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PREFACE

MaNny people have a habit of exclaiming,
when a fact bearing on chemistry is men-
tioned to them, *“ Oh! that’s Chemistry,” in
much the same tone of voice that they would
use to declare it was Sanskrit. During the
war a rumour has spread that chemistry and
chemists have something to do with explosives
(particularly high ones), poison gases, and
dyes; but the connection is not at all clear
to the man in the street. He has an hereditary
horror of ¢ chemicals,”” and to him a chemist is
another name for a druggist.

This book endeavours to explain to the
inquiring mind that all things are chemicals,
and that the chemist does not work miracles,
but merely takes advantage of the behaviour
of substances. It is not a catalogue of useful
chemicals, but, using the methods of making
some important substances as the basis, shows
the fundamental lines on which chemical pro-
cesses operate.

The use of formul®, etc., has been intro-
duced, not to appal the reader, but to give him
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vi PREFACE

an accurate means of noting the chemical
reactions described. Any subject of study
develops technical terms and methods, and it
is not advisable to evade them or the subject
has to be re-learnt later on.

The fact that large-scale operations have
been described has necessitated pictures of the
plant used. These have been simplified so
far as possible, and in most cases show the
structures in section. I have to thank my wife
for preparing the drawings.

The reader must not expect to be able
either to start a chemical works or pass an
examination after reading this book. If he
achieves some appreciation of the methods of
chemistry and the way substances behave, its
object will have been achieved.

For those who wish to know more than is
here presented, lists of books are included at
the end of some of the sections and at the end
of the book. Similarly, some few chapters
have summaries at the end; the reader is
invited to summarise the others as a means of
consolidating what he has learnt.

I have to thank many friends who have
helped me to write the following pages, some
personally, others in. their books.

P. C. L. THORNE.
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INTRODUCTION

By I V. A. Briscok, D.Sc. (Lond.), A.R.C.S.,
D.I.C.

THE war has brought home to us all that the
position of this country in many industries is
thoroughly unsatisfactory, more especially in
those most largely dependent upon the applica-
tion of scientific knowledge. The real trouble
is that, broadly speaking, there exists no
common ground of understanding upon which
the scientist and business man can meet.

One can, of course, point to special industries
in which our position is sound, but usually
such cases are due to the fact that a business
man of unusual determination and ability has
turned himself into a scientific worker as well,
or vice versd. They are clearly exceptional,
and their history generally discloses at some
period a heavy battle between the scientist
and the business community, and indicates
that the success of the industry has been
attained in spite of and not because of the
attitude of the latter.

It is, perhaps, necessary to emphasise the
point that this weakness in our industrial
situation is not due to any lack of initiative,
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xiv INTRODUCTION

enterprise or energy. Our system of education
and the natural tendency of the race does
produce a good proportion of men who, lacking
nothing of these qualities, are fitted to lead or
direct ventures of all kinds—so long as these
are of a pioneering character. When, however,
as must happen sooner or later, the venture
meets with competition, and the necessity
arises for conducting it upon a closely reasoned
basis, our men fail—because they lack the
education which would fit them tb comprehend
the industry they operate.

I am continually astonished to find the real
control of large industries in the hands of men
who have not the haziest idea as to the basic
principles upon which their industry depends.

All this, of course, is not the fault but the
misfortune of the business man, who is practi-
cally always in the position of having to learn
in the hard school of experience, at an undue
cost, many things essential to success which
should have been inculcated in his youth. - In
other words, the radical defect is in our system
of education—and despite the efforts of the last
few decades, the present system of education
is still defective in the same general manner, if
not quite to the same extent, as that which
produced this deplorable result.

The fault lies partly at the door of the
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teacher himself; he has too often taught his
subject on the basis that it is of interest for
its own sake. This may do well for the
hundredth pupil, who has a natural or acquired
liking for that particular subject, but it leaves
the ninety-nine stone cold. Their interest can
only be awakened when they are brought to
realise that the subject has an intimate relation
to their daily life and that its study will help
them to live in one or other sense of the word.

A praiseworthy prejudice against purely
utilitarian education causes many teachers to
handle their subjects in an atmosphere of entire
detachment from their practical applications.
Chemistry in particular has suffered in this
way, and the book Mr. Thorne has now written
is the first of its kind. It is a departure from
standard_practice which is, I believe, of the
first importance.

Mr. Thorne’s book appeals to me, and will,
I believe, appeal to many, as a most interesting
attempt to correlate the teaching of elementary
chemistry with the ordinary events of daily
life. The book is small, but much failure in the
past teaching of chemistry has arisen because
the teacher has not realised that his subject is
very strong meat for the lay mind and can only
be properly assimilated if given in small doses.

The study of chemistry, unless conducted on a
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basis of experiment, presents extraordinary
difficulty. For obvious reasons, very few who
have left school, and but a small proportion of
those now at school, can have the advantage
of much experimental study. The only real
means, therefore, of bringing home to the
majority of people the concepts of chemistry,
is to illustrate them by phenomena with which
all are familiar or can be made familiar by
suitable textual description. This Mr. Thorne
has attempted to do—and with a measure of
success which should make his book of the
greatest utility. Whilst he has thus made the
book ¢ popular,” he has preserved a logical
order which renders it entirely suitable as a
text-book for elementary students.

For reasons which are, though very im-
perfectly, set forth above, I regard the publica-
tion of this book as an event of importance;
and I very heartily commend it both to those
who, having learned little of chemistry, now
wish for any reason of utility or interest to
become acquainted with its general principles,
and to those who are responsible for the ele-
mentary teaching of chemistry or general
science in our schools.

H. VinceENT A. BRISCOE.

September, 1919.



SECTION A

SoLmps, LiQquips, AND GASES

CHAPTER 1
SOLIDS AND LIQUIDS.

CHEMISTRY 1s a branch of science which
attempts to classify the stuff of which the
world is made, and to study the effects of
reaction of one kind of stuff on another. As
in all sciences dealing with tangible things, the
method of study is to observe a number of
effects, then classify them, and, by using the
imagination, attempt to see what common
principle underlies the observed effects. This
conjecture is then tested by seeing if it fits
in with further observations.

It is important to simplify the study so far
as possible. For that reason methods of
separating various substances from the mixture
in which they are commonly found are impor-
tant. In chemical industry, which aims at
making useful substances from those which are

1 B
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found in Nature, the separation of mixtures is
equally necessary. In this section of the book,
therefore, we shall deal with such methods as
are generally used, particularly those applied
on the large scale in manufacturing practice.

Let us think for a moment of some of the
things in the world—the ground we stand on,
the paper on which this is printed, an iron
poker, the glass in the windows: all these we
can classify as solids.

But consider water; we cannot stand on it
or grasp it; when put into a bottle it at once
goes to the bottom and becomes the same shape
as the inside of the bottle, whereas if we put
small stones into a bottle they will not fill up
the corners. Things which behave like water,
such as paraffin oil, methylated spirit, and
quicksilver, we can classify as liquids.

There is yet another class of things which is
not quite so obvious to the senses as the other
two. We are suddenly aware of a substance
around us when the wind blows; if we turn
on a gas-tap without lighting the gas, there
comes from the pipe something which is like
air in some ways (you cannot see it, for
instance) ; there is also steam above the
water inside the glass used to show the level
of the water in a boiler, although the steam
cannot be seen by the eye—turn the top tap



SOLIDS AND LIQUIDS 3

and steam rushes out. Substances like air,
coal-gas, and steam are called gases. They are
not all invisible—for instance, chlorine, used as
a * poison gas”’ in the late war, is green; and
the vapour from iodine is violet.

Gases, unlike solids and liquids, when put
into a vessel fill the whole of it, however big
it is. For instance, the air pumped into an
empty cycle tyre or football bladder does not
sink to the bottom as water would, but fills
the whole evenly. Of course, all ordinary
vessels we call * empty *’ are really full of air,
so that before we can fill them with any other
gas we must first pump the air out.

Also, gases are easily compressed, whereas
solids -and liquids resist compression. Thus if
we try to force a well-fitting cork into a bottle
quite full of water, the bottle will break ; but
if the end of a cycle pump be covered with the
thumb, the piston can be forced in part of the
way, compressing the air, although no air
escapes.

We see then that the stuff or matter which
is around us can be classed as solids, liquids,
and gases. It is obvious that this classifica-
tion only applies at the ordinary temperature ;
for liquid water cooled becomes solid ice, and
when heated becomes gaseous steam; lead
melts when heated in a pot over the fire;

B 2



4 CHEMISTRY

petrol becomes a gas in the carburettor. On
allowing the temperature of the substance to
come back to the ordinary temperature, the
substance changes back to its ordinary state.
We shall now consider the conditions under
which * these changes of the same substance
from solid to liquid and gas on being heated
take place; and, first, the change from solid
to liquid known as melting, and from liquid to
solid known as freezing.

The temperature at which water freezes or
turns to ice is 32° F. or 0° C. Each solid has
its own peculiar temperature at which it changes
to a liquid, that temperature being called its
melting-point (or freezing-point).

Water does not go suddenly to ice even at
the freezing-point—a thin sheet is formed first
which gradually thickens if it keeps cold.
This is because heat has to be taken from it
to make it freeze, even when it is at the freezing
temperature ; similarly, if a lump of ice is put
into a saucepan and then heated, it takes a
long time to melt, and the mixture of ice and
water, if stirred, does not rise in temperature
above the freezing-point until all the ice has
melted. Actually, the heat required to melt a
pound of ice is four-fifths of that needed to
raise the water formed from the freezing-point
to boiling.
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Another important thing to note is that ice
floats on water. This, naturally, is because it
is lighter than the water. So that the pound of
ice takes up more room than the pound of water
it becomes on melting. This accounts for the
bursting of water-pipes during a severe frost ;
the water on changing to ice requires more
room and can only get it by splitting the
pipe; of course, this is not noticed until the -
thaw, as the ice does not run out.

Water, however, is almost solitary in ex-
panding when it becomes solid ; most liquids
contract, and the solid is heavier than the
liquid, and thus sinks in it. Type metal
behaves like water when cast, and expands to
give a sharp edge to the letters in the type;
castings from most metals have to be made
somewhat larger than required and machined
when cold if a clean surface is required.

SUMMARY.

Matter exists in three forms : solid, liquid, and gaseous.

Solids become liquids on heating (unless they decompose,
e.g. wood) when a certain temperature is attained.

Heat is absorbed by a solid in melting (and given up
by the liquid in solidifying).

Most liquids contract on freezing, but water expands.
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diameter) is forced right into the sulphur
bed. Within this tube are three others, 6 in.,
3in., and 1 in. respectively, which at the lower
end are joined up as shown in Fig. 2. Water,
superheated! under pressure to 170° C., is
forced down the two outer pipes and escapes
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Fig. 2.—End of sulphur-extraction pipe.
(Note: 13 in. and 8 in. pipes are not shown.)

through the end of the 8 in. pipe and a series
of holes in the 6 in. one into the sulphur bed.
Now sulphur melts at 115° C.; hence a pool

! Water heated in an open vessel boils at 100° C., but when

heated in a closed vessel boiling is prevented for some time and the
water is said to be ¢ superheated.”” See Chap. V.
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of molten sulphur forms round the end of the
pipe system. The liquid flows into the rounded
end through another series of holes, and is
carried up to the surface by a stream of hot
compressed air passing down the 1 in. pipe—
the froth of air and molten sulphur passing up
between this pipe and the 3 in. one. On reaching
the top end of the pipe, it is run into large
wooden tanks, where it becomes solid. The
sulphur so mined is very pure (999 per cent.),
and about 250,000 tons is produced each year
by this method. It is obviously a more simple
and economical method than that of sinking a
wide shaft and excavating the sulphur by hand
or machinery.

§ Sulphur is a pale yellow crystalline solid which melts
at 115° C. It boils at 445° C., and can be purified by
distilling it. It is not soluble in water, but dissolves in
carbon disulphide.

It is used as one of the ingredients of ordinary gun-
powder ; to dust vines and other plants to prevent mildew,
and for vulcanising rubber. It burns in the air with a
blue flame, to produce a gas—sulphur dioxide—with a
pungent, suffocating smell.

Solution. It is well known that when some
solid substances are placed in a liquid (say,
sugar or salt in water) they disappear and pass
into-the liquid, although it is far too cold for
them to melt in the strict sense of the word.
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The solid is then said to dissolve in the liquid ;
the resulting liquid consists of water and
salt ; whereas, in melting, the liquid formed
contains nothing but the substance from which
it was made.

Now suppose we continue to add salt to cold
water, stirring to mix up the whole. It will
continue to dissolve for some time, but in the
end some salt will be left in the solid state.
The water is then said to be saturated with
salt.

