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INTRODUCTION.

AMIDST the ifood nf opinions and advice on the
relations of .science* t<> education and industrial
prosperity with ivhii.-h we have been deluged
during the past two or three years, we may turn
with welcome relief to the unernbellished records
of work done and of ends accomplished which the
authors Live h-re presented for our enlightenment
and encouragement. The majority among us
stood much in need of enlightenment on this
subject, and many of us wilL feel grateful for the
encouragement which is to be derived from the.se
records of past achievement. The«- records .supply
it complete answer to a question with which most
chemists have had to deal at one time or another
during their career : what is the place of the
chemist in practical life, and what part has he
taken in industrial and social development ?

The engineer ministers to the. comfort and.
convenience of the community in ways which
can hardly escape the notice even of the man in
the street. The Forth Bridge, the ocean grey-
hound, the motor car and the aeroplane are a t
once recognised ay the fruits of his skill and energy,



WHAT INDUSTRY OWES

but for the most part, the work of the chemist is
inobvious, and is little, if at all, understood. But
the chemist and his half-brother, the metallurgist,
have all the time been hard at work in the back-
ground, helping to provide the engineer with
metals and other materials of new and improved
qualities, without which he could not have produced
the machines and structures which represent the
triumphs of his art.

In many other directions chemistry has been
the handmaid of arts and crafts, which make
their appeal to the public on far other grounds
than those of the chemical and other scientific
help they have laid under contribution.

But chemistry also has its own triumphs, and
those who will take the trouble to study this work
will be rewarded with visions of achievement in
this field which they had not hitherto dreamt of.

These records ought to prove stimulating and
suggestive to those whose sons and daughters
have not yet selected a calling or profession. The
place of chemistry in the national life has been
far more important than the majority of educated
people have imagined, and this place bids fair to
become of vastly increased importance in the near
future. The special message for parents and
teachers is, therefore, that trained chemists will,
in the near future, be in increased demand for
industrial and official positions.
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For the responsible teachers of chemistry there
are other messages also, if they care to seek for
them ; for from these records of achievement
much may be learned as to the actual needs of
industry on its scientific side, and as to the types
of workers who will have to be trained if these
needs are to be properly met.

The great body of teachers of science on the one
hand, and the still greater body of manufacturers
on the other hand, have been equally at sea as to
how (a) the results of scientific discovery, and
(b) the young graduates in science who are prepared
at our universities and colleges, can best be utilised
in industry. Speaking broadly, the teachers of
science do not know the needs of industry, either
in regard to the nature of the problems which
await solution, or to the lands of trained experts
who will be required to take part in the more
highly organised industries of the future. Again,
speaking broadly, manufacturers and leaders of
industry are equally at a loss as to the means
whereby scientific discovery, scientific methods and
scientifically trained men can be used most
effectively in the development of the industries
for which they are responsible.

Fortunately, there are already lines of communi-
cation open between these two important bodies,
and the hope for the future is that these lines may
be broadened out into a common ground on which
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mutual understanding will be reached and where
practical schemes of development will be developed.

Much can, undoubtedly, be done to improve
the training of chemists for practical life. I t is in
the laboratory that the foundations of this training
must be well and truly laid by sound training and
ample practice mimniipulation and methods. Not
only manipulative skill, but resourcefulness and the
power of organising routine work ought to be
acquired in the laboratory, if the training is on the
right lines. On the foundations thus laid, a super-
structure of knowledge of physical, mechanical, and
chemical laws can be securely built. But a
scientific equipment, however sound, is not in
itself sufficient; it is of equal importance that the
young chemist throughout his training should be
thoroughly imbued with the spirit and aims of the
successful leaders of industry. Nothing will so
surely awaken in the student an appreciation of
practical aims as a wisely directed study of the
achievements of science in industry. The present
work will supply teachers of chemistry with
abundant material for the purposes of this study.
This study ought not, however, to displace the
parallel study of the steps by which chemical
theory has been evolved by the deep insight and
the patient observation and experiment of the
great leaders in chemical science. I t ought to be
made clear to the student that, though, in one sense
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the two aims, the attainment of knowledge for its
own sake, and its attainment as a means to practical
ends, are at opposite poles, yet that there is no
real antagonism between them, each is com-
plementary to the other. There are intellectual
triumphs to be won in the application of science
as well as in its pursuit for its own sake.

The deeper and more prolonged search into tho
phenomena and laws of Nature must, of necessity,
be left to those who by natural endowment and by
opportunity can pursue this search apart from
the distractions of the work-a-day world. The
workers on the applications of science may well,
realise their debt to these seekers after knowledge,
for the seeds of achievement on the practical side
must, in many cases, be planted and watered under
their fostering care.

"During the past three years the scientific
developments of modern warfare have been the
means of bringing the workers in pure and in
applied science into touch to an extent which
would have appeared almost, iinposjsiblc in pre-war
times. There are encouraging evidences that this
new co-operation has been appreciated on both
sides, and that a return to the former condition of
isolation would be regarded as most unfortunate.

The authors have wisely disclaimed any attempt
in this work to present the extraordinary wealth of
material at their disposal hi anything like its true
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proportions and perspective. The precious stones
in the necklace have been strung together rather
with an eye to their collective preservation than
to their artistic effect as a whole. Apart from the
reasons for this, which the authors themselves
have given, I am inclined to think that for the
serious purpose they had in view, the method has
much to commend it. The central object was not
to present a pleasing and finished literary work
which would gently stimulate the imagination of
the general reader, but to set forth in their bare
simplicity the broad facts of achievement, leaving
each case to make its own appeal.

In conclusion, I would express the hope that
this work will not only be widely read by the
general public, but that it will be cordially welcomed
by those who are most deeply concerned in the
future of British industry.

GEORGE BEILBY.
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P R E F A C E .

Iisr recent times, and especially during the war,
a great deal has been written and said on the
benefits derived from the applications of science
to industry ; the subject has been discussed in the
technical and daily Press, and in monographs
devoted to particular industries ; but, for the most
part, it has been dealt with in the abstract or with
very limited reference to the actual results achieved.

