equation :—

Na.CO; + NO + NO, = 2NaNOQ, + CO..

In the experimental factory at Christiansand all the nitrite produced is made by
this process.

(4) Sodium Nitrite Nitrate.— A yellow crystalline material produced by th:
first alkali tower. It contains so per cent. NaNOQ,, 43 per cent. NaNO,, and
7 per cent. H,0, together with a little unchanged sodium carbonate. ‘T'he substance
is used instead of Chile saltpetre for the manufacture of sulphuric acid by the
chamber process.

(5) Ammonium Nitrate, NH,NO, —Produced by ncutralising the 40 per
cent. HNO, directly with ammonia liquor of 0.880 sp. gr. The liquid is evaporated
to 1.35 sp. gr, is allowed to crystallise, centrifuged, dried in hot air, when they
contain 99.9 per cent. NH,NO,.

Cg) Manufacture of Nitric Aad from Synthetic Ammonia
(The Ostwald Process.)

Recently ammonia, NH,, has been manufactured extremely cheap by several
methods, e.g., directly from 1ts elements, also by passing steam over nitrolime. It
has, consequently, greatly fallen in price, and has thus become available as the
startng-point for the manufacture of nitric acid.

Kiihlmann in 1830 oxidised ammonia, using platinum as a catalyst, but ammonia was in those
days too expensive for practically producing mnitric acid hy this pracess.  About 19oo I'raf.
Wilhelm Ostwald, together with his assistant, Dr Braner (see Chem. Zeituug., 1905, 457, also
Lnglish Patent, 698, 1902 : 8,300, 19023 7,909, 1908 ; American atent, 858,004, 1907 ; Ostwald,
Rerg. w. Miittenne. Rundschawn, 1906, 3, 71; Schmilt n. Bicker, Aer., 1906, n, 1366), re-investigated
the process, and an experimental plant was crected in which some 150 tons of dilate nitric acid
were produced per month.  Even at that time, however, ammonia seems to have been toa expensive
for the process to compete with the sodium nitrate process of manufacture.

Recently, however, ammonia has been produced at one-fourth its former price (by the synthetic
Process), and so the diffienlty as regards the first cost of ammmonia appears to have vanished.

Also the process in its original form was buperfect. The technieal details were gradnaliy
improved, and in 1909 a faciory was built at (serte, Westphalia,. Numerous other factories are
now being erected.  Works exist in Belgium, near Dagenham on the Thames, Trallord Park,
Mancbester, in Scotland and Ireland.  Rndolph Messel (fowurn. Soc. Chem. Ind., 1912, 31, 854)
has pointed ont that the prodtction of nitric acid from the air (sce above) is at present conlined 1o
countries jroducing water power, and that the resnlting nitric acid is very difficult to wransport ; «n
the other hand, ammonia 1s producible almost everywhere (since not much energy is required in
its prodnction), and can, with an Ostwald plant, be readily oxidised on the spot to nitric acil.
Consequently this new process, especially since the production of synthetic ammonia, may ultimately
prove the most important technical method for producing nitric acid.

Ior further derails see Donath and Indra, “* Die Oxydation des Ammoniaks zu Salpetersiure
und Salpetriger Sinre ” (Stutigart, 1913); sec also under Ammonium Nitrate, p. 13.

Under the influence of a catalyst, ammomia, NH,, can be oxidised by air to
form water and nitric acid or oxides of nitrogen ; thus :—
(1) NH, + 20, = HNO, + 1L0.
However, unless certain conditions are maintained, the oxidation may be incomplete
and only mtrogen gas be produced, thus :—
' (2) 4NH,; + 30, = 2N, + 611,0.
This formation of nitrogen was one of the chief difficulties to be overcome.

Now, in order to obtain a technically useful result, the operation must be so
conducted that the first reaction (1) is practically complete, whilst (2) must be as
small as possible. This result is attamed by using, for example, smooth or solid
platinum, which causes the first action, viz., the production of nitric acid, to take
place “aTmost quantitatively, the production of free nitrogen being unnoticeably
small. However, the action is slow with the use of smooth platinum alone. On
the other hand, finely divided platmum, or platinum black, accelerates dozt re-



ITHE NITRIC ACID INDUSTRY 29

actions, but accelerates the second one (Ze., the production of free mtrogen) more
than the first. However, by moderate use of the finely divided platinum (platinum
black) with the smooth platinum the operation can be so performed that the
action takes place rapidly, but without any great formation of free nitrogen.

W. Ostwald, therefore, in his English Patent, 698, 1902, advised that the
platinum should be partly covered with platinum black, and that the gas current
should pass at the rate of 1-5 m. per second through a length of 1 cm. or 2 em. of
contact substance maintained at about 300° C.

It is unnecessary to heat the platinum, since heat is liberated in the course of
the feaction, which raises the 1emperature of the platinum to a sufficient extent.

The actual contact between the gas and the platinum should not last longer
than one hundredth second, and so a rapid stream of gas is essential in order to
fulfil this condition.

The ammonia is mixed with about ro vols. of air in order to conform to the
equation : —

Nll, + 20, = HNO,; + 11,0.
rrol.  svols. O
(in 10 vols. air).
The catalysts are arranged in a kind of semi-parallel system, so as to allow the
cutting out of any section. ‘L'he nitric acid vapours are condensed in towers in
which they meet nitric acid ; the addition of water is unnccessary, since it is formed
during the oxidation of the ammonia.

The plant in operation at the Lothringen Colliery Co., near Bochum, were in
1912 producing 1,800 tons of nitric acid and 1,200 tons of ammoniun nitrate
annually. At these works the carefully purified ammonia mixed with 10 vols.
of air is sent through enamelled iron pipes into a chamber containing the special
platinum catalyst. The nitric acid vapours here produced pass through
aluminium tubes to an absorption plant, consisting of six towers packed with
broken carthenware, down which a stream of nitric acid trickles, being continually
pumped again to the top of the tower as soon as it reaches the bottom. -Here
acid forms which produces directly a nitric acid containing 55 per ceat. HNO,,.
By altering the condensing arrangements a nitric acid of 66 per cent., or even g2
per cent., can be produced as a sole product, and of a purity sufficient for its
direct utilisation for the manufacture of explosives. About 85-9o per cent. of the
ammonia is thus transformed into uitric acid.

In the works above mentiomed the nitric acid is neutralised by ammomnia, and
thus ammonium nitrate is produced in bulk.

Other catalysts hesides platinum will oxidise ammonia. Thus Frank and Caro (German
I’atent, 224,329) showed 1hat the expensive platinunt can be replaced by a mixture of ceria and
thoria, which at 150°-200° C. give a yield of go per cent. HINO, or HNOy.  The mixture is not
so efficient as platinum, but is far cheaper.

Fr. Bayer & Co. (German l’atent, 168,272) showed that at 600°-750° Linrnt pyrites (iron oxide
containing some copper oxide (see p. 13), oxidises ammonia, N.O,, being the sole product of the
oxidation. By absmging in alkali, gxih‘ gare nitrite ; see also under Ammonium Nitrate, p. 13.

The ammonia used may be produced from mixed gas acid and gas hquor,
since, although some purification with lime is necessary, the organic impurities m
it do not materially affect the course of the reaction.

However, much cheaper sotirces of ammonia gas are calcium cyanamide (which
yields NH, and CaCO, when treated with superheated steam, Ca=N — RN + 3H.,0
=CaCO, + 2NH,), and synthetic ammonia produced by the Badische Anilin- und
Soda Fabrik by direct union of N and H (see p. 53).

The Nitrates Products Co. Ltd. have secured the world’s rights of this
process outside Westphalia and Rhineland. They intend to produce their ammonia
from the action of steam on nitrolime (calciom cyanamde).

The Badische Anihn- und Soda Fabrik will probably produce nitric acid, using
their synthetic ammonia (see below).

Properties of Nitric Acid.—The strong nitric acid, possessing a specific
gravity of 1.50-1.52, is a powerlul oxidising agent. In fact, it will spontaneously
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inflame wood or straw if poured upon them m quantity, and, conscquently, is
always technically transported in glass ballcons, with 2 packing of sand or
kieselguhr. It is usually only sent by special trains, much m the same way that
explosives are sent. )

Owing to the difficulty of transport, concentrated HNO, is usually made on the
place of consumption, e.g., it is far more economical to manufacture nitric acid
directly in the neighbourhood where it is to he consumed than to munufacture it in
distant countries, where the conditions are more favourable, and then send it lovg
distances by sea or rail to the point of use-—as is nearly always done in the case of
other heavy chemicals, such as sodium sulphate or alkali.

Concentrated nitric acid is nsed, mixed with concentrated sulphuric acid, for
nitrating purposes, especially for the manufacturc of nitroglycerine and aitrocellulose,
collodion and cellulotd.

For example, for the manufacture of nitroglycerine a mixture of 36.5 per cent.
HNO, (of 91.6 per cent. strength) and 63.5 per cent. H,SO, (of 97 per cent.
strength), together with 5 per cent. H,O 1s used.  Such an acid must be free from
chlorine, and must not contin more than o.2-0.3 per cent. of nitrous acid.

For making such substances as vitrobenzenc, picric #cid, and other organic
nitrogenous bodies, a weaker acid of 1.35-1.40 sp. gr. mixed with 1-2 parts of
sulphuric acid (66° Bé., 67" T'w.) is used.

A nitric acid of 1.35-1.40 sp. gr. is also uscd for the Glover towers in the mana-
facture of sulphuric acid.

A more dilute nitric acid is used for making silver nitrate and other nitrates,
for etching copper plates, and for dissolving metals.

The red fuming niiric acid, of specific gravity t.4-1.5, contains dissolved in it
oxides of nitrogen, and is a more power{ul oxidising medium than the colourless
acid of the same specific gravity.

This acid is made sometimes by adding a little starch to strong nitric acid,
which causes tts partial reduction, and sometimes by distilling sodium nitrate with
n smaller amount of sulphuric acid, and at a higher tenperature than is required
for the production of the ordinary acid.

The following table, after Lunge and Rey (Zeit angerr. Chen., 1891, 167 ; 1892,
10), gives the strengths of solutions of mitric acid :—

Specific Gravity. | Baumé.” Ioz.gi I(I\'f’(‘)‘;‘:m Ioog(.“(ldl 1&(")‘:"““
1.000 [o] 0.10 0.10
1.025 3.4 4.60 0.47
1.050 6.7 8.99 9.7
1.075 10.0 13 15 14.1
1.100 13.0 17.11 18.8
1.125 16.0 21.00 23.6
1.150 18.8 24.84 28.6
1.175 21.4 28.63 33.6
1.200 24.0 32.36 38.8
1.225 26.4 36.03 44.1
1.250 28.8 39.82 49.8
1.275 311 43.64 55.6
I 300 333 47-49 617
1.325 355 51.53 63.3
I.350 37-4 55-79 75-3
1.375 30.4 6o 30 82.9
1.400 41.2 65.30 91.4
1.425 43.1 70.98 101.1
1.450 44.8 77.28 112.1
1.475 46.4 84.45 124.6
1.500 48.1 94.09 141.1
1.510 48.7 91.10 148.1
1.520 49.4 99.67 151.5
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Statistics.— According 10 the Xeport on Firvt Censur of Fraduction, 1907, 1 5§71, 1he Dnited
Kingdom in 1907 preduced 60,000 tons of nitric acid, valad at 491006, The exparts are showa
by 1he following lignres :-—

1908. 1906, 1910,

257 45,468 264) £7493 185 A7z

“rias, Vatne, Tous. \ Valie, ‘Tols, Vidne,

Gennany produces anally plrout 100,000 tons af TINU calenlaterl as 1060 poer tent,



CHAPTER IV

The Ammonia and Ammonium Salts Industry
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CHAPTER 1V

THE AMMONIA AND AMMONIUM
SALTS INDUSTRY

For Synthetic Ammonia see Chapler I11.
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Ammonia and Ammonium Salts.—Ammonia, NH,, is a decomposition
product of organic matter, resulting either from its destructive distillation or from
its putrefaction and decay.

Until quite recently, practically the total supply of ammoma was obtained as
a by-product in the destructive distillation of coal for the purpose of making
illuminating gas, much also being produced by coke ovens, and the processes now
worked for the gasification of coal, peat, otl-shale, etc.

The amount of nitrogen in coal amounts to 1-2 per cent., and only a relatively small proportion
of this (from 12-20 per cent. of the total nitrogen present) is converted into ammonia during
the process of destructive distillation ur gasification. At least half of the nitrogen reinains in
the residual coke, and is not expelled completcly even at a white heat. Much nitrogen escapes
from the coal in the form of N, gas, being formed by the decomposition of the NH,, which begins
to decompose at 600°800° C. A sinall proportion of the nitrogen distils over in the form of
cyanide, pyridine, and other organic nitrogenons substances. The following figures show how the
nitrogen contained in various sorts of coal is disposed of during the ordinary process of destructive
distillation of 100 parts of their total N. We have :—

Kind of Coal. ‘ Eunglish. Westphalian.} Saar.
Per Cent. Per Cenm. Per Cenc.
N in coke - - - 48-65 30-36 64
Nas NH, - - - 11-17 11-15 16
N as gaseous N, - -r 21-35 47-55 ! 16
N as cyanide - - -1 0.2-1.5 1-2 |]
N in tar - - 1-2 Ly |f #°

In general, 100 kilos of average coal on destructive distillation yield o.25-
0.3 kg. of ammonia or r1.o-1.2 kg. of ammonium sulphate. When, however,
the coal undergoes destructive distillation = a sizeam of superheated sieam (as in
the processes of producing “water gas” or ‘“Mond gas” from crude coal) we
can obtain as much as 3 kilos of ammonium sulphate per 100 kilos of coal treated.
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The following may be considered as the chief sonrces of ammnonia and anvnenium salts, as they
at present exist:

(1) The Coking of Coal.

(2) For the Production of Metallurgical Coke.—Already in Germany no less than
90 per cent. of total output of ammoninm salphate is manufactured in recovery ovens ;
in Ingland some 60 per cent., and in the United States only zo per cent. is thus
vbtained.  Abont 55 per cent. of the world’s total output of ammonia in 1911, and
74 per cent. of that of the U.S.A., 1s derived from the carbonisation of coal in ly-
product ovens. There is little doubt that the ontput will increase as the amount of
coal carbonised increases.

(6) For the Production of Coal-Gas.—30 per cent. of the world’s output in 1910 was
obtained from the retorting of coal for the manufacture of illuminating gas.
(2) The Distillation of Shale. —Large amonunts are recovered in Seatland by the distillation

of bituminons shale.  The following figures, taken from the *“49th Annular Report on Alkali, ete.,
Works,” . 130, show this:—

T
T i Total Sulphate of
Year T;’;?]l (S)l;;}f;lé\(ll“ll:d Ammonia Recovered Vield in Lls. per
: Seotland from the Shale in Ton of Shale.
o I’araffin Qil Works.
——— [}
Tons. Tons.
1903 i 2,009,265 37,3535 41.6
1904 2,331,885 42,486 40.8
1905 2,493,081 46.344 41.6
1906 2,545.724 48,534 42.7
1907 2,690,028 51,358 42.7
1908 2,892,039 53,628 41.5
1909 2,967,017 57,048 451
1910 3,130,280 50,113 42.3
1911 3,116,803 60,765 43.7
1912 3,184,826 62,207 43.7

Considerable undevelopud deposits of bLituminous shale exist in Newfonndland, Australia, and
other parts of the world.

(3) The Distillation or other Treatment of Peat.—Much nitrogen is combined in peat
(which, therefore, has found some application as a fertiliserl, and many processes are either worked
or are projecied for directly transforming this nitrogen into the form of amnroninm sulphate. The
destructive distillation of peat has been proposed by Zicgler and others.

More promising is the partial combustion of peat with prodnction of producer gas (Frank,
Caro, Mond, described on p. 43) or the slow wet-combustion of peat (Woltereck, p. 43). There
are 20,000 million tons of undeveloped peat in the U.S.A., while equally enormous quantities
exist in Ireland, Canada, Newfoundland, Sweden, Norway, Rnssia, Germany (1'russia alone
containing 5,000,000 acres).

The average nitrogen content of these peat deposits may be taken as 2.05 per cent. (sometimes
reaching 4 per cent. in the case of dry peat), so that if only 50 per cent. of chis was recovered, very
large amounts of ammoninm sulphate would become available.

(4) Producer Gas.—The ammnonia contained in the coals used in producing this gas—the
main type of plant tsed being the Mond Gas Producer—is now very large and is likely to increase.
The process is described in Martin’s *¢ Industrial Chemistry,” Vol. II.

(5) Blast-Furnace Gas.—The nitrogen in the coal used in blast furnaces escapes in part as
ammonia, mnch, however, being decomposed by the high temperatures in the furnace.

Some of the combined nitrogen, however, comes from the nitrogen of the air by actions taking
place inside the furnace, principally the formation of cyanides, which are then decomposed into
amnionia by aqueous vapour in the furnace. In the United Kingdom, for 1910, about 20,130 tons
of ammonium sulphate were recovered, 20,130 tons being recovered in 1911, and 17,026 in 1912.

(6) Production from Beetroot Sugar Waste, ‘‘Schlempe” or “‘Vinasse.”—The thick
Lrown lignid remaining after the extraction of all the possible sugar from the syrup is know as
*¢ vinasses ” or **schlempe.”

It contains much nitrogen and potassiumn salts. Until recently it was the custom merely to
calcine this material so as (o obtain the potash salts in the form of *‘schlempe kohle.” Bueb ot
Dessau and Vennator now recover nitrogen from this by distilling 1he schlempe fromn iron retorts,
leading the evolved vapours through chambers filled with brick cheque-work maintained at a red
heat, whereby the complex vapours decompose into HCN, NHj, etc.
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The amnonia and cyanogen are then recovered as in the purification
. . : . of coal gas. Th
is described on p. 76, ** Cyanide and Prussiate Industry.” e gas. The process

(7) By Distillation of Bones, Leather, and other Nitrogenous Organim Matter.— The
distillation of hones, for the production of '*hone black,” formerly yielded a considerable ‘su )
of ammonia, bnt the industry 1s now not so prominent as formerly. PRy

The ammonia may be extracted from the evolved gases by scx:ubbinw, as in coal gas manufacture
The trcatment of animal refuse for the manufacture of prussiate isb now obsolebte. It is moré
profitably employed as manure.  See p. 79, *“Cyanide and Prussiate Industry.”

(8) From Sewage and Urine.—A very rich source of ammonia is ordinary urine. 100,000
heads of population conld produce per year about 6,000 tons of NH.. If all the ammzmia
corresponding to London urine were collected, more than 60,000 tons of ammonium sulphate
cenld be annually produced therefrom.

The method of collection of urine and its working up into ammoniacal compounds has been
carried on at Paris and at Naney. In 1909 France obtained 13,000 tons of ammonium sulphate
therefrom, 10,000 bLeing obtained in Paris alone. However, the collection and utilisation of
animal excrement is sa nauseous and costly and dangerous a process, that the bulk of the enormous
ammonium supplies producilile from this source are run to waste.

The process consists in allowing the urine to ferment into ammonium carbonate. The clear
liquor is distilled and the aimnmonia recovered as in gas-liquor.

For further details see Ketjen, Zei. angew. Chem., 1891, 294; Butterfield and Watson,
English Patent, 19,502/05; Taylor and Walker, U.S. Patent, 603,668 ; Young, English Patent,
3,562/82 5 Duncan, German Patents, 27,148, 28,436.

(9) Synthetic Ammonia.—Enormous supplies of ammonia are now becoming available by
the synthesis of ammonia, either directly from atmospheric N and H, or else from cyanamide or
nitrides. These processes are discussed in detail in a separate article, p. 53.

The production of ammonium sulphate is increasing rapidly in order to meet
the increasing demand for mtrogenous manures, The following figures refer to
Great Britain:—

AMOUNT oF AMMONIA RECOVERED IN THE U~NITED KINGDOM
(ExprEssED IN TErRMs OF SULPHATE)—TONSs.

| 1910 191 1. 1912. | 1913 j 1014,

Gas works - - - - - 167,820 168,783 172,094 ' 182,000 177,000

|
Iram works - . - - )I 20,1359 20,121 17,026 ; 20,000 | 19,000
Shale works - - : - | 59113 60,765 62,207 = 63,000 | 62,000
Coke oven works - - - -1 92,665 105,343 104,932 :

Producer-gas and earbonising works | 27850 29,964 32,049 167,000 ! 163,000

(bone and coal) )| e Tt e _
Tatal - - - 367.587 384,976 388,308 432,000 | 421,000

3

‘T'he following figures refer to the output of the chief countries : —

1900. 1909. " 191 1.

(Metric) Tons. | (Melric) Tons. I; (Meric) Tons.

England - - - 217,000 349,c00 378,000
Germany - - - | 104,000 323,000 400,000
United States - - T 58,000 98,000 127,000
I'rance - - - - 37,000 34,000 | 60,000

Belgium, Haolland - -\ 6
i ; ‘ 000 134,000
Austria, Russia, etc. - i 3, 34,

‘ ! . |

i

‘The world’s production of ammonium sulphate is estimated as :—

1900. 1909. 1911.
484,000 tons. 950,000 tons. 1,150,000 tons.

Great Britain exported ammonium sulphate :—
1911. 1912. 1914.
292,000 tons. 287,000 tons. 314,000 tons.
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The chief product of the ammonia industry 18, at present, solid ammoninm
sulphate, (NH,),SO,, which is principally used in_agriculture as a manure. IL.
is valued on the percentage of nitrogen 1t contains, contalung when pure, as
(NH,).SO,, about 21.z per cent. N against 16.5 per cent. N in NaNQ, or
Chile saltpetre, which is at present its great competitor as a manure.

The price of ammonium sulphate sunk from 5os. per ton 1880 to 20s. L0 308.
in 1909, and no doubt in consequence of the production of cheap synthetic
ammonia, both from cyanamide, and by direct synthesis, the price will probably
still further decrease.

Manufacture of Ammonium Sulphate from Gas - Water or
Ammoniacal Liquor.—At present the bulk of the ammotium sulphate on
the market is derived from the “gas-water” or “ammoniacal /figusr” produced
in the numerous coal-gas producing plants, coke-ovens, cte.

In the coke-ovens, however, the gases now are passed directly through sulphuric acid, and the
ammonium sulphate thereby directly fixed, thus avoiding the initial production of an *“ammercaral
Ziquor” such as is indispensable to coal-gas production.

Ordinary ammoniacal liquors contain some 1.5-3 per cent. NH,, united with
various acids. The chief acid is carbonic, H,CO,, but besides this we get 11,5,
HCN, HCNSH,S,0,, H,$0,, HCl, and ferro- and ferri-cyanic acids.

The ammonium salts are, in practice, divided into (2) volatile, (&) fixed. 'The
“yolatile ” ammonium salts on boiling with water dissoctate, cvolving ummoniz.
The chief volatile salts are :—Ammonium carbonate (NM),CO,; wmmonimu
sulphide (NH,),S and NH,HS ; ammonium cyanide, NH ,CN.

The “fixed ” ammonium salts (e.g., ammonium sulphate (N 11,),50, ; ammonium
chloride (NH,C|, etc.), are not decomposed by water, bat the ammonia lus to be
driven out of them by boiling with milk of lime.

Different ammeoniacal liquors, however, have an extremely variable composition.  An average
sample would contain per 100 c.c. from 1.4-3.3 g. volatile mnmonia (pwincipally in the Torm ol
ammonium carbonate), and 0.2-0.6 g. NH, in the form of ¢ fixed ” salts.  The c('mlpnsi(imn al 1lpe
ammoniacal liquor naturally largely depends upon the nature of the coal nsed, aund some coals,
rich in chlorides, yield ammoniacal liquors containing nmch N11,Cl.

. The following analyses gives the composition of some average atmmeniacal liquors, the wnn s
giving grams per 100 c.c. :—

| ) !
" Coke ! Blast Shale Coulite

i ‘ Gas Works. Ovens. | IFurnaces. Works. Worls.
P e ) r
_ Volatile NI, - - - 1.4-3.3 0.84 ' 0.2-0.4 P09 I ;
I Fixed NH, - . . ,Ir 0.6-0.2 0.10 0.008:0.009 : 0.0} o.'§7 i
I Total NH; - . - 2535 0.94 0.2-0.4 | 0.9 0.7
P (NH)S - - . - 0.9-0.8 0.47 Rt o.23
 (NHLLCO, - . ' 5088 .96 T 1 vo2.9 6.4
S (NH)CI - - - - 1.1-0.5 0.22 | 0.000 L0018 0.1 3
C(NHQsO, - - - 0.2:0.0 0.03 .  0.00y ! o.o1b 0.05 |
! (I:IH,,)._)%,.O, - - -y 0I7-0.0 0.04 | 0.002 | 0.0 o
(NHCNS - . . .1 o53.0.07 0.04 0.003 o 0.3
i NHCN - - - -1 o0.036-0.07 0.0y 0.003 i )
); (NH,),Fe(CN); - . . l 0.038 e '

Organic substances such as phenol, pyridin, acetonitrol, etc., also oceur in small amonnls,

t b’éﬁe‘ method of worl‘c(ing the ainmoniacal liquor for ammonium sulphate is first
o x 1t until all the “volatile ” ammonium salts have been distilled off. T'o the
residual liquid containing the “non-volatile ” ammonium salts the theorctical amount

prrzlllll\d?f lime is added, and the boiling continued mtil all their ammonia is also
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The evolved vapours are usually led directly into H,SO, of 42°-46° Bé. (81°-
93° Tw.), and the ammonia fixed in the form of sohd ammonium sulphate
(NH,),SO,, which can be sold without further refining for manurial purposes.

The plant used consists of “column” apparatus similar to those described
in detail in Vol. I. “Organic Industrial Chemistry,” for distilling alcohol; the
apparatus, however, s modified so that the ammoniacal liquor alone is distilled
in the upper part of the apparatus so as to expel all volatile ammonia; while
in the lower part of the apparatus the “fixed” ammonium salts in the residual
liquid are boiled with milk of hme.

There are a great many different plants on the market, some of which are
estremely efficient. Feldmann's Apparatus (D.R.P.,, 21,708, see English
Patent, 3,643, 1882), shown in Fig. ro.

The ammomacal “gas-water” flows into a tube from the regulating tank a
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Fi1G. 10.—Feldmana’s Ammonia Still.

13

and enters the multitubular “preheater ” B, consisting of a series of tubes through
which the ammomacal liquor flows, which are themselves heated by the steam
and hot gas coming from the saturator R by the pipe MM. From the “preheater” B
the now hot ammoniacal fluid flows into the top chamber of the column c. This
1s provided with a number of compartments each provided with an overflow pipe D,
so that in each compartment the liquor accumulates to an appreciable depth. In
the centre of the floor of each compartment is a wider pipe covered over with a
“bell” or “mushroom™ (¢), provided with serrated edges (see Martin’s
“ Industrial Chemistry,” Vol. II., under “ Ammonium Soda Industry ”). Through
this central pipe the amwmoniacal gases and steam come up from below and
stream through the liquor surrounding the “mushroom,” and thus boil out all
the volatile NH,.

The liquid in ¢, from which all volatile ammonia has been boiled out, now
enters the lower part of the still b. Into this compartment a stream of mlk of
lime is conttnually pumped by means of the pump g, the lime being sucked out
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FIG. 11.—Ammonium Sulphate Plant of the Chemical Engineering Co., Hendon, England.

of the tank /# The mixed fluids flow
through a fillering sieve (to retain large
particles) through the tube 4 into the
column M, through which is passed from
below a current of steam from a boiler.
This steam maintains the whole liquid at
a boiling temperature and completely ex-
pels all the ammonia from the *“fixed”
ammonium salts, the ammonia being, in
the first place, sct free by the milk cf hme.

The waste ammonia-free liquors run
away through £

The mud-like mass of lime escapes
t}}rough an opening at the bottom
of .

In some plants a special separate mixing vessel
is provided, standing outside the colunm. Into
this the liquid coming from the middle part of the
column ¢ is mn, and is then intimately mixed
with ilk of lime, and then 1he mixed fluids are
run back into the lower colummn B, and snbjected
to the boiling by means of stcam. A still of this
type is mamfactured by the Chemical Engineer-
ing Co., Hendon, and is shown in Ifig. 11.

Many special madifications of this apparatus
arc used. We may here mention the apparatus of
Gritngberg and Blum (D.R. 1., 33,320) 5 Wilten
(English T'aten, 24,832, 1901); Scott (Enyglish
latent, 3,987, 1goo; 11,082, 1901).

The escaping steam, carrying with it
the N'H, gas, passes out at the top of the
column ¢ and through the tube x X into
the lead-lined (or volvic stone) * saturarur”
R constructed as shown, with a lcaden
“bell” dipping under the surface of
sulphuric acid (g9o° Tw, 45° BE.) which
enters in a contmual stream. ‘The NH,
as it enters unites with the sulphuric
acid to form solid ammonium sulphate
(2NH, + H,S0, = (NH,),50;) which
separates out in the liquid.

It should be noted alsw that much heat is
evolved by the union of the sulphuric acid and the
ammonia in the saturator, the heat of interactian
being sufficient not only to maintain the saturalor
at the boiling point, and compensate for unavoid-
able losses by radiation, etc., but also to wore
than evaporate the whole of the water contained
in the acid, amounting to 20-30 per cent., So that
the apparatus can he washed out from time to
{ime, as necessary, without wasting the washings,
or evaporating than down externally.

The saturator just described belongs
to the “partly open™ type, the hot waste
gases being led off by the pipe M to the
heater B, and the sulphate accumulating on
the floor of the saturator, the workman re-
moving the latter as it separates by means
of a perforated ladle inserted through the
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open part of the tank. The crystals of sulphate are then placed on a lead-lined
drainer, so that the mother liquors flow back to the saturator.

More often the ammonium sulphate crystals are removed from the saturator by
means of a steam discharger (working on the principle of the air lift), which drives
it in the form of a coarse mud, together with a considerable amount of mother
liquor, on to the drainer, and thence it is passed into the centrifugal machines, the
mother liquors invariably running back into the saturator. In this type of plant
a closed saturator is used, as described below :—

Fig. 11 shows a modern ammonium sulphate plant, erected by the Chemical
Engineering Co., of Hendon, London, N.W., for the Grangetown Gas Works,
Clardiff, in xgr1. This plant is capable of producing 3 tons of ammonium sulphate
per twenty-four hours.

The ammoniacal liquor enters the multitnbular heater N at the bottom through H, passes up the
pipes’ iusides, and is thereby heated to the boiling point by the steam and bot waste gases from
the saturator B. These hot vapours issue from the saturator at A, pass along the pipe 00, then
encircle the tubes in the interior of the heater N, heating the ammoniacal liquor therein contained
10 the boiling point, and being partially condensed in so doing. The condensed steam (known as
Devil Liquor, on accouut of the H,, NH,, HCN, etc., contained therein) runs off into the
sealed closed tank I, and is pumped back through M»t, and mixed with the gas liquor, the whole
thus passing through the liquor still ¢, which renders it inodorous, the liquors being finally run 10
waste after passing through the liquor still in the form of **spent liquor.” Any moisture not
condensed by the heater N is finally condensed in the condenser P (two are employed) of similar
construction to N. The F1,S and CO, from the saturator 1, however, pass for the most part away
from the exit gases, being purified with oxide of iron, and the ILS recovered is sulphur.

The ammoniacal liquor, heated to boiling in N, passes along the pipe @@, and enters the liquor
still ¢ at the top, and slowly flows by a series of weirs, in a downward dircction, through the fifteen
chambers to the antomatic exit, which is controlled Ly the spent liquor valve R. Vv isan arrange-
ment far controlling the pressure in the still. Stean is admitted at the bottom of the still by the
perforated pipe s, and bubbles through the lignor in cach chamher, travelling in a reverse direction
to the lignar, and carrying with it the ammonia and the gases, F,S and CO.,, which pass away from
the top of the still to the acid saturator B, the H,S and CO, thence escaping along oo to the
condensers. and reappear in the “devil liquors ” at N, as previously explained, and in the waste
exit gases from 1.

In order to complete the removal of fixed ammoninm, salis from the liquor lime is automatically
admitted to the middle chamber of the still at T, D being the auxiliary limeing still (see p. 40),
which acts as a reservoir, and retains the lime sludge. The lime is slaked in T with speunt liquor from
the stills, and forced into the still ¢ at hoiling temperature at the required rate, by means of automatic
punps. 1 is the automatic valve controlling the admission of lime to 1. The saturator B is of the
round closed type, constructed of 40 1bs. chemicallead. In thissaturator the ammonia coming from
the still ¢ passes through the pipe 1'i7 nearly to the bottom of the saturator, and bubbles through
the acid hath by means of the perforated pipe ww. The saturator is continuously fed with sulphuric
acid in proportion to the amount of entering ammonia. The chemical action, cansed Dy the
ammonia uniting with the acid to form ammonium sulphate, developes sufficient heat to cause
vigorous boiling, the uprising steam, together with H,S and CO, from the ammoniacal liquors and
same ammonia, escage at a high temperature throngh the tube 00 10 the heater N and condensers
r, as above explained.

The sulphate of ammonia is deposited in a crystalline form into the well X at the hottomn of the
saturator B, from which it is pumped by means of the steam discharger vY to the receiving tray ¢,
whence it gravitates at intervals to the centrifugal machine (described in Martin’s * Industrial
Chemistry,” Vol. I.), the tray holding a charge of about 4 cwts. The centrifugal machine
separates the mother liquor, which flows back to the saturator by FrF. After two minutes’
sEinning the centrifugal machine H is stopped, and the dry sulphate of ammonia is dropped
throngh the centre valve on to the elevator conveyor zz, and deposited in the store.

The apparatus used for the manufacture of ammonium sulphate by the Coppée
Gas Co. is shown in Fig. 12. The diagram, Fig. 13, explains the mode of working
of the apparatus.

