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PREFACE.

—

IN contemplating the present work, the Author’s desire
was to furnish those who are engaged in the ELECTRO-
DEPOSITION OF METALS, and in the equally important
department of Applied Science ELECTRO-METALLURGY,
with a comprehensive treatise, embodying all the practical
processes and improvements which the progress of Science
has, up to the present time, placed at our command.

While the long-continued success of the Author’s former
work upon this subject, “Electro-Metallurgy Practically
Treated "—now passing through its Eighth Edition—testi-
fies to its having filled a useful place in technical literature,
the art of which it treats has during recent years attained
such a high degree of development, that it was felt that a
more extended and complete work was needed to represent
the present advanced state of this important industry.

In carrying out this project, the Author’s aim has been
to treat the more scientific portion of the work in such a
manner that those who are not deeply learned in Science
may readily comprehend the chemical and electrical prin-
ciples of Electrolysis, the knowledge of which is essential to
those who would practise the art of Electro-Deposition with
economy and success. He has also endeavoured to render
the work thoroughly practical in character in all its most
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vi TREFACE.

important details ; and having himself worked most of the
operations of the art upon a very extensive scale, he is
enabled in many instances to give the results of his own
practical experience.

ELECTRO-METALLURGY, which is now recognised as a
distinet branch of electro-chemistry, has been treated sepa-
rately, and those processes which have been practica'lly
adopted, such as the electrolytic refining of crude copper; are
exhaustively given, while other processes, now only upon
their trial, are described. In this section ao will be found
a description of the new process of electric smefting, as ap-
plied, more especially, to the production of aluminium and
silicon bronzes.

In conclusion, the author tenders his best thanks to
those who kindly furnished him with information, for the
readiness and promptitude with which they complied with
his requests.

Loxvox, December, 1885,

PREFACE TO THE THIRD EDITION.

IN producing a new and revised Edition of this work, the
Author has Leen enabled to make some further additions,
in the form of an Appendix, which it is hoped will be
found interesting and useful. He has also eliminated
certain details from the body of the work which later
experience has shown to be of a doubtful character, and
substituted other matter which he trusts will be more
useful to his readers.

Loxpox, November, 1888,
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ELECTRO-DEPOSITION,

CHAPTER 1.
"HISTORICAL REVIEW OF VOLTAIC ELECTRICITY.

Galvani’s Discovery.—Volta’s Discovery.—Simple Voltaic Circle.—The
Voltaic Pile.— Cruickshank’s Trough Battery.—Dr. Babbington’s Battery.
—Volta’s Couronne des Tasses.—Dr. Wollaston’s Battery.—Daniell’s
Battery.—Smee’s Battery.—Grove’s Battery.—Compound Grove Battery.
—Callan’s Iron Battery.—Bunsen’s Battery.—Walker’s Graphite Battery.
—Leclanché’s Battery.—Bichromate Battery.—Marié-Davy Battery.—
Secondary Batteries, or Accumulators.

Frox the date of the discovery of Voltaic Electricity, or Voltaism, in
the year 1799, experimental philosophers in all parts of the world un-
ceasingly devoted their labours to the investigation of the phenomena
which the electric current, generated by chemical action upon metals,
is capable of producing, until, step by step, the great Art of Electro-
Metallurgy was called into existence, and brought to its present high
state of development.

Before entering into the numerous applications of current electricity
in the deposition of metals upon each other, or upon other conducting
surfaces, it will be interesting and instructive to consider how this
remarkable force was discovered, and the various means which have
been adopted to bring it under our control as an agent of practical
utility. It has long been the custom to confound the terms voltaism
and galvanism, voltaic battery and galvanic battery, in relation to the
electric current produced or evolved by the action of chemical
substances upon metals of opposite character, but we think it is quite
time that the conventional error should be rectified, more especially
for the advantage of those who may be entering into the study of
electrical phenomena for the first time. Galvani’s discovery—which
was of a purely accidental nature—in no respect resembles that of his
equally illustrious fellow-countryman, Volta ; but since it undoubtedly
led to the still more important discovery of what has been termed
chemical electricity—that is, electricity obtained by the action of acids,

B
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a5 &‘ca, upcn metais—wa il briefly describe its origin, and thus render

more clear the apphcabﬂlty of the terms voltaic electricity or voltaism,
to the current produced by metals excited into chemical action by acid
or other solutions, in any way whatsoever.

Galvani’s Discovery.—Galvani, while professor of anatomy at the
University of Bologna, was suffering from indisposition, and his wife,
according to the custom of the country, was preparing for him a soup
made from frogs. The animals had been skinned, preparatory to
cooking, in the professor’s laboratory, where, probably, it was intended
to cook them. An electrical machine stood close to the spot where
the prepared reptiles lay, and the assistant, having set the machine in
action, happened, accidentally, to touch with the point of a scalpel
the crural nerve of one of the frogs which was close to the prime con-
ductor of the machine, when the limbs were instantly thrown into
strong convulsions. The phenomena was soon communicated to
Galvani by his wife, and he shortly after repeated the experiment
with various modifications, and found that the convulsions only took
place when the spark was drawn from the prime conductor, the crural
nerve being at the same time touched by a substance which was
a conductor of electricity. This was Galvani’s, if not his assistant’s,
discovery,* and formed the basis of much subsequent research, but it is
only related to what the world erroneously terms galvanism (voltaic
electricity) so far as it prompted Volta to investigate the subject, and
led to his brilliant discovery of ckemical electricity.

Volta’s Discovery.—This grand discovery was of an entirely dif-
ferent character to Galvani’s and of infinitely greater importance,
since it formed the basis of all the host of electric generators properly
known as voltaic batteries, but erroneously, as we have said, termed
galvanic batteries, which have since been devised. Professor Volta, of
Como, in one of his original experiments, discovered that when two
perfectly smooth and polished discs of metal—one being zinc and the
other copper—had their faces brought in close contact, that the zinc
became slightly charged with positive and the copper with nega-
tive electricity. To illustrate the experiment, the metallic discs
are usually about 6 inches in diameter, and each is furnished with

* There have been many different versions of the above incident, amongst
which the following was given by Arago: “ It may be proved,” said the
illustrious philosopher, “ that the immortal discovery of the Voltaic pile arose
in the most immediate and direct manner from a slight cold with which a
Bolognese lady was attacked in 1790, for which her physician prescribed the
use of frog broth” Since it is hardly conceivable that a physician’s wife
would have undertaken the task of preparing frog broth (an ordinary Italian
delicacy) with her own hands, in her husband’s laboratory, we are disposed to
believe that the incident, as above related, is more likely to be the correct one,
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a glass handle, as at Fig. 1. After being in contact for a moment
the dises are drawn apart (without friction) and either of them is pre-

gented to the cap of a delicate gold- h
leaf electroscope, furnished with a con-
denser, as shown in Fig. 2, when the
gold-leaves will separate, or diverge,
as seen in the cut. Let A B represent a
metallic disc insulated on a varnished
glass rod and connected by a wire with
the cap E of the electroscope, and let
A’ B’ represent a similar disc in free communication with the earth
by the wire, w. If the dises, Fig. 1, be drawn apart after a moment’s
contact and either of them be presented to the cap =®, the gold-
leaves will diverge to a certain extent. The process is to be repeated
gix or eight times, taking care to touch the cap of the electroscope
each time with the same disc, and holding it by its glass handle. If
now the disc A’ 8’ be moved towards the disc A B, as they approach
each other the gold-leaves will gradually collapse, and when nearly
in contact the electricity will be so far withdrawn from &, and con-

W
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Fig 2.

Fig. 1.

W

centrated at A B, that the leaves will hang nearly parallel. ILet
A’ B’ be now suddenly withdrawn to a distance; the electricity ac-
cumulated on A B will, in virtue of its expansive power, return and
diffuse itself over E, when the gold-leaves will again expand as
before. This evidence of electric action, set up by contact of twa dis-
similar metals, is not confined to zinc and copper, but may be deve-
loped in any two metals of opposite electric condition. A list of metals-
showing their electric relations to each other will be given hereafter.
Simple Voltaic Circle.—From the above important discovery
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Volta propounded the law: That by simple contact of dissimilar
bodies, the electricity belonging to one of them passes to the other,
whereby a new electric equilibrium is established in the individual
pair, which lasts so long as they are insulated (that is, separated by a
non-conductor of electricity) from other bodies, but no longer. It is
generally believed now, however, that the electricity developed by
contact of dissimilar metals—zine and copper, for instance—is due to
chemical action, and not to mere contact alone, for if this action be
promoted in any way, we have at once an evident increase of electrical
energy. For example, if we immerse a strip of zinc and a strip of
platinum in pure water, as in Fig. 3, a new kind of electric action,
termed electro-chemical action, is set up, by which the water becomes

Fig. 3.

slowly decomposed, and its constituents, oxygen and hydrogen gases,
liberated, the former at the zine, or more oxidisable metal, and the
latter (hydrogen) at the platinum, while at the same time a current of
electricity passes from the zine, through the liquid, Z the platinum,
and again returns to the zinc, whereby a continuous current is kept
up. The dart in the illustration shows the direction of the current.
If the circuit be broken, by separating the metals, bubbles of gas cease
to appear on the platinum, and electricity is no longer developed.

To illustrate the above facts more clearly, we will take two similar
strips of metal—zine and platinum—to each of which a piece of
copper wire is soldered, and we amalgamate the zine by dipping it into
a dilute sulphuric or hydrochloric acid, and then rubbing mercury
(quicksilver) all over it. If we now immerse the two strips in water
slightly acidulated with sulphuric acid, we find that there is no effect
produced upon either metal; if, however, we bring the ends of the
two wires in close contact, as ¥ Fig. 4, we at once observe that a
copious stream of bubbles of gas (hydrogen) issues from the surface of
the platinum, as though it were undergoing violent chemical action,
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while the zinc is apparently unaffected. We say apparently, butin fact
the zinc isgradually, thoughsilently, being dissolved in the acid solution,
while the platinum is totally unacted upon. From this it is evident
that some influence other than chemical action must cause the pheno-
mena observed. To prove that such is really the case, let us dip the
ends of the wires successively in a solution of sulphate of copper
(bluestone). Here again we find no effect, because the circuit is
broken ; but if we complete the cirewit by dipping both wires into the
solution simultaneously (the copper solution being a conductor of
electricity), in a few moments, on removing the
wires, we shall find that one of them—the wire
attached to the zinc—has become coated with a
deposit of metallic copper. The effect is more
striking if a brass or German silver wire be con-
nected to the zinc. In this simple arrangement,
therefore, we have a perfect voltaic circle, or bat-
tery, capable of doing a certain, though small,
amount of electric work proportionate to the
size of the plates.

Voltaic Pile.—Volta’s next important applica-
tion of his great discovery was in the construc-
tion of his famous apparatus or arrangement of
metals, known as the Voltaic Pile. This con-
sisted of a number of pairs of zinc and copper
plates piled one above another, with a piece of
pasteboard, moistened with dilute sulphuric acid,
or a solution of common salt, between each pair
of plates. The original form of #he pile or bat-
tery is shown in Fig. 5. In this arrangement
it is essential that the plates of each pair of
metals be in absolute electrical contact, either by
having the surfaces perfectly bright and clean,
or by uniting them by means of solder, which is
the more convenient method. The pile may consist of any number of
pairs, but their arrangement must be strictly in the alternate order of
zine and copper, with the intervening layer of pasteboard or moist
cloth between each pair. It is usual for the top plate to be zinc,
and the bottom one copper, to each of which a copper conducting
wire is soldered, for conveying the current to any substance to be
operated upon.

It will be seen that in neither of Volta’s methods of producing a
current of electricity was there any connection with the interesting
fact which constituted the discovery attributed to Galvani. In Volta’s
discovery we have a definite electro-chemical arrangement capable of
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unlimited extension, and susceptible of an endless variety of modifica-
tions, all based upon the same grand principle, to which, as we shall
show, we are indebted for every form of chemical battery which has
since been devised.

Cruickshank’s Trough Battery.—It will be obvious that in the
construction of the voltaic pile, as above arranged, much inconveni-

Fig. 6.

ence would arise, especially when a great number of plates are
employed, from the weight of the upper portion of the pile pressing
the moisture out of the lower portion, and thereby rendering it com-
paratively inactive. To overcome this, Cruickshank devised his well-
& known trough battery,

Fig. 6, in which the
plates were let into
grooves formed in a
shallow wooden
trough, the separate
rows of plates being
connected (as shown
by the curved wires)
by a short conducting
wire, while a length
of copper wire was
attached to each ter-
minal plate of the
geries, forming the
1 positive and negative
Fig % wires  respectively.

The plates were excited by a dilute solution of sulphuric acid. This
battery created considerable interest at the time, and afforded experi-
mentalists the means of pursuing their investigations in current elec-
tricity with greater facility than was possible with the pile. It may
fairly be considered the first really practical compound circle, or
battery, that had been produced up to that period. Although this
was a considerable improvement upon the pile, however, there was
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some inconvenience in removing the exhausted acid solution, and
this suggested a further improvement, for which we are indebted to
Dr. Babbington.

Dr. Babbington’s Battery.—This battery (Fig. 7) consists of eight
or more pairs of copper and zinc plates, usually about 4 inches square,
each pair being united by soldering at one point only. The trough,
which contains as many cells as there are pairs of plates, is generally
made of earthenware, and the plates are attached to a bar of wood, by
which arrangement the plates may be withdrawn from the exciting
fluid (dilute sulphuric acid, for instance) when the battery is not
required for use. It is necessary that the bar of wood should be per-
fectly dry, and coated with varnish in order to render it non-con-
ductive of electricity.

Volta’s Couronne des Tasses.—Still pursuing the subject, Volta
afterwards invented an arrangement, to which he gave the name
couronne des tasses (crown of cups) which was exceedingly simple and
effective. This consisted of a row of glasses or cups, each containing

Fig. 8.

dilute sulphuric acid. Zinc and copper plates, about 2 inches square,
are connected by a copper conducting wire (which may be con-
veniently attached by soldering), and the plates are immersed in the
cups in the following order (see Fig. 8): the zinc plate z of one
pair is immersed in one of the cups, and the copper ¢ in the next cup.
Another zinc plate is then placed in this second cup, but not touching
the copper plate, and its connected copper plate immersed in a third
cup, in which again another zinc plate is immersed, and so on, through
the whole series, the metals being arranged alternately, zine and
copper, zinc and copper, until the entire number of vessels are supplied
with one pair of opposite metals. It will thus be seen that, regardless
of the number of pairs, the last plate at one end will be zine, and at the
other, copper. The direction of the current is from the zinc ¢o the
copper. If the zinc plates be amalgamated, as before mentioned,
by which the chemical action of the acid solution upon the zinc
is prevented, except when the circuit is complete, either by contact
of fhe terminal wires, or by being immersed in a solution which is a
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conductor of electricity, we shall observe that the moment we bring
the wires in contact, a violent effervescence occurs at each of the
copper plates, which instantly ceases when the wires are again sepa-
rated. If glasses are employed in this arrangement, we can readily
observe the interesting excitement which is brought about in each
vessel the moment contact is made between the terminal wires, and
this lesson will explain to us what must and does take place in all
voltaic arrangements, no matter what may be the metals or elements
employed in the construction of the battery.

Dr. Wollaston’s Battery.—An important improvement in the pre-
ceding arrangements, but more directly in the battery designed by
A Dr. Babbington (Fig. 7), was the
*” 2 2 7 famous battery constructed by Dr.

Hﬂllll[lllﬂlllMIMIIMIIMIH"HIIIIﬂllll‘lllﬂlt , Wollaston in 1815, in which the

7 7 ‘ copper plates were doubled, as in
Fig. 9, by which each surface of
the zinc plates became opposed to a
surface of copper, whereby a con-
siderable increase of clectric energy
was obtained. The original form of
this battery, as shown in the en-
graving, consisted of a bar of wood
A, to which the plates are screwed.

/ . BB are the zine plates, connected as
Fig. o. usual with the copper plates, co,
which are doubled over the zinc
plates, and opposed to them in every direction; but the contact of
their surfaces is prevented by pieces of wood or cork placed between
them. When in use, the plates are lowered into a wooden trough con-
taining a solution of sulphuric and nitric acids—one part
of each acid to sixty parts of water. This important
improvement in voltaic batteries led to the discovery, by
its gifted inventor, that by increasing the copper surface,
the quantity of electricity was greatly augmented—one of
the most valuable facts that had yet been made known
in connection with voltaism.

Daniell’s Battery.—Another remarkable advance in
the construction of voltaic circles was due to Professor
Daniell, who, in 1836, contrived his celebrated Constant
Battery, a description of which appears in the Philoso-
* phical Transactions, 1836, p. 117, and runs as follows:
““ A cell of this battery (Fig. 10) consists of a cylinder of copper
3} inches in diameter, which experience has proved to afford the
most advantageous distance between the generating and conducting

Fig. 10.
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surfaces, but which may vary in height according to the power it
is wished to obtain. A membranous tube, formed of the gullet of an
ox, is hung in the centre by a collar and circular copper plate resting
upon a rim placed near the top of the cylinder; and in this is sus-
pended, by a wooden cross-bar, a cylindrical rod of amalgamated zine,
half an inch in diameter.* The cell is charged with a mixture of 8
parts of water and 1 part of oil of vitriol, which has been saturated
with sulphate of copper ; and portions of the solid salt [crystals] are
placed upon the upper copper-plate, which is perforated like a colander,
for the purpose of keeping the solution always in a state of saturation.
The internal tube is filled with the same acid mixture, without the
copper. A tube of porous earthenware may be substituted for the
membrane, with great convenience, but probably with some little loss
of power. A number of such cells admit of being connected together
very readily into a compound circle, and will maintain a perfectly
equal and steady current for many hours to-
gether, with a power far beyond that which
can be produced by any other arrangement of
a similar quantity of metals.” ﬂ:’fﬁ, :l u'“‘"lhl
The introduction of this remarkable. voltaic @1 %mﬂwmn f
battery established an important era in electro- hlﬂﬂllllﬂﬂ lﬂﬂl; i
chemical history, not only on account of its i ‘
practical merit as a gencrator of current elec-
tricity of great constancy, but from the possi-
bility, if not probability, of its having indirectly
led to the discovery of the electrotype process,
upon which, as we have shown elsewhere, the
whole art of electro-deposition is founded.
Smee’s Battery.—Another valuable addition
to the series of voltaic circles or batteries already
known was invented by Mr. Alfred Smee, to
whom, more than any other, the early electro-metallurgists were
indebted for a clear exposition of the principles of the art, at a time
when, being in its infancy, effects, rather than causes, occupied the

Fig. 11.