The contents of this volume appeared as a
series of articles published in The Engineer during
the seven months December, 1916, to July, 1917,
inclusive, under the title of " What Industry Owes
to Science." The articles were not intended to
embrace subjects of common knowledge to the
engineer, in which the influence of physical and
mechanical science would have claimed greater
attention, but dealt mainly with chemical science.
For that reason the title of the work has been
modified; the text, however, remains piactically
the same.

The object was to take each industry in turn,
and to show by examples how science had
advanced the methods and processes of production
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and had laid the foundation for the establishment
of new manufactures.

The work covers a survey of many important
industries, presented in such a manner that the
substance is not altogether out of the depth nor
beyond the interest of the educated public. We
hope that it may be especially useful to students of
chemistry a]id engineering, as affording them an
indication of the vast field open to them in their
professional careers, work in which it may be
anticipated that there will be increasing activity
and boundless scope in the near future ; and that
it will find a place in the offices of men of business
in many branches of commerce, and of public
companies concerned with productive industries,
as well as in the libraries of Chambers of Commerce
and Trade Associations.

A bibliography is provided, including many
useful books referred to during the preparation
of the work.

The authors desire to express their deep indebted-
ness to Sir George Beilby for his kindness in
contributing an introduction, which they feol has
very greatly enhanced the value of the volume.

R. B. P.
b\ B.-J.

London, 1017.
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W H A T I N D U S T R Y O W E S T O

C H E M I C A L S C I E N C E .

CiiJLPTilR I.

MINERALS AND METALS.

WE have liL-ard a good d-'id Lit-iy of our lit-jrltx-t
of science, particularly of applied science—and w»*
are prepared to admit That this country h&s b-* n
behind other countries iii realising the importance <»t
scientific principles in industry. The fact ivmains,
however, that though we have been so remiss, we can-
not have ignored science entirely, or surely tht*
position of our industries—those tli&t are left to us—
to-day would not h~- what it is. Ii^t'-ad of pursuing
tile subjert iu the abstract, we propo.se in a i ,-w bri**f
chapters to deal with accomplished facts ; to show by
illustrative examples tiie extraordinary developments
directly attributable to scientific thought and nittliod
and the benefits derived therefrom by the community.
rFl\e whole art of engineering is based on phy-?eal
and riieclumical science, and the materials ernployc-d
in this art are dependent in borne degree o'i; ihc
.science of chemistry. This country lias never lacked
engineers of the first order, and, therefore, if we may
judge by then* works, we must conclude that their
science has been as truly founded as their structure,
and their materials must likewise have been suitable
for their purpose. Clearly, then, we have not been
lacking the aid of physicists, mathematicians, and
chemists hi the art of engineering and all that the
term denotes. The materials of construction t-.anr;t>t
be used intelligently unless the engineer has a proper
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knowledge of their physical powers of withstanding
stress and strain, as well as of their chemical proper-
ties, including their internal structure and power of
resistance to air, fire, water, and other agencies.

The subject is so vast and its ramifications so diverse
that it is difficult to deal with it without being drawn
into the production of a text-book, but we will
endeavour to keep to the principal aim of showing the
influence of science in industrial progress.

Our methods of utilising science may be wrong,
and there may be room for great improvement,
but the impression is gaining ground that in the
habit of decrying ourselves and our doings we have
overshot the mark. We have used science more
than we realise, but have not talked about it as much
as some other people. We know, for instance,
several Sheffield steel firms who employ thirty to forty
chemists and are in constant touch with the most
experienced men of science interested in this branch
of industry. We know also that both in the direc-
torate and in the control of the actual processes
of manufacture in the works the industry is coming
more and more under the personal supervision of
scientific men, that new laboratories are being
equipped, and that science in the steel industry is
now very much to the fore.

STEEL.
German delegates to the meeting of the Iron and

Steel Institute held at Sheffield in 1905, freely
admitted that Germany had much to learn from that
centre and no doubt derived benefit from the hos-
pitality then extended to them. The reputation of
Sheffield in steel production dates from 1740,
when Huntsman discovered the process of casting
completely fused metal from crucibles. Sixty
years ago steel was obtained by decarburising pig
iron to malleable iron in a puddling furnace and
subsequently introducing the requisite amount of
carbon by the cementation process. These operations
were protracted, required exhausting labour, and
involved the use of large and expensive furnaces
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subjected to considerable wear and tear and consuming
large quantities of fuel.

In 1S56, Bessemer—a scientific mar.—as the result
of experiments deliberately directed to a definite
object, introduced his process for **The Preparation
of Steel without Fuel."' He found that by forcing
a blast of atmospheric air through molten cast iron,
contained in a suitable vessel lined with ganister,
a siliceous material, the oxidisable impurities in the
iron could be removed without the external applica-
tion of heat, since the heat produced by oxidation
was sufficient to keep the mass in a molten state.
Manual or mechanical stirring was unnecessary. The
pig was melted in a cupola, and transferred to a mixer
of up to 600 tons capacity. From the mixer a charge
was conveyed by a ladle to the converter, the latter
being swung into position after the w* blow " had been
started. In twenty minutes the operation was
completed ; the blast was stopped for a few seconds
while a workman threw in from a shovel sufficient
Spiegel or ferro-manganese to introduce the proper
proportions of carbon ; the blast was started again
for a short time to mix the metal and the charge was
immediately poured into moulds.

Contrast the rapidity and simplicity of this method
with the time and labour expended in the other.
Cementation alone required seven to ten days ; the
equivalent effect, after Bessemerisation, occupies only
the time required to add the spiegel and re-mix the
charge. The fuel expended is only that used in the
cupolas, and even that is obviated in some cases where
the constancy of grade of pig from the blast-furnaces
can be relied on, when the pig is takeD direct from, the
blast-furnace to the converter.

The original or acid Bessemer process had, however,
two disadvantages:—(1) phosphorus and sulphur
could not be removed owing to the reduction of their
oxides by iron and, therefore, only special iC Bessemer
pigs," free from phosphorus and very low in sulphur,
could be used; (2) the ingots produced contained
blow-holes. Science overcame the first of these
disadvantages. In 1879 Thomas and Gilchrist found
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that by lining a converter with burnt dolomite or
magnesite, instead of ganister, and by adding a
quantity of lime to the charge, the whole of the
phosphorus and some of the sulphur could be removed.