The crystals of sulphate thus obtained are sometimes washed with a very little
water, dried, and put on the market for manurial purposes, containing 25.1-25.3
per cent. NH,. (NH,),SO, requires NH;=25.8 per cent. less than o.4 per cent.
free H,S0,, and no cyanide, since the latter is very injurious to vegetation.

Chemically pure ammoninm sulphate is sometimes, although rarely, obtained from this raw

ammonium stlphate by crystallisation. .
Treatment of the Waste Exit Gases from the Ammonium Sulphate Plant.—The acid
gases, such as HpS, HCN, and CO,, which pass with the ammonia into the sulphuric acid in the
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saturator are not absorbed therein, but escape with steam into the multitubular preheaters and

condensers, and after heating the entering ammoniacal liquors in th i .
pass on their way to the still, the cooled gases consists ol’qH.,S, H(t:)?, Laﬂfiesclon..Ll(]iiaﬁﬁh::cfreaz}tll:e}
(1) directly into a furnace, where they are burnt in order to destroy the poisé’nous HCN lfhe lH esr
burning to SO, ; or (2) into an absorption apparatus using iron oxide purifiers (as in coal ’oas wor'i:s
for purifying coal gas (see *‘ Industrial Chemistry,” Vol. 1.); or (3) where the H,S is recovered
as sulphur, and nitrogen recovered as Prussian hlue, the gas is burnt in a limited supply of
air accox;;iing to the Claus process, whereby the H,S burns, depositing S, which is Bxpegebv
reconvered. ’

However, in most works the gase; are simply burnt,

o : the products of combustion api
unutilised, np the chimney. 3 escaping,

MANUFACTURE OF AMMONIUM SULPHATE FROM
MOND GAS:!

Very similar is the production of ammonim sulphate from Mond Gas.

The coal is charged into a distributor aud hopper from an elevator, and then
falls into the “generators” where, under the influence of a mixture of air and
steam, it is gasified in the manner described in the section on Gaseous Fuels
“ Industrial Chemistry,” Vol. I1., the equations being :— '

C + 0, = CO, CO, + C = 2CO0. HO + C = CO + H,

There is thus produced a gas consisting mainly of CO, admixed with some
hydrogen. ‘The N in the coal escapes in 70-80 per cent. as NH, with the issuing
gas. The gases next stream through a series of “coolers,” in which they
exchange their heat with the air which is streaming into the generators, the air
being thus preheated, and the Mond gas cooled. Next, the gas passes through a
washer, where it is largely freed from tar and dust. Finally, the gas passes up a
tower, where it meets a stream of descending sulphuric acid, which combines with
all the ammonia in the gas, forming ammonium sulphate. This acid solution is
pumped by an acid pump up a tower, a continual circulation of the acid in
the tower being kept up until the acid is practically saturated with ammonium
sulphate, when it is run off and evaporated in a special apparatus, and the
ammonium sulphate recovered. From the tower the gases pass through another
tower, where they are treated with a stream of cold water, whereby the gas is cooled
(and the water heated), and passes away directly to the gas engines or furnaces for
use. The hot water obtained from the second tower is now pumped up the third
tower, where it is allowed to flow down against an incoming current of cold air,
which it thus saturates with water vapour, the air current then going on to the
furnaces for the production of the CO by partial combustion of the coal.

While in coal gas works and coke ovens scarcely ever more than 20 per cent. of the Nin the
coal is obtained in the form of ammonia, in the Mond-gas process no less than 70-80 per cent. of the
nitrogen present in the coal is ultimately converted into ammonia, and recovered as ammonium
sulphate, e.g., each ton of coal yields over 40 kg. of ammonium sulphate, against 1o kg. obtaired
in coke ovens. Over 4s. per ton profit can be made out of the ammonimu sulphate thus recovered,
which leads to a farther reduction in the price of the gas for power. .

According to Caro, even the waste obtained by washing certain coals—containing only 30-40
per cent. C. and 6o-70 per cent. ash, and so useless for burning in the ordinary way—can be
gasified by the Mond process, and a very considerable percentage of the nitrogen recovered as
ammonium sulphate, I ton of this waste material yielding 25-30 kg. of ammonium sulphate and
50-100 EI.P.-hours in the form of electrical energy. . .

Also moist peat can be gasified in the generators, and the contained nitrogen recovered as
ammonium sulphate (Woltereck). . l core .

For further details the reader should see *¢Industrial Cheml‘stry,” \{ol. I1., “Gaseous Fuels™ ;
also Caro, *“Die Stickstoffrage in Deutschland” (1908) ; Chemriler Zeitung., 1911, 5033 Frank,
Caro, and Mond, Zeit. angew. Chent., 1906, 1569 ; Norton, Consular Report, pp. 49, 170 ; Lange,
¢ Coal Tar and Ammonia,” 1913, 861 ; Woltereck, English Patents, 16,504]04; 28,963/06: 28,964/06.

L See Martin’s * Indastrial Chemistry,” Vol I1., unmiler Gaseous Fuels, where the composition of
the gas and the nature of the furnaces, fucls, ete., are discussed.
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LPHATE BY

MANUFACTURE OF AMMONIUM SU !

l DIRECT IROCESS FROM COI&h-O‘VEN GA.S,_ Bll»i
FURNACE GAS, PRODUCER GAS, AND SIM
GASES RICH IN AMMONIA

This is a problem on which a great deal of claborate work h:lf been c.]\'1’: ¢
during the last fifteen to twenty years, and even at the present time 1t de
seem to have been completely solved. Y

Ammonium carbonate is very volatile, and cqnseqncntly prssing the gases ¢ I '
through water only causes the formation of a dilute ammoniacal *gas ‘hquo{ )
gaswo?ks), the direct distillation of which would be cxpensive on account <3
consumed. ) . o

It is, therefore, much more economical to pass the gascs dircetly mnte>
concentrated sulphuric acid, whereby matters must be so arranged 'th‘t‘t )
ammonium sulphate separates directly, that the concentrated sulpharic e
not greatly diluted by the steam, etc., in the gases driven through it, and #3:
that the resulting tar is not spoiled by the treatment.

One of the most successful systems is that embodied by the Kopper Amn?
Recovery Plant. The gases coming from the coke ovens, cte., are first <«

COOLERS

F16. 14.—The Kopper Ammonia Recovery Planl.

to 40° C., whereby the heavy tar oils and the bulk of the steam (with 20 ¢
cent. of the total ammonia) is deposited in the hiquid form.

The gases are next passed through tubes whereby they are relicated to 6o™-8¢ ™
the hot furnace gases m counter-current being used for this purposc  and t}ie
gases are then directly passed into 60° Bé, 141° Tw., H,80, ; simnltancousl:
NH; which has been expelled from the condensed liquors by heating thcaxn
lime is also passed into the H,SO, The NH, directly combines witli the F I
and ammonium sulphate separates in a solid form 1in the saturator and is witliel
from time to time, centrifuged, and dried as previously described.

Fig. 14 shows Kopper’s Plant.

The hot furnace or coke-oven gases are passed through covlers a, 4, ¢, until they are ¢ore s
about 30%40° C., and then are led through a Pelouze tar separator (Martin’s ““Indnstrial Cherani
Vol. 1.) ¢, so that almost all the tar (but not the light oils) are condensed, together witly 514
the water, which contains 25-75 per cent. of the total ammonia (according to the temperatin-
the fixed ammonium salts (NH,Cl, etc.), etc., etc. The tar and the ammaoniacal water How: -,
holder /, the tar being run off at the Lottom into another holder m, while the ammoniies g
rans into a second holder 7.

The tar-free gases are again reheated in f to 60°-80° C., and then are passed dirvetly jgr
holdér g, containing concentrated 60° Bé. (141° Tw.) sulplaric acid. “The solid anigre
sulphate immediately separates, and is forced out from time to tine by means of compreses
into the collecting tray %, thence into the centrifugal machine 7, where excess of acid is drairi¢-¢

The reheating of the gas, before passing into the snlphuric acid, aids the evaporation of 115 ¢«
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from the sulphuric acid. The heat of the reaction going on in g is alone often sufficient to achieve
this, especially if all the fixed ammonium salts have been previously removed. The gases escaping
from ¢ contain lenzene, and are passed on through heavy oils to extract this substance, as
described under Coke Ovens in Martin’s ¢ Industrial Chemistry,” Vol. I1.

The ammoniacal water in » is distilled in a column with lime in the usual manner for ammonia
(see p. 39), and the gaseous ammonia evolved is ofien directly sent back into the gas stream
(between the coolers @ and ) to lx fixed by the sulphuric acid in g Since the amount of
deposited gas water here only amounts to abont 20 per cent. of the washing water formerly needed
to extract the ammonia in scrubhers, it is stated that the cost of the distillation of the ammonia
and the guantity of the troublesome waste water is nmeh less 1than Iy the ordinary process of the
aminonia extraction.

In the Otto-Hilgenstock Ammonia Recovery Process (Fig. 15) the old
condensing plant is entirely dispensed with, the tar being removed from the entering
gases by a tar spray at A at a temperature above the dew-point of the liquors.

After depositing the tar in B the gases pass directly through an exhauster E into the saturator r,
where the whole of the ammonia is canght by the snlphuric acid. The gases coming irom the
saturator are hot, and contain all their moisture in the form of steam; the gases are, therefore,
passed forward to the oven flues. and the troublesome and offensive waste liquors are thus got rid
of. ¢ is the tar-spray pump, 0 the tar-spray feed pipe, 6 is the acid-spray catch box, H 1he mother
liquor return pipe, J the tar store, K the tar-spray overflow pipe, 1 the condensing tank, m the
pump delivering tar to railway trucks, N the pump delivering condensers to the saturator F.

Return toOvens

B R A AT 2,
£,

"AHTDH T

2 0L S i RS I e

F1c. 15.—~The Otto-lilgenstock Ammonia Recovery Plant.

This process, by abolishing condensing plant, liquor tanks, ammonia stills,
lirae mixers, pumps, etc., effects a great saving, since less floor space is required,
and nearly the whole of the steam required to distil the ammoniacal liquor made
by the condensing process is abolished. Also no ammoma is lost, as often arises
in a distilling plant. The ammonium sulphate produced contains 25-25.5 per
cent. N and contains less than o.1 per cent. of tar.

The Coppée Company's Process of Semi-Direct Sulphate Re-
covery is illustrated in Figs. 16 and 17.

MANUFACTURE OF CAUSTIC AMMONIA (LIQUOR
AMMONIA)

A crude aqueous solution of ammonia, containing ammomum sulphide and
sometimes carbonate, is manufactured under the name “ Concentrated Ammonia
Water” by distilling ordinary gas-water without addition of lime in column
apparatus.

Concentrated Ammonia Water is used as a convenient source of ammonia either for ammonia-
snda factories, or for factories which, possessing no ammonia plant of their own, require amonia
gas in a concentrated form, ¢.g., for manulacturing salts snch as NH,Cl, NH,NO,, etc., or liquid
NI, It contains much less CO, and I1,S than the ordinary diluted ammomacai liquors of gas-
works, because these gases, in general, escape during the distillation before the NH, gas. This
liquor is much cheaper than the pure aqueous solution, and the presence of some COyand 11,8
doces not affect the manufacture of many chemicals.
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‘I'wo varictics of * concentraled ammonia water ” are manufactured :—(1) One
containing 15-18 per cent. of NI, with both sulphide and carbonate present ; (2)
onc contaiming 18-26 per cent. NH, contaiming some sulphide but practicall,y no
rarbonate.

(1) The first liquid is nade by passing the ammoniacal gases from the stil] (as
described above) through a reflux condenscr, whereby some moisture is removed
and then into a direct condenscr, the gases from which are washed through watcr,
The formation of ammonia carbonate and resulting blockage of the pipes Dpreventé
a higher concentration of NH, being obtained in this manner.

(2) To manufactnre the sccond hquid we proceed as before, but the vapours
from the still are passed first through the reflux condenser and then through vessels
containing milk of lime which removes the CO,, and some H,S. The vapours are
then condensed and contain 22-26 per cent. NHy, some H,S, but little or no CO,.

Manufacture of Pure Aqueous Solutions of NH;.—The mnmoniacal liquor is first heated
to 70™:80° C. in ovder to expel must of the COyand ILS.  The liquid is next distilled in a columnar
apparatus, as previously deserilad, and the vapours are passed, first through a reflux condenser
(to remove sowe water), then through milk of Inue washers to remove CO, and H.,S (the partly
used lime Leing nn back into the still to decompose the fixed ammonium salts), the last traces of
115 being removed by cither passing the gases through 1°¢SO, solution, or through a little NaOH
solntion. |, Lomis Fouear recolnmends ammueninm persulphate or sodium permanganate.

Lastly, the vaponrs pass through wood-charcoal, which removes tarry matters, and then
(sometimes) throngh a nonevolatile fatty or mineral oil.  The fairly »ure NH, gas is then led into
distilled wairer until the required concentration (up to abent 36 per cent. NH, is attainalle) is
obtaiued.

The charcoal Aliers are revivilied from time to time by ignition in closed retons.

‘T'he following table gives the specific gravity of aqueous ammomiacal solutions of
various strengths (after Lunge and Wiernek) :—

SrECIFIC GRAVITY OF AQuURoNs SOLUTIONS OF AMMON1A AT 15° C,

T Litre . I Litre
Specilic Nll, b dtre l Specific , NI, A
Gravity. | Per Ceat. g(’lllill\}:“ ‘; Gravity. r Per Cent. gol‘lltla-i:.s !
]
1.000 0.00 c.o 0.936 ;| 16.52 157.4
0.998 0.45 45 & 093¢ | 17.42 162.7
0.990 0.91 Q.1 |l 0952 | 18.03 168. 1
0.994 1.37 . 136§ «.g30 ' 1864 ° 173.4
0.992 1.84 @ 18.2 ) 0928 | 19.2¢ 178.6
0.990 2.31 22.9  09.6 } 19.87 ¢ 1¥4.2 !
0.988 280 5 277 ! 09:4 | 2049 © 159.3 |
0.986 3.30 325 | o922 | 2112 | 1604.7
0.984 3.80 37.4 | 0.920 21.75 , 200.1
0.982 4.30 ‘ 422 T 0918 22.39 | 205.6
0.978 5.30 51.8 ' 0.016 23.03 i 210.9
0.974 6.30 ! 61.4 | 0914 23.68 216.3
0.972 6.80 | 661 ' o0.912 24.33 221.9 |
0.965 7.82 ) 757 1 o910 24.99 227.4
0966 [ 833 i 805 | 0908 25.65 232.9
0.964 8.84 | 85.2 b 0.906 26.31 238.3
0.962 } 0.3 89.9 | 0.904 26.98 243.9
ogbo | 991 | 951 | o0.902 27. 65 | 2494
0.958 T 1047 ' 100.3 | o0.900 28.33 | 2550
0.956 3 11.03 105.4 '+ 0.508 29.01 260.5
0954 T n.6o ' 1oz | o0.806 29.69 I 266.0
0.952 12.17 ¢ 1159 4 0.894 30.37 271.5
0.950 12.74 3 12t.0 1 o0.892 31,05 277.0 I
0.048 13.31 | 1262 || 0890 3175 282.6 |
0.946 13.88 151.3 ‘ 0.888 32.50 288.6
0.044 14.46 136.5 ‘| 0.586 35.25 294.6
0.942 15.04 141.7 0.884 34.10 301 4
0.940 15.63 146.9 || 0882 34-95 308.3
0.938 16.22 152.1 i .
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TECHNICAL AMMONIUM SALTS

Ammonium Sulphate (NH,),SO,—Manufacture and prqpcrties are deseribed
on p. 38 e/ seg.  See also under Manures, *‘ Industrial Chemistry,” Vol. TL
Heat of formation is given by :—

NH, (gas) + $H,S0, = 3(NH,),S0; (solid) + 25.5 Cal. = 1,504,100 B.T,U. per ¢. hou S./A

Ammonium Chloride, (Sal Ammoniac), NH,Cl.—Prepared by passing
vapours of ammonium into HCl, or zie versa. Sal ammoniac 1s the subhm el
chloride. It is somewhat expensive to sublime owing to the difficulty of obtaining
suitable vessels into which to sublime the chloride. Cheap carthenware ts often
used, which, however, can only be used once, as it has to be brokeu to remove tlice
sublimate of sal ammoniac.

The substance is used in galvanising, in soldering, in galvanic cells, in 1he
manufacture of colours, in caico-printing, in pharmacy.

Heat of formation 1s given by :—

NH, (gas) + HCI (gas) = NHCI (solid) + 41.9 kal. = 2,619,300 B.T.U. per eq. tou S./A.

Ammonium Carbonate.—Commercial ammonium carbonate is usually n
mixture of ammonium bicarbonate NHHCO,, and ammonium carbonsite
NH,0.CO.NH,.

‘The ammoma content of the mixture varies between z5-58 per cent., the ustual
percentage of ammonia being 31 per cent.

It is most easily made by direct combination of ammoniz, carbon dioxide, i
water vapour, the substance being condensed on water-cooled surfaces of aluminniin
The substance 1s volatile, and should at once be packed into air-tight vesscls iu
order to avoid loss.

It is used in the manufacture of baking powders, dyeing, in cxtracting colonas,
from lichens, in caramel making, smelling salts, etc. Also as a general detergen,
and for removing grease from fabrics.

Ammonium Nitrate, NHNOg.—See p. 13 for manufacture and properticos.
Its main use is for safety explosives, sporting powders, fireworks, etc. Much is
used for the preparation of mtrous oxide, “laughing gas.”

Heat of formation is given by :—

NH, (gas) + HNO, = NH,NO, (solid) + 27 kal. = 1,687,900 I3.T.U. per eq. ton S./A.

Ammonium Perchlorate, NH,CIO, is prepared by the double decomposition
of NaClO, and NH,CI.

For Patents bearing on its manufacture see Alvisi, D.R.P., 10 ; Miolati, D.R.T’, ON s
see also Witt, Chem. Zig., 1910, p. 634. ' 103,993 " o RO

The salt is obtaining extended use as an explosive and oxidising agent, solublc in
5 parts cold water, insoluble in alcohol, sp. gr. 1.8q.

_Ammonium Phosphate, (NH,),HNO,, is made by neutralising phospharic
acid with ammonia, evaporating, and crystallising. Used in the mauufacture ol
sugar (Lagrange process), and in the impregnation of matches.

Ammonium Persulphate, (NH,),S,0,, prepared by electrolysing an il
saturated solution of ammonium sulphate at 7° C., using 5 volts in u specially
designed apparatus. Much used as an oxidising agent in dycing and photography;
sI%eglth; I7)717{P 155,805, 170,311, and 173,977 ; also Marshall, Zrans. Chem. ‘\'u:'.:

Ammonium Thiosulphate (NH,),$,0 d it
' 29304, prepared by double decomposit
thus—-zNHC1+I\a38203==(NH4)?S.203+ 2NaCl. Used in photography. postron,



THE AMMONIA INDUSTRY 49
Ammonium Acetate, NH,OOC.CH,, prepared b 1si i i
with amnmonia, and used for makfng acetam%dep.) parec by neduralising acetic acid

Ammonium Fluoride, NH,F, made by neutralising HF with NH, is used
for etching glass, decoinposing minerals containing rare earths, for the maar,lufacture
of incandescent mantles, for preparing antimony fluoride and other techmically
important metallic fluorides, and also, to some extent, in dyeing. d

Ammonium Sulphocyanide, NH,CNS, occurs in gas liquor, and is often
prepared by adding flowers of sulphur to an ammoniacal coal-gas washer, ammonium
pf)}ysulphlde being formed and cyanogen absorbed. It can also be made from
CS, and NH,;:—CS,+2NH;=NH,CNS +H,S. Used in photography, calico-
printing, and dyeing.

Ammonium Chlorate, NH ClO,, used in fireworks and explosives.
Ammonium Bromide, NH Br, used in pharmacy and photography.
Ammonium Oleate is used in ammonia soaps.

. Dry Ammonia, CaCl,8NH,, containing 60 per cent. of NH,, is made by
direct combination, and has in Germany a market as a portable and compact
form of ammonia.

“Solid Ammonia” is manufactured by the Chemische Fabrik Betterhausen,
Marquart & Schultz, by adding to a mixture of 3-5 parts of sodium stearate
(dissolved in 1o parts of aqueous ammonia or 8o per cent. spirits of wine)
about 85 or go parts of ammonia solutions containing 25-33 per cent. of ammonia.
T'he mixture has a consistency nearly equal to that of solid paraffin. When heated
or left exposed to air it gives up the whole of its ammonia, leaving behind the
solid sodium stearate.

Large quantities of ammoniated superphosphates are made in the United States
of America, containing up to 6 per cent. NH, and made by treating the super-
phosphate with ammonia or merely by mixing in ammonium sulphate into the
superphosphate. Products are used for manunal purposes.

Anhydrous Ammonia (Liquid Ammonia) is simply the purified NH, gas
liquefied under pressure and filled into steel cylinders.

It is the most suitable and efficient working substance for refrigerating machines,
and is used in some wool-washing institutions for cleaning purposes, the substance
being an excellent solvent.

The liquid boils at 34° C. At 15° C. the liquid has a vapour tension of 6 atmospheres. As
a liquid it has a very large coefficient of expansion, and a specified weight at 15” C. of 0.614, at
60" C. of o.540. .

In order to wmannfacture the substance, excess of lime is added to crude gas water so as to fx
all the CO, and 11,8, as well as to set free all the ammonia from the *fixed” ammonium salts.
The liquid is then distilled in a special column apparatus, somewhat similar to that described on
Pp- 38 fir ammonium sulphate, but somewhat more complicated, the large masses of mud-like
lime requiring special vessels for mixing, depositing the precipitated mud, and for boiling out the
ammonia. The N, gas emerging from the columns is cooled and then made to traverse a
mmber of vessels containing milk of lime, whereby the last traces of COq, H.S, etc., are removed.
The vapour then passes through a layer of paraffin oil, which retains tar and pyridine, etc. Therf
the gas passes through charcoal filters to remove the last traces of tarry matters, etc. The dry
and pure vapour next passes to the pumps, where it is liquefied under 8 atmospheres’ pressure.
Tlic operation is usually carried out in two stages, the gas heated in the first compre§510nﬁ pump
Iing cooled by water cooling before being passed into the next pump where the final hquefication
takes place. . Lo, of liquid

The liquid is stored in steel cylinders, usually made to hold either 20 kg.’ or 50 k. g 1qu1h
aminenia.  The cylinders should be tested every four years at 30 agmqspheres pressure. For eac
1 kg. lignid ammonia there is allowed a volume of 1.86 L The hq.uu.i ammonia, on eva 9rat10‘ri,
should not leave behind more than 0.1 per cent. residue, consisting of water, machine oil,

pyridine, etc.
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CHAPTER V
SYNTHETIC AMMONIA
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Zeit. fiir Eleftrockentie, 1913, 19, 53, 72.  (There is a good abstract of this paper in
the Journ. Soc. Chem. Ind., 1913.) Ber., 1907, 40, 2144 ; Zeit. Elek., 1908, 14,
181, 513.
HABER AND VAN OORDT.—Zeit. Anorg. Chem., 1905, 43, 111 ; 1gOS, 44, 341.
BirNTHSEN, —* Eighth International Congress of Applied Chemistry.” New York, 1912.
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CARO.—¢ Die Stickstrofirage in Deutschland.” 1908. Zeitsck. angew. Chem., 1910, 23,
2412,
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Also veferences and patents given in the text.
SEvErAL methods of making atmospheric nitrogen unite to form ammonia have
been proposed, and have been commercially successful. In the course of a few
years large amounts of synthetic ammonia will be on the market produced by
one or other of these methods.

(1) AMMONIA BY DIRECT UNION OF NITROGEN AND
HYDROGEN BY MEANS OF A CATALYST

LITERATURE

I’ 11aBER AND R. Lr RossiGNoL.—*‘Technical Preparation of Ammonia from its
Elements,” Zeitschrift jiir Elektrochemie, 1913, 19, §3-72.
Under certain conditions nitrogen directly unites with hydrogen to form
ammonia according to the equation :—
N, + 3H, T2 2NH,
1 vol. 3 vols. 2 vols,
Heat evolved according to the equation :—
N + 31 = NH,(gas) + 11,000 calories = 727,000 B.T.U. per eg. ton S./A.
This eruation is reversible, depending upon the equilibrium represented by the expression :—
PNH::
= _r'_:é"',
PN: PHg
where Pygpg PN:_.’ Py, respresent the partial pressures of the respective gases, NHj, No, Hy,
anill K is the reaction constant.

K
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It will be noticed that 4 vols. of the mixture of nitrogen and hydrogen produce 2 vols. of
ammonia, and consequently, as in the case of all gaseous reactions where the products of interaction
occupy a smaller volume than the original components, and increase of pressure favours the
formation of the prodncts possessing the least volume. Haber and his co-workers fonnd that by
employing a very high pressure, about zoo atmospheres, and a temperature of hetween 500°-700° C.,
and by passing the mixture of gases over a catalyst, such as osmium or uranium, the combination
of nitrogen with hydrogen proceeded so favourably that from $.12 per cent. of ammonia was formed
in the reacting gases. .

It will be seen from the above equation that large amounts of energy are not
required for the production of ammonia from its elements, and that, therefore,
the mauufacture of synthetic ammonia need not be confined to districts where
large amounts of cheap water-power are available, as is the case with the electrical
production of nitric acid, cyanamide, etc.

The Badische Amlin und Soda Fabrik have now erected works at Oppan, near
Ludwigshafen, for the large scale preparation of synthetic ammonia by this process.

—— — X
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F1¢. 18.—The Haber and Le Rossignol Process for Synthetic Ammonia.

Although the details of the plant employed on the large scale have not been
published, the details of the experimental plant employed by Haber and Le
Rossignol have been described in the above publication.

A diagrammatic sketch of Haber and Le Rossignol’s experimental apparatus is given in Fig. 18.

Through the tube ¥ a mixture of 1 vol. nitrogen and 3 vols. of hydrogen under a pressure of
200 atmospheres enters the strong steel vessel MM.  After passing over the outer surface of a number
of capillary metallic tubes w—which serve as a heat interchanger and regenerator as we will
presently explain—the gas passes down the tube as shown, over the surface of an electrical heating
cail AA, where the temperature of the gas is increased to 800°-1,000° C., then back up au interior
iron tube s§, over the layer of catalytic substance B, thence through a numnber of capillary tubes w,
out through the tube XX, thence through the compressing pump P, working at 200 atmospheres’
pressure, thence out through the tube E, through the set of capillary tubes X, and so into the vessel
H, which is surrounded by a freezing mixture of solid COyand etEer al a temperature of —60° or —70°,
which causes the ammonia.in the gas to separate in the liquid state, whence it can be drawn off
by the cock J. From H the gases pass away by the tube F, over the exterior surface of the system
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of capillary tubes X, thence after passing over a soda-lime drier K, the gas enters M as previously
described.

The mode of action of the apparatus is as follows :—The cold gas entering MM by the pipe ¥
is heated by passing over the bundle of capillary tubes W conveying the hot gas away from the
contact substance i Thus the entering gas is, by the time it has left w, preheated to a
temperature of 400°-500° C., and in so doing has abstracted practically all the excess heat from the
hot gas passing away from B, so that this latter, by the time it reaches the pipe XX, is practically
at atmospberic temperature, while at the same time the entering gas, by the time it reaches the
heating coil 4, is already at a high temperature, so that practically no loss of heat occurs.  For this
reason W is called the ““heat regenerator.” The hot gas thms entering the tube ss is further heated
in its passage by the electrical heating coils surnonuding the end of the tube ss to a temperature of
800°-1000° C. The hot gas then passes into the contact substance 1, which is maintained by the hot
gas at a temperature of 500°-700° C. Here the formation of ammonia 1akes place, 3-7 per cent.
of the entering nitrogen and hydrogen cscaping as NH,, along with excess of uncombined nitrogen
and hydrogen. The hot mixture of gases from B then streams through the series of fine capillary
tubes w, and in so doing gives up practically all its heat to the cold entering stream of gas coming
into the apparatus at ¥. The gaseous mixture, now cooled to ordinary temperatures, passes away
through the pipe XX into the pump P, working at 205 atmospheres, and then passes through the
series of metallic capillary tubes x. While passing 1hirough these it meets with a cold stream of
gas at —60° C. coming from the vessel H. Consequently the gas in the capillary tubes XX parts
with its heat to the cold gas coming from H, being itself chilled in so doing, and passes out of X
through the pipe DD into H at a temperature only sligluly above that of the cold gas escaping from
H. The cold gas passing from H up F is heated almost up to atmospheric temperature by the
capillary tubes X, and thns passes away through the drier K ansl enters MM at F at a temperature
only very slightly below atmospheric. For this reason the tubes X are called the ¢ cold regenerator.”

The gas entering H contains 3-7 per cent. of NH,, and this condenses in a liquid form at the
low temperature (—60° C. to —70° C.) prevailing therein, owing to the surrounding freezing
mixture of solid CO, and ether. This arnmonia can he drawn off in a liquid form by the tap J, or,
if required in a gaseous fornl, can be so obtained Ly opening the outlet valve to a suitable extent.

As the ammonia is withdrawn a fresh supply of nitrogen and hydrogen is added through the
valve 0, so that the operation is a continuous one.

In practice, the very serious engineering operations of working continuously a
plant with gas at 200 atmospheres, without leakage, has been got over by carefully
turned screw joints, one part of an angle of 16" C. screwing into another part of an
angle of 20°, so that perfectly gas-tight connections were made in this way. For
special details of construction the original memoirs should be consulted.

Haber 4nd his co-workers have made mumerous experiments on the most suitable catalysts to
use as contact substances, describing the results of experiments with cerium and allied wmetals,
manganese, tungsten, uranium, rutheniim, and osmiunm. The best calalyst proved to be finely
divided osmium, Lut as this substance is limited in quantitics and very expensive, it was found
that uranium (pieces the size of a pin’s head) also acted efficiently.

Thus, in one series of experiments, cammercial uranium, broken up with a hammer, was
used in a column 4-5 mm. diameter and 3-3.5 cm. long. At 600° C. a vigorous formation of
ammmonia took place. At 190 atmospheres and with the gas mixture passing through the
apparatus at 20 1. per second (measured at atmospheric pressure and temperature) it issued with
an ammonia contents of 5.8 per cent. by volume.

The nitrogen can be obtamed from the atmosphere, either hy liquefying 1t
and fractionally distilling it with a Linde or Claude machine, as described m
Martin’s “Industrial Chemistry,” Vol. II., or simply by passing air over heated
copper. The hydrogen can be obtained industnally by any of the methods
discussed in Martin’s ““Industrial Chemistry,” Vol. II.

In 1913 ammonia in the form of commercial 25 per cent. (NH,) ammonium sulphate possesscs
a value of 4.75d. per Il (89 Pf. per kilo), while the nitrogen and hydrogen contained therein may
Le valued at 1.07d. per Ib. (2% Pf. and 174 P'f. for the H and N respectively, in 1 kilo of ainmonia).

It has been stated that the total costs of manufacturing ammonmum sulphate from this synthetic
ammonia only amounts to £2. 6s. 6d. per ton, and so the process appears to le the one which has
a greater chance of success as regards low cost than any other method yet proposed, especially as
the plant can be erected anywhere (see p. 28).

Bther Processes for Making éynthetic Ammonia from Atmospheric Nitrogen and
Hydrogen.—De lLambilly (German Patents, 74,274 and 7%,573) passes a mixture of Ny, steam,
H, and CO over It (or other catalyst) at 80°-130° C., when ammonium formate is formed (N, + 3H,
+ 2CO + 2H,0 = H.COONH,). With CO, at 40°-60° C. ammonium bicarbonate is formed
(Na+ 31y +2C0O + 2H,O0 =2NIT HCO,).

Schlutius (English Patent, 2,200/02) passes Dowson gas (39 per cent. CO, 4 per cent. CO,,
43 per cent. N., 14 per cent. H,) and steam over It in the presence of a silent clectrical
discharge. Below 80° NH, is produced, above 80° C. ammonium formate.
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The reader may also sce the patents:—Voung, English Patent, 1,700/80; Hooper, U.S.
Patent, 791,194; Cassel, German Vatent, 175,480; Gorianoff, French Patent, 368,585; sece
also Davies, Zeit. physiral Chem., 64, 657 ; Briner and Mettler, C. K., 144, 694 ; Donath and
Indra (loc. cit., pp. 54-67) and Lunge, ¢ Coal Tar and Anmmonia,” Fourth Edition, pt. 2, p. 815
give details of otber processes.

(2) Ammonia from Cyanamide.—Cyanamide is made by causing atmospheric
nitrogen to directly unite with calcium carbide, as described in Martin’s
“Industrial Chemistry,” Vol. II. Ammonia is next made from the cyanamide
by passing superheated steam over it, when the following change takes place :—

CaNCN + H,0 = CaCO,; + 2NlH..
‘The operation may be carried out as indicated in Fig. 19.

Superheated steam is led in through the pipe 4 into the chamber B filled with
the cyanamide on trays as indicated. .

Ammonta is here generated, which may be directly drawn off or else led into
acid and fixed.

The crude calcinm cyanamide contains, it will be remembered, much carbon in the foim of
graphite, the substance as put on the market baving the approximate composition CaNCN +C.

Superheated
Steam

——

I"16. 19.—Ammonia from Cyanamide.

After treating with steam, as above deseribed, we have the residue of CaCOy+-C left. This
may be either worked fur graphite (by dissolving the CaCO,; in acid which leaves the C as graphite
unaffected), or the residae may be returmed to the lime furnaces, aud be there caleined for the
production of CaQ, the lime thus produced containing one-third the proper amotnt of free carbon
necessary for the production of caleinm carbille when returned to the caleium carbide factory
(CaCO,+ C=Ca0+C+CO, and CaO +3C=CaC,+CO).