* In this battery the local action of the sulphuric acid on the zinc is
prevented by its amalgamation, which causes a film of hydrogen to adhere to
it 50 long as the circuit is incomplete. When complete this hydrogen goes
over to the copper, and by adhering to it interferes with the passage of the
electricity ; but the presence of the oxide of copper of the sulphate [of copper]
tends by secondary action to get rid of this hydrogen, which is employed in
reducing the oxide; and successive films of metallic copper are thus thrown
down upon the copper, and a clean metallic surface always preserved ; while
the deposition of copper upon the zinc plate (which would cause numerous
secondary circles) is prevented by the diaphragms [ox gullets).
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attention of its practical followers. Smee’s battery, Fig. 11, consists
of a pair of amalgamated zinc plates, with a plate of thin sheet-silver
coated with black deposit of platinum (by which a permanent rough
surface is obtained, which favours the escape of the hydrogen). The
plates are supported by a bar of wood, and are furnished with binding-
serews for connecting the conducting wires. The parts of the battery
may be thus described : 1, an earthenware or glass vessel containing
dilute sulphuric acid (1 part acid to 7 parts of water); 2, the bar of
wood to which the platinised silver plate is attached ; 3, the two plates
of amalgamated zinc, secured to the wooden bar by the binding-screw
or clamp ; 4, a second binding-screw connected by means of solder
to the silver plates.

Grove’s Battery.—In the year 1839, Professor Grove (the present
eminent judge), invented the most powerful voltaic battery known, in

Fig. 12.

which the elements are zinc and platinum, excited, respectively, by
sulphuric acid and nitric acid. Thisfamous battery, which is commonly
known as the ¢ Nitric Acid Battery,’’ or ‘ Grove’s Battery,’’ consists
of a flat cell of glazed porcelain, inside which is another cell of similar
shape but smaller and thinner, composed of porous (that is unglazed)



BUNSEN’S BATTERY. b 4

earthenware. A flat plate of zinc is bent in such a form that the
porous cell may be placed within its folds, by which a surface of zine
is exposed to each side of the inner cell. A plate of thick platinum
foil is inserted in the porous cell, and is of sufficient length to be
attached to the projecting end of the zinc plate by means of a binding-
screw or clamp. The inner porous cell is charged with strong nitrie
acid, and the outer vessel with a mixture composed of 1 part of oil of
vitriol to 6 parts water. The zinc plate is well amalgamated.

Compound Grove Battery.—In the accompanying engraving, Fig. 12,
is shown a single and also a compound arrangement of four cells of
the battery. A «is the bent zinc plate, B the platinum plate in the
porous cell. At ¢ is another platinum plate to show how it is to be
connected to a second zine plate when more than one cell of the battery
is to be employed. » is a glazed porcelain vessel containing a series
of four pairs of metals connected by clamps and binding-screws ; the
two latter (furnished with copper conducting wires) are connected, one
to the terminal zinc plate at E, and the other to the platinum element
at the opposite end of the series. Although an exceedingly powerful
battery and admirably suited for exhibiting the effects of voltaic or
current electricity, Grove’s battery is not well adapted to the purposes
of electro-deposition, owing to its costliness both in construction and
use; its importance in scientific research, however, cannot be over-
estimated.

Callan’s Iron Battery.—Amnother remarkable battery was invented
by Dr. Callan, and termed by him the Maynooth battery. This con-
sisted of a cast-iron cell charged with a mixture composed of twelve
parts of concentrated nitric acid and eleven and a half parts of
strong oil of vitriol. A porous cell, containing a plate of zinc and a
solution of nitric and sulphuric acids, was placed in the centre of the
iron cell, and a binding screw was attached to the iron cell, as also
one to the zinc plate, when the battery was complete. Dr. Callan
constructed a series of such circles consisting of 557 pairs, containing
96 square feet of zine and about 200 square feet of cast-iron. The
discharge of this powerful battery through a very large turkey in-
stantly killed it, and a luminous flame (or arc) was produced § inckhes
in length. The iron battery, though very interesting and useful for
experimental purposes, is not suited for electro-deposition.

Bunsen’s Battery.—One of the most useful batteries for the
practical purposes of the electro-metallurgist was invented by the
gifted Chevalier Bunsen, the elements of which are zinc and carbon
(graphite). As in the case of Grove’s battery the exciting fluids are,
for the zinc, dilute sulphuric acid (oil of vitriol), and for the carbon
strong nitric acid. The modern form of the battery is shown in
Fig. 13. The outer vessel is a cylindrical stoneware jar capable of
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holding about 4 gallons (though, of course, smaller cells may be used).
A plate of stout sheet zinc is turned up in the form of a cylinder, a,
and this is well amalgamated with mercury. A suitable binding screw
is attached to this cylinder to receive the conducting wire. A porous
cell, about 3} inches in diameter, is placed within the zinc, and in this
a block of gas carbon (obtained from the linings of old and much-used
gas retorts) is furnished with a suitable clamp B for attaching a
conducting wire, and the block is then gently deposited in the porous

Fig. 13.—Bunsen’s Battery.

cell. This cell is then nearly filled with strong nitric acid, and the
outer vessel is next filled to the same height as the nitric acid in
the porous cell, with dilute sulphuric acid—about 1 part acid to 10
parts water, when the arrangement is complete. This battery is ex-
ceedingly powerful, and is much employed in many of the processes
of electro-deposition.

In the original form of Bunsen battery a cylindrical block of carbon
was employed, but, since it was difficult to obtain these cylinders from
gas carbon, Bunsen adopted the following method of preparing them
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artificially : A quantity of well-baked coke and pit coal was ground
to a fine powder and the mixture heated over a low charcoal fire, in
sheet-iron moulds, or in the form of hollow cylinders, by introducing
into the iron mould a cylindrical wooden box and filling with the
mixture the space between the two walls of the mould. To render
the porous mass compact it was plunged into a concentrated solution
of sugar, and then dried until the sugar had acquired a solid con-
sistence. It was then exposed, for several hours, to a very intense
white heat in a covered vessel, and afterwards allowed to cool
gradually. The original form of this battery and its dissected parts
are shown in Fig. 14. The carbon cylinder carries a collar at its
upper part, upon which may be deposited a stout coating of copper
in the electrotyping bath, and to this a strip or band of sheet copper
may be attached, by means of soldering, to form the conducting
medium, a similar strip of copper being connected to the zine cylinder

Fig. 14.

of the battery. The copper deposited upon the carbon should be well
varnished with black japan varnish, so as to protect it from the action
of the nitric acid used as the exciting fluid in the porous cell. The
outer vessel being nearly filled with dilute sulphuric acid, and the
porous cell with nitric acid—both exactly at the same level—the
battery is then ready for work, and is undoubtedly one of the most
useful of all voltaic circles.

Walker’s Graphite Battery.—The late Mr. C. V. Walker intro-
duced a modification of Smee’s battery (page 9), in which he substi-
tuted plates of platinised graphite (carbon) for platinised silver, by
which an exceedingly effective battery is produced. These batteries
have been very extensively used in working the telegraph system of
the South-Eastern Railway, and may be advantageously employed in
electrotyping. The carbon plates are either cut from the graphite
obtained from exhausted gas retorts (the best material for the
purpose), or they may be substituted by artificially prepared carbon
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which is now being sold for this and other similar purposes. Mr.
‘Walker thus describes his graphite battery: Having obtained the
plates, the first operation is to prepare a mixture of one part sul-
phuric acid, and four parts water, and to let the plates lie in this for
at least a couple of days and nights. This operation will clean them
from all foreign matter that is soluble in sulphuric acid. They are
now to be rinsed in plain water, and set to dry. Each plate is then
to have a hole drilled in it, in order to receive a rivet. The top of the
plate is now to be protected with varnish on either side of the rivet
hole, and on both sides of the plate. An unvarnished part of about
an inch in width, and on both sides, is to be left in the middle, having
the rivet-hole in the centre. Electrotype copper is now to be de-
posited upon the part that is left unvarnished (by any of the processes
hereafter described). The object of coppering this part of the plate is
to enable a strip of copper to be soldered to it, which could not be

effected upon the graphite surface. A strip of eopper, about 6 inches
long, is then tinned, by moistening it with a solution of chloride of
zine (zine dissolved in muriatic acid), and applying pewter solder by
means of a soldering iron. The object in tinning the surface of the
copper is to prevent the acid from acting upon it. The copper de-
posited upon the graphite is also tinned in the same manner. The
next operation is to attach the slip of copper to the graphite plate.
This is done by means of a copper rivet, previously tinned, and then
by means of a soldering iron. A strong and perfect connection is
thus obtained. The plate is next to be platinised by the process given
in another chapter, after which the top of the plate and the copper
strip are to be thoroughly coated with varnish. Fig. 15 represents
three cells of the graphite battery, as employed for telegraph pur-
poses. The cells are stone jars, holding a pint or a quart ; the zinc
plates, which are well amalgamated, are placed with their foot in a
¢ glipper ”’ made of gutta-percha, in which mercury is placed, the
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object of which is to keep the plates constantly amalgamated. The
reader will observe how closely the arrangement of the plates re-
sembles Volta's couronne des tasses. The exciting fluid, as in the
Smee battery, is dilute sulphuric acid.

Besides the more important voltaic batteries referred to, numerous
other arrangements have been devised, but since most of these are of
little applicability in electro-deposition, a mere passing reference to
some of the more striking modifications will be sufficient to show how
varied are the means by which voltaic electricity may be generated.
It had been proved, as we have shown, that water alone was capable
of generating a current of intensity electricity, and this led to the con-
struction of a battery which received the name of the water battery.
Mr. Pepys had such a battery constructed of 2,000 pairs, which
was capable of giving a shock resembling that from the Leyden jar
employed in receiving electricity from an electrical machine. Mr.
Crosse and Mr. Gassiot constructed a still more extensive water
battery, consisting of 3,520 pairs, which were cylinders of zinc and
copper, separated by string. The exciting liquid was distilled water.
In this arrangement, sparks were found to pass defore contact of the
terminal wires, or poles, was made, which proves that the current more
resembles that obtained by friction (as from an electrical machine}
than from a voltaic circle. It isin fact an infensity current, with buf
Iittle of the quality termed gquantity, and therefore represents curreni
* electricity in its weakest form.

Leclanché’s Battery.—A battery which has been extensively
adopted for electric bells, and is now being much used as a substitute
for the Daniell battery and for telegraphic purposes, is the Leclanché
battery. It consists of an outer glass vessel in which the zinc element
(a rod of zinc) is immersed in a solution of sal ammoniac (chloride of
ammonium). A porous cell stands in the centre of the vessel, and in
this is placed a plate of carbon, surrounded by a mixture of peroxide of
manganese and carbon in coarse grains. This battery is very con-
stant in its action. Its inventor, M. Leclanché, of Paris, lays great
stress upon the importance of employing very pure peroxide of man-
ganese.

The Bichromate Battery, for experimental purposes, is a very
energetic and agreeable voltaic arrangement, and, unlike the batteries
in which nitric acid is used, it gives off no pungent fumes. The
battery, which is represented in Fig. 16, consists of a glass wide-
mouthed bottle, filled nearly up to its neck with a solution of bichro-
mate of potash, to which sulphuric acid is added. The solution is
thus prepared : A saturated solution of the bichromate is first pre-
pared, by dissolving about 3 ozs. of bichromate of potash in a pint of
boiling water. When quite cold, add about 1} ozs. of oil of vitriol,
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when the liquid will acquire a considerable degtee of heat. The
liquid must be again allowed to cool, when it is ready to be poured
into the bottle. The. mechanical arrangement of the battery consists
of a wooden cap, turned so as to fit into the bottle,
like a cork, but not too tightly. Two plates of
carbon are connected by a couple of binding-
screws to the cap, and between this pair of plates
a square plate of zinc, comnected by a rod to the
centre binding-screw, is placed, the rod passing
through a round hole in the centre of the cap, so
that the zine plate may be raised out of the liquid
into the empty neck of the bottle when the battery
is not required for use. :

Marié-Davy Battery.—An ingenious modifica-
tion of several of the voltaic circles before named
is that known as the Marié-Davy battery ; but its
employment is chiefly in connection with tele-
graphy. The elements are zinc and carbon (gra-
phite plates), and these excited by moistened bisulphide of mercury,
the zine plates being amalgamated, and the graphite plate platinised,
as in Walker’s battery. A section of this battery is shown in Fig. 17,

~ in which ¢ is the platinised
" graphite, & 4 the bisulphide of
mercury, ¢ a circular zinc plate,
and d a porous cell.
Secondary Batteries or
Accumulators. — Volta ob-
served that when a piece of
moistened paper was placed
upon a strip of glass, and caused
to complete the circuit of a vol-
taic battery, that it was found
to become electro-polar, that is
to say, that half which was in
contact with the positive ex-
tremity of the battery became
positive, while the portion at the
negative end became negative ;
and this electrical condition of
the paper continued for some
time after its separation from
the poles of the battery, provided that the insulation were maintained.
This is termed polarisation. The subject was afterwards further invest
gated, but no practical application of the fact seems to have take»

Fig. 17,
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place until Planté formed his now famous ¢“secondary battery,” in
1860, based upon the powerful affinity which exists between peroxide
of lead and hydrogen, a fact first noticed by De la Rive. Planté’s
battery is constructed as follows :—

It consists of nine elements, presenting a total surface of ten square
metres, each element being formed of two large lead plates rolled into
a spiral, and separated by coarse cloth, and immersed in water acidu-
lated with one-tenth of sulphuric acid. The kind of current used to
excite this battery depends on the manner in which the secondary
couples are arranged. If they are arranged so as to give three ele-
ments of triple surface, five small Bunsen cells, the zincs of which are
immersed to a depth of seven centimetres, are sufficient to give, after
a few minutes’ action, a spark of extraordinary intensity when the
current is closed. The apparatus, in fact, plays the part of a con-
denser, for by its means the work performed by the battery, after the
lapse of a certain time, may be collected in an instant. This secondary
battery has since been greatly improved by Faure, Sellon, and others,
and during the past few years secondary batteries have been very
extensively adopted in connection with electric lighting, and even for
the purposes of electro-deposition. When it is desired to keep the
baths at work during the night, as when depositing thick coatings of
copper, without running the dynamo, accompanied by the necessary
attendance, the secondary batteries are charged, and being put in
connection with the work and anodes in the tanks, are left to quietly
yield up their current and continue the deposition until the following
morning. Secondary batteries are extensively manufactured by the
Electric Storage Company, London, and will doubtless be adopted by
many electro-depositors to perform useful night work.

In the preceding pages we have directed attention more especially
to the principal modifications of voltaic couples or circles, to which
Volta’s splendid discovery gave rise; we may state, however, that
many other more or less ingenious batteries have been devised,
but since most of these are ill-suited to the purposes of electro-depo-
sition, a defailed description of them may be conveniently omitted.
Indeed, we may say, as regards those voltaic couples to which we
have referred, that for all practical purposes of the electro-depositor
of metals—or, if we may so designate him, electrolysist—the voltaic
batteries of Daniell, Smee, Wollaston, Grove, and Bunsen will fulfil
all his requirements.
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Oersted’s Discovery.—Inthe year 1819, Professor Oersted, of Copen-
hagen, made the important discovery that magnetism could be produced
by electricity, and it will be necessary to give a brief résumé of the prin-
cipal facts connected with this great discovery before treating of other
discoveries to which, in course of time, it gave rise. It had never been
believed that an electrified wire—that is, the wire which conveys the
current from a voltaic battery—and a magnetised needle (as the needle
of an ordinary mariners’ compass) had any mutual influence ; it was
considered merely the means of conveying, or conducting, the voltaic
current, and nothing more. Oersted proved, however, that while a
voltaic current is passing through the conducting wire, it has the power of
attracting and repelling a magnetic needle placed beneath it.

Electro-Magnetism.—If the needle be allowed to assume its
natural direction, and a straight portion of the electrified wire then
held above and parallel to it, the pole of the needle which is next to
the negative end of the battery (the wire connected to the zinc) moves
towards the west; if it be below the conducting wire the same pole
moves towards the east. This striking phenomenon may be illus-
trated by taking a piece of copper wire (ordinary bell-wire, for ex-
ample) about eighteen inches long, and connecting one end of it, by
means of solder, to a strip of amalgamated zinc, the other end being
connected in the same way to a strip of platinum or silver. The wire
must be bent in the form indicated in Fig. 18. If the plates be now
placed in a small glass or jar, and a magnetic needle (a pocket compass
will do) placed beneath the lower bend of the wire and exactly parallel
to it, no change will be observable ; if, however, we now pour water




THE GALVANOMETER. 19

acidulated with sulphuric acid into the glass, the needle will be
at once deflected, or turned from its course, and exhibit a tremulous
motion, as though under et o
some irritating influence.
There is not stronger evi-
dence of the development
of an invisible force,
by the chemical action
which takes place in the
cell, than is produced by
the motion of the needle
under the influence of
the copper wire through Fig. 18.

which that force is passing.

The Galvanometer.—The above important fact led to the construc-
tion of a most valuable instrument for detecting the presence of voltaic
or current electricity and measuring its intensity, and is termed a
galvanometer. 'These instruments are manufactured with great
delicacy and are constantly employed by electricians and telegraphists.
‘When the voltaic current passes above and below the needle at the
same time and in opposite directions, the deflection of the needle is
more powerful, for the current passing through the wire above the
needle conspires, equally with the current passing along the wire below,
to deflect the needle from its normal position and to bring it into a
new position nearer at right angles to the planc of the wire. Taking
advantage of these facts, Schweigger first conceived the idea of
utilising them as a means of detecting the presence of current elec-
tricity. The simplest form of 5 4
galvanometer is shown in ?

Fig. 19. It consists of a
magnetised needle so poised  J [,
as to be affected by the cur- L &
rent passing above and be- é <
neath it. ~ s indicate the
north and south poles of the
needle, and the darts explain
the direction of the current,
from its first entry at p to its
exit at N. The two small copper or brass cups are for the reception
of mercury for the purpose of connecting the wire with the voltaic
battery or other source of the electric current.

Another important fact in connection with Oersted’s fundamental
discovery, is that an electrified wire not only possesses the power of
turning the magnetic needle from its natural position, but it can also

Fig. 19.
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affect contiguous wires ; moreover, the effects above: described can
be muldtiplied by multiplying the convolutions of the wire, and if the
wire be insulated so as to prevent the escape of the currentlaterally, by
covering it with silk, the delicacy of the
arrangement in detecting weak traces of
the current is greatly increased. If, in-
stead of the needle being supported upon
a pivot, as in Fig. 19, it be suspended by
a thread of fine silk or filament of spun
glass, as suggested by Ritchie, its sensi-
bility is further increased. The sensibility of the instrument is still
further augmented by employing two needles, one above and one
within the coil, and placed parallel, but with their poles reversed,
whereby the magnetic influence of the earth is neutralised.

There are many forms of the galvanometer, but they all consist
essentially of a compass needle, with one or more strands of covered,
that is insulated, copper wire surrounding it, and arranged in the

- Fig. 20.

Fig. 21.

same direction as the needle, the two ends of the wire being connected
to two binding-screws, to which the terminals of the battery, or other
source of the electric current, are attached when the instrument is in
use. A common form of galvanometer is shown in Fig. 20, and a
still more convenient instrument in Fig. 21.