If, however, the saturated water with a little
solid salt in it is heated, more salt will dissolve ;
so that we can only say that the water is
saturated at the temperature at which we are
using it; the same water when heated will
take up more salt.

Suppose we add salt to hot water until it
will take up no more, forming a hot saturated
solution—the water with the salt in it is called
a solution of salt. We then pour the solution
from the solid salt and allow it to cool. As it
cools it is unable to dissolve as much salt as
it did when hot, and consequently the solid
salt reappears, frequently at the surface, as the
solution there cools most quickly. The white
shining particles are called crystals of salt;
and it is as crystals that solids mostly reappear
from a solution. With a magnifying-glass they
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can be seen to be tiny cubes. All crystals have
a definite shape, the shape varying with the
substance. We shall learn more about them
later.

If now, instead of cooling the hot saturated
solution, we boil away the water, the salt will
soon begin to appear in the solid form, as
there is no longer enough water to dissolve
it. Of course, if we boil away all the water,
we can get back all the solid salt.

Another way of getting rid of the water
from a solution is to freeze it. So in North
Russia sea-water is allowed to freeze, the ice
(almost pure) taken out, and the solution, now
nearer being saturated, frozen again. The
liquid remaining after the second freezing is
boiled to produce the solid salt. This is neces-
sary, obviously, since when, by removing the
ice, the solution becomes saturated at the
freezing-point, salt will appear with the ice.

Salt is sometimes sprinkled on to ice in winter;
the ice then melts as the salt dissolves. Thus
the freezing-point of the water is lowered, and
this happens whenever a solid is dissolved in a
liquid. :

Again, if a thermometer is placed in some
water, salt added, and the mixture stirred, the
temperature will be seen to fall. In fact, in
some cases the cooling is great enough to be
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easily felt if the vessel containing the water is
held in the hand, e.g. in dissolving ammonium
chloride (sal ammoniac) to make a solution
for an electric bell battery.

The importance of solutions in daily life is
obvious. All our food must become soluble to
be of any use to us after we have eaten it;
the solution of foedstuff passes into the blood.
Plants, also, must take up some of their food
from the soil, and only dissolved substances
can enter the roots and be taken up the
stem to the other parts of the plant. 'We make
a solution of gum every time we stick a stamp
on a letter ; soda is dissolved by the housewife
to cleanse dirty dishes. Solutions in other
liquids are also frequently used: bruises and
sprains are painted with a solution of iodine
in aleohol; a solution of rubber in an in-
flammable liquid is used to mend cycle tubes.

SUMMARY.

When a solid dissolves in a liquid, heat is absorbed;
the liquid freezes at a lower temperature ; only a limited
quantity is dissolved at any particular temperature ;
more can be dissolved if the solution is warmed, but the
excess reappears on cooling.

A saturated solution (at a particular temperature) is
one which will dissolve no more of the solid.



CHAPTER 111
THE EXTRACTION OF SALT

Savr is found (as rock salt) in layers in the
earth, sometimes very thick and extensive,
beneath other beds of clay. It'is often stained
brown by the presence of iron oxide, and the
solid rock salt is only suitable for giving to
cattle. _

It is obtained for our use in one of two ways :
either a shaft is sunk and the salt is mined by
blasting, etc., in much the same way as coal
is mined, or water is sent down the shaft, and
when it is saturated with salt the brine is
pumped up and the salt obtained from it.

The mining method is practised in Galicia
at Wielicza, where the same mines have been
worked for six hundred years.

In England (at Nantwich, Northwich, Middle-
wich, and Droitwich) it is more usual to adopt
the brine pumping method.

" At Nantwich the salt bed lies some 140 ft.
below the surface, and is 75 ft. thick ; below

12
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this is a sheet of marl 30 ft. thick, then the
second salt bed over 100 ft. thick.

In order to obtain the salt a shaft about
10 ft. in diameter, lined with cast-iron cylinders,
is sunk down to the layer of marl covering the
salt. A hole is then forced through the marl,
when the brine which lies above the bed of
salt rushes partly up the shaft. This saturated
solution of salt is then pumped up into reser-
voirs, usually of brick lined with clay. As
fresh water flows into the salt bed the pumping
can be continued until the whole bed is dissolved
up, which at the present rate of working will
be a very long time. Naturally, as there is
nothing to replace the salt so removed, the
land sinks in, often as rapidly as 1 ft. per
year.

The salt is obtained from the brine by
evaporating the water. In countries where
fuel is scarce the brine is pumped to the top
of a stack of brushwood and allowed to trickle
down, so that some of the water is evaporated
by mere exposure to the air; but much salt
is lost by the brine being blown away as spray.

In any case, the final evaporation has to be
done by heating the brine. In England large
shallow pans are used (25 ft. by 20 ft. by
1 ft. 6 in. deep and upwards), made from a
number of iron plates riveted together. The
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pan 4, shown in section in Fig. 8, is heated by
flues B underneath leading from a fire at one
.end, the walls of the flues serving to support
the pan. As the water evaporates the salt
crystallises out and is taken from the pan
by a workman using a shovel with small holes
in it, called a *“ skimmer.”” The salt is flung on
to the * hurdles ” or sloping shelves C at the

Solk

N
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b

L

D

&,

Fia. 3.—Pan for evaporating brine.

sides of the pan, where it drains, the brine
running into the gutter D at the edge, which
leads back into the pan.

The kind of salt produced depends mostly
on the temperature at which the evaporation
is carried on, and on the frequency with which
the salt is taken out of the pan.

For example, fine-grained table salt is ob-
tained by actually boiling off the water in
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smaller pans than those described above, the
salt being raked out continuously. The wet
salt is put into wooden boxes, and on cooling
more crystallises out from the liquid still
remaining in the mass, forming a solid lump
such as is ordinarily sold for cooking purposes.

For salting fish larger crystals are required.
Evaporation is carried on at 40°-60° C., and
the salt removed only once a week or once a
fortnight.

Bay salt is coarser still. The temperature
here is below 50°, and the crystals are taken
out about once a month.

The liquor finally left contains impurities
and is run to waste.

§ Salt (known in chemistry as sodium chloride) is a
white solid crystallising in cubes. It is soluble in water,
but the weight dissolved by 100 grams of boiling water
is only 89 grams salt ; whereas at the ordinary tempera-
ture 35 grams are dissolved. Thus it is not much more
soluble in hot water than it is in cold water. It is a
necessary addition to human food, and a useful preserva-

tive for meat and fish ; enormious quantities are used to
make soda in the alkali industry.

Solution as a Means of Separating Solids.—It
is obvious that a great many substances do
not dissolve in water, although, as a matter of
fact, it can dissolve a greater variety of sub-
stances than any other liquid. So that, if we
have a mixture of a soluble with an insoluble
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substance, on stirring up in water the soluble
substance will dissolve, leaving the insoluble
one as a deposit on the bottom of the vessel.
The insoluble material can be completely
separated by one of the methods of filtering
discussed in Chapter IV. Thus, when common
soda is made by one process the crude product
is mixed with calcium sulphide and other
materials not soluble in water. On treatment
with hot water the soda dissolves, leaving the
other materials. Such an operation is called
Liziviation. Again, mercury is used to dissolve
gold from the crushed quartz which contains
it ; an amalgam, or solution of gold in mercury,
is formed. Alcohol or methylated spirit is
very useful as a solvent for many substances
not soluble in water, particularly in extracting
medicinal substances from the roots or herbs
in which they occur. Usually hot alcohol is
used in a closed plant to prevent losses, and
by adapting the method of distillation described
later, a comparatively small quantity of alcohol
can be used over and over again. This method
of removing soluble substances is known as
extraction ; or, if performed with cold solvent,
as is sometimes necessary to prevent decom-
position of thé drug, percolation.

The making of tea is an everyday example
of extraction with hot water; lemonade (made
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from real lemons) is another case in point;
whilst an over-salted piece of bacon is rendered
eatable by steeping for a short time in cold
water to dissolve out some of the salt.
Crystallisation as a Means of Purifying
Substances.—Let us consider the liquid from
which a quantity of salt has been removed, as
described earlier in the chapter—it is called
the mother liqguor. Clearly, it will be a saturated
solution of salt at the temperature at which
we are working; but the salt in the beds
contains other substances besides pure sodium
chloride, for instance, some magnesium chloride,
in some cases as much as 1 per cent. Now
when we dissolve the salt in water to a saturated
brine, it will not be a saturated solution of
magnesium chloride; for in the 85 grams of
crude salt dissolved in 100 grams of water
only 0-3 gram will be magnesium chloride,
which, incidentally, is much more soluble in
water than salt itself (100 grams of water at
15° C. dissolve 55 grams of magnesium chloride).
So if the solution is partly evaporated the
magnesium chloride will remain in the mother
liquor, the crystals being purer salt.
However thoroughly the crystals drain, a
little mother liquor will still cling to them,
thus adulterating them with magnesium
chloride. To remove this we must wash them,

C



18 CHEMISTRY

say, with water. This will dissolve some salt,
but will remove practically all the magnesium
chloride.

Again, if we wish to obtain as much of the
salt as possible in a pure state, we can continue
to evaporate the solution. But a time will
come when the magnesium chloride accumu-
lates to such an extent in the mother liquors
that it crystallises out with the salt, thus
defeating our object. This is only one example
of the endless opposition between obtaining
the greatest quantity of the product and
maintaining the quality or purity.

This method of separating substances which
are both soluble, by crystallising one of them
from a solution of both, is very generally used
as a means of purifying solids. It is known
as re-crystallisation. We shall come across
many examples of it later on.

The solubility of a substance is expressed
accurately by the greatest weight dissolved by
100 grams of the liquid at the temperature
named ; thus the solubility of magnesium
chloride is: At 0°C., 53 grams; at 50°C.,
60 grams; at 100°C., 73 grams. Or, put
another way, a saturated solution of magnesium
chloride at 0° C. is made by dissolving 53 grams
in 100 grams of water.






CHAPTER 1V
THE SEPARATION OF SOLIDS FROM LIQUIDS

It very frequently happens, as, for instance,
in crystallising salt, that a mixture of a solid
and a liquid is required to be separated as
completely as possible into its two constituents.

The simplest way of doing this is to allow
the mixture to stand. For instance, muddy
water left undisturbed becomes clear by the
heavier mud sinking to the bottom of the vessel,
leaving the clear water above, which can
then be tapped off.

The rate at which the solid settles depends
largely on (1) the size of the solid particles,
and (2) how much heavier they are than water.
Thus in the muddy water the coarse gravel
settles first, then the finer sand, and finally
the very finest mud.

The fact that heavier substances settle more
quickly is used to separate valuable minerals
from the rock which is always mixed with

them as they come from the mine or quarry.
20
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"Thus tinstone, which is nearly seven times as
heavy as water (or, to put it accurately, has
a specific gravity of 6-8), is easily separated
from the earthy material mixed with it, which
usually has a specific gravity between 2 and
3. Obviously, to get rid of the effect of
the mere size of the lumps, it is necessary -
to grind the material to, roughly, the same
size. Gold, similarly, is separated by this
method of elutriation, the small nuggets re-
maining behind when the quartz, ete., is
washed away.

Very fine pieces of solid, however heavy,
settle slowly, and, when they are so small as
to be invisible with a microscope, do not
settle at all. Such a suspension is called a
colloidal solution. These mixtures can be sep-
arated only by adding a substance which
causes the fine particles to cohere and form
larger ones.

The method of separating solids from a
liquid by allowing them to settle is very slow.
and even in the end the layer of solid on the
bottom is very wet. It is usually necessary
to get the solid more quickly and with less
liquid clinging to it. This is done by filtering
the mixture.

The simplest way of filtering a small quantity
of, say, a mixture of sand and water is to
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pour the mixture into a funnel lined with a
paper cone. (The cone can be easily made
by folding a circular piece of filter paper—an
unglazed and porous paper—as shown and
then opening out one of the larger quarters.)
The water flows through the pores of the
paper, leaving the sand behind (see. Fig. 4).

This method also is slow, and again the

/ 2 3

Fig. 4.—Folding a filter paper and filtration through it.

solid does not get very dry; so frequently
the water is sucked through. Fig. 5 shows
how this can be done in a vacuum filter. The
plate 4 is perforated with holes, and is fixed
across the large vessel B, and covered with a
piece of filter cloth which fits well, C. The
mixture of solid and liquid is poured or pumped
into the top part of B, and the air is sucked
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out of the lower part by connecting the outlet
D to a vacuum pump. The liquid then runs
through the cloth much more rapidly than it
would do if just left to itself. When the lower
part of B gets nearly full of the liquid, it can
be tapped off from the pipe E.