According to J. Louis Foucar, since cyanamide has to he made from calcium carbide and nitmgen,
and the caleiunm earbide in its turn from lime and a plentifal supply of electrical energy, the
ammonia made by this process conld not, theoretically, be prodnced as cheaply as the direct
synthetic ammonia prepared by direet union of nitrogen and hydrogen. Foucar (private communi-
cation) worked out the costs of manufacture of ammonium sulphate from cyanamide as follows : —

Cost of carbide - - - - - 43 5 operton.
Cost of nitrogen - - - - - o 2 o
Cost of steam - - - - - oo 6
Cost of sulphuric acid - - - - o016 o
Less value of graphite - - - - o5 6
Total net cost for naterials - - £3 18 o perton.
Cost for powder (cyanamide only) - - - o7 6
Labhour (cyanamide, steaming, etc.), power, repairs,
depreciation, rent, taxes, amartisation, salaries
of staff, and other charges - - - o7 6

Total cost af mannfacture - - 44 13 o per ton.
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The selling price of ammonium sulphate in England in 1912 was 414 per ton, and the total cost
of manufacture from gas-liquor was £3 per ton.

(3) Ammonia from Nitrides.—A great many proposals have been made to
use nitrides, either directly as fertilisers, or to produce anmonia therefrom by the
action of superheated steam.

One process actually in use is the Serpek Process,! in which aluminium
nitride, AIN, is used.

Bauxite (a naturally occurring impure hydrated alumina) is heated with coal
i an atmosphere of nitrogen at a temperature of 1700°-1800° C. in a specially
designed electric furnace, when N is bsorbed, thus :—

ALO, + 3C + N, = 2AIN + 3CO.

The absorption of N begins at 1100° C. ; at 1500° C. the absorption is rapid, the velocity
increasing up to 1800°-1850° C., where almost violent absorption 1akes place, nearly chemically
pure AIN being produced.  Above 2000° the nitride decomposes.

The reaction is strongly endothermic, Fraenkel calculating the heat absorbed in the above
rcaction to be —243,000 calories, and Richards, — 213,220 calories.

_According to Richards (%c. ci2.) two superimposed cylinders, o and g, Fig. 20
which rotate in opposite directions, are used. Powdered bauxite is sent into a at ¢

Fia. 20.—The Serpek Prcess.

and is calcined in its descent by the hot gases froin the reaction going on in the lower
cylinder R, and also by the combustion of the CO gas coming from the producer
K and evolved in the reaction, this combustion being carried on in the side furnace ¢,
air being admitted by the flues 7, x, y, 2z, and the baffle plates v remove dust from
the ascending gases. As the result of this the highly heated bauxite falls into a
hopper b, and is there mixed with the requisite amount of carbon by means of the
side hopper E. The bauxite and carbon fall into the lower rotating cylinder B
{made of iron lined with compressed aluminium nitride), and thence passes into
the electric resistance furnace F (made of a series of bars of compressed carbon and
AlN, crossing the furnace diametrically or embedded longitudinally in the lining
of the furnace), where the mixture is heated to 1800°1900° C., and there meets the
nitrogen from the producer-gas plant H (evolving 70 per cent. N,+ 30 per cent. CO
at 400° C.) placed at the lower end of the apparatus. :

The nitrogen is absorbed, and the resulting alTuminium mtride, in the form of a
grey powder, passes on to an air-tight chamber x at the bottom of the apparatus.

! For a description of the process see Serpek’s patent, English Patent, 13,086 of 1910. Also
J. W. Richards, J/et. and Chewm. Ewy., 1913, 11, 1373 also Zrauns. Amer. Electrochem. Soc.,
1013, 23, 35; S. A. Tucker, Journ. Soc. Chem. /nd., 1013, 32, 1143 ; Jonrn. Ind. and Eng.
Chewe., 1913, 5,-191 ; Fraenkel, Zeitsch. Eleltrochem., 1913, 19, 362.
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. The silicious impurities in the charge are largely volatilised out ; consequently,
using crude bauxite, the mass contains 26 per cent. N, but using pure alumina,
AL_.Q‘:,, 34 per cent. N can be obtained, corresponding to pure AIN.

'he resulting aluminiwn nitride, AIN, is next decomposed by caustic soda to
form ammonia and sodium alumnate :(—

AIN + 3NaOIl = NI, + NagalO,.

lrom the sodium aluminate thus produced, pure alumina can be obtained in the
nauner described in Martin’s  Industrial Chemistry,” Vol. IL

1\(:(:m‘<ling ta the Badische Anilin w. Soda Fabrik Patents (German DPatents, 235,300,
235,705, 235,760, 235,568, 236,395) the climination of anumonia by alkalies is facilitate:l by 1he
addition of Nal2l and vther soluble’salts. The decompuosition of the AIN can be cfected by ﬁci(ls,
thus :-=2AIN - 11,50, 4-611,0 = 2A1(O 1)+ (N11,),50,.  These patents work out methods for
recovenng the ANOTy in o pure state, )

‘The same Tirm in the German Patent, 243,839, states that the formation of nitride from alnmina
and coal is grenly aceclerated by the addition of 5-10 per cent. of the oxides of certain elements,
which themsulves yield siable nitrides, ameong which $i0, and the pxides of Ti, Zr, V, Be, Mo, Ur,
Gy Cr, also silieates, vandates, ete. Iron oxide does not influence the eatalytic action of these oxides.

. Aluminium nitride, as prepared by Serpek, is of value both for its combined
mtrogen and also for the production of pure alumina for the manufacture of metallic
alvminium.  Without the sale afforded by this alumina it is doubtful whether
the process would be economical, as the alumina would have to be used over and
over again.  As it stands, however, the alumina produced as a by-product finds a
veady sale, and the ammonia simultaneously produced is also a valuable prdduct.

‘T'he process is being wotked by the Société Générale des Nitrates in France.

OTHER NITRIDES

Varions snppestions have been made to nse boron nitride, BN, Imt the high iemperature
vequived for its Tormation aud the volatility of the resulting boric acid when the wmtride is
decomposed by supecheated stenm for ammania (2BN - 31,0 =2B(OH), +2N11L,) have formed
insnperable dilfienlties.

Caleinm nitride, CagNa, conlaining 18.9 per cent. of N, and lithum nitride, Li,N, containing
35.8 per comt. N, are casily prepared from the elements and easily decompose, giving ammonia.
Magnesinm nitride, MgyN,, containing 27.7 per cent. N, is likewise casdly prepared by heating
magnesimn in nitrogen gas. When heated in hydrogen it is canverted into aunnonia and
hydride (MgN, + G611, =2N 1y +3Mgll,).

lfowever, none of the processes suggested to employ these reactions as technical sources of
aunnoenia appear to be snceessful.

The atiempts to utilise titaninm nitride by heating it in a wixture of nitrogen and hydrogen have
also been nnsnceesslul,

Silicon nilride, SiyN,, containing 42.5 per cent. N, has heen snggested for direct nse as
ferliliser, as giving results possibly superior to ammenia and cyanamide. The Badisebe Anilin
uud Soda Faleik (Fnglish l'atent, 16,368 of 1910) have patented processes for fixing atmospherie
nitrogen by means of silicon nitride.  They point out that in preparing silicon-unitrogen compowds
lrom silicic acid, earbon and nitrogen, this operation formerly had to e conducted in the
vleetric mrnace owing to the high temperature necessary.  They find, however, that it is possible
10 condnet the reaction at a low temperature if oxides, hydroxides, or salts of metallic elemems
are added to the mixture af silicic acid and carbon.  They also suggest the employment of silicions
materials sueh as the silicates of iron, ahuninium, calcium, ete. Instead of pure nitrogen they
cmploy gaseous mixtures containing N. .

They give as au example 75 kilos of finely divided silica mixerl with 25 kilos of powdered wood
charcoal, and heated in a stream of nitrogen for ten to twelve hours at 1300°-1400" C., allowiny the
produet to cool in N gas.  When the product is treated with saturated or superheated steam,
ammonia is producal.

It is dpubstfl, hoyever, whether any of these processes are likely to be a commercial sneerss, in
view of the successfnl"praduction of synthetic ammonia directly from the elements.

Howuver, the reader may cousnlt the following patents :—Basset, English Patent, 4,338/97 ;
Lyons and Broadwell, U.S. Patent, 816,928 Borchers and Beck, German Patenr, 196,323
Roth, German Patent, 197,393 Kaiser, English Patent, 26,803/05; Wilson, English Patem,
21,755/95; Melmer, Euglish Tatents, 12,471/95, 2,654/97, 28,667/03.
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Calcium Cyanamide, Nitrolime, Kalkstickstoff, CaN,C. — Calcium
carbide, CaC,, which has been manufactured for many years for the production
of acetylene gas, unites with nitrogen when heated with it to about rooe® C,
forming calcium cyanamide, CaC, + 2N =CaN,C+C.

It 1s supposed that a sub-carbide is first formed :—

CaCy = CaC + C; CaC + N, = CaCN,

This calcinm cyanamide has been found to be a valuable manure, and, contain-
ing as it does some 2o per ceat. of available nitrogen against only 15 or 16 per
cent. of sodium nitrate, it is now being made on an increasing scale for the
manufacture of artificial fertilisers.

Works for the manufacture of the ermde mixture of calecinm cyanamide and carbon, known as
< Nitrolime ” or ** Kalkstickstoff,” have leen erected in Norway, Germany, Italy, Austria-l{ungary,
Switzerland, United States, India, Japan, and other countries. The largest of these works are at
Odda, on the Hardanger Fjord, Norway. The Alby United Carbide Co. combined with the
Nitrogen Products & Carbide Co., Ltd., to erect new factories at Odda. These factories were
supplied with 23,000 I.P. (later increased to 80,000) from the river Tysse.

Although the new industry was only begun on a commercial scale in 1907, the world’s ountput
for 1913 is estimated to e 223,600 tons, of which the works of the Nitrogen Products Co. at Odda
and Alby, Sweden, are now producing together 88,000 tons per year. However, further develop-
ments are going on in Scandinavia, whereby the energy derivel from three other water powers in
Norway (Aura, Toke, and Blekestad-Bratland), capable of producing 600,000 H.P., of which
100,000 H.P. arc now being harnessed for the annual production of 200,000 tums of calcium
cyanamide. The Detti-Foss water power in Iceland—capable of generating over 400,000 H.P.—
will also be utilised for the production of the same product. The Nitrogen Produets and Carbide
Co. claim to have at its disposal sufficient water power far an outpnt of 2.000,000 tons of crude
caleium cyanamide, which, containing as it does 20 per cent. of combined nitrogen, represents an
output of fixed nitrogen equal to the whole present consumption of Chile saltpetre.  These immense
industrial undertakings are undoulstedly destined to change the face of the world, and entirely alter
agricultural conditions of the future.

Process of Manufacture.—7The calcium carbide, CaC,, used for making the
nitrolime is 1nade by heating together in an electric furnace at about 3000 C,,
a mixture of lime and anthracite coal in the manner described T Martin’s
“Industrial Chemistry,” Vol. II. The molten carbide is tapped off from the
furnaces at intervals of 45 minutes, conveyed on trays to a cooling bed, then it
is crushed to a powder in special grinding plant.

Calcium carbide is very hard, and the crnshing is performed in several stages. In order that no
risks may be run through the liberation and detonation of acetylene gas, the later stages of the
crushing process are performed in an atmosphere of nitrogen. The carbide is reduced to the
consistency of flour, nmch resembling cément In appearance.



. 21.—Cyanamide Furnace House at Odda (Nitrogen Products Co.).
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The finely divided carbide is then conveyed to the cyanamide furnaces for
treatment with mitrogen gas.

Here the process deviates into two distinct lines of treatment, according to the
type of furnace employed. We will first describe the practice at Odda, and then
the practice at Westerregeln and Piano d’Orta, as typical of the two lines of
treatment

At Odda the crushed carbide is placed in cylindrical vertical retorts lined with
fireproof material and covered with sheet iron, and holding 300-500 kilos, as seen
in our illustrations, Figs. 21 and 22

Each furnace has regulating valves and control metres. The nitrogen gas is
passed into cach furnace under slight pressure, and the retort is heated to about
8oo” by sending an electric current through carbon rods placed inside, which
act as a heating resistance.

Alssorption of nitrogen then takes place according to the reversible action :—

CaCy + N, T2 CaNC = C
Catciom  Niwoge. Calciom  Graphite.
Carbide. Cyanamide.

The action once started proceeds with the evolution of heat, and so the temperature tends to
spoataneously inerease.  owever, the temperature of reaction must not be allowed to increase
Leymd 1400” C., utherwise the back action, CaN,C + C ——->»CaC,+ N,, proceeds to an increasing
extent, and the eyanamide formed is thus largely desiroyed again. 11 1s essential that the temperature
of reaction be kept as low as possible.

After the absorption of nitrogen has begun the heating current is switched off,
as the heat developed by the action is sufficient to cause the maintenance of the
proper degree of temperature. The absorption of nitrogen proceeds for thirty to
forty hours, and is known to be complete by reading the controlling meter.

In this process there is no superheating, and therefore no reversal of the action.
The action proceeds from the inside outwards, and thus the material shrinks
inwards and away from the furnace walls. Hence the cyanamide formed is easily
rewroved in a solid coke-like block from the furnace (after cooling in a current of
air for nine hours), and is then ground to a fine powder in an air-tight grindicg mill,
stored in a large silo until required, and is then packed in bags with a double lining,
and sent into commerce under the name “ Nitrolim.”

The substance contains 20-22 per cent. N=:57-63 per cent. calcimn cyanamide, CaN,C, 20 per
cent. lhne, 14 per cent. C as graphite, 7-8 per cent. of sivica, iron oxide, and alumina. he
substance should be free from tnchunged caleiim carbide and free lime, CaO.

At Westerregeln, Piano d'Orta, and other Continental works the process of
manufacture is quite diffcrent.

Here the powdered carbide is placed in horizontal retorts similar to the retorts
used in making coal gas; these are heated externally to 8oo°-1000° C. by being
placed in a gas-fired furnace, while a stream of nitrogen is forced into the retorts for
absorption by the carbide.

S

Iig. &32'5110ws a rough diagram of the system employed in Piana d’Orta in Italy. Air is
driven through retorts AA, partially filled with copper, and heated in a furmace. The oxygen of
the air is absarbed by the copper, forming copper oxide (Cu+O=CuO), while the nitrogen passes
on into the calcium carbide retort BB, heated in a furnace as shown. Ilere the absorption of
nitrogen and resulting formation of calchun cyanamide takes place as described. The copper is
regenerated by passing producer gas through the CuO.

Serious diffenlties, however, have here been encountered. The absorption of nitrogen com-
mences slowly, but then the 1emperainre suddenly gaes up as heat is developed by the action,
and, unless great care in working is employed, it may exceed 1400° C., when a considerable loss
of nitrogen in the formed cyanamide nccurs owing t the back-action previously discussed. .

Moreover, overheating of the walls ensues, and the cyanamide, on cooling, sets to a rock-like
mass on the walls of the retorts, and has to be forcibly knocked ont. Hence the retorts are
suhjected to a severe wear and tear.

These difficulties have to some extent been obviated by adding caleium chloride, CaCl,
(Polzenius), or calcium fluoride, CaF, (Carlson), to the crushed carbide, so as to lower the
temperature of reaciion. With CaCl, the temperature of reaction is lowered to 700°-800°, and
with Cal, the reaction temperature is about 9oo® C.



F16. 22.—Cyananide Furnaces at Odda, showing Carbon Resistances (Nitrogen Products Co.),

Y9
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. This favourable influence is supposed to be due to the fact that Cal i i
the cyanamide forined on the surfacezpof the carbide, and causes it to fu(s:ecal.tz ;rlgvsgz t?é\xc:m?uit
than it would in.a pure state. In the absence of these salts the cyanamide forms an imgcrvious
layer over the surface of the carbide, and thns prevents the entrance of the nitrogen into the
interior of the carbide unless the temperature is about 1000° C. In the presence of CaCl, or
CaF,, however, the melting point of the cyanamide is much lowered; it melts or softens at
700°-800° C., and thus no longer serves as a protecting layer for hindering the absorption of
the nitrogen by the interior layers of carbide.

It was supposed that this process will cause an outlet for the now practically waste CaCl,
prodnced as a by-product in many chemical operations.

The Gesellschaft fiir Stickstoffdiinger, at Westerregeln, add anything up to 10 per cent. CaCl,
to the powdered carbide, the absorption temperatyre of the N being only 700° C. " The product,
containing 20 per cent. N, 45 per cent. Ca, 19.5 per cent. C, 6.5 per cent. Cl, and 9 per cent.’
impurities, is put on the market under the name *‘ Stickstoffkalk.”

The disadvantage of the presence of CaCl, is that the product is hygroscopic,
and 5o cannot be stored easily. It is, therefore, sold principally in spring, but it is
stated that the process has been abandoned (rgro).

Carbide Retort

Air . Nitrogen ) Q(%JQD

Copper Retorts

Fic. 22a.

The Nitrogen required for the manufacture of nitrolime is obtained at Odda
by liquefying the atmosphere, and separating the oxygen and nitrogen by fractional
distillation.

The Linde plant used at Odda for the purpose is the largest in the world, liquefying 100 tons
of air daily, from which about 77 tons of nitrogen are obtained.

The new works at Odda, however, are fitted up with a Claude plant, which is stated to be
simpler to work than the Linde.

In some Continental works the nitrogen is produced by passing air over hot
copper, which retains the oxygen as copper oxide, and allows the nitrogen to pass
on, as explained above. The copper is regenerated by passing water gas over the
treated copper.

The nitrogen produced must be free from moisture and oxygen. The Linde plant already in
use gives 100,000 cub. ft. of nitrogen per hour, containing less than 0.4 per cent. oxygen. In the

Claude machines, now installed in the new works at Odda, the nitrogen supplied contains less than
o.1 per cent. O. The presence of moisture would decompose the calcium carbide thus :—

CaC;._ + ZH;._O = Ca(OH)2 + CQ_H-_--
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m cyanamide, forming CaCO,, thus reducing the percentage

Oxygen would decompose the caleiu ! | { 1 !
ke : CO, or CO, if present in the air, weontldd ael thws on the

of nitrogen in the finished product.
bide :—
e 2CaC, + CO; = 2Ca0 + 5C. CaCy + CO = a) 1 3C

Uses of Calcium Cyanamide.—This body is maialy used as a nitrogenous
manure. When placed in the soil under suitable conditions its nilrogett as
set free in the form of ammonia by means of bacteria. The end results can he
expressed by the equation :—

CaNCN + 31,0 = 2Nl + CaCQy,

and so it may be used directly as a substitutc for ammonium sulphale or Chile
saltpetre.
The decomposition of the cyanamide in the soil undonliedly takes place in stages,  Atunrspduerice
CO, and moisture first liberate cyanamide, thus :-—
CaNCN + 1,0 + CO, = CaCOy 4+ 11,NCN.

The cyanamide is then converted into nrea :—
ILNCN + 11,0 = CO(lIN,},
which is speedily transformed by bacterial fermentation into anunoninnt carlonate s-—
CONIL), + 211,0 = (NI1)COq

This latter is either directly absorbed by the plants, or is first oxidised to nilrate and nitrite by
nitrifying organisms in the manner explained in Chapter 1. (¢ Cireulation of Nitrogen ).

Calcium cyanamide must be applied as a manure below the surface of the sosl
some time before the seed is sown. It must not be applied to plants actually
growing. It is also mixed with Bessemer slag or potassium salts as a component
of mixed manures. 150 lbs. per acre, mixed with roo-rzg parts of polassitin salts,
is the mixture most used.

Calcium cyanamide, however, also serves as the basis for the manufacture of
many nitrogenous compounds. For example :—

Ammonia, NH,, is manufactured from it by treating it with supcrheated steam
(CaNCN + 3H,0=CaCO, + 2NH,), see p. 56. ‘Lhe ammonia can Do tasily
combined with nitric acid to form ammonium nitrate. Nitric acid itself i«
now manufactured from the ammonia by oxidising it by Ostwald’s Process
(p. 28). From the ammonium nitrite and nitric acid thus produced, explosives,
dyes, and other useful nitrogenous substances are now made.  ‘The manu
facture of cyanides from calaum cyanamide is also mow an important industry
(see p. 78). Sodium cyanide, NaCN, is unow produced by fusing calcinm
cyanamide with common salt, go-95 per cent. of the cyanamidc being converled
nto sodium cyanide, which is much used for rccovery of goltl in South Africn,
Australia, U.S.A., Mexico, etc. Calcium cyanamide is stated by Claney (AMetal?.
Chem. Eng., 1910, 8, 608, 623; 1911, 9, 21, 53, 123) to be capable of replacing
cyanides mn gold extraction.

Dicyandiamide is made in a crystalling form by extracting techmical caleiun
cyanamide with hot water :—

2CaNCN + 4H,0 = 2Ca(Oll)y 4 (11,N.CN),.

It is used for making organic dyes, also for reducing the temperature of combustion
of explosives, since its decomposition produces little heat, and gives a strong pressure
owing to it containing 66.6 inert N. Hence the addition of the substance to
powers like cordite, which rapidly destroy rifling on account of high temperatare of
combustion (see Chapter IX., « Explosives ”).

. Urea, CO(NH,),, Guanidine, C(NH)(NH,),, nitroguanidine, ctc., are also
nitrogenous substances manufactured at Spandau by treating calcium cyanamicde with
aqueous acids, etc.
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€ body, “ferrodur,” used for case hardening and tempering iron and steel,.
1S nitrolim..
€ whole family of nitrogen products may be traced in the following table —

Coal Lime
I |

Calciuin Carbide

Atmospheric Nitrogen

Cyanamide (Nitrolim)

| I I I
Fertiliser Hardening Synthetic Dyes Cyanides

Cementing Powder Ammonia
Various Sulphate of Ammonia

Nitric Acid

Explosives : Various
Cordite
Guncotton I
Dynamite, etc. * Ammonia Nitrate
Explosives Concentrated Chemical

(safety) Fertiliser



CHAPTER VII
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Until the year 1890 only comparatively small quantities of the very poisonous
potassium cyanide, KCN, were made, being used principally in the electroplating
industry and in photography.

This use was founded on the fact that KCN possesses the property of dissolving the salts of
metals like gold, silver, and nickel, etc., the inetal going into solution as a double cyanide. From
these solutions the metal can be readily deposited electro-chemically in a coherent layer by making
the surface of the object to be coated with the precious metal the negative pole in a solution of
the double cyanide.

Up to 1890 the annual output of KCN was about 100 tons, the product being
usually prepared by fusing ferrocyanides with alkali.

In 1887 M-‘Arthur and Forrest took out their patents (English Patents,
14,174/87; 10223/88) for using dilute KCN or NaCN solutions for extracting gold
from ores, and in a few years from that date the manufacture of cyanides on an
industrial scale was well established.

In 1903 about 6,300 tons of cyanide were placed on the market.

In 1910 Great Britain exported of cyanide of sodinm or potassium, 7,770 tons, valne £633,000.
Germany, in 1895, exported 6,280 tons at 1,400 marks per ton.

In 1895 only 120 tons at 3,200 marks were produced. The German production of ferrocyanide
of potassium of sodium was in 1895 valued at 361 tons at 1,480 marks. In 1909 this bad become
1,450 tons at 870 marks per ton.

The development of the vast Transvaal gold industry has been mainly dependent upon the
discovery that gold can be dissolved out of its ores by treating with dilute cyanide solution. The
peculiar formation of ¢ blanket” ore, the small proportion of gold per ton which it contains, the
finely divided state of the gold in these ores, as well as the production of “‘slimes” and “ tailings”
containing some gold, all combined to render the ordinary methods of gold extraction difficult of
application.

When these gold-bearing materials are treated with dilute XCN solution the gold passes into
solution, thus :—

4KCN + 2Au + H,0 + O = 2KAu(CN), + KHO

The gold thns passes into solution as potassium aurocyanide, KAu(CN),.
The gold is next precipitated on zinc according to the equation :—

2KAu(CN), + Zn = K,Zn(CN)y + 2Au.
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ontaining 0.25 per cent. KCN, solutions containing as
i g et The quantity of solution used
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The maximum effective solution is 2 '
little as 0°0005 per cent. KCN having a perceptible solvent action.

i r cent. of the amount of ore in the charge. . o ] o
° 31‘391'[::60:3 tt‘o the introduction of the process into South Africa no tailings had been teeated by

lixiviation with the KCN solution. The ‘¢ Robinson” works put up a plant eosting £ 3,000, and

rorki rofit ! . )
m?hézg:tgszczgﬁ% ‘:gﬂt(llxggeitension of the process to all the ‘gold-bennngCuuntngs of the
world, such as Australia, New Zealand, India, America, etc. In 1898 the Cy:llll(lu‘ll'c;'lflnvilll‘ ll)]
rand “tailings ” cost 2s. 3d. to 2s. 9d. per ton, using 3b. to 3lb. of cyanide per ton ; th}.s C)J.lll(l(.
cost 3d. to 6d. at that date. Since then the cost of the cyamde‘ has C()llhldu.r:ll’l)f ¢ chL:lhl,ii
According to Beilby (Joursn. of the Soc. of Chem. Ind., 28tl1 Feb. 1898), the total [)l(’(lllk;l..l()ll Ll g <r
by the cyanide process in 1897 was I,215,000 0Z. of fine gold. In 1910 the world’s (}"Ll)m‘(‘,l
gold was 23,000,000 oz. of fine gold, 5,750,000 0z. of this (about 25 per cent.) heing recover o
by the use of cyanide. The value of the cyanide process may be judged from the fact that the
value of the cyanide bullion produced by the rand in 1910 was equal to the whole prolit carned by
the mines. The actual figures being :—

Yield from cyaniding = - - . - A11.552,743
Total profit of working - - - - 411,567,099

MANUFACTURE OF SODIUM OR POTASSIUM CYANIDFE

Potassium cyamde or sodium cyanide is now manufactured by several different
SOUrces, viz. :—

. From ferrocyanide or ferricyamde (prussiate).

. From ammonia, carbon, and an alkah metal (Na), or alkali salt.
. From sulphocyanides.

From ““schlempe,” a residue from the refining of beet sugar.

. From cyanamide (nitrolim).

. From atmospheric nitrogen.

o bW N~

MANUFACTURE OF CYANIDE FROM FERROCYANIDES
(PRUSSIATE)

Previous to the introduction of the gold-cyaniding process almost all the cyanide
manufactured was made from sodium or potassium ferrocyanide, whicli was
produced from animal matter, such as dried blood, horns, hoofs, and the residues
of slaughter houses (see under Ferrocyanides, p. 79).

When potassium ferrocyanide thus obtained is heated with well-dried potassitnm
carbonate, the following action occurs :—

KFe(CN); + K €0, = sKCN + KCNO + CO, 4 Fe.
Potassium  ocassium
cyanide. Cyanale.

When this process was employed, potassium cyanide sold at 2s. 6d. per 1l as againsl 74rl. per
Ib. in xgr1.  Only about 20 per cent. of the nitrogen of tlte animal matter was usel, and “harely
80 per cent. of the potash, the remainder being lost.

Potassium (or sodium) ferrocyanide is no longer made from refuse animal matter,
but is now recovered from gasworks; the recovered ferrocyamide (“prussiatc ”) is
largely worked for the manufacture of cyanide by Erlenmeyer's process of
fusing with metallic sodium, when the following changes take place :—

K ,Fe(CN); + 2Na = 4KCN + 2NaCN + Fe.

. In this process, first worked between 1890-1900, all the cyanogen is recovered
in the form of sodium or potassum cyanide, the sodium cyanide being technically
of the same value as the potassium cyanide, provided the CN content is the same.

The process is carried out as follows:—In covered iron crucibles, some 30-40 cm. in heighl,
dehydrated potassium ferrocyanide, K Fe(CN)g, is mixed with the proper amount of metallic sodium
in the form of short bars, and the crucible is then heated over a free fire until the contents are
completely fused. The molten contents of a number of these crucibles are next ponred into an
iron crucible, heated by direct fire as before, but provided with a filtering arraugement wade of
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spongy iron (obtained in the above-mentioned melting process), below which are outlet tubes. The
molten cyanide is forced‘through this filter by means of compressed air and a compressing piston.
The filtered cyanide as it flows away from the filtering crucible solidifies to a white crystalline
mass. It contajns some cyanate, KCNO or NaCNO, along with a little alkali carbonate and free
caustic soda or potash. Nevertheless, in practice the cyanide is always valued on the basis of the
KCN it contains, and since 75.3 Earts of NaCN are technically equivalent to 100 g. KCN, the
f:yamd.e. can be placed on the market as ¢ 100 per cent. KCN " in spite of the presence of these
mnpurities. It is only the CN which counts, technically ; whether the CN is united with K or Na
is immaterial.

It was this process of cyanide manufacture which created the sodium industry,
the sodium used being principally produced by the Castner electrolytic process
I'he production of metallic sodium is now an integral part of the cyanide industry.
It is described in Vol. II1I. of the work devoted to metallurgy.

The use of sodium resulted in the production of a sodium-potassium cyanide, the ratio of sodium
to potassium being varied within wide limits. The larger the amount of Na salt present the
higher the strength of the cyanide. At first considerable opposition was encountered to the use
of a cyanide containing sodium, owing to commercial reasons. It has been shown, however, that
sodium cyanide is as effective as potassium cyanide, and is cheaper ; consequently, whereas formerly
only potassium ferrocyanide, K,,I*Pe(CN)s, was manufactured, at the present time it has been almost
entirely superseded (since 1905) by the cheaper sodium ferrocyanide (prussiate), Na,Fe(CN);,
which can be obtained very pure, and yields, wEen fused with metallic sodium as above described,
practically pure sodium cyanide, NaCN.

Commercial sodium cyanide, NaCN, containing as it does about 30 per cent. more cyanogen
than KCN, can be used in smaller quantities than KCN for producing the same gold-dissolving
effcct. Moreover, it is stated to be more convenient for making up solutions.

MANUFACTURE OF CYANIDES FROM AMMONIA, CARBON,
AND ALKALI METAL, OR ALKALI SALT

Several important processes are worked.

Siepermann’s Process (see English Patents 13,697 of 1889, 9,350 and 9,351
of 1900). One part of sodium carbonate and two parts of charcoal (that is, sufficient
charcoal to keep the mass from fusing during the process) is heated to dark redness
in the upper part of a vertical iron tube while a current of ammonia gas is sent
through the mixture. Potassium cyanate, KCNO, is formed thus :—

K.CO, + NH, = KCNO + KOH + H,0.

The mixture is then allowed to fall to the bottom of the tube, where it is heated
to bright redness. The cyanate is decomposed with formation of cyanide :—

KCNO + C = KCN + CO.

The final product is thrown into air-tight vessels, cooled, lixiviated with water,
the solution being evaporated 7z wacuo until the KCN crystallises out. KCN 1s
soluble with difficulty in the presence of much KOH or K,CO,, and crystallises
out before these salts in the form of anhydrous crystals. As first made the KCN
was a damp deliquescent mass, which had to be fused with the product of the
ferrocyanide process, The working of the process is difficult. It has been worked
at Stassfurt since 189z2. o

Bielby Process (see English Patent, 4,820 of 1og1).—The principle is much
the same as the Siepermann Process, but differs in important details.

Much less carbon is used, so that at the end only slight excess remains. The
charcoal 1s added gradually during the operation, so that the material s always
present as a molten liquid through which the ammonia gas 1s forced under a
slight pressure, when the following action takes place:—

K,CO; + 4C + 2NH; = 2KCN + 3CO %+ 3H.

The final molten product is filtered from the small excess of unchanged charcoal,
and thus a white saleable product is directly obtained without the difficulties of
hixiviation. However, since the melting point of the pure potassium carbonate is
inconveniently high (about 8go° C.), ready-made cyanide is added to it in order
to reduce the temperature of fusion.
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The Beilby process has been worked since 1892 by the Cassel Gold Extracting Co. at Glasgow,

and has achieved remarkable success.
In 1899 Beilby’s process was estimated to supply fully 50 per cent. of the world’s output of

high-strength cyanide.

7

I'ra. 23. —Castner’s Sodamide Furnace (Longitudinal Section).

The Castner Process (see English Patents, 12,219 of 1894; 21,732 of
1894. See also the German Patents, 117,623, 124,977 (1900); 126,241 (1900);
148,045 (1901).—One of the most important syntheses of cyanide from ammonia
was successfully worked on the large scale by the Frankfurter Scheideanstalt
in 1goo, the process having been worked out by H. Y. Castner some years

A I i G

v

If1¢. 24.—Castner’s Sodamide Furnace (Horizontal Section).

previvusly. Dry ammonia gas led over molten sodium in the absence of air yields
sodamide, NaN H,, as a crystalline product, thus :—
NII, + Na = NaNH, + H.
On adding to the fused sodamide some powdered charcoal or coal, sodium
cyanamide, Na,N,C, is formed, thus :—
2NaNH, + C = Na;N,C + 4H.
At a still higher temperature the excess of carbon reacts with the cyanamde to

form cyanide, thus :—
Na,N,C + C = 2NaCN.
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Acetylene gas (German Patent, 149,678, 1901) can be used instead of carbon as the
reducing agent. Like the Beilby process, the final product s a fused mass contaimng
very small quantities of solid impurities, which are easily removed by filtration.
The operations involved are simple, but the temperatures employed at each stage of
manufacture must be carefully regulated. The process is carried out as follows :—

Into an iron crucible heated to 500° C. some 70 kg. of wood charcoal is
discharged, and the whole is heated in a slow stream of ammonia gas. Next
115 kg, of metallic sodium is added to the crucible, the current of ammonia is
increased, and the temperature is raised to 6o0° C. untl all the sodium is converted
into sodamide. The temperature is finally increased to 8o00° C., when the carbon
acts on the sodamide and converts it into cyanide, with intermediate formation of
sodium cyanamide, as above explained. The process proceeds quantitatively, and
the final molten cyanide is poured off and filtered while still in a fluid condition,
and cast in iron moulds. It then forms pure white cakes, containing 97.5-98 per
cent. NaCN (equivalent to 128-130 per cent. KCN).