This was the result not only of scientific methods
of research but of the direct application of a scientific
principle, viz., that of using a basic lining and adding
lime, a basic material, to retain the acidic substances
produced by the oxidation of ph.osph.orus and sulphur.
The second problem, however, was solved by tho
empirical discovery that the addition of a very small
quantity—5 to 8 oz. per ton—of aluminium to the
molten metal minimised the formation of blow-holes.

The only important rival to the Bessemer method is
the open-hearth process, perfected about twelve years
later by Sir William Siemens and his brother—both
scientific men. After great initial difficulties, they
succeeded in decarburising iron without contact with
solid fuel. In this process an exceedingly high
temperature is produced in an oxidising atmosphere
by the combustion of a mixture of producer gas and
air fed into the furnace. Changes take place of the
same character as in the Bessemer process. Both
acid and basic hearths are used, and the principle of
regenerative heating is utilised.

To Dr. Sorby, of Sheffield, we owe the introduction
of metallography, and in this connection the names
of Osmond, Martens, Stead, Roberts-Austen, Sauvour,
and Le Chatelier, all men of science, must be remem-
bered. Up to the present day, and for some years past,
the miseroscopic examination of the etched surfaces of
metal has been common practice in steel works labora-
tories. Researches on the cause of recalescence, com-
bined with the intimate knowledge of the structure of
steels afforded by miscroscopic examination, have
placed in the clear light the equilibrium relations of
iron and carbon, and have thus changed rule-of-thumb
experience into sound scientific principle. Our views
on the physical and chemical nature of these equili-
brium relations have been changed by the progress of
research. Explanation by means of the solution theory
has replaced that based on the theory of the allotropy
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of iron, and our knowledge of the subject is thus be-
coming more definitely established. To be able to ex-
plain a phon.omon.on is second only to knowing that
iho phenomenon will occur. Whereas rule-of-thumb
or empirical discoveries may occasionally give us good
results, Hcionco, organised knowledge, enables us to
proceed on definite linen.

Tho discovery of raror metals has lod to the manu-
facture of many varieties of Btoel, including alloys of
apodal hardness. Tho properties of special stools
and their behaviour under varying conditions, the
bearing of tho character of their internal structure
and similar questions have formed the basis of
numorous researches which have rendered the in-
dustry in an increasing degree more exact and
scientific. Tho researches, of Sir Robert Hadfield
have resulted in nupplying us with special steels
differing from ordinary steels, through the addition
of various elements other than those commonly
present, whereby they acquire properties of enhanced
hardness, toughness, elasticity, &c.

Tims, by adding 7 to 20 per cent, of manganese wo
ensure groat strength and toughness, the well-known
U'adlield stool ordinarily containing about 13 per cent,
of manganese and 1 per cent, of carbon ; the addition
of about 3 per cent, of nickel and 0.2 per cent, carbon
gives us a stool of tensile strength and elasticity suit-
able for the manufacture of gun barrels ; and tho
addition of 2 to 3 por cent, of chromium with about
1 pur cent, of combined carbon gives a remarkable
Btonl which, when hardened and tornperod, is employed
in tho manufacture of locomotive tiros and springs,
armour platos, armour-piorcing projectiles, and certain
qualities of files. Similarly, tho introduction of
titanium, molybdenum, tuugston, aluminium, vana-
dium, and boron gives varying effects now easily
obtainable by the scientific steel maker.

Those examples servo to illustrate clearly tho
advantages gained by the application of scientific
knowledge in tho production of one of our chief
materials ; but tho function of the chemists in a stoel
works or any works is not confined to devising pro-

B 2
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cesses or producing varieties of the products. They
are concerned with problems of many kinds, and
among these the question of fuel and fuel economy
both in raising power and in smelting operations are
of primary importance. Scioirico determines tho
suitability and value of the coal employed. Tests aro
made to determine the calorific power and to estimate
the sulphur, ash, and the volatile matter, including
moisture, all important factors from tho point of view
of economy. The manufacturer who ignores those
questions must suffer through tho employment of coal
containing sulphur which attacks his firc-boxos, and
the purchase of water and useless mineral matter.
Next, the treatment of boiler-feed water whore tho
supply is not naturally soft must not be negloctod, or
the accumulation of scale will result in wasto of heat,
inefficient working, and other deplorable conditions.
The method of water softening, by the addition of
lime, was established by Dr. Thomas Clark, Professor
of Chemistry at Aberdeen University, from 1833-30,
and its importance in every industry involving tho use
of boilers, or requiring the use of soft water, must
have been and still is inestimable.

NON-FERROUS METALS.
Mining and metallurgical industries are essentially

scientific, calling for the services of chemists (1) on
the mines, to examine ores, to advise on their concen-
tration and generally to specify the methods to be
adopted for the extraction of metals, and (2) in tho
actual working of the metal.

The production of non-ferrous metals, such as
copper, lead, zinc and aluminium, needs tho help of
trained technologists whose labours aro constantly
directed to the discovery of improved processes and of
new varieties of alloys adapted to special purposes,
particularly those demanded by the trend of onginoer-
ing development.

In surveying the history of non-ferrous metallurgy,
the most striking feature is the extent of comparatively
recent scientific advancement. In many cases the
methods of treating ores to obtain crude metal
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remain fundamentally tho same as when they woro
originally discovered-•••- for tho most part ompirically ;
but th(\y have boon explained, modified, and improved
by science; while* in other eases, now and bettor
mot-hods, due solely to science, have boon substituted
for old ones.

Thti Reparation of M/nieralx.—-The ores of heavy
metals are frequently of such low grades that tho
metal cannot be won economically. Thousands
of tons of valuable minerals would still remain
unworked except for tho scientific methods of eon-
eoxxtration now eniployc^d. An ort̂  <;ontaining only
one \)(n- <.;ont. of tin will re-pay treatment.
i t cannot bo Hmollod, but a complex procoHR
of t'lablo waHhing, roasting, and wa«hing again oon-
eontratoH it to d() to 70 por cont. nuidy for the
Hmoltor. Low grade Huly>hid<̂  ores and graphite
oroH uni concentrated by ono or otlier of variouH
mothodw of oil separation and llotation whiclx afford
interesting examples of discovery originated in
empiricism, developed by chance discovery and
rnochnnical ingenuity iwl further improved by the
dicect application of scientific thought, whereby their
utility lias become widely extended so as to oi'foot
invaluable economies iix tho minoml industries.
Although various theories have boon advanced to
explain I ho phenomena of flotation, tho true mechan-
ism remains as yet obscure. It is instructive to
follow tho stages of tho advances made in this direc-
tion, lual to indicate the present views on tho subject.

in 1880 Carrie ,J. Kvnrson found that sulphide
mineral particles could bo separated from the gangue
in ores by kneading tho finely crushed ore with a paste
formed by the action of sulphuric acid on certain
oils, <'"{/', linseed or cotton, send. Tho oil adhered to
the particles of sulphide mineral and bound the whole
into a coherent mass. The ganguo was then washed
away by water. The process was very little lined, its
application being limited to rich, pyritic gold oroH,
tho treatment of which was profitable.

