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PREFACE

IN addition to furnishing facts connected with the
occurrence and production of several sulphur compounds
and derivatives, it is hoped that the following pages
will stimulate interest in certain problems of large-scale
chemical manufacture. The basis of many processes is
simple, but the actual apparatus and plant necessary
for the manufacture of large quantities of chemicel
substances which modern conditions demand are
somewhat intricate and complicated. The author has
endeavoured to describe those portions which are not
so intricate that they cannot be appreciated by readers
of limited technical knowledge. It has been considered
permissible to introduce chemical equations in a few
instances, to serve as an introduction to the nomen-
clature adopted in the science of chemistry. A complete
knowledge of all that the equations imply is not necessary
for the interpretation of the significant ““ jargon ”’ of the
chemist.

We desire to thank wvarious firms (see list of
illustrations) for permission to make use of their blocks.

LiveERPOOL,
June, 1921.
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FOREWORD

*“IT is to be owned, that many things have been writ of
Sulphur ; but the true Foundation of the true Virtues
thereof, hath scarcely yet by Man been exactly enough
touched or proposed. But those Writers are to be
blamed, who describe all things, of which they have no
Understanding ; because, in so doing, they did indeed
compose and prescribe somewhat ; but nothing funda-
mentally, or according to its genuine Disposition and
Property, as in Writing or Describing is requisite. For
in truth, they themselves understood not, yet (through
their ambitious Haughtiness) they would compose
Books, consisting of letters only, without Soul or Spirit.
But I, as one experienced, present you my Experience
of Sulphu in all things, viz., what Sulphur is with
respect to Medicine, Alchemy, and all other associated
‘Artifices.”

““ Whosoever shall attempt to describe Sulphur in
a most accurate manner (as is fit, though not expedient)
will have need of abundance of Paper.”—MIRACULUM
Munp1 (1656).

xi






INTRODUCTORY

THE important réle played by sulphur products is not
much in evidence in everyday life, but there are, in
reality, few manufactured articles which have not
required at some stage or other of their preparation a
compound containing sulphur. It is generally known
that brimstone is used in medic’ne, matches, gunpowder,
and for disinfection, but beyond these, few could say
for what purposes the quantity of more than one million
tons of sulphuric acid is produced every year in this
country. In the present book an endeavour will be
made to describe the manufacture and uses of the chief
products suggested by the gencral title, and to draw
attention to such naturally occurring compounds as
are of importance in industry. A brief historical intro-
duction precedes the description of modern methods
of manufacture.

It is impossible to name the period when compounds
containing sulphur were first used in the arts. Com-
pounds of lead, antimony, and arsenic with sulphur
were largely used by the Egyptians in remote ages as
pigments and cosmetics, some of these colouring com-
pounds being the earliest chemical preparations produced
on a large scale. Egyptian paintings (about 1600 B.C.)
have some fiffeen different colours in their composition,
most of which colours contained sulphur or necessitated
a compound of sulphur in their preparation. There
is every reason to believe that the manufacture of
gunpowder, as of other industrial products, was known
to the Chinese many centuries before the Christian era.
Gunpowder, first used in Europe about 1200, was
prepared in various ways, and introduced into Europe
by the Arabs. It is possible that the Chinese knew of

xiii



xiv INTRODUCTORY

the existence of oxygen and the composition of water
long before Priestley’s discovery in 1784.

The following quotation from Homer is evidence of
the primitive use of sulphur in hygiene: ‘‘ Bring
sulphur, old woman, the healer of evils and bring me
fire that I may fumigate the hall . . . . thoroughly
fumigated the hall, the house-place and chamber.”
In another passage Achilles, before pouring a libation,
cleanses the cup with sulphur. In Pliny’s Natural
History a similar reference occurs. [Homer, Od. 22,
481493 : 1I1. 16, 298 : Pliny 35, 50.] Dioscorides also
was apparently familiar with both crude and melted
sulphur (Theion apuron and Theion pepuromenon).
A theory which emanated in the first instance from the
alchemist Gebir, to the effect that sulphur is one con-
stituent of all matter, was maintained for a considerable
period. Probably these early investigators identified
sulphur with the principle of ‘ combustibility,” failing
to recognize it as a distinct element ; similarly, with the
other constituents of all matter, the principle of
““ metallicity ” was identified with the element mercury,
and “ fixity ” or power of resisting the action of fire,
with salt.

Basil Valentine * (1456) records the working of sulphur
kilns, and from that date successive research has
gradually revealed the chief properties of sulphur and
its compounds. The eminent French scientist
Lavoisier was the first to establish the fact that sulphur
is an element.

In its native state, sulphur occurs in pure crystalline
form, and also more commonly intermixed with earthy
matter, the latter being the most abundant source of
all native sulphur supply. In addition, sulphur is a

* The existence of this writer has been questioned, and there
is considerable evidence (Schlorlemmer) that the works attributed
to him were written by Von Tholden in the seventeenth century.



INTRODUCTORY XV

dominant constituent of a large number of minerals
of industrial importance, e.g. the main source of our
lead supply is the sulphide known as Galena. Zinc
blende, another mineral sulphide associated with the
sulphur industry, is also mined in Great Britain, though
much of the ore is now imported. Of greater importance
to the chemical manufacturer than either of these is
pyrites, the raw material for producing sulphuric acid.
Spain exports pyrites, to the extent of millions of tons
annually, to most European chemical works. The ore
usually contains 45 to 50 per cent. sulphur. Pyrites
from British sources, though of low grade, was of extreme
but temporary importance from 1914-18, on account of
the impossibility of maintaining importation of sufficient
quantities from overseas. Iron pyrites constitutes
the metallic-looking substance which is met with in
masses of coal. It is also frequently found on some
sea beaches, where it occurs in rounded nodules, rusty
outside, but having a fine radiating fracture. In
geological specimens, especially ammonites, very often
the form of the shell is wonderfully preserved by the
substitution of pyrites for the original filling.
Sulphates form another group of minerals of industrial
importance. Beds or masses of gypsum (calcium
sulphate) furnish the cements of the type best known
as plaster of Paris. In the form of alabaster, gypsum
is used for sculpture and other architectural purposes.
Large quantities of waste material containing calcium
sulphate are produced in the chemical and pottery
industries. Promising results have already been
obtained which may lead to the use of this by-product
as raw material in other industries. Heavy spar
(barium sulphate) is also mined in several districts in
England, and is used in the manufacture of paints.
Compounds of barium, derived from the sulphate, are
used in fireworks and flares where a green light is
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required. Sulphates of sodium (Glauber salts) and
magnesium (Epsom salts) occur as minerals, but more
frequently in solution, forming medicinal waters.
Sulphur is indispensable to the growth of plants, which
deriveit fromthesoil. The proteids of plants, especially
peas, beans and lentils, contain 1 to 2 per cent. sulphur,
which accounts for the unpleasantly smelling hydrogen
sulphide in the products of vegetable decomposition.
The presence of sulphur as a constituent of plants was
first proved by Deyeur, in 1791. In the vegetable
kingdom we find some plants which are particularly
rich in sulphur compounds. The characteristic smell
of mustard (sinapis alba), onion (allium cepa), and
garlic (arena sativa) is due to sulphur compounds ; these
account also for the pronounced tarnishing effect of
certain vegetables on metals. The low orders of plant
life represented by bacteria and algae (beggiatoa,
oscillaria, ulothrix) contain free sulphur and probably
play an important part in plant economy as trans-
mitters of sulphur in an assimilable form to higher
orders of plants. An interesting suggestion has recently
been made for the practical utilization of the bacterial
oxidation of sulphur in soils. Potato growers prefer an
acid soil, because acidity, whilst not unfavourable to
the potato crop, is entirely unsuited to the *‘scab”
organism, one of the worst potato pests. It is proposed
that a dressing of 300-1,000 lbs. per acre of sulphur
should be made before planting the potatoes to ensure
the requisite degree of acidity. After the removal of
the crop, sufficient lime can be added to ensure a neutral
soil for the next rotation crop. Sulphur possesses
fertilizing properties to a small extent, but in
agriculture, or more especially viticulture, it is used
as a means of Kkilling the moulds (oidium or
uncinula) which attack vines and hops. Flowers of
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sulphur, or winnowed sulphur, which adheres better to
the leaves, is dusted on to the plants. The remedy for
the vine disease due to oidium consists of the application
of sulphur to the affected vines. Three successive
applications are necessary, and these are made with an
instrument in the form of a pair of bellows, to which a
rose is fixed in order to distribute the sulphur. The
first application is made in the spring, the second
directly aftre the vine has blossomed, and the third
when the grapes begin to ripen. The operation in the
spring is the most important, and must be thorough,
so as to affect all the hibernating spores. The third
application should be made early enough for the sulphur
to disappear before the vintage takes place, as
its introduction into the wine would give an un-
pleasant taste. Probably the sulphur acts by slowly
setting free sulphurous acid. The sulphur ultimately
reaches the soil, where it is transformed into calcium
sulphate, which is an excellent dressing for the vine.
The * peronospora” disease requires more rigorous
measures, such as a mixture of sulphur with powdered
lime, or a solution of iron sulphate.

About 100,000 tons of sulphur are used annually in
Europe alone for this purpose. For spraying liquids for
agricultural purposes sulphur and sulphates are used, but
copper sulphate (blue vitriol) is more generally the chief
germicidal agent. Sulphates are not regarded as
fertilizers in this country, although considerable amounts
are applied to crops in the form of ammonium sulphate
and superphosphates. It is known, however, that
sulphur is essential to crops, and there are cases on record
of soils responding markedly to treatment with sulphur
and sulphates, larger returns being obtained from
gypsum than from lime. Both sulphur and sulphates
give increased yields of oats, rape and red clover.

2—(1466¢)



xviii INTRODUCTORY

The ““curing” of hops is also helped by sulphur,
about half a pound for every ten bushels being thrown
on the fire in the ““ oast ”’ or kiln.

In the animal kingdom very many organic bodies
contain sulphur, usually in association with nitregen
e.g. albumens, blood, horn, hair, bile (as taurin), urine
(as cystin). The human body contains about 1 per cent.
of its weight of sulphur. The occurrence of free sul-
phuric acid in the snail known as aplisia is of intercst,
and tothe writer, at any rate, an unexpected and unusual
substance to find in such surroundings.



SULPHUR AND SULPHUR
DERIVATIVES

CHAPTER 1
SULPHUR

THE most productive deposits of sulphur in the world
are those worked in the United States, especially in
Louisiana and Texas. These are threatening the
economic ruin of the Sicilian producers and the closure
of many mines which were formerly the main source of
supply. In 1909 eighty of the smaller Sicilian mines
were closed, and of tne remaining five hundred only
six yielded more than a thousand tons per annum.
By 1912 the production of Sicilian sulphur had been
reduced from 94 per cent. to 50 per cent. of the world’s
supply. The production in 1914 was 330,000 tons,
in 1919 only 180,000.

In any case, the whole sulphur industry of Sicily is
menaced with ruin, unless more rational and economic
methods of extraction and sale are found. In 1903
nearly 60 per cent. of the ore raised was carried from
the galleries at the working face up a steep slippery
passage by ‘‘carusi,”” who are frequentlv deformed
as a result of carrying heavyloads. In 1912 the employ-
ment of women and girls of seven and eight as ““ carusi
was forbidden, but owing to the strained economic
conditions the government has been implored to relax
the regulation. Native sulphur is found, in addition
to those regions previously mentioned, in Iceland,

1



2 SULPHUR

Mexico, Japan New Zealand, Greece, Caucasia and in
a few other districts. It is always associated with the
presence of active or inactive volcanoes. The formation
of free sulphur in the volcanic districts is no doubt due
in many cases to the action of hydrogen sulphide upon
sulphur dioxide, the latter having been produced by
the partial burning of a portion of the hydrogen sulphide.
This can be represented by the following chemical
cquations—

(1) 2H,S + $0, = 3S -+ 2H,0

Hydrogen Sulphur

sulphide dioxide Sulphur Water.

@) H,S + 30 = SO, + H,0
Hydrogen  Oxygen  Sulphur ’
siphide  [af s diokide Water.

Other deposits of sulphur have been formed by the
reducing action of bituminous matter, under certain
conditions of temperature, on gypsum or, other similar
mineral sulphates. Some sulphur, but not in quantities
of commercial importance, is the result of the activity
of bacteria, which also reduce sulphates, and to this
cause the presence of hydrogen sulphide in sewers and
polluted rivers is mainly due. The formation of sul-
phurous springs is attributed to the action of bacteria
and algae, which transform the sulphates in the waters
into sulphur. Some observers have been led to believe
that the vast deposits of sulphur found in certain regions
are due to the activities of these microscopic plants.
In the manufacture of illuminating gas, hydrated oxide
of iron is used to remove some of the harmful sulphur
compounds (chiefly hydrogen sulphide) present in the
crude gas. The oxide can be “ revivified ’ by exposure
to air and can again be used in the purifiers. The iron
sulphide formed is converted to oxide and free sulphur
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by the action of air. The oxide can be repeatedly
revivified and used until it is ““spent ”” or becomes
inactive. The “spent oxide” contains about 50 per
cent. of sulphur, and this is utilized by burning, to pro-
duce sulphur dioxide, in a similar manner to pyrites
“smalls”’ (see p. 40). Until quite recently much
sulphur was recovered from ‘‘ alkali waste,” but the

FiGc. 1
BUILDING UP A ‘‘ CALCARONE "’

process, formerly very extensively used, is now rapidly
becoming obsolete, owing to the replacement of the
““ Leblanc "’ caustic soda process by electrolytic methods.
The mining of sulphur, so far as Europe is concerned,
does not require any special detailed account. The
masses of rock containing the sulphur, usually mixed
with gypsum, are built up into mounds, ‘ calcaroni ”
(Fig. 1),and covered with the fine material from a previous



4 SULPHUR

mound. The sulphur is melted, partly by the heat
produced by the burning of a portion of the sulphur
and partly by the aid of fuel. A recoverv of about
60 per cent. is possible, but the cscaping sulphurous
gases cause destruction to the vegetation in the district.
This method has largely been superseded. A marked
improvement came with the introduction of a tyvpe of

GENERAL VIEW OF A GILL FURNACE

furnace in which far better economy of the heat was
possible.  The Gill furnace, which, with further im-
provements and modifications is in use under the name
of Sanfilippo, has increased the yield of sulphur from
the rock (Figs. 2 and 3). By the employment of super-
heated steam the recovery has been increased in the
Romagna (Fig. 4) to 90 per cent:, but the great scarcity
of fuel has prevented its extended application in Sicily.
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The sulphur as first obtained by simply melting out
from the rock (Fig. 5) is far from pure, and quite
uscless for many purposes. Most of the impurities,
amounting to 3 to 4 per cent. may be removed by
distillation or sublimation.

When heated, sulphur melts at about 115°C (239°F)

Fic. 3

LOWER PORTION OF GILL FURNACE SHOWING THE
COMPARTMENTS

to a pale yellew liquid which darkens in colour and
becomes very viscous, as the temperature rises, until
at about 180°C it is nearly black, and will hardly flow.
On still further heating the pasty mass again becomes
liquid at about 260°C, but not so mobile as at 180°C,
and finally boils at 444°C (836°F). At the boiling
point sulphur is conveited into a” brownish-red vapour:
On the large scale sulphur is distilled or sublimed,
and the vapour passed into chambers, usually of
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8 SULPHUR

brickwork, upon the sides of which it condenses. So
long as the temperature of the chamber is not sufficiently
high to cause it to melt, the sulphur is deposited as
a pale yellow powder—the so-called flowers of sulphur.
The sticks or rolls are made by casting melted sulphur
in moulds. Arsenic and the less known element
selenium are frequently associated with sulphur, and
are not removed in distillation. The use of super-
heated steam or water has been most skilfully adopted
in the mining of sulphur in Louisiana, and by its aid
the winning of millions of tons of sulphur has been made
possible in situations where usual mining operations
were quite impossible.

In Louisiana the sulphur forms a deposit, roughly
circular and over half a mile in diameter, beneath some
500 feet of clay, quicksand and rock. The existence
of these deposits has been known since 1868, and many
unsuccessful attempts had been made previous to the
adoption of the method of extraction which is now
used. These ineffective attempts had frequently led
to disaster and loss of life. The successful method
devised by Frasch is one of great ingenuity. A bore
hole is made sufficiently wide to permit the introduction
of four concentric pipes, deep enough to reach the
deposit.  Water, super-heated to about 180°C, and
consequently, under pressure, is pumped down the two
outer pipes which are respectively eight and six inches
in diameter. After a time the sulphur, melted by the
heat of the water, is raised to the surface by hot com-
pressed air, which is forced down the central pipe. A
mixture of air and liquid sulphur flows freely up the
adjacent three inch pipe which surrounds the one inch
air pipe.  The liquid sulphur solidifies in bins, containing
as much as 150,000 tons. A well produces about
450 tons per day, until choked by the collapse of the
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SULPHUR 11

rock and quicksands at the bottom. The solid mass
of sulphur is blasted and loaded up by “ grab *’ cranes
into railway trucks as required (Figs. 6 and 7).

The deposits of Louisiana have been computed to
hold 40,000,000 tons. The product contains 99 to
99-6 per cent. of pure sulphur.



CHAPTER 11
SULPHUR DIOXIDE AND SULPHUROUS ACID

SULPHUR dioxide, the smell of which is familiar to most
people, results from the burning of brimstone or the
sulphur in ores such as pyrites already mentioned. It
is frequently very abundant in the fumes of locomotives
or other fires where coal containing pyrites is burned.
The name generally used—sulphurous acid—is nct a
good one, but may be legitimately used for the solution
of sulphur dioxide in water. One volume of water at
ordinary temperature and pressure dissolves about
fifty volumes of the gas.

The preparation of the gas for the manufacture of
sulphuric acid, which industry absorbs a very high
percentage of sulphur dioxide made, will be dealt with
in another chapter. We shall confine ourselves now
to the production of concentrated solutions and of the
pure liquefied sulphur dioxide which are employed in
many industries. One form of convenient tvpe of
furnace made by the Sachsenburg Engincering Co.,
London (Figs. 8 and 9), in which the sulphur is burned,
isshown. It is frequently of importance, as in the manu-
facture of “ hydrosulphites,” to prcduce a gas which
shall as far as possible be tree from oxvgen and, in order
that this may be achieved, sulphur burners of this type
are used. The sulphur dioxide gas is cooled and
absorbed by cold water (Fig. 10). The apparatus is
usually designed on the “ counter current ” principle,
i.e. the gas first comes into contact with the solution,
which has already been nearly saturated, and the gas,
which is now weakened, before leaving the apparatus,

12
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14 SULPHUR

is brought into contact with the fresh water. By this
plan, in which the passage of the gas and water are in
opposite directions, strong solutions are produced and
loss of gas is avoided.

The decomposition of sulphuric acid by charcoal may
be employed to produce sulphur dioxide. The action
is represented when the acid is strong by the equation

2H,S0, + C = CO, + 250, + 2H,0

Sulph.\aric Carbon  Carbon Sulphur

aci dioxide  dioxide Water!

a diluted acid causes the formation of carbon monoxide»
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APPARATUS FOR MANUFACTURE OF SULPHUR
DIOXIDE SOLUTION.

and even sulphuretted hydrogen. To utilize the sulphur
dioxide obtained from pyrites more complicated and
elaborate plant is required. In this case, as we shall
see when treating of pyrites kilns later on, the gases
do not usually contain more than 6 to 9 per cent. of
sulphur dioxide. The gases are absorbed in water,
and the dilute solution of sulphurous acid is heated.
The mixture of steam and sulphur dioxide passes into
a tower of special construction, and the temperatures
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are very carefully adjusted by the amount of water
fed into the top of the tower, so that the steam is con-
densed and gas containing only a small amount of water
vapour passes to the other parts of the plant. The
sulphur dioxide is dried by sulphuric acid in a smaller
tower and compressed. The finished product—liquid
sulphur dioxide—is marketed in iron containers for
large consumers or in “‘ syphons,” similar to the well-
known soda-water syphons, for laboratory purposes
or for small scale users. The gas is readily liquefied by
cooling with ice and salt, or by a pressure of three
atmospheres without cooling. The liquid boils at
-8°C and solidifies at -75°C.

Two continental patents of very recent date have
some points of interest, and in certain circumstances
may prove of technical economic importance. The raw
material in both cases is magnesium sulphate. In one
patent the process consists in passing hydrogen sul-
phide over the sulphate at a low red heat. The sulphur
dioxide is obtained directly in a sufficiently pure condi-
tion for liquefaction, if pure sulphuretted hydrogen is
used. In the other process magnesium sulphate, mixed
with coke or coal in fine powder, is subjected to a
temperature of 600° to 700°C.

Sulphur dioxide is employed for bleaching paper,
straw, wood, wool, silk, etc. It is also extensively
used for the preservation of fruit, wine, meat, sugar
and syrups. The fact that sulphur dioxide has very
little “inverting 1 action on sugar makes it a very
suitable preservative of such foods. For the rapid
disinfection of ships and for destroying rats and other
vermin the portable containers of sulphur dioxide are
very convenient.

1 “Inversion” is the transformation of cane or beet sugar
(Sucrose) into grape sugar and fruit sugar (Fructose)
3—(14666)
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On evaporation liquid sulphur dioxide absorbs much
heat, and is accordingly used in ice-factories.

The solution in water probably contains sulphurous
acid, H,SO,, but although the acid in the free state can
hardly be said to be known, yet the salts, known as
sulphites, derived from the acid, are of some importance.

The normal sulphites, such as sodium sulphite Na,SO,,
are slightly alkaline, and the bisulphites NaHSO,
slightly acid.