Figs. 24 and 25 show Castner’s sodamide furnace. It consists of an iron retort A, the upper
part of which is provided with a series of vertical baffle plates ¢, arranged as indicated. The

retorts are heated to 300°-400° C., ammonia entering at N and molten metallic sodium at p, while
the fused fuel products can be rn off by K.

This process, going hand in hand with the fall in the price of metallic sodium, caused an
enormous reduction in the price of cyanide from £160 per ton in 1895 to only £70 per ton in 1909.
No doubt, in consequence of the production of cheap synthetic ammonia (see page 53), a further
fall in price of cyanide may be anticipated.

MANUFACTURE OF CYANIDE FROM SULPHOCYANIDES

Many attempts to produce cyanides directly from sulphocyanides without the
intermediate production of ferrocyanides have been proposed, and some have been
worked on the industrial scale, without, however, producing more than a small
amount of the total cyanide.

Playfair, in 1890 (English Patent, 7,764 of 1890, see also_Jfourn. Soc. Chem. Ind., 11,
14 (1892) ; Conroy, Zkid., 15, 8 (1896), found that fusing at 400° C. lead or zinc with
sulphocyan’de abstracted the sulphur, leaving cyanide NaCNS + I'b=NaCN + PbS.

Ferrocyanide -(prussiate) was produced from sulphweyanide Ly treating with finely divided
iron (*“ swarf”) :—

Fe(CN), + 4KCN = K,Fe(CN);. KCNS + Fe =: KCN + FeS. 2KCN + FeS = K,S + Fe(CN),.

The usual process was to heat the sulphocyanide in retorts to a dull red heat, cool in absence
of air, and extract the product with water in the retorts themselves, so that contact with air, and
subsequent oxidation, are thus entirely avoided.

This process, or some modification, has repeatedly been worked since 1860, when Gelis took
out his patent (English Patent, 1,816 of 1860). See also the following patents :—English Patents,
1,148/78, 1,359°79, 1,261/81, 5,830'94. The British Cyanide Co. have worked the process at
Oldbury since 1894.

A different method of work is suggested in the patents 361/96, where capper is used instead of
iron. In the German Patent, 32,892 of 1882, KCNS is heated with iron filings, ferrous hydroxide,
and water to 110°-120° :—

6KCNS + 6Fc¢ + Fe(OH), = K Fe(CN); + 6FeS + 2KOH.

Raschen, in 1895 (see English Patents, 10,476/95, 10,956/95, 21,678/95,
19,767/98, 12,180/1900 ; see also Conroy, Jfourn. Soc. Chem. Ind., 1899, 18, 432),
invented a daring method of converting sulphocyanide into cyanide, which was
worked by the United Alkali Co. A 15 per cent. NaCNS solution flows into
boiling dilute HNO,, when HCN and NO is formed thus : —

NaCNS + 2HNO; = HCN + 2NO + NaHSO,.

The hydrocyanic acid gas, together with the nitric oxide, is passed through
alkali, whereby all the HCN 1s absorbed as alkaline cyanide, and is recovered
by evaporating. ‘The nitric oxide passes forward, mixed with air, through towers
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packed with flints down which water trickles. It is thus converted nto niln

acid once more, and is thus used again.

1 1 NG 3 et
The corrosive natures of the solutions employed, combined with the enormons \r(,l‘lll\l‘:l,i ;
i is be dealt with, presented engineering problems ol greal ditticulty
B o eusmessfully "IE i as Inced synthetically Troin esade
hobwe\'er, were successfully overcome. he sulphocyanide was produced sy tically

bisulphide and ammonia. .
It should be noted that sulphocyanides can be dircctly reduced to cysnide
by treating with hydrogen at a dull red heat:—
KSCN + H, = KCN + HyS.  2KCNS + 2l = K, 4 2lICN + 115 ‘
Seventy per cent. of the N 1s obtained as cyanide, imd 20 pcr‘ cent. :lws‘ll l:' .‘I
gas. See Playfair, fourn. Soc. Chem. Ind., 1892, IT, 14; Conroy, Heslop, and Hhior
loc. cit., 1901, 20, 320.
ooy

MANUFACTURE OF CYANIDES FROM “SCHLIMII-

Bueb of Dessau has introduced a successful process for extracting ‘c‘tyanidg 1
heating “schlempe,” a waste product of beetroot sugar manufacture (“ Industry
Chemistry,” Vol. 1.).
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The beet juice is clarified, and as much as possible of the cryslalline sugarc is separaled |
evaporation in vacuum pans and crystallisation. There remains a thick, viseid, highly colonvesel,
strongly smelling liquid, still containing 50 per cent. sugar, 20 per cent. prganie pwiticn. 1o
cent. salts, and 20 per cent. water. This is beet sugar molasses. 1% extract more sugar Lo
the molasses is treated with alkaline carths, when the sugar combines with the base to lorm forl
salts, known as ‘‘sucrates,” which crystallise in well-defined erystals, aud are asily separited fia
the adliering molasses. The sugar is set free from the suceates by treating with carbon dicoxicke g
in excess of water, or simple excess of water, the alkaline earth separating e 1he suger . .
insoluble precipitate. ~ The lrown liquid from which the sngar has been separatial contaiies all o]
impurities of the original beet juice, together with mmch potash and other salts. It i calls
““schlempe,” and contains about’4 per cent. of nitrogen.

A few years ago this schlempe was sinply burnt in furnaces so as to obtain 1l
potash salts in the form of a residue known as “schlempe kohle,” all the nitrog
being lost.

Vancent in France, about 1878, attempted to utilise and recover the nilroyim
a red heat, when ammonia, methylamines, methyl alcohols, and gases were obtaine
The manufacture of the methylamines was abandoned in 1881 for want of n 1r1:1rke

 In 1898, however, Bueb (see English Patent, 7,171/95; 26,259/98) introduce
his process of working the schlempe for cyanide and “ammonia in a niclass
refinery at Dessau, and the process is now worked in a great many factories.

The schlempe, concentrated to 1.4 sp. gr., is run into earthenwarce retorts,
subjected to dry destructive distillation. ’
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The gases which escape, consisting of CO., CO, H, CH,, NH,, N,, and
nmch  trimethylunine, N(CH,), (the latter heing derived from betaine
HO.N(CH ), CH,COOH, contamed in the schlempe), do not at this stage contain
any cyanide.  However, when these gases are passed into “ super-heaters,” consisting
of cylindrical chambers filled with brick chequer-work maintained at a red heat
(about 1000" (C.), hydrocyanic acid s obtained by direct decomposition of the
wethylamine, thas -

N(Cllyy = 1ICN -+ 2ClI,.

The saperheating of tlic gases must not last long, as HCN is unstable and the

yicld would soon diminish. As a rule, two chambers are used alternately, one

bemg heated while the gases from the retort are pass-

o th o

mg through the other. X~y
Iigs. 25, 26, 27 show Bucl’s plant. o, &, ¢ are the 7 e

schlempse retorts, which are heated to 700%-800° C. by the et

1136

lurnace gases passivg through the flues KiK. K. The super- =2 ."!,f’./

heater lies beneath the retorts as indicated, and is heated to IS 1//

about 1,000° € by the fiirmace gases. The charge for each retort . /

cmsists of 180 kg. of schlempie, and the distillation takes three ST .:e.e..',"'u/'/

to fonr hotirs, c 4 s /
-« =1/

T

The “cyanised” gas leaving the decomposition
chambers, containing 1o per cent. HCN and 5-8 per
cent. NH, by volume, passes through a series of
coolers, and then into dilute sulphuric acid, where the
ammoma, pyridine, and similar bases are absorbed.

Next they pass through a “cyanide absorber,”
where the HCN is absorbed in water, and, after A v
treating with NaOH, is obtained as a concentrated
solution of NaCN.

‘The combustilile gases escaping this treatinent are burnt
under the retorts, and so are nsed for heating pnrposes.  All
the retorts and leading tubes are warked nnder a somewhat diminished pressure, so that no
polsonins gases eseape into the air. - The issting gas is tested for traces of HCN by passing through
a NaO1l solution to wbich a little ¥eS$OQ, has been added, when the slightest trace of HCN is
revealed by a preeipitaze of 'mssian Line,
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The concentrated aqueous solution of NaCN, obtained as above described, as
a weakly alkaline solution, is evaporated in vacuum vgssels, anq allowed to
crystallise in a nodular form, a temperature above 30° C. being essential, as_under
this temperature the NaCN separates as NaCN.2H,0. The crystals are centrifuged,
dried, and pressed to hard cakes, containing sodium cyanide equivalent to
120-125 per cent. KCN.

Ahent 35 per cent. of the N in the schlempe is thus recovered as cyanide, 25 per cent. as NH,,
while 40 per cent. is lost in the form of nitrogen gas.
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Ost (see Zest. angew. Chem., 1906, 19, 609), calculates that from the 13.000,000 tons ol
beetroot annnally worked in Germany for sugar, about 10,000 tons of KCN would be oltainable
fromn the schlempe by Bueb’s process. Otherwise the N in schlempe has no commercial value.

MANUFACTURE OF CYANIDES FROM CALCIUM
CYANAMIDE (CaCN,)

When the mixture of calcium cyanamide and carbon (CaCN, + C), which is
known commercially as nitrolim or kalkstickstoff (p. 61), is fused either with
salt, NaCl, or sodium carbonate, Na,CO,, it is converted to the extent of go-g5
per cent.1nto sodium cyanide, NaCN, thus :—

CaCN, + C + 2NaCl = CaCl, + 2zNaCN.
p e
Niirohin
CaCN, + C + Na,CO, = CaCO, + 2NaCN.
S

In practice, salt is employed for fusion ; the product, containing about 30 per cent.
of NaCN, can be used directly for gold extraction. When pure NaCN is required
the fused mixture is decomposed by acids and the hberated HCN absorbed in

NaOH.

The formation of cyanide from cyanamide is reversible :—

CaCN, + CZ->Ca(CN),,
s Calcium
Nirrolime. cyanide.

so that special precautions have to be adopted to prevent reformation of cyanamide after complete
fusion.

Moreover, at the temperature of fusion the cyanamide may he partially reconverted into ealeinm
carbide with loss of nitrogen by the reaction :—

CaCN, + C = CaC, + N,
e Catcium
Nirolim carbide.

The liberated carbide then destroys some cyanide by reconverting it into cyanamide, thus :—
Ca(CN), + CaC, = 2CaCN, + 2C.

All these side reactions tend to diminish the yield of cyanide. Technically these diffienltics
are stated to have been overcome by ‘‘using appropriate appliances for melting and cooling the
materials” (although'no details have been published), and the conversion of eyanamide into cyanide
is stated to be practically quantitative.

The Nitrogen Iroducts Co. state that they use metallic sodium in the wannfacture of cyanide
fromn cyanamide.

CYANIDES FROM ATMOSPHERIC NITROGEN

A great many attempts have been made to manufacture cyanides directly from
atmospheric nitrogen, and no doubt a large industry may ultimately result from

these attempts.
Up to 1913, however, no great techmcal success has been recorded.

Possoz and Boissiére’s process (English Patent, 9,985/1843) consists in scaking wood chareol
in KOH, drying and heating to bright redness in retorts through which a mixture of nitrogen and
COs and CO gas (furnace gas) was passed. Nitrogen was taken up, 50 per cent. of the alkali in
the charcoal being converted into cyanide, which was finally extracted by lixiviation. The process
was not a commercial success.

Later, in 1860, Marqueritte and De Sovurdeval (English Patent, 1,171/1860) attempted to use
barium oxide and carbon for absorbing nitrogen, and Mond (English Patent, $33/1882) worked up
a process in detail, Ba(CN), being formed best at a temperature of 1400° C.  Readman (English
Patent, 6,621/94), using the same materials, but with electrical heating, worked the process at the
Scottish Cyanide Co. works between 1899-1907, but although nmch cyanide was produced, the
venture was not commercially successful.

Frank and Caro (English Patent, 15,066/95) and Wilson (English Patent, 21,997/95) found that
the carbides of the allkaline earths absorb mitrogen, and attempts have been made to manufacture
cyanides from the product.
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Finely divided barium carbide, heated at 700° C. in nitrogen gas, takes up 11 per cent. of N,
30 per cent. of which is fixed as Darium cyanide, Ba(CN),, the rest being present as barinm
cyanamide, BaN,C. The material is heated with dry Na,CO, and C. when the cyanamide is
converted into cyanide, the change being, according to Dreschel : —

BaCN, + Na,CO; = NaCN, -+ BaCO,.
Barium cyanamide, Sodium cyanamide.

Na,CN, + C = 2NaCN.

Sodium cyanamide. Sodium cyanide.

The product is extracted with water, the cyanide is converted into ferrocyanide, fused with sodinm,
and 86 per cent. of the fixed nitrogen is thus converted into saleable sodium cyanide. The process
was not commercially successful.

FERROCYANIDES (PRUSSIATES)

Potassium Ferrocyanide, K Fe(CN), + 3H,0, and Sodium Ferrocyanide,
Na Fe(CN), + 12H,0, both crystallise in large yellow crystals, are moderately
soluble in cold water, very soluble in hot, and possess the valuable property of not
being poisonous. They are completely dehydrated above 100° C., and decompose
at red heat, forming KCN, C, and Fe, N escaping.

Solubility of K ,Fe(CN)y.—100 parts water dissolve (Ktard, Ann. Chem. Phys., 1804 [7],
2, 546) :—

Temperature® . - o° 20° 40° 60° 75° 80° 89° 98 157°C.
Grains K;Fe(CN); - - 14.5 24.5 36 49.5 64 70 72 74 88.

Solubility of Na,Fe(CN)y —100 parts water dissolve (Conroy, Journ. Soc. Chem. Ind., 1898,
17, 103) : —
Temperature® - - 20° 30° 40° 50° 60° 70° 80° 9o° 100°C.
Grams K ;Fe(CN); - - 17.9 23.5 29 35.5 425 5I.5 59.2 61 63.

Ferrocyanides are easily produced when solutions of potassium or sodiumn
cyanides are brought into contact with ferrous hydrate or ferrous sulpmde :—

6KCN + FeS = K,Re(CN); + K.S.

Old Process of Manufacture.—This is practically obsolete, although a
little ferrocyanide is still produced therefrom.

Into iron crucibles containing molten potash, scraps of nitrogenous animal matter, such as horns,
hoofs, hair, wool, etc., are thrown. KCN is thus formed. Into the imass iron fillings are intro-
duced, which at once unite with the organic sulphur present to form Fe$. This iron sulphide then
unites with the KCN to forin ferrocyanide, as explained above.

The mass is extracted with water, the ferrocyanide going into solution, and Dbeing finally
recovered by crystallisation. The mother liquors are used over again.

Only a poor yield is thus obtained. The residue left after lixiviation is a black
mass, possessing powerful decolonising properties; it is used for decolorising
paraffin and ceresin wax. In fact, the manufacture of the ‘“animal black charcoal”
1s at present the main object of the industry.

Modern Process for Ferrocyanide Manufacture from Coal Gas.—
Practically all the ferrocyanide of to-day is recovered from coal gas. 100 kg. of
coal yield on destructive distillation some 3o0-40 g. of hydrocyanic acid gas, HCN.
In 100 volumes of unpurified coal gas there are o.r1-0.2 per cent. by volume of
HCN gas. In general, of the 1-2 per cent. N found in coal, some 15 per cent. is
converted into NH,, 23 per cent. as HCN, and 48 per cent. remains behind in the
coke. The rest of the N escapes as such. The exact amount of HCN produced
depends upon many factors, such as the moisture in the coal (which acts unfavour-
ably), the rapidity and length of heating, etc. Rapid heating and a high tempera-
ture favours the formation of HCN,
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The coal gas, as it leaves the retorts, contains the whole of its cyanogen as FICN, which is
produced by the action of ammonia on red-hot carbon :—

NH; + C = HCN + H..
Now, at a high temperature, steam reacts with HCN, and reconverts it into NH,, thus :—
HCN + H,0 = NH, + CO.

(See Carpenter and Linder, Joursn. Soc. Chem. Ind., 1905, 24, 63). Consequently, moisture in the
coal diminishes the yield of cyanide, and increases that of ammonia.

This is the reason why Mond gas and the gas from coke ovens (where much moisture is present)
always contains less HCN than ordinary coal gas.

In general, the gas from coal-gas plants contain more HCN than the gas from
coke ovens ; very little HCN occurs in Mond gas.

Consequently the HCN is principally recovered in coal-gas plant, not in coke
ovens, as it scarcely pays in the latter case. ]

There are a great many different methods of treating the gas for cyanide, but
we may roughly divide them tnto two main processes :—

(1) The old dry process, whereby the gas is simultaneously freed both
from HCN and H,S by passing through a dry mass of spent iron
oxide(see under Illuminating Gasin Martin’s “Industrial Chemistry,”
Vol. L).

(2) The Bueb’s Wet Process, whereby the gas is scrubbed with a con-
centrated ferrous sulphate solution (see Martin’s “Industrial Chemistry,”
Vol. L.).

(1) Dry Process of Prussiate Recovery from Coal Gas.—The spent
oxide, as 1t comes from the gasworks, contains 35-50 per cent. free sulphur,
1o-15 per cent. cyanide (in the form of Prussian blue), calculated at present as
crystallised ferrocyanide, 1-5 per cent. ammonium sulphocyanide, NH,CNS, and
1-7 per cent. ammonium sulphate. The substance is valued technically on the
cyanogen contents. The mass is usually extracted with water, whereby the
NH,CNS is obtained, together with ammonium sulphate. Sometimes the NH,CNS
1s recovered by fractional crystallisation from the dissolved ammonium sulphate,
but where this separation is difficult the solution is simply boiled with lime; the
ammonia gas is thus driven out and collected as described under ammonia. The
solution is filtered from depositing calcium sulphate, CaSO,, and it then contaius
the soluble calcium sulphocyanide, Ca(CNS),. This is treated with ammonium
sulphate and converted into ammonium sulphocyanide, thus :—

Ca(CNS$), + (NH,),SO, = CaSO, + 2NH,CNS.

The CaSO, separates out and leaves the sulphocyanides in solution. Sometimes,
however, the sulphocyanide is precipitated in the form of the insoluble copper
sulphocyanide, CuCNS.

The mass remaining after lixiviating with water is usually treated by Kunheim’s
process of heating with slaked lime, when all the iron cyanide present is transformed
into the soluble calcium ferrocyamde, Ca,Fe(CN),. The clear filtered solution of
calcium ferrocyanide is now treated with KCl, when the difficultly soluble calcium
potassium, K,CaFe(CN),, separates in the form of small crystals. The equivalent
amount of potassium carbonate, K,CO,, is added to these, and thus we get
formed insoluble CaCO, and the soluble potassium ferrocyanide, K Fe(CN),.
The solution, after filtration, is evaporated, and the pBfassium ferrocyanide
recovered by crystallisation.

The cyanide-free residue, containing much free sulphur, is sold to sulphuric acid
manufacturers, who burn the mass (see Sulphuric Acid, Martin’s “Industrial
Chemistry,” Vol. I1.), and the SO, escaping is used for the manufacture of sulphuric
aad.

Between the years 1885-1895 the spent oxide of gasworks was the principal source
of prussiate, but since 1895 the more efficient wet methods of recovering HCN have
been introduced by Bueb, and so the importance of the process has diminished.
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In general, when gas is purified by the old process of amnonia scrubbers and ; i i
al’?ll.lt 33 pgr ceni. of the f:ICIIN Pt:Icgtdenses with the ammonia, and only 50.;3 ;;?‘L:::d?np:}:éﬁiifﬁ
oxlde purifiers, the rest of the N passi ith i ‘o
D Eand eméters. passing away with the coal gas, causing corrosion of the gas

With the more efficient wet processes of cyanogen recovery, whether b ?

i > Y Bueb’s process (below)
or by the sulphocyanide process (p. 83), practically all the HCN ;
or | recovered? y (p- 83), practically all the is removed from the coal gas

_(2) Bueb’s Wet Process of Cyanide Recovery from Coal Gas.—In
this process the coal gas, after leaving the retorts and after the deposition of tar
i1s passed through a saturated solution of ferrous sulphate, FeSO, (see English,
Patent, 9,075/98). .Over 98 per cent. of the HCN gas is removed from the coal gas
(more than three times the amount withdrawn by the “dry process ™) in the form
of a.sludge of prussiate, consisting essentially of the insoluble ammonium ferro-
cyanide, (NH,) Fe(Fe(CNg))., or 2NH,CN + Fe(CN),, together with some soluble
ammonium ferrocyanide, much ammonium sulphate, some ammonium carbonate
and some iron sulphide. The sludge usually contains 15-20 per cent. cyanogen,
calculated as being present in the form of crystallised potassium ferrocyanide,
K,Fe(CN),.3H,O. The mud is boiled, whereby the soluble cyanide interacts
with the FeS present, and 1s converted into the insoluble ferroammomnium cyanide,
2NH,CN.Fe(CN),. Next the mass is filter-pressed ; the liquid, containing much
ammonium sulphate, 1s worked up separately for NH,. The mass of insoluble
cyanide remaimng in the press is heated with lime (NH, again escaping and being
collected), whereby the soluble calcium ferrocyanide, Ca,Fe(CN),, is formed. This
is then treated with the equivalent amount of sodium carbonate, Na,CO,, whereby
sodium ferrocyanide, Na Fe(CN),, is formed :— i

Ca.Fe(CN); + 2Na,CO, = CaCO; + NaFe(CN).

‘T'he calcium carbonate is filtered off and the clear solution is evaporated for
Na,Fe(CN),.

By Bueb’s process it is possible to directly manufacture sodium ferrocyanide, This is owing
to the purity of the calcium ferrocyanide solution.  In the case of the spent oxide process, previously
<leseribed, it is not practical to work the cyanides in the mass directly for sodium ferrocyanide.
The spent oxide contains so many impurities that in practice the insoluble K,CaFe(CN), is always
first prepared (an analogons sparingly soluble sodium salt, Na,CaFe(CN)g, does not exist), which
is then converted into K Fe(CN); by treating with K,CO;.

Potassium Ferricyanide, X;Fe(CN), or 3KCN.Fe(CN),, contains ferric
iron. It is prepared by oxidising a solution of potassium ferrocyanide, K ,Fe(CN),,
(4KCN.Fe(CN),, by means of chlorine (2K,Fe(CN),; + Cl,=2K;Fe(CN),; + 2KCl),
or by electrolysis in the presence of some calcium salt, the oxygen coming off at
the anode serving as the oxidising agent. The substance crystallises as deep-red
monoclinic crystals ; 1oo g. of water dissolve 36 parts of saltat 10° C., 75.5 at 100° C.

The substance is used as an ordinary agent in dyeing. It also finds some application in the pro
dnction of blue prints of engineering and other drawings. Paper is coated with a solution of ferric
ammoninm citrate, or oxalate, and is then exposed to light beneath the transparent drawing. When
the light falls on the surface the ferric iron is reduced to the ferrous state. On immersing the print
in a solution of potassium ferrocyanide a deposit of Prussian blue is formed on the parts exposed

to light, the shaded parts appearing white.

Prussian Blue (Berlin Blue) is the fine mineral colour containing both
ferrous and ferric iron united with the cyanogen radicles. It has been on the
market since 1700. Together with ultramarine and the coal-tar blues it is still
much used for the manufacture of paint, for paper and cloth printing, etc. For the
latter purpose it is often produced on the fibre itself by imprinting with potassium
ferrocyamde, followed by steaming (see Vol. I, Martin’s ““ Industrial Chemistry 7).

Prussian blue is an important colour, since it is fast towards light and acids.
“Towards bases, however, it is not so fast. Tissues dyed with Prussian blue
gradually lose their colour in sunlight, but regain it in the dark. When heated to
170° C. in air it glows and burns away to a brown residue of iron oxide. )

Chlorine turns a suspension of Prussian blue in water greenish, but the blue
colour 1s restored by washing with water.

6
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Prussian blue is usually regarded as Ferric ferrocyanide, Fe" (Fe"(CN:
or 3Fe(CN)4Fe(CN);, or Fe(CN),;. The dry substance contains water (wh
cannot be driven off without decomposition), corresponding approximately
Fe,(CN),510H,0.

There is little doubt, however, that the commercial Prussian blue is really a mixture of sev
different substances, all pessessing a blue colour (see Hofimann, Heine, and Féchtlen, Anna
1904, 337, I ; Hofmann and Resensheck, 7Z72., 1905, 340, 267 ; 1905, 342, 364, for an examnina
of the whole subiect). Among blue bodies which are sometimes present may be mentioned ‘“ soli
Prussian blue,” 2[KFe"”(Fe”(CN)g)] + 3.5H,0. Hofmann’sblue, KIFe'”(Fe”(CN)g) + Hs0. Stz
soluble blue, Fe” K(Fe”(CN)y) + 11,0 ; Williamson’s blue or violet, KFe"(Fe"(CN),) + 1H,0.
full account of these different hlues is given in IHofinann’s papers above referred to. .

Manufacture.—Several different varieties of Prussian blue are on the marl
The finest commercial Prussian blue goes under the name Paris blue, anc
made by dissolving 50 kilos of potassium ferrocyanide in zso kilos of water, ¢
making simultaneously a solution of 43-45 kilos of ferrous sulphate (green vitr
in 259 kilos of water, best in the presence of scrap iron to avoid formation of fe
salts. The two solutions are now run simultaneously into a vessel contain
250 kilos of water, and the almost white precipitate which forms is allowed
settle and is drained on a cloth filter.

The paste is now heated to boiling, transferred to a wooden vessel, and 2
kilos of concentrated HNO, (1.23 sp. gr.) mixed with 18 kilos of concentra
sulphuric acid (1.84 sp. gr.) are added. ‘This oxidises the paste to a fine b
colour. After standing twenty-four hours £he mixture is suspended in large exc
of cold water and settled. The mass 1s washed with cold water by decantat
until the bulk 1s free from sulphuric acid. It is then collected on linen filt
pressed to cakes, and dried tn air at 39°-40” C. Vield, 39-40 kilos.

Another method is to acidify the paste with hyrocliloric acid and pass chlorine gas througl
until the solution gives a deep blue colour with potassium ferrocyanide.

Still a third method is to oxidise ferrous sulphate with nitric acid and nm into the solu
potassium ferrocyanide solution. The decp blue precipitate is collected and washed until
from iron.

The best qualities of Prussian blue (known as Paris blue) are made as ab.
described. But inferior qualities (known as Mineral blue), are sold in wh
the Paris blue 1s mixed with starch, gypsum, burnt and finely-ground kaolin, he
spar, etc.

The mixture is made by adding the whitc finely-ground material to the P
blue paste, and passing through a colour mill.

Sulphocyanides or Thiocyanates— Recovery from Coal Gas
Sulphocyanides are now obtained solely from coal gas. At one time synthe
sulphocyanides were made, but apparently the manufacture has been abandoned.

Gas liquor, when quite fresh, contains ammonium sulphide, (NH,),S, :
ammonium cyanide, NH,CN. When stored, the atmospheric oxygen sets i
sulphur, which dissolves to form polysulphides, and these then react with
cyamde present to form sulphocyanide, thus:—

(NH,,$, + NI,CN = NILSCN + (NI1,),S.

By means of this reaction, Wood, Smith, Gidden, Salamon, and Albri
(English Patent, 13,658, 1901) introduced a successful process of recover
practically all the cyanogen (98 per cent.) of coal gas, which is now worked by
British Cyanides Co. Ltd., and by several gas works. It yields practically the wk
of the sulphocyanides now made.

The coal gas coming from the retorts is first led through a tar extractor, :
then through a special scrubber, after which it passes on to the ammonia scrub
of the works. The water in this special scrubber is rendered ammoniacal by
passage of the gas, and sulphur in small lumps is then added.
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As the sulphur is rotated by the scrubber, polysulphides of ammonta are formed,
which are in turn decomposed by the hydrocyanic acid, HCN, of the coal gas,
with the production of sulphocyanide of ammonia.

The ammonium sulphocyamde, NH,CNS, is next distilled with lime, and the
ammonia is expelled and recovered, thus :(—

Ca(OH), + 2NH,CNS == Ca(CNS), + 2N,

The calcium sulphocyanide, Ca(CNS),, is next converted into sodium or potassium
sulphocyanide by treating with sodium or potassium carbonate :—
Ca(CNS35), + Na,CO, = CaCO, + 2NaCNS.

The sodium or potassium sulphocyanide can then be converted either iuto
cyanide or into prussiate (ferrocyanide), as described on p. 75.

In 1909 P. E. Williams, engineer at Poplar, designed a special purifier box, which merely
contains moistened spent oxide—about 50 ger cent. S. The box arrests sulphur, in some way
whicli is not yet quite clear, and it is clainied that the CS,in the gas is also reduced. The saving
effected over the former method, using a mechanically driven washer fed with specially prepared
sulphur, must be considerable.

It will thus be seen that the recovery of cyanogen from coal gas is either effected as ferrocyanide,
as described on p. 8o, or as sulphocyanide. The adzantage of the ferrocyanide process is that
it gives a product which itself has a fairly wide market, and can e easily transformed into either
Prussian blue or alkali cyanides. Iis disadvantage is that it is almost impossible—with the inten-
tional admission of a small proportion of air to the coal gas before purification in order to effect
some continuous revivification of the oxide, gu/sfe impossible—to avoid the formation of sulpho-
cyanides during the process of purification. The recovery of this where a ferrocyanide process is
worked is usually too costly, and it is generally lost. The great disadvantages of the suwlpho-
cyanide processes are the facts that it has not been found practicable to manufacture alkali
cyanides direct from sulphocyanide and that the sulphocyanide liquor is very corrosive to wet iron.

SYNTHETIC SULPHOCYANIDES FROM CARBON DISULPHIDE
AND AMMONIA

At one time considerable amounts of synthetic sulphocyanides were made and worked for
cyanides or sulphocyanides, as described above. At the present time the process appears to
have heen abandoned, but may later revive, and so we will describe the process.

Gelis (English Patent, 1,816, 1860) manufactured sulphocyanide Ly agitating a concentrated
solution of ammonia and ammonium sulphide with carbon disulphide, CS., when ammonium
sulpliocarbonate is formed, thus :—

(NH,),S + CS. = (NH,).CSy

The solution is next heated to go®-100° C. with potassium sulphide, when potassinm sulphocyanide
is formed with the evolution of much sulphuretted hydrogen :—

2(NH.CS; + K,8 = 2KCNS + 2NH,HS + 31LS.

The disposal of the sulphuretted hydrogen evolved caused much expense, and the pmcess was
not successful commercially.  Giinzburgand Teberniac (see English Patents, 1,148, 1878, 1,359, 1879,
1,261, 1881) improved the process by simply heating a 20 per cent. NH, solution to 100° in an
autoclave provided with stirrers, until the pressure of 15 atmospheres was reached, when ammaonium
sulphocyanide is quantitatively produced, thus :—

4NH, + C3, = NIL,SCN + (NH,)S.

The process, also, was not commercially successful. In 1894, however, Brock, Raschen, and
others (see Crowther and Rossiter, English Patent, 17,846, 1893; Bock, Hetherington, Hurter,
and Raschen, English Patent, 21,451, 1893) modified 1he process by adding lime to the charge,
thus diminishing the pressure in the autoclaves and reducing the amount of ammonia required,
the action taking place according to the equation :—

2NH, + 2CS, + 2Ca(OH), = Ca(SCN), + Ca(SH), + 4H,O.

Excess of ammonia must be present to prevent formation of sulphocarbonate. At the end ol
the process this is distilled off, CO, gas i driven through the liquid to expel the sulphuretted
bydrogen - (as in. the Claus-Chance. treaiment. of alkall waste), and any precipitated calcium
carbonate is filtered off. The soluble calcium sulphocyanide is treated with sodium carbonate
and converted into sodium sulphocyanide, thus:—

Ca(SCN), + NayCO, = CaCO, + 2NaSCN.

The',United Alkali Co. worked this process for some years, converting the synthetic sodium
sulphocyanide into cyanide by Raschen’s process of oxidation by nitric acid, as described on p. 75.



CHAPTER VIII

MANUFACTURE OF
NITROUS OXIDE
(Laughing Gas, Nitrogen M.onoxidc), N.O

THE usual process is to heat ammomum nitrate, NH,NO;, in rctorts, when it
decomposes, thus : NIL, NO, = N,O + 21LO.

The substance begins to decompose at 170° C., and the heat must be carcfully
regulated ‘best by gas firing), otherwise explosions can occur. ' ‘

It is important to use pure ammonium nitrate. If the temperature is too high,
N, NH; and the very poisonous NO are produced. ‘The gas must be purificd by
passing through solutions of ferrous sulphate, l*eSO‘,,'caustxc potash KOH, and
milk of lime. NO is caught by the FeSO,; and is held back by the KO
and lime, which also retains any CO,.

t kilo NH,NO, gives 182 1. N,0.

See Baskerville and Stephenson (Journ. Iud. Eng. Chem., 1911, 3, 579) for a fll aceonut of its
preparation and the requisite purity for nse as an anwmsthetic. )

Lidoff ( Journ. Russ. Phys. Chem. Soc., 1903, 35, 59) mixes the ammoniim nitrate with saad,
and washes the gas with ferrons sulphate solution, drying it with wn cmmlsion of ferrons
sulphate in concentrated sulphuric acid. )

Smith and Elmore (D. R. P. 71,279 of 1892) heat dry KNO, witll dry (NH,), 5O, The
evolution of gas begins at 230° C. and ends at 300" C. Thilo (Chene. Zeit., 1894, 18, §32) nses
NaNOQO,; and heats to 240° C. Campari (Chew. Cent., 1888, 1569) heats 5 parts SuCly,
10 parts HCI (sp. gr. 1.21), and o.g parts IINO, (sp. gr. 1 38), when gas is  evolved.
Pictet (French Patent, 415,594 of 1910,) and Stédermann (IFrench Patent 411,785 of 1910) «litain
it from an elearically produced niirogen-oxygen flame by rapid cooling.