Having thus shown how the electric current, traversing copper
wire, influences the position of a magnetic needle, let usnow see what
effect it will have upon iron. To illustrate this, we will take the same
simple voltaic circle as before (Fig. 18), but in place of the naked
straight wire employed in the former case, we will take a length of
covered copper wire and form it into a helix, or coil, as in the accom-
panying cut, Fig. 22. Now, if we pass a small rod of iron through
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the coil, and then pour dilute sulphuric acid into the glass cell, we shall
find, on bringing an ordinary steel needle, or iron filings near the
projecting end of the iron rod, that they will be attracted by it, showing
that the iron has become magnetic. On removing the rod, however,
the iron will be found at once to lose its magnetic property, for the filings
will instantly fall from it. If the rod be replaced in the helix it will
again become magnetic. From this it is evident that an insulated
wire through which an electric current passes acquires a temporary
magnetic property; and the fact may be more fully demonstrated
in the following way.

Electro-Magnets.—A bar of soft iron is bent in the form of a horse-
shoe, asin Fig. 23. Covered copper wire is now twisted round the bar,
as in the illustration, and the two ends of the wire are connected to a
voltaic battery, asa Smee or Daniell battery, for example.
If, now, a bar of iron be brought near the two poles of the
artificial magnet thus formed it will be at once attracted to
them ; and if the current have sufficient power, this will
be capable of sustaining an additional weight. Indeed,
such electro-magnets, as they are termed, have been con-
structed which were capable of sustaining many hundreds
of pounds weight. The magnetic state established in the
way described is termed induced magnetism, to distinguish
it from the permanent magnetic condition of steel bar or )
horse-shoe magnets with which all are familiar, We  Fig. 23.
thus see how Oersted’s fundamental discovery led up to the invention
of the galvanometer and the construction of electro-magnets.

Magneto-Electricity.—In the year 1831, Michael Faraday—one
of the most brilliant observers of the present century—had been en-
gaged in investigating the phenomena above referred to, when it
occurred to him, since magnetism could be produced by electricity,
that magnetism in motion ought to produce an electric current, and in
order to verify his conclusion, he adopted the following device: A
long spiral coil of covered copper wire was connected by its ends to a
galvanometer, which would, of course, indicate a current of electricity
in the helix and wires connected with it; he found that in the act of
introducing the pole of a powerful bar magnet within the coils of the
spiral, a deflection of the galvanometer needle took place, in one
direction, and in the act of withdrawing it, took place in the opposite
direction ; so that each time the conducting wire cut the magnetic
curves, a current of electricity was for the moment produced in it.
He subsequently had a copper disc (Fig. 24) mounted so that it could
be made to revolve upon its own axis between the poles of a powerful
horse-shoe magnet ; a conducting wire w was placed in contact with
the axis of the copper disc, and a second wire «’ was put in contact
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with the circumference of the disc. The terminals of the wires arc
shown dipping into the mercury cups of a galvanometer g, and the
darts indicate the direction of the current. N s represent the north
and south poles of the magmet. When the copper disc is made to
revolve from right to left, a current of electricity is produced in the
direction of the darts, and the galvanometer needle is at once de-
flected ; if, however, the disc is made to revolve in the opposite direc-
tion, or if the poles of the magnet are reversed, the electric current
moves in an opposite direction.

Not only did Faraday obtain indications of an electric current by
the galvanometer under the above conditions, but by another modifi-
cation of the arrangement, in which the current was induced by an
electro-magnet, he succeeded in obtaining an electric spark. Subse-
quently, Nobili and Antinori, and in this country Professor Forbes,

Fig. 24.

obtained a spark from a permanent magnet. For this purpose a helix
of insulated copper wire was formed round the middle of the soft iron
keeper (or armature) of a powerful horse-shoe magnet ; on making and
breaking contact between the keeper and the magnet, magnetism was
alternately created and destroyed within it, and at these periods of
transition, electric currents were induced in the helix, and on so
arranging the conducting wires as at these moments to make and
break contact with mercury, a brilliant spark was observed at each
motion of the keeper. It was afterwards found that by causing the
poles of a powerful horse-shoe magnet to revolve rapidly before a soft
iron armature covered with insulated wire, or by a still better
arrangement to make the armature revolve before the poles of the
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magnet, an electric current was obtained possessing sufficient power to
render iron wire red hot. Thus the foundation was laid for the con-
struction of still more powerful contrivances, which, in due course,
were produced, the first of which was invented by Pixii, of Paris, and
first made known at a meeting of the Academy of Sciences on
September 3rd, 1832. In June of the following year, Mr. Saxton
introduced an improvement on Pixii’s machine, which, in 1835, he
further improved by adding to the machine a double armature. With this
machine he could not only produce brilliant sparks and give powerful
shocks, but it was found very effective in chemical decomposition. The
following description of this machine is thus given by Professor
Daniell, and since it was the first really practical magneto-electric
machine, its introduction here will be both interesting and instructive.

Saxton’s Magneto-electric Machine.—A very powerful horse-
shoe magnet, formed of numerous steel plates [a compound magnet]
closely applied together, or an electro-magnet of soft iron of the
same form, is placed in a horizontal position. An armature or bar of
the purest soft iron has each of its ends bent at a right angle, and is
mounted in such a way that the surfaces of those ends are directly
opposed and close to the poles of the magnet ; in this position it may
be made to rotate rapidly in a vertical direction by means of multiply-
ing wheels and an endless band. Two series of copper wires, covered
with silk, are wound round either end of this bar as compound helices.
The extremities of these wires, having the same direction, are con-
nected together and with a small circular disc, rotating with the
armature in a cup of mercury, with which it is, therefore, in metallic
communication in every position of the disc. The other extremities
of the wires are united together, and, passing without metallic con-
tact through the spindle upon which the apparatus turns, terminate
in a small slip of copper with two opposite points placed at right
angles to the axis. These, in the act of rotation, alternately dip into
and rise above the mercury in another cup, which may be connected
with the first at pleasure by means of a copper wire. By the laws of
magnetic induction the armature becomes a temporary magnet when-
ever its bent ends are opposite the poles of the magnet, and ceases to
be magnetic when they are at right angles to them. The momentary
generation and destruction of the magnetic force, which will be
oppositely directed in the bar as its opposite ends become opposed to
the same poles in the act of rotation, must, by the laws of magneto-
electric induction, induce corresponding opposite electric currents in
the copper wire, if the circuit be complete, by the immersion of the
points at the moment of their passage. The points are so arranged
that, standing nearly at right angles to the revolving bar, they just
rise from the mercury as its ends become opposed to the poles of the
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magnet, and, the circuit being thus suddenly broken at the moment
of the electric wave, the current passes in the form of a brilliant
spark. An illustration of Saxton’s magneto-electric machine is
shown in Fig. 25, of which the following description is given in
Noad’s ““ Text-Book of Electricity’’ :— *

¢a is a compound horse-shoe magnet, composed of six or more
bars, and supported on the rests b ¢, which are screwed firmly on the
board B »; into the rest ¢ is screwed the brass pillar ¢, carrying the
wheel f, having a groove in its circumference and a handle by which
it can readily be revolved on its axis. A spindle passes from one end

Fig, 25.—Saxton’s Magneto-Electric Machine.

of the magnet to the other, between the poles, and projects beyond
them about three inches, where it terminates in a screw at %, to which
the armatures, to be described immediately, are attached; at the
farther extremity is a small pulley, over which a gut band passes, by
means of which, and the multiplying wheel f, the armatures can be
revolved with great rapidity.

¢ The armatures, or inductors, as seen at F, are nothing more than
electro-magnets. Two pieces of round iron are attached to a cross-
piece, into the centre of which the spindle 4 screws. Round each of
these bars is wound, in a continuous circuit, a quantity of insulated

* & The Student’s Text-book of Electricity.” By Henry M. Noad, F.R.S,,
&c.  Edited by W. H. Preece, M.I.C.E.
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copper wire, one end being soldered to the disc i, the other connected
to the copper wire passing through but insulated from it by an ivory
ring. By means of the wheel and spindle each pole of the armature
is brought in rapid succession opposite each pole of the magnet, and
that, as near as possible, without touching. The two armatures differ
from one another ; the one termed the guantity armature is constructed
of stout iron, and covered with thick insulated wire ; the other, termed
the intensity armature, is constructed of slighter iron, and covered
with from 1,000 to 2,000 yards, according to the size of the instru-
ment, of fine insulated wire. The illustration exhibits the machine
with its guantity armature.”’

In the year 1847, the author’s brother, Mr. Charles Watt, Chemist
to the Australian Government, had such a machine constructed by the
late Mr. Henley, in which the driving-wheel, with spindle attached,
was fixed beneath the table, and the rotary motion given by means of
a treadle, as in an ordinary lathe. Considering the early period at
which it was made, the machine gave very satisfactory results in
electro-chemical experiments upon a moderate scale, but for any really
practical purpose it was quite unsuitable.

Woolrich’s Dagneto-electric Machine.—The first practical
application of magneto-electricity to the electro-deposition of metals
was made by Mr. J. 8. Woolrich, who, on August 1st, 1842, obtained
a patent for a magneto-electric machine which was adopted in several
large electro-plating establishments—the first of these machines having
been adopted, we believe, by Messrs. Prime and Son, of Birmingham,
and which those gentlemen, a few years since, exhibited to the author
as a disused relic, the functions of which had been transferred to a
more effective contrivance. We lately recognised this machine, which
had long done duty for this firm as a substitute for voltaic batteries,
at an establishment in London.

Wilde’s Magneto-electric Machine.—This important machine,
for which Mr. Henry Wilde obtained a patent in the year 1865, has
proved of immense service to those who required to deposit large
quantities of silver and other metals from their solutions. The
machines have also been largely used at the copper works of Messrs.
Elkington and Co., at Pembrey, near Swansea, for refining copper
from crude slabs of the unrefined metal. For a long time after its
introduction the Wilde machine remained without a competitor, and
‘was the means of greatly extending the usefulness of the art of electro-
deposition, more especially in the towns of Sheffield and Birmingham,
where they have been very extensively employed. We may state,
however, that the original form of machine has since been considerably
improved, and we are enabled, through the courtesy of the Electric
Engineering Company, of Manchester, successors to Messrs. H. Wilde
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and Co., to furnish the following particulars of the new machines,
which will doubtless prove interesting to those who deposit metals by
electrolysis upon a large scale.

Fig. 26 represents a 32-magmnet machine embodying Mr. Wilde’s
latest improvements. This machine is capable of depositing, in a series
of 130 vats, each having 40 square feet of positive and the same nega-
tive surface, an aggregate weight of over goo pounds of copper per

Fig. 26.—Wilde’s Magneto-electric Machine.

day of 24 hours, with an expenditure of 13 horse-power. The same
firm manufacture a 12-magnet machine of the same type as the fore-
going, for the purposes of electro-plating, which has been adopted
by many firms in Sheffield and Birmingham. This machine deposits
about 30 ounces of silver per hour, with an expenditure of § to 2 horse-
power.

The action of these machines is thus described by the Electric
Engineering Company in a communication to the author: ¢ These
machines (unlike the earlier ones of Mr. Wilde’s invention, which
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are excited by a separate machine), are self-exciting, but at the same
time are double-circuit machines ; that is, while the current from
one or two of the coils in the revolving armature disc is used for
exciting the series of electro-magnets, the current from the remainder
of the coils is used for external work. This arrangement is free from
the objectionable feature, common to single-circuit machines, of revers-
ing the current whenever the speed is from any cause reduced below
the usual amount, as the current from the polarised electrodes in the
depositing vats is then at liberty to return, and reverse the magnetism
of the machine while the speed is reduced, and is often a source of
much inconvenience and loss to the electro-plater.”” We are in a
position to corroborate this statement, having frequently known
dynamo-machines, otherwise exceedingly effective and regular in
their action, which have suddenly reversed while the bath was full of
work, causing the whole of the deposited coating to disappear, and
necessitating the recleaning of the articles. This untoward event has
usually occurred in establishments which derived their steam-power
from adjacent premises, the regularity of which could not be depended
upon, owing to the variety of purposes to which the power was
applied outside the plating works. It is within our own knowledge
that many nickel-platers, who had adopted dynamo-electric machines
in substitution for voltaic batteries, suffered much inconvenience from
the irregularity of hired steam-power, and in not a few instances they
have wisely purchased a gas-engine, with incalculable advantage to
their daily work, and far greater economy.

‘We understand that the Wilde machines have been successfully
adopted by electrotypers, in which field there will doubtless be
great extension of usefulness when our large printing firms recognise
the full importance of the American system of substituting electro-
typing for stereotyping, over which it has advantages which cannot
long remain open to doubt. These machines are also extensively used
in producing copper rollers for calico printing.

Gramme’s Magneto-electric Machine.—This machine, which
has attained a high rank as an electric-light machine, has not been
much adopted in this country for the purposes of electro-deposition.
It is, however, extensively applied on the Continent for these purposes,
and notably at the electro-plating works of MM. Cristofle, in Paris.
‘We lately observed one of these machines at work at the well-known
establishment of the Nickel-plating Company, Greek Street, Soho,
London, where it is employed in nickel-plating, and in depositing
copper upon steel shot for the Nordenfelt gun. The author’s friend
and former pupil, Mr. Charles Blaker, chemist to the above firm,
expresses himself much pleased with his Gramme, which appears to
do excellent work, and to give no trouble whatever.
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The Gramme machine, Fig. 27, consists essentially of a ring of
soft iron, covered with a large number of coils of insulated copper
wire, the respective ends of which are connected with the separate
sections of two commutators fixed upon the axis of the machine. This
ring, with its coils and commutators fixed upon its axis, revolves
between the poles of an electro-magnet. The capabilities of the
machine are thus described :—

Fig. 27.—Gramume’s Magneto-electric Machine.

¢¢ To deposit 6oo grammes of silver requires one horse-power, and a
speed of 300 turns per minute; the tension (electromotive force) of
the current being equal to that of two of Bunsen’s cells, and its
quantity equal to thirty-two such cells of ordinary size. At a speed
of 275 revolutions per minute it has deposited 525 grammes of silver
per hour ; ‘at 300 turns, 605 grammes ; and at 325 turns, 675 grammes.*

* When worked at so high a speed, the machine is liable to become heated
and its effectiveness thereby considerably impaired.
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The weight of the copper wire on the fixed electro-magnets was 135,
and on the movable ones 40 kilogrammes.* The present form of
the machine, as used for electro-deposition, is composed as
follows :—t

Totalweight . . . . . . . . . . 117°5kilogrammes.
Coppercoils . . . . . o0, L.t 470 s
Botaltheight .. 8 » ki atiel shuty s *6 metre.
Fotaliwidth( . o A e E =t SR

Deposits silver per hour . . . . . . 600" grammes.
Required power to workit. . . . . . 50 kilogrammetres.

Dynamo-Electricity.—After the introduction of Wilde’s Magneto-
electric Machine in 1866, and its subsequent exhibition before the
Royal Society, where its capabilities were fully demonstrated, the
late Sir Charles Wheatstone and Dr. Werner Siemens, experimenting
quite independently of each other, produced, almost simultaneously,
two machines, which were identical in principle, and involved a new
feature in magneto-electricity—the conversion of dynamic or mechanical
force into electric force without the aid of permanent magnetism. The
principle of this machine was explained by the late Sir C. W. Siemens,
in a paper submitted to the Royal Society in February, 1867,1 from
which we extract the following: ¢ Since the great discovery of
magnetic electricity by Faraday, in 1830, electricians have had
recourse to mechanical force for the production of their most powerful
effects ; but the power of the magneto-clectric machine seems to
depend in an equal measure upon the foree expended on the one hand,
and upon permanent magnetism on the other. An experiment, how-
ever, has been lately suggested to me by my brother, Dr. Werner
Siemens, of Berlin, which proves that permanent magnetism is not
requisite in order to convert mechanical into electrical force; and the
result obtained by this experiment is remarkable, not only because it
demonstrates this hitherto unrecognised fact, but also because it pro-
vides a simple means of producing very powerful electrical effects. The
apparatus employed in this experiment isan electro-magnetic machine,
consisting of one or more horse-shoes of soft iron, surrounded with insu-
lated wire in the usual manner of a rotating keeper [armature] of soft
iron, surrounded also with an insulated wire, and of a commutator con-
necting therespective coils in the manner of a magneto-electric mackine.
If a galvanic battery were connected with this arrangement, rotation
of the keeper in & given direction would ensue. If the battery were

* Telegraphic Journal, vol. i. p. 54.
1 Zbid., vol. iii. p. 198,
{ Proceedings of the Royal Society, vol. xv. p. 397
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excluded from the circuit, and rotation imparted to the keeper in the
opposite direction to that resulting from the galvanic current, there
would be no clectrical effect produced, supposing the electro-magnet
were absolutely free of magmetism ; but by inserting a battery of a
single cell in the circuit, a certain magnetic condition would be set
up, causing similar electro-magmetic poles to be forcibly approached
to each other, and dissimilar poles to be severed, alternatively, the
rotation being contrary in direction to that which would be produced
by the exciting current.

¢ Each forcible approach of similar poles must augment the mag-
netic tension and increase, consequently, the power of the circulating
current ; the resistance of the keeper to the rotation must also increase
at every step until it reaches a maximum, imposed by the available
force and the conductivity of the wires employed. The co-operation
of the battery is only necessary for a moment of time after the rotation
has commenced, in order to introduce the magnetic action, which will
thereupon continue to accumulate without its aid. With the rotation
the current ceases ; and if, upon restarting the machine, the battery
is connected with the circuit for a moment of time with its poles
reversed, then the direction of the continuous current produced by the
machine will also be the reverse of what it was before. Instead of
employing a battery to commence the accumulative action of the
machine, it suffices to touch the soft iron bars employed with a
permanent magnet, or dip the former into a position parallel to the
magnetic axis of the earth, in order to produce the same phenomenon
as before. Practically it is not even necessary to give any external
impulse upon restarting the machine, the residuary magnetism of the
electro-magnetic arrangements employed being found sufficient for
that purpose.’’* The principle of the dynamo-electric machine is thus
further described by Dr. Siemens: ¢ Induced currents are directed
through the coils of the electro-magnets which produce them, in-
creasing their magnetic intensity, which in its turn strengthens the
induced currents, and so on, accumulating by mutual action until a
limit is reached. . . . The name dynamo-electric machine is given
to it because the electric current is not induced by a permanent mag-
net, but is accumulated by the mutual action of electro-magnets
and a revolving wire cylinder or armature. It is found that as the
dynamic force required to drive the machine increases, so also does the
electric current ; it is, therefore, called a dynamo-electric mackine.”’