Sodium sulphite may be made by passing sulphur
dioxide into a solution of caustic soda (sodium hydrate)
until saturated, thus producing first the bisulphite, then
a further volume of caustic soda solution, equal to that
used in the first instance, is added to complete the
process. On allowing the solution obtained in the
manner described to cool, a crop of crystals of sodium
sulphite is obtained. Sodium carbonate is almost
invariably used in large scale production; crystals of
the carbonate, i.e. ‘“ washing soda,” are placed in
vats and a current of sulphur dioxide passed beneath a
false bottom on which the soda rests. The resulting
solution of the bisulphite is neutralized with a further
quantity of soda. Sodium sulphite is used in industry
as an ‘‘anti-chlor” to remove chlorine from paper,
cotton, etc., which has been bleached by that agent.
It is a weak bleaching agent, and is used for declicate
fibres, and is also added to sugar juices to prevent them
from turning brown during concentration. It is also
used in photography. The bisulphite is also an energetic
‘“anti-chlor.”” Sodium thiosulphate, more usually,
though incorrectly, called ‘‘ hyposulphite,” is made by
boiling a solution of sodium sulphite with sulphur

Na,S0; + S = Na,S,0,
Sodium

sulphite sulphur  *“ Hypo™
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This product is used in photography as a fixing agent
—*“ Hypo "’—because it dissolves out the salts of silver
on the photographic plate which have not been influ-
enced by light. It is also a valuable ‘“ anti-chlor *’ in
dye works, and in the laboratory its marked reducing
action is very useful. A still more energetic reducing
agent, and one of increasing importance, is sodium
hydrosulphite, Na,5,0,. This substance is used in
indigo dyeing and as a ‘‘ discharge ’ for certain colours
in the printing of fabrics. Various products containing
hydrosulphites are known under trade names such as
“ Hydros,” “ Formosul,” etc.



CHAPTER 1III

SULPHIDES AND CHLORINE COMPOUNDS
OF SULPHUR.

Sop1uMm sulphide, Na,S, is produced by the removal of
oxygen from sodium sulphate, Na,SO,. ‘* Saltcake,”
the name under which crude sodium sulphate is known, is
reduced by adding carbon, in the form of coal, and
heating in a furnace

Na,80, + C = Na,S + 2CO,

Sodium Carbon
Saltcake Coal sulphide dioxide.

The sulphide is used in the preparation of a series
of dyes, and in the operation of cotton dyeing, but in
even larger quantities by tanners for de-hairing hides.

The occurrence of hydrogen sulphide or sulphuretted
hydrogen has already been mentioned. This disagree-
ably smelling gas is produced both in the laboratory
and in the chemical works by the action of dilute
sulphuric acid on sulphides. It is largely used in
chemical analysis for the detection and separation of
metals. The sulphides of the metals are mostly charac-
teristically coloured, so much so that zinc sulphide
(white), cadmium sulphide (yellow), and mercury sul-
phide (red) (see below) are used for paints. In addition
to the colour distinctions of the sulphides. they can be
grouped thus—(g) insoluble in dilute acid, (b) insoluble in
alkali, and this forms the basis for the methods of
separating either individual metals or groups of metals.
Most pyrites used for the production of sulphuric acid
contains some arsenic, and for many purposes this must
be removed ; to this end hydrogen sulphide is used, since

18



SULPHIDES AND CHLORINE COMPOUNDS 19

the resultant arsenic sulphide is insoluble in sulphuric
acid. The gas is poisonous and should not be inhaled.

Iron mono-sulphide is commonly used for making the
hvdrogen sulphide, and may be made by direct com-
bination, unde: the action of heat, of iron and sulphur,
but as it is a by-product of certain other processes, such
as the extraction of antimony from its ore (stibnite) it
is usually derived from that source. Where iron pyrites
(iron disulphide) is available, it may be heated with
material rich in iron to form the mono or ordinary
sulphide.

FeS, 4+ Fe = 2FeS

Iron disulphide Iron
Pyritez Tron monosulphide.

Zinc sulphide mixed with barium sulphate, known as
lithopone, is largely used to replace white lead paints,
as it is non-poisonous to handle, and is not blackened by
hydrogen sulphide. Lithopone is made by precipitating
a hot solution of zinc sulphate with a hot solution of
barium sulphide. The resultant heavy white precipitate
is washed, dried and strongly heated before it is in a
condition ready for the paint manufacturer. Cadmium
sulphide is used as a light orange or yellow paint. It
is resistant to the action of sunlight, and possesses a
good covering power. It is prepared by passing
hydrogen sulphide into a solution of a cadmium salt.
Mercury sulphide has its value as a colour. Some
specimens of native ‘ cinnabar” have a bright red
colour, and so only require grinding, but *“ vermilion "
is usually made artificially. There are several modifica-
tions of the ‘“ wet process”’ which have largely super-
seded the ““ dry "’ or sublimation process, since the pro-
duct of the former method is superior. By very
thorough mixing of mercury and sulphur a black product
results, which is changed into the red sulphide by a
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strong solution of potash. Mercury sulphide exists in
both red and black forms, when prepared by hydrogen
sulphide and a mercury salt it is black, but is converted
to the red crystalline form by heat. The colour is apt
to degenerate in time, but is not blackened so readily
as some other red paints by the impurities which
contaminate the air of towns.

Carbon bisulphide is made by the direct combination,
at a high temperature, of sulphur and carbon. The
retorts used are either heated externally or preferably
by internal electric heating. The method of internal
heating is mainly employed in the United States. The
vapour of the sulphur passes up through the charcoal
in the upper portion of the vertical shaft furnace, and
the gaseous carbon bisulphide passes out from the top
into condensing towers. With the older type of plant,
in addition to the higher fuel consumption, the retorts
require frequent replacement, and in these respects are
much inferior to the electrically heated furnaces. The
foul-smelling crude liquid carbon bisulphide from the
condensers is purified by distillation and by treatment
with caustic soda and other agents. The smell of the
pure substance is not unpleasant, but that of ordinary
qualities is very objectionable. The vapour of carbon
bisulphide ignites at a low temperature, and this
property as well as the low boiling point (46°C., 115°F),
necessitates very great care in storage and transport.

Carbon bisulphide is an excellent solvent for oils,
fats, sulphur, etc., and is used principally in this capacity ;
smaller amounts are used in the rubber industry, and as
an insecticide for destroying weevils in grain. Wherever
possible, owing to its dangerous inflammability, carbon
bisulphide is being superseded by light petroleum or
non-inflammable solvents, such as carbon tetra-chloride

(CCl,).
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Sulphur combines fairly readily with chlorine, and
produces a series’ of compounds, thus—

S4Cl, Sulphur monochloride.
S Cly Sulphur di-chloride.
S Cl, Sulphur tetra-chloride.

The monochloride is used either alone or containing
dissolved sulphur for the *cold” vulcanization of
rubber. Sulphur chloride is also the starting point in
the making of some other products, which in turn are
the half-way houses or ‘‘ intermediates "’ in the manu-
facture of medicinal substances and dye-stuffs. The
following bodies, which although hardly receiving any
mention in most text-books, and which might be con-
sidered merely as chemical curiosities, are of considerable
and increasing importance—

Thionyl chloride—
S,Cly, + SO, = SOClL,+ SO, + S

Sulphur Sulphur Thionyl  Sulphur
chloride  trioxide  chloride dioxide  SUPhUT.

Sulphuryl chloride—
SO, + Cl, = S‘O Cl,

Sulphur . hu l
SAPhor  Chlorine Sy

Chlor-sulphonic acid—
HCl + SO, = SO,(OH)CI

Hydrochlonc Sulpbur Chlor-sulphonic
trioxide, acid.

The last mentioned is extensively used in the
manufacture of saccharine, antiseptics and dyes.



CHAPTER 1V
SODIUM SULPHATE

Sopium sulphate is found native in many parts of the
world, either in solution or as a deposit left by
the drying up of lakes. Crystallized sodium sulphate,
known as Glauber salts or Mirabilite (Na,SO,, 10H,0),
occurs in enormous quantities in Siberian lakes, notably
those of Marmyshansk. The mineral Thenardite is
sodium sulphate without water of crystallization, and
if accompanied by gypsum is known as Glauberite.

The mineral waters of many spas contain much
sodium sulphate as well as sodium carbonate. The
natural waters described as ‘‘ bitter waters’ contain
the sulphates of both magnesium and sodium. The
saline springs of Cheltenham contain salt (sodium
chloride) and sodium sulphate, and those of Epsom are
rich in magnesium sulphate.

Until recently the manufacture of sodium sulphate,
better known by the trade name of saltcake, was the
first stage in the Leblanc process for the production
of ““alkali,”” and the group of chemicals included in
the “ Heavy Chemical Industry.” This group includes
“ caustic soda "’ sodium carbonate (*‘ alkali”’), bleach-
ing powder, hydrochloric acid.

In view of the important part played by saltcake in
the chemical industry a chapter is assigned to this
sulphate. Since the introduction of the ‘“ Ammonia
Soda Process "’ and electrolytic methods, the amount of
saltcake produced has very materially decreased, and
beyond satisfying the demands for glass works and the
requirements of sodium sulphide makers, may be almost

22
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regarded as the waste product of hydrochloric acid
manufacture. Belgian glassworks require about 80,000
tons annually, and a further 10,000 tons are necessary
for sulphide manufacture and other purposes.

The conversion of common salt, which occurs so
abundantly in nature, forms the foundation of the soda
industry. The history of this enormous industry began
with the work of Nicholas Leblanc. A prize was offered
in 1775 by the Académie des Sciences for the most
practical and profitable process for making soda from
salt. The alkali in common use was that obtained
from the ashes of seaweed (Kelp) and it was recognized
that some method should be devised for obtaining a
more plentiful and cheaper supply of alkali from the
abundant deposits of salt. Capital was found for
building works at St. Denis, but after the execution of
the Duke of Orleans, the factory was confiscated. The
Emperor Napoleon restored the works to Leblanc, but
the gift was of little avail, as he had then no capital.
He died by his own hand in extreme poverty. Plate
glass made with soda manufactured by the new method
was introduced by the famous St. Gobain Company.
The high duty on salt, together with political conditions,
hindered the progress of the new industry. Two small
works were started in England, those of Losh (1770-1861)
on the Tyne and Tennant on the Clyde. In 1823 Mus-
pratt erected his alkali works in Liverpool, and in 1828,
when there was no further room for extension, the works
near St. Helens were started, followed shortly afterwards
by those at Newton.

The industry was continually harassed by litigation
owing to the escape of noxious gases. The erection of
chimneys of great height (400 feet in one instance),
did not prevent mischief, but the introduction in 1838
of Gossage’s coke-tower condenser was eventually the
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means of overcoming the difficulties. In 1850 the works
at Widnes and Flint were begun, and a period of
extraordinary prosperity dawned in the alkali trade.
Small as the quantities may seem when compared with
the output now, the following figures are of interest—

1852 1872
Alkali . . . (Tons) 26,300 93,600
Washing soda . . . . 3,500 8,650
Soda bicarb. . . . . 1,200 11,700
Bleaching powder . . . 1,250 8,060

In 1880 the alkali production had risen to 430,000
tons and exceeded 800,000 in 1896. In 1909 the export
alone amounted to nearly 100,000 tons.

A method of producing sodium sulphate from salt,
without the necessity of first making sulphuric acid, was
formerly extensively used. This system (Hargreaves-
Robinson) has of recent years declined in popularity,
but perhaps a modernized and improved plant may
again find favour.

The product is particularly suitable for glass manu-
facture owing to the smallness of the amount of iron
(about 0.08 per cent.) which it contains. Inthis process
common salt is exposed to the action of hot gases
containing sulphur dioxide, air .and steam.

2NaCl + SO, + O + H,0 = Na,S0, + 2HC
Salt Sortde BT cteam) Salteake  HYGRQulorc
The salt is crushed and shaped into small cakes by
a machine, and after drying in a long biscuit oven,
these are charged into large (20 ft. diam.) iron cylinders
for conversion into saltcake. The object of having the
salt in cake form is to enable the gases to pass through
the mass more readily. A very pure salt will not react
in the way shown, and consequently rock salt is used.
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The active agent in the rock salt is probably the small
quantity of iron which acts as a *“ catalyst.” (See note,
P 27).

Several patents have appeared during the last few
years to utilize the same reactions as those used in the
Hargreaves process. These seem, however, to involve
very great mechanical difficulties. In one of them the
vapour of salt is injected into an atmosphere of sulphur
dioxide and air, to produce saltcake and chlorine, or,
if steam is also present, saltcake and hydrochloric acid.

Saltcake is commonly produced by the action of sul-
phuric acid on salt, first in the “ pot ”’ and then in the
furnace. In the old types of furnaces, now obsolete,
the hydrochloric acid which is evolved, was not kept
separate from the fuel gases, which caused difficulties
in the condensation of the acid, and caused wide-spread
destruction of vegetation. In those early days, the
utilization of the hydrochloric acid was a difficulty,
but, as hinted before, the acid made is to-day of almost
greater importance than the saltcake. The first stage,
carried out in the “pot” (a shallow cast-iron pan
about 10 ft. in diameter) results in a mixture consisting
mainly of sodium bisulphate,

NaCl + H,S0, = NaHSO, + HCL

Tennhlari

c

phuric H
Sat acid bisulphate “acid

but this action is not, in reality so smooth as the equation
suggests, since some unchanged salt, and some normal
sulphate are found in the mass. The pot is covered in
with a dome of brickwork, and the hydrochloric acid
gas passes along earthenware pipes either to condensing
towers or to other plants where acid in gaseous form
isrequired. The pot is kept hot by the flue gases which
have already given up most of their heat to the furnace.
As the temperature of the pot is comparatively low,
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the acid produced is of higher grade in many respects
than that madeinthe second or furnace stage. Attempts
have been made to replace the whole of the very arduous
hand labour of saltcake furnaces by mechanical means,
but unqualified success has not been achieved, although
mechanically worked pots and furnaces are in use.
The ““ pot man” introduces a weighed charge of salt
into the pot and adds the necessary amount of sulphuric
acid from a cistern (heated by waste heat from the pot).
A very considerable amount of judgment is necessary in
carrying out a satisfactory run, as many factors con-
tribute to the result. The strength of the acid used
is varied slightly according to the nature and condition
of the salt, and to the desired character of the product.

It is usual to arrange the time-table of the saltcake
furnaces so that the stream of hydrochloric acid gas
is reasonably constant. This can be done by fixing
the time-interval between the successive charging of the
pots and arranging for the duration of each stage in the
manipulation. By such a plan the stage of very rapid
gas production of a particular pot will coincide with
the slower gas evolution of the other pots. When the
decomposition of the salt is judged to be sufficiently
advanced the ““ pot man’ raises the dampers in the
short tunnel between the pot and the furnace. The
chargeis ‘“shoved” by a special long-handled tool into the
furnace, where it is received on a paddle by the “ furnace
man "’ who spreads the charge over the bed of the fur-
nace. Both ‘“ shoving "’ and spreading are very arduous,
but a pair of skilled and experienced men will, by mutual
collaboration, carry out this part of the work with
apparent ease. It is not difficult to distinguish “ old
hands ”’ from those new to the work. After spreading
the charge, and perhaps raking and turning over the
furnace, the doors are closed.
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The conversion of unchanged salt and of the
bisulphate is completed by this roasting—

NaHSO, + NaCl = Na,S0, + HCIL

Sodium Salt Sodium Hydrochloric
bisulphate sulphate acid.

The roasted charge is raked into iron boxes to cool
down a little, as otherwise the clouds of acid vapour
are troublesome. With experience the workmen can
turn out saltcake of great uniformity, and can control
to a large extent the amount of free acid and unchanged
salt in the finished product. Good saltcake contains
about 95 per cent. of sodium sulphate, but lower grades
are quite common.

NOTE ON ““ CATALYSIS "

Catalyst is the term applied to a group of substances which
speed up chemical reactions and which, after transforming a
very large amount of the substances concerned in the reaction,
are found unaltered themselves at the finish. It has been long
known that the speed of many chemical changes, which take
place very slowly under ordinary conditions, is enormously
increased by the addition of certain substances which can be
recovered, apparently unchanged, after the reaction is completed.
For a long time the view was held that catalysts were bodies
capable of forming very unstable intermediate compounds with
the reacting substances, and that by the splitting up of these
the catalyst was re-formed. In such cases, where unstable
intermediate compounds have been proved to exist, the name
‘* pseudo-catalyst ”” has been proposed, because the above
theory does not suffice to give a general explanation of all
catalytic phenomena. Substances may act as ‘' negative
catalysts,”” and impede or prevent certain reactions which would
otherwise take place easily. Catalytic phenomena have not
yet received a general and positive explanation. It is possible
that all substances may be specific catalysts for certain reactions,
and perhaps all reactions are the result of catalysis.



CHAPTER V

SULPHATES OF CALCIUM, ALUMINIUM, AMMONIUM,
COPPER, IRON AND ZINC

CaLciuM sulphate is found abundantly in nature (1)
Anhydrite, without water of crystallization, (2) Gypsum,
with two molecules of water. Intheform of transparent
crystals it is known as Selenite, which is frequently
present in large well formed crystals in the London
clay. Gypsum, when heated to a temperature of about
120°C, loses a portion of the water and is then known
as plaster of Paris. On mixing this partially dried
gypsum into a paste with water, it rapidly re-combines
with the water and sets as a hard mass. If in the first
instance gypsum is heated too strongly it loses its power
of hardening when mixed with water, and is then known
as over-burnt or dead plaster. The burning of crude
gypsum requires great care, as the important setting
properties of the plaster are very markedly diminished
by either insufficient or too prolonged heating. The
original gypsum contains about 22 per cent. of water,
and the finished product plaster about 7% per cent.
Aluminium sulphate is formed by heating the mineral
known as Bauxite (Aluminium hydrate) with sulphuric
acid of the necessary strength. The hot saturated solu-
tion is poured into shallow moulds, where it solidifies.
Aluminium sulphate is used in the tanning industry
and in’ paper making as a filler or hardener. It is a
useful agent for purifying water, since it clarifies turbid
and coloured waters in the following manner. The
action of the bicarbonates in the water on the aluminium
sulphate results in a very flocculent and voluminous

28
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precipitate of aluminium hydrate, which carries down
with it both suspended and dissolved organic matter.
This type of phenomenon is known as ** adsorbtion ”;
other practical applications are to be seen in the
use of charcoal for decolourizing sugar syrups and the
treatment of oils with fuller’s earth.

The grade of aluminium sulphate used as a mordant?!
in the dyeing industry must not contain free sulphuric
acid or iron. The compounds of metals with dyes are
known as ‘‘lakes,” and in the case of iron the lakes
are usually violet in colour, which deadens the other
shades. Aluminium sulphate unites, as do several
other sulphates, with alkali sulphates to form the group
of substances known as alums. The alums crystallize
in magnificent crystals which contain twenty-four
molecules of water. Amongst the best known are
potash alum (common alum) Alg(SO,);. K,SO, 24H,0,
iron alum, chrome alum, ammonia alum.

Alum may be prepared from most minerals which are
rich in alumina, but alunite or alum stone affords
special advantages, since it contains a double sulphate of
aluminium and potassium. After roasting the alum
stone and extracting the product with sulphuric acid
the solution is allowed to crystallize.

Alum and aluminium sulphate are chiefly used by the
dyer as mordants, but they are also employed by the
paper maker and leather dresser.

Ammonium sulphate is a very valuable compound
to the agriculturist, forming an important constituent
of many artificial manures. Almost the whole supply of
ammonium #ulphate is at present derived from the

1 Mordants are the substances which are used to combine with
dyes in cases where the latter are not fixed on the fibre directly.
The compound formed is termed a colour lake. The mordant

is usually deposited on the fibre previous to the application of
the dye.



30 SULPHUR

distillation of coal, either in gas works or in the manu-
facture of metallurgical coke. The watery liquid known
as ammoniacal liquor or gas water usually contains
about 1 per cent. of ammonia. The ammonia is driven
off from the liquors by distilling them with lime, and the
gaseous ammonia is then absorbed in sulphuric acid
and sulphate of ammonia is produced. The commercial
product is usually light grey in colour, and may contain
traces of free sulphuric acid and other impurities. A
very pleasing improvement has taken place recently,
and the home-produced article is now frequently as good
as the former German product. About 500,000 tons of
ammonium sulphate are made annually.

Copper sulphate, or blue vitriol is the most widely used
of all salts of copper. It is obtained by dissolving copper
in hot dilute sulphuric acid in the presence of air. By
the action of air and moisture copper pyrites is slowly
oxidized to copper sulphate. This action is utilized to
obtain metallic copper from ores and residues containing
small amounts of copper. The treatment of the pyrites
““ cinders,” or burnt ore residues, in the manufacture of
sulphuric acid, is described later.

The process of making copper sulphate is as follows :
Copper in granulated form is repeatedly sprayed with
hot dilute sulphuric acid, good contact with air being
encouraged. The acid liquor is circulated over the
copper until a strong solution is obtained, which is
then allowed to crystallize in vats.

Copper sulphate has many practical applications
and is, therefore, manufactured on a very large scale.
It is used in considerable quantities in vine growing
districts as a preventive and remedy for the vine
disease known as peronospora ; and also alone, or mixed
with other materials, for spraying potatoes and other
crops, Italy alone requiring about 75,000 tons per
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annum. Blue vitriol is further largely used in copper
plating, for preserving timber, etc., and in pigments.