This way of filtering has many disadvantages ;
for instance, the liquid evaporates more easily

r =

Fia. 5.—Vacuum filter.

in the vacuum than in air, so that more is
wasted if it is required to be kept. The solid
cake in the upper part, also, has to be dug out
when dry: it often develops cracks before
all the liquid is removed, and these have to
be filled up by scraping the surface solid into
them ; and also, if the solid is at all fine, the
cake becomes hard and dry just above the
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surface of the cloth, and does not permit
the rest of the liquid to go through.

It is useful, however, when only compara-
tively small quantities of material have to be
dealt with ; and the one filter can be used for
many different produects.

Another form of vacuum filter which is
much more useful is the rotary filter (Fig. 6).
This consists of a wheel 4 with a wide rim
which is composed of a series of boxes from
which pipes, as additional spokes, lead to the
axle B, which is also hollow. The outside of
the rim is perforated and covered with filter
cloth C, held on by wire D which goes round
and round the circumference of the wheel.

The lower half of the wheel is submerged in
a tank E in which the mixture of solid and
liquid is kept stirred by paddles or compressed
air. The suction through pipe F on the
immersed sectors causes a layer of solid to
stick to the surface of the cloth, while some
of the liquid is sucked through F. As the
wheel rotates the sector comes out of the
tank, and the adhering water is sucked from the
layer of sludge. If necessary, the solid cake is
washed by a jet of water spraying on to it, J.
By the time the sector we are following has
arrived at the top of the tank on the other
side the cake is dry and has been loosened
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by a puff of compressed air delivered to the
chamber by a separate pipe, H. It is then
scraped off by an inclined plate K, and falls

FI(;. 6.—Rotary vacuum Filter. ¥, vacuum pipe for mother
liquor ; @, vacuum pipe for wash water ; H, compressed air pipe.
down either on to a travelling belt which
conveys it to a truck, or direct into a heap

below the scraper.
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The immense advantage of this type of
filter is that it is continuous in action and
requires little attention. It is most useful
for fine crystals or sandy solids which require
to be ‘ de-watered.”

Of more general utility is the filier-press,
one type of which is seen in Fig. 7.

A strong iron frame supports the plates 4
and the frames B, which alternate with them.
Two strong castings C and D form the two
ends of the series, C being fixed to the iron
framework, while D can move along the bars
supporting the plates and frames. A screw
E, the head of which can be turned by a lever
inserted in slots in it, serves to move D and
the plates and frames, so that when in use
the whole is tightly pressed up against C.
Filter cloths are arranged to cover both sides
of the frames, so that a box is formed, the two
sides of filter cloth, the edges by the frame.
The mixture of solid and liquid is forced by a
pump or compressed air or steam into the
pipe J, which, formed by holes in plates and
frames, runs the whole length of the press.
Slots in the frames (see Fig. 8a) admit the
mixture to the chambers formed by the filter
cloths, and the liquid passes through the
filter cloths, the solid remaining in the chambers.
The liquid escapes along the corrugated sur-
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face of the solid plates and out by a pipe F
at the bottom of each plate, when it can be
collected if required. Eventually the chambers
become full of solid (as shown by a rise in
pressure at the pump). The press, when
drained at F, is then unscrewed and the frames
lifted out, the cloth stripped off, and the cake
of solid material knocked out into a truck or
other receptacle. ’

0 I
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Plare (A) V°2 Frame (B)
Fic. 8a.—- Surface view of plate and frame. (Plates 1, 3,
5 . . . differ in having channels at H instead of a.)

If it is required to wash the solid free from
a mother liquor, the plates and frames are
further perforated with two other series of
holes forming two pipes G, H, leading from
cocks in the stationary headpiece. Water
is pumped in at the lower of these,
H, and admitted by slots to plates 1,
3, 5, etc. It percolates the solid cakes
in the intervening frames and escapes by
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slots in plates 2, 4, 6, etc., into the upper
main G.

The filter press is very generally used for
separating such substances as can be pumped
through pipe systems, from fine crystals to
the slimes in crude oil. A great variety of

Fittee Cloths

F1a. 8b.—Section through a few plates and frames
in place, Arrows show direction of wash water.

forms are in use, each suited to deal with
a particular mixture of solid and liquid.
Its disadvantages include the waste of
time in opening and removing cakes, and
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the manual labour required for that opera-
tion.

Particularly with oil-bearing seeds, it is
useful sometimes to extract the liquid by sheer
pressure. The material is put into bags which
arc piled up on the base of the press, an iron
plate between each bag. A plunger is then
forced down on the pile, either by a screw or,
more often, by hydraulic pressure. The oil
or other liquid flows out of the bags into a
gutter round the base of the press and thence
to tanks for storage.

The centrifuge or hydro-extractor (Fig. 9)
is a suitable means of thoroughly draining
crystals or other solids not slimy in consistency.
The mixture of crystals and mother liquor is
placed in the basket 4, which is made of
perforated copper strengthened by steel bands
on the outside and capable of being rotated
at high speed (usually about 1,000 revolutions
per minute). The solid is thus thrown up
against the vertical wall of the basket, and the
liquid streams out through the holes into the
strong casing B to the gutter C. If washing is
required, water is directed on to the solid in
a fine spray. It is obviously necessary that
the whole machine should be strongly built,
as a break whilst going at full speed might
easily cause loss of life. Centrifuges are largely
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used to dry sugar and starch, wood pulp, and
many other substances. Laundries have found

i Gurdee
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Fia. 9.—Hydro-extractor.

them useful for removing the bulk of the water
from linen ; similarly, they find application in






CHAPTER V
THE CHANGE—LIQUIDS TO GASES

WEe have seen in the first chapter how
solids melt to liquids; we will now study the
way liquids become gases.

The first obvious difference is that liquids
can become gases to some extent at any
temperature. A puddle of water will dry up
without being heated; the petrol in the
carburettor of a motor-car engine becomes
vapour at the ordinary temperature.

Now a puddle of water, or linen on a clothes
line, does not always dry at the same rate;
on a dry (and, by preference, windy) day the
water evaporates much more quickly than on
a still, damp day. This is because the air
round about the water which is evaporating
can receive only a certain quantity of water,
and the warmer it is the more it can take up.
Wind assists evaporation by supplying fresh
portions of air to be saturated with the water
vapour.

33 D
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For suppose we leave a corked bottle half
full of water, the space above the water will
in the course of time take up as much water
vapour as it can. The air is then said to
be saturated, in the same way that water
becomes saturated with salt; and, like the
salt solution, more is soluble at a higher
temperature.

A difference is noticed, however, if the water
is placed in a vacuum where there is no air;
it vaporises to just the same extent as when
exposed in air; so that it is not really a
solution of water in air, as it occurs equally
well without the solvent. The quantity of
water which will vaporise at a given tempera-
ture in a vacuum is limited. Suppose, for
instance, we admit a little water to the space
above the mercury in a barometer, which
space is ordinarily a vacuum. The water
evaporates and, owing to the pressure exerted by
the vapour, the mercury falls. If water is
continuously admitted, little by little, the
mercury eventually ceases to fall, and a layer
of liquid water is left on the surface of the
mercury. At 15° C., for instance, this occurs
when the mercury has fallen 127 mm. Thus
the pressure of water vapour at 15° C. is 12-7
mm. of mercury. .

The pressure increases as the temperature
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is raised ; at 100° C. it is 760 mm. of mercury
—the normal pressure of the atmosphere.” So
that, if we continued the barometer experi-
ment to this temperature, the mercury would
fall the whole height of the original column.
(See Fig. 10.)

o
o)
!

71'/ Ng‘cu ré
S

mefves o©

N
o
o

400 [

o o o o o
0° 20  40° 60 80° /o0
Fia. 10.—Series of barometers showing vapour pressure of
water at different temperatures.
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In ordinary language, water boils at 100° C.,
for liquids are said to boil when the vapour
pressure becomes equal to the atmospherie
pressure. At this temperature evaporation oc-
curs, not only from the surface of the liquid
as at lower temperatures, but also from the
body of the liquid, which is converted into

D 2
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vapour as rapidly as the necessary heat is
supplied to it.

For, just as a quantity of heat is necessary to
convert ice into water without raising the
temperature, so is it necessary to supply heat
to convert water into steam. Actually, to
change a gram of water (at 100°) to a gram
of steam (also at 100°) 536 calories! are re-
quired.

A similar quantity of heat (somewhat greater
as the temperature is lower) is always required
to evaporate a liquid; and, unless supplied
intentionally from outside, it is taken from the
liquid itself or from objects in contact with it.
The fact that one catches cold on remaining
for some time in rain-soaked clothes, and the
cooling of a bottle of wine by standing it
in a draught with a damp cloth wrapped round
it, are two everyday examples of this absorption
of heat.

Thus when water is heated in a saucepan,
say, starting from the ordinary room tempera-
ture of 15°, at first the heat is used up (1) in
raising the temperature of the water, and
(2) in vaporising that quantity which evaporates
from the surface. At 100° the whole of the

1 Two units of heat quantity are in use : (1) the small calorie (cal.)
is the heat required to raise the temperature of 1 gram of water
from 0° to 1°. (2) The large Calorie (Cal.) is the heat required to
raise the temperature of 1000 grams of water from 0° to 1°.
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heat is used up in operation (2); evaporation
proceeds from the body of the liquid, as can
be seen by bubbles of vapour arising from all
parts of it, and the temperature does not rise
any higher. '

When the steam or water vapour condenses
again, the heat which it took up on conversion
into vapour is liberated once more; this
source of heat is often convenient to heat up
a quantity of cold water in a vat or other
vessel to which heat from a fire cannot readily
be applied. It is used either as ‘live steam,”
in which case the steam is blown direct into the
water, or by passing the steam through a
coil or series of pipes immersed in the liquid.
A scald caused by steam is much more serious
than one produced by hot water, owing to
the additional heat suddenly given out.

The condensation of the vapour of a liquid
is a useful method for obtaining the pure
liquid from a solution; for solids in solution
do not contaminate the vapour, but remain
behind in the liquid. This process is con-
ducted by boiling the liquid in a still (4, Fig.
11), the vapour being led from the still head
B to the condenser C. The latter consists
essentially of a pipe or system of pipes kept
cool, usually by being surrounded by flowing
cold water. The vapour in the condenser,
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being cooled below the boiling-point, becomes
liquid and can be run off continuously from
the lower end of the condenser.

We must now return to the consideration
of the influence of pressure on the change

B

™ WateOut

Stean

™S
Distitiate

Fra. 11.—Steam-heated still and condenser.

from liquids to gases. We have noticed that
liquids boil when the pressure of the vapour
becomes equal to that of the atmosphere—
that is, in the space above the surface of the
liquid. If, now, a liquid is heated in a closed
vessel, which must of necessity be strongly
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made, the vapour will accumulate above the
liquid, thus increasing the pressure, and the
temperature of the boiling liquid will be
found to rise. Thus water boils at 144°
when the pressure is four times the ordinary
atmospheric pressure. This important pro-
perty is utilised, for instance, to extract gela-
tines from waste bones, etc.; or, again, tea-
dust is extracted with benzene under pressure,
as the caffeine is much more soluble at the
higher temperature. Further, a number of
chemical processes are much more rapid at
the high temperature which can be attained
by heating solutions in an aufoclave, as such
a closed vessel is called.

On the other hand, if the air (and vapour)
is pumped out of the vessel containing the
liquid, it boils at a lower temperature. Thus,
if the pressure in the containing vessel is
reduced to 17-4 mm. of mercury, water will
boil at 20°. This pressure is the vapour
pressure of water at that temperature; and,
generally, when the pressure in a vessel con-
taining a liquid is reduced to the wvalue of
the vapour pressure at that temperature, the
liquid boils.

We shall consider technical applications of
this important property in Chapter VI.

The question now arises as to whether the
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substances which are ordinarily gases can be
reduced to the liquid state. Let us take the
case of carbon dioxide—a gas formed when
carbon (e.g. coke, charcoal, ete.) is burnt, and
when limestone is heated (see Chapter VIII).
This gas can be made liquid by compressing
it at the ordinary temperature (50 atmo-
spheres is required at 20°). This operation
really amounts to raising the boiling-point
(normally — 78°) by increasing the pressure.
There is, however, a temperature above which
no mere increase of pressure will cause lique-
faction of the particular gas in question.
This temperature is called the Critical tempera-
ture of the gas. For carbon dioxide it is 31°.

The existence of this maximum temperature
when mere compression becomes effective,
means that with gases of low boiling-point it
is necessary to cool as well as to compress.
For instance, oxygen (the active fifth part of the
atmosphere) boils at —182°, and its ecritical
temperature is — 118°. So thus it is necessary
to cool to — 118° before compressing. In
reeent methods this cooling is brought about
by allowing the compressed gas (at about
200 atmospheres pressure) to escape through
a small hole, the sudden release cooling it
considerably ; the colder gas is led away
over tubes conducting the compressed gas to






CHAPTER VI
DISTILLATION

Tut separation of two liquids which do not
mix, like oil and water, can easily be done
after the fashion of the first method of separat-
ing solids from liquids—that is, by allowing
the heavier liquid to settle to the bottom of
a tank and tapping it off first.