Tho next development, patented by Elmoro in 1898,
was an oil separation process wherein tho finely
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crushed sulphide ore made into a pulp with water
was well mixed with 3 to 6 per cent, of its weight
of residuum oil. The oil floated to the top and
formed a layer carrying the sulphides, leaving behind
the. gangue. The top layer was separated by moans
of a spitzkasten and the oil run into a centifrugal
machine containing warm water, where some of the
oil was separated to be used over again. The partially
de-oiled concentrates were further treated in a smaller
centifrugal to effect a further separation of oil, and
were then ready for the smelter. In 1901 Elmore
patented the use of sulphuric acid in the process, as
an aid to the production of cleaner concentrates.
The process was not generally adopted because the
losses of oil due to entanglement in the gangue pulp
were very high.

The Elmore vacuum method was an outcome of
the above. This is an oil flotation process, as distinct
from an oil separation process. The pulp of ore and
water, mixed with a very small quantity of oil and
enough sulphuric acid to make the mixture slightly
acid, is exposed to a partial vacuum; the air
dissolved in the water rises up through it in the form
of bubbles, floating the oiled sulphides to th© top,
whence they are drawn off. From a 2 to 3 per cent,
copper ore, concentrates of up to 20 per cent, can
be produced.

In 1901 C. V. Potter, working on Broken Hill ore,
heated the crushed ore in an acid water pulp. The
action of the acid upon carbonates in the ore generated
carbonic acid gas, which, rising to tho top, carried
sulphide mineral with it. In 1902, in connection with
this process, G. D. Delprat used salt cake instead of
sulphuric acid.

In 1903 Cattermole, by adding 4 to 6 per cent,
of oleic acid to the ore-water pulp and applying slow
agitation, caused the sulphide particles to aggregate
into large granules with the oil. The gangue which
remained in the pulp was then separated by moans
of an up-cast. The principle of the method was good,
but the expense in oil was large. It was in connection
with the work on this process, however, that the froth
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flotation process was discovered. fey; usin j
tities of oil—up to 0.1 per cent, .calculated on"tne*ore*
though less generally—and chumirig up the pulp with
air by rapid agitation with a special pa^Lle, the oiled
sulphide particles are caused to rise .to^utye^pp^pa
strong froth which is floated off by a spitiak^ste
process especially has been developed by scien
search, and the efficiency and the economy of ore con-
centration have been thereby greatly improved. Sul-
phide ores of zinc, copper, lead, iron, antimony,
molybdenum, and of other metals are very efficiently
treated. Tin-stone-pyrites table concentrates arc
separated, the pyrites being floated oft*; and graphite
is easily concentrated to an exceedingly clean product.
The grade of the concentrates is high and the recovery
excellent. The use of acid is sometimes necessary
to produce clean concentrates, enough being added
to ensure an acid reaction in the pulp. Curves can be
p]otted showing the variations in. grade of concen-
trates and recovery with variation in the amounts of
oil and acid used. The testing of ores is scientifically
carried out in special apparatus. The experimenter
not only finds the best method for treating the ore,
but also observes and records any peculiarities ex-
hibited that m&y be of use in furthering the aims of
the process or may serve to throw light on the
ultimate causes of the principles underlying the
method. Wood's modification of the above process
renders it possible to concentrate certain ores without
the use of oil.

These concentration processes aro of comparatively
recent invention, and are increasingly applied to the
treatment of low grade sulphide ores and the tailings
from table concentrations.

Experiments on the notation of other minerals,
such as native copper, gold, and Scheelite, an ore of
tungsten, havo met with success, and will probably
be greatly developed during the next few years. The
flotation of carbonate and other oxidised ores has
been attempted with positive results, but this exten-
sion also is as yet in the experimental stago. The
general opinion of mon of science at the present day
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is that flotation is an effect of surface tension, though
some favour the view that the mineral particles must
also carry a:, electric charge. The ultimate causes
can crJy be established by further research.

In dealir.g with the separation of minerals we should
mention also rhe important work of electrical and
mechanical engineers,^to whom much credit is due for
the invention" of magnetic separators. Many ores
containing magnetic minerals are now efficiently
treated hy these machines, involving both wet and dry
methods." As instances may be taken the magnetic
concentration of magnetite ores, and the separation
of this mineral from pyrites. Magnetic separation
has also been applied in the treatment of monazite
sands for the concentration of thorium, to which we
will refer later.

Copper.—Scientific knowledge has come to the aid
of the copper smelter and refiner in various ways. The
introduction of water-jacketed blast furnaces—such
as are used in lead smelting—in the fusion for regulus,
has reduced wear and tear to the minimum. These
furnaces are made of iron and are double walled, with
water circulating through the space between the
walls, producing a cooling effect inside the furnace in
the ininiediate vicinity of the wall. The result is
that some of the molten slag solidifies on the wall,
forming a protective coating which is not further
attacked, since the liquid does not corrode it, and
thus the iron walls of the furnace scarcely come into
contact with the liquid.

A method of smelting pyritic copper, silver, or gold
ores by the heat of oxidation of the pyrites, without
the aid of any other fuel was introduced as recently
as 1905 ; in actual practice, however, up to 5 per cent,
of carbonaceous fuel is now added. Water-jacketed
blast furnaces are used, and air—pre-heated in some
cases—is liberally supplied through a large number
of tuyeres.

Copper intended for use as an electrical conductor
must be of high quality, the presence of very small
quantities of certain other bodies causing a marked
diminution in its efficiency. The necessary degree of
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purity can now easily be obtained by the methods of
electrolytic refining. A thin sheet of electrolytic
copper forms the cathode, a slab of blister copper
the anode, and the electrolyte is an acidified solution
of copper sulphate.