Properties.— Colourless gas with pleasant odour and swect taste.  Density,
15301 (Air=1). 1 1 weighs 1.9774 g at O°C. and 760 mm. Coefficicncy
of expansion, 0.0037067.

The liquefied gas has density 1.2257 (H,0 =1), and refractive index 1.193 at
16°C.  Critical temperature, 35.4° C.; critical pressure, 75 atmospheres.  iquid
boils at -88° C, and thereby partially solidifies (at —x15° (). Mixed with S,
evaporated in vacuo, a temperature of —140° C. is attained. "

Burning oxidisable bodies (such as P, S, etc,) continuc to bum in the gas as
in pure oxygen. With H gas it forms an explosive mixture. Heat of formation,
21,700 calones.

Solubility in water :—

1 volume water [ 5° C. 10°C. 15° C. 20° C. 25" C.
dissolves Log8  0.8778 07377  0.6204  0.5443 vols.

When breathed, mtrous oxide is a valuable anasthetic for short operations ;
22-26 1. of gas are needed to produce insensibility. Prolonged breathmg causcs
death. It is advisable to mix o.1 per cent. of atmospheric air with the gas:
the limit is o.z5 per cent air. Mixed with oxygen the breathing of the gas
proﬁ::les wntoxication.  Also used for making sodium azide (sec p. 106).

sis.—Best by burning with H ' accordi ’ Y
903 3 _/'auyrn. Soc. C/zerz [nd.,gI§82, 200). A.dl%aéze?l(l_l}jil;:. lgfzil.mé]}zwrf‘-;m‘ty , Iléglz‘:p;_;z()li’_lii
a method of estimating the NO in N,0. See also Lunge, Jowrr. Soc, Chene. Ind., 1881, 428. I

Ind—.l,-rfB;;u?%%.‘In liquified form in iron, steel, or copper cylinders. Sce R. llasenclever, Chen.
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MODERN EXPLOSIVES
Gunpowders

THE term ‘“modern,” as applied to explosives, is generally understood to connote
an explosive other than black gunpowder or the later brown powder. Gunpowder,
already known in the middle of the thirteenth century, is still used, however, for
sporting purposes and for mimng, though it has been discarded by military
authorities in favour of the more powerful agents now at our disposal. Its
constituents, saltpetre, sulphur, and charcoal, are still mixed in the same way and
in the same proportions as formerly (75 per cent. KNO,, 10 per cent. S, 15 per cent. C).

In this country, Bobbinite, essentially a black powder with diminished sulphur
content, headed the list of “permitted” explosives arranged in order of quantities
used during 1909. Although a Departmental Committee, appointed in 1906 by the
Home Office to investigate allegations as to danger arising from the use of Bobbinite
in fiery mines, reported that its use should not for the present be restricted, recent
Explosives in Coal Mines’ Orders state that it is permitted only for the purpose of
bringing down coal in certain mines for a period of five years from 1st January 1914.
It is made in two varieties: (a) KNO,, 62-65 parts ; wood charcoal, 17-19.5 parts ;
sulphur, 1.5-2.5 parts; together with 13 to 17 parts of a mixture of ammonium sulphate
and copper sulphate; or (5) KNO,, 63-65 parts; wood charcoal, 18.5-20.5 parts; sul-
phur, 1.5-2.5 parts ; rice or maize starch, 7-g parts, and 2.5-3.5 parts of paraffin wax.
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hat during 1909, out of 30,091,887 lbs. of explos.‘lyuiw uscl-d lin
i i 3 Ibs. were gunpowder. This constitnted 58.5 per cent. of the whale.
géze;o?geg?: ;rgis; gﬁé?:%’iﬁe%” explosiv%?agd in Germany, also, its use in coal mines is lorbidden,
ibiti i 3 ders of the same type. .
the prohibition being extended to all powde 2 olved ol of mixtures
tash industry in Germany have involved a revival of 3
e great developments o e A Both ig that country and in America nitrate

i ack powder, and these have a large sale. ) } erica nit
;?sse:lghﬁg :tl:courﬂ of its cheapness, is substituted for potassium nitrate, and charcoal is frequently
3.

i ri nce, consists 0f er cent. NaNOQyg,
replaced bty ll)):c?:: c%c'ﬁl :r:dpifl;er ?el?'nrt.ezﬁ'lspal'}ggterbw?ingm:;athe ,hygroscopic Z:ftgru of the sodimmn
rlxis' Ef:; Cfl?e.mixmre of t’his substance with the carbonaceous material and sulphur is heated tf)l ch
m;:lziné point of sulphur and then pressed, the resulting product being only ?hght.ly. alfccit_fl hy
moisture. Explosives of this type come into commerce either in the form of grains pacl Tll- 1;‘1
cartridges or as compressed cylinders with an axial canal, and are fired in the same way .u,l ) tlx‘t <

wder. They burn slowly when ignited and fissure the rock rather tl’mn shatter it. Petrgk as! ‘c.
g)an explosive of this class and contains: NaNO;, 69 per cent. ; KNO;, 5 per ceut. 3 S, 10 pur
cent. ; pitch, 15 per cent. 5 KoCrOy, X_per cent. The introduction of aimnonium nitrate .sun‘u;cs
a lower temperature during explosion. etter-Dynammon, made by the Austrian Govermnent for
use in fiery mines, contains : NH,NO,, 93.83 per cent. ; KNO;, 1.98 per cent. ; charcoal, 3.77 l)L:l:
cent, ; moisture, 0.42 per ient.; and Amide powder has the composition: KNO,, 40 parts;

vH NO;, 3 ; charcoal, 22 parts. .
I\Héinopsc;vggel:,agatin, is still’usedpin priming compositions in order to initiate the decomnposition of
high explosives, and in certain types of safety fuse it continues to hold its own. The latter may he
compared to a piece of cord having a fine train of gunpowder down the centre. Stress of comnereinl
competition has resulted in the production of a greatly improved fuze which burns uniformly through
a definite length in a given time. Attempts to substitute a core of smokeless powder fur gunpowder
have not as yet yielded a satisfactory result. . L

Chili saltpetre (sodium nitrate) contains _perghlorates, as also dogs ¢ conversion s:}ltpctrc or
potassium nitrate prepared from it. To this circumstance, when discovered, was attributed the
origin of various disastrous explosions which had previously occurred, but later work has shiown that,
in ordinary cases, the danger arising from the presence of a sinall percentage of the more seusitive
perchlorate has been over-estimated (Dupré, Jowrn. Soc. Chen. Ind., 1902, 825 ; Lunge and
Bergmann’s paper read at Fifth International Congress of Applied Chemistry, Lerlin, 1903),
Bergmann recommends a maximum of 0.4 per cent. of perchlorate for blasting powders and 0.
per cent. for gunpowders.
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H.)I. Inspector’s report shows t

Nitro-glycerine, the trinitric ester of glycerol, CgH(ONO,),, is an important
constituent of a great many explosives used as propellants or for Dlasting, Should
the price of glycerol continue at its present high figure it is not improbable that
explosives made from cheaper raw materials will displace it to some extent.

The process of manufacture now about to be described s the outcome of a long
series of improvements which have been made at intervals upon the methods
originally adopted by Alfred Nobel, the pioneer in the commcreial praduction of
this substance. The nitrator-separator in its present form was first used it Walthan
Abbey in the Royal Gunpowder Factory, and is the subject of the British Patent
15,983 of 1901, taken out by Colonel Sir Frederic L. Nathan, R.A., Mr J. M.
Thomson, F.I.C., and Mr Wm. Rintoul, F.I.C.

The apparatus is shown diagrammatically in the accompanying Fig. 28 in both plan and clevatimi.
The nitrating vessel 2 has the form, generally used, of a lead cylinder with sloping hottom aud comien
lead roof. The mixed acids are not introduced from above, as has been customary, but thruotgh
pipe connected with the lowest part of the bottom. This pipe has three branches, 6, ¢, nn& &t
& leads to the denitrating plant, ¢ to the drowning tank, while @ ascends and divides into twe
branches of which one is connected with the storage tank for mixed acid and the other to the wast ¢
acid tank. The acid pipe bend is one foot lower than the lowest part of the bottom so that, dnring
stirring, no nitro-glycerine may enter the ascending pipe. On the sloping bottom of the vessel lies
a coil g provided with several holes for the introduction of compressed air for stirring, and in the
cylindrical portion of the vessel are cooling coils % % of lead pipe through which water, refrigerated
if’ necessary till its temperature is below 10° C., flows. The conical roof is surmounted by a leacd
cylinder ¢ with two windows fand side outlet, which is connected with the lead pipe £ down which
the nitro-glycerine flows to the pre-wash tank. From the pipe £ ascends another pipe through
which fumes are aspirated. s is a thermometer, the bulb of which dips into the mixture inside ¢.

To carry out a nitration, the mixed acids, consisting of 41 per cent. HNQ)
575 per cent. H,SO,, and 1.5 per cent. H,0 in the ratio of 6.09 of mixed acid tsg
1 of glycerine, are allowed to enter through &, air-stirring is begun, and the glycerine
1s introduced by means of an injector, the mixture being cooled by the coils 4 4.
The glycerine, owing to its viscosity at ordinary temperatures, must have bean



EXPLOSIVES 89

previously warmed to 30°-35° C., and its rate of admission is regulated so as to
prevent the temperature from rising above 22° C.  When nitration is finished, and
the temperature has fallen a little, the air in & and the water in 2 are shut off, and
the mixture then begins to separate.

The temperature should not have been allowed to fall below 15° C.  Waste acid
from a previous operation is now allowed to cnter the apparatus slowly from beneatly,
through 4, and forms a layer of gradually increasmg depth below the reaction
mixture whch thus rises slowly m the vessel. The nitro-glycerine rcaches the
cylinder e, and runs off through
4 to the pre-wash tank, comtamn-
ing water, and 1s subjected to an deBi—
alkaline washing. The displacing
acid enters at such a rate as to
cause clear nitro-glycerine, free
from suspended acid, to flow s A
through the outlet as separation :
proceeds. Finally a sharp line
of demarcation between acid . g

U m

b D

¥

Under the old yéginme the waste
aciil was run off to a special building,
the after-separating  house, in which
nitro-glycerine still remaining in the
acid separated out slowly during the
course of several days.  This was
skimmed off from time to time, and
put into a vessel filled with water in
which it was washed. A workman was
required to be in attendance day and
night.  The modern  practice is ta
destroy the nitro-glycerine in the waste
acids 1immediately after nitration Ly the
following methad, dne to Sir F. L.
Nathan and Messrs Thomson and
Rintoul :—

Sufficient waste acid is run off from
the nitrator-separator to avoid splashing
over during stirring, which 1s again
started Dy turning on the compressed
air.  Water amounting to 2 per cent.
of the waste acid is slowly added, and
mixes immediately with the acid
through the stirring.  The temperature .
rises sglowly duringgthe additiolll of the F1G. 28. —Nathan, Thomson, and Rintoul’s
water, about 3° C. for each per cent. of Nitrator-Separator.
water added, and air stirring is con-
tinued after the addition of water till
the temperature begins to sink.  The air is then shut off, and waste acid again run in from beneath
till the surface reaches the upper outlet. On standing for a time vitro-glyeerine adhering to the
sides of the vessel and the caoling coils may ascend, and can be run off through 4 The waste acid,
now completely free from nitro-glycerine, is allowed to run off through 4, as much as will be necessary
for displacement of nitro-glycerine in a later operation being elevated to the storage tank conmmmni-
cating with ¢, while the remainder is rnn into a tank where it stays withont further supervision nntil
it is denitrated.

Owing to the introduction of this process the nitro-glycerine never passes throngh an earthenware
cock at any stage of its manufacture and a source of danger is thereby removed. A further lessening
of risk is achieved by the removal of the nitro-glycerine immediately after its separation from the acid,
by the cooling during separation and after separation, by decrease in amount of manipulation of
nitro-glycerine and waste acid, and by the disappearance of the nccessity for an after-separation

. . . 1 —
and nitro-glycerine 1s observed TYYY
through /£ and the inflow of acid 288 8
through & is stopped. ‘The con- 688 o
tents are allowed to stand for a d 6666
time m order to obtain the best e 20 ol
possible yield of nitro-glycerine. S 9 ghg

o o o
o O e}
o o o
>0 o
o o
o o
o o
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cessary to transport the nitro-glycering Jrom ‘l,mldmg
necessary for the factory 1s now less than lormerly.
wash tank nitrates live charges rach ol
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building. The saving in differences of level ne:
to building is very considerable, and the area
A plant consisting of two nitrating vessels and one pre-
1,450 lbs. of glycerine daily.

After removal of acid from the nitro-glycerine in the pre-wash tank, a:ccomphsl‘}cq
by air-stirring with water and finally with an alkaline solution, the mtr()-gly(:cx}m'.
is allowed to run through a rubber pipe attached to the lowest point of the 51()1)‘11111_:
bottom of the pre-wash tank into the gutter, which has a fall of 11 6o and ‘la:.u_s:
to the final washing house. During the preliminary washing ‘Lljc rubber pipo s
secured to a nozzle fixed to the outside of the tank at a point above the level
of tlI]r? g?emﬁial washing house the nitro-glycerme is subjected to prolonged treatnent
with alkaline solution, using air-stirring as before. The alkali remammg after this
treatment is removed by washing with pure warm water, and the nitro-glycering 1s
afterwards filtered by passing it through a mat of sponges m order Lo free it from
small quantities of flocculent impurities and suspended mincral matter. A diagriun
of the plant is shown in the figure (Fig. 29.)

Bv the use of the acid mixture above mentioned, obtained from 2.8 parts of nitrie acid and

3.4 p:cms of fuming sulphuric acid (20 per cent. 80,), Sir ¥. L. Nathan and Mr Wm. Rintonl have,

S——
i}

¥
2
F16. 29. —Arrangement of a Modern Nitvo-glycerine Mill.
A. The Nitrator-Separator a. Final Washing Tank
B. The Mixed Acid Tank . Pilter
C. Waste Acid, for Displace- 1. Dipe for nmning oll’ waste
ment Tank Acid
D. Glycerine Tank X, K. Grotund Level
E. Pre-wash Tank L, L. Gutter, with fall of 1 in
F. Drowning Tank 120

using the above process, increased the yield of nitro-glycerine to 230 parls per 100 parts of glycerine
(British Patent, 6,581, 1906). By former processes in which 100 parts of glycurine were addid to
a mixture of 300 parts of 94 per cent. FINO; and 500 parts of 96 per cent. 11,50, the yields varied
from 210-215 per cent. Using this acid mixture in the Natban, ‘Thomsen, and Rintiul provess the
vield was increased to 220 per cent., the theoretical yield being 246.7 per cent.

The use of waste acid from a previous nitration which is hrenght to ils original composition by
the addition of fresh acid gives, according to data from the Zentral-stelle, Nen Balselslaorg, yields
of 228 per cent. (British Patent, 2,776, 1905). Details regarding the influenve of wixed avids which
have been thus revivified upon the time necessary for complete purification of the nitro-glyerrine are
not available, )

_The process of separation, after nmitration, is frequently protracted owing 10 th
action of gelatinous silicic acid in preventing the nitro-glycerine from passing from
the emulsified form to that of a separate layer of pure liquid. In order to obtain
a quick and well-defined separation the Dynamit A. G. (ID.R. latent, 171,106,
1904) at Hamburg, add, during nitration, paraffin or fatty acids of high molecular
weight in proportions of o.5-z per cent. by weight of the glycerine, whilc Reesc
(U,S..A.'P‘a.tentz 804,817, 1905) uses .00z per cent. of sodium fluoride, wherehy
the silicic acid 1s converted into silicon tetrafluoride.

After-separation has been shortened, on the laborato: ¢ c < iti
e ry scale, Ly Escales and Novalk (British
Patent, 18,597, 1907) by the use of the electric current, but is ,entircly obviated in the Nathan.,
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Thqmson, and Rintoul process. Evers (D.R. Patent, 182,216) has described a new process for
denitrating waste acid, in which a mixture of air and steam at a high temperature enters the
denitrating tower at one or more points.

Properties of Nitro-glycerine.—Kast has found that nitro-glycerine has two solidification
or »nelting points (Zeitschr. Schiess-Sprengstoffwesen, i, 225). The lower melting phase is a labile
product and changes completely into the stable higher melting modification on stirring with a crystal of
the latter, which melts at about 13° C. The thawing of frozen nitro-glycerine has been a fruitful source
of accident, and attention has been directed towards obtaining a product which will remain liquid
under the conditions to which it is subjected during cold weather. The well-known effect of adding
soluble ingredientsis to produce a depression of freezing point proportional to the amount dissolved,
and nitro-benzene and ortho-nitrotoluene were used for this purpose. Other nitric esters of glycerine,
however, which do not appreciably diminish the explosive power of the product to which they are
added, have recently found extended use for this purpose.

Dinitro-glycerine (glycerine dinitrate), first prepared by Mikolajzak in 1903
for use 1n depressing the freezing point of trinitro-glycerine (British Patent, 27,706,
1904), may be prepared alone, and then added to the latter, or, more conveniently,
the two esters may be generated simultaneously under suitable conditions in the
proportions required.

One method of working (Heise, ¢“ Der Bergbau,” 1907, Heft 35) is to nitrate the glycerine in
nitric acid, allowing the temperature to rise to a certain extent; the solution of the ester in nitric
acid is then allowed to stand for about two hours, and separation of the ester is then effected by
diluting with water and neutralising with carbonate of lime. After separation, the dinitro-glycerine
still contains water and acid, the latter being removed by adding soda and the water by a special
process. A reddish yellow oil of sp. gr. 1.5 is thus obtained. The calcium nitrate solution obtained
as a bye-product is treated with ammonium sulphate ; the ammonium nitrate formed is used in
explosives manufacture, and the sulphate of lime as a manure. Extraction of the diluted acid
mixture, both before and after neutralisation, by means of ether, has been tried on the small scale,
and Escales and Novak have proposed glycerine disulphuric ester as the starting point for the
%eparation. The method of preparing a mixture of di- and trinitro-glycerine is described by

ikolajzak (Joc. cit.).

The technical product is a mixture of two isomeric modifications.  Its purification
1s difficult.

According to Will (Berickte, 1908, 1107 ; Zeitschr. Schiess-Sprengstoffwesen, 1908, 324) the
dinitrate, in the water-free condition, is not solid at ordinary winter temperatures, but offers little
advantage over nitro-glycerine from the point of view of sensitiveness to shock. It is hygroscopic,
and when moist is less sensitive, but at the same time loses its faculty for forming no solid on
subjection to winter temperatures.

Nitrate of Polymerised Glycerine.—By appropriate heat treatment 2
molecules of glycerine condense to form 1 molecule of diglycerine with splitting
off of water. By treating the diglycerine so formed with mixed nitrating acids,
C3H5(ON02)2\

CgH,(ONO,),”
glycerine as regards solubility in orgamc solvents, insolubility in water, and ease
of detonation with fulminate of mercury. The addition of zo-z25 per cent. of the
product to trinitro-glycerine will prevent it from freezing at ordinary winter
temperatures.

tetra-nitro-diglycerine, O, is obtained, which behaves like trimtro-

Will and Stohrer (Zeitschr. Schiess-Sprengstoffwesen, i. 231) polymerised glycerine by heating it
for seven or eight hours to 290°-295° C., and obtained a product containing 60 per cent. diglycerine
and 4-6 per cent. of tri- or polyglycerines. These were separated by fractional distillation under
reduced pressure. By repeated treatment fpure diglycerine can be obtained as a clear, viscous, sweet
liquid, soluble in water, having a sp. gr. of 1.33, and distilling undecomposed at 240°-250° C. under
8 mm. pressure.

Escales and Novak treat glycerine with hydrochloric acid and nitrate the resulting mixtare of
monochlorhydrin, dichlorhydrin, diglycerine, chlorhydrin of diglycerine, triglycerine and chlorhydrin
of triglycerine (Deutsche patentanmeldung, 12th May 1906). .

Claessen (British Patent, 9,572, 1908) produces diglycerine and polyglycerines in a much shorter
time than usual by heating the glycerine with a sinall quantity of alkali (0.5 per cent.) to 275°-280° C.
The glycerine, diglycerine, and polyglycerine can be separated by fractional distillation.

Dinitromonochlorhydrin.—By passing hydrochloric acid gas into glycerine
heated to 70°-100° C., a mixture of a- and B-monochlorhydrins is obtained
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- oarLEC
,CL OH).CH,(OH)]and CH._.(OH).CI‘-ICI.CH,_.(OH)]. L'hese are separate
fﬁgg'ge(ig\g:tion) mix?ére 13)3 fract[ional distillation under reduced pressure, and e

afterwards nitrated alone or in admixture with glycerine. In the latter case tlu

reaction is claimed to be less dangerous, and the separation quicker (Welter, Britisl

Patent, 6,361, 1905). Dinitromonochlorhydrin is easily stabiliscd in the usual way

and stands the Abel heat test for a much longer time than ordinary mtxo-glycumm.;
It is a pale yellow liguid with a faint aromatic smell, soluble in cther, :Ll(:olmg
acetone, chloroform, etc., and insoluble in water and as:xds.a Its sp. gr. is 1.5.;10:.
at 15° C., and it boils at atmospheric pressure at 19o-193 C. If boiled um’(‘:
a pressure of 15 mm., no partial decomposition takes plwe, and it distils owves
at 120°123° C. as a colourless oil

It is surprisingly insensitive to shock and friction, is not hygroscopic, does not freezc at — 2 51' _u‘
—30°C., and dissolves easily in nitro-glycerine. The addition of 20 per cent. to nitro-glycerine rcn: )l r:
it practically unfreezable. It is said to be an excellent gelatinising medium for nitro-cellulose. ‘ r: ¢
disadvantage it possesses, viz., the formation of !—ICI on explosion, but this can be rectificd in Liryre
measure by adding an alkali nitrate to the explosive.

Di-nitro-acetin and Di-nitro-formin are produced by the nitration of mono-acetin

H,(OH),.0.CO.CHj,, and monoformin, C3H;(0H),.0.CO.H. Their properties resemble thosc
of dinitromonochlorhydrin, and they have been used for making wunfreczable nitro-glycerine
explosives (see Zeitschr. Sch.-Sprengstoffiesern, 21, 1907).

Gun-cotton

The process now coming into general use for gun-cotton manufacture is the
result of important improvements devised by Messrs J. M. and W. T. Thomsor
of the Royal Gunpowder Factory, Waltham Abbey (British Datent, 8,278, 1903
D.R. Patent, 172,499, 1904). The following description is taken largely from thier
paper by Colonel Sir F. L. Nathan in the Journal of the Society of Chemical Industsv,
27th February 1909. To the Council of the Socicty and to Sir I'rederic Nathir:
my best thanks are due for theirr kind permission to use¢ the accompanying
illustrations.

The raw materials are cotton waste and sulphuric and nitric acids.  Ordinary cotton waste virie-s
considerably in character, and this is not without effect on the character ol 1he resulting gun-colton.
Before it is received at the works it has been subjected to treatment with alkaline, Dleaching anel
acid liquors in succession, after which it has been washed and dried; or the oil, cte., lias Inwn
extracted with benzol. The physical condition of the cotton, and, to some extent, its climi-al
properties, are affected by this process, and an undue proportion of **fly” or linely divided ad felreal
material will hinder the penetration of mixed acids during nitration and diffusion of waste acid lrsnn
the sphere of reaction, and may indicate the presence of products of hydrolysis or of oxidation ¢
cellulose. Oxy-cellulose exerts an influence on the nitrogen content of the gnn-cotton and on ity
solubility in ether alcohol if it be present in appreciable quantity. 1lydroellulose, producetl 1ry
hydrolytic action, yields a nitro-cellulose agreeing in propertics with that alstained from nntreatedd
cellulose so far as nitrogen content and solubility in ether alcohal are concurned.  The viscusitics
of nitro-hydrocellulose solutions in acetone are less than those of similar nitro-cellulbse solntiines,
however, and this fact taken in conjunction with the power of reducing Fehling’s solution aml «sf
fixing methylene blue, possessed by hydrocellulose, indicates a structural change which may passilily
affect adversely the stability of gun-cotton containing its esters.

Blotting-paper made from cotton, paper shreds, tissue paper, cellulose as used for paper makings,
and other raw materials have been suggested for rhe manufacture, but all have been disearded, ann.l
eern ﬁe}lq}imd and artificial silk makers use cotton, though paper is still largely used in the mtnufaetiice
of celluloid.

"The prepared cotton waste on arrival at the factory contains a notable percentiyre
of hygrqscoglc moisture, also wood, pieces of iron, metal, string, rubber, ctc. Tl
mechanical impurities are removed as far as possible by hand-picking, and thc
cotton is then passed through a teasing machine (Fig. 30), which separates the cotteon

fibres and opens out knots and lumps. It is then agan picked over as it leaves
the machine.

At Waltham Abbey the cotton, as it leaves the teasin ine, i i
k ADI « | g machine, is delivered on to an cndlemy
band which carries it to the drying machine. The moisture is expell’ed fram the cotton hy o I,l;lzc’-
of hot air supplied by a fan through a steam heater. The cotton waste passes very slowly through
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whine, the operation lasting about three-quarters of an hour, and issnes from it containing
b per cent. of moisture.  It'is immediately weighed out into charges and placed in sheet-iron
or uther snitable receptacles, with lids, to coul, for which a period of about eight or nine hours
tient.  During the cooling the eotton waste reabsorbs about half a per cent. of moisture.

e nitric and sulphuric acids employed are commercial products of a fairly
standard of purity. ‘The waste acids are revivified to a larger extent than
rly, by the use of Nordhausen sulphuric acid and concentrated nitric acid,
re used again for nitration.
1e nitrating apparatus consists of a number of units of four pans worked together,
31 and 32. The pans areof earthenware and circular, 3 ft. 6 in. in diameter
o in. deep at the side of the pan; the pan has a fall of 2 in. to the outlet, which
n. in diameter, and is supported on earthenware pedestals about 1 ft. 10 in.
the floor level. ‘The four members of cach unit are connected together by
Jipes, and these again are connected to the nitrating acid supply pipe, to the
; and wealk waste acid pipes, and to a waste water pipe, through a gauge-box
the rate of flow is determined whilst the waste acids are being run off.

2 process proceeds as follows : A small perforated plate is placed over the outlet of each pan,
ur perforated segment plates making a complete disc of diameter about I in. less than that

F16. 30. —The Teasing Machine.

pan are placed on the bottom.  Aluminium fumie hoods, which are connected to an exhaust
ving been ylaced on the fonr pans, nitrating acid, which is cooled in snmmer and warnmed
er, 1s allowed to rise to the proper level in the pans. There are then 600 Ibs. of mixed acids
:he bottom plates and 50 Ibs. below. A charge of 20 lbs. of cotton waste is then immersed
acid, handfl by handful, aluminium dipping forks Leing used for the purpose. When all
ton waste has been pushed under the surface of the acid, perforated plates, in segments, are
on the top of it, care being taken that all cotton waste is below the surface of the acid, and
of water, at a temperature of 5°-8° C., is run very gradually on to the surface of the plates
h a distributor. The film of water prevents the escape of acid fumes and the fume hoods are
:moved. The time required for dipping a charge is a quarter of an hour.  Nitration is allowed
:eed for two and a balf hours. The cock leading to the gange-box is then opened and waste
run off at the rate of about 17 lbs. a minute. Water, cooled if necessary, 1s run on to the
the perforated plates, through the distributor, at an equivalent rate. The major portion,
ting to about 80 per cent. of the total waste acid, is returned to the acid store tanks to be
ed with Nordhausen sulphuric and new nitricacids. The remaining 20 per cent. of the waste
sent to the acid concentration factory for denitration and concentration.  The quantity of acid
2alt with amounts to about 4 lbs. for every ponnd of gun-cotton.

amposition of waste acid to be revivified (=80 per H:80,. HNO,. HNO.. H,0.
cent. of total waste acid) - - - - 72.70 17.30 0.65 9.35
ompasition of waste acid 10 be denitrated and con-

centrated (=20 per cent. of total waste acid) - 61.0 17.35 0.55 21.10
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WALTHAM ABBEY GUNCOTTON DISPLACEMENT PLANT

A small proportion of the water which follows the recoverable waste acid is sligluly aeil o 1l
extent of 0.1 1b. for every pound of gun-cotton made, and this represeurs the total loss of  resd
(=0.4 per cent.). Mr G. W. MacDonald (Jowru. Sec. Chrme. Ina., 200h Pebrmary 1911) finde tlat
the sulphuric acrl is displaced at a relatively more rapid rate than the nilric acicd.

Stabilisation or thorough purificatiou of the gun-cotton next fellows.  Adserxlseal
acids should not be neutralised at an early stage of the purificition process, as 1. ieir
hydrolytic action upon various impurities is an hnportant factor at this juncture.

Fie. 32. —Gun-cotton Nitrating House, Walthawn Abbey.

Amongst the impurities to be removed are mixed sulphuric and nitric esters, Mtreus
esters, nitric esters of sugars,.and substances produced by the action of the mi xe«d
acids on seed husks and on the dried juices in the tubular catton fibres, “[lieses mye
eliminated or rendered harmless by prolonged boiling of the gun-cotlon in vy
wooden vats (Fig, 33), the water being changed at intervals. ‘

Dr Robertson ( Jours. Soc. Chem. Ind, , 16th Jul ] tcli
. ; X em. Ind, y 1906) has shown the advantuge of acziclit
in the earlier boilings for promoting rapid hydrolysis of the mixed sulphuric :).udq#itric c:st.(c;:
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Treatment with alkaline solutions is not so efficient and may produce hydrolysis of the gun-cotton
itself to a considerable extent. The method of boiling in use at Waltham Abley for periods
of 12+ 12+ 4 +4+4+4+4+2+2+2 hours, with a cold water washing between the first and second
and second and third boilings, produces a stable gun-cotton. The nature of the water supply affects
the period necessary for stabilisation, and a system in which the gun-cotton is wrung in centrifugals
between the boilings, or one in which the pulped gun-cotton is subjected to boiling water treatment,
will shorten the time necessary for complete purification. Boiling in closed vessels under pressure
has been tried with good results.

The following table is taken from Sir Frederic Nathan’s paper s—

1
ll Acids.
. Acid | Time | Yield on | Qopm
P Naure of Analysis per C Wane it | N Conda | B
rocess. Dipping Vessel. nalysis per Cem. Qpan- U,St;d’ 31;10‘; li:)::. Wasg: p:r)
1{)‘_)’- 7t | Waste. (Hours,[perCem.| Week.
H.80,|HNO,.HNO,| H,0.| b
Abel - - | Cast-iron pan| 74.00 | 18.00 | 0.60 | 7.40 | 13.75] 1L} 1.0 | 12 [163.751 458
and earthen-
ware pot
Ardeer—direct | Cast-iron pot | 75.00 | 15.75] 1.30 | 7.95 | 127 4% | 28.2 | 12 |159.00] 1,112
dipping
Dartford—nitrat-| Centrifugal | 69.35|23.15! ... | 7.50 |8ooto| 16to| 50.0 | 1 |160.00
ing centrifugal | machine 1,100 | 24
Walthain Abbey | Earthenware | 70.50 | 21.00 | 0.60 | 7.90 | 650 20 | 32.5| 2% 170 11,742
—displacement; pan

The gun-cotton is then pulped in a beating engine similar to those used for
pulping the raw material m paper manufacture (see Fig. 34). The fibres are thus
materially shortened and crushed, and impurities retained in the fibres are removed
mechanically or by diffusion. The gun-cotton pulp is then freed from particles of
metal, grit, and foreign bodies by running it, suspended in a large volume of water,
along a shallow trough having grit traps placed in it at intervals. These retain the
heavier gritty particles, and fine sand is retained by a strip of blanket which is laid
along the bottom of the trough.

At Waltham Abbey the pulp is next washed in a vessel termed a ‘“ poacher” (Fig. 34). These
hold each about 10 cwt. of gun-cotton and 1,100 gals. of water, and are fitted with power-driven

F16. 33. —The Boiling House.
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F16. 34.—* Beaters” and *“ Poachers.”

paddles for agitation ptipases.  The gun-cotton receives at least three washings, and is allowed to
scttle down alter each washing, the washing water being removed by a skimmer.  Tonching serves
as an opportunity for cffecting the final stage of a system of blending which is earried on thronghout
the mannfacture.

‘The pulp is then moulded by light hydraulic presses into cylinders s} in, high
and 3 in.in diameter, which enables it to be dried on fixed racks in the drying
house without having recourse to movable drying trays or similar arrangements.
Less dust ts produced than when the gun-cotton 1s dried in the form of ordinary
pulp.

If intended for use in mines, torpedoes, or other demolition work, the gun-cotton
is moulded into suitable shapes, and the moulds are then subjected to powerful
hydraulic pressure, amounting to about 6 tons per square imch, to produce the fmished
slabs or primers. ‘

Brown showed that a large quantity of wet gun-cotton can be detonated Ly interposing Ietween
a detonatar and the maist gun-cotton a primer of dry gun-cotton (British Iatent, 3,115, 1868).
Reeently a primer of trinitro-tolnene has been proposed (D.R. latent, 200,293, 1906). The pressing
of large masses of gun-cottan which are then turned in a lathe to shapes regoived Ias been sneeessilly
carried out in recent years (Iollings, British Patent, 8,278, 1903).