Siemens’ Dynamo-electric Machine.—This remarkably effective

% In wrought iron there is always some residual magnetism ; there is,
therefore, no necessity to start the magnetism with a permanent magnet.—
Dr. Siemens.
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apparatus (Fig. 28), which, in its application to electric lighting has
attained the highest rank, and from its great power, uniform action,
and reliability has done much to establish the practicability and use-
fulness of electric lighting, is also manufactured by Messrs. Siemens
Brothers, at their extensive works at Charlton Pier, Woolwich,
specially for the purposes of electro-deposition and the refining

Fig. 28.—Siemens’ Dynamo-electric Machine.

of copper by electrolysis. One of these machines, suitable for electro-
typing, works up to 4 baths arranged in series, and deposits in each
oell up to 7 ozs. of copper per hour, the cathode surface of each cell
being 21 square feet. The electromotive force is equal to 3 to 6
Daniell batteries, and the power absorbed 14 horse-power. A machine
suitable for silver-plating, coppering iron, &c., works through a
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single bath or more, placed parallel, and deposits 11 ozs. of silver per
hour, with an absorption of § to 1 horse-power. A third type, suit-
able for nickeling, brassing, &e., deposits 13 ozs. of nickel per hour,
producing ¢ a good deposit of nickel in three minutes over a surface of
10 square feet. Difference of potential at the terminals, 6 to 12
Daniells; absorption of horse-power % to 1.”” The larger type of
these machines, ¢ C 12,”” is constructed for the purposes of refining
copper from the crude metal, and is capable of depositing 5 cwt. of
copper per twenty-four hours, with 7} horse-power, provided the
anodes do not contain more than 4 per cent. impurities. For this
machine forty baths are required.

Weston’s Dynamo-electric Machine.—The introduction of this
clever machine from the United States, in 1874, by Mr. A. Van

Fig. 29.—Weston’s Dynamo-electric Machine.

‘Winkle, of the firm of Condit, Hanson, and Van Winkle, gave an ex-
traordinary impetus to the nickel-plating industry throughout the
whole country. Being of small dimensions, of compact form, and
yielding an abundant current, it became readily adopted by a large
number of firms. It was at the author’s suggestion and recommenda-
tion that the first of these machines was tried and adopted by the
Plating Company, Limited, of Kirby Street, London, in that year,
and though he had some difficulty in overcoming the prejudices of the
foreman of thatestablishment, byinsisting upon a fairtrial being given
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and taking care that no obstacle should be thrown in the way, he suc-
ceeded in securing not only a fair trial of its capabilities, but its ready -
adoption by the company. The Weston machine was subsequently
adopted by a great number of firms, amongst which were many that
would probably never have embarked in nickel-plating but for the facil-
ity which this machine offered in generating the requisite electric cur-
rent at the cost of less than one horse-power. There can be no doubt
whatever that the remarkable development of nickel-plating in this
country and in America, as also the substitution of electrotyping for
the stereotype process in American printing establishments, are greatly,
if not chiefly, due to the introduction of the Weston dynamo-electric
machine.

Gulcher Dynamo-Electric Machine.—This machine, which is
manufactured by the Giilcher Electric Light Company, at Battersea, is
specially constructed to suit the requirements of electro-metallurgists
and electro-platers, and has been successfully adopted, at Swansea, by
Messrs. Vivian, and Messrs. Lambert and Co., for the electrolytic
refining of copper. The machine has also been adopted by Mr. W.
H. Hills, of Chester, for the same purpose, and by Mr. Bown, of
Birmingham and others for nickel-plating. Several large firms are
also using this machine for electro-pickling sheet-iron plates previous
to tinning them. These machines work at low speed, and have ample
bearing surfaces, so that while steadiness and regularity of current
are insured, with absence of sparking, the wear and tear are greatly
reduced. Having used one of the improved Giilcher machines during
a period of many months, we may say that it enabled us to carry out
a long series of practical trials with perfect ease and certainty, and
in no instance did it fail to yield what was required—a perfectly
steady and regular current. The following description explaining
the construction of the Giilcher machine has been forwarded at
our request by Mr. W. C. Mountain, the manager of the Giilcher
‘Works :—

This dynamo may be described as of the Paccinoti type, i.e. the
armature of the machine is in the form of a fly-wheel, and the copper
conductors in which the current is induced are wound on the rim at
right angles to the circumference. This armature, when finished, is
mounted upon a steel spindle, and revolves between electro-magnets
having alternate north and south polarity grouped round its eircum-
ference. The engraving, Fig. 36, represents a Giilcher dynamo with
four poles, that is, two north and two south. It has been recently .
found, in making the ordinary sizes of this dynamo, that it is not
advisable to increase the number of the poles beyond four or six,
the most economical plan being to make the magnets heavy, that is,
large in section, on account of the increased efficiency thus obtained,

D d
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Fig. 30.—Giilcher’s Dynamo-electric Machine.
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Upon examination of the woodeut it will be noticed that as the arma-
ture revolves in the bearings it passes between the pole-shoes grouped
round the circumference, the result being that lines of magnetic force,
which may be said to sprout out from the magnets, are cut at right
angles by the armature coils, which sets up an E.M.F. and current.
The current from the armature thenm passes by connecting-wires to
the commutator, which is placed between the outside bearing and the
frame of the machine. The commutator is composed of a number of
wedge-shaped copper bars, cramped together by a gun-metal sleeve,
each section being carefully insulated with mica ; the number of sec-
tions corresponds with those on the armature, and varies from sixty
to one hundred and eighty, according to the size of the dynamo.

On the end bearing a revolving strap is fixed carrying two spindles,
upon which the collecting brushes are placed. The strap is made so
that it will revolve backwards or forwards, in order that the brushes
may be placed in any desired position upon the commutator. The
brush-holders are made of gun-metal, and are never less than two,
and sometimes as many as six in number, according to the output of
the dynamo. These are arranged with a throw-off catch and tensién-
adjusting screw, so that the brushes may be thrown back, and held off
the commutator when desired ; or the tension of the brush upon
the surface of the commutator can be accurately adjusted. Flexible
connecting-cables are attached to each brush-holder, and led to ter-
minals on each side of the machine, from which points the current
generated by the dynamo passes by main cables to the depositing or
plating tanks, or to the arc and incandescent lamps, according to the
purpose for which the dynamo is required. The magnets used in
these machines are constructed of the softest wrought iron obtainable,
which is carefully annealed before using ; the inside ends of the mag-
nets are connected by a cast-iron pole-shoe; the outside ends of the
bars are turned down slightly, and are secured by nuts into the two
cast-iron circular frames of the machine; this method of construction
gives ample magnetic contact. The magnet coils are wound on loose
bobbins made of charcoal iron, the object being to enable the coils to
be taken off and readily replaced in case of accident.

The armature hub, which is in the form of a pulley, is made of the
finest quality of phosphor bronze, and the rim wound up with char-
coal-iron wire of rectangular section ; when finished it has the form of
a fly-wheel. This construction of the armature totally avoids all
heating, and consequent loss of efficiency. Special attention is also
paid to the construction of the bearings, a point of vital importance
in any class of machinery constructed to run at high speeds for a
lengthened period. The cast-iron brackets or pedestals are bolted to
the bedplate of the machine, each bracket being fitted with a cast-iron
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cap, which affords means of adjustment. The bed for the phos-
phor bronze bearing is then carefully bored and faced to a stan-
dard size and length, and bushes of the
same material, which are also of standard
sizes, and in halves, are fitted. The side
frames of the machine are made in halves,
and secured by four turned bolts, so that by
simply removing them, and taking off the
bearing caps, the top of the machine can be
lifted off, and the armature and spindle lifted
out of the dynamo.

The Giilcher Company also manufacture
a 2-pole vertical type dynamo, specially for
electro-plating purposes. This machine,
which is shown in Fig. 31, is made in four
sizes, and from the moderate prices charged,
from £25 to £40, are well suited for small
plating works. The smallest of these
machines is constructed to give a current
of 100 ampéres, and the larger machine 300 ampéres, with an E M.F.
of § wolts. The speed required is about 1,500 revolutions. We
recently saw some of these machines in course of construction, and
were much pleased with the evident care that was bestowed upon
them.

Crompton’s Dynamo-Electric Machine.—This machine (Fig.
32), which is manufactured by Messrs. R. E. Crompton & Co., of
Chelmsford and London, has been extensively adopted for electric
lighting, both for public and private use, and has also been applied
to the refining of copper by electrolysis, several of the machines
having been supplied to Messrs. Vivian & Sons, and Messrs. Williams;
Foster & Co., of Swansea. The special advantages claimed for the
Crompton dynamo have been described to usas follows :—The machines
have a very strong magnetic field; the armature, which in large
machines has to stand so severe a strain, is a thoroughly good
mechanical job, as the core is carried on radial bars made of the
hardest and toughest aluminium bronze, fitted to the spindle by a
dove-tailed joint, so that the whole of the twisting strains are trans-
mitted direct from the spindle to the winding, and thus many of the
old breakdowns arising from the slipping of the core, or the rising of
the core, are entirely done away with. The efficiency of these machines
is remarkably high, 94 per cent. appearing as useful electrical power
at the terminals of the dynamo. The machines for electro-deposition
are in three standard sizes, namely : 50 volts, 500 ampéres; 50 volts,
750 ampéres ; and 50 volts, 1000 ampéres : the horse-power required
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being respectively 35}, 53, and 71. The same firm have recently
constructed the largest dynamo in the world for the Cowles Electric

B
R.E.CROMPTON&CO

Smelting Furnaces at Stoke-on-Trent, to which reference is made in
another part of this work.

Schuckert’s Dynamo-electric Machine.—This machine, which
is extensively used in Germany, is said to be very successful, more
especially in its larger types. We have, however, seen one of the
smaller machines employed for electrotyping, at Messrs. Cassell and
Co.’s, Ludgate Hill, London, which we were informed gave perfect
satisfaction. Whilst almost noiseless in action, it presented the ap-
pearance of being an exceedingly well-constructed machine. We
understand that the more closely the maker follows the original
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design of the inventor, the greater is the practical value of the
machines. The larger type of this dynamo is shown in Fig. 33. By
winding the bobbin and the coils of the electro-magnets with a finer
wire, the number of volts may be increased—two, three, or fourfold,
without altering the power or the speed of the machine.

Fig. 33.—Schuckert’s Dynamo-electric Machine,

Mather’s Dynamo-electric Iachine.—This is an American
machine, designed by Mr. Mather, of New York, in which the
Siemens armature plays an important part. It is said to be a very
strongly constructed machine, and well combined as regards the
magnetism and the access of the brushes. One type of this machine,
which runs at a speed of 800 revolutions per minute, is said to deposit
10 kilogrammes of copper at an expenditure of 7 horse-power.
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mo-electric Piles and Batteries.—C. Watt’s Thermo-electric Battery.—
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Thermo-Pile—NGe’s Thermo-Battery.—The Future of Thermo-Elec-
tricity.

Seebeck’s Discovery of Thermo-Electricity.—In the year 1821
Professor Seeébeck, of Berlin, made the remarkable discovery that
when a bar of antimony, ¢, Fig. 34, with a piece of brass wire coiled
round it, 5, and attached to the other end in the form of a loop, ¢,
was heated by the flame of a spirit lamp at 5, where the two metals
were in contact, that this caused the deflection of a magnetic needle
placed at d. The discovery established the fact that electricity could
be generated by the action of heat upon two different metals. A more
effective arrangement for producing a current in this way is obtained

a.
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Fig. 34.

Fig. 35.

by means of antimony and bismuth united, as in Fig. 35, so as to
form a hollow parallelogram, A representing the bar of antimony, and
B, a bar of bismuth; on applying heat to one of the junctions, by a
spirit lamp, a gquantitative current of electricity is put in motion
through the metals, which is immediately indicated by the deflection
of a magnetic needle, and this effect is considerably increased if the
opposite junction of the metallic bars be at the same time cooled, by
the application of ice, or a freezing. mixture (or blotting-paper
saturated with ether). It is not necessary, however, that two metals
should be employed to produce the above result, for although a
platinum wire, connected to a galvanometer, and heated, produces no
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effect upon the needle, if it be knotted or twisted a deflection is
noticed, showing, when heat is applied on the right of the knot, that
the direction of the current is towards the left; this effect is ascribed
to the unequal rate at which the heat travels on the two sides of the
obstruction ; and again, if the wire be divided, one end of it being
cooled, and the other heated, the needle will deviate when the
metals are brought into contact, indicating a current from the hot to
the cool surface. If a bar of bismuth be soldered to one end of the
galvanometer wire, and a bar of antimony to the other, no effect
is produced on bringing the two bars into contact when they are
both of the same temperature ; but if one of them be either heated or
cooled, and then made to touch the other, the flowing of an electric
current is immediately indicated.—Brande.

Sir William Thomson proved, in 1856, that if portions of a metallic
wire be stretched by weights, and connected with other portions of
the same wire not so stretched, that, on applying heat to their
junctions, a current is determined from the stretched to the unstretched
wire through the heated point.

All metals, as also some other bodies, are capable of yielding thermo-
electric currents, and it has been shown that this property has no
connection with their voltaic relations to each other or with their con-
ductibility, either as regards heat or electricity. In arranging a
thermo-electric series, the greatest effects are obtained when the most
positive is connected with the most negative metal.. When any two
metals in the subjoined series are heafed at their point of junction,
electricity is developed in such a manner that each metal becomes
positive to all below, and negative to all above it in the list, the
reverse order being observed when the point of junction is cooled :—

THrRMO-ELECTRIC SERIES.

Galena. Rhodium.
Bismuth. Gold.
Mercury Copper.
Nickel Silver.
Platinum. Zine,
Palladium. Cadmium.
Cobalt Charcoal.
Manganese} Plumbago.
Tin. Iron.
Lead. Arsenic.
Brass. Antimony.

Dr. Matthiessen arranged the following order and electric energy
of various bodies for temperatures usually ranging between about 40°
and 100°. In the table the electromotive force of the thermo-current
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excited between silver and copper is taken as equal to 1, the current
passing from the silver to the copper at the heated end. The numbers
represent the force of the current between silver and each metal in
succession, heated at the same point. Where the positive sign - is
prefixed the current is from the silver to the other metal at the point
of junction ; and where the negative sign — is prefixed, the current
is from the other metal at the heated point towards the silver. The
asterisks signify that the metal specified is supposed to be chemically
ure.
: THERMO-ELECTRIC ORDER OF METALS.

+ -—
Bismuth, commercial pressed Gas coke, hard . . . . . o037
WATRLS i i SIS Y 35181 *Zinc, pressed wire . . . . 0208
*Bismuth, pressed wire . . 3291 *Copper, voltaic* . . . . o244
*Bismuth,cast . . . . . 2496 ¥Cadmium . . . . . .o0'332
Crystallised Bismuth, axial 24°59 Antimony, pressed wire . . 1’897
Crystal of Bismuth, equato- Strontium . . . . . . 2028
AL e R 17317 Lithinmi e s et ne ol s na:7 68
CobaltE B e e e 8107 ¥Arsenic . . . . . . . 3828
Potassium . . . . . . 549 Calecium . . . . . . . 5260
INiokelraRe s N 502 Iron, pianowire. . . . . 5218
Palladium . . . . . . 356 Antimony, axial. . . . . 6965
Sodium . . . . . . . 3004 Antimony, equatorial . . . 9435
*Mercury . . . . . . . 2524 | *Red Phosphorus . . . . 9600
Aluminium . . . . . . 1283 | *Antimony,cast . . . . . 9871
Magnesium . . . . . . I'I75 Alloy, 12 bismuth . . .
*Lead, pressed wire . . . 1'029 » Itinjcast . . } 13670
*Tin, pressed wire . . . . I'000 Alloy, 2 antimony . . . "
Copper wire. . . . . . 1000 5 I zing, cast . } 2279
Plafinumies . o S 0 asopzza [ K Telluriums: AR S-S0 § $170780)
Tridinmp.re oo e e o 1. 011631 | i%Selenium: Ty oGS AAe29070
*Antimony, pressed wire . . 0'036
KSilVerse g o Lol Lol g A 01000!

Thermo-electric Laws.—According to Becquerel, the following
laws govern the development of electricity in thermo-electric pairs:—

1. In a thermo-electric couple, so long as the difference in tempera-
ture between the two junctions remains the same, the current is
rigorously constant.

2. In a thermo-electric pile the intensity of the current, all else
being equal, is proportional to the number of couples.

3. The intensity of thermo-electric currents increases with the
difference of temperature between the junctions; and if one be at
zero, this intensity is proportional, within the limit of 40° to 45°, to

* Electrolytic Copper.
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the temperature of the other junction. In this law the limit of 45° is
applicable to a copper-antimony couple, but it varies with the metals.
For iron and copper it extends as far as 300° and as much above that
for iron and palladium.

Thaormo-electric Piles and Batteries.—Since Seebeck’s dis-
covery was made known, many attempts have been made to design
thermo-electric apparatus capable of being utilised as an economical
source of electric power. The arguments adopted, when the first
efforts were made in this direction, some forty years ago, when elec-
tricity, for practical purposes, was chiefly derived from voltaic
batteries, was this : ¢ There will be no consumption of zinc, acids, and
mercury ; no attention necessary after the thermo-battery is once set
in action; only moderate heat required to excite electric action in
the metals ; so we shall get our electricity for next thing to nothing.””
That was the impression in the minds of many at the time we refer to,
and it will certainly not astonish us if at some future period thermo-
electricity realises the hopes and aspirations then expressed. The
splendid results obtained by means of magneto and dynamo-electric
machines may have diverted the attention of electricians from a closer
study of thermo-electricity than we believe the subject demands, but
we are inclined to think that at no distant date the conversion of heat
into electric energy will receive more attention than has hitherto been
accorded to it.