A difficulty arises, however, if the quantity
of one of the liquids is small compared with
that of the other; for example, the water
from the exhaust of a steam-engine is con-
taminated with a small proportion of oil,
which forms an emulsion. Such a mixture
has many of the properties of a suspension of
fine particles of solid matter—a colloidal solu-
tion—which we have already noticed in
Chapter I. It is then necessary to filter the
emulsion through a filter which will retain the
oil drops, e.g., if it is desired to use the water
again in the steam boiler.

Liquids dissolve in other liquids in a some-
42
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what similar way to solids; but generally
the range of solubility is greater, and the
property is often described as miscibility. Thus
water and alcohol, water and glycerin, dissolve
mutually in any proportions in which we may
choose to mix them, and are therefore said to
be completely miscible. If, on the other hand,
ether and water are shaken together in equal
proportions, two layers soon separate—the
upper, a solution of water in ether ; the lower,
a solution of ether in water. These two
liquids are therefore only partially miscible ;
and we can speak of the solubility of ether in
water, and of water in ether, in just the same
terms as we did of salt in water in Chapter II.
The separation of the two substances is much
the same problem whether they are completely
or only partially miscible.

Consider, for instance, a mixture of alcohol
and water. Pure alcohol boils at 78°, water
at 100°. It appears at first sight simple
enough to separate a mixture of the two
liquids by pouring into a still of the type
shown in Fig. 11, and heating the liquid to
78°, when we might expect the alcohol to
distil over, leaving the water behind. But
we must remember that at 78° water has a
considerable vapour pressure, and consequently
a good deal will evaporate with the alcohol.
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We can, of course, get a liquid stronger in
alcohol by re-distilling the liquid condensed.
In practice this operation is performed in a
simple way by fixing a ‘“ head ” to the top of
the still, the condenser being attached to the
upper end of the head. Fig. 12 shows a still
with such a head. The head, or fractionating
column A for use with alcohol, is made of
copper and covered with wood (to prevent too
rapid cooling). It will be noticed that the
vapour rising up the head can enter each
chamber only by the valves ¥V, whilst the
descending liquid must lie on the floor of each
chamber as it can escape only by the tubes d.
Now just as the alcohol is the first to vaporise,
so the water is the first to condense. The
layer on the floor of a given chamber is heated
by the oncoming vapour, which really re-
distils it, so that the rising vapour is stronger
in alcohol. This process is repeated in each
chamber. In the figure shown two columns
are arranged side by side known as the analyser
A and the rectifier B, the vapour from the
first being led to the bottom of the second.
The rectifier is cooled by a series of pipes C,
through which the liquid from which the alcohol
is being distilled (the wash) is pumped ; this
liquid is thereby heated and actually admitted
to the top of the analyser, so that a good deal
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of its alcohol is removed before it reaches the
still S, which is heated by live steam. The
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Fia. 12.—S8till for rectifying aleohol.

spent wash is removed from the bottom of
the still from time to time ; and the pipe from
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the top of the rectifier leads to a worm con-
denser, where the alcohol, almost free from
water, is condensed. The distillation can be
controlled by taking the density of the liquid
condensed, from which the proportions of
alcohol can be found by consulting tables.
The alcohol thus obtained is further purified
by a second fractional distillation, the still in
this case being heated by external steam ;
the first fractions are collected separately, as
they contain more volatile impurities; also
the last portions, which contain fusel oil, a
mixture of other alcohols of higher boiling-
point. Even then the alcohol is not quite
dry (i.e., free from water), and it is necessary
to add quicklime to take up the traces of
water, and after filtration to re-distil the alcohol.
This is an example of one of the many cases
where a complete separation of two liquids
cannot be brought about by distillation owing
to the formation of a ** constant boiling mizture,”
1.e., a solution which behaves as if it were a
simple substance and distils unchanged. It
is necessary to add some third material to
retain one of the partners in this temporary
combination, such as the quicklime used in
this case. Another important instance of this
behaviour is met in the case of nitric acid,
where the mixture contains 68 per cent. acid ;
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the water can be removed by distilling with
sulphuric acid, which retains it.

In the previous chapter we noted that
whilst an increase of pressure in the containing
vessel raises the boiling-point, so a decrease of
pressure causes the liquid to boil at a lower
temperature. This latter property. is very
useful when, for instance, a liquid decomposes
at, or even below, the boiling-point. By dis-
tilling 4n wvacuo, as the process is not very
accurately called, many liquids can be purified
which would otherwise have to be treated in
some less satisfactory way. Thus hydrogen
peroxide decomposes rapidly into water and
oxygen when even a weak solution is boiled.
But if distilled in a closed system in which the
pressure is reduced by a pump to 15 mm. of
mercury, the hydrogen peroxide can be dis-
tilled unchanged at 70-80°.

The method is also important in the case of
liquids with a high boiling-point. Thus aniline
boils at 184°, and to reduce the wear of plant
and permit the use of steam instead of direct
fire as a heating agent, it is frequently distilled
tn vacuo. The exhaust pump to produce the
partial vacuum is connected to the receiver,
which for such distillations must be connected
airtight to the end of the condenser—a pre-
caution not necessary when distilling under
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ordinary pressure. Fig. 13 shows the con-
nections to the receivers, which are in duplicate,
so that one can be emptied, while the other is
filling, without admitting air to the plant.
Thus when receiver I is full, taps B and C are
closed and 4 is opened, admitting air, when
the aniline can be run out from the bottom
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Fia. 13.—Receivers for distillation in vacuo.

tap. Meanwhile tap 4 on receiver II is
closed, and first C, then B, is opened. The
gauge glasses show when the receivers are full.

The rest of the plant is not shown, as it
is similar to an ordinary still and condenser,
except that it is strongly made to resist pressure
from the outside, and that the condenser must
be more efficient than is necessary in plain
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distillation. A vacuum gauge on the still
shows the pressure of working, whilst a plain
tube some 15 ft. high serves as a still head.

What is practically a special form of vacuum
still is used for removing small quantities of
liquid from solids by evaporation. The vacuum
drier consists of a strong cast-iron chamber
fitted with hollow shelves, on which the solid
is spread and which can be heated by steam.
One side of the chamber is a heavy door,
which can be closed airtight once the drier
is filled. A pipe leads from the drier through
a_condenser to the vacuum pump. The liquid
is rapidly evaporated, leaving the dry solid,
and the temperature is easily controlled, so
that the plant is most useful where a substance
has to be dried rapidly at a low temperature.

The principle of vacuum distillation is also
applied to great advantage in evaporating
solutions for crystallisation. The old method
described for the evaporation of brine in
Chapter III is obviously wasteful of heat, space,
and time. In fact, such a crude process has
been to a considerable extent supplanted by
the use of evaporators, as these vacuum evapora-
tion plants are commonly called.

Fig. 14 shows (much simplified) a type of
evaporator. Steam is admitted to the wide
outer tube 4 through B, condensed water

E






DISTILLATION 51

An exhaust pump, connected through a con-
denser with the outlet pipe F, maintains a
vacuum in the pipe system D and the head of
the evaporator G. The solution entering the
pipes theréfore boils vigorously, the steam
bubbles propelling it at great velocity up the
pipes. The mixture of vapour and concen-
trated solution, on reaching the top of the tubes,
is forced into a spiral motion by the baffles H,
which effectually separate the liquid, which
flows down to the bottom of G and out by pipe
J, from the steam which escapes by F to the
condenser. }

An obvious economy is to use the steam
from the first evaporator, as it issues at F, to
heat a second one instead of using steam from
the boiler as in 4. To accomplish this, F is
joined to the inlet corresponding with B in
a second system. In practice this ‘‘ double
effect,” as also “triple”” and ‘ quadruple”
effects, is commonly used.

The quantity of water evaporated from a
given solution depends clearly on the rate at
which the liquid is pumped in at E. This is so
arranged that the concentrated solution issuing
at J crystallises on cooling.



CHAPTER VII
VARIOUS SEPARATIONS

THERE are a number of miscellaneous, but
important, points in connection with the separa-
tion of the various possible mixtures of solids,
liquids, and gases which we will now consider.

The drying of solids has been touched on
only with reference to the vacuum drier, which
obviously has but a limited application owing
to its expense and small capacity. Generally,
materials are dried by a current of hot, and
by preference, dry air. Furnace gases can be
used if they do not harm the substance being
dried, e.g., for ores. In other cases the air
must be heated in other ways so that it remains
clean, such as by waste steam in pipes or by
hot gases in flues. Dryness of the air used to
remove moisture is obviously desirable, though
it is not so often insisted on as it should be,
owing to the fact that removal of water vapour
from air on a large scale is not a very simple
operation. One method is to send the air

through a moving belt of flannel as it enters
62
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the drying chamber, the flannel in another
part of its course passing over a steam-heated
drum to remove the absorbed moisture. The
most effective way of drying the air is to cool
it, when the bulk of the moisture is deposited
as dew or hoar-frost; but here again the dry
air must be re-heated before entering the
chambers containing the solid, if the maximum
water is to be taken up there.

The solid should be kept in motion during
drying. This is often accomplished by rotating
a cylinder in which the solid is placed and
through which air is blown. The cylinder is
heated, and if arranged to slope, the drying is
continuous, dry solid issuing from the lower
end of the revolving tube. With lumpy solids
the ends of the cylinder are closed and heavy
balls placed inside, thus crushing the material
as it dries. Such a ball mill drier can also be
adapted to use under vacuum. ’

The removal of solid dust from gases is an
important problem in metallurgical industries.
This is partly achieved by passing the gas
through zigzag pipes or flues, when the solid
is deposited. Filters of cloth can be used for
cold gases, and fine sprays of water are also
effective. The most important method, how-
ever, as it can be used for either hot or cold
gases, is the Cottrell method of electrical
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precipitation. In copper smelting, for instance,
the fumes contain much sulphur dioxide, a
poisonous gas, together with a considerable
quantity of the ore in the form of dust. The
sulphur dioxide can be dispersed by leading it
up a high shaft, but the valuable ore is then
lost ; if the ore is separated by filters the gases
must be cooled, and will then rise very little,
and, settling down after coming out of the
shaft, blast the surrounding vegetation. It
is found that if conductors carrying a high-
voltage current are inserted in the hot gases
the dust is deposited on the conductors, the
gases passing on free of dust.

The electrical method of precipitation can
also be applied to mists—that is, suspensions
of liquid particles in gases. Usually the older
methods are still used as in removing tar
particles from coal gas. The gas, for example,
is passed into a cylinder with many small
holes punched in the side. This is surrounded
by another cylinder furnished with slots, which
do not come opposite the holes in the inner
cylinder. The gas is thus forced into a devious
route and the tar deposited on the cylinders.

The separation of various gases in a mizture
composed merely of gases can scarcely be
generalised. We have already mentioned the
method of removing water vapour from air
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by freezing, and this indicates a general method
of separation, viz., cool the mixture down until
the desired component liquefies. The air can
be separated into its two main parts by lique-
fying the whole and allowing the nitrogen to
distil off. Clearly this can be used as a method
of separation only when nothing simpler is
possible.

Frequently one of the gases in the mixture
is soluble in water or in some other solvent.
Thus in crude coal gas there is present a good
deal of ammonia, which has to be removed,
as it is a valuable product, and if left in would
merely reduce the heating power of the gas.
In contact with water it dissolves easily, so
that to remove it it is only necessary to scrub
with water. In order to expose a large surface
of the water to the action of the gas it is best
to allow the water to flow down over bricks
or coke packed loosely in a tower up which the
gas passes; or to project sprays of water into
the gas. A series of towers is so arranged that
the water nearly saturated with the gas to be
absorbed encounters the fresh mixture con-
taining much of the soluble gas, whilst fresh
water in a further tower removes the last
traces from the mixture; or, put generally,
the water moves in the opposite direction to
the gas.
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Solids which pass direct into gases and back
again to solids without going through the
liquid stage are fairly common. All solids
give off vapour to a certain extent, noticeably
the solids which have a smell, e.g., camphor.
Thus at a particular temperature a solid, like
a liquid, has a definite vapour pressure. Now
in some cases the vapour pressure becomes
equal to the pressure of the atmosphere at a
temperature below the melting-point of the
solid, so that the solid is completely transformed
into vapour without melting. On cooling it
goes back again to the solid form without
passing through a liquid stage. In cases where
this occurs it forms a very convenient method
of purifying the solid from other matter which
does not sublime, as this effect is named. Thus
iodine, camphor, and sal ammoniac are all
purified in this way, the simplest apparatus
being a pot of suitable material in which the
substance is heated. The vapour condenses
as solid on the lid, which can with advantage
be made hollow and a stream of cold water
passed through it. The impurities remain
behind in the bottom of the pot.