Iron sulphate (green vitriol or copperas) is used in
several industries. It can be readily prepared by
dissolving iron in sulphuric acid, but cheaper
methods are available. By a partial roasting, iron
pyrites (FeS,) is converted into the lower sulphide
(FeS), which is readily oxidized to sulphate (FeSO,)
by exposure to the air.  The mass of weathered
ore is extracted with water, and after clarifying, the
solution is run into vats. Green vitriol is frequently
obtained as a by-product in other industries, such as
the “ pickling " of iron plates or rods to remove the
“mill scale” before galvanizing or drawing into wire.
Iron sulphate is largely used in mordanting wool pre-
paratory to dyeing black with logwood, in the manu-
facture of black inks and the various types of blue
pigment of which Prussian blue is the best known.

The ornamental stone of fine blue colour found native
(Lapis Lazuli) can be artificially prepared, the product
being known as ultramarine. Ultramarine is made in
large quantitics by heating a mixture of china clay,
sodium sulphate, sulphur and coal.  The bright blue
form of ultramarine is used in paints, for tinting and
printing wall paper ; also extensively for correcting the
yellowish shade of linen (““ blue”) paper, starch, etc.
Zinc sulphate or white vitriol may be manufactured by
leaching roasted zinc sulphide (i.c. zinc blende in which
the sulphide has been oxidized to sulphate)

nS + 20, = ZnS0,
Zinc
sulphide
with water and allowing the solution to crystallize.
Zinc sulphate is used in calico printing, dyeing, as a
“drier ” in oil paints, and in pharmacy.
4—(14660)

Zine

Oxygen sulphate



CHAPTER VI
SULPHURIC ACID OR OIL OF VITRIOL

SULPHURIC acid probably plays a larger part in the world
of industry than any other commodity. Necarly every
manufactured article requires sulphuric acid at some
stage or other of its process, so much so that it has been
maintained that a fair criterion of the degree of civiliza-
tion of any country is its consumption of sulphuric acid.
It cannot be stated definitely by whom sulphuric acid
or oil of vitriol was first made. Some attribute the
discovery to Rhases (born 932). We know that a
certain alchemist, known to historians of chemistry
as pseudo Geber (fourteenth century) to distinguish
him from the real Geber (ninth to tenth century),
speaks of a liquid which must have been, almost cer-
tainly, sulphuric acid. This alchemist records that
when alum 1s strongly heated a spirit possessing a high
degree of solvent power distils over, but he did not
apparently make a complete study of its properties.
Basil Valentine, a Benedictine monk, who flourished
in the fifteenth century, was a truly remarkable man,
and his knowledge of practical chemistry excites our
wonder. His writings show that both he and his
predecessors were aware that oil of vitriol could be
produced by (1) distilling a mixture of green vitriol
(copperas) and pebbles, (2) by sctting fire to a mixture
of brimstone and saltpetre.

There was, no doubt, some confusion between
sulphurous and sulphuric acids.

Libavius, at the end of the sixteenth century, showed
how the various methods then in use for preparing
sulphuric acid might be simplified.
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He also established the fact that the acid produced
by various methods—from alum, green vitriol, or
sulphur, was one and the same substance.

The introduction of sulphuric acid into England is
ascribed to Cornelius Drebbel. Drebbel (born in
Holland, 1572), came to England in 1604, probably
with his friend Huygens. He built a submarine boat
and navigated it from Westminster to Greenwich. He
died in London, 1634, “ very fair and handsome and of
very gentle manners, altogether different from such
like characters”! He also invented incubators for
chickens and contributed largely to the introduction
of the microscope into England.

Dossie furnishes evidence (" Elaboratory Laid Open,”
1758) that Ward’s patent was being worked. He was
an English Pharmacist and the principal founder of
the Society for the Encouragement of Arts, Manufactures
and Commerce. The use of a mixture of sulphur and
saltpetre is believed to have been begun by Lefevre
and Lemery, but “Dr.” Ward (1685-1761) had the
monopoly in England, as he best knew how to manage
the process (Eng. Pat. 1749, No. 664). Ward built the
first sulphuric acid works at Twickenham, but the
stench causing much annoyance to the residents, he
removed in 1740 to Richmond. He heated a mixture
of sulphur and saltpetre in iron pots and collected the
acid produced in glass vessels, which contained a little
water. The very dilute acid obtained in this way was
laboriously concentrated in glass retorts heated on a
sand bath. Roebuck erected the first lead chambers
to replace the glass vessels as used by Ward, at Birming-
ham, in 1746, and three years later at Preston Pans.
The first chambers were very small, and for a long
period a size of about 10 square feet was not exceeded
The mixture of sulphur and saltpetre in the vessel was
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set alight and the door closed. As soon as the acid
vapours were absorbed by the water present, air was
admitted, a further quantity of the mixture introduced,
and the same procedure followed.

The acid made in this manner was not only used in
England, but was exported, and it is to this fact that
the name ‘‘ English sulphuric acid "’ was adopted, and
is still in usc in some countries. Kingscote and Walker
built a works for the manufacture of sulphuric acid in
Battersea, in 1772, and one in Eccles ten years later.
The Eccles factory had four square chambers, cach
12 ft., and four 10 square ft. in section, and 40 ft. in
length. A further step forward in the history of the
chamber process was the adoption, at the suggestion of
Chaptal, of a method of burning the sulphur in a sep-
arate vessel outside the chamber, and causing the gases
to pass into the chamber after mixing with nitrous gases
and steam. This procedure had the effect of speeding up
the reaction and largely increasing the output of acid.

Previous to 1788 the consumption of sulphuric acid
was small, but at that date the use of chlorine for
bleaching purposes began, and the methods of that
day required large quantities of sulphuric acid in the
manufacture of bleaching compounds.

The production of sulphuric acid centres in the oxida-
tion of sulphur, first to the dioxide (50,) by burning,
and then by other means to trioxide (SOs), followed by
the solution of the latter in water.

S + 0, = SO,

Sulphur  Oxygen 3;2;’&‘;’
S0, + 0 = S0,
Sulphur " Sulphur
dioxide OFVECR  {ridiide
S0, 4+ H,0 = H,$0,
Sulphur Sulphuric
trioxide ~ vYater acid,
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The mere mixing of the dioxide with air or oxygen
is insufficient, as combination does not take place
sufficiently rapidly without the intervention of a third
substance. This oxidation is effected, in the method
most usually employed, by an oxide of nitrogen. The
theories and opinions as to the exact events in the
chamber process are very numerous. No attempt will
be made to discuss the pros and cons of the various
equations which have been put forward from time to
time. When it is appreciated that the composition of
the gascs entering the chamber system is undergoing
continuous changes both of composition and of physical
condition, it will be readily grasped that a long list of
possible reactions can be made out, and many of these
may be taking place at the same time in different parts
of the system. The following equations may be taken
as a guide, but the formation of intermediate compounds,
although such have been proved to occur, will not be
discussed in detail.

SO, + HyO + NO, = H,580, 4 NO

Sulphuric Water Nitrogen Sulphuric Nitric
dioxide a peroxide acid oxide
NO 4 O = NO,

Nitric Nitrogen
oxide Oxygen peroxide.

In this simple form it appears that quitc a small
quantity of nitrogen peroxide (NO,) should suffice, as
with more oxygen it is re-formed, and so is again available
for oxidizing a further quantity of sulphur dioxide.
In actual practice, however, air must be used as the
source of oxygen. Since air contains only onec-fifth
of its volume of oxygen, a large quantity is necessary,
and this means that the active gases are much diluted
by the useless nitrogen in the chambers. The process
would accordingly be very slow, if a high percentage
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of nitrogen oxides were not present. The valuable
oxides of nitrogen, previous to about 1860, were largely
lost, in spite of the proposals of Gay Lussac, in 1827,
to recover them by means of towers, packed with coke,
and sprinkled with strong sulphuric acid, by which they
might be absorbed. The Gay Lussac towers have
perpetuated the memory of that masterly investigator,
whose work is encountered in almost every branch of
chemical investigation, and who thus helped materially
to advance chemical industries.

The first recovery towers were erected in 1842, but
did not come into general use until the invention of
the ““ Glover Tower ” overcame difficulties connected
with the concentration of sulphuric acid. A strong
sulphuric acid is necessary for the absorption of the
nitrous gases, but dilution with water to a weaker acid
is further necessary to release the absorbed oxides,
and this involved a re-concentration—a costly and by no
means casy thing in those days. Before 1838 native
sulphur from Sicily was used as the source of sulphur
dioxide for conversion into sulphuric acid.

In that year a monopoly was granted for export to
a Marseilles firm, who raised the price from £5 to £14
per ton. The immediate answer of England was to
turn her attention to the replacement of sulphur by
pyrites, as proposed by Dr. Thomson (1773-1852). The
firm of Hill, of Deptford, were the first to use pyrites in
their works.

The first large installation for using the gases given
off in the roasting of pyrites, to replace those of burning
brimstone, was that erected in the works of Thomas
Farmer, of London.



CHAPTER VII
SULPHURIC ACID MANUFACTURE

IN England sulphur is now almost entirely replaced by
pyrites as the raw material for sulphuric acid manu-
facture, but where sulphur is relatively abundant, as
in certain localities in America, much is used in the
place of pyrites.

It is not easy in burning sulphur to avoid some of
it distilling off unburnt, and thus causing trouble. In
some brimstone furnaces air is admitted in such quantity
as to ensure combustion sufficient to maintain the heat
of the furnace. The sulphur partly sublimes into a
second compartment into which a further supply of air
is admitted to complete the combustion. Recently
rotary furnaces have been introduced.

The pyrites ore is first broken up into lumps about
the size of road metal. Formerly the breaking was
largely done by hand, in order to avoid the production
of much fine material or “smalls.” Previous to the
introduction of the various types of furnaces for using
smalls the latter constituted a source of trouble and loss.
Many attempts have been made to form the fine pyrites
into balls or cakes, which could then be worked up with
the lumps. The introduction of mechanically worked
“burners ™’ has largely done away with the necessity
of such expedients. If judiciously spread in the kilns
a certain amount of small ore may be worked off with
the lump, but there is always a chance of the air supply
being checked or the fine ore passing through the grate
unburned, thus causing an objectionably high percentage
of sulphur to remain in the “ cinders.” ’
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A type of kiln for burning lump ore is shown (Fig. 11)
which embodies most of the important features which
must be taken into consideration in the design of pyrites
kilns.

It is usual to build the kilns in sets of about thirty,
arranged in a double row, back to back, so as to assist
in conserving heat.

To start a sct of “burners” they are first partially
filled with burnt ore (“ cinders ”’) and heated to a dull
red by firing with old timber and coke. Pyrites is
then charged in and the sulphur ignites. The kiln is
coaxed into action by regulating the supply of air and
ore, and gradually brought into satisfactory working,
producing in a couple of days an even flow of sulphur
dioxide. The kilns are charged in a definite ordér and
cach ““burner-man ”’ has a fixed number of charges per
shift. The actual amount of ore charged depends on
the size of the kilns and the richness and character of
the pyrites employed.

The sulphur in the ore may vary from 30 to 50 per
cent., but about 45 per cent. is usual.

The pyrites Kilns or burners are protected from loss
of heat by covering the exposed end with non-conducting
material, and by a bed of sand above the top arches.
In sulphuric acid manufacture the sulphur in the pyrites
is not only the raw material, but in large measure the
fuel also, and conscquently loss of kiln heat must be
obviated as much as possible.  The bottom of the kiln
consists of a grate fitted with square bars, which can be
turned round as required by a large key which fits on
to the end of the bar.  The bars in the normal position
are @ O but when turned to the position ] [ the
spaces between the bars are increased from about
1} inches to 2 inches. The rotation of the bars breaks
up and loosens the burnt pyrites, which then falls into
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the compartment below the grate to cool. Badly or
partially burnt ore may jamb between the bars and
cause difficulties.

The air necessary for the combustion of the sulphur
in the ore is very carefully regulated by small sliding
doors. If the air supply is too small, large lumps of
partially burnt ore, cemented together by the fusible
mono-sulphide of iron (FeS) may form, and sulphur,
instead of its oxide, pass into the gas flues. These lumps,
if formed, must be broken up and perhaps pulled out
of the kiln—a laborious and disagreeable task. If
on the other hand too much air is admitted, the kiln
may be chilled and not sufficiently hot to ignite the next
charge ; further, of course, an excess of air will dilute the
gases unnecessarily. The labour of working lump kilns
is considerable and suggestions have been made to
mitigate this by mechanical means. A few years ago
a patent was granted for a mechanically worked pyrites
burner with a revolving conical grate to obviate the
“screwing ”’ of the grate bars by hand labour. The
writer is not aware if satisfactory results have been
achieved.

The roasting of ‘““smalls” is carried out almost
entirely in mechanically driven furnaces, which have
replaced, in most works, the hand-worked types. These
hand-worked furnaces were usually built with a series
of shelves, one above the other, from which the ore
was raked from time to time until, in the course of many
hours, it had traversed the whole of the shelves.

In modern practice the ore is mechanically fed on
to the top of a large cylindrical furnace, and is gradually
passed over a series of shelves or hearths. The first
shelf frequently serves merely as a drying bed, and the
actual roasting takes place on the succeeding hearths.
The combus'tion of the sulphur in the ore is so controlled

”»
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that the heat is never so great as to cause the ore to
sinter into lumps or as to prevent the delivery of the
roasted product at a reasonably low temperature from
the lowest hearth. The ore on the hearths is turned
over and moved forward by iron rakes with the tecth
set at such an angle that the ore is conveyed alternately

PLAN SHOWING HERRESCHOFF FURNACE OR KILN
FOR ROASTING PYRITES SMALLS, SPENT OXIDES, ETC.

Showing lining shelves, floor and gas pipes, made of
Charles Davison & Co.’s (Ltd.) ** Adamantine ”’ Blue Fireclay
Blocks and Pipes (Buckley, Chester).

from the centre to the circumference of the furnace
and vice versa. The raking arms are kept cool by the
circulation of either air or water, according to the type
of furnace employed. The arms are driven round by
a hollow shaft passing up through the centre of the
furnace (Fig. 12). In some designs of mechanical roast-
ing furnaces the arms are so fitted into the central shaft
that, in case of an obstruction, they are lifted out of
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the shaft; in others a “shearing pin’’ is introduced
in the driving gear, which serves as a safety device
and prevents cxtensive damage to the mechanism.

In some cases where the ore (e.g. zinc blendes) does
not contain sufficient sulphur to maintain the temper-
ature nccessary for efficient roasting, extra heat is
supplied to certain hearths, which are practically
“muffles ” or closed roasting hearths. In the majority
of cases where an average quality of pyrites smalls is
roasted, the temperatures of the various shelves are
controlled by the regulation of the ore-feed and by the
admission of air.

Some varicties of pyrites possess the disadvantage
of splitting up on being charged into the hot kiln, and
thus causing trouble, either by preventing the air
permecating the charge or by causing much dust which
is carried forward with the gases. In the case of some
ores—--the type of non-freeburning ores—the splitting
takes place with explosive violence to such a degree
that they are a source of danger to the burner men.
The true cause of this explosive splitting is not known,
in fact it is likely that the causc is not identical in every
case. The presence of flinty material certainly does
not account for this behaviour in many cases—the writer
having experienced a very quict and satisfactory
burning of pyrites containing over 20 per cent. of silica !

The absence of free-burning properties in some ores
is supposed to be due to the presence of combined
or included water, or even to liquefied carbon dioxide,
but a physical condition of strain seems the most
acceptable explanation of such troublesome properties.

An important poeint which is intimately connected
with the utilization of pyrites smalls for acid manufacture
is that it provides an outlet for quantities of ore, amount-
ing to millions of tons, which otherwise would be regarded
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as practically of no value. Most varicties of pyrites
contain copper, but this may be present in such small
amount that a metallurgical method of extraction is
out of the question as a commercial proposition. These
low-grade ores are treated at the mines as follows—
The copper sulphide which they contain is converted
by exposure to air and water into the soluble copper
sulphate from which the metallic copper is precipitated
by iron, the product being known as ‘‘cascara’ or
“ copper precipitate.”  The ores, after being denuded
of copper in this way, are usually in the condition of
smalls, and may be roasted in mechanical furnaces
for the production of sulphuric acid. In the case of
pyrites containing a higher percentage of copper than
those referred to above, but still of too low a gradce to
be described as copper ore, the sulphur is first roasted
out for making sulphuric acid, and the pyrites cinders
or burnt ore are afterwards treated by a roasting and
lixiviation process for the extraction of copper and other
metals which they may contain.

In some countrics, notably America, enormous
quantitics of sulphuric acid are cextracted from the
gases of the copper smelting furnaces, and the acid
may thus be regarded as a by-product. It is possible
that in the future English copper smelters will also in
some cases erect acid works to utilize the waste sul-
phurous gases which have hitherto been allowed to
escape mainly into the atmosphere. A limit to the
amount of acid allowed to escape into the air from
chemical works is fixed by law, but at present copper
smelters are not restrained by the same regulations,



CHAPTER VIII
SULPHURIC ACID MANUFACTURE (Contd.)

FroM the pyrites kilns the gases, which should contain
about 9 per cent. of sulphur dioxide and the same
amount of oxgyen, pass the “ nitre oven” containing
the “nitre pot.” The latter is usually a cast iron
trough about 2 feet in width and 4 fect in length. The
pot is provided with a pipe at the bottom, which pro-
jects through the front of the kilns to allow the contents
to be run out when required. The object of the nitre
pot}is to maintain the necessary amount of nitrous gases
in the chambers, and to replace any loss of this valuable
agent in the system (see p. 35).

The hot gases from the kilns keep the temperature
of the pot up to a barely visible red heat. At definite
intervals, usually once an hour, a few pounds of sodium
nitrate (chili saltpetre, or shortly, ““ nitre ”’) is charged
in with a scoop through a small opening which is pro-
vided with a close-fitting door. A measured quantity
of sulphuric acid is run into the pot, regulated according
to the strength of the acid and the quantity of nitre
in the pot. The whole process is known as * potting,”
and the frequency and amount of nitre “ potted” is
determined by the composition, as shown by the colour
of the gases in the vitriol chambers (see p. 52). The
acid decomposes the nitre producing nitric acid, but at
the high temperature of the oven this may be regarded
as water and nitrous gas.

NaNO; + H,S50, = NaHSO, + HNO,
Sodium Sulphuric Sodi Nitric
nitrate acid bisulphate acid.
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The sodium bisulphate thus produced is known as
sal enixum, usually contracted into ‘sally.” The
“sally ” is run off, by removing the plug which closes
the run-off pipe into a cast iron tray, where it solidifies
on cooling into cakes, which are often worked up in the
saltcake pots (see p. 25). Care is required in emptying
the pots as the hot liquid bisulphate may splash and
cause severe burns which are difficult to heal.

From the nitre oven the gases pass into the bottom
of the Glover tower. This tower does two things, (1)
it accomplishes the concentration of acid that has
already been made in the chambers, and (2) it ““ de-
nitrates ” or removes the nitrous compounds in the acid
used in the Gay Lussac towers, thus returning the
nitrous gases to the process. If this return of nitrous
gases from the end to the beginning of the system is
efficient, the amount of nitre required for the pot will
be small. It must be remembered that the object
of the nitre pot is to make up any deficiency in the
nitrous gascs necessary for the reaction. The Glover
tower is made of stout lead sheet, and is lined with
acid-resisting bricks. The tower is surrounded at the
base by a dish of very thick lead, from which the hot
and concentrated acid flows. Samples of the flow are
taken from time to time, and the volumeces of the weak
acid from the chambers and the nitrous acid from the
recovery towers respectively, introduced at the top
of the tower, are regulated according to the strength
and temperature of the outflowing acid (Fig. 13).

The acid flowing from the base of the Glover tower is
the usual commercial “ vitriol,” and is generally about
75 per cent. true sulphuric acid. It is not pure, and
contains impurities taken up from the gases from the
pyrites Kkilns.

Glover towers are packed with some acid resisting
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material, specially shaped bricks or rings are often used.
Flint stones, particularly the irregularly shaped ones,

r

By permassion of Messrs. W. L. Collins & Sons

Fic. 14
GENERAL VIEW OF SULPHURIC ACID WORKS

make a satisfactory filling. The choice of a suitable
filling material is not easy, as it is not possible to com-
bine all the desirable qualities of packing in any one

5—(1466)
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material or shape of material. It is obvious that the
filling must be capable of resisting hot and concentrated
acid without cracking or being seriously attacked ;
it must also provide space enough between the pieces
to allow the sulphurous gases to pass through, and at
the same time offer as large a surface as possible, so as

ml T
= 88 £

Fic. 15
‘ OBSIDIANITE ~’ PACKERS.

Showing method of filling for Gay ILussac, Catch, or Contact
Towers, Scrubbers, Denitrators, etc. For Glover Towers they
arc put in the same way, but with very dusty acid may be put
in hollow down.

to produce a thin but extensive film of acid for concen-
tration by the hot gases (Fig. 15). For structural con-
siderations it is desirable to use a filling which is as light
as possible, but in any case the 30 feet Glover tower
is a very costly item to construct.

The feed of acid to the top of the tower is maintained
from two cisterns, which are kept supplied by means of
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automatic pumps, known as “acid eggs”’ (sec p. 78),
or in some cases by centrifugal pumps. One of the stock
cisterns is supplied with weak acid from the chambers,
and the other with acid from the bottom of the Gay
Lussac or recovery towers. The combined effect of the
high temperature and the dilution with the weak acid is to
remove the nitrous compounds in the Gay Lussac acid
and return them to the system, together with the
sulphurous gases from the Kkilns.