The first practical application of Seebeck’s discovery was made by
Moses Poole, who, in 1843, obtained a patent for the use of a thermo-
pile, which, however, did not meet with much success. Many sub-
sequent efforts were made to bring thermo-electricity into practical
use, amongst which may be mentioned a thermo-electric battery
devised by the author’s brother, Mr. Charles Watt, in 1851, and re-
constructed by the author two years later. Thisbattery was originally
designed to consist of two thousand pairs of bismuth and antimony
plates, but a difficulty arose in its construction owing to the very
fragile nature of the metals, when combined in an extended series.
Each pair of plates having to be united by pewter solder, it was found
to be exceedingly difficult to complete even a single row of couples
without an accidental fracture, or fusion of the bismuth while
soldering the junctions, and after many futile attempts the construction
of the battery had to be abandoned. In 1853, however, the author
determined to make an attempt to reconstruct the battery, which he

-succeeded in doing, unaided, in about six or eight weeks. This
thermo-battery was constructed as follows :—

C. Watt’s Thermo-electric Battery.—The elements employed
were bismuth and antimony, and the plates were of the form shown
in Fig. 36, being about 3 inches in length, and about one-eighth of
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an inch in thickness, the different metals being cast in moulds of
_uniform size and form. Fig. 37 represents a single pair of elements
united by solder at their lower extremity,  being the antimony and &
the bismuth plate. Two conducting wires (p and ) indicate the
poles or electrodes. To construct the batteryin such a way that it
would not be liable to injury, even from trifling accidental causes,
was by no means an easy task; the solder employed, owing to the
ready fusibility of bismuth as compared with antimony, was the
most ¢‘ easy running ’’ solder that could be procured, and if great
care were not exercised in heating and applying the soldering iron,
the bismuth, uniting with the solder and forming fusible metal, would
run, or melt, before the solder could be made to attach itself to the
antimony. To prevent these mishaps; which had been greatly the
cause of failure in constructing the battery originally, it was deter-
mined in the first instance to ‘‘tin,’’ that is spread, the solder upon
those edges of each of the antimony plates which were to be united
to the bismuth, and, by so doing, a very delicate application of the
soldering-iron, well supplied with the

S molten alloy, soon united the metals at
their extremities with little or no acci-

dental melting of the bismuth. In fact,

the soldering-iron was simply drawn

along the points of junction with a steady

Fig. 36.  and uniform sweep, by which the respec-
tive couples were securely and perfectly

united with little or no accident when the hand had become accus-
tomed to the manipulation. It may be mentioned as a fact that many
different workmen had endeavoured to solder the bismuth and antimony
couples, but had been compelled to give up the task as hopeless owing
to the frequent melting of the bismuth when the soldering-iron was
applied, and the snapping of the fragile plates when but a few of them
were united. In order to prevent the breaking of the plates by their
own weight when a large number were united in a series, a bar of well-
seasoned beech, smoothly planed on all sides, and nearly two inches in
thickness, being perforated at the ends to receive screw bolts, was laid
across a trestle ; one or two pairs of the metals were then laid edge-
wise across the bar, with their projecting surfaces overlapping the
two vertical surfaces of the wooden bar; a second wooden bar was
then placed over the couples in the same way, a half-inch wooden
wedge being placed between the two bars, at the opposite end, cor-
responding with the narrower parts of the plates, the two ends of the
bars nearest the plates were then securely tied together, and those at
the opposite end temporarily fastened in the same way. Being thus
secured, the soldering-iron was applied first to the lower end of the first
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couple, then to the upper ends of the second and third plate, and next
to the lower end of the second couple; these being secured, other couples
were introduced by carefully untying the cord at the opposite end of
the wooden bars, removing the wedge, and passing the pairs of
metals between the wooden bars until the whole series were intro-
duced. The cord was again applied and made rigidly secure, and the
soldering-iron again applied until the entire series of couples had
been soldered on one side ; when this was effected the bars were turned
over and the bottom surfaces of each couple carefully soldered ; by
shifting the position of the wooden bars the three anglesof each pair,
alternately top and bottom, were united by soldering until the whole
row or series of plates had been connected. The ends of the wooden
bars were next made secure by means of screwed bolts, when the
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Fig. 38.—C. Watt’s Thermo-electric Battery.

arrangement of the first series was complete. The end plates of each
series were, respectively, bismuth and antimony. Five such groups
were constructed, and these were afterwards formed into a compound
battery in the following way :—

A wrought-iron chamber A, Fig. 38, fitted with a pipe 4, was fur-
nished with an inner flange at each end, upon which the bars carry-
ing the soldered couples rested ; each row of plates was connected at
its positive end with the negative plate of the next row by a bent
wire, as in the engraving, and the terminal wires ¥ and » then con-
nected by soldering. The chamber was supplied with oil to the depth
of about three inches, heated, when the battery was required for use,
by means of gas jets from a perforated pipe placed beneath the
chamber. The upper surfaces of the plates were cooled by means of
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a four-winged fan (¢) of simple construction, set in motion by a pulley
(@) connected by a strap to a revolving shaft above. This fan, the
frame-work of which was of wood, was covered with calico coated
with a thin mixture of size and whiting. When the fan was
motion the cold produced was considerable, and, by carefully regu-
lating the heat of the oil in the chamber bencath, an uniform action
of heat and cold on the opposite surfaces of the couples could be
readily maintained.

Becquerel’s Thermo-Pile.—As far back as 1827 M. Becquerel,
sen., had noticed that a copper wire, coupled with a wire of the same
metal sulphuretted on its surface, formed, by raising the temperature
of one of the junctions from 200° to 300° a thermo-electric couple
more energetic than could be obtained with other metals. In 1865
M. Ed. Becquerel conducted a series of experiments to determine the
thermo-electric power of artificial sulphuret of copper, and found
that this substance, heated to 200° or 300°, was strongly positive, and
that a couple composed of this sulphuret and copper had an electro-
motive force nearly ten times greater than that of a bismuth-copper
couple. Native sulphuret of copper, on the contrary, is highly
negative. The melting point of the artificial sulphuret being about
1,035° this substance may be employed at very high temperatures.
In constructing a thermo-pile with this sulphuret it is united to an
alloy composed of copper 9o, nickel 10 parts.

Clamond’s Thermo-electric Pile.—This thermo-pile, which has
been much adopted on the continent, and has also been used to some
extent by electro-plating firms in Birmingham and Sheffield, though
with variable success, owing, probably, to the conventional distaste
which some English workmen have for recognising merit or advantage
in anything novel. Since Clamond’s pile, regardless of all prejudice,
has been proved to be an exceedingly effective generator of thermo-
electricity, the following description of the contrivance, by Mr.
Latimer Clark, will be read with interest* :—

¢¢ The mixture employed by Clamond consists of an alloy of 2 parts
antimony and 1 of zinc for the negative metal, and for the positive
element he employs ordinary tinned sheet-iron, the current flowing
through the hot junction from the iron to the alloy. The combina-
tion is one of great power. Each element consists of a flat bar of
the alloy from 2 inches to 2} inches in length, and from § to 1 inch
in thickness. Their form is shown in Fig. 39, by which it will be
seen that, looking at the plan, they are spindle-shaped or broader in
the middle than at the ends. The sheet-tin is stamped out in the
form shown in Fig. 40; the narrow portion is then bent in the forms

¥ Journal of the Society of Telegraph Engineers,vol.v. p. 321
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shown, in which state they are ready for being fixed in the mould.
The melted alloy is poured in, and, before it has cooled, the mould is
opened and the bars removed with the lugs securely cast into them.
The mould is heated nearly to the melting point of the alloy, and 10
or 12 bars are cast at one time. A little zinc is added from time to
time to make up for the loss due to volatilisation. The alloy melts at
about 500° Fahr.; it expands considerably on cooling. The more
frequently the alloy is recast the more perfect becomes the mixture,
so that old piles can be reconverted with advantage and with little loss
beyond that of the labour. The alloy is extremely weak and brittle and
easily broken by a blow—in fact, is scarcely stronger than loaf sugar.

¢ The tin lugs are bent into form, and the bars are arranged in a
radial manner round a temporary brass cylinder, as shown in Fig. 39,
a thin slip of mica being inserted between the tin lug and the alloy,
to prevent contact, except at the junction. The number of radia

bars varies with the size of the pile, but for the usual sizes eight or
ten are employed. As fast as the bars are laid in position, they are
secured by a paste or cement formed of powdered asbestos and soluble
glass, or solution of silicate of potassa ; flat rings are also formed of the
same composition, which possesses considerable tenacity when dry ;
and as soon as one circle of bars is completed, a ring of the dry asbestos
cement is placed upon it, and another circle of elements is built upon
this, and so on until the whole battery is formed. Cast-iron frames
are then placed at top and bottom of the pile, and drawn together by
screws and rods, so as to consolidate the whole, and in this condition
the pile is allowed to dry and harden. ILooked at from the inside, the
faces of the elements form a perfect cylinder, within which the gas is
burned. The inner face of each element is protected from excessive
heat by a tin strip or cap of tin bent round it, before it is imbedded in
the cement , the projecting strips of tin from the opposite ends of each
pair of elements are brought together and soldered with a blowpipe
and soft solder. The respective rings are similarly connected, and the
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whole pile is complete, except as regards the heating arrangements.
The positive pole of these piles is always placed at the top. Cumming
was the first to use this stellar arrangement of couples. The pile is
usually heated by gas mingled with air, on the Bunsen principle ; gas
is introduced at the bottom of a tube of earthenware, which is closed
at the top, and is pierced with a number of small holes throughout
its length, corresponding, approximately, in number and position with
the number of elements employed. Before entering this tube, the gas
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Fig. 41.—Section of Clamond’s Thermo-pile.

is allowed to mix with a regulated proportion of air, by an orifice in
the supply tube, the size of which can be adjusted ; the mixed gases
escape through the hole in the earthenware tube, and there burn in
small blue jets, the annular space between the gas tube and the ele-
ments forming a chimney to which air is admitted at bottom, the
products of combustion escaping at the top. In order to prevent
injury from over-hcating, and to diminish the consumption of gas,
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M. Clamond has introduced a new form of combustion chamber, by
which he obtains very great advantages. This form is shown in
Fig. 41. The mixture of air and gas is burnt in a perforated earthen-
ware tube, as before described, but instead of extending the whole
height of the battery, it only extends to about one-half of its height.
The earthenware tube is surrounded by an iron tube of larger diameter,
which extends nearly to the top of the battery, and is open at the top.
Outside this iron tube, and at some distance from it, are arranged the
elements in the usual manner. A movable cover fits closely over the
top of the pile, and a chimney is connected to the bottom of the pile.
Leading off from the annular space between the iron tube and the
interior faces of the elements, the air enters at the bottom of the
iron tube, and the heated gases, passing up the tube, curl over at the
top, and descend on its outside, escaping eventually by the chimney.
The elements are heated partly by radiation from the iron tube, and
partly by the hot gases which pass outside the tube, downwards
towards the chimney. By this arrangement, not only is great economy
of gas effected, the consumption, as I am informed, being reduced by
one-half ; but the great advantage is obtained that the jets of gas
can never impinge directly on the elements, and it is thus scarcely
possible to injure the connections by over-heating. In the event of
a bad eonnection occurring, it is easy to find out the imperfect element,
and throw it out of use by short-circuiting it over with a piece of wire,
and the makers have no difficulty in cutting out a defective element
and replacing it by a sound one. Coke and charcoal have also been
employed as a source of heat, with very great economy and success ;
in fact, there are many countries and places where gas would not be
procurable, but where charcoal or coke could be readily obtained.
The tension produced by Clamond’s thermo-elements is such that each
twenty elements may be taken as practically equal to one Daniell’s
cell, or about one volt.”’

It is stated that a Clamond pile of 100 bars, with the consumption
of 5 cubic feet of gas, deposits about 1 ounce of silver per hour, and
the same machine, arranged in multiple arc (that is for quantity) will
deposit about I ounce of copper in the same time; 400 large bars,
consuming 2 lbs. of coke per hour, will deposit about four times the
above quantities in the same period of time.

Wray’s Thermo-Pile.—In this improvement, the bars are cast, as
usual, under pressure, and a small tongue of tinned iron is cast down
the centre of the bar, extending nearly its whole length, by which the
strength is greatly increased, and it is also stated that it mot only
decreases the resistance, but also increases the electromotive force.
The battery is built up by a number of discs made up of burnt clay,
pipe clay, or biscuit ware, and between each disc a small triangle of
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the same material is interposed, with metal rods to hold the whole
together, consequently these dises and triangles, when in place,
sustain the whole pressure, and the thermo-bars rest upon them, and
can be removed and rearranged when necessary; by this arrange-
ment they are not so liable to be injured by the heat of the gas. To
prevent the gas flames from impinging directly upon the bars, or
against the iron cylinder within the thermo-battery, an inner cylinder
of earthenware is employed, which forms the centre of the battery,
and the bars of metal are built up around the cylinder, and in close
contact with it, each bar being bedded up against it with asbestos
cement. The gas flame, therefore, cannot come in direct contact with
the bars, consequently they are less liable to injury from heat, while
the heat is also more uniformly distributed. The supply of air is
regulated by small covers of fire-clay, consisting of perforated radial
discs, placed on the top of the pile.

Noe’s Thermo-electric Battery.—This machine, invented by
M. Noe, of Vienna, consists of a series of small cylinders, about
1} inch in length, and §ths of an inch in diameter, composed of an
alloy of thirty-six and a half parts of zinc and sixty-two and a half
parts of antimony for the positive element, and stout German silver
wire as the negative element. The junctions of the elements are
heated by small gas jets, and the alternate junctions are cooled
by the heat being conducted away by large blackened sheets of
thin copper. It is stated that from nine to ten of th se couples have
an electromotive force equal to one Daniell cell, and twenty pairs,
with great external resistance, are equal to one Bunsen. With small
external resistance, twenty quadrupled Née elements are somewhat
stronger than one Bunsen. In another arrangement of this thermo-
battery, the negative wire, fixed to the positive metal, is bent back
from the point of contact, in an acute angle. A small metallic rod is
fused to the two elements at the same point. Twenty elements are
arranged in a circle, the metallic rods being in the centre. The space
in the centreis covered with a plate of mica, and the metallic rods are
then heated by means of a circular gas-flame. The electromotive
force of twenty such elements is equal to 19°4, one Bunsen being
equal to twenty. The resistance of each element equals ‘056. These
machines have been used both in Vienna and Berlin for electroplating
and electrotyping.

The Future of Thermo-Electricity.—When we reflect that in the
present advanced state of electrical science many difficulties which
were formerly considered almost insurmountable have been overcome,
and the imperfect efforts of our predecessors have been improved upon
and brought into practical use, it may not be too much to say that
we believe that thermo-electricity has a great future before it.
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Indeed, the success of M. Clamond’s exertions, as also those of hiscom-
petitors—which will doubtless be supplemented by still greater results
hereafter—are but evidences that thermo-electricity can be utilised for
practical purposes, as a substitute not only for the voltaic current, but
also, in a minor degree at present, for magneto and dynamo-electricity.
When it is borne in mind that in the thermo-pile the current is
obtained solely at the cost of so much heat, and that there is no
exhaustion of the elements or wear and tear of its constituent parts,
we may readily conceive that great exertions will yet be made to
construct thermo-piles or batteries, capable of yielding currents of
far greater power than has yet been obtained from this source. The
thermo-pile is the only example of the direct conversion of heat into
electric energy, and, so far as is known, this is obtained without any
other waste beyond that of the fuel consumed in generating the heat
necessary to excite and keep in action the elements of which the pile
is composed.



CHAPTER IV.
HISTORICAL REVIEW OF ELECTRO-DEPOSITION.

Announcement of Jacobi’s Discovery.—Jordan’s Process Published.—Jordan’s
Process.—Spencer’s Paper on the Electrotype Process.—Effect of
Spencer’s Paper.—Vindication of Jordan’s Claim.—Mr. Dircks on
Jordan’s Discovery.—Sir Henry Bessemer’s Experiments.—Dr. Golding
Bird’s Experiments.—Origin of the Porous Cell.

Loxa before the art of Electro-deposition was founded upon a prac-
tical basis, it was well known, experimentally, that several metals
could be deposited from their solutions upon other metals, by simply
immersing them in such solutions; but this knowledge was of little
importance beyond the interesting nature of the results obtained. The
schoolboy had been accustomed to amuse himself by producing the
ever-popular ¢ lead tree,”’ by suspending a piece of zinc attached to a
copper-wire in a solution of sugar of lead, or the ¢ silver tree,”” with
a solution of nitrate of silver and mercury ; or he would coat the blade
of his penknife with copper, by dipping it for a moment in a weak
solution of sulphate of copper (bluestone). But these, and the like
interesting facts, were of no practical value in the arts. It was also
known that articles of steel could be gilt by simple immersion in a
dilute solution of chloride of gold (that is gold dissolved in aqua regia),
or still better, in an ethereal solution of the chloride, and this simple
process was sometimes adopted in the ornamentation of engraved
articles, in imitation of the process of damascening. The eyes of needles
were also gilt by a similar process, and *‘ golden-eyed needles’’ became
popular amongst the fair sex. With this exception, however, the
deposition of metals, even by simple immersion in metallic solutions,
was regarded as interesting and wonderful, but nothing more.

As far back as about the year 1820, the author’s father covered the
““barrels’’ of quill pens with silver, by first steeping them in a solution
of nitrate of silver, and afterwards reducing the metal to the metallic
state in bottles charged with hydrogen gas, the object being to protect
the quills from the softening influence of the ink.

In the year 1836, Professor Daniell made known his constant battery,
and in the same year, Mr. De la Rue constructed a modification of this
battery, in working which he observed that ‘¢ the copper-plate is also
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covered with a coating of metallic copper which is continually being
deposited ; and so perfect is the sheet of copper thus formed, that,
being stripped off, it has the counterpart of every scratch of the plate
on which it is deposited.* Although this interesting observation did
not lead to any direct application at the time, it is but reasonable to
presume that in the minds of some persons the important fact which
it disclosed would have suggested the possibility of its being suscep-
tible of some practical application. It was not until the following
year (1837), however, that the electro-deposition of metals, experi-
mentally, seriously occupied the attention of persons devoted to
research, the first of whom was Dr. Golding Bird, who decomposed
solutions of the chlorides of ammonium, potassium, and sodium, and
succeeded in depositing these metals upon a negative electrode of
mercury,t whereby he obtained their amalgams. From the time
when his interesting results became known, many persons repeated
his experiments, while others turned their attention to electrolysis as
a new subject of investigation, and pursued it with different objects,
as will be shown hereafter.

Mr. G. R. Elkington, in 1836, obtained & patent for ‘¢ Gilding cop-
per, brass, and other metals’’ by immersing the articles in a boiling
alkaline solution containing dissolved gold. This was followed, in
1837, by several other patents granted to Mr. H. Elkington for coat-
ing metals with gold and platinum, and for gilding and silvering
articles. In 1838,"Mr. G. R. Elkington, with Mr. O. W. Barratt,
patented a process for coating articles of copper and brass with zinc,
by means of an electric current generated by a piece of zinc attached
to the articles by a wire, and immersing them in a boiling neutral
solution of chloride of zine. This was the first process in which a
separate metal was employed in electro-deposition.

Announcement of Jacobi’s Discovery.—About the period at
" which the above processes were being developed, it appears that
several other persons were engaged in experiments of an entirely
different character and of far greater importance, as will be seen by
the results which followed their labours. In St. Petersburg, Pro-
fessor Jacobi had been experimenting in the deposition of copper upon
engraved copper-plates, a notice of which appeared in the Atheneum,
May 4th, 1839. The paragraphran as follows :—* Galvanic Engraving
in Relief.—While M. Daguerre and Mr. Fox Talbot have been dip-
ping their pencils in the solar spectrum,} and astonishing us with their

* Philosophical Magazine, 1836.

+ « Philosophical Transactions of the Royal Society,” 1837.

1 It was about this period that the famous Daguerreotype process of portrait-
taking was being developed in England.
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inventions [photographic], it appears that Professor Jacobi, at St.
Petersburg, has also made a discovery which promises to be of little
less importance to the arts. He has found a method—if we under-
stand our informant rightly—of converting any line, however fine,
engraved on copper, into a relief by galvanic process. The Emperor of
Russia has placed at the professor’s disposal funds to enable him to
complete his discovery.”’

Jordan’s Process published.—Having seen a copy of the above
paragraph in the Mechanic’s Magazine, May 11th, 1839, Mr. J. C.
Jordan, of London, eleven days afterwards sent a communication to
the editor of that journal, in which he put in his claim—if not to
priority, as far as Jacobi was concerned, at least to prove that he had
been experimenting in electro-deposition some twelve months before
the announcement of Jacobi’s discovery was published in this country.
Indeed, Jordan’s communication did more, for it contained a definite
process, and gince this was undoubtedly the first publication of the
kind which had appeared in England, the merit of originality—so far
as publication goes—is clearly due to Jordan. As an important item
in the history of electro-deposition, we give the subjoined extract
from his letter from the Mechanic’s Magazine, June 8th, 1839. The
letter was headed ¢ Engraving by Galvanism.”