We have dealt in a brief manner in this
section with some of the important properties
of solids, liquids, and gases in general, and
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with the methods used in handling them and
in effecting their separation one from another.
Further details than it is possible to give here
can be found in the books listed at the end of
the section, as well as in volumes dealing with
engineering only.

LITERATURE.

Besides the information in special books, some men-
tioned below, a great deal can be learned from the cata-
logues of the various firms dealing in engineering appliances
for the chemical industries, and from their advertisements
in technical journals, such as (in English) the Journal of
the Society of Chemical Industry, the Chemical Trade
Journal, the Chemical Age, Metallurgical and Chemical
Engineering, the Journal of Industrial and Engineering
Chemistry, ete., as also from the papers in the body of
these journals.

Books.

Elements of Chemical Engineering : Grossman.

The Mechanical Appliances of The Chemical and Metal-
lurgical Industries : O. Nagel.

The Function and Scope of the Chemist in a Pharma-
ceutical Works : C. A. Hill (Institute of Chemistry,
1913).

(See also list of general literature at end of book.)



SECTION B

CHEMICAL (CHANGES

CHAPTER VIII
COMBINATION AND DECOMPOSITION

Ovur first section has dealt only with the
changes which are called physical—that is,
those in which the substance is not changed,
although it may be melted, vaporised, or
dissolved ; when recovered it is the same
substance. We have now to consider the
more fundamental changes in which two
(or more) substances undergo changes which
form new substances.

The operation of slaking quicklime is familiar
to anyone who has watched building operations.
When water is poured on to a lump of lime it
crumbles up to a loose white powder and gets
very hot. It actually combines with about
one-third its weight of water.

Frequently, more water than this is used,

and the slaked lime allowed to drain, as in
58
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this way soluble impurities are washed out,
which, if left in the lime, produce a less perfect
mortar.

If a portion of such slaked lime is dried in
an oven heated to a temperature just above
that at which water boils (say, 110° C.), the
uncombined water evaporates, leaving the
actual compound of quicklime with water.

Working accurately, it is found that 28
parts by weight of lime take up 9 parts by
weight of water; this is always the same,
however much water is used to slake it, pro-
vided, of course, that the excess is driven off.
If less than this weight is used and the lime
is left in damp air, it will absorb water up
to its proper quantity.

These facts indicate a difference between
this absorption of water and, say, solution of
a substance in water; for in the latter case
various solutions of different composition—
in fact, of continuously varying composition—
can be obtained, saturation itself being de-
pendent on temperature. In the slaked lime
the quantity of water retained is quite fixed.

The ammonia obtained in the distillation
of coal for the production of coal gas is usually
converted into ammonium sulphate for use as
a manure. We have already seen that, in the
first instance, the ammonia is dissolved by
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water (Chapter VII). The solution is then
boiled, usually with milk of lime, when the
ammonia is expelled (with the steam) as a
gas. The mixture of steam and ammonia
passes up a fractionating column to keep back
most of the steam, whilst the ammonia is led
by pipes into sulphuric acid, with which it
combines, forming ammonium sulphate.

Thus the ammonia, a colourless gas of
pungent odour, combining with the acid, a
heavy corrosive liquid, forms ammonium sul-
phate, a white crystalline substance without
smell or harmful action.

In weight, 17 parts of ammonia combine
with 49 parts of sulphuric acid to give 61 parts
of ammonium sulphate.

So much heat is evolved in the combination
that there is no need to evaporate the liquid
in which the ammonia is absorbed, to cause
crystallisation of the sulphate—the evaporation
proceeds concurrently with the absorption,
and the crystals can be taken out continuously.

Other common examples of this act of com-
bination of substances are found when things
burn in the air. The products, of course,
may be solids, liquids, or gases. With metals a
solid is usually formed. Thus magnesium as
used in flashlight powders in photography
produces a white powder, which, if carefully
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collected, weighs 66 per cent. more than the
magnesium used, as it has combined with
two-thirds its weight of the oxygen in the
air.

Zinc, again, is burned in a furnace on a
manufacturing scale to produce its oxide (or
compound with oxygen), known to the painter
as zinc white. The powder volatilises owing
to the heat of the furnace, and is condensed
in a series of chambers, the coarser material
being found nearer the furnace, while the finer
and more valuable part of the product is carried
to the more distant chambers. Here the in-
crease in weight of oxide over zinc is about
25 per cent. (accurately, 65 parts of zinc give
81 parts of oxide), again due to the oxygen with
which it has combined.

When many other substances burn the pro-
ducts are gases. Thus coke, consisting mainly
of carbon, gives rise to the invisible gas, carbon
dioxide, when completely burnt. Other fuels,
which contain varying proportions of carbon
and hydrogen, burn to form carbon dioxide
and hydrogen oxide, which is water. For
every 12 lb. of carbon burnt 44 lb. of carbon
dioxide are formed; whilst each pound of
hydrogen in a fuel forms 9 lb. of water.

The case of fuels shows very clearly an atten-
dant factor which is present whenever sub-
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stances combine together—the production of
heat and sometimes of light, more gencrally
the liberation of energy. The combination of
the definite weights of two substances produces
a fixed quantity of heat or other energy.
With a fuel this is known as its calorific value,
when determined for a kilogram (or pound)
by burning in compressed oxygen in a steel
bomb immersed in water, to which the heat
is transmitted and there measured. For 1
gram of average coal 7500-8000 calories are
developed on burning; pure carbon (e.g.,
diamond) gives 8080 calories, petroleum 12,000,
and so on.

More generally we speak of the heat of
formation of the final substance, or the heat
of combination of the original substances.
These terms will be defined accurately at a
later stage.

We see thus that when substances combine
chemically : (1) they do so in definite weight
proportions ; (2) the product is utterly different
in properties from the original substances;
and (38) energy (usually heat) is given out.

We will now proceed to a few typical cases
where the opposite occurs—a complex form of
matter breaks up to form simpler substances.

The lime we have already mentioned is made
by ‘“burning”’—that is, strongly heating—chalk,
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limestone, or marble, all of which are naturally
occurring forms of what is known to chemistry
as calcium carbonate.
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Fra. 15.—Lime kiln. )

When heated at about 1000° C., these
substances break up into carbon dioxide, a
gas, and lime. Industrially, the decomposi-
tion is conducted in tall furnaces with arrange-
ments for leading away the carbon dioxide,
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and continuously adding fresh limestone and
removing the lime.

Tyvpes of furnace vary with the method of
firing, the fuel being either mixed with the
limestone or separately burnt. Fig. 15 shows
a typical kiln fired by separate fuel.

The kiln A4 is of iron lined with firebrick, a
few ° windows > being left in order that the
progress of the burning may be observed. The
limestone is fed in through the top B, which
is closed after each addition to prevent loss
of carbon dioxide, which normally escapes
through the tubes C. The finished lime is
raked out from the bottom of the tower D.
The mass in the tower is heated by coal burned
in hearths shown at E, the temperature being
regulated by the fire-dampers. Three hearths
are placed round the kiln and alternate with
three openings for discharging the lime.

Coke can be used for firing when the fuel is
mixed with the limestone, but obviously the
lime will be contaminated with the ash of the
coke ; on the other hand, the carbon dioxide
produced is of a higher degree of purity.

Allowing for slight impurities in the limestone
(mostly silica, alumina, and iron oxide), which
are almost unaltered in the heating, 100 parts
by weight of limestone yield 56 parts of lime
and 44 of carbon dioxide; and to bring about
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the decomposition of 1 kilo. of calcium car-
bonate, 425 Calories are required.

We have in this case, therefore, the breaking
up of a compound into two simpler substances ;
definite weights of each are produced from a
given weight of the limestone, and energy
must be supplied in definite quantity to effect
the rupture of the original substance.

We will now consider two cases in which the
energy required to split up a compound is
supplied in the form of an electric current.

Aluminium, a metal important, owing to its
lightness, in the construction of aeroplanes and
airships, is now made entirely by decomposing
aluminium oxide into aluminium and oxygen
by means of the electric current.

The apparatus used is shown in Fig. 16. An
iron box A4 is packed with carbon blocks B,
and is connected to the negative pole of the
source of current. The hearth in the centre
is filled with sodium aluminium fluoride (in
the form of the mineral cryolite), and about
20 per cent. of pure aluminium oxide is added.
A bundle of carbon rods C dips into the mixture,
and is joined to the positive terminal of the
dynamo. On passing ‘the current the cryolite
fuses, and the temperature is maintained at
900°-1000° by the mere heating effect of the
current. The aluminium oxide is decomposed,

F
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the molten aluminium sinking to the bottom of
the hearth at D, whence it is tapped off periodi-
cally at E. The oxygen passes off at the positive
pole, where it causes the carbon rods to burn.

I

I
I
=

4
[

I
[

j
I

Fia. 16.—Furnace for producing aluminium from its oxide.

Fresh alumina is added as required by the
holes F. The cryolite is unchanged during the
process, and is added merely to lower the melt-
ing-point of the alumina.
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We have thus an instance where a substance,
alumina, which is a white powder, is de-
composed into two other materials—the well-
known metal aluminium and the gas oxygen—
of which it is made up. It is found that
17 parts of alumina yield 9 parts of aluminium
and 8 parts of oxygen. Similarly, when alu-
minium is burnt in the air (¢.e. re-combines
with the oxygen) 9 parts of the metal give
17 parts of alumina.

A somewhat similar case is the decomposi-
tion of common salt (sodium chloride) into its
two components, sodium and chlorine. Here
again the reaction occurs at a high tempera-
ture, as it is necessary to fuse the salt.

The apparatus is shown in Fig. 17, and
consists of a U-tube in which one limb 4 is
made of fireclay, the other, B, of iron, being
joined to the negative pole of the current
source. The junction of the two limbs is made
by a ring of solidified salt caused by water
circulating through an annular tube 7'. The
positive pole consists of a stout carbon rod C
in the fireclay limb. Fresh salt is fed in through
the basket D. On passing the current sodium
is set free in the iron limb, where it eventually
overflows by a side pipe; the chlorine, which
appears at the carbon pole, rises through the
molten salt S and escapes by the pipe E.

‘F 2
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Here again definite quantities are produced
by the decomposition, 58-5 parts of salt giving

23 parts of sodium and 35-5 parts (by weight)
of chlorine.

A

AW

F16. 17.—Decomposition of molten salt into sodium and chlorine.

In the last two decompositions studied the
products, aluminium and oxygen, and sodium
and chlorine, cannot be further broken up by
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any known process. Such ultimate substances
are called elements. With chalk, on the other
hand, the substances formed by roasting are
known to be made up of two elements in each
case—lime, of calcium and oxygen; carbon
dioxide, of carbon and oxygen. These more
complex bodies containing more than one
clement are called compounds.

From a qualitative point of view the most
astonishing thing about the combination of.
substances is the great difference in almost all
properties between the compound formed and
the substances from which it is made. The
salt of every day is formed from the soft metal
sodium and the choking green gas chlorine.
Alumina, which forms a large part of clay,
bricks, and pottery, is formed from the white
metal aluminium and the gas oxygen. These
facts are not explained by calling salt sodium
chloride or by the use of symbols, although
these scientific terms are useful in describing
and comparing the compounds ; such astound-
ing results of chemical reaction must at present
be accepted as some of the wonders of the
world, now many more than seven.



CHAPTER IX
ELEMENTS AND COMPOUNDS

WE saw in the previous chapter that sub-
stances can unite together to make more
complex bodies, and, in the reverse way, some
substances can be split up by suitable means
into two or more different and simpler kinds of
matter.

In the end we come to certain sorts of stuff
which cannot be decomposed any further.
Zinc is one of these, and so far it has not been
broken down into two different substances.
Similarly with aluminium and with sodium.
All new substances made from these contain,
say, zinc plus something else. These funda-
mental substances, of which the universe is
made, are called elements.

The two tests which an element must satisfy
are, therefore: (1) it cannot be decomposed
into other substances; (2) it cannot be made
by the combination of other substances.

Take, for instance, water, which was
70
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considered to be an element for a very long
time. It is not easy to decompose it if quite
pure, but it can be easily made by the com-
bination of hydrogen and oxygen. Thus it is
not an element.

Lime, similarly, can be made by burning
calcium in oxygen; in fact, it is calcium
oxide—a compound of these two elements.

Alumina is broken up by the electric current
into the two elements from which it is made—
aluminium and oxygen.

A complete list of the elements at present
recognised is given at the end of the book.