In some works liquid nitric acid is fed into the top
of the Glover tower to serve the same purpose as the
nitre pot, in other cases this plan is only adopted in
starting up the system or as a rapid expedient for
restoring a plant which is working badly owing to a
deficiency of nitre. A method has recently been adopted
which is likely in the course of a few years to supersede
both the potting of nitre and the direct use of nitric
acid in sulphuric acid manufacture by the chamber
system (see p. 74). There is no doubt that a certain
amount of the sulphur dioxide from the kilns is actually
converted into sulphuric acid in the Glover tower, but
authorities differ very materially as to the percentage
“make” of acid in the tower. The gases leaving the
top of the tower and entering the first chamber are a
complex mixture, and frequently it is difficult to sample
and not easy to interpret the results of analysis in a
wholly satisfactory mannecr.

The ordinary form of vitriol chamber is an oblong
rectangular construction of sheet lead, usually of greater
breadth than height, but modern practice favours a
high form of chamber. The size of these chambers is
variable, but the following dimensions are customary-—
100 feet long, 25 feet wide, 20 feet high. Four such
chambers form a set, being connected by lead tunnels
which enter and leavethe ends of therespective chambers,
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The bottom of the chambers consists of a large shallow
dish, into which the sides of the chamber hang down from
the supporting framework. Before starting operations
the sides are sealed with water or weak acid, so that no
gases can escape.

Many varieties and devices for the suspension of the
chamber walls and roof are in use to-day. The frame-
work may be of iron or wood, and although of the
greatest interest to the designer of chamber plant,

L (= | 1 | Kenng |

Fic. 16
TANGENTIAL CHAMBERS

details necd not be given here.  Other shapes of chamber
than the rectangular are employed (see frontispiece).
We shall have occasion to observe later that the whole
manufacture can be carried out in towers (see p. 54),
but this is not the process with which we are now dealing.

The thorough mixing of the various gases in the
chambers is imperative, and to enhance this circular
or polygonal chambers have been designed. The best
known is the tangential system (Fig. 16). Another
design which, in addition to other advantages, aims at
increased temperature control, employs tower-like cham-
bers of conical shape, which can be cooled by water
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trickling down the outsides. The ordinary oblong
chamber is usually protected from high winds and from
abrupt changes of temperature by scantlings, or is even
completely housed. In many situations it is an advan-
tage to have the chambers at a good height above the
ground level, as the space below can be used for pyrites
stores or other purposes, and the chutes which convey
acid from the various parts of the plant can be more con-
veniently arranged to deliver into the particular cisterns.

Most works have their own ideas, learnt from experi-
ence, of the best conditions of temperature and com-
position of the gases in each chamber. It must be
clearly understood that chamber plants are worked
in such a manner as to produce the type of acid required.
As an illustration of this we may mention that the acid
required for the manufacture of super-phosphates for
fertilisers will obviously not require the same freedom
from impurities as an acid which may ultimately be’
used in the preparation of a food product, or for the
filling of electric accumulators. The manufacturer
of superphosphate manures requires a large volume
of relatively weak acid, and so there is no reason to aim
at producing acid of high strength beyond that required
in the working of the acid plant itself. A-demand for
a purer acid is met by taking advantage of the fact that
the purer but weaker acid made in the last chambers
of a set can be worked up separately for certain specific
purposes (see p. 70). The acid formed in the first
chamber contains 60 to 65 per cent. of true sulphuric
acid, that formed in the end chambers being weaker.
A temperature varying from 60°C to 100°C prevails in
the first chamber, and about 35°C in the last of the set.
At the higher temperatures the lead of which the
chambers are madeis liable to corrosion, but the output is
decreased if the system is not warm enough.
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Steam is introduced into the chambers to maintain
the required temperature, or water sprays, specially
designed for the purpose, to help in the heat control.
The steam or water thus introduced is a necessary agent
in the chemical changes taking place to form the
sulphuric acid (see p. 34).

The colour of the mixture of gases in the various
parts of the chamber system affords a very good guide
to the acid maker. In the first parts of the plant
(i.e. that nearest to the pyrites kilns) the gases are
whitish, and gradually change, as the end of the system
is reached, to a yellow-brown colour, and red-brown
as they enter the Gay Lussac tower.

The Gay Lussac tower, or towers, as two *‘ intandem ”’
are conducive to good working, are similar in general
structure to the Glover towers. The lead sheets forming
the tower are not so thick as in Glover towers, as both
the gases passing up and the acid trickling down are
cold. The packing may be of coke or, preferably, of
acid-proof blocks or rings, which present a large surface
and thus bring the gases passing up the tower into
intimate contact with the stream of strong acid. The
Gay Lussac tower is of large size, the capacity at least
1 per cent. of that of the chambers, and with tandem
towers it may reach almost 4 per cent. The object of
the Gay Lussac tower is to retain the valuable nitrous
compounds for further use in the chambers, and allow the
inert nitrogen to pass away. The gases leaving the Gay-
Lussac pass away to the chimney ; these should be quite
colourless, any brown colour signifying a serious loss
of the valuable nitrous gases.

The acid used for absorbing the useful contents of
the gases leaving the last chamber is strong acid from
the Glover tower after it has been well cooled.

Most sulphuric acid is made in the first chamber,
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amounting to about 70 to 75 per cent. of the whole
output ; the second chamber contributes a further
15 to 20 per cent., and the remainder is furnished by
other portions of the plant, including the Glover
Ltower.



CHAPTER IX
TOWER SYSTEMS FOR MAKING SULPHURIC ACID

THE fact that some sulphuric acid is produced in the
Glover tower has induced many investigators and
inventors to substitute towers for chambers.

There are many varieties of the tower system of
production, differing mainly in variety of devices to
effect control. These systems must not be confused
with the tower-like designs of chambers alrcady men-
tioned (p. 50), in which the reacting bodics are mainly
in gascous form.

About twenty years ago reaction and mixing towers
were introduced to increase output of acid. These
auxiliary towers were usually placed between the
chambers. An early form of reaction tower contained
a large number of perforated carthenware plates, so
arranged that the openings in consecutive layers are
not in the same line. By this means a very intimate
contact between the incoming gas and the liquid acid
1s obtained. A so-called chamber regulator, or additional
tower, between the last chamber and the Gay Lussac
towers has been found useful in the working control of
the process. The tendency to increase the size of
these auxiliary towers led to the proposal to employ
a system of towers only, without chambers, relying
mainly on the reactions taking place in the liquids.

The systems associated with the names Opl and the
Griesheim Company are perhaps the best known. It can-
not be stated that the tower systems have proved them-
selvesinall respects superior to other designs of plant, but
it must be acknowledged that the number of tower plants
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recently erected, or in the course of erection, is increasing
fairly rapidly. Owing to the very recent date of the
majority of the patents relating to the tower systems
for making sulphuric acid, we will devote some space
to this subject.

A point which may be of importance arises in con-
nection with the difficulties encounted in the purification
from dust of the sulphur dioxide produced in mechanical
furnaces, without undue cooling of the gases. We shall
have occasion to refer to the difficulty of cleaning the gas,
and at the same time conserve the heat necessary for the
successful working of the Glover towers. In one patent
relating to the working of a tower system it is pointed out
that the gases may be introduced at a much lower temper-
ature than has hitherto been considered neccessary. A
series of six or eight towers is recommended, with arrange-
ments for the circulation and distribution between the
towers of the acid produced (Fig. 17). The regulation
of the action is mainly controlled by the correct mixing of
the acid produced in the various towers and by delivering
the correct proportion into the appropriate towers.
The chemical control required is very considerable,
and the continuous presence of skilled technical chemists
is necessary. The older systems are not so sensitive
to rapid changes, and the wider working margin of
conditions is an advantage, as less skilled attention is
required.

The burner gases from the pyrites kilns, which may
have been cooled, are passed through a series of towers
in which they are treated with nitric acid.

In the first stage, requiring about 15 per cent. of the
total tower-space, the sulphur dioxide is oxidized, and
it is of the highest importance that the gas should be
brought into intimate contact with an excess of nitric
acid, so as to bring about a very rapid oxidation. For

N ~ 1.
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the second stage, that of the regeneration of the nitrie
acid, the remaining portion of the system must be of
adequate size to allow the much slower actions to be
completed. It is quite impossible to give details of the
working of the towers, but the accompanying diagram
(Fig. 18), taken from a patent specification, will indicate
the complexity of the acid circulation. Mention is also
made here of a method of control by returning a portion
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CIRCULATION DIAGRAM. ‘‘OPL’” SYSTEM

of the gascous products to preceding towers.  In some
designs the burner gases are passed in succession through
the towers, in others simultancously into some of them.

Almost the whole of the literature relating to these
new systems is to be found in the patent specifications
of various countries, and very little information is to be
found outside this source. It is at present impossible
to forecast the future of the rival systems, but it is
obvious that a very large number of conditions of
locality, raw materials, ctc., must be considered in each
casc. A somewhat similar prospect will be found in
any attempts to decide the pros and cons of contact
systems, to be considered in another chapter, as
contrasted with chamber or tower systems.



CHAPTER 1X
FUMING SULPHURIC ACID OR OLEUM

THE manufacture of fuming oil of vitriol or *“ Nord-
hausen ”’ sulphuric acid, was worked in Bohemia from
about 1790, but the process adopted was given up
about 1900, when it could no longer compete with the
““contact ' or catalytic process. The consumption of
fuming sulphuric acid was comparatively small in
England until the year 1914, when the demand for the
explosives industry became enormous, and now, with the
cstablishment of the dye industry, large quantities will
still be required.

Fuming sulphuric acid, or oleum, as it is almost uni-
versally known in chemical industries, may be defined
as sulphuric acid (HpSO,) mixed or combined with
sulphur trioxide (SOz). We can conveniently regard
sulphuric acids to be a series of products resulting from
the combination of sulphur trioxide with water, in a
general formula thus—mSO; nH,0. Some of these, in
which ““m”” and “n’’ have quitesimple values, are usually
regarded as definite compounds. Thus SO; H,O is
sulphuric acid, 250;. H,O is known as pyro sulphuric
acid, 5O;. 2H,0 and SO;. 3H,0 have also been isolated.
In the non-fuming class “m’ is less than “n,” but if
“m” be the greater then the acid will belong to the
class of fuming acids.

The old methods of manufacturing oleum were based
upon the action of heat on certain sulphates. Iron
sulphate, known also as copperas or green vitriol, was
most largely employed (see p. 31). The crystals of
copperas (FeSO,7H,0) were submitted to a roasting
process to remove the water and partially to convert
them into a different iron sulphate [Fe,(SO,),].
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The roasted mass was heated in clay retorts, and the
sulphur trioxide driven off with some sulphuric acid.

The residual oxide of iron was used as a red paint,
and was almost as important a product as the fuming
acid itself.

From about 1900 the decomposition of sulphates to
form sulphur trioxide had fallen into disuse, but in
Germany, perhaps owing to the very abnormal condi-
tions of pyrites importation prevailing in 1914-1918,
the question of utilizing other materials, in order to
supplement the sulphuric acid supply, seems to have
been re-investigated. In addition to the scarcity of
pyrites, the production of calcium sulphate in large
quantitics as a waste product in other branches of
chemical industry probably served as a further stimulus.
Calcium sulphate is decomposed by heating, and the
resulting sulphur trioxide is then available for making
sulphuric acid.

The sulphate is strongly heated in a tubular revolving
furnace similar to those used in the manufacture of
cement.

The manufacture of sulphuric acid might be under-
taken in conjunction with cement production, and, in
fact, this suggestion is incorporated in several patents.
In the majority of the latter the decomposition of the
sulphate is effected not by heat only, but by the addition
of such material as clay. In these processes the gaseous
products are rich in sulphur dioxide, which is oxidized
to the trioxide by passing over a contact body, while
the solid products are suitable for cement manufacture.?

1 Various waste products, rich in calcium sulphate, might be
used in the manufacture of sulphuric acid, e.g. gypsum of too
low a grade for profitable plaster making, and, quite possibly,
the old or broken moulds which are an expense and inconvenience
in the pottery industry might be turned to account in the
same way.
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One of the earliest of these patents is Cumming’s,
who proposed, in 1886, to heat bricks made of gypsum
and clay in a kiln, but by far the greater number were
taken out in the period 1914-1917.

The first man to make use of the fact that, when a
mixture of sulphur dioxide and oxygen is passed through
a tube containing heated platinum, combination takes
place with the formation of sulphur trioxide, was
Peregrine Phillips, a Bristol vinegar maker. The
patent is dated 1831, but the process could not compete
with the chamber process, and there was no considerable
demand for fuming acid at that time. Although
Phillips was the inventor of the *“ contact ” process, the
working out of practical methods of adapting it to the
manufacture of oleum may be dated from the investiga-
tions of Winkler and of Squire and Messel, about 1875,
The sulphur dioxide and oxygen were made by causing
ordinary concentrated sulphuric acid to fall on to a
heated surface. The steam was removed from the
decomposition products, and the resulting mixture of
gases made to re-combine by passing them over heated
platinized pumice (the ‘‘ contact mass ™ or ‘‘ catalyst,”

««

see p. 27).
H,80, = H,0 + SO, + O
SUPMC  swam QPR Oxygen

SO, + O = SO,

Sulphur

Sulphur
trioxide.

dioxide ~ OxyEen

In the same year Winkler suggested a very similar
process, in fact nearly identical, but employing platinized
asbestos in the place of pumice as the contact body.

The platinizing of the contact carrier is done by
dipping it into a solution of platinum chloride.
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The mechanical difficulties were very considerable,
but the process was worked at Silvertown for a number
of years. On the Continent, notably at Mannheim,
Kreuznach, and Hochst, oleum was manufactured in
a similar manner.

The use of gases from brimstone burners and the
method of absorbing the sulphur trioxide produced in
strong sulphuric acid, effected a considerable advance.

A number of agents to replace platinum have been
suggested from time to time, oxides of iron, chromium
and copper being amongst the earliest proposals. The
number of suggested catalysts is now very large, and
many patents have been granted for them, or for suitable
mixtures, and also for methods of preparing the catalytic
masses in markedly active condition.

About 1882 the idea of using the gases from ordinary
pyrites burners began to receive attention as a practical
proposition. The purification of these gases from dust
and other impurities was studiced, and it was found at
a very early stage in the development of the contact
processes that the activity of the catalytic agent was
very soon diminished or even extinguished by the
poisonous cffect of impurities. The complete removal
of the so-called catalytic poisons is very far from casy,
and large plant is required. Arsenic, phosphorus and
mercury have generally been considered as the most
harmful poisons, but other impurities such as iron,
lead, copper, the halogen gases, especially fluorine and
chlorine, are very deleterious.

The purification plant aims at effecting such a thorough
removal of harmful substances that the gases are
optically and chemically pure. The presence of acid
mist is injurious, mainly owing to the fact that it acts
as a carrier of other impurities,

The gases are cleaned by repeated washing with
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sulphuric acid in towers, cooling, subsequent drying,
and re-heating.

One form of the contact apparatus consists of a number
of vertical iron pipes containing the catalytic agent.
The temperature is controlled and adjusted with the
greatest care, as also the composition and speed of
the gases. To maintain the correct temperature, the
gas stream is frequently divided in such a manner
that a portion of incoming gas enters the outer casing
of the apparatus containing the contact tubes, near
the bottom; in so doing it cools the contact mass and
is itself warmed ; at the top the stream passing up the
outer casing meets with the other stream of gas. This
mixture of the two streams flows in a downward direction
through the contact tubes. The heat developed in the
contact tubes is very considerable, and so by regulating
the proportions of cool and hot gas streams respectively,
it is possible to control the action and maintain the
temperature very nearly at the optimum point. The
most suitable temperature for a maximum conversion
depends mainly on the quantity of gas passing through
the apparatus, the composition of the gas, and the
efficiency of the contact material.

As much as 96 per cent. of the sulphur dioxide may
be converted, but it is not usual to aim at such a high
conversion in one contact apparatus. By employing
two convertors 80 to 90 per cent. is transformed in the
first unit, and the action completed in a second unit,
after removing the sulphur trioxide formed in the
first. Many modifications have been introduced from
time to time, especially in the direction of more efficient
utilization of the heat of the reaction. Heat inter-
changers serve to cool the gases passing to the absorbers,
and transfer the heat taken up to other gases passing
to parts of the system where it may be utilized (auxiliary
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contact units, etc.) (See note below). So far we have
only mentioned asbestos and pumice as supports or °
carriers for the platinum necessary as contact agent,
but we shall have opportunity later of indicating other
substances which are employed for this purpose. Almost
any material which is not affected by any of the
constituents of the gases, and which is not likely to
break up at a high temperature, may be used.

It is almost inevitable that in the course of time the
contact material becomes poisoned or inert, and, there-
fore, it is generally necessary to choose a support for
the very costly platinum of such a nature as not to
interfere with the valuable part of the mass. Another
type of process, which is known as the Mannheim,
makes use of the “burnt ore” or “ pyrites cinders”
(mainly oxide of iron) as a catalytic agent. The advan-
tages of this material are its cheapness and the fact that
it acts itself as a purifier of the burner gases from
arsenic and some other impurities. From the fact
that pyrites cinders are available at a very low cost in
the majority of chemical works, the question of
poisoning of the material hardly matters. The arsen-
icated cinders can readily be replaced by fresh material.
In this Mannheim process the air supplied to the pyrites
furnaces is carefully dried, and the pyrites are also

Note.—The theory underlying the consideration of the best
conditions for maximum output of contact plant is very com-
plicated. The chemical equation showing the oxidation of
sulphur dioxide to the trioxide is one of the class known as
reversible, and may be represented thus—

SO, + O T SO,.

Under usual conditions of pressure, in the case of a mechanical
burner gas, the conversion to the trioxide begins about 200°C
and is nearly completed at about 430°C. Above this temperature
the trioxide ‘‘ dissociates,” and at about 1,000°C is reduced
again to the dioxide.

6—(14660)
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freed from all moisture before charging into the Kkilns.
The heated and dry gases from the pyrites burners
pass directly into the reaction chamber containing the
burnt ore. The kilns and reaction chamber are carefully
cased in to prevent the entry of any moisture. The
quantity of sulphur dioxide converted in this system
falls short, as a rule, by a considerable amount, of that
which is usual in the platinum contact process. After
the complete removal of the sulphur trioxide the remain-
ing unconverted gases are re-heated to the necessary
temperature and passed through a converter containing
platinum, in which the oxidation of the sulphur dioxide
is completed. Frequently the converting chamber con-
tains nets of platinized asbestos, arranged in removable
frames. The popularity of the Mannheim process has
waned to some extent recently, the maintenance costs
in many cases being rather high. It seems quite
feasible that under some conditions a combination of
the chamber systems with an iron oxide (pyrites cinders)
contact process might possess considerable advantages.

A third contact process is known as the Schroeder-
Grillo, or frequently by the latter name only. The
same considerations of purification of the gases and
every possible attention to economic heat exchange must
be noted as in the other types.

The contact material is platinum, but the support
is magnesium sulphate. The platinum is very finely
divided, and a far smaller amount is required, also the
platinum is readily recovered by dissolving out the
magnesium sulphate. The contact mass is spread
on perforated trays in the converter chamber, and
arrangements are made for a very thorough mixing of
the gases when passing from one tray to the next. The
purification of the gases, a matter of the greatest import-
ance in the working of the contact processes, has been
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the subject of a very large number of patent specifica-
tions. In one of these the removal of traces of hydro-
chloric acid from the burner gases is accomplished by
the use of sodium sulphite. Inanother patent, associated
with the Tentelew Co., of Petrograd, hydrochloric acid
and silicon fluoride are removed by washing the gases
with solutions of alkalis. In both these processes other
variations in the practice of cooling, scrubbing, and
heating are employed. Whatever contact system is
adopted the methods employed for absorption of the
resultant sulphur trioxide are similar. It is a practical
impossibility to absorb sulphur trioxide completely in
water or in weak sulphuric acid; even if a large number
of absorption vessels is used a considerable amount of
fume will escape absorption. Almost perfect absorption
may be obtained by using sulphuric acid of about 98
per cent. Since concentrated sulphuric acid does not
attack iron seriously, the absorbers used in making
oleum are constructed of wrought iron. Cast iron is also
used for absorbers when sulphuric acid is being made.

Oleum cannot with safety be stored in cast iron
vessels, because, although they resist the action of
sulphuric acid so well, the fuming acid apparently
penetrates into the pores of the metal, and causes
cracking or even violent explosions, perhaps due to the
generation of gas. What method the future will regard
as the best for sulphuric acid production is a question
that cannot be answered. Many controversial views
have been published, and each method has its advocates
and its antagonists. Many writers adopt the view that
the end of the chamber system is even now in sight.
This view is not shared by the writer. The chamber
plant has been considerably improved during the last
few years, the stimulus being, without doubt, due largely
to the competition of the contact systems.
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If the demands of the future are confined to strong
acid only (i.e. above 70 per cent.), then the outlook
would be very dark for the chamber system, but it is
highly probable that the older system will hold its own
for many years to come as the cheapest plant for the
production of sulphuric acid up to the strength
mentioned.

The maintenance and running costs of tower systems
compared with chamber plants of similar capacity are
not readily ascertained, and their life-history, as far as
Englandis concerned, istoo short to warrant an expression
of opinion as to their place in the future of sulphuric
acid manufacture.



CHAPTER XI

CONCENTRATION AND DE-ARSENICATION OF
SULPHURIC ACID. ACCESSORY PLANTS

WE mentioned (p. 45) that the sulphuric acid flowing
from the bottom of the Glover tower was the usual
commercial oil of vitriol. For some purposes this acid
is too impure, for others it is not sufficiently concentrated.