Pure copper is deposited on the cathode, the anode
being gradually dissolved. Impurities in the copper,
such as iron, zinc, nickel, &c., of which the sulphates
are soluble, are allowed to accumulate in the solution
until their quantity renders the liquor inconvenient
to deal with. At this stage the copper in the liquor
is precipitated with metallic iron and fresh solution
substituted. Other metals present, such as platinum,
gold, silver, lead, and arsenic, form a fine mud in the
bath, and this mud is afterwards treated for recovery
of the precious metals. Thus, by this scientific
method, not only is copper obtained in a very pure
state, but the gold, silver, and platinum also can be
extracted profitably.

Lead.—A remarkable instance of the application of
pure science to the solution of a technical problem is
provided in the methods employed in the desilverisa-
tion of lead by the Pattinson and the Parkes methods.
Before 1833 the only available process was cupellation,
and this could only be effected economically if the lead
contained 8 oz. per ton or more of silver. Therefore
much silver remained in the lead, of which, in the
aggregate, large quantities contained less than this
amount. The method patented by Hugh Lee
Pattinson in 1833 depended on the fact that when
a solution is partially frozen some of the solvent
separates in the solid form, leaving a solution richer
in the dissolved substance. For instance, when salt
water is frozen, pure ice separates and the remaining
solution is stronger in salt. Molten lead containing
silver may be regarded as a solution of silver in lead,
and if this solution is allowed to solidify partially,
almost pure lead separates out in crystals. Two
methods are adopted, that of thirds and that of
eighths. Usually, sixteen kettles, lined with lime to
prevent attack by litharge and holding about 12 tons
each, are employed. For lead comparatively rich in
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silver, two-thirds of the contents of each pot are
removed as lead crystals ; and for lead which is
poorer in silver, seven-eighths of the contents is
removed from each pot. In the latter case fewer
pots are required. By these means, respectively,
starting from a lead containing up to 3 oz. of silver
per ton, a silvery lead containing 700 oz. per ton,
and a " pure " lead containing only £ oz. to J oz. of
silver per ton can be obtained. The process in each
case is stopped when the silver reaches about 700 oz.
per ton, as this is approaching the eutectic* A
modification of the method nas "been introduced
whereby the lead is cooled more quickly by blowing
in steam and spraying the top of the lead with cold
water, the rich silvery lead being poured off from the
crystals instead of the latter being baled out.

The silvery lead obtained by either process is
cupelled on a hearth made partially of bone ash,
which absorbs most of the lead oxide. Some of the
litharge produced is blown over the side of the cupel
by the blast of air, and is used in the manufacture of
paint.

The Parkes process depends upon the fact that
silver is much more soluble in zinc than it is in lead,
whilst lead and zinc are mutually soluble only to a
small extent. A saturated solution of zinc in lead
contains only about 1 per cent, of zinc whilst a
saturated solution of lead in zinc contains 2 to 3 per
cent, of lead. If, therefore, molten argentiferous lead
is stirred up with molten zinc the latter extracts most
of the silver from the lead and when the stirring is
discontinued rises to the top, forming a separate layer.
An exactly parallel operation frequently used in the
laboratory is the method of extraction by ether.
On shaking ether and water together each dissolves a
little of the other. When the shaking is stopped the
liquids separate into two layers, the ether being the
uppermost. Suppose we are dealing with the aqueous
solution of a substance that is more soluble in ether
than in water, and that the solution in water is
inconvenient to work with, the substance can be

* Seo note on p. 21.
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almost completely removed as a solution in ether by
shaking the solution repeatedly with small quantities
of ether, which can then be removed by distillation.

In practice, the work lead is purified by remelting,
to effect the removal of copper, arsenic, antimony, &c.
The lead, so far purified, is then melted in a pot
and heated to about 500 dog. C, lumps of zinc are
added and the liquid is well stirred with iron paddles.
The quantity of zinc added depends on the richness
of the lead in silver, but in any case is very small and
rarely exceeds 2 por cent, of the weight of the lead.
When the agitation is stopped, the liquid is allowed to
cool and a crust of zinc containing the silver solidifies
on top of the still molten lead, is removed by ladles
and liquated to separate some of the zinc. The
remainder of the zinc-silver mixture is then transferred
to graphite retorts and the zinc is distilled off. It is
found to be advantageous in extraction by zinc—as in
the case of ether—to add the zinc in three instalments,
and not all at once. When the lead contains gold,
about one-tenth of the zinc is put in at first, when the
scum of zinc separated contains all the gold. The
silver is then extracted by continuing the process.
The remaining lead contains about 1 per cent, of
zinc, which is removed by blowing air and steam
through the molten metal, the zinc being blown away
as oxide, leaving the lead in a very pure state. The
Parkes process, now used extensively, has been
rendered more efficient by the recent discovery that
graphite retorts can be used for the distillation of the
zinc.

These processes for desilverisation not only yield
valuable quantities of silver but also produce lead
in a high state of purity. In fact, lead as now pro-
duced is one of the purest of the commercial metals.
It would probably not be so if no precious metal
could be extracted from it, because in order to win
the silver all other impurities must also be removed.
Whereas work lead is hard, pure lead is soft and can
be easily manipulated, purity being, moreover, very
important in the starting material for the manufac-
ture of white lead for making paint.
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Xickel was discovered by Cronstedt in 1750-
During recent years it has assumed an important
position in. the civilised world. It is malleable,
ductile, hard, takes a high polish, and is very
resistant to atmospheric oxidation. To these
valuable properties nickel owes its use in the electro-
plating of small iron and steel articles to prevent
rusting, in the manufacture of rifle bullets, which are
covered with a layer of nickel to give a hard clean
surface that will not foul the barrel, and also in the
preparation of nickel steels and of certain alloys
with copper and zinc, such as nickel silver, which
are used in the manufacture of forks and spools,
ornamental articles, wire, medals, and coins. Nickel
is also used in the finely divided state as a catalyst,
in the hydrogenation of certain, oils and fats- By the
action of hydrogen in the presence of finely divided
nickel, liquid oils such as fish oil, Unseed oil, olive oil,
can be ci hardened " into solid fats suitable for the
starting materials in the manufacture of foodstuffs,
candles, and soap. For these purposes the nickel
used must be very pure. The older methods of pro-
duction were difficult and expensive, but in 1895
Ludwig IVIond introduced a method by which the
pure metal can be obtained at a comparatively low
cost from the matte produced by the first smelting
operation. Mond discovered that metallic nickel
combines with carbon monoxide when heated to
80 deg. C. in an atmosphere of that gas, yielding
a volatile compound, nickel carbonyl. The matte is
roasted and then reduced at 400 deg. C« by
producer gas. The reduced metal is then exposed
at SO deg. C. in a " volatiliser" to the action of
carbon monoxide. The gas issuing from the volatiliser
containing the nickel carbonyl is passed through
vessels heated to 180 deg. C, where the nickel is
deposited in the pure state. The carbon monoxide
is obtained from flue gases by passing first through
boiling potassium carbonate solution and then over
hot coke. The carbon monoxide obtained by the
decomposition of the nickel carbonyl at 180 deg. C.
is also used over again. This brief survey shows how
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Mond's scientific discovery and its exploitation has
had its effect on very diverse industries.