Clacssen (D.R. I'atent, 200,262, 1906) proposes to displace the nitrating acids yetained in nitro-
cellnlose by sulphnrie acid and the latter by water. Comte de Briailles (1. R. Patent, 203,377,
1906) sends an clectric enrrent through the acid mixture during nitration in order to keep the
vitrating acid at suitable concentration and temperatnre.  Sir F. L. Nathan, J. M. Thomsan, and
W. T. Thomson {British Patent, 7,269, 1903) remove the water from wet nitro-cellulose by displace-
ment with aleobol. The Salpetersanre-Ind.-Ges. (D.R. DPatent, 180,587, 1906) revivify the waste
acid after nitration by clecirolysis, using the waste acid as anode liguid, and dilute nitric acid in the
kathode eenmpartment.

Assuming the cellulose unit to be (C;H,,0;), or C, H, /0, many nitric esters
of cellulose are capable of being synthesised, but those met with in practice are
comprised among the following (see p. 207) :—

. Co HoyO(NO,),, with 14.14 per cent. nitrogen.

Dodecanitro-cellulose

Endecamtro-cellulose - - CosHogOo(NOyg)yy  »» 1347 ”»
Decanitro-cellulose - - C. HayO0,(NOg)yy 5, 1275 ”
Enneanitro-cellulose . - - 04510 (NQg)y 5, 11.96 »
Octonitro-cellulose - - CosHp0y5(NOg)g 5, 1111, »

The properties of the nitrated product depend on the quality of the cotton waste, the proportion
of mixed acid to cotton, the moisture content of the atmospbere, the ratio of H,$0, to IgNO,,, the
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water content of the acid mixture, and on the time, temperature, and method of nitration. Many"
years ago (19or) Mr W. T. Thomson of Waltham Abbey prepared a specimen of nitro-cellulose having
a nitrogen content of 13.94 per cent., obtained by drowning the nitrated product in alcohol, but under
ordinary working conditions the gun-cotton contains 12.8-13.10 per cent. of nitrogen. The solubility
of the product in ether alcohol, formerly thought to be simply a function of the nitrogen content, is
influenced by the method of nitration. Collodion cotton, containing I1-12 per cent. nitrogen, is
soluble in ether alcohol. According to Lunge (Zedtsclr. Angew. Chem., 2,051, 1906), nitro-cellulose
soluble in ether alcohol is obtained by nitrating dry cotton in a mixture of equal parts HNO; and
11,80, together with 17-18 per cent. of water, z.e., 41 per cent. HpSO,, 41 per cent. FINOy, 18 per
cent. H,O. Guttmann (Zeitschr. Angew. Chem., 1907, 202) gives an example from practice in
which equal parts of nitric acid of 75 per cent. monohydrate and sulphuric acid of 96 per cent.
monohydrate (also a mixed acid with 14.5 per cent. water) are used in 25 parts of which 1 part of
cotton is nitrated for I-14 hours at 40° C.

Although by strict adherence to a defnite set of conditions during manufacture a product of
unvarying properties is obtained, this is never an individual cellulose ester but a mixture of esters
in which one or two predominate. Berl (D.R. Patent, 199,885, and Zeitschr. Sch. Sprengstoffwesesn,
81, 1909) proposes to depolymerise the cellulose molecule by heating the cotton in inert gases.
Nitro-celluloses prepared froin depolymerised cellufose are claimed to be better than those made
from ordinary cotton as regards solubility and capacity for gelatinisation. Collodion cotton finds
extended use in -the manufacture of gelatinised nitro-glycerine explosives. It is also used in
l}hotogm?hy and surgery and in large quantities for the manufacture of celluloid and artificial silk.

he total world’s production of artificial silk is estimated at 5.5 million kilos., of which 2 million
kilos. are-collodion silk (Massot, Zedtschr. dugew. Chem., 433,444, 1911), see pp. 207, 208, 212.

Of other nitric esters, those from sugar, mannite, and starch are the most important, but various
defects have prevented the adoption of the first two to any considerable extent. Nitro-starch, on
the other hand, is now used quite largely in America for blasting explosives, and its cost of production
is said to be considerably less than that of nitro-glycerine. Hough (British Patent, 12,627, 1904)
dissolved starch in nitric acid at a temperature of 9o° F., and precipitated the nitro-starch by passing
gaseous sulphuric anhydride into the solution. In a later patent he altered his process by mitrating
the starch with a mixture of 3 parts of nitric acid of 95 per cent. monohydrate and 2 parts of 98 per
cent. sulphuric acid, and adding so much sulphuric anhydride to it as to furnish a concentration of
100 per cent. with I to 2 per cent. of SO, in the solution. Further, during nitration he injects
more sulphuric acid having an excess of about 2 per cent. anhydride, and claims to obtain in this
way an octonitrate having the formula C;oH5(NO.)sOy and a nitrogen content of 16.5 per cent.
The product is said to be quite stable and to be suitable for use as a blasting explosive either alone
or when it forms 10 per cent. of a mixture containing sodiumn nitrate and carbonaceous material.
It has been utilised in the manufacture of smokeless powder. Derl and Biitler (Zeitschr. Sch.
Spr., 82, 1910) have tested Hougl’s data and have found them incorrect. The maximumn percentage
of nitrogen in nitrate of starch was found by them to be 13.44 per cent.

Dynamite, Blasting Gelatine, Gelatine Dynamite, and Gelignite

With the object of rendering nitro-glycerine safe for transport and use, Alfred
Nobel devised the mixture with kieselguhr known as dynamite. Nobel's guhr
dynamite consisted of 75 per cent. of nitro-glycerine and 25 per cent. of kieselguhr,
an earth containing tubular siliceous skeletons of diatoms which performed the
function of a physical container or carrier. Various inert substances have been
used instead of kieselguhr, e.g., magnesia alba, tripoli, and Boghead coal ashes.
Among dynamites with combustible absorbents may be mentioned Reid and
Borland’s carbo-dynamtte in which burnt cork charcoal is used. It contains go per
cent. of nitro-glycerine and is consequently more powerful than dynamite, the more
50 as the absorbent is combustible.  Another class of dynamite contams absorbents
which are themselves explosive, and a further subdivision of this class may be made
into those which contain nitro-cellulose and those which do not.

Kieselguhr dynamite formed only o.4 per cent. of the total amount of explosives
used in mines and quarries during 1909 (H.M.I. report).

For its manufacture the gulir is freed from moisture and organic matter by ignition and is then
crushed and sifted. A test Is made to determine its capacity for absorbing nitro-glycerine, and if it
should prove to yield a dry crumbling dynamite which would give unsatisfactory cartridges it is
suitably blended with another batch possessing less absorptive capacity or is mixed with a small
quantity of barium sulphate (say 1 per cent.). On the other hand the dynamite should not contain
excess of nitro-glycerine or the latter will exude.

The guhr, contaiming less than half a per cent. of moisture, is weighed out in
equal quantities into a series of bags or cases which are taken on trucks to the

-
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' i ine store-house where the required amount of nitro-glycerme 1s
Eg&iﬁi@lﬁflﬁgn&d added to each batch of kieselguhr. The 'l‘):tgsfl)r mse:l
are then removed to the mixing house where their contents are first wel ‘mu\c,
by hand and afterwards passed through a sieve. The (_lynamlte 15 now tr;tnsfcrrc'cl
to the cartridge huts in bags or wooden boxes lined with shee‘f zinc, and }I:erc is
made into cartridges of diameter and length rgqulred by a cquxiuous type
cartridge press. The cartridges, wrapped in acid free parchmentised or pqmthn-
waxed papers, are collected from the huts at frequent intervals and t:1l;c.:n to the
packing house, whence samples are despatched to the laboratory for subjection to
the heat test and exudation test. ) o . .

Kieselguhr dynamite is oran_ge-yelloyv or reddish brown in colour (sometimes
ochre is added to the guhr) and 1s plastic to the same degree as fresh mould. Ity
specific gravity is 1.5 when it contains 75 per cent. pf nitro-glycerine.  Small quantitics
of it burn quietly when ignited but larger quantities soon explode ; when saturated
with paraffin oil it may be ignited without danger mn small quantitics at a time.
A blow of 0.75 kg.-m. will cause its detonation, and it can be exploded by a strong
electric discharge. '

Direct contact with water brings about separation of the nitro-glycerine, and this constitutes a
source of danger when the explosive is used in wet places. Its liahility to freese is another source
of danger. Very strong detonators are required to explode it when frozen, and though in_this
condition it is fairly insensitive to a blow, breaking or crushing are distinctly dangerous operations.
Thawing must be conducted with great care in a specially constructed pan provided with a_jackel
for hot water. Should exudation of nitro-glycerine take place dunng thawing this will introduce an
element of danger in ramming. ) . )

During storage, exposure to the influences of damp and sunlight »nust be avaided.  About 1 per
cent. of sodium or calcium carbonate is frequently added to the ordinary ingredicnts in order to
preserve neutrality. . o

Rhenish dynamite contains 70 per cent. of a solution of 2-3 per cent. of naphthalene in nitro-
glycerine, 3 per cent. of chalk, 7 per cent. barium sulphate, and 20 per cent. of kiesclguhr.  Nobels
Ardeer powder contains 31-34 per cent. nitro-glycerine, II-I4 per cent. kiesclguhe, 47-51 per cent.
magnesium sulphate, 4-6 per cent. potassium nitrate with } per cent. of ammonium or calcium
carbonate.

Dynamites with a combustible base include carbo-dynamite and others in which
the absorbent is wood-meal or sawdust. ‘These latter may be detonated when wet
and can be dried before use without marked alteration.

The following are examples of mixed dynamites containing an explosive base in addition to
nitro-glycerine : 40 per cent. nitro-glycerine, 12 per cent. wood-meal, 46 per cent. sodium nitrate, and
-1 per cent. calcium or magnesium carbonate. Ina French ammon-dynamite, ammonium nitrate
is used. It has the following composition : 40 per cent. nitro-glycerine, 1o per cent. wood-meal,
10 per cent. sodium nitrate, 40 per cent. ammonium nitrate.

In mixed dynamites the nitro-glycerine is capable of being displaced by water,
as in the case of guhr dynamite. This potential cause of accidents is removed by
transforming the nitro-glycerine into a component of a colloidal solution, which is
effected by dissolving 7-10 per cent. of collodion cotton in g93-9o per cent. of
nitro-glycerine whereby Blasting: grelatine, a tough elastic mass and one of the
most powerful blasting explosives, is formed.

A colloidal solution containing 96-97 per cent. of nitro-glycerine and 4-3 per cent. of colbdian
cotton, on being mixed with salipetre and wood-meal in a kneading-maching, yiclds Gelatine
dynamite, or Gelignite, of which the following s a typical example: 62.5 per cent. nitvo-glycerine,
2.5 per cent. collodion cotton, 25.5 per cent. sndium or potassinm nitrate, 8.7 per cent. wotxl-meal,
and 0.8 per cent. soda. Another containing ammonium nitrate las the following compaosition :
50 per cent. nitro-glycerine, 2.5 per cent. collodion cotton, 45 per cent. anunonimn nitrate, 2.5 |er
cent. rye-meal, and is known as ammongelatindynamite.

Gelignite formed 10.2 per cent. of the total quantity of explosives used in mines and quarries in

this country during 1909, and blasting gelatine and gelatine dynamite together formed 2 per cent.
(H.M.I. report).

. For the manufacture of these explosives finely pulped and dricd collodion cotton
1s chosen containing not less than 11 per cent. of nitrogen, and having a4 maximum
solubility in ether alcohol and a minimum of gun-cotton or unnitrated cotton. It
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Fic. 35.— Messrs Werner, Pfleiderer, & Perkin’s

Mixing Machine.

ould be free from sand or grit and leave a maximum residue of o.25 per cent. on
nution.  The moisture present should amount to not more than o.25-0.5 per cent.,
cxposure to the air is avoided during transit from the drying house to the sifting

wse.  Here the cotton is
bbed  gently through a brass
wve, and  after being weighed
t into air-tight zinclined cases
incia-rubber bags is removed
the gelatine mixing house
wre the necessary quantity of
re dry mtro-glycerine is poured
on it i a lead-lined trough.
1 mixture is well stirred with
wooden paddle and kept for
If an hour at a temperature
40” C. by means of hot-water
culation through the jacket
h which the tank is provided.
rangements should be made
the admission of cold water
the jacket in case the mixture
'omes too hot. When the
y has become semi-trans-
ent it Is transferred to the
<mg machine, of which an
steation 1s shown (Fig. 3s).
Roberts’ mixing machine is
1in use, however (Fig. 36).
At this point, if gelignite or
atine dynamite is being made,
necessary proportions of
ified wood-meal and potas-
m mitrate are added, together

F1G. 36.— M‘Roberts’ Mixing Machine,

with a certain amount of one of the substances

pased for depressing the freezing point of nitro-glycerine and a little magglesium
bonate. During mixing the charge is maintained at a temperature of 40° C. by
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means of the hot-water jacket surrounding the mixmg trough. Imcorporation
requires at least half an hour, )

The paste thus obtained is transferred from the mixing house to the cartridge
huts, in which it is made into cartridges by an Archimedean screw machine of the
type shown in Fig. 37 ; the cylinder of paste issuing from a nozzle of required
diameter is cut into the lengths appropriate for each size of cartridge.

Homogeneity, stability,
complete absorption of nitro-
glycerine, and frcedom from
tendency to exude are of the
highest importance in these
explosives.

Blasting gelatine s an
amber-coloured, translucent,
elastic mass which stiffens
I————f somewhat as time elapscs.
If well made it resists the
conditions of the test for
exudation and stands the
heat test for a longer period
than the minimum of ten minutes. It explodes at 204° C. if heated slowly (Hess),
and at 240° C.if the heating is rapid. It is also exploded by a blow of 3% kg-m.
between steel and steel, but is much more sensitive to shock when frozen.

Gelatine dynamite is equally sensitive in its normal soft condition and when
frozen, and 1n both cases is exploded by a weaker blow than is blasting gelatine.
The msensitiveness of the latter when it contains camphor is somewhitt remarkable.
The shattering effect of gelatine dynamite is less than that of Llasting gelatine,
which is only used for very tough rock or for mikituy purposes, and resembles
nitro-glycerine itself in its effects.

Fic. 37. —Cartridge Mixing Machine for
Gelatine Explosives.

Among recent suggestions for the production of gelatinous explosives may he wentioned those
of Schachtebeck (British Patent, 22,645, 1902) and Bichel (British Patent, 23,546, 1902). In
the former, anmoninm nitrate is added to a gelatine consisting of glire ar dextrin, glyeerine and
water, and this is incorporated with a nitro-glyeerine gelatine and a carbohydrate.  In' the latter,
glue is disselved in glycerine, and nitro-glycerine is added.  Colladion cotton or a suitable dope
such as wood-flour and potassinm nitrate may be added before the nitro-glycerine.

Picric Acid and Trinitro-toluene

OH

Picric acid or trinitro-phenol, <CHH24(NO._,)3), the oldest organic dye-stuff, has
been used extensively for filling shells, and its salts have formed constituents of
Ppriming compositions and of powders used as propellants. ‘e honey-ycllow colour
of the molten acid suggested the name Melinite which it receives in France, while
m other countries it 1s designated Lyddite, Pertite, Ecrasite, or Schimose. Its
melting pomt, 122.5° C., is inconveniently high, so m order to secure greater ease
in mampulation and less risk a quantity of a soluble substance sufficient to depress.
its melting point considerably is added toit. Dimitro-toluene, mononitro-naphtlulene,
and camphor have been used for this purpose. Girard (British Patent, 6,045, 1905)
gives a list of melting points of explosive mixtures of this kind :—

Mixture in Equimolecular Pro-

portions of— M.P. M.D. of Mixtwe.
Trinitro-phenol - - - - 122° C. e
Nitro-naphthalene - - - - 61° C. 49 L
Trinitro-phenol - - - - 122° C.\ °
Dinitro-toluene - - - S 2 S O A7
Trinitro-phenol - - - 122° C. 70° C.

Trinitro-cresol - - - - 107° C.
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Mixture in Equimolecular Pro- "
portions of— . M.P. M.P. of Mixture.

Trinitro-phenol - - - - 122° C.) o

Trinitro-cresol - - - - 107°C.f 18 C.
Trinitro-phenol - - - - 122° C. 80° C
Trinitro-cresol - - - - 107° C. o

The specific gravity of picric acid solidified from fusion is 1.64. A priming com-
position, such as a mixture of ammonium picrate and potassium nitrate, is necessary
to detonate the hard mass.

The manufacture of picric acid is carried out in the following way (Zeitschr. Schiess. Spreng.
stoffwesen, 15, 1910).

Ol
Phenol-sulphonic acid is first prepareg,H(CuHr/-SOal-l), which is then transformed into dinitro-

phenol-sulphonic acid (Cﬁllg(NOZ),zéSOsHl The latter decomposes on warming with nitric
acid according to the equation : —

OH
CoHo(NOESOH + HNOg = CoHo(NO,i(OH) + 11,50,
12 parts by weight of phenol (M.P. 40° C.) are heated to 100°-105° C. for eight hours with 48 parts
of sulphuric acid of sp. gr. 1.84, with constant stirring, in a vessel provided with a steam jacket.
The melt is drawn off into a transportable earthenware vessel in which, on cooling, it solidifies to a
butter-like mass. This is transferred by means of a scoop, in small portions at a time, to go parts
of nitric acid of sp. gr. 1.385 contained in a large earthenware vessel which stands in a water-bath,
stirring being continuous during the whole operation, and the temperature being kept below 20° C.
This canses the phenol-sulphonic acids to change into dinitro-phenol-sulphonic acid.

When all the stlphonic acid has been introduced, which for 100 kg. requires about twenty
hours, the water surrounding the nitrating vessel is slowly warmed, by leading in steam, so that the
temperature rises to 40°-50° C. within the first four hours, and the water is then heated to boiling
point. At 80°%go°® CC., large quantities of niirous fumes are evolved which are conducted through
earthenware pipes to ahsorption towers; the vigorous reaction having subsided, the water in the
heating bath is kept hoiling for three to four honrs longer, and the contents of the vessel are stirred
at intervals with a strong glass or porcelain rod. Heating is then discontinued, and the contents
of the vessel are allowed o cool to 30°-35° C., when 1he picric acid appears almost entirely in the
crystalline: form. The wasie acid is syphoned uff, and several water washings are followed by
wringing in a centrifugal, which is lined with woollen cloth, and into which cold water is sprayed
until the drainings contain traces only of HoSO,. After wringing, the picric acid still contains
10-15 per cent. of water, and its further drying is effected by placing it on glass plates in a warm
air current or in a vacnum drying apparatus. To recrystallise (not usually necessary) dissolve moist
crystals in 10-12 times their weight of boiling water, filter through wool, and slowly cool.

The yield from 100 parts of phenol, melting at 40° C., amounts to not more than 190 parts of
picric acid, of meliing point 121°-122° C., while theory requires 243 parts. The diminution in yield
1s to be attributed to oxidation due to the excess of nitric acid used. At the same time a consider-
able excess of nitric acid is necessary in order to avoid the production of lower nitro-derivatives of
phenol.

Picric acid can also be made by nitrating phenol with sodium nitrate and
sulphuric acid. [See German Patents, 51,321 (1889), and 67,074 (1891).]

The high melting point of picric acid is not its only disadvantage. It will have been noticed that
during manufacture all contact with metals is avoided. Some of the metallic picrates are extra-
ordinarily sensilive to shock, for instance those of lead and copper, and these salts are formed if the
acid comes in contact with metals (except tin) or their oxides. Under favourable circumstances their
detonation may take prace, and, simultaneously with it, that of all the picric acid surrounding them,
or in the immediate neighbourhood, hence the necessity for varnishing the interiors of shells, for
giving special protection to primers, and for taking the utmost precaution to prevent access of foreign
bodies. Picric acid will generate other acids from salts containing their radicles, and will decompose
nitric esters, and if used at all it should be used alone. The dust from it is poisonous, as also are
the fumes arising from the molten acid, and its dyeing effect upon the skin is well known. Ammonium
picrate and nitre, the constituents of Brugére’s powder, are now used as a priming composition.

Solubility of Picric Acid.—100 parts water dissolve 0.626 at 5° C., 1.161 at 15° C., 1.225 at
20° C., 1.380 at 26° C., 3.8g at 77° C. H,SO, diminishes its solubility. Easily soluble in alcohol
and ether ; benzol dissolves 8-10 per cent. at ordinary temperatures.

Trinitro-toluene has sprung into prominence as a substitute for picric acid,
chiefly owing to its freedom from acidic properties, its lower melting point,
and great stability. Of the various isomers the one having the structure



102 NITROGEN COMPOUNDS

CeHy(NOg)s. CHy1.(cu, :2:4:6) is used (see Ber., 1914, p. 707 ; Zettsch. gesammite
Schiess. Sprengstoffwesen, 1907, 4; 1910, 156; IQIL, 301; IQI2, 426 ; 1914, 172).
Its manufacture from pure toluene is carried out 1n stages.

180 kg. of pure toluene are first of all transformed into mono-nitro-toluene by means of a
mixture of 315 kg. of sulphuric acid (sp. gr. 1.84) and 200 kg. of nitric acid (sp. gr. 1.44); the
waste acid is drawn off, and a fresh acid mixture of 600 kg. of sulphuric acid (sp. gr. 1.84) and
200 kg. of nitric acid (sp. gr. 1.48) transforms the fist product into dinitro-toluene. The mixture
is heated and stirred during the operation, and the dinitro-toluene separates as an oily layer from
the hot mixed acids. The waste acid from this second stage is revivihed by the addition of 135 kg.
of fresh nitric acid (sp. gr. 1.44), and is used again for making mono-nitro-toluene.

Dinitro-toluene forms, on cooling, a pale yellow, fibro-crystalline, moderately hard and brittle
mass, which on further treatment witg sulphuric and nitric acids is transformed into trinitro-toluene.
For this purpose it is dissolved by gently heating it with four times its weight of sulphuric acid
(95-96 per cent.) and it is then mixed with one and a half times its weight of nitric acid (90-92 per
cent.), the mixture being kept cool. Afterwards it is digested at go°-g5° C., with occasionat
stirring, until the evolution of gas ceases, which takes place in about four or five hours. The

roduct, after cooling, is separated and washed.

According to the purity of the dinitro-toluene one may obtain an end-product with a melting
point of 72°-73° C., or a purer form with a solidifying point of 77°-79° C.  The impure form is used
exclusively in blasting explosive mixtnres. By recrystallising the higher melting product from
alcohol or petroleum benzene it may bLe obtained pure, and then wmelts at 80.6° C. It is finely
crystalline, is bright yellow in colour, has no specially bitter taste, and the dust arising from it is
said to have no injurious effect. Whether in the form of powder, or in the massive condition after
pressing or fusion, it is quite insensitive and much safer to manipulate than picric acid. It can be
detonated with a No. 3 detonator (0.54 g. of fulminate composilion) when in the form of powder,
and no poisonous gases are produced. It is quite stable under the influence of heat and moisture,
and lias no action upon metals or merallic oxides. :

Its low density 1s a drawback (1.54 against 1.64 for picric acid). Rudeloff (Zeitschr. Schiess.
Sprengstoffivesen, 7, 1907), abtains a density of 1.85 to 1.90 by making a plastic substance from
trinitro-tolnene and potassimm chlorate with a gelatine made from dinitro-toluene and soluble nitro-
cellulose.  Bichel (British Patent, 16,882, 1906) makes a plastic *‘componnd” with colladion entton,
liquid dinitro-toluene, aud larch tnrpentine to which he gives the name Plastrotyl. Messrs Allen-
dorf mix the trinitro-tolhiene, together with some lead nitrate or chlorate, with a gelatine made from
dinitro-toluene and nitro-cellulose, and call the product Triplastit. Bichel (British Patent, 19,215,
1906) miclts the trinitro-toluene and, after first exhansting all occlnded air, compresses the molten
product during cooling ly means of compressed air.  In this way he increased the density to 1.6q.
Rudeloff, using hydraunlic presses, subjects it to a pressure of 2,000-3,000 atmospheres wherchy it
attains to a density of 1.7, and can be ent and worked like gun-cotton. For the purpose of
facilitating detonation some loose trinitro-toluene is used as a primer.

Trinitro-toluene has been introduced into the French service under the name of Tolite. The
Spanish Government call it Trilit. The carbonite works of Schilebuscli are introducing it into other
services inder the name of Trotyl, and Messrs Allendorf of Schoenebeck under the name of Trinol.

Trinitro-benzene is also receiving attention as a suitable material for filling shells.

Schroetter and von Freiherr (British Patent, 8,156, 1907) have proposed the use of hexa-nitro-
diphenylamine, in a compressed condition, ar its salts, in the mannfactnre of high explosives for
adjusting the sensitiveness and the melting point.

Other nitro-derivatives of hydrocarhons and of phenols are used in explosive mixtures. Among
the former are dinitro-benzene, chlor-dinitro-benzene, dinitro-toluene, di- or tri-nitro-deri-
vatives of mesitylene, pseudocumene, and xylene, dinitro-naphthalene. Trinitro-naphthalene
and tetra-nitro-naphthalene have also been proposed. Of the nitro-phenols, perhaps the most
important is tri-nitro-cresol, known as Cresilite in France, where it is added to Melinite.
Other nitro-derivatives of the aromatic series will be mentioned in the section on detonators.

The work of Dr B. J. Iliirsheim on the polynitro-derivatives of aromatic compotinds has aroused
widespread interest. 2:3:4:6-tetranitro-aniline or tetranyl, which he olstains by nitrating 2 3-
dinitro-aniline, 3 : 4-dinitro-aniline or metanitro-aniline (British Patents, 3,224, 1910, and 3,907, 1910;
D.R.P., 242,079 and 241,697), appears from results of tests which have Leen published to be par-
ticularly well adapted for use as an explosive (Proc. Chem. Soc., 26, 19103 Zestschr. Schiess.
Sprengstoffrvesen, 10, 1913, and 2, 1915; Jowrn. U.S. Artillery, 40, 1913), and is suggested for
application in detonators, explosive mixtures, propulsive powders, and detonating fuses, also for
filling shells, mines, and worpedoes. It may be used as a primer (British Patents, 16,673, 1911, and
2,407, 1912) or in admixsttre with (1) trinitro-amino-anisol or trinitro-amino-phenetol (Brirish
Patent, 18,777, 1911) or (2) with aluminium and ammoninm perchlarate (French Patent, 465,082,
1913). The application of tetranitro-aniline on an appreciable scale will no doubt depend on
whether or not the stringent official requirements regarding explosives and their ingredients can be
met at a suitable cost and without sacrifice of efficiency.

Ammonium Nitrate Explosives, Safety Explosives

Bichel, in conjunction with Dr Mettegang and other colleagucs, has investigated
experimentally the conditions which determine the superiority of some explosives
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over others, with regard to their liability to ignite mixtures of pit gas and air. They
have proved that this hability depends upon the length, duration, and temperature
of the flame accompanying detonation, and the figures obtained on dividing the
duration of flame by the time of detonation, to which they give the name “after-
flame ” ratio, distinguish in no uncertain fashion those explosives which may be
comsidered “safe” from those whch are known to be unsafe. Even a “safe”
explosive becomes dangerous if more than a certain amount of it, known as the
“charge limit,” be used at one time.

In testing explosives for ¢‘safety’ at the British Home Office Testing Station at Rotherham
shots are first fired into a mixture of gas and air (13.4 per cent. coal gas). When the largest charge
which can be fired, without igniting the mixture, has been determined, further shots are fired—
beginning with this charge, and, in the event of an ignition, reducing the charge—until five shots
of the same weight have been fired without igniting the mixture. Starting with the charge so
determined similar experiments are carried out with coal dust until five shots of the same weight
have been fired without igniting the coal dust. The lower of the charges thus determined is known
as the < Maximum Charge.” The shots are unstemmed. In Germany a more dilute gas mixture
is used (7-9 per cent. methane in air). The less the area of cross section of the gallery the more
easily does ignition take place, so until a standard type of gallery is agreed upon, and a definite
method of testing adhered to, the results from the various testing stations can have little value for
purposes of comparison.

Gunpowder, trinitre-toluene, picric acid, blasting gelatine, gelatine dynamate, and
gun-cotton are all unsafe. Explosives containig nitro-glycerine may, however, ke
perfectly safe; in fact, such explosives are amongst the safest we have. In these
the percentage of nitro-glycerine is comparatively low, and the other ingredients are
such as will give as low a temperature as is consistent with satisfactory work.
Ammomum nitrate is very frequently used in safety explosives, and a small amount
of nitro-glycerine will ensure its complete detonation. Many safety explosives
contain ammoniumn nitrate and compounds of the type of dimtro-benzene, while
in others, which contain no ammonium nitrate, the cooling effect of substances
hike ammomum oxalate or salts containing water of crystallisation is relied upon
to confer the necessary degree of safety. While ammomnium nitrate explosives in
general may be said to have a higher ““charge limit” and a less violent shattering
effect than the explosives mentioned above, and possess the further advantages
of being safer to handle and transport and of requiring a strong detonator, it must
not be forgotten that their use is best confined to a definite type of work. The
hygroscopic nature of ammonium nitrate is a disadvantage which is overcome by
various devices, but its low specific gravity necessitates greater expense in preparing
the larger bore-holes necessary to accommodate the charge.

For use in the production of explosives the ammonium nitrate is dned, finely
ground, mixed with the other ingredients in a drum-mxer, again dried at 60° C.,
and afterwards made into cartridges. The cartridges for protection against moisture
are either surrounded by tinf;l or impregnated with paraffin or ceresine, which
is accomplished by dipping them in a bath containing these substances in the
molten condition.

Rigid cartridges are produced by pressing a mixture made plastic either by
means of a molten binding matenal (a nitro-hydrocarbon) or by a solution—collodion
cotton in acetone for example. On cooling, or on evaporation of the solvent, the
solid cartridge is obtained.

The following are explosives contaimng ammonium nitrate : Ammoncarbonite,
Wetterfulmenite, Chromammonite, Roburite, Dahmenite, Dorfite, Bellite, Securite,
Trench’s flameless explosive, Faversham powder, Ammonite, Electronite, Amvis, etc.

As mentioned above, the addition of various salts to the explosive mixture for the purpose of
reducing the temperature of the detonation products has been made. Claessen (British Patent,
2,240, 1906) uses chrome alum or ammenium chrome alum ; the Castroper Sicherheitssprengstoff
Akt.-Ges. (British Patent, 18,275, 1905) use ammonium chloride and potassium oxalate; Curtis
and others (British Patent, 24,934, 1902) suggest copper sulphate, or a mixture of copper sulphate
with ammonium sulphate or equivalent salts. The fire extinguishing compound of Mr Geo. Trench,
consisting of sawdust impregnated with a mixture of alum and chlorides of sodium and ammonis,
is so disposed about the explosive proper as to prevent the ignition of a surrounding explosive gas
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mixture. Nearly all safely explosives require a No. 6 detomator and are genemlly‘fnl'edAlgff h’l\l':
tension fuses connected to a magneto firing apparatus. The composition of a few 1{1;1111 ers e
large class is given in the appendix to this article. An apparently practical roposri lor hlu‘?LWiL-ncr
of the mine gases is made by Teclu (/. Frakt. Chem., 82, 237-240, 1911, Chem. d? ) de kil
Handelsakademie) who tests the gas mixtures at various parts of the mine by }"ll".t’lll.g s ‘d} e
through tinned iron tubes, by means of a powerful suction pump, into explosion vesse 5(,1 SIlt]ua ed o
the surface. The gas samples can be tested in a few minutes with perfect safety, and the resnits

signalled.

Plasticity is a desirable quality in an explosive intended for use in bore-holes,
and ammonium nitrate explosives possessing plasticity are now produced.

Gelatineastralite contains ammonium nitrate with some sodium nitrate, up to 20 per ccnt.f
of dinitro-chlorhydrin and maximum amounts of § per cent. of nitro-glycerine and I per cent. o
collodion cotton.” Gelatinewetterastralite I has the composition : 40 per cent. aminoninm nitrate,
7.5 per cent. sodium nitrate, 16 per cent. dinitro-chlorhydrin, 4 per cent. mtro-glycurmu,.o.s PFlr
cent. collodion cotton, 0.5 per cent. wood-meal, 8 per cent. potato starch, 2 per cent. rape seed oil,
I per cent. nitro-toluene, z per cent. dinitro-toluene, I4 per cent. salt, and 2.5 per ecent. ammaounn
oxalate. Anotber plastic ammonium nitrate explosive known as Plastammone contains ammoninn
nitrate, glycerine, mono-nitrotoluene, and 511tro-s§m1cellulose. . .

The use of aluminium powder asan ingredient of explosives, first suggested by Dr Richard
Escales in 1899, results in a rise of temperature and .a'cons!demble increase in pressure prodm:cfl
by the heat evolved during the oxidation of the aluminium, in other words, the explasive power is

increased. o . .

The high price of aluminium powder and its liability to oxidise prematurely have wmilitated
against its more general adoption. Ammonal is an explosive containing alumininn p(:vydcr, and
a similar mixture has been used in Austria-Hungary for several years for filling shi:lls.  The latter
has approximately the following composition : 47 per cent. ammoniumn nitrate, I per cent. clmr‘(‘:u:}l,
30 per cent. trinitro-toluene, and 22 per cent. aluminium. It is compressed, lieated to 67" C.,
dipped in molten trinitro-toluene, and cooled in a stream of air. .

Calciom-silicon, ferro-silicon, silicon, silicon carbide, magnesium, zinc and its alloys, cupper,
and the rare metals have all been the subjects of patents regarding the production of cflects
similar to those of aluminium.

Chlorate and Perchlorate Explosives.