Leaden pans, heated by waste heat in many cases,
may be used for removing some of the water from a
weak acid, cast iron pans if the acid is not very weak;
some of the alloys of iron and silicon are so very resistant
to the corrosion of hot acid that apparatus made of
these alloys is preferably employed.

One form of concentrator may be described as a
staircase of basins, which are heated by the hot gases
of a furnace beneath, and are so arranged that the lip
of each basin overhangs the next basin below (Fig. 19).
The acid to be concentrated is run in at the top and flows
through the series of basins until at the lower end the
strength is about 95 per cent. true acid. Basins made of
pure fused silica (Fig. 20) give a cleaner acid than the
alloy basins, but greater care in handling is required.
Formerly retorts of glass or platinum were much used
but, except in cases where exceptional purity is required,
the use of such brittle or costly apparatus has been
abandoned.

Hot fuel gases, provided that a good contact with
the acid can be made, afford an excellent method of
removing the water from sulphuric acid. In the
Kessler system, which is largely used, the hot gases from
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a furnace burning coke are made to pass along the
surface of the acid from which they take up much of
the water with only a little acid vapour. Before they
leave the apparatus the gases pass up through a small
tower-like structure down which incoming weak acid
is trickling, and then into a scrubbing box which removes
the final traces of acid carried over from the concen-
trator. Another system also depending on the use of

Fia. 20

hot gases is known as the Gaillard tower. The acid
to be concentrated is forced into the top of the high
tower as a fine spray, and meets the hot gases which
enter the bottom of the tower. The necessary draught
to keep the gases moving is provided by fans made of
“Regulus ” metal (antimony-lead alloy) Fig. 21.
The strong acid flows from the base of the tower, and
the water vapour containing a little acid is recovered
in scrubbing towers. Other systems based on similar
principles have also been devised.
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The presence of arsenic in sulphuric acid and its
removal by hydrogen sulphide have been previously
referred to (see p. 18).

Arsenic, even in small amounts, is objectionable for
many purposes, and consequently steps must be taken
either to obtain an acid free from this impurity, or, at
any rate, toreduce the amount to a few parts per million.

Fic. 21
KESTNER “‘ REGULUS METAL "’ FAN

The crude acid from which the arsenic is to be removed
is generally selected from that made in thelast chambers,
as the acid from that source contains less impurities,
and is about the most convenient strength for the
treatment with hydrogen sulphide. The acid and the
gas are brought into intimate contact, and the solid
arsenic sulphide is then separated from the acid.
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A very usual form of de-arsenicator consists of a
tower, built of sheet lead, containing a large number of
triangular bars which serve to bring the gas and liquid
into contact, without allowing the precipitated arsenic
sulphide to lodge in the tower. In another form, known
as the ‘“ Trepex " de-arsenicator, the impure acid is
sprayed into the hydrogen sulphide by rapidly revolving
paddles, enclosed in a cylindrical casing (Fig. 22). A
third method is to force the hydrogen sulphide into the
acid contained in vertical vessels. When the strength of
the acid does not exceed about 60 per cent. little
difficulty is experienced, provided also that the acid
contains only traces of nitrous compounds, and that
the hydrogen sulphide is present in excess of that
required to precipitate the whole of the arsenic. -

The yellow arsenic salphide may be allowed to settle
out in cisterns, and any remaining suspended in the
acid may be removed by filtration.

In the presence of paraffin oil the arsenic sulphide is
readily removed as a scum. The removal of the arsenic
from strong sulphuric acid is not so readily carried out
but by using a large excess of hydrogen sulphide, with
or without paraffin oil, it is possible to do so.

The resulting arsenic sulphide is troublesome to
dispose of, since it is not usually of a high grade of purity,
even after prolonged washing and drying. Although
this arsenic sulphide is frequently described as arsenic
penta-sulphide (As,S;) the writer, as a result of many
analyses, is of the opinion that the precipitated sulphide
is a mixture of arsenic tri-sulphide (As,S,) and free
sulphur, and seldom, if ever, contains the true penta-
sulphide. In another method of removing a con-
siderable portion of the arsenic present in sulphuric acid,
advantage is taken of the volatility of arsenic tri-chloride.
Hydrochloric acid is added to the arsenical acid and the
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resulting tri-chloride (AsCly) is expelled by blowing air
through the liquid. The arsenic tri-chloride, on treat-
ment with water, reforms hydrochloric acid, and arsenic
trioxide (As,O,) is precipitated. The ** white arsenic
thus produced, after washing and drying, is ready
for sale.

Arsenic is used to harden copper employed in the
construction of boiler fire-boxes, but the glass industry,
in which it serves as a decolouriser, is the chief outlet
for the product. Many sheep dips and weed-killers
contain compounds of arsenic. Much of the common
sulphuric acid has a reddish colour, due to selenium.
This element bears a strong resemblance to sulphur, and
has at present little commercial importance.?

Though rightly described asa rare element, the presence
of selenium has been proved in many minerals, especially
in association with sulphur, as in pyrites. During the
process of de-arsenication, most of the selenium is
also removed. Its presence is objectionable in acid
which may be used in the preparation of products
which are to be utilized in articles of food. We call
attention to this because of the importance of never
regarding ‘‘traces” of anything as always negligible.
In a case which came under the writer’s cognizance,
the few parts per million of selenium in pyrites were
the cause of considerable inconvenience in a prepared
product which contained only a few tenths of a part
per million, but which was, in consequence, considered
impure.

In 1786, Cavendish showed experimentally that, by
passing electric sparks through a vessel containing air,

1 Selenium is most readily obtained in the refining of copper
by the electrolytic method. The probably unique property
of changing its electric conductivity when illuminated is taken
advantage of in certain instruments.
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the oxygen and nitrogen would combine, and rather
more than a century later attempts were made to trans-
late the almost forgotten experiments into practice,
and now millions of horse-power are used to produce
nitrates and nitric acid from the air.

Germany obtained the nitric acid, indispensable in
the manufacture of explosives, almost exclusively from
this source.

For practical purposes at the present time, a more
convenient and adaptable method of obtaining nitrous
gas for sulphuric acid plant, is by the oxidation of
ammonia. The apparatus required is small and readily
controlled. The nitrous gases from the  catalysor ”
usually pass directly into the first chamber of the
sulphuric acid plant (Fig. 23).

Ammeonia, in the form of gas, with air, is passed over
a “catalyst ”’ (see p. 27), and under correct conditions
is converted to nitric oxide as shown by the equation.

4NH, + 50, = 4NO + 6H,0

Ammonia Oxygen Nitric oxide Water.

Fine nets of thin platinum wire form a good catalyst,
but other materials may also be used. The ammonia
must be very pure, as the platinum net is easily
‘“ poisoned ”’ by some impurities which may occur in
commercial ammonia. The conditions must be favour-
able to the action taking place as represented above,
since, if adverse, the action may go too far, and useless
nitrogen take the place of the oxide as

4NH,; + 30, = 2N, + 6H,0

Ammonia Oxygen Nitrogen Water.
One of the chief difficulties, more or less inevitable
in all mechanical furnaces, is the formation of an exceed-
ingly fine dust which, unless removed, will contaminate
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the sulphuric acid produced. In most systems it is to
the advantage of the sulphuric acid maker to produce
the sulphur dioxide as free from dust as possible, but
at the same time at a high temperature. The hot gases
are useful in effecting the concentration of the acid,
and are almost an essential to the restoration of the
valuable nitrous gases to the system (see p. 36).

The most usual method of removing dust from the
roaster gases is by filtration through some material,
such as broken brick, but it is evident that steps have
to be taken to prevent the filters becoming choked.
If the high speed of the gases, containing the suspended
dust, can be abruptly changed to a much lower speed
then much dust, at any rate the coarser particles, will
settle out. In order to secure this settling of the dust
the gases are passed into chambers of much larger
area than the inlet pipe. A series of abrupt changes
of speed of the gases are further effected by baffle plates
in the chambers. It is obvious that the larger the area
of the dust-catching chambers so much the greater will
be the amount of heat lost and, therefore, the number
and size of the chambers must be limited, and an average
struck between the extremes of either a dusty and hot
gas or a clean and cooler gas.

A suggestion has been made, and it appears a reason-
able one, to scrub the dusty sulphurous gases with
sulphuric acid—in so doing a small percentage of the
output is contaminated, but the bulk is preserved from
dust. This method is only advantageous in localities
where there is an outlet for the strongly contaminated
acid.

An electrical method of separating solid and liquid
substances from gases holding them in suspension,
has been applied by Cottrell. The Cottrell process is
destined to hold a leading place in a variety of chemical



. CONCENTRATION OF SULPHURIC ACID, ETC. 77

and metallurgical industries. Lodge, in 1885, carried
out a number of experiments on the dispersion of
fog by electrical discharges. Cottrell, in 1906, repeated
the older trials, and was convinced that the method
could be developed into a sound commercial process.

The problem of removing the very troublesome acid
mist from the gases of a Mannheim contact plant
(see p. 63) was first attacked. The experiments have
resulted in a very extensive field of application. The
general principle of electrical precipitation of solid or
liquid particles is based on the fact that such particles
become electrically charged themselves when floating
in the space between two highly-charged conductors,
and will in consequence be attracted by one or other
of the conductors.

Two forms of apparatus are in use, known respectively
as (1) the vertical or “ chain and tube ” type, (2) the
horizontal or ““ plate and chain ” type (Figs. 24, 25, 26).
In one large installation, capable of dealing with 3,000000
cubic feet of gas per minute, no less than 240 tons of
dust are removed every twenty-four hours. In another
case, where the nuisance caused by the fumes escaping
from a battery of Gaillard towers (se¢ p. 69) was very
" considerable, the amount of acid recovered averaged
25 tons of 50 per cent. acid per twenty-four hours.

The installations of ‘‘ Cottrell Precipitators” put
up, in the first instance, to remedy a nuisance, have
proved, in most cases, an excellent investment, as the
loss of valuable material—copper, lead, arsenic, potash
(from cement kiln dust), sulphuric and nitric acids—
has been prevented.

Sulphuric acid, as we have noted previously, when
fairly strong (70 per cent. and upwards) has very little
corrosive action on iron. This fortunate fact enables
the chemical engineer to convey and store sulphuric
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acid in iron vessels. At a lower strength than 70 per
cent., while the acid attacks iron, lead is comparatively
immune ; the latter material is therefore used when it
is necessary to handle weak acids.
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For raising acid, as, for instance, elevating the Gay
Lussac tower acid to the top of the Glover tower (see p.
46) compressed air is generally used, though the
employment of mechanically driven centrifugal pumps
has replaced this method in some factories. These
pumps are of iron or special alloys which resist the
corrosive action of the acid. A device known as an
“acid egg” has been found very satisfactory as an
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acid elevator, the more so because the ‘‘ life *’ of these
eggs is usually a long one. The egg, which is made of
cast iron of considerable thickness, is placed at a lower
level than the tank from which it is supplied. A com-
mon design consists of a cylindrical vessel about 6 feet
long and 3 feet in diameter, with three flanged openings.

Jnsulalors
§
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It is supported on blocks in a horizontal position, with
the inlets and outlets on the top. The acid to be raised
flows by gravity through a ‘‘back-pressure” valve,
which is so constructed that it shuts off communication
with the supply tank when the supply of compressed
air is turned on. The outlet pipe for the acid passes
through another of the openings, its foot extending to
a small cavity at the bottom of the egg. The com-
pressed air inlet is furnished with an automatic valve,
7—(1486c)

Fic. 25
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actuated by a float, which admits the air only when the
egg is full (Fig. 27).

F16. 26
MODEL OF ‘‘ COTTRELL PRECIPITATOR "’

Apparatus so designed requires practically no atten-
tion, acting quite automatically. Where continuous
pumping is not required, of course, hand-controlled
valves may be used. The valves are usually cast in



'
—Hﬁ_.—-—-—r_-.——-h

>
T
'.—4
1

Fi1c. 27
KESTNER ACID ELEVATOR

The acid from the feed tank A flows by gravity into the body .
B of the acid elevator. As soon as B is full the liquid
operates the part X of the float which, by means of the rod
C, closes the air exhaust valve and opens the compressed
air valve. The acid is discharged through the pipe T and
the air, after delivering the liquid, exhausts through the
same pipe, the consequent fall of pressure operates the valves
in the opposite direction.
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moulds and machined, a hard lead, containing much
antimony, being the alloy most frequently employed.
Other designs of acid eggs are also used.

Acid is raised in some cases by “‘ air lifts,” in which
the acid is raised in the pipe by cushions of air between
short lengths or plugs of acid, or the air and acid are
so thoroughly mixed that a froth or emulsion is produced.
In both methods the pressure or ““ head ’ is much less
than is the case where the whole pipe is full of acid,
consequently there is considerable saving both of
structural material owing to reduced strain, and of
expenditure of power. The usual package for sulphuric
acid is a large glass bottle or ‘“ carboy "’ of about ten
gallons capacity. The carboy is inserted into a * skip ”’
or basket constructed of iron bands, with straw packing.
Wherever feasible, cylindrical tanks mounted on railway
trucks are infinitely preferable to the relatively fragile
carboys. The tank waggons contain from ten to twelve
tons, or roughly the equivalent of 250 carboys. For
emptying the tanks a tap is provided at the bottom,
but a less troublesome method is to employ compressed
air to force the acid along a distributing pipe. Plain
wrought iron is used for the strong acid, and lead-lined
tanks for the weaker qualities. Wrought iron drums,
holding 5 to 15 cwt., can also be used.



CHAPTER XII
RESIDUAL PRODUCTS

THE mineral designated pyrites usually contains, in
addition to iron and sulphur, a number of other elements
in small amounts. The following can be regarded as
typical of a class of mineral of frequent occurrence—

Iron. Fe . . . . 40-30
Sulphur. S. . . . 4546
Copper. Cu. . . . 1-42
Zinc. Zn. . . . . 340
Lead. Pb. . . . 125

Tin. Sn. . . . . 003
Arsenic. As. . . . 100
Antimony. Sb. . . . 003
Cobalt. Co.

Nickel, Ni. { + -+ - 006
Manganese. n. . . 006
Bismuth. Bi. . . . 0-01
Calcium oxide. CaO. . . 017
Barium oxide. BaO. . . 024
Magnesium oxide. Mg.O. . 029
Silica. SiO, . 2-88
Phosphorus pentoxide. P,Os . 002
Alumina. ALO, . 122
Carbon dioxide. CO, . . 060
Silver. Ag.. . . .16 dwt. 8 grains.
Gold. Au. . . . . 16 grains.
Selenium. Se . . . 50 parts per million.

(See note at end of chapter re analysis of solid matter
in sulphuric acid made from the above pyrites.)

From the small amounts present in many instances
in the list, it might be considered that the majority were
negligible. As a matter of experience in large scale
working, many of these impurities are by no means
negligible, and may cause irregularities in the working
of plant as well as difficulties in the purification and
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utilization of the products in which sulphuric acid
made from such a pyrites is employed.

An attempt is made here to outline the distribution
and destiny of some of the elements given in the list.
Of the sulphur present in the ore the greater part is
burned off in the kilns—which should yield cinders
containing from 1 to 2 per cent. of “ sulphide sulphur,”
and slightly higher figures for * total sulphur.”

At the temperature prevailing in the pyrites kilns
the calcium sulphate and barium sulphate are not split
up, and consequently both will be found in the cinders.

The arsenic, antimony and selenium are mostly
volatilized and found again in the sulphuric acid pro-
duced. In general the other bodies present in the pyrites
are carried forward mechanically with the inevitable
dust, and consequently Glover tower acid will be found
to contain traces of every element found in the original
ore. A certain amount of arsenic is always retained
by the burnt ore, probably fixed as calcium arsenate or
a more complex compound. We will consider, further,
only those metals present in the cinders which are or
may be extracted.

The copper, silver, gold, lead and zinc are rendered
soluble by roasting with salt. The ‘‘chloridized ore”
is washed with weak acid (a mixture of sulphuric and
hydrochloric acids recovered by washing the fumes
from the roasting furnace), and the resulting liquor
containing the elements enumerated is separated from
the insoluble portion. Silver and gold can be to a large
extent precipitated by the addition of zinc iodide; the
resulting precipitate, silver iodide, is treated with scrap
zinc to produce metallic silver and to reform the zinc
iodide. The precipitated silver contains most of the
gold present in the pyrites; a certain proportion of
zinc and lead is also precipitated in the process.
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The copper is recovered in a further series of vats,
in which the solution is kept in contact with scrap iron,
which results in the precipitation of nearly the whole
of the copper, a corresponding part of the iron passing
into solution.

One method of separating lead is based on the solubility
of lead chloride in a hot solution of calcium chloride,
from which it can be readily recovered as spongy lead.

The zinc can be obtained from the liquors, after the
removal of the copper, by the action of hydrogen
sulphide or other available soluble sulphide.

The flue dusts from the chloridizing roasters contain
an appreciable quantity of bismuth which is not difficult
to recover. The final liquors from the ‘‘ wet "’ copper
process outlined above are rich in iron salts from which
pigments are prepared by precipitation and the requisite
roasting of the resulting hydrate of iron.

The washed burnt ore is compressed into blocks or
briquettes which, after being strongly heated in a kiln
to harden, are sold for use in the place of iron ore in
blast furnaces. For the iron smelting industry it is
important that the impurities in the briquettes should
be kept down to a low figure, as otherwise the metal
produced from them will be of inferior quality.

NoTe.—For purposes of comparison we include an analysis of

the solid matter in a Glover tower acid made from ore of almost
identical composition with that given above.

Ordinary  Mechanical

kilns burners.
Selenium . . . . 0130 0-185
Lead . . . . . 0-085 0-106
Copper . . . . . 0090 0-210
Arsenic . . . . . 8475 7-125
Antimony . . . . 0027 0-032
Bismuth . . . . Trace Trace
Iron . . . . . 0-487 0-812
Aluminium . . . . 0275 0-266

Zinc . . . . . 0125 0-140
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The above cxisted in solution in the acid. The suspended
matter was also examined with the following results—

Total .

Insoluble in acids

(i.e. Silica

Iron and Alumina

.

The suspended matter which was .soluble in acids was found
to be made up of—

Selenium
Lead .
Copper
Bismuth
Arsenic
Antimony
Iron
Aluminium
Zinc

.

0-412 1-532
0-040 0:255
0-023 0-218
0-007 0-037)
0-143 Nil
0-108 0-206
Traces Traces
0-009 0-003
0-053 0-026
0-031 0-700
0-012 0-127
Nil 0-010



CHAPTER XIII
USES OF SULPHURIC ACID

WE have given in the previous chapters an outline of
the industrial methods of manufacture of sulphuric
acid and several related compounds. The uses of
sulphuric acid are so numerous that it is probably quite
beyond any single technological chemist to enumerate
them all.

Previous to the year 1914, the yearly consumption
of sulphuric acid was about 1,040,000 tons, calculated
as 100 per cent. acid. In addition to this, 22,000 tons
of oleum, also calculated to 100 per cent. acid, for
purposes of comparison, were used. During the years
1914-18 the production of superphosphate was curtailed
owing to the enormous quantities of acid required for
munitions. The possible production on the return of
more normal conditions is computed to be 1,265,000
tons, and 450,000 tons respectively.

In the manufacture of artificial manures of the
* superphosphate ’ group many thousand tons are
used annually.

Probably more than two-thirds of the sulphuric acid
produced is now used for fertilizers, including the
superphosphates and ammonium sulphate.

Under good agricultural conditions soils may contain
as much as 0.3 per cent. of phosphoric acid, but usually
very much less than this amount. Different crops
remove from the soil varying but very considerable
quantities of this extremely necessary compound every
year. If a corresponding quantity is not replaced and
returned to the soil, the latter becomes sterile in a short
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time. This has actually happened in the past, and in
many countries, formerly large grain producers, the food
production is very greatly diminished. The tri-calcium
phosphate [Cay(PO,),] which occurs in soils and rocks
is insoluble in water, and even when very finely ground,
is only very slowly assimilated. If an immediate
result is not required, or if the soils are acid or marshy,
this phosphate may be used, but in the majority of
cases it is advantageous to convert it into a more
soluble compound.

By treating the tri-calcium salt with sulphuric acid
it is converted into the mono-calcium salt [CaH,(PO,),]
which is the chief constituent of superphosphate fer-
tilizers. The mono salt is soluble in water and so
permeates the soil and reaches the roots of the
plants.

The crude or naturally occurring phosphate (phos-
phorite) is found in very large quantities in Florida,
Tennessee and Carolina, Algeria and Tunis, France
(Somme), and Belgium. The material from these
sources differs very considerably in composition, the
calcium carbonate and fluoride varying within rather
wide limits.

The phosphatic rock is finely ground and treated with
an amount of sulphuric acid of certain strength, deter-
mined by a previous analysis of the rock. The acid and
the ground rock are put into a mixer fitted with agitating
ploughs. The hot pasty mass is then allowed to fall into
large chambers or ‘dens,” in which the chemical
changes are completed. After some time the contents of
the den are removed either by hand or preferably mech-
anically (Fig. 28). The resulting superphosphate is
generally crushed to break up any lumps, and is then
ready for sale. It is obvious that the manufacture must
be conducted with care, as the finished product must not
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be damp, nor should it contain free sulphuric acid
which would be harmful to the soil and would also cause
rapid destruction of the bags in which it is stored.

There are chemical as well as economic reasons which
render any drying of the superphosphate, after making,
a difficult matter, and one to be avoided, if possible.

The next important market for sulphuric acid is
ammonium sulphate manufacture, the latter also an
extremely valuable fertilizer. The quantities of sul-
phuric acid used for this purpose approximate to that
used in the superphosphate industry. Actual figures
are not given here, as the periods of manufacture are
seasonal, and to some extent fertilizer plants are used
as outlets for surplus acid. The factors mentioned
lead to very fluctuating outputs, and a further cause of
variation is the seasonal variations in the amount of
ammoniacal liquor produced in gas works, which
hitherto have been the chief sources of ammonia.