Jordan’s Process.—¢‘ It is well known to experimentalists on the
chemical action of voltaic electricity that solutions of several metallic
salts are decomposed by its agency and the metal procured in a free
state. Such results are very conspicuous with copper salts, which
metal may be obtained from its sulphate (blue vitriol) by simply im-
mersing the poles of a galvanic battery in its solution, the positive
wire becoming gradually coated with copper. This phenomenon of
metallic reduction is an essential feature in the action of sustaining
batteries, the effect in this case taking place on more extensive sur-
faces. But the form of voltaic apparatus which exhibits this resultin
the most interesting manner, and relates more immediately to the sub-
ject of the present communication, may be thus described :—It consists
of a glass tube closed at one extremity with a plug of plaster of Paris,
and nearly filled with a solution of sulphate of copper. This tube and
its contents are immersed in a solution of common salt. A plate
of copper is placed in the first solution, and is connected by means of
a wire and solder with a zinc plate, which dips into the latter. A
slow electric action is thus established through the pores of the plaster
which it is not necessary to mention here, the result of which is the
precipitation of minutely-crystallised copper on the plate of that metal
in a state of greater or less malleability, according to the slowness or
rapidity with which it is deposited. In some experiments of this
nature, on removing the copper thus formed, I remarked that the sur-
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face 1n contact with the plate equalled the latter in smoothness
and polish, and mentioned this fact to some individuals of my
acquaintance. It occurred to me therefore, that if the surface of the
plate was engraved, an impression might be obtained. Thiswas found
to be the case, for, on detaching the precipitated metal, the more deli-
cate and superficial markings, from the fine particles of powder used
in polishing, to the deeper touches of a needle or graver, exhibited
their corresponding impressions in relief with great fidelity. It is,
therefore, evident that this principle will admit of improvement and
that casts and moulds may be obtained from any form of copper.

¢¢This rendered it probable that impressions might be obtained from
those other metals having an electro-negative relation to the zinc plate
of the battery. With this view a common printing type was substi-
tuted for the copperplate and treated in the same manner. This also
was successful ; the reduced copper coated that portion of the type
immersed in the solution. This, when removed, was found to be
a perfect matrix, and might be employed for the purpose of casting
when time is not an object.

¢« Tt appears, therefore, that this discovery may possibly be turned
to some practical account. It may be taken advantage of in procuring
casts from various metals as above alluded to; for instance, a copper
die may be formed from a cast of a coin or medal, in silver, typemetal,
lead, &e., which may be employed for striking impressions in soft
metals. Casts may probably be obtained from a plaster surface sur-
rounding a plate of copper; tubes or any small vessel may also
be made by precipitating the metal around a wire or any kind of sur-
face to form the interior, which may be removed mechanically by the
aid of an acid solvent, or by heat.”” [May 22nd, 1839.]

It is a remarkable fact that Jordan’s letter, regardless of the valu-
able information it contained, commanded no attention at the time.
Indeed, the subject of which it treated (as also did Jacobi’s announced
discovery), apparently passed away from public view, until a paper by
Mr. Thomas Spencer, of Liverpool, was read before the Liverpool
Philosophical Society on the 12th of September in the same year.
Omitting the prefatory observations with which the paper commenced,
its reproduction will form a necessary link in the chain of evidence
respecting the origin of the electrotype process, and assist the reader
in forming his own judgment as to whom the merit of the discovery
is really due.

Spencer’s Paper on the Electrotype Process.—‘‘ In September,
1837, I was induced to try some experiments in electro-chemistry with
a single pair of plates, consisting of a small piece of zinc and an equal
sized piece of copper, connected together with a piece of wire of the
latter metal. It was intended that the action should be slow ; the
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fluids in which the metallic electrodes were immersed were in conse-
quence separated by a thick disc of plaster of Paris. In one of the
cells was sulphate of copper solution, in the other a weak solution of
common salt. I need scarcely add that the copper electrode was placed
in the cupreous solution, not because it is directly connected with what
I have to lay before the society, but because, by a portion of its
results, I was induced to come to the conclusion I have done in the
following paper. Iwas desirous that no action should take place on the
wire by which the electrodes were held together. To attain this object
I varnished it with sealing-wax varnish ; but, in so doing, I dropped
a portion of it on the copper that was attached. I thought nothing
of this circumstance at the moment, but put the experiment in action.

¢ The operation was conducted in a glass vessel ; I had, conse-
quently, an opportunity of occasionally examining its progress.
‘When, after the lapse of a few days, metallic crystals had covered the
copper electrode, with the exception of that portion which had been
spotted with the drops of varnish, I at once saw that I had it in my
power to guide the metallic deposition in any shape or form I chose
by a corresponding application of varnish or other non-metallic
substance.

¢¢T had been long aware of what every one who uses a sustaining
galvanic battery with sulphate of copper in solution must know, that
the copper plates acquire a coating of copper from the action of the
battery ; but I had never thought of applying it to a useful purpose
before. My first essay was with a piece of thin copper-plate, having
about four inches of superfices, with an equal-sized piece of zinc,
connected together with a piece of copper wire. I gave the copper a
coating of soft cement consisting of bees-wax, resin, and a red
earth—Indian or Calcutta red. The cement was compounded after
the manmner recommended by Dr. Faraday in his work on chemical
manipulation, but with a larger proportion of wax. The plate re-
ceived its coating while hot. On cooling, I scratched the initials of
my own name rudely on the plate, taking special care that the cement
was quite removed from the scratches, that the copper might be
thoroughly exposed. This was put into action in a cylindrical glass
vessel about half filled with a saturated solution of sulphate of copper.
I then took a common gas glass, similar to that used to envelop an
argand burner, and filled one end of it with plaster of Paris to the
depth of three-quarters of an inch. In this I put some water, adding
a few crystals of sulphate of soda to excite action, the plaster of Paris
serving as a partition to separate the fluids, but sufficiently porous to
allow the electro-chemical fluid to penetrate its substance.

“I now bent the wires in such a form that the zinc end of the
arrangement should be in the saline solution, while the copper end
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should be in the cupreous one. The gas glass, with the wire, was
then placed in the vessel containing the sulphate of copper.

¢ It was then suffered to remain, and in a few hours I perceived
that action had commenced, and that the portion of the copper
rendered bare by the scratches was coated with a pure bright de-
posited metal, whilst all the surrounding portions were not at all acted
upon. I now saw my former observations realised ; but whether the
deposition so formed would retain its hold on the plate, and whether
it would be of sufficient solidity or strength to bear working if applied
to a useful purpose, became questions which I now endeavoured to
solve by experiment. It also became a question whether, should I be
successful in these two points, I should be able to produce lines
sufficiently in relief to print from. The latter appeared to depend
entirely on the nature of the cement or etching ground I might use.

¢This last I endeavoured to solve at once. And, I may state,
this appeared to be the principal difficulty, as my own impression
then was that little less than ith of an inch of relief would be
requisite.

¢TI then took a piece of copper, and gave it a coating of a modifica-
tion of the cement I have already mentioned, to about ith of an inch
in thickness; and, with a steel point, endeavoured to draw lines in
the form of net-work, that should entirely penetrate the cement, and
leave the surface of the copper exposed. But in this I experienced
much difficulty, from the thickness I deemed it necessary to use;
more especially when I came to draw the cross lines of the net-work.
‘When the cement was soft, the lines were pushed as it were into each
other ; and when it was made of a harder texture, the intervening
squares of net-work chipped off the surface of the metallic plate.
However, those that remained perfect I put in action as before.

¢ In the progress of this experiment, I discovered that the solidity
of the metallic deposition depended entirely on the weakmess or
intensity of the electro-chemical action, which I found I had in my
power to regulate at pleasure, by the thickness of the intervening wall
of plaster of Paris, and by the coarseness and fineness of the material.
I made three gimilar experiments, altering the texture and thickness
of the plaster each time, by which I ascertained that if the plaster
partitions were thin and coarse, the metallic depositions proceeded with
great rapidity, but the crystals were friable and easily separated ; on
the other hand, if I made the partition thicker, and of a little finer
material, the action was much slower, and the metallic deposition was
as solid and ductile ag copper formed by the usual methods, indeed,
when the action was exceedingly slow, I have had a metallic depo-
sition apparently much harder than common sheet copper but more
brittle.
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¢«There was one most important (and, to me, discouraging)
circumstance attending these experiments, which was that when I
heated the plates to get off the covering of cement, the meshes of
copper net-work invariably came off with it. I at one time imagined
this difficulty insuperable, as it appeared to me that I had cleared the
cement entirely from the surface of the copper I meant to have ex-
posed, but that there was a difference in the molecular arrangement of
copper prepared by heat and that prepared by voltaic action which
prevented their chemical combination. However, I then determined,
should this prove =0, to turn it to account in another manner, which I
ghall relate in a second portion of this paper. I then occupied myself
for a considerable period in making experiments on this latter section
of the subject.

«Tn one of them I found on examination a portion of the copper
deposition, which I had been forming on the surface of a coin, ad-
hered so strongly that I was quite unable to get it off; indeed, a
chemical combination had apparently taken place. This was only in
one or two spots on the prominent parts of the coin. I immediately
recollected that on the day I put the experiment in action I had been
using nitric acid for another purpose on the table I was operating on,
and that in all probability the coin might have been laid down where
a few drops of the acid had accidentally fallen. I then took a piece
of copper, coated it with cement, made a few scratches on its surface
until the copper appeared, and immersed it for a short time in dilute -
nitric acid, until I perceived, by an elimination of nitrous gas, that
the exposed portions were acted upon sufficiently to be slightly
corroded. I then washed the copper with water, and put it in action,
as before described. In forty-eight hours I examined it, and found
the lines were entirely filled with copper; I applied heat, and then
spirit of turpentine, to get off the cement ; and, to my satisfaction, I
found that the voltaic copper had completely combined itself with the
sheet on which it was deposited.

T then gave a plate a coating of cement to a considerable thick-
ness, and sent it to an engraver ; but when it was returned, I found
the lines were cleared out, so as to be wedge-shaped, or somewhat in
form of a V, leaving a hair line of copper exposed at the bottom and
broad space near the surface ; and where the turn of the letters took
place, the top edges of the lines were galled and rendered ragged by
the action of the graver. This, of course, was an important objection,
which T have since been able to remedy in some respects by alteration
in the shape of the graver, which should be made of a shape more
resembling a narrow parallelogram than those in common use;
some of the engravers have many of their tools so made. I did not
put this plate in action, as I saw that the lines, when in relief, would
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have been broad at the top and narrow at the bottom. I took another
plate, gave it a coating of the wax, and had it written on with a mere
point. I deposited copper on the lines and afterwards had it printed
from,

I now considered part of the difficulties removed; the principal
one that yet remained was to find a cement or etching-ground, the
texture of which should be capable of being cut to the required
depth, and without raising what is technically termed a burr, and at
the same time of sufficient toughness to adhere to the plates where
reduced to a small isolated point, which would necessarily occur in
the operation which wood-engravers term cross-hatching.

¢¢T tried a number of experiments with different combinations of
wax, resin, varnishes and earths, and also metallic oxides, all with
more or less success. The one combination that exceeded all others
in its texture, having nearly every requisite (indeed, I was enabled to
polish the surface nearly as smooth as a plate of glass), was principally
composed of virgin wax, resin, and carbonate of lead—the white-lead
of the shops. With this compound I had two plates, 5 inches by 7,
coated over, and portions of maps cut on the cement, which I had
intended should have been printed off and laid before the British
Association at its meeting.’’

Effect of Spencer’s Paper.—When Spencer’s paper was published
it at once commanded profound attention, and many persons practised
the new art either for amusement or scientific research, while others
turned their attention to it with a view to making it a source of com-
mercial profit. It was not, however, until Mr. Robert Murray, in
January, 1840, informed the members of the Royal Institution,
London, that he had discovered a method of rendering non-conduct-
ing surfaces—such as wax, &c.—conductive of electricity by employ-
ing plumbago, or black lead, that the art became really popular in the
fullest sense. This conducting medium was the one thing wanted to
render the process facile and complete ; and soon after Mr. Murray’s
invaluable discovery had been made known, thousands of persons in
every grade of life at once turned their attention to the electrotype
process until it soon became the most popular scientific amusement
that had ever engaged the mind, we may say, of a nation. The sim-
plicity of the process, the trifling cost of the apparatus and materials,
and the beautiful results which it was capable of yielding, without
any preliminary knowledge of science, all combined to render the new
art at once popular in every home. Every one practised it, including
the youth of both sexes.

It is not to be wondered at that an art so fascinating should have
produced more than an ephemeral effect upon the minds of some of
those who pursued it. Indeed, it is within our own knowledge that
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many a youth whose first introduction to chemical manipulation was
the electro-deposition of copper upon a sealing-wax impression of a
signet-ring or other small object, acquired therefrom a taste for a
more extended study of scientific matters, which eventually led up to
his devoting himself to chemical pursuits for the remainder of his
days. At the period we refer to there were but few institutions in
this country for the encouragement of scientific study. One of the
most accessible and useful of these, however, was that founded by
Dr. Birkbeck, the well-known Literary and Scientific Imstitution at
that time in Southampton Buildings, London.

Vindication of Jordan’s Claim.—Although Jordan’s letter was
published, as we have shown, three months prior to the reading of
Spencer’s paper in Liverpool, that important communication was
overlooked, not only by the editor of the journal in which it appeared,
but also by the scientific men of the period. Even the late Alfred
Smee, to whose memory we are indebted for the most delightful work
on electro-metallurgy that has appeared in any language, failed to
recognise the priority of Jordan’s claim. Impelled by a strong sense
of justice, however, the late Mr. Henry Dircks wrote a series of
articles in the Mechanic’s Magazine in 1844, in which he proved that
whatever merit might have been due to Spencer and Jacobi, Jordan
was unquestionably the first to publish a process of electrotyping.
Indeed, he went further, for he proved that the electro-deposition of
copper had been accomplished practically long before the publication
of any process. Before entering into the merits of Jordan’s priority,
Mr. Dircks makes this interesting statement :—

Mr. Dircks on Jordan’s Discovery.—‘‘The earliest application
of galvanic action to a useful and ornamental purpose that I am
acquainted with was practised by Mr. Henry Bessemer, of Baxter
House, Camden Town, who, above ten years ago [about 1832]
employed galvanic apparatus to deposit a coating of copper on lead
castings. The specimens I have seen are antique heads in relief, the
whole occupying a space of 3 inches by 4 inches. They have lain as
ornaments on his mantel-piece for many years, and have been seen by
a great number of persons.’”’

Appreciating—from its historic and scientific interest—the impor-
tance of the above statement, it occurred to the author that if the
means adopted at so early a period in electro-metallurgical history
could become known, this would form an important link in the chain
of research respecting the deposition of metals by electrolysis. He,
therefore, wrote to Sir Henry Bessemer, requesting him to furnish
such particulars of the method adopted by him in depositing copper
upon the objects referred to as lay in his power after so long a period
of time. With kind courtesy, and a generous desire to comply with
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the author’s wishes, Sir Henry took the trouble to furnish the infor-
mation conveyed in the following interesting communication, which
cannot fail to be read with much gratification by all who have
studied the art of electro-deposition, either from its scientific or prac-
tical aspect. 'When we call to remembrance the numerous inventions
with which the active mind of Sir Henry Bessemer has been associated
during the greater portion of the present century, culminating in his
remarkably successful improvements in the manufacture of steel, it is
pleasing to read that at the youthful age of eighteen—when voltaic
electricity was but little understood, and Daniell’s, Grove’s, and
Smee’s batteries unknown—he was engaged in experiments with
metals, which were evidently conducted with an amount of patience
and careful observation which would have been highly creditable in a
person of more advanced years.

8ir Henry Bessemer’s Experiments.—Replying to the author’s
inquiry as to the method he adopted in coating with copper the
objects referred to above, Sir Henry, in January of the present year,
wrote as follows : the minuteness of the details given, after so great
a lapse of time, will doubtless strike the reader with some astonish-
ment : —

¢I have much pleasure in replying to your note of inquiry in
reference to the deposition of copper from its solutions on white metal
castings.

¢¢ My first experiments began when I was about eighteen years of
age, say in 1831-2. At that period, after much practice, I was most
successful in producing castings of natural objects in an alloy of tin,
bismuth, and antimony. In this alloy T cast such things as beetles,
frogs, prawns, &e.; also leaves of plants, flowers, moss-rose buds;
and also medallions, and larger works in basso-relievo. By my
system of casting in nearly red-hot metal, the metal was retained for
ten or fifteen minutes in a.state of perfect fluidity in the mould,
and hence, by its pressure, forced itself into every minute portion of
the natural object, whatever it might be; thus every minute thorn
on the stem of the rose was produced like so many fine projecting
needles. I exhibited several of these castings, coated with copper, at
¢ Topliss’s Museum of Arts and Manufactures,” at that time occupy-
ing the site of the present National Gallery, and which museum was
afterwards removed to a large building in Leicester Square, now the
Alhambra Theatre, where I also exhibited them.

¢‘ Beautiful as were the forms so produced, they had a common
lead-like appearance, which took much from their value and artistic
beauty, and as a remedy for this defect, it occurred to me that it was
possible to give them a thin coat of copper, deposited from its solu-
tion in dilute nitric acid. This I made by putting a few pence [copper
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coins were in currency in those days] into a basin with water and
nitric acid. My early attempts were not very successful, for the depo-
sited metal could be rubbed off, and was in other ways defective. I
next tried sulphate of copper, both cold and boiling solutions. I
found the sulphate much better adapted for the purpose than the
nitrate solution. At first I relied on the property which iron has of
throwing down copper from its solutions, and by combining iron, in
comparatively large quantities, with antimony, and using this alloy
with tin, bismuth, and lead, I succeeded in getting a very thin, but
even, coating of copper; but it was not sufficiently solid, and easily
rubbed off.

¢ In pursuing my experiments, I found that the result was much
improved by using a metallic vessel for the bath instead of an earthen-
ware one, such as a shallow iron, tin, or copper dish, as a slight
galvanic action was set up, but the best results were obtained by using
a zinc tray, on the bottom of which the object was laid, face upwards,
and the solution then poured in. By this means a very firm and solid
coating was obtained, which could be burnished with a stecl burnisher
without giving way. By adding to the copper solution a few crystals
of distilled verdigris, I obtained some beautiful green bronze deposits,
a colour far more suitable .for medallions and busts than the bright
copper coating obtained by the sulphate when used alone.