The developments of electro-chemistry having resulted in the production of
chlorates in large quantity, an outlet for these was sought in the sphere of
explosives and ultimately found. Chlorates have long been forbidden for
explosives manufacture on account of the sensitiveness of mixtures containing them
to shock and friction.  Street found, however, that by using castor oil in1 the wixtiwre
this danger was obviated (D.R. Patent 100,522, 1897; 100,532, 1897; 117,051,
1898 ; 118,102, 1898). Cheddites, so-called from their place of nanufacture,
Chedde, in Haute-Savoie, are composed as follows (Dr Escales’ article on
“ Explosivstoffe,” Dammer’s ‘‘Chemische Technologie der Neuzeit”): (1) K10,
79 per cent., nitro-naphthalene 15 per cent., castor oil 6 per cent.; (2) KCIO,
79 per cent., dinitro-toluene 15 per cent., nitro-naphthalene 1 per cent., castor oil
5 per cent; (3) NaClO, 75 per cent., dinitro-toluene 19 per cent., nitro-naphthalene
1 per cent., castor oil g per cent.; (4) KClO,; 80 per cent., dinitro-toluene 2 per
cent., nitro-naphthalene 1o per cent., castor oil 8 per cent.

The dinitro-toluene and nitro-naphthalene are dissolved in warm (60°-70°) castor
oil contained in a double-walled enamelled iron vessel, and the finely pulverised,
dried and sieved potassium chlorate is added with constant stirring or knending by
means of a large wooden paddle. After further working the explosive is corned
and on standing for some time is made into cartridges which are water proofed.

A cheddite containing ammonium perchlorate has the following composition : 82 per cent.
ammonium perchlorate, 13 per cent. dinitro-toluene, and g per cent. castor oil. HCl is evolved in
its decomposition, and is not entirely prevented from forming by the addition of sodium nitrate. It

ossesses, in a high degree, the disa vantage, shared by chlorate cheddites, that it easily becomes
ard, and is then not completely detonated.
of Cgsc:g:eg steelite consists of 74 parts of potassium chlorate, 25 parts of oxidised resin, and 1 part

Silesia Powder (186,829, 1902, D.R. Patent) is a mixture of 75 per cent. potassium chlorate
and pure or mirated resin. Permonite and Alkalsite contain 25:32 per cent. potassium per-
chlorate, ammonium nitrate, trinitro-toluene, and other constituents. éonckite, 2 Belgian explosive,
contains, in addition to perchlorate, potassium nitrate and mononitronaphthalene. ’



EXPLOSIVES 105

:":rxhaceti,* tar,t naphthalene ¥ and paraffin, linseed oil,§ and a solution of hydrocarbons | have
=T Proposed for use with chlorate explosives.

‘he suggestion, made by Sprengel so long ago as 1871, to transport an oxygen
©Tr and a combustible substance separately to the place required, and there to
them in suitable proportions immediately before use, is still acted upon in
? Countries. Potassium chlorate is one of the oxygen carriers used.
Vinand (British Patent, 26,261, 1907) has suggested tetranitro-methane as
XY gen carrier for the production of explosives of the Sprengel type.

his Substance should prove useful in other respects, though its volatility is a disadvantage. It
¢ Tnade quite easily, without danger, and in almost theoretical amount by allowing nitric acid to
With acetic acid anhydride at ordinary temperatures (Chattaway, Journ. Chemt. Soc., Nov. 1910).

15 a colourless oil which solidifies to a crystalline mass, melting at 13° C. It is insoluble
tter, but dissolves readily in alcohol and ether, is very stable, and does not explode on the
sttion of heat, but distils quietly at 126° C.

F ulminate of Mercury. Azides. Primers. Percussion Caps.
Detonators

Che detonation of an explosive is almost always effected by the detonation of
e sensitive explosive, of which a small quantity is placed in juxtaposition with
first, and fired by mechanical shock, fuses, or electrical devices. Ordinary
uSSsion cap composition contains a mixture of mercury fulminate, potassium
rate and antimony sulphide to which powdered glass may be added, in order
>tain increase of sensitiveness. The caps for detonators are of pure copper,
zy lindrical in shape, closed at one end, and charged with an intimate mixture
5 [>er cent. mercury fulminate and 15 per cent. potassium chlorate. Detonators
1121dle in ten sizes, numbered consecutively, and contain o.3, 0.4, 0.54, 0.65, 0.8,
X.5, 2.0, 2.5, or 3 g of the detonating mixture.
Tulminic acid is the oxime of carbon m/onoxide, H.O.N=C", and its mercury salt is
ssented by the formula Hg<81111I g" . The latter is obtained by the action of
1 alcohol or of methylated spirit on a solution of mercury in nitric acid. The
tion takes place in a large flask or carboy, and may require to be moderated by
vl dition of alcohol. It has been shown that oxides of mtrogen must be present ;
acetaldehyde gives a much larger yield of fulminate than alcohol; and that
tbon bodies (methyl alcohol, formaldehyde) and also 3- and 4-carbon com-
1ds give none at all.

he alcohol is first oxidised to aldehyde: this is converted by the nitrous acid present into
roso-acetaldehyde, and this is further oxidised to isonitroso-acetic acid, This last body is
:rtexd by nitrous fumes (by nitration followed by loss of carbon dioxide) into methyl nitrolic
which reacts with mercuric nitrate to give mercury fulminate :—

C ¥, OH->CH,.CHO > HO.N:CH.CHO - HO.N :CH.COOH > HO.N: C(NO,). COOH
>HO.N:C(NO,)H->HO.N:C

5rmnall grey needles of the fulminate separate, and after transference to a cloth
- are washed :ill acid free, and then dried in a vacuum apparatus. From 100 g.
nercury 125 g. of fulminate are obtained. The alcohol in the condensed
s>wars is used again. A pure white fulminate, free from metallic mercury, is
ined by adding a little hydrochloric acid and copper to the acid mixture. It
>luable in 130 times its weight of boiling water, and in ammonia, has a sp. gr.
42, and when dry explodes by a moderate blow or slight friction. When
ynated in a space entirely filled by it, it develops a pressure more than twice

* Hahn (British- Patent, 960, 1867). + Tschirner (#54d., 447, 1880).
t Fraenkel (#8:4., 13,789, 1888). § Brank (#%4d., 5,027, 1891).
1 Hinly (2642., 1,969, 1882), and Lyte and Lewall (¢6:2., 14,379, 1884).
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that of nitro-glycerine treated under similar circumstances. Confinement is necessary
to develop 1its full power, though a very slight degree of confinement is sufficient.

In the firing of sinokeless powders the necessary increase in temperature is obtained by adding
a combustible substance. Aluminiuin powder, either mixed with the fulminate or pressed in a layer
on top of it, has been successfully employed by Dr Brownsdon and the King’s Norton Metal
Company (British Patent, 23,366, 1904). An important step in advance was made when the
expensive and dangerous fulminate of mercury or its mixture with potassimn chlorate was
diminished in quantity to a fraction of its original amount by the use of picric acid or, much Dbetter,
trinitro-toluene.

A No. 8 detonator containing 2 g. of the ordivary fulminating composition is equalled by one
containing only 0.5 g. together with 0.7 g. of trinitro-toluene.

Dr Claessen (British D’atent, 13,340, 1905) has shown that even better effects are obtained by
the use of what he calls tetranitro-methylaniline or tetranitro-ethylaniline. These substances are
really trinitro-phenyl-methyl-nitramine and trinitro-phenyl-ethyl-nitramine. The commercial name
for Claessen’s substance is ‘“ tetryl.” ¢ Tetryl” detonator No. 6 contains 0.4 g. of trinitro-phenyl-
methyl-nitramine and 0.3 g. of a mixture of 87.5 per cent. mercury fulminate and 12.5 per cent.
potassium chlorate.

Mercury fulminate may now be dispensed with and replaced by an even smaller
quantity of an azide. Dr Lothar Wohler finds that an ordinary No. 8 detonator
1s equalled by one containing 1 g. of picric acid or of trinitro-toluene and o.023 g
of silver azide in place of the usual mercury fulminate charge of 2 g. (British Patent,

4,468, 1908).

M. Hyronimus (Bntish Patent, 1,819, 1908) has patented the use of lead azide,
Pb(N,),, and describes a safe method of manufacturing it, founded on the process
used by Wislicenus (Ber., 1892, 25, 2084).

Sodamide is first prepared, and is transformed into sodium azide by warming at 300° C. in a
stream of nitrous oxide gas. The sodium azide is dissolved in water, the solution is neutralised
with very dilute nitric acid, and lead azide is precipitated by adding a solution of lead nitrate. The
reactions which take place are represented by the following equations : (1) Na+NI1,=NIH,Na+11;
(2) Nl—L_,Na+N,O==l§aN,,+ HgCg. The water formed decomposes part of the sodamide, thus:
(3) N1l,Na+H,O=NH;+NaOIl.  The reaction of the sodium azide with lead nitrate goes
as follows: (4) 2NaNg+ I'h(NO,).=Ph(N,}s+2NaNQO,  The crystalline lead azide is washed
on a filter and dried at a temperature below 100° C.

At 300° C. sodamide is fusible and sodium azide infusible; the latter as it forms absorbs the
former and protects it from further action of the nitrous oxide. The sodamide is therefore
incorporated with anhydrous materials like lime, magnesia, or sodium sulplhate at 190°-200° C.,
and in this subdivided state reacts more readily with the nitrous oxide. Silicecous absorbents such
as pumice stone and infusorial earth would react with the caustic soda formed in .the reaction, and
bogx delay the process and diminish the yield.

Thiele (Ber., 1908, 41, 2681-2683) has obtained an almost quantitative yield of azoimide by
the action of ethyl niurite on hydrazine in presence of alkali. Hydrazine hydrate (1 molecule) is
mixed with 4 N. sodium hydroxide (14 molecules), ethyl nitrite (14 molecules), and ether, and the
mixture is allowed to remain first in ice and then at the ordinary temperature. After twenty-four
hours the sodium azide is collected and washed. Ilydrazine sulphate may be used with appropriate
modifications.  Stollé (Ber., 1908, 2811-2813) has patented a similar process. The yield of
azoimide obtained when a benzene solution of nitrogen chloride is shaken with a solution of
hydrazine sulphate, with addition of caustic soda at intervals, is 36 per cent. (Tanatar, Ber., 1899,

32, 1399).
Smokeless Powders

Smokeless powders of the present day contain, as chief constituent, nitro-cellulose
alone or mixed with nitro-glycerine or some other nitro compound or inorganic
oxidising agent. Attempts to use fibrous gun-cctton as a propellant were attended
by failure. Dangerously high pressures were developed in the bore of the gun. It
was only when the control of the rate of combustion of the explosive was made
possible by gelatinisation that progress could take place.

Roughly speaking, gelatinised nitro-cellulose burns in consecutive layers in such a way that
equally thick layers are consumed in equal times. With the same composition of explosive it is
possible, by varying the shape and size of the unit pieces of powder in the charge, to regulate the
rate of combustion of a powder so as to give the desired velocity and yet keep within the pressure
limits permissible. In France, powders take the form of ribbons, in Great Britain cords, in Germany
flakes and tubes, in Italy cords of square section, in the United States short multiperforated cylinders.
Ballistite is formed into cubes, and sporting powders abroad have in some cases a spiral shape.
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r gelatinising nitro-cellulose the solvents acetone or ether alcohol are generally
the former for gun-cotton and the latter for collodion cotton. The nitro-
se is used after drying by the ordinary method in drying houses, or is made
rous by soaking it in alcohol—first of all in alcohol which has already been
‘or this purpose and then in pure alcohol, squeezing the liquid out after each
1om in a press. Gelatinisation of the finely powdered dry nitro-cellulose takes
in a mixing machine, after which the mixture is rolled under a pair of heavy
nto sheets of the required thickness (0.3-0.7 mm.) which are afterwards cut
0 squares and dried.
e British service powder, Cordite M.D., is a nitro-cellulose, nitro-glycerine
1 containimg 65 per cent. of gun-cotton, 3o per cent. of nitro-glycering, and
cent. of mineral jelly. The percentage of nitro-glycerine was originally 58
1at of gun-cotton 37, but this produced a considerable erosive effect upon the
vhich has been minimised by the adoption of the present modification without
‘ally altering the ballistic results.

s made as follows: Dry gun-cotton is taken in non-alisorbent bags to the nitro-glycerine
house where the requisite amount of nitro-glycerine is added. The  paste” now in the bags
1 to a sifting house, where it is first mixed by hand in a leaden trongh standing on supports
en rubbed through a sieve situated at the bottom of a bowl-shaped extension into a Iag
Jed beneath.  Removal to the incorporating house next follows.  In thisis a kneading machine
vell-known Werner, Pfleiderer, & Perkins type (Fig. 245), is started after somie acetone has Leen
in the trough, the “paste” is then added and lastly the remainder of the acetone. After three
alf honrs’ incorporation the mineral jelly is added and the kneading continued for anotber three
wlf hours. The trough is water-jacketed for cooling purposes, and a cover is placed above
sevent loss of acetme. The cordite pasteis then placed in a cylindrical mould and forced
raulic presstre throngh a die, and the long cord thus formed is wound on a metal dnun or
3 lengths. It is then sent to the drying houses and dried at a temperature of about 38° C. for
> fourteen days according to the diameter of the cordite, after wlich it is thoroughly blended
spatched from the factory.

ae finished cordite resembles a cord of gutta-percha, and varies in colour from
to dark brown. Its diameter varies according to the type of gun for which
atended, and amounts to .0375 of an inch for the .303 nfle when it is used in
es of sixty strands, while for heavy guns sticks of o.40-0.50 of an inch diameter
4 in. long are used. A smaller charge is required to produce a given muzzle
ty with cordite than with gunpowder, and temperature differences do not
its ballistic propertics much more than in the case of the latter. It is safe
adle, is very msensitive to shock, can be burnt away in considerable quantitics
at explosion, and retains its stability for considerable periods under the most
L climatic conditions. Its erosive effect upon guns 1is greater than that of
ywder, and differs in its nature from that produced by the latter, which furrows
1etallic surface, while cordite sweeps the surface smoothly away for a shorter
ce.

= annexed figure, taken from Professor V. B. Lewes’s paper read befure the Society of Arts,

e to Dr W. Anderson, ¥.R.S., shows graphically the pressures given by cordite and by black
r in the 6-in. gun (Fig. 38).’

—
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Fic. 38,— Comparative Pressure Curves of Cordite and Black Powder.

arge, 48 Ibs. powder; 6, Charge, 13 Ibs. 4 oz. cordite; ¢, Charge, 13 lbs. 4 oz. powder.
Weight of projectile, 100 1bs. in 6-in. gnn.  M.V. cordite=1,960 ft. per sec.
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A problem of great economic importance, that of the pront:?bllu (riu:nc])vlcg(;:f
solvent from the gelatinised explosive during drymg, has bccn‘ .sé) ved m 'uéx)
years. Dr Robert Robertson and Mr Wm. Rintoul (Bnpsh Pattﬂ‘i\, 2‘5,' 99;«,',“‘e L)ouc
have worked out, at Waltham Abbgy, the process now used for recovering aw :
from the atmosphere of cordite drying houses.

i i rption apparatus (
The accompanying drawing of the absorption appa it
description, wilﬁ serve to indicate the method of working.

108

Fig. 39), together with the folloawing bricf
The interiors of the drying honses arc

i ) 77

4 4
Fig

F1G. .39, —Section, Plan, and details of an Absorption Tower
nsed in Robertson and Rintoul’s Acetone Recovery 'rocess.

connected by zinc pipes to a central absorption apparatus consisting of a series of towers of
rectangular section. concentrated solution of sodium bisulphite is xnn down these tewers, and
is distributed so as to descend by way of the woollen or other fbres which are arcanged in zigvop
fashion on wooden frames, and at the same time a Root’s blower or exhatist fan aspirates the acetone-
laden air of the drying houses through the towers in series, the air current passing up the tower
while the bisulphite solution flows down. The liquors which have collected at the lottenn of the
last tower and have met the poorest acetone mixture are blown by compressed air elevators ti the
tank connected with the top of the second tower, while fresh bisulphite solution continually descends
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the last tower. The partially saturated bisulphite solution descends the second tower, and after-
wards, in the same way, the remaining towers of the series ; the saturated solution obtained from
the first tower, that up which the air current first passes, is distilled, and the distillate is rectified
over caustic soda. The residual bisulphite solution is used again.

Bouchaud-Praeciq (British Patent, 6,075, 1905) has described a process for
alcohol ether recovery in which the vapours are aspirated first through a cooling
and drying vessel containing a mixture of calcium carbide and sodium, and thence
to an absorbing chamber, charged with pumice stone, down which sulphuric acid
flows. The liquid is distilled at a low temperature or under reduced pressure for
recovery of the solvent.

Solenite is an Itahan mitro-glycerine, nitro-cellulose powder, containing 30 parts
of nitro-glycerine, 4o parts of “soluble” and 30 parts of “soluble ” nitro-cellulose,
the two latter having an average of 12.6 per cent. of nitrogen. Acetone is used
for promoting the solution of the “insoluble ” nitro-cellulose.

Ballistite is another nitro-glycerine, nitro-cellulose powder the manufacture of
which differs from those already given. “Soluble ” nitro-cellulose, in the form of a
fine powder, is suspended in fifteen times its own bulk of hot water, and nitro-
glycerine is added, the mixture being stirred by means of compressed air (Lund-
holm & Sayers, British Patent, 10,376, 1889). The water acts as a carner and
enables the nitro-glycerine to gelatinise the nitro-cellulose. The paste resulting is
freed from water in a centrifugal machine and allowed to ripen. It is then brought
under heated rolls (122°-140° F.), weighted to exert a pressure of 100 atmo-
spheres and the sheets thus obtained are cut up into flakes, cubes, strips, etc., as
required.

Sporting powders are of two kinds, the so-called bulk powders, consisting of
loose granules, coated or hardened by means of a solvent, and the so-called
condensed powders, gelatimsed throughout and made in practically the same way
as mihtary flake powders. A powder of an intermediate type, the Walsrode
powder, for instance, is made by first gelatinising throughout, and then treating
with water or steam. In this way granules are formed and part of the solvent is
driven out again, leaving a “bulky” but hard grained powder behind. The bulk
powders are supposed to just fill a cartridge used in the old black-powder gun,
the condensed powders are made for modern weapons. The usual bulk powders
are composed of collodion cotton mixed with potassium or barium nitrate, and
generally worked up in an incorporating mill or drum. The mixture is then either
sprinkled with water in a rotating drum so as to form grains, or may be pressed
and then broken into grains, the solvent being sprinkled over when the grams are
already formed.

Smokeless powder gives a strong luminous flame which in military operations will disclose the
position of an attacking force. The flame owes its luminosity to incandescent solid particles, and
to the sudden combustion, under pressure, of gases which have escaped complete oxidation in the
gun, but are still capable of uniting with oxygen. Many attempts to secure absence of flame
have been based on the principles applied to the making of safety explosives for coal mines.
Sodium bicarbonate and cyanamide, for instance, are added to produce a cooling effect. The
following have been the subjects of patents: Vaseline (British Patent, 19,773, 1900) ; Vaseline and
alkali bicarbonate (D.R. Patent, 175,399, 1903); Diethyldiphenylurea (D.R. Patent, 194,874,
1906) ; Cyanamide (D.R. Patent, 201,215, 19o02); Tartrates (British Patent, 15,566, 1905) ; Olive
oil (British Patent, 15,565, 1905); Salts of dibasic organic acids and oils, fats or resins (British
Patent, 19,408, 1906) ; Soaps (D.R. Patent, 195,486, 1907).

The nitro-cellulose used in modern explosives has a tendency to decompose
under conditions to which it may frequently be subjected before it is actually used
in the gun, and in its gelatinised condition retains small quantities of the solvent
which has been used to produce the powder, in spite of the prolonged drying at
somewhat elevated temperatures which it has undergone. The removal of residual
solvent is important if constant ballistic qualities are to be obtained. Water
treatment, followed by drying, has been resorted to in some cases, but wherever
heating is necessarily prolonged there is considerable risk of impairing stability.
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At the same time it may be pointed out that a heat treatment will sometimes
apparently improve a powder, and may actually do so if volatile catalysts alone
are 10 question,

Stability must be carefully tested at regular intervals during storage. Special additions are
frequently made during manufacture for the purpose of removing incipient acidity. Aniline, for
example, is added to ballistiie in Italy, and diphenylamine, whichis used in France, acts not only
as a so-called *“stabiliser,” but as an indicator, owing to the change in colour produced by nitrogen
oxides. These addilions, however, delay deterioration under adverse storage conditions for a short
time only.

The composition of a few smokeless powders will be found in the appendix.

The writer of the article desires to acknowledge his indebtedness to the following
works :—

"’I‘hé Magufacture of Explosives,” by the late Oscar Guttmann, F.I.C. Whittaker &

0., 1895.

‘“Twenty Vears’ Progress in Explosives,” by the same awhor. 1909.

‘“A Handbook of Modern Explosives,” by M. Eissler. Crosby Lockwood & Son, 1897.

‘‘Nitro-Explosives,” by P. Gerald Sanford, F.I1.C., F.C.S. Crosby Lockwood & Son,
2nd edition, 1906.

“‘Die Explosivstoffe,"—'*Nitroglyzerin und Dynamit” (1908), ¢ Ammonsal Petersprengstoffe”
(1909), ¢ Chloratsprengstoffe ” (1910) ; by Dr Richard Escales. Veit & Co., Leipzig.

‘“New Methods of Testing Explosives,” by C. E. Bichel. Charles Griffin & Co. Ltd., 1905

Dr Dammer’s *‘Chemische Technologie der Neuzeit.” Article on ** Explosivstoffe ” by Dr
Richard Escales. Ferdinand Enke, 1910.

Allen's *‘Commercial Organic Analysis,” new edition. Article by A. Marshall, F.I.C.,
on *“Modern Explosives.” 1910.

Tke Journal of the Chemical Society ; The Journal of the Society of Chemical ndustry ; The
Chemical Trade Journal; Zeitschrift fiir das gesamte Schiess- und Sprengstoffwesen ;
Zettschrift fiir angewandte Chemie ; Chemiher Zeitung.

Observations on the Testing of Explosives

All materials used in the manufacture of explosives must confonn to rigid specifications, which
are framed with a view to obtaining a uniform supply free from matters which would affect injuriously
both safe and economical working and stability, chemical and physical, of the finished product.

The proximate ingredients of an explosive mixture are subjected to a searching examination
before the process of incorporation takes place, and the homogeneous mixture obtained is afterwards
tested with regard to (1) proximate composition, (2) chemical stability, (3) capacity for retaining
original physical properties under conditions more adverse than those likely to be encountered during
storage or shipment, (4) mechanical energy, (5) safety under working conditions, e.g., sensitiveness
to shock and friction and liability to ignite niixtures of air and coal-gas, into which sample cartridges
are fired.

It is impossible to do more than indicate briefly a few of the more imgortant points connected
with the first two tests. For full details the larger works must be consulted.

Proximate Analysis.—Moisture and residual solvent, in the case of nitro-glycerine explosives,
are determined by Marshall’s modification of L. W. Duprés method (L. W. Dupré, Chemiker
Zestung, 540, 1901, and Marshall, Journ. Soc. Chem. Ind., 154, 1904). P. V. Dupré (Anaelyst,
1906, 31, 213) estimates water in the volatile matter by passing it through a layer of calcium carbide
and measuring the acetylene generated.

Other Constituents.—2 g. of the sample, weighed out into a folded filter paper, are extracted
with ether (sp. gr. 0.720) in a Soxhlet apparatus. The extract may contain nitro-glycerine, resin,
camphor, sulphur, mineral jelly, or parafin. In the case of cordite the nitro-glycerine and mineral
jelly thus extracted are separated by repeated digestion with aqueous methyl alcohol (8o parts by
volume of absolute methyl alcohol to 20 parts by volume of water), which leaves the mineral jelly
undissolved. The contents of the filter paper are now extracted with water, and the residue left on
evaporating the aqueous solution is examined for ammonium nitrate, potassium chlorate, barium
nitrate, and soluble combustible substances. In the insoluble residue aluminium is determined by
dissolving it in hydrochloric acid and precipitating it from solution as hydrate. Extraction with
acetone will remove nitro-celluloses. The different kinds of carbon may be distinguished in the
residue by their behaviour on heating. Wood fibre is recognised by the microscope and by Lhe

resence of tannin in an extract, due to bark and nut-galls. Sulpbur is transformed into sulphate
Ey oxidation with nitre and potassium chlorate. .

Nitro-glycerine, before being used as an ingredient of an explosive mixture, is tested with regard
to (1) percentage of nitrogen, (2) alkalinity, (3) moisture, and (4) stability. A direct method of
estimating the percentage of nitro-glycerine (usually determined by difference) in an explosive mixture
is that of Silberrad, Phillips, and Merriman ( Jowrn. Soc. Chem. Ind., 25, 628).
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Nitro-cel]ulose is examined for percentage of nitrogen by means of the Lunge nitrometer or by
the St;l}UItze-Tiemann process (see Marshall’s article, Allen’s ¢‘Commercial Organic Analysis,”
4th cdition, 1910, vol. ili.). An important paper on nitrogen estimation is that of Berl and Jurrissen
(Leats. S‘}lz'esx-Sprengstqﬂ%uesen, 1910, 4, 61). Nitro-cellulose is also examined as regards solubility
n cther alcohol, amount of unnitrated fibre, matter insoluble in acetone, ash and inorganic matter,
digree of alkalinity, presence of sulphuric esters, viscosity of I per cent. solutions in ether alcohol
Or icetone, and stability.

. PIC”C' Acid is tested for the presence of resinous and tarry matters, sulphuric acid, hydrochloric
neid, oxalie acid, and their salts. General impurities and adulterations, ¢.g., oxalic acid, nitrates,
prerates, borie acid, alum, sugar, etc., remain insoluble on shaking the sample with ether, and may
be further  examined. The melting point of the pure acid is 1:2° C. Dinitrophenol may be
estimated by Allen’s process ( {aum. Soc. Dyers, etc., 4, 84). Mineral or non-combustible matter
must not exceed 0.3 per cent. by weight.

Fulminate of Mercury is white or light grey in colour, should dissolve readily and completely,
or almast completely, in ammonia or concentrated hydrochloric acid and in potassium cyanide solution.
I} 1§ examined for metallic mercury, mercurous compounds, and oxalates (see Solomina, Zeszs.
Seldess-Spresgstoffwesen, 1910, 3, 41, and 1910, 4, 67).

Cap Composition [(CNO),Hg; Sb,S;; KCIO,]is analysed according to Brownsdon’s method
(fourn. Soc, Chem. Ind., xxiv., April 1905), or that of Messrs F. W. Jones and F. A. Willcox
(Chent. Nezes, Dec. 11, 1896). The latter dissolve the fulminate by means of acetone saturated
with ammonia gas, and afterwards remove the potassium chlorate by extraction with water.

Stability Tests

Most of the numerous tests which have been used or suggested are based upon the detection or
vicasurement of nitrogen oxides evolved when the explosive is heated. They are classified as (1)
“Trace Tests,” in which the time required to produce a definite colour upon a sensitive test paper
suspended over the heated explosive is measured, the temperature being either 160° F. or 180° g‘.;
(2) “* I‘ume Tests,” carried out at higher temperatures (100°-135° C.), in which the time elapsing
before fumes appear, or before a less sensitive reagent is affected, is measured ; and (3) quantitative
tests, made at the same temperatures as those attained in * Fume Tests,” in which the amount of
decomposition products evolved in a given somewhat extended time is determined. No single test
lias been devised yet which can be relied upon to indicate the probable duration of stability, even
under normal conditions. A committee, appointed by the Home Office, has the whole question
o' the Heat Test under consideration, but Eas not yet published a report. A bare summary of
stability tests follows.

(1. Abel Heat Test (Explosives Act, 1875),—The test paper is impregnated
with potassium iodide and starch. (See paper by Robertson and Smart,
Jowurn. Soc. Chem. Ind., Feb. 15, 1910). For detection of mercuric
chloride or metallic mercury, the presence of which renders the Heat
Test valueless, see method adopted by F. H. and P. V. Dupré, and
described in the Annual Report of H.M. Inspectors of Explosives
for 1907, p. 17. Hargreaves and Rowe (Journ. Soc. Chem. Ind.,

Trace Tests - 1907, 26, 813) have worked out a method for the microscopic detection
of mercury.

2. Test papers 3nay be impregnated with zinc iodide and starch.

3. Guttmann’s Test (Journ. Soc. Chem. Ind., 16, 1897).—Diphenylamine
sulphate is the indicator used in this case. The test was claimed to be
independent of the presence of solvent or of mercuric chloride.

4. Spica’s Test.—The indicator used is 7z-phenylene diamine hydrochloride

L (with cane sugar).

. See Sy (Journ. Franklin Inst., 1908, 166, pp. 249,
;‘ gi:?:igf;;"Te-st{ 321, 433); also_Journ. Amer. Chem. Soc., 1883, 25,
. 550.

Fume Tests - {

. The temperature is noted at which 0.1 g. of the sample explodes on being
Explosion Test- { heal:ed at a uniform rate of §° C. per minute from 100° C.

See paper by Sir F. L. Nathan, R.A. Also article on * Modern Explosives”

Silvered Vesse by Marshall in Allen’s *“ Commercial Organic Analysis.”

Waltham Abbey }
Test - -

The Will Test.—See Will (* Mittheilungen der Centralstelle,” Neu Babelsberg,
1900, 2), and Robertson (Journ. Soc. Chem. Ind., 1901, 20, 609 ; Trarns.
Chem. Soc., 1907, 764, and 1909, I,24I.

Bergmann and Junk Test (Zeits. Angew. Chem., 1904, 982).

Sy’s test for nitro-cellulose powders ( Journ. Amer. Chem. Soc., 1905, 25. 550),

Quantitative
Tests -
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Composition of Some Explosives in Common Use

ORDINARY DYNAMITE.

Nitro-glycerine - - - 75 per cent.

Kieselguhr - - - - 25 s
AMO1S,

Nitrate of ammonia - - 9o per cent.

Chlor-dinitrobenzene - - 5 »

Waod pulp - - - - 5 »

AMMON1A N1TRATE POWDER.

Nitrate of ammonia - - 8o per cent.

Chlorate of potash - - 5 »
Nitro-glucose - - - 10 »
Coal-tar - - - - 5 »
CELTITE.

Nitro-glycerine - - 56.0to 59.0 parts.
Nitro-coiton - - - 2.0 ,, 35 »
KNO, - - - -  17.0,,21L.0 ,,
Wood meal - - - 8.0, 90
Ammonium oxalate - 11.0,, I3.0 ,,
Moisture - - - 0.5, L5

ATLAS POWDERS.

Sodium nitrate - - - 2 per cent.
Nitro-glycerine - - .75,
Wood pulp - - - - 21 "
Magnesium carbonate - 2 5y
DuAaLINE.
Nitro.glycerine - - - 50 per cent.
Sawdust - - - - 30 '
Nitrate of potash - - - 20,

VuLcAN I'OWDER.

Nitro-glycerine - - - 30.0 per cent.
Nitrate of soda - - - 52.5 »
Sulphur - - - - 70 »
Charcoal - - - - I10.5 ”
VIGORITE.
Nitro-glycerine - - - 30 per cent.
Nitraie of soda - - - 60 s
Charcoal - - - -5 »
Sawdust - - - - 5 »
ReENDROCK.
Nitrate of potash - - - 40 per cent.
Nitro-glycerine - - - 40 .
Wood pulp - - - - 13 ”
Paraffin or pitch - - - 7 »

HERCULES POWDERS.

Nitro-glycerine -

Chlorate of potash 1.05 ,, 3.34 '
Sugar - - - 1.00 ,, 15.66 '
Nitrate of potash - 2.10 ,, 31.00 v

Carbonate of mag-
nesia - - <  20.85 ,, 10.00 .

75.00 tO 40.00 per cent.

CARBO-DYNAMITE.

Nitro-glycerine - - - 00 per cent,
Charcoal - - . - 10 s

" GELOXITE (Permitted List).

Nitro-glycerine - - - 64 10 54 parts.
Nitro-cotton - - - © 5. 4
Nitrate of potash - - - 22,,13
Ammoniium oxalate - - 15,12,
Red ochre - - - - 1, 0
Wood meal - - - < T 4

The wood meat 10 concain ol niore 1han 15 per cem.
and nol less U 5 per cenl. moisiure.

G1ANT POWDER.

Nitro-glycerine - - - 40 per cent.
Sodium nitrate - - - 40 '
Rosin - - - - 6 '
Sulphur - - - - 6 ’
Kieselguhr - - - - b vy

DyNaMITE DE TRALZL.

Nitro-glycerine - - - 75 parts.
Gun-cotton - - - - 25,
Charcoal - - - - 2,

RHENISH DvNAMITE.

Solution of N.-G. in naphthalene 75 per cent.
Chalk or barinm sulphate - z o,
Kieselguhr - - - - 23 '

AMMONIA DYNAMITE.

Ammonium nitrate - - ~ 75 parts.
Parattin - - - -4,
Charcoal - - - - - 3
Niwro-glycerine - - - - 18

BLASTING GELATINE.
Nitro-glycerine - - - 93 per cent.
Nitro-cotton - - - -3t07 s

GELATINE DYNAMITE.

Nitro-glycerine - - - 71 per cent.

Nitro-cotton - - - - 6 ”
Wood pulp - - - - 5 '
Potassium nitrate - - . 18 ”
GELIGNITE.
Nitro-glycerine - - 60 to 61 per cent.
Nitro-cotton - - - 44, 5§ s
Wood pulp - - - 94 7 »
Potassium nitrate - - 27 .,
ForciTe.
Nitrg-glycerine - - - 49.0 per cent.
Niiro-cotton - - - - Lo .
Sulphur - - . . LS »
Tar - - - - - 100 s’
Sodium nitrate - - - 38.0 ”»
Wood pulp - - - - o.5 ’»

(The N.-G., ete., varies.)
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ToniTE NO. 1.