Sodium.—Metallic sodium was first obtained by Sir
Humphry Davy, in 1807, by the electrolysis of caustic
soda, but no attempt was then made to manufacture
sodium on the large scale by that process. Up to 1891
it was produced by carbon reduction methods. The
method of Brunner, improved by Deville, consisted in
igniting a mixture of sodium carbonate and charcoal;
but this process was very wasteful and expensive,
and the price of sodium was consequently high.
In 1886 Castner employed caustic soda instead of
sodium carbonate, and this improvement, the outcome
of scientific research, effected substantial decrease in
the cost of production. In 1891 the old process was
entirely abandoned and replaced by Castner's electro-
lytic method, founded on Davy's discovery and
developed in the laboratory, by which fused caustic
soda was electrolysed in an iron vessel under special
precautions for even heating and the maintenance of
a constant temperature. The method was cleaner
and more efficient, and as a result sodium became really
a commercial product, .thousands of tons being ren-
dered available annually for the preparation of sodium
cyanide for gold extraction, under the MacArthur-
Forrest process for dealing with low grade ores and
sand and slime tailings.

Aluminium—so much valued for its lightness,
strength, and unalterability in air—has a history
resembling that of sodium. It was first isolated in the
pure state in 1827 by Wohler. by fusing the chloride
of the metal with potassium in a closed crucible, and
again by the same chemist by passing the vapour of
aluminium chloride over potassium. In 1854 Bunsen
used the method of electrolysis of the fused chloride,
and Deville applied the method of Wohler in attempts
to manufacture the metal on a large scale using
sodium instead of potassium. Samples of Deville's pro-
ducts were shown in ingots at the Paris Exhibition of
1855, where they occupied a prominent position, care-
fully guarded by gendarmes, only a few visitors being
allowed to handle the exhibit, which was regarded as
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a great curiosity. This was an incentive to further
research, with the result that a short time later tho
large scale manufacture was established at AJais on
the Loire. The use of sodium, then itself a costly
metal, was only one itom in the heavy expense
involved. The' method held its own for some years,
but in 1887 Bernard Freres, of Paris, reverting
to the method of Bunsen, foundod their electro-
lytic process, using a mixture of cryolite and
common salt as the electrolyte. Before 1887
aluminum was sold at £3 per pound. Now it can bo mado
at very low cost, where power is cheap, to bo sold at
little more than a shilling per pound. Tho method
whereby a solution of oxide of aluminium in fused
cryolite is kept in the molten state, and decomposed,
by an electric current, yields a metal of over 99 per
cent, purity compared with the 97 to 98 per cent,
metal from the older process. Tho expenditure of
electrical energy is high, and in the light of our
present knowledge it appears futile to endea-
vour to reduce it. When aluminium is used in
the thermite process, an enormous quantity of energy
is evolved in the form of heat, producing a very high
temperature, the aluminium being converted into the
oxide. To win back the metal from the oxide an
equal amount of energy has to be put back, thus
accounting for the quantity of energy absorbed in
the preparation of the metal.

Magnesium was first isolated by Davy. It owes its
method of preparation and prosont-day uses solely to
scientific investigation. It is manufactured by a pro-
cess similar to that used for aluminium, by the electro-
lysis of fused anhydrous carnallito, a double chlorido of
magnesium and potassium. The " magnalium"
alloys of aluminium and magnesium are lighter than
the former metal, give very good castings, and arc
as strong as brass and bronze. Tho use of magnesium
in flashlight photography is well known.

Molybdenum and Tungsten, like aluminium and
magnesium, are children of science. Both are used
for making special steels, and tungsten is also formed
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!^° filaments for incandescent electric lamps, its
-wcienCy i n this role being very great.
Jphromium, which was discovered by Vauquelin in
'97, and is much used in the manufacture of special
:esl has a very high melting point, and on that

cannot be prepared in a fused state by
y methods. The metal was isolated by
by heating chromium oxide and sugar char-

in a lime crucible ; and by Wohler by hoating
chloride with metallic zinc under a layer of

chloride, and subsequently removing the
by treatment with nitric acid, the chromium
thereby obtained in the form of a grey powder ;

ut these and similar methods could not be adopted
'°p.omically on a commercial scale. In 1893
;°issan published the method whereby a mixture
• chromium oxide and carbon is heated to the high
tfxiperature of the electric furnace, giving a product
staining large quantities of carbon from which it
w* be freed only by difficult and expensive processes,
errochrorne, however, an alloy of iron containing 60
> 70 per cent, of chrornium, is manufactured on a
•rge scale by the thermite process. Chromite, an
•fc of chromium and iron, is finely crushed and well
ixed with aluminium dust. The mixture is ignited
ith the aid of burning magnesium. The aluminium
>duces the oxides of iron and chromium with evolu-
oxi of great heat, and consequent production of a
»mperature sufficiently high to fuse tho ferrochrome,
ie alloy being thus produced in a compact and
3mogeneous condition. Chromium metal of over
). 5 per cent, purity can be obtained by the thermite
rocess, the principal impurities being small quanti-
es of iron and silicon. The thermite process is used
hen freedom from carbon is desired, that of Moissan
3ing applicable when tho presence of a certain
.lantity of carbon is not objectionable.
Thorium, discovered by Berzelius in 1828, is