We have, therefore, a new way of classifying
matter (as compared with that wused in
Chapter. I—solids, liquids, and gases), that is,
elements, and compounds—new substances
made by combination of two or more elements.

For instance, suppose we mix the two ele-
ments aluminium and sulphur, both finely
powdered. We can easily make various mie-
tures by using more or less of one of the two
elements.

If we heat such a mixture, the two elements
unite with great vigour, giving out heat and
forming a grey powder quite different from
either sulphur or aluminium in its properties. -
It is called aluminium sulphide, and when
wetted with water emits an evil-smelling gas.
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Again, unless the correct mixture is made
before combination occurs we shall have either
some aluminium or sulphur left over wun-
changed. But, using, say, 9 grams of alu-
minium and 16 grams of sulphur, the whole of
both elements is used up in making the com-
pound.

Thus compounds (1) have a fixed composi-
tion ; (2) are formed with evolution (or absorp-
tion) of heat ; and (3) have different properties
from the mixture of the elements composing
them.

As a further example we can note the forma-
tion of zinc oxide from zine, described in
Chapter VIII. This compound is a white
powder quite different from the metal (and
element) zinec which it contains. Also 65 grams
of zinc yield 81 grams of zinc oxide, the differ-
ence (16 grams) being oxygen, which has come
from the air. '

If, on the other hand, zinc is heated with
sulphur, we find that 65 grams of zinc form
97 grams of zinc sulphide by wuniting with
32 grams of sulphur. Also, when sulphur
burns, 32 grams unite with 32 (i.e. 2 x 16)
grams of oxygen to form 64 grams of sulphur
dioxide.

Cases like this can be quoted without end,
in which, say, multiples of 16 parts by weight
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of oxygen unite with a fixed number of parts
by weight of other elements.

It is therefore supposed that the union occurs
between very small particles of oxygen of
weight corresponding with the number 16 and
of zinc of weight corresponding with the
number 65. These very small pieces of the
élement are called afoms, and these numbers
the atomic weights.

It is found that hydrogen has the smallest
atomic weight of all, so in order to avoid
fractions this is called 1, and the others are
calculated from it. A complete list is given at
the end of the book. Thus the atomic weight of
oxygen is 16, of zine 65, of sulphur 32, and so
on.
As a kind of shorthand the initial letter of
the name of the element is generally used to
indicate an atom; where several begin with
the same letter a small letter is added to
distinguish them (thus Aluminium, Al; Arsenic,
As). When dealing with more than one atom
the number is shown by adding a small figure
to the bottom right hand of the symbol, as
these letters are called (e.g. O, means “ two
atoms of oxygen’; Al;, ‘three atoms of
aluminium,” and so forth).

When two or more different atoms combine
to form a compound, this is shown by writing
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the symbols side by side, thus: ZnO is zinc
oxide ; Al,S; is aluminium sulphide, made by
two atoms of aluminium uniting with three of
sulphur. It wili be seen how clearly this
method of writing shows what the compound
is made of, though naturally the facts have to
be found out before the symbols can be written.
The collection of symbols representing a com-
pound is called a formula.

We can now write a complete summary of
what happens when zinc burns in air to form
zinc white, as follows :

Zn + O — ZnO,

or, one atom of zinc combines with one atom of
oxygen to form zinc oxide. This method of
showing a chemical reaction is called the
equation of the reaction, as the total weights
on the two sides of the arrow arc the same.
The small particle of the compound zinc
oxide produced from one atom of each of its
components is called a molecule of zinc oxide.
Its weight is the sum of the weights of the
atoms which compose it (in the case of zinc
oxide 65 + 16 = 81) and is called its molecular
weight. A
We have thus two different kinds of small
particles : afoms, the small portions of an
element that take part in chemical processes ;
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and molecules, the smallest portions which
exist separately, whether of an element or of
a compound. Thus in the case of oxygen the
atom O (weight 16) is joined in pairs in the gas,
forming molecules O, (molecular weight, 32).
Salt, of formula NaCl, has a molecule made up
of one atom of sodium (Na) and one of chlorine
(cl). |

We cannot study here the methods by which
atomic and molecular weights are fixed. The
latter can be found easily in the case of gases
by determining the density, ¢.e. how many
times heavier than hydrogen the other gas is.
For instance, the density of oxygen is 16, and,
as in all cases, by doubling this figure the
molecular weight is obtained (in this case 32).
Little is known as to the molecular weights of
liquids, and less still with regard to solids. In
these latter cases it is the practice to use the
simplest formula, e.g. in the case of common
salt NaCl, and in that of aluminium oxide Al,O,.

In the case of atomic weights it is easy to
find by careful experiment the weights of two
elements which combine to form a compound,
e.g. 8 grams of oxygen unite with 1 gram of
hydrogen to form 9 grams of water. Now the
molecular weight of water (in the form of
steam) is found to be 18. Thus a molecule will
be made of 2 parts by weight of hydrogen and
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16 of oxygen. The atomic weight of hydrogen
being 1, the formula of water must contain H,.
The 16 parts of oxygen may represent one atom
or several. But as it is found, in a large number
of compounds, that no less quantity than 16 of
oxygen occurs in one molecule, the atomic
weight is taken as 16.

- We will now see in one or two cases the great
use of equations, ete.

Suppose, for instance, we wish to know how
much zinc white we can possibly get from one
ton of pure zinc. To be quite accurate we must
double our previous equation (for the oxygen
atoms, as mentioned above, are joined in pairs
in the gas, thus making its formula O,) :

2Zn + O, —> 27Zn0
(2 X 65) + (2 X 16) —> 2 X (65 + 16).

and we can insert the weights beneath the
formula after looking them up in the table of

atomic weights.

Thus
(2 x 65) parts of zinc yield

2 X (65 + 16) parts of zinc white.

*. 130 parts of zinc give 162 parts of zinc oxide.

So 1 ton of zinc gives %27 = 1-246 tons of
zinc white.

Or, if lime is being made from limestone
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(calcium carbonate), we can again calculate
the requisite quantities. The equation in this
instance being

CaCO; — Ca0 + (€O,
(40 + 12 + 48) (40 + 16) (12 + 32)

.. 100 . 56 44
palr o give { parts of - and B :;E)r?f
caleium [ arbc

carbonate dioxide

In slaking the lime, also,

Ca0O + H,0 —> CaO.H,0
56 18 74

We shall come ‘across many more cases of
the uses of symbols, formule, and equations.
It is important to beware of writing equations
on the evidence of the imagination alone ;
they should in all cases represent the result
of someone’s accurate weighing of the sub-
stances concerned.

We have already mentioned the heat of
formation of compounds. ~This quantity of
energy is accurately defined as the heat evolved
when the molecular weights (in grams) of the
two combining substances react. Thus carbon
burning to carbon dioxide evolves 97,000
calories per gram-molecule.

C + 0, — CO, + 97,000 cals.

Compounds, like carbon dioxide, formed with






CHAPTER X
SIMPLE CHEMICAL CHANGES (1)

WE will now consider a number of simple
but important chemical changes in the light
of the atomic and molecular theories.

A common type is that in which one element,
which we will call 4, takes the place of another
element, B, in a compound, say BX. Thus,
starting with BX and 4, we produce 4X and B.
This kind of reaction is most important as
applied in winning metals from their ores, in
which the metals are combined with such
elements as oxygen, sulphur, or oxygen and
carbon together. A cheaper element, usually
carbon, is used to take the place of the metal
in the compound, thus setting the metal free.

As a concrete example we will take the
replacement of iron in iron oxide by alu-
minium. Naturally, this is not a commercial
process on a large scale, for aluminium is' much
more expensive than iron; but it is extremely

useful where a small quantity of molten iron
79
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1s required at a particular spot, e.g. to weld
two tram-lines together, or to mend a crack in
a large casting. The aluminium powder is
well mixed with iron oxide in the form of
hammer scale, and the mixture (known as
thermit) is placed in a clay mould round the
place where the molten iron is wanted. The
action is started by a small piece of magnesium
ribbon stuck into a small heap of a mixture of
aluminium and barium peroxide—the burning
of this mixture gives a sufficient temperature
at that point to set the main reaction going.
The products are aluminium oxide and iron,
the heat developed being great enough to melt
both. The heavier iron sinks to the bottom
and is covered by the slag of aluminium oxide.
Expressed in the atomic notation,

3Fe,0, + SAl —>  4AL,0, + 9Fe

Iron oxide Aluminium Aluminium oxide Tron
from which we can see that the aluminium
has taken the place of the iron which was
originally combined with the oxygen.

This method of smelting is used in commerce
only when it is desired to produce a metal
more expensive than aluminium itself—for
instance, tungsten, manganese, or chromium.

For instance, tungsten is frequently made by
using up to ten tons of the mixture of tungstic
oxide and aluminium in a large mould of sand.



SIMPLE CHEMICAL CHANGES 81

The metal produced is mostly used in making
alloys. Tungsten steels have the property of
retaining their hardness at high temperatures,
and are thus used for high-speed tools. Here
the reaction is

WO, + 2Al -»> AlLO, + W

Tungstic oxide.

More generally, carbon is used to replace the
metal required free, as in smelting most of the
common metals. In the case of iron, for
instance, the ore, after a preliminary roasting
to remove water, carbon dioxide, and some
other impurities, is mixed with a flux which
will form a slag with the earthy impurities in
the ore—in England limestone is used. It is
further mixed with coke, and finally fed into
the top of a blast furnace. This form of furnace
is cylindrical and some 80 ft. high and 20 ft. in
diameter at the widest part, lined with fire-
brick and cased in riveted iron plates. It
narrows towards the top to a cup and cone
feeder, below which a side tube carries off the
furnace gases. At the bottom the sides again
slope inwards to the hearth of diameter 8 ft.,
where the molten iron, and above it the slag,
collect. Openings are provided for tapping off
both these products, and also for the tuyéres—
water-cooled nozzles through which a blast of
hot and preferably dry air is blown into the

G
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furnace. The reactions which occur in the
various parts of the furnace are complex, but in
general (1) the carbon replaces the iron in the ore,

Fe,0; + 3C ——> 8CO -+ 2Fe,

thus setting free iron which dissolves some
carbon and flows down to the bottom of the
furnace. (2) The limestone decomposes as in
an ordinary kiln, the lime forming a slag with
silica, alumina, ete. With silica the reaction

Si0, + Ca0 —> (CaSiO,

Calcium silicate.

occurs, the molten silicate flowing down and
settling above the iron. (8) The gases evolved
at the top of the furnace contain about 25 per
cent. of carbon monoxide (CO) mixed with
carbon dioxide (CO,) and nitrogen. The
monoxide is combustible and is burnt,

2CO0+0, — 2CO,,

to heat the air for the tuyéres.

Similarly, tinstone (tin oxide) is smelted with
coal, after a preliminary roast to remove
sulphur, the carbon taking the place of the tin
in its combination with oxygen.

SnO, +2C —> 2CO -+ Sn.

This reaction occurs at a much lower tempera-
ture than the corresponding reduction of iron
ores.

Lead and bismuth are sometimes obtained
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from their sulphide ores by using iron to replace
the more valuable metal. Thus with galena (lead
sulphide),

PbS + Fe —> Pb 4 FeS,

and in the case of bismuth glance,
Bi,S; + 3Fe —> 2Bi - 3FeS.

Copper is smelted by a more complex method,
but it is often useful to precipitate copper from
waste liquors by means of metallic iron. Thus
burnt pyrites containing as little as 1 per cent.
of copper is exposed to the air and then treated
with sulphuric acid, forming copper sulphate.
When scrap iron is put into the solution,
ferrous sulphate and metallic copper are pro-
duced, the latter being collected and refined.

CuSO, + Fe —> Cu + FeSO,.

This simple replacement of one metal in a
salt in solution by the addition of a second
metal can easily be observed by placing a
knife-blade in a solution' of copper sulphate.
Zinc also sets free copper from solution of its
sulphate ; copper will become covered with
gold if put into a solution of gold chloride.
In fact, a list of the metals can be made in
which a particular metal will displace metal -
following it in the list, and be displaced by
those which precede it. The order for the
common metals is: Mg,' Al, Zn, Fe, Ni, Sn,

G 2
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Pb, Sb, Bi, As, Cu, Hg, Ag, Pt, Au. Further,
if plates of two different metals are immersed
in dilute acid and joined by a wire, an electric
current flows from the metal later in the list
to the one earlier. Other conditions being the
same, the farther apart the two metals are in
the list the stronger the current, i.e. the greater
the voltage produced. This is the fundamental
fact on which the ordinary electric cell is
based; a further discussion is deferred to
Section K. Chemically, it is expressed by
saying that the elements first in the list are
more electro-positive than those that come later.
Hydrogen, which in this connection behaves
like a metal, occupies a place between lead and
antimony ; metals before it in the list replace
it in acids, and often in water. Thus zinc
liberates hydrogen from acids and from steam ;
whereas copper, a post-hydrogen element, sets
free no hydrogen from acids, and hydrogen
itself takes the place of copper in copper oxide
when that substance is heated and hydrogen
passed over it :

H, + CuO —> Cu + H,0.