In the manufacture of ammonium sulphate, gaseous
ammonia is passed into a ‘‘saturator” containing
sulphuric acid of correct strength; the crystals of the
sulphate thus produced are separated from the * mother
liquor ”’ by draining and drying in a centifugal machine.
It is important that the amount of free acid left in the
product should be very small, or even better, entirely
absent. The crude ammonium sulphate is usually
grey in colour, this being probably due mainly to traces
of metallic impurities in the sulphuric acid used, a
yellow colour indicating usually the use of an arsenical
acid.

The third highest demand for sulphuric acid formerly
came from the manufacturers of sodium sulphate, which
has already been described (see p. 22). The intro-
duction of other methods for the production of caustic
soda and chlorine has displaced ‘‘ saltcake” and
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hydrochloric acid as intermediates in the manufacture
of both caustic soda and bleaching powder, but
saltcake is still required for making sodium sulphide
and in glass works, and hydrochloric acid is an important
commodity in the chemical industry.

Considerable quantities of sulphuric acid are required
in the iron and steel industries, where it is used to
prepare iron sheets and other articles before tinning
or galvanizing. This “ pickling,” as it is known in
practice, may also be carried out by the use of hydro-
chloric acid, which is frequently preferable, but as
sulphuric acid is largely used in making the hydro-
chloric acid, the consumption of sulphuric acid is not
much altered by the use of the alternative pickling
medium.

In wire drawing it is of great importance to remove
the “ mill scale ”’ from the rods before drawing, and also
to induce the formation of an even film or rust. The
thin layer of rust forms very quickly when the rods or
wire are removed from the pickling trough and rinsed
with water ; the function of the rust is probably that of
a lubricant in the dies through which the wire is drawn.

Large quantities of sulphuric acid are used in the
various operations that come under the categogies of
dyeing and bleaching.

Compounds produced by the action of sulphuric acid
on many products separated from coal tar, form the
starting points in the manufacture of dye stuffs. The
process known as ‘‘ sulphonation "’ is one of the com-
monest in the production of either intermediates or the
dyes themselves. A good illustration of this use is seen
in the manufacture of phenol (carbolic acid) from
benzol. A considerable amount of phenol is separated
directly from coal tar, and need not be considered here,
but the product from benzol is also of importance.



92 SULPHUR

CH, + H,S0, = C.H,HSO, + H,0

Benzol Sulpburic smmphm'm Water,
CeHyHSO; + NaOH = C,H,OH + NaHSO,
Caustic Phenol.

soda

In many cases ordinary sulphuric acid is not * strong "’
enough to work satisfactorily, and in such cases oleum
is used for the purpose. On considering the equation
of sulphonation illustrated above, it will be noted that
water is one of the products of the action, and this
will, of course, weaken the acid as it is being used.
Weak acid will not sulphonate as a rule, and by using
oleum the weakening effect of the water is checked by
the formation of further quantities of sulphuric acid
from the sulphur trioxide present in the oleum—
S0, + H,0 = H,SO,.

Concentrated sulphuric acid has itself a strong
affinity for water, and this property is very largely
made use of in another operation in technical organic
work. The process of nitration is the starting point of
an important group of dyes and explosives. We will
illustl;ate this case in the same manner as above—

CH, + HNO, = C,H,NO, + H,0

Benzol Nitric acid Nitro-benzol Water.

Here we may again note the formation of water in the
nitration of benzol by means of nitric acid.

If strong nitric acid is used the action is easily accom-
plished, but in some cases it is not the once-nitrated
product but the twice—or thrice—nitrated product
that is required. In these cases the water which is
formed must be taken up as it is formed, and for this
purpose a mixture of nitric and sulphuric acid is used
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CeH, + 2HNO, = C4H,(NO,), + 2H,0 or
Di-nitro-benzol

CeH, + 3HNO; = C,H,(NO,); + 3H,0

Tri-nitro-benzol.

These illustrations will serve our present purpose,
but the reader must be willing to extend the application
of the processes of sulphonation and nitration to many
hundreds of similar cases occurring in the production
of dyes, explosives, photographic and pharmaceutical
chemicals.

The manufacture of saccharine, a powerful sweetening
agent, involves a modified form of sulphonation.

Mention was made (see p. 21) of the derivative of
sulphuric acid known as chlorsulphonic acid ; the action
of the latter on toluol is the first step in the production
of saccharine.

CeH,CH, -+ SO,OH)(Cl) = C4H,.CH,.S0,C1 + H,0

Chlonsu!ghnnic Toluol chloro-

Toluol aci sulphonate

Water.

This saccharine, which is not related in any way to
the sugars, must not be confounded with the glucose,
obtained from starch, which is also sometimes spoken
of as saccharine, and which is a member of the sugar
group. Starch is converted, by the action of acids,
into gum-like substances, such as dextrin, or into sweetish
sugar-like bodies such as glucose, which are used in
the brewing and confectionery industries.

The textile trades consume. large quantities of sul-
phuric acid in the recovery of grease from the waste
wash-waters.

Many thousands of tons of sulphuric acid are used
in connection with the refining of oils, advantage being
taken of the variations in the susceptibility to attack
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by sulphuric acid of some of the constituents of the
crude oils.

In the preparation of acids from their salts sulphuric
acid is the most frequently used acid, partly on account
of its relative cheapness and partly because it affords
a means of readily separating the products formed.

A few examples must suffice as illustrations of the
general applicability of the reaction, taken from actual
practice.

CH,CO0 B
CH,COO > Ca + H,80, = CaSO, + 2CH,COOH

E::ﬁ:g Sulghagnc scuali)cl‘::xt: Acetic acid.
Similarly with formic, oxalic, citric, salicylic acids
and many others.

Sulphuric acid is also used for the process of ‘‘ esteri-
fication "’ in the preparation of the group of substances
known as ‘‘ esters,”” many of which find a place in
artificial fruit essences. The following represents the
course of the action usually employed—

(¢) HCOONa + H,SO, = Na,SO, + HCOOH,

Sodium Sulphuric Sodium Formic
formate acid sulphate acid.

(b) HCOOH + CH;OH =—= HCOOCH; + H,0
et B e
The two actions are simultaneous, but are given in the
form above for clearness. The action of the water in
(b) especially in the presence of acid will tend to cause
the action to take place in the reverse way (i.e.
“hydrolysis ” of the ester). The yield of ester
depends upon the adherence to strict conditions which
can be calculated beforehand when the ‘ equilibrium
constants >’ of the reacting substances are known.
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Acip, acetic, 94

, circulation of, 57
, eggs, 49, 78

, fertilizer, 51

, formic, 94
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, preparation, 94

, purification, §1, 55, 61,
70, 74

, strength, 51

, sulphuric, 32 et seq.

, sulphurous, 12 e¢ seq., 32
, superphosphate, 51
works at Battersea, 34
at Birmingham, 33
at Deptford, 38
at Eccles, 34

at Flint, 24

at Preston Pans, 33
at Richmond, 33
at Twickenham, 33
at Widnes, 24
Acidity, soil, xiv

Adsorbtion, 29

Air, compressed, 78, 82
Alabaster, xiii

Albumen, xvi

Algae, xiv, 2

Algerian phosphate, 88

Alkali, 22

, trade, 24

, waste, 3

Allium cepa, xiv

Alums, 29, 32

, ammonia, 29

, chrome, 29

——, common, 29

, stone, 29

Aluminium hydrate, 28, 29
sulphate, 28

Alunite, 29

Ammoniacal liquor, 30
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1

Ammonia, alum, 29
——, oxidation, 74

, soda. process, 22

, sulphate, xv, 29, 87, 89
Anhydrite, 28
Antichlor, 15
Antimony-lead alloy, 69
Antimony, ore, 19
Aplisia, xvi

Arena sativa, xiv
Arsenic, 61, 84

in pyrites, 18
—— in sulphur, 8
pentasulphide, 71

, removal of, 70
trichloride, 71
—— trioxide, 73

—— trisulphide, 70, 71
, uses of, 73

, white, 73
Asbestos, 63

Automatic pumps, 49

BACTERIA, xiv, 2
Barium sulphate, xiii, 9, 84

© Basins, for concentration, 67,

H——

Bauxite, 28
Beggiatoa, xiv
Belgian phosphate, 88
Bile, xvi

Bismuth, 85
Bisulphide of carbon, 20
Bisulphites, 16

, sodium, 25, 45
Bitter waters, 22
Bleaching, 34, 91
powder, 22
Blood, xvi

Blue for linen, 31

, Prussian, 31
—— vitriol, xv, 58
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Brewing, 93

Bricks, for tower filling, 48
Brimstone, xi, 12, 32, 37
Briquettes, 85

Burner man, 38

, pyrites, 37

, sulphur, 12

Burnt ore, 63

Capmium sulphide, 18, 19
Calcarone, 3

Calcium acetate, 74
—— phosphate, 88

, sulphate, xiii, 59, 84
Carbon bisulphide, 20

, tetrachloride, 20
Carbolic acid, 91

Carboy, 82

Carolina phosphate, 88
Carusi, 1

Cascade concentrator, 67, 69
Cascara, 43

Catalyst, 27 note; 60, 61, 74
Caucasia, sulphur in, 2
Caustic soda, 22, 89
Cavendish, 73

Cement, xiii, 59, 77
Centrifugal pumps, 49
Chamber, circular, 50

, conical, 50

, cooling, 50

, corrosion, 51

, polygonal, 50

, regulator, 50

——, steam in, 52

——, tangential, 50

, temperature, 51
——, vitriol, 49, 50
Chaptal, 34

Cheltenham waters, 22
Chemical works, Flint, 24
, Losh, 23
—— ——, Muspratt, 23
—— ——, Tennant, 23
—— ——, Widnes, 24
—— ——, Farmer, 36
Chili saltpetre, 44
Chlorides of sulphur, 2

Chloridized ore, 84

Chlorine, 61

Chlorsulphonic acid, 21, 93

Chrome alum, 29

Chromium oxide, 61

Cinders, pyrites, 30, 37, 63

Cinnabar, 19

Citric acid, 94

Coal tar, 91

Colour of chamber gases, 52

lakes, 29

Coloured sulphides, 18

Coke tower condensers, 23

Common alum, 29

Concentration in lead vessels,
67

in silica vessels, 68

Confectionery, 93

Contact process, 60, 62, 63
note

Conversion, temperature, 62

Convertors, 62

Copper, 84

oxide, 61

precipitate, 43

sulphate, xv, 30, 43

sulphide, 43

works, 43

Copperas, 31, 32, 58

Cottrell precipitator, 76

Cumming, 80

Curing hops, xvi

Cystin, xvi

DE-ARSENICATION of acid,
71

Dens, 88

Deyeur, xiv

Dextrin, 93

Dioscorides, xii

Disinfection, xi, 15

Dossie, 33

Drebbel, 33

Dust in acid, 55, 61, 74

, removal of, 76

electrical

method, 76
Dyeing, 31, 91
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Eaas, acid, 49, 78
Egyptian paint, xi
Electrical deposition of dust,

Elements, carly views on, xii
English sulphuric acid, 34
Epsom salts, xiv, 22
Equilibrium constant, 94
Esters, 94

Esterification, 94
Excavators, 88

Explosives, 92

FANs, 69

Farmer, 36

Fertilizers, 51, 87, 89
Flints for towers, 47
Flint, works at, 24
Florida phosphate, 88
Flowers of sulphur, 8
Flue dust, 85

Fluoride of silicon, 65
Fluorine, 61, 88
Formic acid, 94
Formosul, 17

Frasch, 8

Fruit cssences, 94
Fuming oil of vitriol, 58
Furnace, rotary, 37

, saltcake, 26

, sulphur, 8, 12, 37

GAILLARD tower, 69, 77
Galena, xiii
Galvanizing, 31, 91
Garlic, xiv

Gas water, 30

Gay Lussac tower, 36, 45, 52
Geber, 32

Gill furnace, 4

Glass works, 23, 91
Glauberite, 22

Glauber salts, xiv, 22
Glover tower, 36, 45, 49
Glucose, 93

Gold, 84,

Gossages coke tower, 23
Grease recovery, 93
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Greece, sulphur in, 2
Griesheim tower system, 54
Grillo system, 64
Gunpowder, xi

© Gypsum, xiii, 28

" HAIR, xvi
Hargreaves' process, 24

Heat losses, 76
Heavy chemical industry, 22,
24

spar, xiii

' Hides, dehairing, 18

Hill, 36

Homer, xii

Hops, xiv, xvi

Hydrochloric acid, 22, 25, 26,
65, 91

Hydrogen sulphide, xiv, 12,
18, 70

Hydrolysis, 94

Hydros, 17

Hydrosulphites, 12, 17

Hypo, 17

Ice factories, 16
Iceland, sulphur in, 1
Illuminating gas, 2
Inks, 31

Intermediates, 21
Inversion, 15

Iron alum, 29

-—-, galvanizing, 31
—— industry, 91

—— oxide, 61, 63
———, pickling, 31

—— pyrites, 19
sulphate, 31, 58
sulphide, 19, 31, 40
——, wire drawing, 31
Italy, vine spraying, xv
, sulphur in, 4

Jaran, sulphur in, 4

KeLp, 23
Kessler concentrator, 67
Kestner acid elevator, 81
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Kilns, pyrites, 38
——, smalls, 40
Kingscote, 34

LaAxkes, colour, 29

, salts in, 22
Lapis Lazuli, 31
Lavoisier, xii

Lead, 85
concentration pans, 67
, corrosion of, 51
, sulphide, xiii
Leblanc, 23

soda, 3, 22, 23
Lefevre, 33

Lemery, 33

Libavius, 32
Lithopone, 19

Liverpool chemical works,
23

Lodge, 77

Logwood, 31

Losh, 23

Louisiana sulphur, 1, 8

MaGNEsIUM sulphate, xiv, 22,
4

Make of acid, 49, 53
Mannheim process, 63, 77
Manure, artificial, 29
Marmyshansk lake, 22
Matches, xi

Mechanical excavator, 88
Melting point of sulphur, 5
Mercury, 61

, sulphide, 18, 19
Messel, 60

Mexico, sulphur in, 2

Mill scale, 31, 91

Mineral waters, 22

Mining sulphur, 4
Mirabilite, 22

Miraculum Mundi, v
Mixer, superphosphate, 88
Mordant, 29, 31 note
Moulds, xiv

Mufile, 42

Muspratt, 23
Mustard, xiv

NETs, platinum, 64, 74
Newton works, 23

New Zealand, sulphur in, 2
Nitrates from air, 74

—— of soda, 44
Nitration, 92

Nitre, 44

oven, 44

Nitric acid, 44, 49, 74
oxide, 74

Nitrogen oxides, 35
Nitrous gases, 36, 49, 76
Nordhausen oil of vitriol, 58

OAsT, xVi

Obsidianite packing, 48
Oidium, xiv

Oil of vitriol, 32, 45, 67
Oils, refining, 93
Oleum, 58, 65

Onion, xiv

Opl tower system, 54
Oscillaria, xiv

Oxide of iron, 2
Oxygen, discovery of, xii

PackiNG of sulphuric acid,
82

towers, 48, 52
Paint, 18, 19, 58, 85
Paper-making, 28
Paraffin oil, 71
Peronospora, xv, 30
Phenol, 91

Phillips, 60 .
Phosphate dens, 88
Phosphoric acid, 87
Phosphorite, 88
Phosphorus, 61
Photography, 16, 93
Pickling iron, 31, 91
Plaster of Paris, xiii, 28
Plzt4inum contact process, 60,
—— nets, 64
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Pliny, xii

Poisons, catalyst, 61, 63, 74

Polygonal chambers, 50

Pot, nitre, 45

, saltcake, 25, 45

Potash alum, 29

Potato scab, xiv

Pottery waste, xiii, 59

Potting, 44

Proteids, xiv

Prussian blue, 31

Pumice, 63

Pumps, acid, 49, 78

Purification of acid, 51

of gases, 64, 65

Pyrites, xiii, 18, 31, 37, 83

——, burners, 38

——, cinders, 30, 37, 63,
4

—— kilns, 38, 41
-—, non-freeburning, 42

RED paint, 59, 85

Refining oils, 93

Regulus metal fans, 69
Residual products, 83
Rhases, 32

Rings for tower filling, 47
Roebuck, 33

Romagna, sulphur mines, 4

SACCHARINE, 21, 93
Sachsenberg burner, 12
St. Dennis, 23

St. Gobain, 23

St. Helens, 23

Sal enixium, 45
Salicylic acid, 94
Sally, 45

Saltpetre, 32, 44
Sanfillipo furnace, 4
Saturator, 4
Schroeder-Grillo, 64
Screwing kilns, 40
Selenite, 28
Selenium, 73, 84
Sewers, sulphur in, 84
Sheep dips, 73
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. Shoving saltcake, 26

Sicily, sulphur in, 1, 3
Silicon fluorides, 65
Silver, 84

Sinapis alba, xiv

Skips, 82

Smalls, 37, 40, 42
Sodium bisulphate, 25, 45
bisulphite, 16
carbonate, 22
hyposulphite, 16
nitrate, 44

sulphate, xiii, 18, 22 et
., 89

sulphide, 18, 22
sulphite, 16, 65
thiosulphate, 16
Soils, 87, 88

[
S
_

. Somme phosphate, 88

Spanish pyrites, xiii
Spraying plants, xv, 30
Sprays in chambers, 52
Squire, 60

Starch, 93

Steam in chambers, §2
Stibnite, 19

Strength of acid, 51
Sulphates, aluminium, 28
, ammonium, 29

, calcium, 59

, copper, 30

——, fertilizers, xiv, xv

, heat upon, 58, 59
——, iron, 31

——, magnesium, 64
——, minerals, xiii

, sodium, 22 el seq.,

, zinc, 31
Sulphides, 18

, cadmium, 18, 19
, copper, 43

, grouping of, 18

, lead, xiil

——, mercury, 18, 19
——, metals, 18

{ ———, sodium, 18, 22
. ——, zinc, 18, 19
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Sulphites, 16

Sulphur from alkali waste, 3

—— in animal kingdom, xvi

—— burner, 12

deposits, 1

—— dichloride, 21

dioxide, 12 et seq., 34,
43, 44

——, Egyptians, xi

, extraction by steam, 4,

fertilizers, xiv, xv
——, flowers, 8
——, gypsum, 2
——, melting point, §
——, mining, 3
——, monochloride, 21
, occurrence, xii
, pest destroyer, xv
—— in plants, xiii, xiv
production, xi
——, Sicilian, 1, 8, 36
, snail, xv
, spent oxide, 3
, tetrachloride, 21
, trioxide, 34, 58, 65
——, volcanic, 2
wells, 8
Sulphonation, 91, 93
Sulphuretted hydrogen,
2,18

Sulphuric acid, 32 et seq., 58

, action on iron, 67,

77

xiv,

chambers, 33

—— ——, English, 34

properties and
uses, 87-92

Sulphurous acid, 12 ef seq., 32

springs, 2

Sulphuryl chloride, 21

Superphosphates, xv, 51, 87

TANGENTIAL chambers, 50
Tank waggons, 82
Tanning, 18

Tarnishing of metals, xiv
Taurin, xvi
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Temperature of conversion, 62
of chambers, 51
Tennant, 23

Tennessee phosphate, 88
Tentelew, 65

Texas sulphur deposits, 1
Textile industry, 93
Thenardite, 22

Thionyl chloride, 21
Thomson, 36

Timber, preserving, 31
Tinning, 91

Traces, importance of, 73, 83
Trepex de-arsenicator, 71
Tower, de-arsenication, 71

, filling, 47

———, Gaillard, 69, 77

~——, Gay Lussac, 36, 45, 52
| ——, Glover, 36, 45, 49

! ——, Griesheim system, 54
——, Opl system, 54

, systems, 54

Tunis phosphate, 88
Twickenham works, 33

ULOTHRIX, Xxiv
Ultramarine, 31

Uncinula, xiv

United States, sulphur in, 1
Urine, xvi

VALENTINE, xii, 32
Vermilion, 19
Vermin, 15

Vines, xiv, 30

i Vitriol, blue, 30

, chambers, 49, 50
———, fuming, 58

, green, 31

, oil of, 32, 45, 67
, white, 31
Volcanoes, sulphur in, 2
. Vulcanization, 21

1 WALKER, 34
Waste products, 59
Water, Cheltenham, 22



‘Water, cooling by, 50
, Epsom, 22
——, purifying, 28
——, sprays, 52

, superheated, 8
Ward, 33

Weed killers, 73

Wet copper process, 85
White arsenic, 73

INDEX 101
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|

Widnes, 24

Winkler, 60
Winnowed sulphur, xv
Wire drawing, 31, 91

Zinc, 84

——, blende, xiii, 31 42

, sulphate, 31

, sulphide, xiii, 18, 19, 31
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Edited by J. H. Jongs, M.A. Three Vols. . Net
Economics for Business Men

By W. J. WEsTON, M.A., B.Sc. . . . Net
Economics for Everyman

By J. E. LE ROSSIGNOL . . Net
Economics of Private Enterprise, The

By J. H. JoNEs, M.A. . . . Net
Economics of Instalment Trading and Hire

Purchase. By W. F. Crick . . Net

Economics of the Manufacturing Busmess
By W. A, STewArT JoNES, F.C.W.A,, F.8.8.