Gun-cotton - - - - 52 to 50 parts.

Barium nitrate - . - 47 5 40 o,

ToNiTE NoO. 2.
Contains charcoal also.

ToniTE No. 3.

Gun-cotton - - - 18 1o 20 per cent.
Ba(NQ,), - - c 70 5 67 »
Dinitro-benzol - -, 31 s
Moisture - - - 0.5, I .
CARBONITE,
Nitro-glycerine - - - 17.76 per cent.
Nitro-benzene - - - L.70 Iy
Soda - - - - - 0.42 ,,
KNO, - : - - 3422 ”
Ba(NOj)y - . . - 971 »
Cellulose - - - - 1.55 s
Cane Sugar - . - - 34.27 »
Moisture - , . - 0.36 »
99-99
RoOBURITE.
Ammonium nitrate - - 86 per zent.
Chlor-dinitro-benzol - - 14 .

FAVERSHAM PowDER.

Ammonium nitrate - - 85 per cent.
Dinitra-benzol - - - 10 '
Trench’s flame-extinguishing

compound . - - 5 .

FAVIERITE No. 1.

Amumnonium nitrate - -
Dinitro-naphthalene - - .

FAVIERITE NO. 2.
No. 1 powder - - -

Ammonium chloride - - 10 '
BELLITE,
Ammonium nitrate - - - 5 parts.
Meta-dinitro-benzal - - LS S
PETROFRACTEUR.
Nitro-benzene - - - 10 per cent.
Chlorate of potash - - 67 .
Nitrate of potash - - - 20 ,,
Sulphide of antimony - - 3 '
SECURITE,

Mixtures of
Meta-dinitro-benzol - -
and
Nitrate of amnionia - - 74 i

RACK-A-RoCKk.
Potassium chlcrate - -

Mononitro-benzene - . »
OXONITE.

Nitric acid (sp. gr- 1.5) - - 54 parts.

Picric acid - - - . . 46,

Q

88 per cent.
12

90 per cent.

26 per cent.

79 per cent.
21

EMMENSITE.
Emmens’ acid - - - - 5 oparts.
Ammoninm nitrate - - - 5 0w
Picric acid - - - - -6,

BRUGERE POWDER.

Ammoniun picrate - - 54 per cent.
Nitrate of potash - - - 4

12

DESIGNOLLE'S TORPEDO POWDERS.

Potassiun picrate - - 55 to 50 per cent.

Nitrate of potash - - 45 ,, 50 ”
STOWITE.

Nitro-glycerine - - - 58.0 to 61 parts.

Nitro-cotton - - - 4545, 5

Potassinm nitrate - - -18.0 ,,20 ,,

Wood meal - - - © 6.0, 7
Oxalate of ammonia - S11.0,, I5

The wood meal shall comain no1 mcre than 75 per
cenl. and nol less 1han g per cent. by weighl of
moisiure. The explosive shalt be used only when con-
1ained in a non-walerproofed wrapper of parchmenl.—
No. 6 delonalor.

FAVERsHAM PoWDER.

Ammonium nitrate - - 93 to 87 parts.
Trinitro-toluol - - - II,, 9
Moisture . - - -1

"

”»

Ky~ITE.
Nitro-glycerine - - 24.0to 26.0 parts.
Wood pulp - - - 2.5, 35 .
Starch - - - 325, 35 .,
Bariun nitrate - - 31.5,,345
CaCo;, - - - o, 0.5 ,
Moisture - - - 3.0,, 6.0 ,,

Must be pu1 np only in waterproof parchmem paper,
and No. & eteciric detonaror used.

REXITE.
Nitro-glycerine - - 6.5to 8.5 parts.
Ammoniuin nitrate - 640, 68.0 ,,
Sodium nitrate - - 130, 160 ,,
Trinitro-tolnal - - 6.5, 85
Wood meal - - - 3.0, 350 ,
Moisture - - - 0.5, L4 ,

Musl be comained in walerpreof case (slout paper),
walerproofed with resin and ceresin.—No. 6 deronalor.

WITHNELL POWDER.

Ammonium nitrate - - 88 to 92 parts.

Trinitro-toluol - - - 4, 6

Flour (dried at 100° C.) - 4, 6

Moisture - - - - 0, I§ 2
Onty 10 be used when comained in a linen paper

cariridge, waterproofed with carnaiiba wax, paraffin—
No. 7 delonator used.

E2]
2

PH@NIX POWDER.

Nitro-glycerine - - - 28 to 31 parts.
Nitro-cotton - - = 0, Iy,
Potassiumn nitrate - - - 30, 34
Wood meal - - - - 33537 »
Moisture - - - 2,y ’
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Smokeless Powders

CorDITE. ScuuLTzZE.
Nitro-glycerine - 58 per cent. +or—.75 Nitro-ligrin - - - - 62.1 per cent.
Nitro-cotton - - 37 +or—.65 Potassium nitrate - - - 18 »
Vaseline - - 5 4 +or—.25 Barimm nitrate - . - 20,1 oy
Vaseline - - - - 4.9 '
Starch - - . . - 3.5
. i hastht . 2
Corprre. M.D. Volatile matter - - - Lo
Nitro-glycerine - 30 per cent. -For—t
Nitro.cotton- - 65 ,,  +or—I IMPERIAL SCRULTZH.
Vascline - - 5 +or-0.25 . . ,
j R Nitro-lignin - - - - S0.I |wr cent,
Anatysis of :—By W. Macnali and A, . Leigluon, Barimn nitrate . . . 102 "
Vaseline - - - - 70,
E. C. POwDER. Volatile matier - - - 1.8 "
Nitro-cotton- - - - 70.0 per cent. CANNONITE
Potassium nitrate - - - 4.5 »» . ”
Barium nitrate - - - 7.5 ” Nitro-cotton - - - - 86.4 per cent.
Camphor - - - - 41 » Barium nitrate - - - 57 "
Woad meal - - - - 338 s Vaseline . - - - 2.9 '
Volatile matter - - - L » Lawpllacl; - - - - L3,
Potassinm ferrocyannle - - 24,
Volatile maimee - - - 1.3
WALSRODE, PowDER. 2 »
Nitro-cotton - - - - 98.6 per cent. AMIERITE.
Volatile matter - - - 1. .
olatile matte 4 » Nitro-contton - - - - 7L.0 per cent.
Palassinm nirvate - - - 1.3 .
KYNOCH’S SMOK LLESS. Barviun aitvate - - - IS -

i Wodl meal - . - - 1) s
N)'Ir_n-(tutl.l)ll - - - - §2.1 per cent. Vaseline . . . . 5.8 .
Dinitre-tohvl - - - 10 '
l’ut{zssulll.l nirate - - - 1.4 ” SPORTING BalLLisitn,

Barinm nitrate - . - 222 ' .
Wood meal - - - 2.7 ”» N!Lro-gl_\‘ccrnm - - - 37.06 per cent
Ash . . . 0.9 ' Nitro-tllon - . - - 623 “
Volalile matter  » . - 1.2 » Volatile matter - ! - ol -
CAMBRITE No. 2. Borax (dricd nt 100" C.) - 17.515.5 pans.
Nitro-glycerine . . 2422 parts. ([\‘lhl."{fd.u ul potassima - (; 7 '
Nitrate of barinm - - 4.5-5 ’ owtare - T 95 »
Nitrate of potassinm - 29-215 ’s
Woad meal (driu} at 100” (&) 35-32 » A. 2. MoNonzkl,
Carlonate of caleimn - 1 . . K
Cliloride of potassinm - 07 s B!“'"{ﬁb"f"""“—' - . ZI"_’ s,
Moisture - - - - 6-3.5 itrate of ammoninn - 1-57 "
> ” Waod wmeal (dvied at 100" (L) 10-8 ’
Carhonate ol magnesinm - 1.5-0.§
oniTt No. 1. e | 505

. AM“_I wiree No. 1 Chloride of potassinm - 21.5-18.5 ,,
Nitrate of ammjoninm - 77-73  |arts. Muistnre - . . - 2.0 ”
Trinitronaphthalenc - - 6-4 s
Chloride of sodimn - - 21.5-19.5 ,, , s
Moisture - . . . 1-0 ", VI 1or Powbi.

Nitro-glycerine - - - 0.5:7.5 parts.
Sursr-Riprims. Nitrate of ammoninm - 040.5-DL.§ ,,
Nitro-glycerine - - - 53-51  |nrts. Wuu([ meal (driud.:u 100°C.) 97 -
Nitro-cotton - - - 4-2 s Chluride of potassium - €14 .
Nitrate of potassium - - 15.5-X3.5 5, Moaisiure - - - - 2.0 .
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StaTisnics oF ExPorTs aAND IMPORTs OF AMMUNITION, Higu EXPLOSIVES, ETC,,
rorR THE UN1TED KINGDOM, FOR THE YEARS Igo6 AND 1QIo

ExPorTs.
1906. 1910.
Material.
Quanlities Value. Quanilies, Value.
Cwi. £ Cwt. s
Cordite and other smokeless propellants - 11,894 172,864 12,720 172,399
Gunpowder - - - 65,241 176,846 71,788 176,743
Iigh explosives—
Dynamite and other hlgh explosives - | 149,035 898,208 143,931 726,457
Small arms ammunition— 828
Military - - - - - } 11,454 2,840
Sporting - - - - - - 84,575 413,530 61,117 2532009
Fuzes, tubes, prines, etc. - - - - 1,253 38,866 1,478 57,444
‘Thonsands. Thousands.
I'ercussion caps - - - - 281,064 22,712 | 326,397 24,864
Metal cartridge cases other than small arms
ammunition— Cwi. Cwt.
Filled - - - - - - - 10,122 103,342 13,281 134,803
met)‘ - - - - - - 789 7,234 2,004 17,449
Sbhot and shell - - - -t 22,193 110,430 45,959 163,340
Rockets and other combueubles, exploswee, !
and aminunition, of natures not named |
above - - - - - - - 301,820 407,254
Total for ammunition S B 2,245,852 2,216,602
1
IMPORTS.
Cordite and other smokeless propellants - 678 10.824 591 8,641
Gunpowder - - - - - - 4,744 10915 4,932 10,934
High explosives—
Dynamite and other high explosives - | 31,774 121,571 9,117 37,748
Small arms ammnnition—
Military - - - - - - 24 334
Sparting - - - - . - } 7,742 50,002 7,507 44,502
Fuses, tubes, primes, etc. - - - - 1,043 6,772 2,006 6,173
‘Thousands. Thousands.
Percussion caps - - - - - | 24,571 2,241 16,668 1,962
Metal cartridge cases other than small arms
ammunition— Cwr. Cw.
Filled - - - - - - - 295 1,538
Empty - - - - - - - 354 1,720
Shot and shell - - - - - 4,225 21,185 6oy 2,209
Rockets and other combustibles, exploslves,
and ammunition, of natures not named
above - - - - - - - 61,036 47,658
Total for ammunition - - " 287,804 160,221




THE IMPORTS AND ExPORTS oF EXPLOSIVES FOR THE UNITED STATES ARE GIVEN IN THE FOLLOWING STATISTICS

IMPORTS INTO THE UNITED STATES FROM ALL SOURCES.

1906. 1909. ‘
Macerial.
Quaniities, in Lbs, Vatue, in Dellirs, Quantiies, in Lbs. Value, in Dollars.
Caps, blasting and percussion (dutiable) - - - - - 14,034 8,696
Cartridges (dutiable) - - - - . . . - 124.955 68,893
Firecrackers (dutiable) - - . - 2 . . 4,919,122 366,776 5,927,003 343,348
Fireworks (dutiable) - - - - . . . . - 21,931 52,806
Fulminates and all like articles (dutfable) . - " 199,095 182,482
Fuse, mining and blasting (dutiable) - - - 10,221 vor 15,675
All other explosives (dutiable) - . . - « - 128,454 o 266,002
(789,635 in 1910)
Totals - « , - - - - 865,516 937,902
EXPoRTS FROM THE UNITED STATES.
1906. 1907. 1903. 1909. } 19710.
Macerial, Quantities, ‘ Value, Quantilies, Value, Quantiies, Vatue, Quanrities, | = Value, { Quantities, | = Value,
in Lbs. 1 in Dobars. in Lbs, in DoMtars, in Lbs. in Dollars, in Lbs. in Dollars, | in Lbs. in Dotlars.
Cartridges < e 1,743,007 2,132,394 | ... 2,521,749
Dynamite - - - - - - a 793:433 615,641 1,656,225
Gunpowder - - - - -1 801,379 1243221 452,059 | 78,620 | 2,051.356 1 315,494 | 600,851 | 136,822 1,218,541 | 249,917
: i :
All other explosives (including cartridges :
and dynamite prior 10 1928) - - 30443-716 - 4,003,782 851,585 593,857 ; 044,772
Totals - - - - 3,368,038 | 4,082,402 3,503,517 |3,478,714 ‘ 5,352,663 I*

o11
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EXPLOSIVES 194

LisT oF PrinclPAL EXPLOSIVES USED AT MINES AND QUARRIES IN THE
Unitep KingpoM UNDER THE Coal MINES REGULATION ACT, THE
METALLIFEROUS MINES ACT, AND THE QUARRIES ACT, IN 1909

PerMITTED ExXPLOSIVES.

Name of Explosive. Ql{]::lgly Pg;c.fglt:";e Name of Explosive. Quantily Used. P;;(;f‘g};fe
Lbs,
Lbs. Brought l’or\vard 8,235,446 97.0

Bobbinite - - | 1,118,459 13.2 Celtite - - - 38,659 0.5
Arkite - - - 750,718 8.8 Amvis - - - - 34,564 0.4
Monobel - - 739,282 8.7 Geloxite - - - 30,527 0.4
Ammonite - - | 554,371 6.5 + Steelite - - - 29,840 0.3
Samsonite - - 506,991 6.0 Tutol - - - - 16,668 0.2
Saxonite - - | 504,146 5.9 Fracturite - - - 16,382 0.2
Rl%plte - - -| 485,058 5.7 Normanite - - - 15,178 0.2
Roburite - -1 478,823 5.6 Dominite - - - 13,754 0.2
Westfalite - - | 444,770 5.2 || Minite- - - . 9,576 0.1
Bellite - - -1 443,181 5.2 Cambrite - . - 9,435 o.1
Carbonite - - | 431,721 5.1 Aphosite - - - 7,600 0.1
Stowite - -1 258,822 3.0 Swalite - - - 7,505 0.1
IFaversham powder 227,564 2.7 Dragonite - - -] 6,050
* Ainmonal - 214,543 2.5 Amasite - - - | 4,000
Albionite - - | 202,769 2.4 Kynite- - - -1 3,979
Excellite - . 176,235 2.1 Nobel ammonia powder | 1,900
Rexite - - . 167,164 2.0 Rlppmrr ammonal - 445
Abbcite - . 120,106 1.4 Qdite - - - - 396 17.118 0.2 !
Permonite - - | 119,992 1.4 Dahwnenite - - - 122 {17 g
Cornish powder - 99,079 1.2 Electronite - - - 100
Negro powder - 62,566 0.7 Pheenix powder - - 50
St Helens powder- 60,552 0.7 Britonite - - - 40
Qaklite - - 45,699 0.5 Withnell powder - - 20
Kolax - - - 42,835 0.5 |l Haylite - - - 16

Carried forward - | 8,255,446 97.0 Total - - 8,502,232 | 100.0

* “T'his includes the non-permitted ammonal.
+ Includes colliery steelite and non-perniitted steelite.

ArL EXPLOSIVES.

Name of Explosive. Quamity Used. Percenlage of Toral.
Lbs.

Permitted explosives - - - 8,502,232 28.3
Gunpowder - - - - - 17,595,475 58.5
Gelignite - - - - - 3,085,529 10.2
Blasting gelatine - - -

Gelatine dynamite - - 616,436 2.0
Cheddite - - - - - 123,531 0.4
Dynamite - . - - - 117,260 0.4
Various - - - - - 55,424 0.2

Total - - 30,091,887 100.0
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Albnght, 82
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Berthelot, 87
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Hough, 97
Hurter, §3
Hyronimus, 106

|
Indra, 17, 28, 35, 53, 56

J
Jellinek, 22
Jones, 111
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Scott, 17, 23, 25, 26, 40, 61
Serpek, 53, 57
Shores, 76
Siemens, 13
Silberrad, 110
Skoglund, 14
Smart, 111
Smith, 82, 84
Sidermann, 84
Sourdeval, 78
Spica, 111
Sprengel, 105
Stephenson, 84
Stihrer, 91
Stollé, 106
Street, 104
Sturzen, 9

Sy, 111
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Tcherniac, 83
Teclu, 104
Tenison-Woods, 14
Thiele, 9, 106
Thilo, 84
Thomson, 20, 87, 88, 89, 9o,
91, 92, 96, 97
Traube, 13
Trench, 103
Tschirner, 105
Tucker, 53, 57
Turner, 14
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Van Oordt, 53
Vincent, 76
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Wagner, 84
Wahlenberg, 14
Walke, 87
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Watson, 37
Wedekind, 13
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Wendriner, 13
Wesser, 87
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Will, 91, 111
Willcox, 111
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ers for nitrogen oxides, 26,
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88, 93, 101

5, 103
‘¢cury fulninate, 105

ide, 57, 58
104, 1006
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id, 4

ite, 103

dynamite, 98

9 53'58 L.

495 {from aluminium nitride,
cyanumnide, 56, 57, 66;

dements, 533 from nitrides,

.49 ; nitri¢ acid from, 28, 66 ;

process for, 66 ; oxidation of,

65 solid, 49; solutions of,

arces of) 29, 35-37 ; statistics,

il for, 39 ef seq.; synthetic,

;8 ; value of elements in, 55

12

ler, 112

antrated, 45, 46

(uors, 38 £ seq.

, 114

state, 49

? 48$ 55

8

1y, 28, 48, 84; action of
4 ; explosives containing, 98,
iitrons oxide from, 84

; fixed, 38 ; technical, 48, 49 ;
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Ammonium sulphate, 36-48, 55-57; composi-
tion of, 38, 41; costs of manufacture, 55,
56, 57; direct processes for, 44, 45; heat
of formation, 48 ; from Mond .gas, 43;
manufacture, 38-47, 56; price, 38, 55,
56, 57 ; statistics of, 36, 37

— sulphocyanide, 49, 8o, 81

— thiosulphate, 48

Amois, 112

Amvis, 103

Anhydrous ammonia (liquid), 49

Aniline, 110 ; nitrated, 102

Animal charcoal, 79

Ardeer powder, 98

Artificial silk, 97

Atlas powders, 112

Atmosphere, 3, 21

Azides, 105, 106

Azoimide, 106

B
Bactllus wrew, 4
Badische Anilin u. Soda Fabrik, 21, 26, 29,
54, 58
Ballistite, 109
Barium nitrate, 13
Bauxite, 57
Bayer & Co,, 2
Beaters, for gun cotton, g6
Beetroot sugar waste ; see Schlempe
Bellite, 103, 113
Benzoic acid, 4
Bergmann, 111
Berlin blue, 81
Bessemer slag, 66
Betaine, 77
Bielby process, 73
Birkeland-Eyde furnace, 23, 24
Bisulphate, sodium, 18, 108
Black powder, 87, 88, 107
Blast furnace gas, 36, 44
Blasting gelatine, 97, 98, 103, 112
— powders, 88
Blue prints, 81
Bobbinite, 87
Bone black, 37
Bones, distillation of, 37
Boron nitride, 58
Brugére’s powder, 101, 113

C

Calctum carbide, €1, 63, 78
— chloride, 63, 65



122

Calciom cyanamide, 29, 56, 61-67, 78

— fluoride, 63, 65

— nitrate, 12, 13, 27

— nitride, 58

— silicon, 104

Caliche, 9

Cambrite, 114

Cap composition, 111

Carbo-dynamite, 1t2

Carbon disulphide, 83

Carbonite, 113

Cartridges, dynamite, too ; rigid, 103

Cassel Gold Extracting Co., 74

Castner sodamide process, 74

Catalysts, metallic, 54, 55

Caustic ammonia, 45, 46

Celtite, t12

Cementing powder, 67

Ceria, 29, 55

Cerium, 29, 55

Castor oil, use in chlorate explosives, 104

Charge limit, 103

Cheddites, to4

Chemical Engineering Co., 40, 41

Chile saltpetre, 5, 9-11, 88 ; beds of, 9, 10
chlorates in, 88 ; use in gunpowder, 88

Chlordinitrobenzene, 102

Chlorate explosives, 104, 105

Chromammonite, 103

Claude plant, 65

Coal, nitrogen in, 35

— gas, 30 ; ferocyanide from, 79; purifica-
tion of, 80, 81, 82; prussiate recovery
from, 8o

Coke, 35, 36

Coke-oven gas, ammonium sulphate from,

44

Colliery steelite, 104

Concentrated ammonia water, 45

Coppée ammonia recovery plants, 41, 42,
45, 46 ) .

Copper, for detonators, rog; in explosive
mixtures, 104

Cordite, 66, 107, 114

Cotton for gun cotton, 92

Cresilite, 102

Crops, rotation of, 4

Cyanamide, 10g; see also Calcium Cyanamide

Cyanate, potassium, 73

Cyanides, 71 ¢ seg.; Erlemneyer process
for, 72; from ammonia, carbon and
alkali metal, or salt, 73 ; from atmospheric
nitrogen, 78, 79; from Dblast furnace
gases, 36; from coal gas, 8, 82;
from cyanamide, 66, 78; from ferro-
cyanides, 72, 73; from prussiates, 72
73 ; from schlempe, 76 ; from sodamide,
74, 75; statistics, 71; from sulpho-
cyamdes, 75, 76

D

Dahmenite, 103
Decamtro-cellulose, g6
Denitrification, 5

SUBJECT INDEX

Depression of freezing point, of mtroglycerine,
91 ; of picric acid, 100
Designoll€s torpedo powders, 113
Devil liquor, 41
Dicyandiamide, 66
Diethyldiphenylurea, 109
Diglycerine, 91
Dinitroacetin, 92
Dinitroaniline, 102
Dinitrobénzine, 102
Dinitroformin, 92
Dinitroglycerine, 91
Dinitromesitylene, 102
Dinitromonochlorhydrin, 91
Dinitronaphthalene, 102
Dinitroxylene, 102
Dinitrophenolsulphonic acid, 1or
Dinitropseudocumene, 102
Dinitrotoluene, 100, 102, 104
Diphenylamine, 102, 110
Disulphate, sodium, 18
Dodecanitro-cellulose, 96
Dorfite, 103
Doulton’s nitric acid condensing plant, 19
Dry ammonia, 49
Dualine, 112
Dynamites, 97, 98, 112

E

E.C. powder, 114

Ecrasite, 100

Electronite, 103

Emmensite, 113

Ennea nitro-cellulose, 96

Erlenmeyer’s process for cyanides, 72

Euncanitro-cellulose, 96

Exit gases from ammonium sulphate plant,
41

Explosives, 85-117; analysis of, 110, 111;
composition of, 112 ; permitted, 117 ;
statistics, I15-117

F

Faversham powder, 103, 113

Favierite, t13

Feldmann’s apparatus, 39

Ferric ferrocyanide, 82

Ferricyanide, potassium, 81

Ferrocyanides, 79-82; from coal-gas, 79;
from sulphocyanide, 75 ; potassim, 79;
sodium, 79

Ferrodur, 67

Ferrosilicon, 104

Fixation of atmospheric nitrogen, 3, 4, s,

. 21-29, 36, 37, 53-58, 61-67

Fixed ammonium salts, 38

Flameless powders, 109

Flesh-eating mammals,
nitrogen from, 4

Forcite, 112

Fulminate of mercury, 105, 11t

Fulminic acid, 105

Fume tests, 111

elimination  of



G

as water, 38 e seq.
elatineastralite, 104

elatine dynamite, 97, 103, 112
elatinewetterastralite, 104
elignite, 97, 98, 112

-eloxite, 112

dant powder, 112

-lycerine polymerised, 91

— dinitrate, 91

slycocoll, 4

SUBJECT INDEY 1

sold extraction by cvanide, 66, 71, 72 i

rraphite from cyanamide, 56
iriesheim nitric acid plant, 20
iuanidine, 66

suhr dynamite, 97

sUn cotton, 92-97, 103
sunpowders, 87, 88, 103, 107
juttmann’s nitric acid plant, 20
— test, IIX

H

dercules powders, 112
Jexanitrodiphenylamine, 1oz
dippuric acid, 4

Jofmann’s blue, 83
Hdydrogen, industrial, 55

1

Imperial Schultze powder, 114
lodine, 10
Iron oxide as catalyst, 29

K

Kalkstickstoff, 61, 78
Kieselguhr, 97

— rlynamite, 97, 98

King’s Norton Metal Co., 106

Kopper ammonia recovery plant, 44

Kynite, 113
Kynoch’s smokeless powder, 114

L

Lagrange process, 48

Lead azide, 106

Leather distillation, 37
Leyuminosa, 4

Linde plant, 65

Linseed oil in explosives, 105
Liquid amnionia, 49

Liquor aminonia, 45, 46
Lithium nitride, 58

Lyddite, 100

M

Magnesium, 104
Magnesium nitride, 58
Manganese as catalyst, 55

()
w

Melinite, 109, 102

Mercury fulminate, 105, 111
Mesitylene, nitrated, 102
Metanitroaniline, 102
Methylamines, 76
Micrococcus wrew, 4
Mineral blue, 82

Mines, gun cotton for, 96
Mixing machines, 99, roo
Mond gas, 35, 43, 80
Monobel, 114
Mononitronaphthalene, 100, 104
Mononitrotoluene, 102

N

Naphthalene in explosives, 105

Nitrate, ammonium, 13, 14, 28; see also
Ammoniun Nitrate

Nitrate, calcium, 27; see also Calciun Nitrate

— polymerised glycerine, 91

— sodum ; see Sodium Nitrale

Nitrator separator, 88, 89, 9o,

Nitrates, 3, 4. 5, 26

— Products Co., 2

Nitre cake, 18

Nitro acid, 17-31, for guncotton, 93; for
nitroglycerine, 88 ; manufacture from
ammonia, 28, 29; manufacture from
atmosphere, 21-28 ; manufacture from
Clile saltpetre, 17-20 ; properties of 29,
30; Ostwald process, 28, 20; red
fuming, 30; spécific gravity of, 3o i
statistics, 31 ; transport of, 30; vacuumy
process, 20

Nitric organism, §

— oxide, 21, 22, 26

Nitride, aluminium, 57, 58

boron, 58

calcium, 58

lithium, 58

— magnesium, 58

silicon, 58

titanium, 58 )

Nitrides, ammonia from, 57, 58

Nitrification, 5

Nitrite, sodium, 14, 27

Nitrites, 4, 5, 14, 27

Nitroanilines, 102

Nitrobenzene, 91

Nitrocellulose, 96, 106, 107, 111

Nitrogen, atmospleric, 3; circulation in
nature, 3 &/ seg.; In coal, 35; fixation
of, 3, 4, 5, 21-29, 36, 37, 53-58, 61-67 ;
manufacture of gaseous, 63, 65

Nitrogen, fixing bacteria, 3, 4, §

— oxides, absorption plant for, 26, 27

— Products and Carbide Company, 61t

— products from cyanamide, 66, 67

Nitrogenous manures, 66

Nitroglycerine, 88-91 ; depression of {reezing
point, 91, 92 ; estimation of, 110 ; manu-
facture of, 89-91 ; nitration of, 88; pro-
perties of, 91 ; smokeless powders
containing, 1o6
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Nitroguamnidine, 66
Nitrolime, 61, 78
Nitronaphthalene, 100, 104
Nitrophenols, 102
Nitrosococcus, §
Nitrosomonas, §
Nitrostarch, 97
Nitrotoluene, 91

Nitrous oxide, 84, 106
Nordhatisen sulphuric acid, 93
Norway, water power of, 61
Norwegian saltpetre, 13, 27

o

QOctonitrocellulose, 96

Odda, 61

O1], castor, 104

— linseed, 105

Osmium, catalytic, 54, 35

Ostwald process for nitric acid, 13, 28, 66

Otto-Hilgenstock ammonia recovery process,
45

Oxonite, 113

Oxycellulose, 92

P

Paraffin in explosives, 105

Paris blue, 82

Pauling furnace, 23, 24

Peat,'36, 43

lerchlorate explosives, 104

Percussion caps, 105

Permitted explosives, 117

I’ermonite, 104

Pertite, 100

Peru saltpetre beds, 9, 10

Petrofracteur, 113

Petroklustite, 88

I’henolsulphonic acid, 101

Phoenix powder, 113

Piang d’orta, 63

Picrates, 101

Picric acid, 100, t03, 106, 111

Plastammone, 104

Plastrotyl, 102

Platinum, catalytic, 28, 29, 55

Poachers for gun cotton, 95, 96

Polyglycerines, 91

Potassinm cyanate, 73

— cyanide, 71, 72

— ferricyanide, 81

— ferrocyanide, 72, 73, 79

— nitrate, 11, 12

— sunlphocyamde, 76

Powders, smokeless, 97, 106-110, 114 ; sport-
ing, 109 ; stability of, 109, 110

Preheaters, 39

Pressure curves of powders, 107

Primers, 105

Priming composition, 101

Producer gas, 36, 44

Prussiates, 71 ef seg. ; from sulphocyanide,
75 ; recovery from coal-gas, 80

24 SUBJECT INDEX

Prussian blue, 81 ; soluble, 82
Pseudoctimene, mitrated, 102
Pulping gun cotton, 95, 96
Pyrites, burnt, use as catalyst, 29
Pyrosulphate, sodiwin, 18

R

Rack-a-Rock, 113
Rendrock, 112

Rexite, t13

Rhenish dynamite, 98, 112
Rigid cartridges, 103
Roburite, 103, 113
Rotation of crops, 4
Ruthenium, catalytic, 55

S

Safety explosives, 102-104

Sal ammoniac, 48

Saltpetre, Norwegian, 13, 27; plantations
for, 12 ; prismatic, 11

Saturators, 40

Schimose, 100

Schlempe, 36, 72, 76

Schonherr furnace, 25

Schultze smokeless powder, 114

Securite, 103, 113

Serpek process, 57

Sewage, ammonia recovery from, 37

Shalc, distillation of, 36

Siepermann’s process. 73

Silesia powder, 104

Silicon, 104

— carbide, 104

— mnitride, 58

Silk, artificial, ¢7

Smokeless powder, 97, 106-110, 114

Société Générale des Nitrates, 58

Sodamide, 74, 106

Sodium bisulphate, 18

— bisulphite, 108

cyanide, 06, 72 et seg.

disulphate, t7

ferrocyanide, 79

industry, 73

metal, 72

nitrate, 5, 9, 10, 11, 97

nitrite, 14, 27

nitrite nitrate, 28

pyrosulphate, 18

— sulphide, 18

Solenite, 109

Solid ammonia, 49

Soluble blne, 82

— mitrocellulose, 109

Spermaceti in explostves, 105

Spica’s test, 111

Sporting ballistite, 114

— powders, 109

Sprengsalpeter, 88

Stabihsation of gun-cotton, 94

Stabilisers, 110

Prertrrn
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Stability of powders, 109, 110, 111
— tests, ITX

Starch, nitrated, 97

Stills, ammonia, 39, e seg.
Stowite, 113

Sugar waste ; see Schlernpe
Sulphocyanide, ammonium, 8o

Sulphocyanides, cyanide from, 75, 76; {
recovery from coal gas, 82; synthetic i
83, 84

Sulphuric acid for nitrating, 88, 93, 101
Super-rippite, 114

Sweden, water power of, 61

Sy test, 111

Synthetic ammonia, 28, 53-58

— sulphocyanides, 83, 84

T

Tar in Explosives, 105
Tartrates, 109

Teasing machine, 93
Tetrantroaniline, 102
Tetranitrodiglycerine. 91
Tetranitroethylaniline, 106
Tetranitromethane, 105
Tetranitromethylaniline, 106
Tetranitronaphthalene, ro2
Tetranyl, 102

Tetryl, 106

Testing explosives, 103, 111
Thiocyanates, 82

Thorium oxide, catalytic, 13, 29
Titanium nitride, 58

Tolite, 102

Tonite, 113

Torpedoes, 96

Trace tests, 111

Trench’s flameless explosive, 103
Trilet, 102
Trinitroaminoanisol, 102
Trinitroaminophenetol, 102
Trinitrobenzene, 102
Trinitrocresol, 100, 101, 102
Trimethylamine, 76, 77
Trinitromesitylene, 102
Trinitronaphthalene, 102
Trinitrophenol, 100
Trinitrophenylmethylnitramine, 106
Trinitropseudocumene,-102

Trinitrotolnene, 96, 100, 101-102, 103, 106

‘Trinitroxylene, 102
Trinol, 102

Triplastit, 1oz

Trotyl, 102 )
Tungsten, catalytic, 55

U

Ultramarine, 81

Unsafe explosives, 103

Uranium, catalytic, 54, 55

Urea, 4, 5, 66

Urine, ammonia recovery from, 37

\"

Valentiner’s nitric acid process, 2o
Vaseline, 109

Vicior powder,

Vielle, 111

Vigorite, 112

Volatile ammonium salts, 38
Vulcan powder, 112

\'

Walsrode powder, 114

Waltham Abbey, 88, 92, 94, 95, 108, t11
Waste acids, revivification of 93, 95
Water gas, 35

Westerregeln, 63

Wetter-dynammon, 88
Wetter-fulmenite, 103

Will tesi, 111

Williamson’s blue, 82

— violet, 82
Withnell powder, 113
X
Xylene, 102
Y
Yonckite, 104
4

Zinc, in explosive mixtures, 104
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