T cast and coated with green copper a small bust of Shakespeare,
which, with many other specimens, I sold to Mr. Campbell, the
sculptor, who at that time was modelling a life-sized bust of Canning :
he had arranged that I should cast it from the ¢‘lost-wax,’” and
deposit green copper thereon. Unfortunately Campbell died before his
model was completed. But for this incident I might possibly have
carried the depositing process much further, but at that time my suc-
cess in casting, in a very hard alloy, dies used for embossing card-
board and leather, offered a more direct and immediate commercial
result, and thus the artistic branch was lost sight of. I remember
showing some of these castings to my friend the late Dr. Andrew
Ure, about the year 1835-6, with which he was much pleased. In
referring to them several years later, in the second edition of his
supplement to his ¢ Dictionary of Arts and Manufactures,” published
in 1846, he mentions these castings as lead castings, at page 7o,
under the head of ¢Electro-Metallurgy,” which commences in these
words :—

¢¢ ¢ Electro- Metallurgy.—By this elegant art, perfectly exact copies of
any object can be made in copper, silver, gold, and some other
metals, through the agency of electricity. The earliest application of
this kind seems to have been practised about fen years ago, by Mr.
Bessemer, of Camden Town, London, who deposited a coating of
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copper upon lead castings so as to produce antique heads, in relief,
about three or four inches in size. He contented himself with form-
ing a few such ornaments for his mantel-piece, and though he made
no secret of his purpose, he published nothing upon the subject. A
letter of the 22nd of May, 1839, written by Mr. C. Jordan, which ap-
peared in the Mechanic’s Magazine for June 8th following, containsg
the first printed notice of the manipulation requisite for obtaining
electro-metallic casts, and to this gentleman, therefore, the world is
indebted for the first discovery of this new and important application
of science to the uses of life.”

¢¢The first inception of the idea of coating works of art in metal
with a deposited coating of another metal, if not resting solely with
me, at least I certainly was within measurable distance of this great
discovery some three or four years before it was brought forward by
any other person, but I failed to see its true significance, and conse-
quently lost a grand opportunity.

¢“You are quite at liberty to make any use you like of this informa-
tion.”

‘We will now return to Mr. Dircks’ vindication of Jordan’s claim.

Referring to Jordan’s letter to the Mechanic’s Magazine, Mr. Dircks
says, ‘“In particular I would direct attention to the fact of the main
incidents named by Mr. Jordan, published June 8th, 1839, agreeing
with those published by Mr. Spencer, September 12th, 1839, and,
curious enough, being called forth by the same vague announcement of
Professor Jacobi’s experiments which was then making our round of
periodicals. Both parties described Dr. Golding Bird’s small galvanic
apparatus ; one used a printer’s type, the other a copper coin, and
both recommend the application of heat to remove the precipitated
copper.

¢TI was aware of Mr. Jordan’s letter at the time of its publication,
and have frequently been surprised since that his name has not
transpired in any discussion I have heard upon the subject. Nothing
can be clearer than his reasoning, the details of his experiments, and
his several concluding observations.”

Dr. Golding Bird’s Experiments.—There can be no doubt what-
ever that after Dr. Golding Bird published the results of his interest-
ing experiments in 1837, and the means by which he obtained his im-
portant results, many scientific men devoted themselves to investigating
the newapplication of electricity, amongst whom was Mr. Henry Dircks.
¢¢ Tt was particularly in September and October, 1837,”" wrote Mr.
Dircks, ¢ that several parties attached to scientific pursuits in Liver-
pool, were engaged in repeating the experiments of Dr. Golding Bird,
and of which he gave an account before the chemical section of the
British Association at Liverpool, over which Dr. Faraday presided.
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The apparatus used on that occasion by myself and others was pre-
cisely that recommended by Dr. Bird, consisting of simply any glass
vessel capable of holding a solution of common salt, into which is in-
serted a gas lamp chimney, having its lower end plugged up by pour-
ing into it plaster of Paris; a solution of sulphate of copper is then
poured into it, and the whole immersed into the contents of the glass,
and tightened with pieces of cork. The result expected from this
arrangement was the deposit of metallic veins of the copper within the
plaster diaphragm, independent of any connection with the poles of
the battery. Dr. Faraday, and every other electrician, expressed
surprise and doubt at the results in this respect said to have been
obtained by Dr. Bird ; and Dr. Faraday particularly urged the neces-
sity and importance of caution in receiving as established a result so
greatly at variance with all former experience, and proceeded to
explain a variety of causes tending to lead to fallacious results in the
curious and interesting experiments.”’

Up to this time, the possibility of obtaining electrical effects
by means of a single metal, in the manner pursued by Dr. Bird,
would have been considered theoretically impossible. It must not be
wondered at, therefore, that even the greatest of our philosophers—
Michael Faraday—should have been sceptical in the matter. It is
clear now, however, that Dr. Golding Bird’s results were based upon
principles not then understood, and that to this gifted physician we
are indebted for what is termed the ‘¢ single-cell ”’ voltaic arrange-
ment—the first, and for some time after the only, apparatus employed
in producing electrotypes.

Origin of the Porous Cell.—It appears that while Mr. Dircks was
experimenting (in 1837) in obtaining crystals of copper by Dr. Bird’s
method, he was frequently in communication with Mr. John Dancer,
a philosophical instrument maker in Liverpool, and in October of the
following year (1838) that gentleman showed him & ‘‘ ribbon of copper,
thin, but very firm, granular on one side, while it was bright and
smooth, all but some raised lines, on the other.”” This result, Mr.
Dancer informed him, was obtained by galvanic action, observing
that some specimens were as tenacious as rolled copper, while others
were crystalline and brittle. Mr. Dancer attributed the superiority
of the former to the following cause : ¢‘ Having gone to the potteries
to look out suitable jars for sustaining batteries, and having fixed on
a lot which he was told would not answer as they were not glazed, and
would not hold liquor,”” it occurred to him that such wnglazed jars
might be turned to account, and used instead of bladder, brown paper
plaster of Paris, and other porous substances he had previously em-
ployed. Having obtained a sample for experiment, he subsequently
found that he could obtain a more firm and compact deposit of copper
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than in any previous experiment. To the accidental circumstance
above referred to, we are undoubtedly indebted for that most import-
ant accessory to the single-cell apparatus and the two-fluid battery—
the porous cell.

In a letter to Mr. Dircks, relative to Spencer’s claim to the discovery
of a means of obtaining ‘“metallic casts’’ by electro-deposition, Mr.
Dancer says, ‘“I met Mr. Spencer one morning in Berry Street,
Liverpool, and happened to have one of these precipitated copper
plates with me, which Ishowed to him. When I told him how it had
been formed he would scarcely believe it, until I pointed out the im-
pressions in relief of all the minute scratches that were on the plate
against which it had been deposited. The surprise that Mr. Spencer
expressed very naturally led me to suppose that it was the first com-
pact piece of precipitated copper he had seen.’” At this early period
(1838) Mr. Dancer had not only deposited tough reguline copper, but
he went a step farther. He attached to a copper plate, by means of
varnish, ‘““a letter cut out from a printed bill. Thecopper precipitated
on all parts of the plate, except where the letter was fixed; when I
peeled the precipitated copper off, the letter came out, not having
connection with the outside edge. I also obtained an impression by
stamping my name on a copper cylinder, the impression being the
reverse way. . . . . All this happened many months before I was
aware that Mr. Spencer had been engaged in anything of the kind,
except that he had Dr. Bird’s experiments in action. Some time after
this Mr. Spencer applied to me for one of my porous jars, and one day
at his house he told me for what purpose he wanted it.”

1t is perfectly evident that Mr. Dancer’s results were obtained long
before the publication of Spencer’s paper, and that both were indebted
to Dr. Golding Bird’s simple but ingenious contrivance for prose-
cuting their first experiments; and it is also clear that Dancer’s
brilliant idea of substituting porous earthenware for the crude plaster
diaphragms greatly facilitated experimental researches in this
direction ; while at the same time it placed within our reach one of
the most valuable accessories of the two-fluid voltaic battery—the
porous cell.

Being desirous of placing Jordan’s claim to priority—as the first
to make publicly known the process of electrotyping, or electrography,
as he termed it—Mr. Dircks followed up the subject in the Mechanic’s
Magazine, in a series of papers, in which he not only traced Mr.
Spencer’s experiments to their true origin, namely, Dr. Bird’s
experiments published two years before, and the hints which he had
derived from Dancer, but he moreover skowed that Spencer must
have been aware of Jordan’s published process, for he says, in
summing up the evidence he had produced against Spencer’s position
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in the matter thus : ‘“ Lastly, therefore, that through the Mechanic’s
Magazine (which Mr. Spencer was regularly taking in) the experimental
results obtained by Mr. Dancer, and the reports in April and May,
1839, in public papers, of Jacobi’s experiments, all being broad hints,
and abundant assistance to aid Mr. Spencer, that he is rather to be
praised for his expression of what was already known, on a smaller
and less perfect scale, than to be adjudged a discoverer, much less
the father of electro-metallurgy, having a preference to every other
claimant.”” Following the paper from which the foregoing extract is
taken, is a footnote by the Editor of the Mechanic’s Magazine, which is
important as showing how strange it was that Jordan’s communication
not only escaped the attention of scientists, but even that of the con-
ductor of the journal in which it appeared: ¢ Mr. Dircks has proved
beyond all doubt that we have made a great mistake in advocating so
strenuously the claims of Mr. Spencer to the invention of electro-
graphy. No one, however, can suppose that we would intentionally
exalt any one at the expense of our own journal, which wé are now
pleased to find was the honoured medium of the first distinct revela-
tion of this important art to the public, by an old and esteemed
correspondent of ours, Mr. Jordan. Whatever Mr. Bessemer, Mr.
Dancer, Mr. Spencer, or others, may have previously said or done, it
was in private—made no'secret of, perhaps, but still not communicated
to the public at large—not recorded in any printed work for general
benefit. For anything previously done by any of them, they might
have still remained in the profoundest obscurity. No public descrip-
of an earlier date than Mr. Jordan’s can, we believe, be produced ;
and when we look upon that description, it is really surprising to see
with what fulness and precision the writer predicated of an art nearly
all that has been since accomplished. In supporting, as we did, the
claims of Mr. Spencer to be considered as the first discoverer, we had
lost all recollection of Mr. Jordan’s communication. We have no
personal acquaintance with either of the gentlemen, and could haveno
motive for favouring one more than the other. We took up the cause
of Mr. Spencer with spontaneous warmth because we thought him to
be a person most unfairly and ungenerously used, as in truth he was
go far as the intention went, by those who, having at the time none of
those reasons we now have for questioning Mr. Spencer’s pretensions,
yet obstinately refused to acknowledge them. If it should seem to
the reader more than usually surprising that Mr. Jordan’s paper
escaped the recollection of the editor, through whose hands it passed
to the public, his surprise will be lessened, perhaps, when he observes
how it appears to have escaped notice, or been passed over in silence, by
every one else down to the present moment—even those, not a few, who
have expressly occupied themselves in electrography. . . . . To us,
7
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the most surprising thing of any connected with the case is, that
neither Mr. Jordan himself, nor any of his friends, should before now
have thought it worth while to vindicate his claims to the promulga-
tion of an art which justly entitles him to take a high place among
the benefactors of his age and country.—Ed. M, M.”’

‘While Mr. Dircks’ ¢‘ Contributions to the History of Electro-Metal-
lurgy’’ were being published in the columns of the Mechanic’s Magazine,
the arguments and facts which he adduced created a deep impression
in the minds of scientific men of the day, who had unfortunately
accepted Spencer as the originator of electrotypy. Of all men, scien-
tists are the most anxious to accord the merit of discovery to those who
are really entitled to it. Devoting themselves to the investigation of
natural laws, and their application to the useful purposes of man,
they are naturally jealous of any attempt on the part of one to appro-
priate the honour—usually the only reward—due to another. It is
not surprising, therefore, that when it became fully proved that
to Jordan and not Spencer was due the credit of having been the first
to publish a process for the practical deposition of copper by electro-
lysis, that such men should frankly acknowledge their mistake.
Amongst those who came forward to do justice to Jordan’s claim
were the late Professor Faraday, Dr. Andrew Ure, and Professor
Brande, then chemist to the Royal Mint. The latter eminent chemist
and author of the best chemical manual in our language, sent the
following letter to Mr. Dircks, which clearly acknowledges the error
into which, in common with others, he had fallen in attributing to
Spencer the merit of the electrotype process :—

¢TI am much obliged by your copy of the Mechanic’s Magazine and
the information it contains respecting Mr. Spencer’s pretensions. I
certainly always gave him credit for much more merit than he appears
to have deserved.”’

‘When Spencer found that his position was so severely shaken by
Mr. Dircks’ powerful defence of Jordan’s claim to priority, he wrote
several letters in reply, which appeared in the columns of the above
journal, with a view to refute his opponent’s arguments, and shake
his testimony; but in this he was unsuccessful, for the facts which
Mr. Dircks had made known were absolutely beyond refutation. It
is not often that men of science enter into a controversy of this nature,
but silence under such circumstances would have been an act of injus~
tice to Jordan, by leaving the question still in doubt.

Amongst those who ascribed to Spencer the discovery of the elec-
trotype process was Mr. George Shaw, of Birmingham, in the first
edition of his ‘ Manual of Electro-Metallurgy.”” In the second
edition of his work, however, he made the amende to Jordan, by
frankly acknowledging his mistake. The following letter from the
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late Dr. Andrew Ure to Mr. Dircks shows how fully he recognised
that gentleman’s advocacy of Jordan’s claim: ‘‘ I read with great
interest your narrative of the discovery or invention of the electrotype
art, and am much pleased to see justice done to modest retiring merit
in the persons of Mr. Jordan and Mr. Dancer. The jay will feel a
little awkward this cold weather, stripped of his peacock plumage.”’

The following letter from Faraday tends to show that the great
philosopher, in common with most other persons, had, prior to Mr.
Dircks’ explanation of the facts, believed in Spencer being the origi-
nator of electrotyping : ‘I am very much obliged by your kindness
in sending me your account of the facts, &c., &e. It is very valuable
as respects the fixing of dates, and has rather surprised me.”” ¥

It is a pity, but none the less true, that while Jordan’s communica-
tion received no attention whatever, although published in a well-
read journal, Spencer’s paper—which had merely been read before a
local society in Liverpool, and afterwards printed for private circulation
only—commanded the profoundest attention. In short, to use a
common phrase, it ‘‘took the world by storm.’” The name of
‘“ Spencer, the discoverer of Electrotyping,”” was on every lip, and
men of science of all nations regarded him as one who had made
a great addition to the long roll of important discoveries which
science had placed at the disposal of art. Henry Dircks’ champion-
ship of Jordan’s just claim, however, eventually broke up Spencer’s
position, and to the first publisher of the electrotype process, Mr. C. J.
Jordan, was at last accorded the merit—for he received no other recog-
nition—of having published a process, if we may not say discovery,
which was destined to prove of inestimable advantage to his fellows,
not only in itgelf, but as being the means by which the minds of men
were directed to the deposition of other metals by electrical agency.
It wonld not be out of place to suggest that in commemoration of
Jordan’s gift to mankind of so useful and valuable a process, an
appropriate testimonial should be set on foot—if not by the public, at
least by those who have directly gained so much by his initiation of
the art of electro-deposition.

The success which attended the electrotype process induced many
persons to turn their attention to the deposition of gold and silver, by
means of the direct current; but up to the year 1840 no really suc-
cessful solution of either metal was available. In that year Mr. John
Wright, a surgeon in Birmingham, and Mr. Alexander Parkes, in
the employment of Messrs. Elkington, were engaged in making
experiments in electro-deposition, when the former gentleman hap-

* The three foregoing letters, which wo transcribed from the originals, are
now, we believe, published for the first time.
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pened to meet with a passage in Scheele’s ¢ Chemical Essays,’’ in
which he found that cyanides of gold, silver, and copper, were
soluble in an excess of cyanide of potassium. It at once occurred to
him that solutions of gold and silver thus obtained might be employed
in electro-deposition, and he then formed a solution by dissolving
chloride of silver in a solution of ferro-cyanide of potassium, from
which he obtained, by electrolysis, a stout and firm deposit of silver,
a result which had never before been obtained. A few weeks after,
Mr. Wright prepared a solution with cyanide of potassium, instead of
the ferro-cyanide, and although various cyanide solutions of silver
and copper had already been employed in the simple immersion
process of depositing these metals, there is no doubt that it is to Mr.
Wright that we are really indebted for the practical application of
cyanide of potassium as a solvent for metallic oxides and other salts
used in electro-deposition. About this time (1840) Messrs. Elkington
were preparing to take out another patent, when Mr. Wright, having
submitted his results to them, agreed to include his process in their
patent, in consideration of which it was agreed that he should receive
a royalty of one shilling per ounce for all silver deposited under the
patent : on his decease, which took place soon afterwards, an annuity
was granted to his widow. This patent, with Wright’s important
addition, namely the employment of alkaline cyanides, formed the
basis of the now great art of electro-gilding and plating : but it was
some time before the proper working strength of baths and the pro-
portion of cyanide could be arrived at, the deposits being frequently
non-adherent, which caused them to strip or peel off the coated articles
in the process of burnishing. This was afterwards remedied to some
extent by dipping the articles (German silver chiefly) in a very dilute
solution of mercury. About this time, the author, in conjunction
with his brother, Mr. John Watt, introduced electro-gilt and silvered
steel pens, which were sold in considerable quantities.

In the same year, Mr. Murray discovered a means of rendering
non-conducting surfaces, as wax, &c., conductive, by coating them
with powdered plumbago, and this important suggestion proved of
inestimable advantage to those who desired to follow the art of
electrotyping commercially. Indeed, without the aid of this useful
substance, it is doubtful whether the important art would have greatly
exceeded the bounds of experiment. At this period, also, another
important improvement in the electrotype process was introduced by
Mr. Mason, which consisted in employing a separate battery as a sub-
stitute for the ¢‘single-cell’’ process up to that time adopted in
_ electrotyping. By the new arrangement, a copper plate was con-

nected to the positive pole of a Daniell Battery, while the mould to be
coated with copper was attached to the negative pole. When these
were immersed in the electrotyping bath (a solution of sulphate of
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copper), under the action of the current the copper-plate became dis-
solved as fast as pure copper was deposited upon the mould, whereby
the strength of the solution was kept in an uniform condition. It is
this method which is now almost universally adopted (when dynamo
machines are not employed) in practising the art of electrotyping upon
a large scale.

In 1841, Mr. Alfred Smee published his admirable work on Electro-
metallurgy, which at that period proved of the greatest service to all
persons interested in the new art. In the year following, Mr. J. S.
‘Woolrich introduced his magneto-electric machine, which for many
years after occupied a useful position as a substitute for voltaic
batteries, in several large plating works. In this year also, Dr. H.
R. Leeson took out a patent for improvements in electro-depositing
processes, in which he introduced the important elastic moulding
material, ¢ guiding wires,”” keeping articles in motion while in the
bath, &c.