We have thus a number of examples of the
type of chemical reaction in which one element
replaces another in a compound. We shall
discuss some more cases in the next chapter.



CHAPTER XI
SIMPLE CHEMICAL CHANGES (2)

ELEMENTS other than metals can replace
one another in much the same way as metals,
and this method is used to obtain some of
them in the free state from compounds which
occur in Nature. Thus in the Stassfurt
salt deposits there is about 1 per cent. of
magnesium bromide in the bulk of crude
potassium chloride, and after the potassium
chloride has been crystallised the mother liquor
becomes rich in magnesium bromide, the more
soluble substance. :

The bromine is obtained from this mother
liquor by treating it with chlorine gas, which
takes the place of the bromine, thus:

MgBr, 4 Cl, —> Br, 4 MgCl,.

The reaction is allowed to take place in towers
‘made of sandstone, with partitions similar to
~ those in an ordinary fractionating column.
The mother liquor is heated and admitted to

the top of the column, when it meets the
86
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upward stream of chlorine sent in at the
bottom. The liberated bromine is swept
upwards and passes out of the tower by a side
pipe near the top, to an earthenware coil
immersed in water, in which it condenses and
so is collected.

It is important to prevent the escape of
bromine vapours into the air; so the receiver
at the end of the coil only opens to the air
through a tube containing damp iron filings,
which combine with the bromine,

2Fe 4 8Br, —> 2FeBr,,

forming iron bromide.

Chlorine itself can be set free from its com-
pound with hydrogen (hydrogen chloride) by
the use of oxygen under conditions which we
discuss in a later chapter. The other product is
the compound of hydrogen with oxygen—water :

4HCl + 0, —> 2H,0 + 2Cl,

In other circumstances the reverse action
occurs—for example, when a solution of chlorine
in water is left in sunlight :

2Cl, + 2H,0 —> 4HCl + O,

The replacement of the hydrogen of steam
by carbon, with liberation of the hydrogen, is
an important method of producing a gaseous
fuel suitable for heating retorts, ovens, ete.,
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in an equable manner. Coke is burnt in a
draught until a temperature of over 1000° is
produced in the mass. Then steam is blown
through it, and the following reaction occurs :
C+H,0 — H,+ CO
Carbon
monoxide.
The mixture of hydrogen and carbon monoxide
is led away by pipes and burnt where required.
The reaction, however, absorbs heat (about
2900 calories for each 12 grams of carbon
gasified), so that the mass of coke must be
re-heated after about four minutes, with an
ordinary plant. The heating is accomplished
by blowing air through for about ten minutes,
the two operations alternating in this fashion.
The gas produced is known as water-gas, and
when properly made consists of a mixture of
equal volumes of hydrogen and carbon mon-
oxide, though about 7 per cent. of non-burning
gas is often present. Frequently the steam and
air are blown in together to avoid the dis-
continuity of the above procedure, but the gas
thus produced contains 50 per cent. of in-
combustible nitrogen. Such a gas is called
producer-gas, as-also one made without the
use of steam at all, such as the gas which burns
with a blue flame on the surface of a clear coal
fire.
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We can indicate only briefly the advantages
of the use of water- or producer-gas over the
direct combustion of the solid fuel where heat
is needed. The cleanliness of the gas, the ease
with which it is controlled, and the fact that it
burns without smoke and requires very little
air above that needed for complete burning are
all points in its favour. The energy of combus-
tion of the gas can also be converted direct
into mechanical power by its use in gas-
engines.

The replacement of one element by another
is important in the more complex compounds
of carbon. Thus the hydrogen in benzene
(C¢Hg) is capable of being replaced wholly
or in part by various elements (e.g. Cl, Br, I),
as also by various combinations of elements,
such as OH, NH,, NO,, SO H, etc. A typical
instance is the replacement of one of the six
atoms of hydrogen by chlorine to form mono-
chlorbenzene.  The benzene, which boils at
80°, 1s heated in a still surmounted by a
fractionating column, leading in the usual way
to a condenser. The benzene which distils over
runs into a vessel containing masses of iron
and iron chloride, which serve to hasten the
reaction. Chlorine from a cylinder of liquefied
gas is bubbled in and reacts with the benzene.
The hydrogen which is replaced does not appear






CHAPTER XII

DOUBLE DECOMPOSITIONS—MANUFACTURE OF
POTASSIUM NITRATE AND OF NITRIC ACID

WE have so far considered (besides simple
combination and decomposition as met with
in Chapter VIII) only reactions in which a free
element takes part. Much more frequent are
the cases in which a number of compounds
undergo change resulting in a number of new
compounds, none of the elements being free.
Such reactions are called * double decomposi-
tions,” and taking the simplest instance of two
compounds, which we will call 4X and BY,
we find at the end of the reaction 4Y and BX,
two new arrangements of atoms, produced.

Such reactions are commonly carried out in
solution. Thus, in preparing crystalline alu-
minium chloride a solution of aluminium sul-
phate is made, and to this is added a solution
of barium chloride, when the following reaction
occurs :

AL(SO,); + 3BaCl, —> 2AICl; + 3BaSO,

Aluminium Barium . Aluminium + Barium
sulphate. chloride. & chloride. sulphate,

90
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Now as barium sulphate is almost insoluble in
water, it settles out as a fine white powder ;
the barium chloride is added until a small
portion of the mixture, filtered, gives no further
barium sulphate with a drop of barium chloride,
when the whole is filtered or allowed to settle
clear. The liquid freed from barium sulphate
is evaporated to obtain the aluminium chloride
as crystals, which contain water combined with
the chloride and have for formula AlCl;.6H,0.

The above simple example indicates some of
the many problems to which such reactions
give rise. The raw materials (on the left hand
of the equation) must be mixed or otherwise
brought into such contact that the reaction
occurs ; equally important is the separation of
the products (right hand of equation). Where
one is not soluble, as barium sulphate, the
separation is not difficult; in other cases the
varied means of separating solids, liquids, and
gases from mixtures as set forth in Section A
must be applied, if we require to obtain the
products each in a pure state.

In many cases both the products, as well as
the raw materials, are soluble in water (or in
the other solvent which may be used). Chile
saltpetre, for instance, is mainly sodium nitrate
and cannot be used direct for making gun-
powder, as it absorbs moisture from the air.
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It is therefore converted into potassium nitrate,
which remains dry, this transformation being
usually accomplished by adding potassium
chloride to the sodium nitrate in solution in
water thus :

NaNO, + KCl —> NaCl + KNO,

Sodium Potass. Sodium  Potass.

nitrate.  chloride. chloride.  nitrate.
Now both the products—sodium chloride and
potassium nitrate—are soluble in water ; hence,
-if solutions of the raw materials are merely
mixed, nothing appears to have happened. In
order to separate pure potassium nitrate advan-
tage is taken of differences in solubility, which
we shall now discuss.

Fig. 18 shows diagrammatically the solu-
bility of sodium chloride and of potassium
nitrate at various temperatures. The curves
have been obtained by determining the solu-
bility of the salts at various temperatures,
plotting the results on graph paper graduated
in grams on the vertical scale, and in degrees
Centigrade on the horizontal one. It is thus
possible to read off from either curve the
quantity of substance which can be dissolved
in 100 grams of water at any particular tempera-
ture, and also to get a picture of the relative
solubilities of the two substances at various
temperatures. Thus it will be noticed that, at
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20°, 82 grams of KNO, are dissolved and
86 grams of NaCl; whereas, at 100°, 246 grams

/00 Qmm: water
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F1a. 18.—Solubility curves of potassium nitrate and sodium chloride.

of KNO; and 89-6 grams of NaCl are the
respective solubilities. So that, generally
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speaking, salt (sodium chloride) is somewhat
more soluble in cold water than nitre, whereas in
boiling water nitre is very much more soluble
than salt. In practice the mixture of sodium
nitrate and potassium chloride, as calculated
from the equation above, is put into an iron
pan with rather less than half its weight of
water—enough to dissolve all the potassium
nitrate formed, but not all the salt. The pan
is heated by external steam, and the solution
of nitre filtered from the salt while still hot.
The liquid deposits crystals of crude nitre con-
taining a few per cent. of salt ; whilst the salt
retains a little nitrate solution. The salt, after a
wash with alittle water, is pure enough to sell for
curing meat. The nitre is dissolved once again
and allowed to crystallise, when, on filtering the
crystals in a centrifugal machine and washing
with cold water in small quantity, nitre contain-
ing less than 0-1 per cent. of salt is obtained.

Where one of the products of the reaction
is a liquid, the others being solid, it is com-
paratively simple to distil off the liquid. Thus
nitric acid is made from Chile. saltpetre by
adding sulphuric acid and distilling off the
nitric acid set free thus:

NaNO, + H,S0, —> NaHSO, + HNO,

Sodium
bigulphate.



DOUBLE DECOMPOSITIONS 95

The sodium nitrate and sulphuric acid are put
in that order into a cylindrical cast-iron still
fixed in brickwork with the axis of the cylinder
horizontal, about equal weights being used—
5tonsinall. Thestillis heated directly by a fire,
and the nitric acid vapour is condensed in a series
of earthenware receivers joined by inverted U-
shaped pipes of earthenware (see Fig. 20), the last
traces of the acid being absorbed in towers
down which watertrickles over earthenware balls.

The whole process is now sometimes con-
ducted #n vacuo with considerable economies in
fuel and improvement in the quality of the
acid, which is always slightly decomposed
under ordinary conditions of working.

It is possible to use only half the quantity
of sulphuric acid shown in the equation above,
producing sodium sulphate in place of bi-
sulphate, viz. :

2NaNO, + H,S0, —> Na,SO, 4 2HNO,
Ll
A temperature much above the 150° of the
ordinary process is, however, required to carry
out this reaction; more nitric acid is thus
decomposed, and the sodium sulphate is difficult
to remove from the still, whilst the bisulphate
(““ nitre cake ”’) can be run out at the bottom
of the still in a molten condition.



CHAPTER XIII
THE LEBLANC SODA PROCESS

Many of the chemical manufactures carried
on on a large scale are merely a chain of double
decompositions. We shall now deal with two
of these—both processes for manufacturing
soda (sodium carbonate).

The Leblanc process is the oldest method,
and 1s only slowly being ousted by more modern
processes. The first reaction in it is the treat-
ment of salt with sulphuric acid. About half
a ton of broken rock-salt or salt coarsely
crystallised is shot into a shallow iron pan 4
(Fig. 19), heated from below by furnace gases,
and an equal weight of sulphuric acid run in
from a storage tank. The following reaction
occurs :

2NaCl 4 H,80, —> HCl + NaHSO, + NaCl.

The hydrochloric acid, which is formed together
with sodium bisulphate from half the salt used,
escapes as a gas up a flue B in the dome-shaped

- roof of the chamber in which the pan is built.
96
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The reaction proceeds at a low temperature,
and when it is largely completed the semi-liquid
mass is raked out of the pan through a door C
into a firebrick chamber D, also heated by the
flues ¥ that heat the pan, but nearer the furnace
E. At the higher temperature thus obtained
the second half of the salt is attacked, thus :

NaCl + NaHSO, —> Na,S0, + H(],

with evolution of more hydrochloric acid and
the formation of sodium sulphate.

o absorbtion Flaar  «_

W//////é//ﬁ-mi'miw/ffl/mm

Fia. 19.—Salt cake furnace.

The hot sodium sulphate is raked out of the
chamber into trucks provided with lids, and
run away to be ground up for the next stage.
It is known in the industry as salt cake.

The hydrochloric acid passes up a pipe G
from the chamber, which, with the pipe from

‘H
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the roof of the pan chamber, leads to the
absorption plant (Fig. 20) The gas is absorbed
by water which passes in an opposite direction
through fifty or sixty earthenware jars A4,
joined by small pipes B half way up the side
for the water circulation, and by large and tall

Fra. 20.—Absorption vessels for hydrochloric acid.

inverted U-tubes C luted on at the top for the
transference of the gas (Fig. 20). A tower, as
usual, ends the absorption system. Though
really a by-product, and originally allowed to
escape into the air with disastrous results to
the surrounding countryside, the hydrochloric
acid is now an essential part of the economy
of the Leblanc process.