Economics : Prmciples and Problems

By L. D. Epie . . Net
Elements of Political Economy

By H. HaLL, B.A. . . . . Net
Exercises in Economics

By A. PuuMMER, M.Sc. (Econ.), M.A., LL.D. . Net
Guide to Political Economy

By F. H. SPENCER, D.Sc., LL.B. . . . Net
Industrial Combination in England

By P. FrrzGErALD, D.Sc.(Econ.) . . . Net

Introduction to Business Economics
By J. STEPHENSON, M.A., M.Com., D.Sc.
Outlines of Central Government
By JouN J. CLARKE, M.A., F.S.S. . . Net
Outlines of Industrial and Social Economics
By J'OHN J. CLA.RKE, M.A., F.S.S., and JAMES E. PrATT,
A.CI . Net
Outhnes of Local Government of the United
Kingdom (and the Irish Free State)

By JouN J. CLARKE, M.A.,, F.S.8. . . Net
Plain Economics

By JouN Ler, M.A., M.Com.Sc. . . . Net
Road to Plenty, The

By W. T. Foster and W. CATCHINGS . . Net
Substance of Economics, The

By H. A. SILVERMAN, B.A. (Econ.) . o . Net

10

PRICE
5/-
63/-
3/8
5/-
78
5/
3/6
15/-

2/-

3/6
10/6
3/8

6/-

1/6

5/~
3/6
3/8
6/~



BANKING AND FINANCE

Answers to Questions Set at the Examina-
tions of the Institute of Bankers
By L. L. M. MiNty, Ph.D., B.Sc., Econ., B.Com.—

Foreign Exchange. Part 1 & Part II Each Net
Economics. Part I & Part I . Each Net
English Grammar and Composition. Parb }I §eb

2 » . et

Banker as a Lender, The
By F. E. STEELE . . . . . Net

Bankers’ Advances
By F. R. StEAD. Edited by Sir JoBHN PAGET, K.C. Net

Bankers’ Advances Against Produce

By A. WiLLiams, ALLB . Net

Bankers and the Property Statutes of 1925
and 1926. By R. W Jo~es . Net

Bankers’ Credits

By W. F. SPALDING . . Net
Bankers’ Securities Agamst Advances

By LAWRENCE A. Foca, Cert. A.L.B. . . Net
Bankers’ Clearing House, The

By P. W. MATTHEWS . . . . Net
Bankers’ Tests '

By F. R. STEAD . . Net
Bank Organization, Management, etc.

By J. F. Davis, M.A,, D.Lit., LLL.B. (.ond.) . Net
Bills of Exchange Act, 1882, The

By M. H. MeGrAHu, B.Comn. . Net

Bills of Exchange Acts, A Practxcal Exam-
ination of the

By C. H. FENNELL . . . . Net
Cheques. By C. F. HAN'\XAFORD . . . Net
Dictionary of Banking

By W. THOMSON and LLoYD CHRISTIAN . Net

Dictionary of Banking Terms in Three
Languages, (English -French- German)

By L. HERENDI . Net
Dictionary of the World s Currenc:es and

Foreign Exchanges ,

By W, F. SPALDING . Net

Eastern Exchange, Currency, and Finance
By W. F. SPALDING . Net
11

PRICE

/8

6/~

21/~

30/-
15/-



Banking and Finance—contd.
PRICE

Elements of Banking

By J. P. GANDY . . Net 2/-
English Banking Admmnstration. An Outline of
.By JosePH SYKES, B.A. (Hons.) . . Net 2/8
English Banking Methods
By L. L. M. MinTY, Ph.D., B.Sc., B.Com. . Net 15/-
English Composition and Banking Corre-
spondence

By L. E. W. O. FuLLBROOK-LEGGATT, M.C., B.A. Net §/-

Foreign Banking Systems
Edited by H. PARKER WILLIS and B. H. BE(:KHAR'{;I

21/-
Foreign Exchange and Foreign Bills in Theory
and in Practice. By W. F. SpaLpina . Net 7/8
Foreign Exchange, A Primer of
By W. F. SpALDING . . Net 3/8
Foreign Exchanges, Arithmetic and Practice
of the. By A. G. Svag, Cert. ALB. . . Net 3/8
Foreign Trade, The Finance of
By W. F. SPALDING . . . . Net - 7/8
Functions of Money, The
By W. F. SPALDING . . . . Net 7/8
How to Succeed in a Bank
By F. F. STEELE . . . . Net 3/8
London Money Market, The
By W. F. SPALDING . . . Net 10/8
Money, Exchange, and Bankmg
By H. T. EastoN, A.I.B. . Net 6/-
Notes on Banking and Commercial Law
By T. LLoyp DAVIES . . Net 3/-
Practical Banking ,
By J. F. G. BagsHAw, Cert. A.L.B. . . Net 7/8
Talks on Banking to Bank Clerks
By H. E. Evans . . Net 2/8
Theory and Practice of Fmance, The
By W. CoLLIN BROOKS . . Net 10/6

Title Deeds Old and New
By Francis R. STEAD. . . . . Net b/~

12



INSURANCE
Actuarial Science, The Elements of

By R. E. UnpErwoop, M.B.E., F.I.LA. . . Net
Average Clauses and Fire-Loss Apportion-
ments. By E. H. MinyNoN, F.CIIL. . . Net

Building Construction, Plan Drawing, and
Surveying in Relation to Fire Insurance

By D. W. Woop, M.B.E. . . Net
Burglary Risks

By E. H. GrouT, B.Sc., A.C.I.I. . . Net
Business Man’s Guide to Insurance, The

By A. Pareorr . . . . Net

Casualty Insurance
By C. J. CROBAUGH, M.A,, and A. E. REDDING, B.S. Net

Compound Interest, Princnples of
By H. H. EDWARDS . . Net

Credit Risks, Commercial. By G. H. Swain Net

Dictionary of Accident Insurance
Edited by J. B. WeLso~N, LLLM,, F.C.L.L1., F.C.1.S. Net

Fire Extinguishment and Fire Alarm Systems

By R. NORTHWOOD . . Net
Fire Insurance, Common Hazards of

By W. G. KuBLErR RIDLEY, F.C.LI. . . Net
Fire Insurance, Dictionary of

Edited by B. C. REMINGTON, F.C.I.I. . . Net
Fire Insurance, Principles and Practice of

By F. GopwIN . Net:
Fire Insurance, The Law of

By J. RowrATT, B.A. . . Net
Fire Policy Drafting and Endorsements

By W. C. H. DARLEY . . Net
Fire Waste. By G. E. Krav . . . . Net
Guide to Marine Insurance

By HENRY KEATE . . . . . Net
Insurance

By T. E. Young, B.A,, F.ILA,, F.RAS, . . Net

Insurance Office Organization and Routine
By J. B. WeLsoN, LL.M., FCII FCIS and F. II.
SHERRIFF, F.LA. . Net

Insurance of Proﬁts. By A. G. MACKEN . Net
13

PRICE

6/

8/8

6/-
10/8
3/8
25/-

5’/_
5/-

7/6
5/-
30/-
5/~
7/8

7/9
2/6

3/6
10/8

7/8
5/-



Insurance—contd.

Insurance of Public Liability Risks
By 8. V. KIRKPATRICK, F.C.L.I. . . . Net

Law and Practice as to Fidelity Guarantees
By C. Evans and F. H. JoNEs . . Net

Law of Accident and Contingency Insurance
By F. H. JONEs . . Net

Life Assurance from Proposal to Pohcy
By H. HoskiNGg TAY'LOR, FIA A.CII, a.nd V. W.

TYLER, F.I.A. . . Net
Life Assurance, Gulde to

By 8. G. Lrgn, F.ILA. . . . . . Net
Marine Insurance of Goods, The

By F. W. S. PooLE . . . Net
Motor Insurance. By W. F. Topp . . Net

Pension and Superannuation Funds, Their
Formation and Administration Explained
By BERNARD ROBERTSON, F.I.A,, and H. SAMUELs Net

Pension, Endowment, Life Assurance, and
Other Schemes for Commercial Companies
By H. DouauArry, F.C.LI. . . . . Net

Personal Accident, Disease, and Sickness
Insurance, The Prmciples and Practice of

By J. B. WeLsoN, LL.M. . Net
Physiology and Anatomy

By H. GARDINER, M.S., F.R.C.§ . . Net
Principles and Practice of Accxdent Insurance,

he

By G. E. BaNFIELD, A.C.II. . . . . Net
Principles of Insurance

By J. ALrrRED EKE .. . . + Net
Successful Insurance Agent, The

By J. J. Bisecoop, B.A,, F.C.1.8,, J.P. . . Net
Talks on Insurance Law

By J. A. WarsoxN, B.Sc., LL.B. . . . Net

Workmen'’s Compensation Insurance
By C. E. GoLping, LL.D,, F.C.I.1.,, F.S.S, . Net

14

&/
6/-
7/8
6/-
5/-
16/-
6/-
5/-

6/-

5/-

10/6

6/-
6/~
2/8

3/8



SHIPPING
Case and Freight Costs

By A. W. E. CROSFIELD . . Net
Exporters’ Handbook and Glossary, The
By F. M. DUDENEY . Net

How to Export Goods. By F. M. DubeNEY. Net
How to Import Goods. By J. A. DunNacE . Net
Import and Export Trade. By A.S. HarvEY Net
Importer’s Handbook, The. By J. A. Dunnage Net

Manual of Exporting
By J. A. DUNNAGE, F.S.8,, F.C.I., AM.Inst.T. . Net

Shipbroking, Introduction to

By C. D. MACMURRAY and M. M. CREE . . Net
Shipping. By A. HaLL and F. Heywoop . Net
Shipping and Shipbroking

By C. D. MACMURRAY and M. M. CRep . . Net
Shipping Business Methods

By R. B. PauL . . .. Net
Shipping Finance and Accounts

By R. B. PAuL . . Net
Shipping Office Orgamzatnon, Management,

and Accounts. By ALFRED CALVERT . . Net
Shnpping Terms and Phrases
By J. A. DUNNAGE . . . . Net

INCOME TAX

Income Tax and Super-Tax

By E. E. Sricer and E. C. PEGLER . . Net
Income Tax, Snelling’s Practncal

By C. W. CHIVERS . . . Net

Income Tax Relief, Double
By H. E. SEED and A. W. RAWLINSON . . Net

Income Tax Reliefs
By A. W. RAwLINSON, A.C.A. . . Net
Income Tax, Super-Tax, and Surtax

The New Law Explained
By V. WavrroN, F.C.A,, F.R.S,, F.R.Econ.S, . Net

15

2/~

7/8
2/-
2/~
21/-
10/6

10/6

3/6
2/-

16/-
5/~
2/6
6/~
2/6

12/8
3/8
10/6

20/-

7/



SECRETARIAL WORK,‘ ETC.
Chairman’s Manual

By GURDON PALIN, and ERNEST MARTIN, F.C. I S, Net
Company Registrar’s Manual, The

By J. J. QUINLIVAN . . Net
Company Secretarial Work

By E. MarTIN, F.CIS. . . . . Net

Company Secretary’s Vade Mecum
Edited by P. Tovey, F.C.I.S. Revised by C. W. ADAMS,

A.C.I Net
Dictionary of Secretarial Law and Practice

Edited by PaiLip TovEY, F.C.I.S. . . . Net
Examination Notes on Secretarial Practice

By C. W. Apawms, A.C.L.S. . . Net
Formation and Management of a Private

Company

By F. D. HEAD, B.A. . . Net
Guide for the Company Secretary

By ARTHUR COLES. . Net

Guide to Company Secretarial Work
By O. OLpHAM, A.C.L.S. Rev1sed by G. K. BUC‘KNFLL,

A.C.IS. (Hons.) . . Net
Honorary Secretaryship

By W. B. THORNE . . . . Net
How to Take Minutes ’

Edited by E. MARTIN, F.C.LS. . . . Net
Meetings

By F. D. HEAD, B.A. . Net

Outlines of Transfer Procedure in Connection
with Stocks, Shares, etc.
By F. D. HEAD, B.A. (Oxon), Barrister-at-Law . Net
Practical Share Transfer Work
By F. W. LIDDINGTON . Net
Prospectuses : How to Read and Understand
Them
By Paruip Tovey, F.C.1L.S. . . Net
Questions and Answers on Secretarial Practice
By E. J. HAMMOND. Revxsed by G. K. Bvcmm.,

A C.1.S. (Hons.) . . Net
Secretary’s Handbook
Edited by Sir H. E. BraAiN, C.B.E. . Net

Transfer of Stocks, Shares, and Other
Marketable Securities :
By F. D. HEap, B.A. . N . . . Net
16

PRICE
5/-
10/8
2/-

3/6°
42/-
2/8

7/8
6/-

3/8
2/8
2/6
6/-

8/6
3/8

5/-

7/6

10/6



INDUSTRIAL ADMINISTRATION

Dictionary of Industrial Administration
Edited by J. Lee, C.B.E, M.A MComSc Two
Vols. . Net

Employment Management
Compiled and Edited by DANIEL BLOOMFIELD . Net

Engineering Factory Supplies

By W. J. Hiscox . . Net
Factory Administration in Practice

By W. J. Hiscox . Net
Factory Lay-Out, Planning and Progress

By W. J. Hiscox . Net

Factory Organization

By C. H. NorTtHcoTrr, M.A., Ph.D., O. SHELDON, B.A.,
J. W. WARDROPPER, B. Sc vy B Com A. C W.A,, und
L. Urwick, M.A. . . Net

Fair Wage, A By E. Barren . . . Net
Industrial Conflict

By the RiGHT HON. GEORGE N. BARNES . Net
Industrial Control (Applied to Manufacture)

By F. M. LawsoN, A M.I.C.E.,, AM.I.Mech.E. . Net
Industrial Organization

By JonN LEE, C.B.E., M.A., M.Com.Sc. . . Net
Industrial Organization, The Evolution of

By B. F. SHigLDs, M.A. . . Net
Introduction to Industrial Administration, An

By J. LEE, C.B.E., M.A., M.Com.Sc. . . Net
Lectures on Industrial Administration
* Edited by B. Muscio, M.A. . . . . Net
Letters to an Absentee Director

By JorN LEE, C.B.E., M.A., M.Com.Sc. . . Net
Management

By J. LEg, C.B.E., M.A., M.Com.Sc. . . Net
Modern Industrial Movements

Edited by D. BLOOMFIELD . . Net
New Leadership in Industry, The

By 8. A. LEWISOHN . . . Net

Outlines of Industrial Admmistration
By R. O. Hlmrom), H. T HILDAGE, and H G
JENKINS . . Net
Patents for Inventions
By J. E. WALEER, B.A., and R. B. FosTER, B.Sc. Net
17

63/~
8,6

8/8
78

7/8
2/6

3/6
8/8
5/-
10/6
5/-
8/-
8/~
5/-
10/8
7/8

6/-
21/~



Industrial Administration—contd.

Philosophy of Management, The

By OLIVER SHELDON, B.A. B Net.
Principles of Industrial Admimstratnon, An

Introduction to

By A. P. M. FrLemiNg, C.B.E., M.Se¢., M.I.E.E.,

and H. J. BROCKLEHURST, M.Eng., AM.LE.E, . Net
Principles of Industrial Welfare

By J. Leg, C.B.E., M.A., M.Com.Sec. . . . Net

Problems of Labour
Compiled and Edited by DANIEL BLOOMFIELD . Net

Research in Industry
By A. P. M. Fueming, C.B.E., M.Sc., MIEE

and J. G. PEARrcCE, B.Sc., AMIFE Net
Sharing Profits With Employees

By J. A. Bowie, M.A. . Net
Time Standardization of Workshop Operations

By T. PiLgiNGTON, M.I.Mech.E. . . . Net
Welfare Work in Industry

Edited by E. T. KELLY . . . . Net
Workshop Committees

By C. G. RENOLD . . . : . . Net

BUSINESS ORGANIZATION AND

MANAGEMENT
Business Management
By PERCIVAL WHITE . Net
Business Management for Small Retailers
By H. W. THEEDAM . Net
Clubs and Their Management
By F. W. PIXxLEY . Net

Colliery Office Organization and Accounts
By J. W. InNNES, F.C.A., and T. C. CaAMPBELL, F.C.I. Net
Commercial Management
By C. L. BoLLING . . Net
Counting -House and Factory Orgamzatnon
By J. GiLMOUR WILLIAMSON . . Net
Drapery Business Orgamzation, Management
and Accounts. By J. ERNesT BAYLEY . Net

Filing Systems. By E. A. Corr . . Net
18

10/8

3/8

8/8

10/8
10/6
16/-

1/~

15/-
3/6
10/6
7/6
10/8
7/8

7/8
8/6



Business Organization and Management—contd.

Flour Milling Industry, Organization and
Management of the. By E. L. PEarsoN. Net

Grocery Business Organization and Manage-

ment. ByC L. T. BEECHING, O.B.E, and J. A.
SMART Net

Hire-Purchase Trading

By CUNLIFFE L. BOLLING . . Net

Hotel Organization, Management, and
Accountancy

y G. De BonI, Hotel Ma.na.ger, a.nd F. F SHAm.m
F S A.A., F.CIS8 Net

How to Manage a Private Hotel
By P. HoBBs . . . . Net

How to Organize Bazaars, Concerts, Fétes,
Exhibitions, etc.
By F. ATTFIELD FAWKES . . . . Net

Ironmongery and Ironmongers Accounts
By S. W. FRANCIS . - Net,

Office Machines, Appliances, and Methods
By W. DESBOROUGH, F.C.I. . Net

Office Organization and Management.
Including Secretarial Work
By LAWRENCE R. DICKSEE, M.Com.. F.C.A.,

and SIrR H. E. BraiN, C.B.E. . . Net
Organization of a Small Business. The

By W. A. SMITH . . . . Net
Self-Organization for Business Men

By MorLEY DaiNow, B.Sc.(Hons.), Lond. . Net

Solicitor’s Office Organization, Management,
and Accounts

By E. A, CorE and H. W. H. RoBINS . . Net
Stockbroker’s Office, The

By J. E. Day . . . . . . Net
Stores Accounts and Stores Control

By J. H. BURTON . . . . Net

19

PRICE

12/8

6/-

10/8

10/6

3/6

3/8

8/~

7/8

2/8

6/-
7/8

5/-

¥



' MUNIGIPAL WORK

Local Government of the United Kingdom,
and the Irish Free State The

PRICE

By J. J. CLARKE, M.A,, F.8.8. . . Net 12/8
Municipal Accounting Systems

By S. WHITEHEAD, A.S.A A, A.C.IS. . . Net b&/-
Municipal Audit Programmes

By the same Author . . . . Net 3/8
Municipal Book-keeping

By J. H. McCarL, F.S.A.A, . . Net 7/8
Municipal and Local Government Law .

By H. E. Smrty, LL.B. . . . . . Net 10/6
Municipal Organization

By M. H. Cox, LL.B. . Net §/-
Municipal Student’s Examinatxon Notebook

By S. WHITEHEAD, A.S.A.A,, A.C.LS, . . Net 9/8

Municipal Series
Rdited by WiLLiAM BATEsON, A.C.A., F.S.A.A.
Describes the Organization and Administration in the
Various Departments of a Municipality.
Principles of Organization

By W. BATEsoN, A.C.A.,, F.S.AA. . . Net 3/8
Education Department

By A. E. IxiN, B.Sc., LL.D., . . . Net 7/8
Electricity Undertaking

By C. L. E. SreEwArT, M.L.E.E. . . Net 6/-
Finance Department

By W. BATESON, A.C.A., F.S.AA. . . Net 7/8
Gas Undertaking '

By E. Uprron, F.SLAA, . . Net b5/~
Municipal Engineer and Surveyor s

Department. By E. J. ELrForp . . Net 10/8

Public Health Department

By W. A. LEONARD . . . . Net 6/~
Rating Department

By A. H. PEAcock, M.A.,, A.S.A.A. . Net 6/-

Town Clerk’s Department and the
Justices’ Clerk’s Department

By A. S. WRIGHT and E. H. SINGLETON . Net 7/6
Tramways Department
By 8. B. N. MaArsn . . . . Net 6/~

Waterworks Department
By F. J. ALBaN, F.S.AA,, F.IMT.A, AC.IS. Net 10/6
20 .



ADVERTISING AND COMMERCIAL ART

PRICE

Advertisement Lay-Out and Copy-Writing
By A. J. WaATKINS . Net 15/~

Advertising Procedure By 0. KiappNer . Net 21/-
Advertising Through the Press

By N. HUNTER . . . Net §/-
Advertising to Women

By C. A. NAETHER, M.A. . . Net 21/-
Business Man'’s Guide to Advertising

By A. E. BuLL . . Net 3/8

Craft of Silent Salesmanship
By C. MAXxweLL TREGURTHA and J. W. FrRINGs Net §/-

Designs, Book of

By C. J. and L. 8. STRONG . . . . Net 16/-
Effective Postal Publicity

By Max RITTENBERG . . . . Net 7/8
Language of Advertising, The

By J. B. OPDYCKE . . Net 15/-
Letter and Desngn, Studio Handbook

By 8. WELo . . Net 12/8
Lettering, Plain and Ornamental

By E. G. Fooks . . . Net 3/8
Modern Pubhmty By A. W. DEAN . . Net 2/8
Practical Points in Postal Publicity

By MAx RITTENBERG . . Net 7/8
Practical Press Publicity

By A. L. CULYER . . . Net 3/6
Show Card Writing, The Art of

By L. J. and C. J. STRONG . . . Net 16/-
Sign Painting. By F. H. AtgiNsoNn . . Net 16/-
Ticket and Showcard Des:gmng

By F. A. PEARSON . . . Net 3/6
Training in Commercial Art

By V. L. DANVERS . . . . Net 21/-

Types and Type Faces
Reprmted from * Modern Advertismg »
y C. M. TREGURTHA . . . Net 2/8

21



SALESMANSHIP
Building Retail Sales '
By O. C. KNIGHTS . . . . .
Commercial Travelling. By A. E. Buw.