.teresting scientifically by reason of its radioactivity.
> has found no useful application as a metal, but its
tide, thoria, has proved invaluable to the gas
.dustry, being used for th© manufacture of incan-



IS WHAT INDUSTRY OWES

descent mantles, of which the world's production is
estimated at over 400,000,000 annually. Thoria,
when heated directly in a flame, possesses the property
of converting heat energy into light. Research was
therefore directed to the utilisation of this property,
the evolution of the modern gas mantle being the
result of purely scientific investigations, requiring
great skill and patience. Not the least difficult pro-
blem to be solved was the production of thoria in
the necessary state of purity. In the early history
of the manufacture of the mantles, the known sources
of thoria were not numerous, although the available
ores were rich, and presented little difficulty in treat-
ment, but the discovery of large deposits of monazite
sand in South America stimulated the industry by
considerably duninishing the cost of the materials
employed. For a time, while the value of the sand
remained unrecognised by the States wherein it was
found, the sand was shipped to Europe as ballast—an
illustration of the advantages to be gained from
scientific investigation into natural resources. How-
ever, that is another story ! Monazite is a complex
mineral consisting of the phosphates of thorium and
the metals of the rare earths, occurring mixed with
other minerals as a sand. To obtain pure thoria
from this ore a protracted treatment is necessary,
involving concentration by tables and by magnetic
separation, followed by fractional precipitation of
the oxides from solution. The thoria appears on the
market as nitrate. In the manufacture of mantles
a cotton framework, supported on an asbestos collar,
is soaked with a solution of the nitrate and dried ; the
cotton is burned away, and the resultant oxide is
hardened by further heating, and stiffened by dipping
into collodion, which in turn is removed by burning
when the mantle is placed in position ready for use.
It was found that the presence of about one per cent, of
cerium oxide in the mantle increased to a maximum
the transformation of heat energy into light, whereas
a marked diminution of luminosity was observed
when the quantity of cerium oxide was increased or
diminished. For this reason the equivalent of one
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per cent, of cerium oxide is added to t h e solution of
thorium nitrato. Tho credit for practically the whole
of the scientific work underlying tho industry is due
to Auor von Welsbach.

Vanadium, discovered in 1830 by Sofstrom, in the
refinery slag of tho iron oro of Taborg, in Sweden, is
of increasing service to tho maker of special steels.
In ofToct 0.2 per cent, is equivalent to 3 t o 4 per cent,
of nickol, and exporionco toads to show t h a t it imparts
to stool tho power of resisting changes caused by
vibration, a most valuable property from the engi-
neer's point of viow. It is mainly used as an alloy,
forrovanadium, prepared by tho thermite process.
It is worthy of note, as affording an instance of the
utilisation of " waste," that tho mixture of metals
obtained by reducing tho rare earth oxides forming
the rosiduo of monazito aftor tho extraction of thoria
is employed, in the placo of aluminium, to produce
puro vanadium by a method resembling t h e thermite
process.

THE NOBLE METALS.
Gold.—In tho rocovory of gold large quantities

of motal wore previously thrown away in tailings,
owing to tho fact that amalgamation loft a certain
amount unoxtractod from tho oro. The Plattner
chlorine method and tho MacArthur-Forrest cyanide
process havo now rendered tho tailing metal
available. Tho Plattnor method, which is also used
in tho treatment of auriferous pyrites, dopends on the
action of chlorine gas on tho roasted oro, t h e chloride
produced being subsequently loachod out with water.
Tho gold is thon precipitated by treating t h e solution
with some suitable material, such an ferrous sulphate,
charcoal, sulphuretted hydrogen, sulphide of iron, or
sulphide of ooppor. Tho MacArthur-Forrest pro-
cess, also fouudod on tho study of the chemical
properties of gold, consists in tho treatment of the
sand or slimo tailings from tho amalgamation
process, or, in some cases, a very low grade ore,
with a dilute solution, not more than 0.3 per cent.,
of potassium or sodium eyanido, and the subsequent

o
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precipitation of the dissolved gold by means of zinc
shavings. The zinc is removed hy distilla/fcion from
graphite retorts, or sometimes by dissolution in
sulphuric acid, the latter method yielding a somewhat

. richer bullion. In a method introduced b y Tavener,
the zinc-gold precipitate is mixed with litharge, saw-
dust and assay slags, and melted in a reverberatory,
the resultant lead bullion being subsequently cupelled
for recovery of the gold. In. another method,
devised by Siemens and Halske, the gold i s precipi-
tated from the cyanide solution by electrolysis, using
iron anodes and lead cathodes and recovering the
gold by cupelling the cathodes.

In the separation of gold from silver, nitric acid
was at one time universally employed, biat in 1802
D'Arcet utilised the fact, discovered in. 1753 by
Scheele, that concentrated sulphuric acid w a s equally
suitable for the purpose. This constituted a n improve-
ment of considerable value, effecting a saving both of
cost and time, and it must be remembered t h a t in this
connection " time is money," for gold brings interest.

The Platinum Group.—The metals of the plati-
num group are among the most valuable acqui-
sitions of civilised man, and their availability is
entirely due to chemists, among whom may be
mentioned Achard, Janetty, Knight, Wollaston,
Deville, and the firm of Johnson, Matthey and Co.
Platinum itself is easily worked by the oxy-hydrogen
flame method of Hare, modified and improved by
Deville and Debray, and is useful for many purposes
in which special resistant properties are essential,
such as for vessels employed in analytical chemistry,
for stills for the concentration of chamber acid,
for standard weights and measures, for electrical
leads fused into glass, as a catalyst in t h e contact
process for making sulphuric acid, as a photographic
medium, and for mounting jewellery.

Other members of the group are indium, discovered
by Tennant in 1804, used in combination with plati-
num in the construction of pyrometers, a n d as pure
metal for tipping gold pens ; osmium, discovered by
Deseotils in 1803, and by Tennant in 1804, used in the
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preparation of metallic filaments of electric lamps,
and combined with iridium for tipping gold pens and
for tho bearings of tho mariner's compass ; palladium
discovered by Wollastoh in 1803, employed by
dentists and jewellers ; and rhodium, discovered by
Wollaston in 1804, UKOCI in tho mamifactxire of certain
forms of ehomical apparatus.