In the second stage the sodium sulphate
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from the original treatment is mixed with coal
slack and limestone and roasted, frequently in
a revolving furnace (Fig. 21), to avoid the hand-
stirring which is otherwise essential. The
charge of 2 tons of salt cake, 2 tons of limestone,
and 1 ton of coal, all having been crushed, is
put into the revolving cylindrical furnace 4
through a manhole at the top. The furnace is
heated by flames from a fire C which pass
through it in the direction of its axis, which is
horizontal and about which it revolves, thus
turning the charge over and exposing it to the
heat of the flames. The end of the reaction
can be detected by experienced workmen ; the
rotation is then stopped with the manhole in
the cylinder at the bottom of its course, and
the charge run out into trucks.

The reactions which take place in the furnace
are somewhat complex, but in the main the
changes proceed as follows :

(1) The coal reacts with the salt cake, forming
sodium sulphide :

Na,S0, + 2C —> Na,S + 2CO,
Sodium
sulphide.

(2) The sodium sulphide then reacts with the
limestone, forming sodium carbonate and
calcium sulphide :

Na,S + CaCO3 —> Na,CO3 + Cas.
H 2
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.

Other reactions occur which are important
in the next stage of the process; thus, as an
excess of coal and limestone is used, these
react as in the limekiln :

CaCO, —> CaO + CO,
C0,+C — 2C0

The material from the furnace known as
“black ash’ has roughly the following com-
position : :

Per cent.
Na,CO,; .. X . .. 45
CaS e o - .. 30
CaO - T .. .. 10
Coal ¥ B d .. .. 5
Other substances .. .. 10

and the next procedure is to lixiviate the black
ash with hot water to extract the soluble
portion. The black ash is placed on the
perforated false bottom of an iron tank into
which water is run and heated to 50° by live
steam. An, overflow pipe reaching to the
bottom of the tank causes the heavier solution
at the bottom to flow over into another tank,
the system of tanks being so arranged that
the more ' concentrated solution in the last
tank is in contact with fresh black ash, whilst
the nearly exhausted ash is treated with fresh
water. The -solution of soda thus obtained is
allowed to settle and treated in two different
ways, according to the final product desired.
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To make sodium carbonate from the liquid
it is necessary to blow carbon dioxide through
the solution to convert the caustic soda present
into sodium carbonate, thus :

2NaOH + €O, —> Na,C0, + H,0.

The caustic soda is found during lixiviation by
the action of the lime on the sodium carbonate :

Ca(OH), + Na,CO; —> CaCOj4 + 2NaOH.

The soda solution is then filtered by a filter-
press and evaporated, usually by the waste
heat in the gases from the furnaces in the
earlier operations, the pans D being set on
flues as salt pans are (see Fig. 21). The soda
crystallises out and tends to cake on to the
bottom of the pan; so the pans are often made
hemispherical in cross-section (see Fig. 22),
and rotating scrapers S remove the soda from
the bottom as fast as it is formed. An evapo-
rating pan of this type is known -as a Thelen
pan. The crystals formed are dropped over
the side of the pan as the stirrer revolves and,
after draining, are further heated to remove
water. The product—a white powder—contains
98-99 per cent. of sodium carbonate and is
sold as ““ soda ash.”

Owing to the fact that the ammonia—soda
process described in the next chapter can make
purer soda ash at a lower cost, the liquid from
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lime in pans stirred both mechanically and
by a stream of air.

Na,C0, -+ Ca(OH), —> 2NaOH + CaCO,.

-Calcium
carbonate,

The calcium carbonate produced is insoluble
and settles out. The solution is then run off and
concentrated in vacuum evaporators, and finally
in large cast-iron pans over a fire, where the
caustic soda fuses after all the water has been
driven off. It is then poured into drums for sale.

The insoluble matter left in the lixiviation
tanks from the black ash stage, consisting of
calcium sulphide, calcium carbonate, and un-
changed coal, was originally a great nuisance
to the alkali works and anyone near them.
For this tank waste, if left in the air and rain,
emits foul-smelling gases. It is now used for
the recovery of its sulphur, for it will be seen
in following through the chain of reactions that
all the sulphur in the sulphuric acid used remains
in the tank waste. The waste is made into a
thin cream with water and pumped into tall
cylinders into which carbon dioxide is blown.
This gas converts the calcium sulphide into
calcium carbonate, liberating hydrogen sulphide
(sulphuretted hydrogen) :

CaS + CO, + H,0 —> C(CaCO; + H,S
Hydrogen
sulphide.
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This gas is collected in gas-holders and, after
mixing it with the requisite quantity of air, is
passed into a Claus furnace, which contains
iron oxide spread on shelves. Here the
hydrogen sulphide partially burns, forming
water and sulphur by the oxygen replacing
the sulphur in it:

2H,S + 0, —> 2H,0 + 2S.
The sulphur is collected in the solid state and

can be sold as such or burnt in a good stream
of air to form sulphur dioxide,

S+0, —> SO,

which is used for the production of sulphuric
acid. (See Section D.)

GENERAL SCcHEME—LEBLANC PROCESS.
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CHAPTER XIV
THE AMMONIA—SODA PROCESS

THE ammonia—soda process for making
sodium carbonate depends on one fundamental
reaction. When brine is treated with ammonia
and carbon dioxide, sodium bicarbonate appears
as a solid, leaving ammonium chloride in solu-
tion. Thus
NaCl + €O, + NH, + H,0 —> NaHCO, -+ NIH,CL

Sodium  Ammonium
bicarbonate. chloride.

We will now consider the various necessary
stages in detail.

First, the brine, which should be saturated
with salt, is made to dissolve ammonia by
passing down towers up which ammonia gas
is passed, the interior of the iron towers being
obstructed in much the same way as is a
fractionating column. These * absorbers * must
be cooled, as much heat is given out during the
absorption. Coils of iron pipe are often inserted
in the tower with arrangements for allowing
cold water to flow through the coils. The tem-

106
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perature is thus kept below 60°.

The ammonia

gas used to saturate the brine contains some car-

bon dioxide, which causes
most of the calcium and
magnesium impurities to be
precipitated as insoluble car-
bonates. To remove these,
the liquid is led into large
tanks in which the carbon-
ates settle as a mud and the
clear purified brine overflows
at the top.

The ammoniacal brine is
next treated with carbon di-
oxide in towers, of which one
is shown in Fig. 23. After
being cooled down to 30° by
passing through the tubes of
an ‘‘evaporator,” through
the outside of which cold
water circulates (see Fig. 3),
the brine is delivered by a
pipe 4 about half-way up the
tower. The latter consists of
a number of cast-iron drums,
3 ft. high by 5 ft. in diameter,
fixed above one another to

Fra. 23.—Solvay car-
bonating tower.

form a tower 70-90 ft. high. Each drum is open
at the top and has a hole B, 15 in. in diameter, in
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its base. Above the hole is a mushroom of iron
perforated with fine holes, C, and supported by
vertical stays D. The carbon dioxide, delivered
in by pipe E, at 11-21 atmospheres pressure,
streams up through the holesin the plates C'in a
series of fine bubbles through the ammoniacal
brine, in which it dissolves, giving out heat in
so doing. It is essential, however, to keep the
liquid at about 30°, for at a higher temperature
the bicarbonate is formed in lumps, and more is
left in solution, while excessive cooling causes
the formation of a cream difficult to filter.
Coils through which cold water circulates are
therefore placed in some of the drums (they are
not shown in the diagram). The sludge of
fine bicarbonate crystals is run out at F,
whilst the excess of carbon dioxide (5-10 per
cent.) escapes by the top pipe G. As this gas
contains a little ammonia, it is bubbled through
an absorber against a stream of fresh brine.
After about a fortnight’s working the perfora-
tions in the iron plates C become stopped up
by crystals of bicarbonate, and it is necessary
to wash out the tower with hot water, in which
this substance is much more soluble than in
cold water. Otherwise the towers work con-
tinuously, fresh brine being fed in as the
finished mixture of bicarbonate crystals and
mother liquor is run out at F.



THE AMMONIA-SODA PROCESS 109

This sludge is filtered by a rotary vacuum
filter (see Fig. 6) and washed by a small quantity
of cold water. The mother liquor contains a
little free ammonia with the ammonium
chloride, and is used as described later to
regenerate the ammonia.

The bicarbonate must be heated to convert
it into soda ash, thus:

2NaHCO, —> Na,CO, + H,0 + CO,.

This decomposition is effected in furnaces, or
more usually, in a long pan of semicircular
cross-section provided with mechanical scrapers
like the ordinary Thelen pan of the Leblanc
process. As in this case the pan must be
closed so that the carbon dioxide may be
recovered, the scrapers merely move backwards
and forwards -over the circular bottom instead
of executing a complete rotation as when
previously mentioned. The bicarbonate is fed
in at one end by a gastight screw conveyer,
and the finished carbonate removed similarly
at the other end, the scrapers being arranged
to give the material a slow drift along the pan.

The mother liquors from the filtration of the
bicarbonate are pumped direct into stills, and
the requisite quantity of slaked lime added to
set free the ammonia, thus :

9NH,Cl + Ca(OH), —> 2NH, + 2H,0 + CaCl,
Ammonium Slaked Calcium
chloride. lime. chloride.
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The mixture is boiled and the ammonia goes off
as a gas and is led away to saturate more brine.

The slaked lime is produced by roasting
limestone in kilns (which also provides the
necessary carbon dioxide). The hot lime is
slaked with the minimum quantity of hot water
and run to storage tanks ready for the stills
in which the ammonia is recovered.

The calcium chloride from these stills is a
waste product, and is usually run away when
all the ammonia has come off. As will be seen
clearly from the following synopsis of the pro-
cess, this substance, and also the soda ash, are the
two final products of the series of reactions we
have considered, the ammonia and carbon
dioxide being returned as shown by the dotted
lines to be used again in the earlier stages.

GENERAL SCHEME-~-AMMONIA-SODA I’PROCESS.
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SECTION C

ELEMENTS AND COMPOUNDS

CHAPTER XV
THE ELEMENTS—(1) NON-METALS

IN the previous section we have considered
the general nature of elements and compounds,
with some simple types of the reactions which
occur between them. We will now proceed
to a very general survey of the whole of the
elements and of some outstanding types of
compounds which they form. It is obviously
not possible or desirable within the limits of
this book to give details as to the properties
and behaviour of all these bodies ; these must
be sought for in formal text-books or diction-
aries.

Of the eighty or so recognised elements, the
bulk are solids and metals. Two only are
liquids—mercury and bromine; ten exist as
gases, and none of these are metals. Naturally,
these descriptions apply only to the ordinary
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temperature, as the transformations from solid
to liquid and gas apply equally to elements as
to compounds when the temperature is changed.

The division of the elements into metals
and non-metals is more fundamental than it
would be if based on the properties of the
element alone—the distinction persists in the
compounds they form and in the properties of
these compounds. There are naturally some
elements capable of behaving in their com-
pounds both after the manner of metals and of
non-metals.

Of the gaseous non-metals oxygen is of out-
standing importance. It forms as the free
element one-fifth part by volume of the air,
and is cssential for breathing to both plants
and animals. In pure oxygen living beings
are much more vigorous than in air, but life
is short as well as gay. Similarly, processes of
burning consist essentially in the combination
of the fuel with oxygen, and they are likewise
more fierce in pure oxygen. Naturally, there-
fore, oxygen is found in many compounds. It
forms about one-half of the earth’s crust so
far as that is explored—that is, the top half-
mile. Water, also, contains nearly 89 per cent.
of oxygen combined with hydrogen. Oxygen
made on the large scale by liquefying air and is
allowing the nitrogen to boil off.
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Hydrogen, on the other hand, does not occur
in the free state in Nature, but it forms 11 per
cent. of water, and is found in all animals and
vegetables in the combined state. As it is
fourteen times lighter than air, it is used to
fill balloons and airships, although, as it
burns easily in the air (combining with the
oxygen to form water), it is dangerous when
used for this purpose in warfare. When a jet
of the proper mixture of oxygen and hydrogen
(i.e. two volumes of hydrogen and one of
oxygen, for the equation is 2H, + O, — 2H,0)
is lit, an intensely hot flame is produced which
is used for cutting steel, melting platinum and
other metals of high melting-point, and also
for heating a block of lime for the limelight.
It also serves for heating and lighting in coal
gas, in which it is present up to 50 per cent. It
is made by displacing the hydrogen of acids,
alkalis, or water, by means of metals, or by
decomposing water by an electric current.

Nitrogen, the remaining four-fifths of the air
(in which it serves to dilute the oxygen), is
less active than oxygen or hydrogen under
ordinary conditions ; but when electric sparks
are passed through a mixture of it with these
two elements severally, oxides of nitrogen and
ammonia are formed respectively. As nitrates,
such as Chile saltpetre, it is found in dry
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regions. In this form, or as salts of ammonia,
it is essential to plant life, and so, to eke out
the natural supplies, such compounds are now
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