Craft of Silent Salesmanship
By C. MAXwELL TREGURTHA and J. W. FRINGS

Mail Order and Instalment Trading
By A. E. BuLL

Mail Order Organization
By P. E. WiLsoN . . . .

Modern Sales Correspondence
By D. M. WILSON . .

Outline of Sales Management, An
By C. C. KnNigHTS, Sales Consultant

Practical Aids to Retail Selling

By A. EDWARD HAMMOND . .
Practical Salesmanship

By N. C. FOWLER, Junr. . o .
Principles of Retailing

By N. A. Brisco, Ph.D. . . . .

Psychology as a Sales Factor
By A. J. GREENLY .

Sales Management. By C. L. BoLLING

Salesmanship
By W. A, CorBION and G. E. GRIMSDALE

Salesmanship, Technique of
By C. C. KNIGHTS . . .

Shop Fittings and Display
By A. E. HAMMOND .

Successful Retailing. By E. N. SmMon .

Training for More Sales
By C. C. KN1cHTS, Sales Consultant

Training for Travelling Salesmen
By F. W. SHRUBSALL

Window Dressing. By G. L. Trmns
22

Net
Net

- Net

Net

Net

Net

Net

Net

. Net

Net

Net
Net

Net

Net

Net
Net

Net

Net
Net:

5/-
8/8

5/~
7/8

3/6

5/-
7/8
7/8
16/-

10/8
10/6

3/8



TRANSPORT

Canals and Inland Waterways
By GEORGE CADBURY . . . « Net

Commercial Air Transport
By LiruTr-CoL. Ivo Enwmns, C M. G a.nd P, Tnms,
M C., A.F.R.AeS. . Net

History and Economics of Transport, The
By A. W. KIRKALDY, MA Btht Moom,

and A. D. Evans . Net
How to Send Goods by Road Raxl and Sea

By G. B. LISSENDEN . . Net
Industrial Traffic Management

By G. B. LISSENDEN . . . Net

Modern Dock Operation
By D. Ross-JoansoN, C.B.E., V.D., M.Inst.I. . Net

Modern Railway Operation
By D. R. Lams, M.Inst.T. . . . . Net

Motor Road Transport. By J. Puuiimore . Net
Port Economics
By B. CUNNINGHAM. D.Sc.,, B.E.,, F.RS.E,
M.Inst.C.E. . . . . . . Net

Railway Electrnﬁcation and Traﬁic Problems
By P. Burrr . . . Net

Railway Rates : Principles and Problems
By P. Burrr, M.Inst.T. . Net

Railway Statistics : Their Compilation and
Use. By A. E. Kirgus, O.B.E., M.Inst.T. . Net

Rights and Duties of Transport Undertakings

By H. B. Davies, M,A, . . . Net
Road Making and Road Using
By T. SALKIELD, M.Inst.C.E., M.Inst.T. . . Net

Traders’ Rail Charges Up to Date
By J. W. PARKER, A.M.Inst.T. . . . Net

23

PRICE

78

/8

16/

2/~

25/-

6/-

/8
10/6

6/-

10/6

6/-

65/

5/~

7/8

3/8



LAW

Bankruptcy, Deeds of Arrangement, etc.
By W. VALENTINE BALL, M.A., Barrister-at-Law Net

Bills, Cheques, and Notes

By J. A. SLATER, B.A., LL.B. (Lond.). . . Net
Business Tenant, The

By EpwARD 8. Cox-SINCLAIR, and T. HYNES, . Net
Commercial Law of England, The

By J. A. SrLATER, B.A,, LL.B. (Lond.) . . Net
Companies and Company Law

By A. C. CoNNELL, LL.B. (Lond.) . . . Net
Company Case Law

By F. D. HeEap, B.A. (Oxon) . . . . Net
Company Law

By D. F. pe L’'HOoSTE RANKING, M.A,, LL I) ., and

ERNEST EvAN SPICER, F.C.A. . Net

Elements of Commercial Law, The
By A. H. DovugrLas, LL.B. (Lond.) . . . Net

Elementary Law. By E. A. CorE . . . Net
Examination Notes on Commercial Law
By R. W. HoLrLAND, O.B.E., M.A,, M.Sc.,, LL.D. . Net

Examination Notes on Company Law
By R. W. HoLLAND, O.B.E., M.A,, M.Sc., LL.D. . Net

Executorship Law and Accounts
By D. F. pe L’HosTE RANKING, M.A., LL.D,,
E. E. SpICER, F.C.A,, and E. C. PEGLER, F.C.A. Net

Guide to Company Law
By R. W. HoLLAND, O.B.E., M.A,, M.Sc. LL.D. . Net

Guide to Railway Law
By ARTHUR E. CHAPMAN, M.A., LL.D, (Camb.) . Net

Introduction to Commercial Law

-By NoRMAN A, WEBB, B.Sc. . . . . .
Law for Journalists

By CHARLES PILLEY, Barrister-at- Law . . Net
Law for the House-Owner

By A. H. CoswAy . Net

Law of Carriage by Railway, The. In Great
Britain and Ireland
By L. R. prsm'r, M.A., LL.D., and T. J.
D. ATKINSON, MLA, . . . . .
Law of Contract, The
By R. W. HOLLAND, O0.B.E.,, M.A., M.Sc.,, LL.D. Net
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7/

10/-

2/-
4/~

2/8
2/6

15/~
3/8
7/8
5/-
5/~
2/6

50/-
5/-



Law—contd.
Law of Master and Servant

By F. R. Barr, LLM. . . Net
Law Relating to Building and Contracts
By W. T. CRESWELL, Barrister-at- Law . . Net

Law Relating to Secret Commissions and
Bribes. By Aieerr CrEW, Barrister-al-Law . Net

Law Relating to Carriage by Land

By S. W. CLARKE, Barrister-at- Law . . . Net
Legal Terms, Phrases, and Abbreviatxons
By E. A. Corr . . . . . Net

Mercantile Law
By J. A. SrATER, B.A., LL.B. (Lond.) Fifth Edition,
Revised by R. W. HOLLAND, 0.B.E.,, M.A,, MSc.,

LL.D., of the Middle Temple . . . . Net
Outlines of Company Law
By F. D. Heap, B.A. (Oxon) . . . . Net

Partnership Law and Accounts
By R. W. HorranDp, O.B.E., M.A., M.Sc., LL.D. Net

Principles of Marine Law
By LAWRENCE DUCKWORTH . . . . Net

Questions and Answers on Commercial Law
By R. W, HorLraNp, O.B.E., M.A., M.Sc., LL.D. Net

Questions and Answers on Company Law
By G. WiLLiAM ForTUNE, F.S.A.A., F.C.I.8. (Hons.), and
D. R. MATHESON, M.A, (Hons )s ASAA. (Hons.) Net

Railway Act, 1921, The
By R. P. GrrFrrTHS, F.C.I., F.B.E.A,, Grad.Inst.T. Net

Rights and Duties of Liquidators, Trustees,

and Receivers, The
By D. F. pE L’HOSTE RANKING, M.A., LL.D., ERNEST
E. SPICER, F.C.A., and ErngsT C. PEGLER, F. C A. Net

Solicitor’s Clerk’s Guide. By E. A. Core . Net

Trusts : Law, Administration, and Accounts
By O. KeELLY and J. CoLE-HAMILTON . . Net

Wills, Executors, and Trustees
By R. W. HomND, 0.B.E., M.A., M.Sc., LL.D. Net
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PRICR

10/8
12/8
10/6

7/8

8/-

7/8
2/8
6/-
7/6

5/~

2/6

15/-
4/-

15/-

2/6



REFERENCE BOOKS

Bedrock of Modern Business, The
By JAMEsS STEPHENSON, M.A., M.Com., D.Sc. . Net

Business Building
Edited by F. F. SuARLES, F.S.A.A.,F.C.LS. 2 Vols. Net

Business Cycles. The Problem and Its Setting

By W. C. MrTcHELL . . . Net
Business Forecasting and Its Pracucal Appli-
cation. By W, Warrace, M.Com. (Lond.) . Net

Business Man's Encyclopaedia and Dictionary
of Commerce
Edited by Frank Heywoop, F.C.I.8. Two Vols. Net
Business Man’s Guide
Edited by J. A. SLATER, B.A., LL.B. . . Net

Business Statistics
By R. W. Horranxp, O.B.E., M.A., M.S¢., LL.D. Net

Business Terms, Phrases, etc. . Net

Cable and Wireless Communications of the
World, The

By F. J. BROWN, C.B., C.B.E,, M.A,, BSc. .. Net
Charting, Manual of . . . . . Net
Charts and Graphs

By KARL G. KARSTEN, B.A. (Oxon) . . Net
Commercial Arbitrations

By E. J. Parry, B.Sc., F.I.C., F.CS. . . Net
Commercial Commodities

By F. MarraeEws, B.Sc., A.I.C.,, F.CS. . . Net
Commercial Contracts. By E. J. PARrY . Net

Commercial Self-Educator
Edited by R. W. HoLLAND, O. B E., M A., M. Sc LL.D.
Two Vols. Net

Commodities of Commerce

By J. A. SLATER, B.A., LL.B . . . Net
Cotton World, The

Compiled and Edited by J. A. Topp, M.A., B.L. . Net

Dictionary of the World’s Commercial

Products
By J. A. SLATER, B.A., LL.B. (Lond.) . . Net
Discount, Commission, and Brokerage Tables
By ERNEST HEAVINGHAM . . . . Net
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PRICE

15/~
42/~
30/-

7/8

47/6
8/~
3/8
8/6
7/8

25/
3/6
12/8
5/~
80/-
8/~
5/-

8/6
1/6



Reference Books—contd.

Empire Consols. By J. F. DaruNg, C.B.E. . Net
Financial Statements, Analysis of

By H. G. GUTHMANN, M.B.A,, C.P.A. . . Net
Fruit and the Fruit Trade ’

By F. FAIRFORD . ‘. Net
Guide to the Improvement of the Memory

By the late REv. J. H. BAcoN . Neot

Handbook on Wills, A. By A. H. Cosway . Net
How to Collect Accounts by Letter

By C. HANNEFORD-SMITH . . . Net
How to Grant Credit

By CUTHBERT GREIG . Net
History, Law, and Practice of the Stock

Exchange, The. By A. P. Porey, B.A. . Net

Investment Principles and Practices

By R. E. BADGER, Ph.D. . . . Net
Investor’s Manual, The

By W. W. WauL, F.8.8,, F.J.I. . . Net
Mercantile Terms and Abbreviations . Net
Money and the Stock and Share Markets, The

By EMIL DAVIES . . Net
Money Making in Stocks and Shares

By SYDNEY A. MOSELEY . . Net
Public Speaking. By F. H. KirkpaTrIcK . Net
Public Speaking, Essentials of

By W. C. Dusois, A.M., LL.B. . . . Net
Romance of World Trade, The

By A. P. DenNis, Ph.D., LL.D. . . . Net
Shareholder’s Manual, The

By H. H. BASSETT . . . . Net
Speak in Public, How to

By C. F. CArr and F. E. STEVENS . . . Net
Statistics and Their Applicatxon to Commerce

By A. L. BODDINGTON . . . Net

Types of Business Enterprise
By M. O. Cross, LL.B., Ph.D. . . . Net
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PRICE

1/-
21/~
8/~

1/8
2/6

3/6

3/8



FOREIGN LANGUAGES

FRENCH

Progressive French Grammar
By Dr. F. A. HEpGCOCK, M.A.,, D.8s.L. . . Net

Commercial French Grammar
By F. W. M. DrRAPER, M.A., B. ¢s. L. . . Net

French-English and English-French
Commercial Dictionary

By F. W. SmiTH . Net
Manual of French Commercial Correspondence

By G. W. MACDONALD . « Net
Correct French Speech

By B. DumviLLe, M.A., F.C.P. .

GERMAN

A New German Grammar

By J. KEEGAN, M.A. . . . . . Net
Commercial German Grammar

By J. BrreELL, M.A. : . . . Net

A New German-English and Enghsh German
Dictionary for General Use
By F. C. HEBERT and L. HIRSCH . . Net

German-English and English-German
Commercial Dictionary

By J. BITHELL, M.A. . . . . . Net
Commercial Correspondence in German. Net
SPANISH
Spanish Commercial Grammar
By C. A. TOLEDANO . . . Net

Spanish-English and English Spanish
Commercial Dictionary
By G. R. MAacpoNALD . . . . . Net

Manual of Spanish Commercial Correspondence

By G. R. MAacpoNALD . . . « Net
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5/8

2/8

7/8
6/~

1/6

5/-

3/6
16/~
16/-

3/6

4/6

12/6

4,6



Foreign Languages—contd.
ITALIAN

Baretti’s Italian and English Dictionary e
Compiled by GUGLIELMO COMELATI and J. DAVE\I’PORT
In two volumes (Reprinted) . . Net 25/-
Italian Commercial Grammar
By Luiar Ricor . . . . Net 4/~
Italian-English and English Italian
Commercial Dictionary
By G. R. MACDONALD., . . . Net 80/~
Mercantile Correspondence, Engllsh Italian
Net §/-
PORTUGUESE
Portuguese-English and English-Portuguese
Commercial Dictionary
By F. W. SmITH . . . . . Net 16/-
Practical Portuguese Grammar . . Net 7/8
Mercantile Correspondence, English-Portu-
guese. . . . . . Net 3/6
PITMAN’S SHORTHAND
For Complete List of Textbooks, Phrase Books,
Dictation Books, Reading Books, etc see Pitman’s
‘“ SHORTHAND AND TYPEWRITING (/ATALOGUE ”
Pitman’s Shorthand Instructor . . 4/8
Pitman’s Shorthand Commercial Course . 4/8
Pitman’s Shorthand Rapid Course . . 4/8
Shorter Course in Pitman’s Shorthand .1~
English and Shorthand Dictionary . . . 10/~
Shorthand Clerk’s Guide
By V. E. CoLLiNGgE, A.C.LS. . . . . . 2/6
Progressive Dictator ., . e ... 28

Phonographic Phrase Book . Paper 1/8, Cloth 2/-
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TYPEWRITING

Pitman’s Commercial Typewriting
By W. and E, WALMSLEY .

Pitman’s Typewriter Manual . | . .

Business Typewriting
By F. Heenis, F.C.I.S. . . . . . .

Advanced Typewriting

By the same Author
Typist’s Companion, The

By MaxweLL Crooks, F.Inc.T.T., F.I.P.S. . Net
Touch Typewriting for Teachers

By MaxweLL Crooks, F.Inc.T. T F. I P.S.,

FCTS (Inc.) . . . Net
Touch Typewriting Made Easy

By G. B. WRIGHT . . .
Practical Course in Touch Typewrltmg

By C. E. SmitH .
Dictionary of Typewritmg

By H. ETHERIDGE . . . Net
Questions and Answers on Typewriting and

Office Procedure

By ArRTHUR E. MORTON . .
Royal Society of Arts Typewrltmg Tests

By A. E. MorTON. No. 1, Elementary ; No. 2, Intex'-

mediate ; No. 3, Advanced Each . .
Mechanical Devices of the Typewriter

By R. T. NicHOLSON, M.A. . - Net
Modern Typewriting and Manual of Office

Procedure

By A. E. MORrRTON . .
wo'ti‘ll‘n and Management of a Copying Ofﬁce,

By G. C. MENzIES . . Net

Pitman’s Gramophone Method of Rhythmic
Typewriting
Comprises a complete set of specially arranged
gra.mophone records for use in the Touch Type-
writing Class and a series of ca.refully gra.ded

PRICE

6/-
- 8/-

2/~
3/8
2/-

7/8

2/6

8

7/8

2/6
6/~

5/6

10/6

keyboard exercises . . . . Net 35/-
Exercises only . . . . . . KEach 1/8

Complete List post free on application.
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COMMON COMMODITIES AND INDUSTRIES

Each book in crown 8vo, illustrated. 8s. net.

In each of the handbooks in this series a particular product or
industry is treated by an ex;ﬁrﬁ writer and practical man of
business. Beginning with the life history of the plant, or other
natural product, he follows its development until it becomes a
commercial commodity, and so on t,hrougll)l the various phases
of its sale in the market and its purchase by the consumer.

Acids, Alkalis, and Salts. (Apram.) Cotton Spinning. (WaDk.)
Alcohol in Commerce and Industry. | Cycle Industry, The. (Grew.)

(SnrgoNDs. ) Drugs in Commerce. (HuMPHREY.)
Aluminium, (MoRTIMER.) Dyes. (HacLv.)
Anthracite. (SumwErs.) Electric Lamp Industry, The. (Pes-
Asbestos, (SUMMERS.) CIVAL.)
Bookbinding Craft and Industry. | Electricity. (NEALE.)

(Harr1s0N.) Fngraving, (LASCELLES.)

Books—From the MS. to the Book- Explosives, Modern, (LEvy.)

seller. (Youna.) . .
Boot and Shoe Industry, The. (Harp. | Fertilizers. (Cave.)
Na.) Film Industry, The. (Bouenkv.)

‘Bread and Bread Baking. (Stewarr.) | Fishing Industry, The. (Gisss.)

Brushmaker, The, (Kmpigr.) Furniture. (BINsTEAD.)

Butter and Cheese. (TispALe and | Furs and the Fur Trade. (Sacus.)
Jones.) Gas and Gas Making. (WeBBER.)
Button Industry, The. (Jongs.) Glass and Glass Making. (Marson.)
Carpets. (BrinTON.) Gloves and the Glove Trade. (ErLis.)

Clays and Clay Products. (Searrr.) | Gold. (WwuiTE.)

Clocks and Watches. (OverToN.) Gums and Resins. (I’ARRy.)
Clothing Industry, The. (Poovr.) Incandescent Lighting. (Lwvy.)
Cloths and the Cloth Trade. (HUNTER.) | Ink. (MrrcHELL.)

Coal. (WrLsow.) Internal Combustion Engines. (Ok1LL.)
Coal Tar. (WARNES.) Iron and Steel. (Hoop.)

GTKEA,E,?_T Grower to Comsumer. | y. ntounging. (Wmrstey.)
Cold Storage and Ice Making. Jute Industry, The. (WoopmoUSE
(SPRINGETT.) and KILGOUR.)

Concrete and Reinforced Conmcrete. | Knitted Fabrics. (CHAMBERLAIN and

(TWELVETREES.) QUILTER.)
Copper—From the Ore to the Metal. | Lead, including Lead Pigments.
(P1cAaRD.) (SMYTHE.)

Cordage and Cordage Hemp and . (A 3
Fibres. (WoobHOUSE nndp Kir.. Leather. (Apcocx.)
GOUR.) Linen. (MoORE.)

Corn Trade, The British. (Barker.) | Locks and Lock Making. (Burrem.)
Cotton. (PEAxE.) Match Industry, The. (Dixox.)
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Common Commodities

Meat Industry, The. (Woon.)
Motor Boais. (STRICKLAND.)
Motor Industry, The. (WYATT.)
Nickel. (WxiTE.)

0il Power. (NORTH.)

Oils. (MyrcEELL.)

Paints and Varnishes, (JENNINGS.)
Paper. (Mabpox,)

Patent, Smokeless, and Semi-Smoke-
less Fuels. (GREDNE and PERKIN,)

Perfumery, The Raw Materials of.
(PARRY.)

Photography. (GAMBLE.)
Platinum Metals, The. (SmrTH.)
Player Piano, The. (WiLson.)
Pottery. (NoxE and PLANT.)
Rice. (Dovugras.)

Rubber. (STevENns and STEVENS.)
Salt. (CALVERT.)

Shipbuilding and the Shipbuilding
Industry. (MIrcHgLL.)

8ilk. (HoorEr.)
Silver. (WaITE.)
Soap. (SmMMoONS.)
Sponges. (CRESSWELL.)

and Industries-—contd.

Starch and Starch Products. (AUDEN.)
Stones and Quarries. (Hows.)
Straw Hats. (INWARDS.)

Sugar. (MarTINEAU.) (Rovised by
FasTICK.)

Sulphur and Allied Products. (AuDEN.)
Talking Machines. (MrrcaELL.)
Tea. (IBBETSON.)

Telegraphy, Telephony, and Wireless.
(PooLk.)

Textilo Bleaching. (STEVEN.)
Timber., (BuLrock.)
Tin and the Tin Industry, (MUNTEY.)

Tobacco. (Tanver.) (Revised by
DREW).

Velvet and the Corduroy Indusiry.
(CooKE.)

Wall Paper. (WARD.)

Weaving. (CRANKSHAW.)

Wheat and Its Products. (MILIAR.)
Wine and the Wine Trade. (SimoNn.)
Wool. (HUNTER.)

Worsted Industry, The.
and KERSHAW.)

Zinc and Its Alloys. (LonEs.)

(DuMviLLE

Technical Dictionary of Engineering and Industrial
Science in Seven Languages: English, French,

Spanish,
German.

Italian,

Portuguese,

Russian, and

In four volumes, each in crown 4to, buckram gilt, 2230 pp.

£8 8s. net, complete.

Compiled by ERNEST SLATER, M.I.E.E., M.I.Mech.E., in collab-

oration with leading Authorities.

PITMANS SHORTHAND

Invaluable to all Business and Professional

Men

.8ir Isaac Pitman & Sons, Ltd., Parker Street, Kingsway, London, W.C.2

PRINTED IN GREAT BRITAIN AT THE PITMAN PRESS, BATH
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