IO (p. 12).—An alloy in tonnod outoctic when it is the
most/ fusiblo of the alloys of two metals, the melting
point boing lower than that of either of the two
metals of which it is composed. On cooling from the
molten atato il doponitH a rtolid having tlio same com-
poHition as that, of tho moltim mixture. For example,
tho molting points of load and tin are 328 and 232 deg.
Con I. roapoctivoly, but an alloy of those motals containing
31 per cent, of load melts at 180 dog. Cont., any variation
from this composition entailing a rieo in the melting point.
If an alloy richer in oit.hor eonBiii/uont ho slowly cooled, the
motal proaonfc in OXOOKH of tlio above composition separates
in tho Holid st.al-o an cooling prcjgi'OSHOfl, until the composi-
tion of tho remaining lluid in that of the eiatectic, which
tlion so]_Dftratos in tho Holid Htato. In tlio case of alloys of
gold and nilvor tlioro is no outoctic, tho inelting points
rising regularly from that of silvor to that of gold.
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CHAPTER II.

HEAVY CHEMICALS AND ALKALI.

IN reviewing the progress made in chemical
industries proper, we are met with such a condition
of interdependence that it is impossible to avoid over-
lapping of the subjects to be treated. Moreover,
the steps made in the improvement and development
of processes, and in the evolution of new products,
are so numerous that space will not allow of a com-
prehensive scheme. Indeed, the library of t he Patent -
office, one of the best for technological literature,
cannot contain all that is due to chemists, nor disclose
to which chemists the credit should be given for many
important advances. We must, perforce, recognise,
however, that science is the basis of all substantial
development in the industrial arts, and that the rule
of thumb is dead.

It has often been said that the prosperity of a
country might be gauged by its output of sul-
phuric acid ; yet it is remarkable how little
the man in the street realises the importance of
this substance. He has a vague idea t l i a t it is
the same thing as, or in some way akin t o , vitriol,
which he knows is destructive to clothing, and is
associated with charges of criminal assault wherein
some evil-minded wretch has employed i t as the
agency for disfiguring the features of a fellow-being.
If he were told that, even in normal times, t h e world's
output exceeded 5,000,000 tons he would, marvel
how it is that he never sees, and probably never
has seen, the substance. The reason for this is,
that the consumer of large quantities of tlie acid
generally finds it convenient and economical t o make
it himself. Thus, although large quantities are
produced and consumed there is only a comparatively
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small quantity on the market. When we come
to consider its technical applications we find there
is scarcely an industry that does not depend directly
or indirectly on its use. It is employed in the
manufacture of superphosphate fortilisor, as a solvent
for metals—for example, in, the parting of gold
and silver—as a constituent of dipping baths for
cleansing brass and bronze castings, and is used
in tho electrolytic refining of copper. Ammonia
from tho coal-tar and shalo oil industries is absorbed
in sulphuric acid, the resultant sulphate being exten-
sively omployod as a fertiliser. (The world's
production of ammonium sulphate probably exceeds
1,500,000 tons.) The refining of oils, fats, and waxes,
and of tar and petroleum products is also carried out
with the aid of sulphuric acid, and it is extensively
used in the manufacture and sulphonation of dyestuffs.
Nitric acid, guncotton—and thorofore, cordite, collo-
dion and celluloid—nitroglycerine for dynamite,
phenol, picric acid, T.N.T., other, saccharine, many
drugs, liquid gluo, alum, porsulphates, and a host
of other useful Bubstancos are produced by processes
in which sulphuric acid is an essential factor. I t
must be remembered, moreover, that many such
substances are but tho starting materials for the
manufacture) of other products ; so that regarded
as a modiamil ancestor, sulphuric acid can boast
a genealogical tree of no moan order with many
a noble family and innumerable progony. Nor
must we forgot that not the least important of its uses
is in the laboratory, whore also many of its relations
arc to bo found among tho roagents required by
the chemist. Discovered in the fifteenth century
by the alchemists, it WUR made until about 1770
by two methods : (i.) by tho distillation of crystallised
sulphato of iron prepared by roasting iron pyrites ;
and (ii.) by tho combustion of sulphur in a bell jar
over water. Of these methods, tho first survived
until recently, boing the only method available
for making fuming acid, tho second being the fore-
runner of the modern load chamber process. Both
are attributed to Basil Valentino (15th century),
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who next discovered that by the addition of antimony
sulphide and nitre, the yield could be substantially
increased. Up to about the middle of the eighteenth
century the principal workers at the problem had
been alchemists—monks and others—the pioneers
of modern science ; and the only process t l ia t could
be called a manufacture was that with sulphate of
iron as starting material. At about t h a t time,
however, two French chemists, Xefevre and. Lemery,
produeed_a method, used on a small maniif acturing
scale, wherein a mixture of sulphur and nitre, without
antimony sulphide, was burned under a, bell-jar
over water. About 1770 Dr. Roebuck, of Birmingham,
first employed lead chambers containing water,
instead of glass bell-jars, thus considerably enlarging
the scale of operations. The procedure was the same
as in the bell-jar method. The floor of the lead
chamber was covered with a few inches of -water, and
a kind of stand in the middle of the floor carried the
charge of sulphur and nitre. The charge w a s ignited
ai.d the door was immediately closed a n d luted
securely. The operations of charging, bcurning, and
discharging were repeated until the acid, attained
the maximum strength compatible with t l ie safety
of the lead, when the liquid was drawn oE a n d concen-
trated. This was a discontinuous process, but in
principle it was the modern continuous method
in a primitive state. The transition from the one
to the other was gradual, the outcome of much
thought and research. A step towards continuity
of working was obtained by burning t l ie sulphur
in a separate vessel, and leading into the lead, chamber
the products of combustion, mixed with excess of
air, and the fumes evolved on treating nitre with
sulphuric acid. Complete continuity a n d greater
speed of working was obtained when Kestmer intro-
duced the injection of steam into the chamber.
The rationale of the process was explained b y chemists
by the aid of various theories, but a fact of great
importance was clearly recognised, viz., that the
nitric acid was merely a carrier of the atmospheric
oxygen, and needed to be used only in small quantity.