In 1843, Moses Poole obtained a patent for the use of a thermo-
electric pile as a substitute for the voltaic battery ; but the invention
was not, however, successful. Many patents were taken out in the
following years for various processes connected with electro-deposi-
tion ; but the next most important improvement was due to Mr. W.
Milward, of Birmingham, who accidentally noticed that after wax-
moulds, which had been covered with a film of phosphorus—by apply-
ing a solution of that substance in bisulphide of carbon to their surfaces
—had been immersed in the cyanide of silver plating bath, the silver
deposit upon other articles, such as spoons and forks, for example,
which were afterwards coated in the same bath, presented an unusually
bright appearance in parts, instead of the dull pearly lustre which
generally characterises the silver deposit. This incident induced Mr.
Milward to try the effect of adding bisulphide of carbon to the
plating bath, which produced the desired result. For some time he
kept the secret to himself; but finding that it eventually became
known, he afterwards patented the process in conjunction with a Mr.
Lyons, who had somehow possessed himself of the secret. From that
time the addition of bisulphide of carbon to silver baths for the pur-
poses of ¢ bright ’’ plating has been in constant use.

Further reference to subsequent inventions connected with the art
will be found in other chapters.

In the foregoing sketch of the origin and history of electro-deposi-
tion we have endeavoured to give such information as we hoped
would be interesting to many who are engaged in the art, and also
instructive to those who may be about to enter into a study of tho
subject, believing that the work would be incomplete without some
special reference to the interesting origin of so great and useful
an art.



CHAPTER V.
THEORY OF ELECTROLYSIS.

Chemical Powers of the Voltaic Pile.—Faraday’s Nomenclature of Electro-
chemical Action.—Direction of the Current.—Decomposition of Water.
—Action of the Electric Current upon Compound Substances.—Electro-
lysis of Sulphate of Copper.—Electrolysis of Sulphate of Potash, &c.—
Electrical Transfer of Elements.—Practical Illustrations of the Electro-
Iytic Theory.

Chemical Powers of the Voltaic Pile.—We are indebted to
Nicholson and Carlisle for the discovery of the chemical powers of the
voltaic pile, which were first observed in the decomposition of water,
and subsequently of certain saline solutions, in the year 1800. The
subject was afterwards more closely investigated by Hisinger and
Berzelins, in 1803, and in 1807 Sir Humphrey Davy, who had been
experimenting in the same direction, delivered his famous lecture
“On some Chemical Agencies of Electricity,” before the Royal
Society, in which the electro-chemical powers of the pile were more
minutely demonstrated, and which formed the basis of some splendid
discoveries made by that gifted philosopher, including the great dis-
covery of the decomposition of the fixed alkalies. Many later experi-
mentalists devoted their attention to this field of research, but more
especially Faraday, to whose indefatigableé labours and profound
reasoning we are indebted for a clear exposition of the laws which
govern electro-chemical decomposition, or Electrolysis, as also for a
host of discoveries which have proved of inestimable service to the
devotees of electrical science. His ¢ Experimental Researches in
Electricity *’ contain the results of his labours in this department of
science, and ¢‘ they have not only explained,”” says Brande, ‘‘and
enlightened much that was before unintelligible and obscure in regard
to statical electricity, but have also stamped a new character upon
electrical as connected with chemical science ; in point of originality
in devising experiments, skill in carrying them into effect, and per-
spicuity in tracing out and unravelling the complicated relations and
bearings of the new truths which are elicited, Faraday stands, if not
unrivalled, at least unsurpassed.”

Faraday’s Nomenclature of Electro-chemical Action.—The
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free ends of the conducting wires of a voltaioc battery, generally
termed the positive and negative poles, are those sufaces by which the
electric current enters and leaves the battery, simply acting as a
pathway for the current. This being so, Faraday adopted the term
electrode, as a substitute for pole, the word being derived from nhexrpor
and odoc, @ way, thereby signifying that substance or surface, whether of
air, water, or metal, which bounds the extent of the decomposing matter, in
the direction of the current. The conductors immersed in the liquids to
be decomposed by the current are therefore termed, respectively, the
positive and negative electrodes. The conductor by which the current
enters the liquid he terms the anode (from ava, upwards, and odog, a
way), and that by which it leaves the liquid the cathode (from rara,
downwards, 0dog, a way), assuming the current of electricity to follow
the passage of the sun—that is to pass from east to west—in its rising
and setting. Faraday also applied the terms anelectrode and cathelec-
trode for the respective poles of the battery. All substances which
are susceptible of direct decomposition by the current are called electro-
lytes ; the process of electro-chemical decomposition is termed electro-
lysis, and for electro-chemically decomposed, he substituted electrolysed.
The elements of the electrolysed liquid which are liberated by the
action of the current are termed ions, those set free at the anode, or
positive electrode, being termed anions, and those at the cathode, or
negative electrode, cations. Thus, when acidulated water is electrolysed,
two ions are evolved, namely oxygen and hydrogen, the former at the
positive, and the latter at the negative electrode.

Direction of the Current.—In the simple voltaic circle, as shown
in Fig. 42, z represents a plate of zinc, and s a plate of silver,

N p

o <«
Fig. 42. Fig. 43.

immersed in a vessel containing dilute sulphuric acid. The darts
indicate the current passing from the zinc through the liquid to the
silver, and returning through the conducting wire to the zinc; z
therefore represents the positive metal in relation to s through the
liquid, and s the negative metal in relation to z through the liquid.
If separate wires are employed, as in Fig. 43, the current would pass
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as before from the positive metal z to the negative metal s, traversing
the conducting wire, in the direction of the darts, so that » would
become the positive electrode, or anode, and N the negative electrode, or
cathode. The metal which becomes dissolved in a voltaic couple is
always the positive or active metal (as zine, for example) upon which
oxygen, chlorine, and other anions (electro -negative bodies) are
evolved ; the inactive or passive metal (as silvery platinum, &e.) is the
negative, and upon it hydrogen and the metals or other cations
(electro-positive bodies) are evolved in all cases of electrolytic action.
If the above voltaic pair were immersed in a solution which would act
upon the silver, and not upon the zinc, the electrical order would be
reversed, the silver would become the positive metal and the zine
negative. One of the indispensable conditions of electrolysis is
fluidity, and when a liquid is decomposed by electricity, or electrolysed,
its constituents are disengaged solely at the poles or electrodes—that
is where the current enters and leaves the liquid, the remainder being
in a comparatively undisturbed state. We say comparatively, for we
have always observed that the liquid, from the moment the current
enters it, and during the entire progress of the electrolytic action, is
kept in continual, though almost imperceptible, motion.

It had generally been supposed, according to the old electro~
chemical theory, that the electro-positive bodies (cations) and electro-
negative bodies (anions) were under the influence of direct attractive
forces residing in the opposite poles of the voltaic battery; but
Faraday proved, by conclusive experiments, that the~decomposing
force is not at the poles, or electrodes,* but within the substance acted
upon by the current, and the terms he has introduced express the
phenomena which are observable in 4l cases of electro-chemical
decomposition.

The decomposing effects produced by the voltaic current in different
electrolytes are precisely in accordance with the afomic weights or
chemical equivalents (which see) of the substances electrolysed. For
example, if the current be made to act upon acidulated water, a
solution of iodide of potassium and a solution of chloride of lead, these
three electrolytes will all undergo decomposition at the same time, but
to a very different extent. The electric current required to decom-
pose 9 parts of water, will separate into their elements 166 parts of
iodide of potassium, and 139 parts of chloride of lead. In other
words, the same amount of electricity that would reduce 56 parts of
iron from its solution to the metallic state, would reduce 207 parts of
lead, or 108 parts of silver.

Decomposition of Water.—In order to understand the principles

* By common consent these terms are used indiscriminately.
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of electrolysis, it will be necessary to have recourse to a few experi-
mental illustrations, which we will endeavour to render as simple and
as brief as possible. Fig. 44 represents a glass globe ¢ with three
openings, two of which are at the sides and
are fitted with corks, perforated to admit
glass tubes of such length as to meet near
the centre of the globe. Each of these tubes
is traversed by a platinum wire bent in the
form of a hook at one end, and connected at
the other end to a strip of platinum foil,
these latter being adjusted so as to stand
erect within the tenth of an inch of each
other. A glass tube & is inverted into the
neck of the globe, in which a noteh is filed to
allow a portion of the fluid to cozeout. The
globe is now to be filled with water acidu-
lated with sulphuric acid, and the two hooked
ends of the platinum wire connected to the conducting wires of a voltaic
battery. The moment the circuit is thus completed, bubbles of gas arise
in the tube, displacing theliquid, which trickles out of the neck of the
globe. While the decomposition is going on, it will be noticed that twice
the quantity of gas escapes from the platinum plate in communication
with the cathode or negative pole, as compared with that liberated at
the anode or positive electrode. The inverted tube now contains a
mixture of oxygen and hydrogen gases, in
the proportion of #wo volumes of the latter
to one volume of the former; and if it be
again inverted (its mouth being closed by
the thumb while doing so), and the mouth
of the tube brought near a lighted match,
upon removing the thumb an explosion will
take place, when the gases re-combine, form-
ing water.

By another experiment the gases may be
collected in separate tubes which, for the
purpose of estimating their relative propor-
tions, in volume, should be graduated into
cubicinches. Such an arrangement is shown
in Fig. 45, in which a globe with two necks,
each having a tube so connected as to receive the gas liberated at each
electrode. As the decomposition progresses, it will be observed that
rather more than double the quantity of gas occupies the tube inverted
over the negative pole to that contained in the tube enclosing the
positive pole. If a lighted match be applied to the tube containing




74 THEORY OF ELECTROLYSIS.

the hydrogen, this gas will quietly burn with a pale blue flame; and
if an ignited match be blown out, and the glowing end plunged into
the tube containing the oxygen, it will instantly be rekindled into a
flame ; but if the mouths of the two tubes be brought simultaneously
near the flame of a candle a violent explosion will take place as before.

If, in the foregoing experiments, the poles be reversed, the results
will be precisely the same, that is to say, hydrogen will be evolved at
the negative and oxygen at the positive pole. Besides the decompos-
ing power of the current which these simple experiments illustrate,
they also exhibit the composition of water both as regards its constituents
and the proportions in which they are combined. Thus, if the volume of
each gas be reduced to its actual weight—the volume of hydrogen being
represented by I—the Zalf-volume of oxygen will be=38, since the
specific gravity of hydrogen and oxygen is as 1 to 16 ; the nine parts
of water, therefore, consist of one part, by weight, of hydrogen, and
eight parts, by weight, of oxygen ; or by volume, 1 part hydrogen and
16 parts oxygen.

Action of the Electric Current upon Compound Substances.—
‘When solutions of nentral salts, as sulphate of soda, for example, are
subjected to the action of the electric current, or electrolysed, they yield
acids And alkalies, the former always at the positive electrode, and the
latter at the negative. When solutions of metallic salts are electrolysed,
oxygen and the acids are developed at the positive, and hydrogen and
the metals at the negative pole. To illustrate
the decomposition of a neutral salt, we may
take a solution of sulphate of soda (Glauber’s
salt). A glass tube is bent in the form of a
syphon, as indicated in Fig. 46, and placed in a
wine-glass as a support. The syphon-tube is
now to be filled with a weak solution of sulphate
of soda tinted blue with tincture of litmus; a
platinum wire or strip of platinum foil, soldered
to a wire of the same metal, is now to be intro-
duced into each leg of the syphon, but must not
be allowed to come in contact at the bend of the
tube. One of the platinum wires is now to be
connected to the negative, and the other to the

> positive terminals of a voltaic battery, when,
Fig. 46. in a short time, the blue colour of the liquid,
in which the negative electrode is placed, will
be changed to green, while the fluid in which the positive electrode is
_ inserted will have acquired a 7ed colour. The former indicates the
presence of an alkali, and the latter of an acid ;* in other words, the

* Vegetable blues are always turned red by acids,
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soda is set free at the one pole, and the sulphuric acid at the other.
If the poles be now reversed, the respective colours will also, after a
time, become reversed.

A modification of the above experiment consists of the following
arrangement :— Two  tubes
(Fig. 47), each furnished with
a strip of platinum connected
to a wire of the same metal,
are to be filled with the blue
golution of sulphate of soda,
and inverted in two separate
glasses also nearly filled with
the same liquor. The two
glasses are to be conmected
together by means of a
syphon-shaped tubd filled
with the same solution. If
the platinum wires x and P be
now connected to a voltaic
battery, in a short time it
will be observed that, notwithstanding their being in separate vessels,
the blue liquor will, as in the foregoing experiment, become red and
green respectively. Moreover, if the voltaic action be kept up for a
sufficient length of time, the alkali of the salt will have passed from »
to v and the acid from~Nto p. It thus appears that the acid and alkali
of the sulphate of soda have traversed the connecting syphon in oppo-
site directions, and it is inferred that, under the influence of electrical
attraction, the usual chemical affinities become suspended, otherwise
the acid and alkali would unite (which is not the case) in their transit
through the tube. Further examples of the transfer of elements are
given at page 76.

Electrolysis of Sulphate of Copper.—A very simple but instruc-
tive experiment in electrolysis is the following :—
Make a moderately strong solution of sulphate of N
copper and nearly fill a glass tumbler with the
liquid, as in Fig. 48. Now connect two strips of
platinum foil to the terminals of a battery, and
immerse them in the copper solution. In a few
moments a bright deposit of pure metallic copper
will appear upon the negative electrode N, while
the positive will exhibit no change. If the poles
be now reversed, by disconnecting the conducting:
wires from the binding-screws of the battery and
reversing their position, the copper will speedily disappear from the
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negative (now the positive) electrode, having become dissolved in
the solution, and a deposit of the metal will appear upon the other
pole. In this result we observe that the metallic deposit always takes
place upon the negative terminal of the voltaic battery (that which is
connected to the zinc or positive element), while the copper, which had
been deposited upon the negative electrode in the first experiment,
soon disappears when the poles are reversed, the copper-coated strip
being converted into the anode or positive electrode. Hence we see
(by the fact of the copper becoming dissolved in the solution) the use
of anodes or dissolving plates in the practical deposition of metals by
electricity.

Electrolysis of Sulphate of Potash, &c.—Davy, in his remark-
able paper on ¢ Some Chemical Agencies of Electricity,”’ before
referred to, described the following interesting experiment, which at
the time created the most profound astonishment, since the only way
in which the results could be explained was by assuming that
throughout the whole circuit the natural affinities of substances are
suspended, but again restored when they are dismissed at the
electrodes by which they were attracted :—

“An arrangement was made consisting of three vessels, as shown
in Fig. 49. A solution of
sulphate of potash was placed
in contact with the negatively
electrified point, pure water
was placed in contact with the
positively electrified point, and
a weak solution of ammonia
was made the middle link of
the conducting chain, so that no sulphuric acid could pass to the
positive point in the distilled water without passing through the
solution of ammonia ; the three glasses were connected together by
pieces of amianthus (fibrous and silky asbestos). A power of 150
pairs was used. In less than five minutes it was found, by litmus
paper [which is turned red by acids], that acid was collecting round
the positive point ; in half an hour the result was sufficiently distinct
for accurate examination. The water was sour to the taste, and pre-
cipitated a solution of nitrate of baryta ; muriatic acid from muriate
of soda, and nitric acid from nitrate of potash were transmitted
through concentrated alkaline menstrua under similar circumstances ;
when distilled water was placed in the negative part of the circuit,
a solution of sulphuric, muriatic, or nitric acid in the middle, and
any neutral salt with the base of lime, soda, potash, ammonia, or
magnesie in the positive part, the alkaline matter was transmitted
through the acid matter to the negative surface with similar cir-
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cumstances to those occurring during the passage of the acid through
alkaline menstrua.”

Electrical Transfer of Elements.—Sir H. Davy, in some of his
experiments on the transference of elements from pole to pole of an
electric circuit, employed vessels consisting of the substance to be
decomposed. In one experiment, for example, two cups of sulphate
of lime (gypsum) were filled with water and connected by means of
moist cotton, one pole of the pile (Volta’s pile being the source
of electricity) was placed in each cup, and soon after it was found
that the negative cup contained a solution of Zime, and the positive
cup a solution of sulphuric acid.

A very striking illustration of the transfer of elements under the
decomposing influence of the electric current is shown in the decom-
position of chloride of silver (a compound of chlorine and silver) when
two silver wires are employed as the electrodes. If a small quantity
of the chloride be fused upon a piece of glass, and the two poles
placed in contact with it, metallic silver is abundantly deposited at
the negative electrode, while an equal quantity is dissolved from the
positive wire. In this case the chlorine is not set free, but is engaged
in dissolving the silver of the positive wire exactly in the proportion
in which it is being deposited at the negative wire. If this latter
electrode be carefully drawn from the fused globules as the silver is
reduced there, and without interruption in its continuity, a wire or
thread of reduced silver several inches in length may be produced.
It will be necessary, however, while the silver is being dissolved from
the positive wire, to keep it continually in contact with the fused
mass and at a short distance from the negative wire.

Practical Illustrations of the Electrolytic Theory.—Suppose
we take a solution of sulphate of copper, composed of 4 ounces of
the sulphate dissolved in a quart of water, to which is added about
2 ounces of oil of vitriol. 'We next attach a piece of sheet copper,
about 3 inches square, to the positive pole of a Smee or Daniell
battery, and a plate of clean sheet-brass or German-silver of about
the same dimensions to the negative pole, and immerse both plates in
the copper solution : in a few moments we shall observe that the brass
has become coated with copper. If the operation be allowed to pro-
ceed undisturbed for a few hours, at the end of that time we shall
find that a copper deposit of considerable thickness has taken place
upon the brass plate, while the copper plate (the arode) has become
greatly reduced in substance. If the two plates are weighed bcfore
and after the prolonged immersion, it will be found, on re-weighing
them, that one plate (the copper) has lost what the other (the brass)
has gained, while the copper solution will have preserved its equili-
brium. In this experiment several important facts are elicited :—
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1. That the metal is deposited upon the negative electrode. 2. That
the positive electrode becomes dissolved. 3.That the copper is deposited
direct from the solution on to the brass plate. 4. That the metallic
strength of the solution is kept up by the gradual dissolving of the
copper anode, which may be thus explained : the water of the solu-
tion, being decomposed by the current, its oxygen is liberated at the
positive (in this case copper) pole, when it combines with the metal,
forming ozide of copper ; at the same time the sulphuric acid of the
sulphate of copper is set free, and this, seizing the oxide of copper,
forms sulphate of copper, which at once becomes dissolved in the
solution. The hydrogen, liberated at the negative pole, does not
escape in the form of gas, but, as it becomes released from the water,
it takes the place of the copper removed from the solution during the
process of electro-deposition.

A very useful little apparatus for experimenting upon the electro-
decomposition of liquids is represented in Fig. 50. It consists of a
plate-glass cell, made by cementing five pieces of glass together with

Fig. 51.

transparent cement and supporting them upon a wooden stand, as in
the engraving, upon which they are fastened with cement. The cell
is about five or six inches long and two inches in width. The cell is
divided into two compartments by inserting a temporary diaphragm
(a, Fig. 51), which is a small cane or wooden frame with muslin
stretched over it. 'When this is put into its place, as at «, a separate
electrode may be introduced into each of the compartments thus
formed, and these may consist of two strips of thin platinum foil, or
thin plates of carbon, about four inches long and half an inch in
width. To illustrate the evolution of chlorine at the anode or positive
pole, nearly fill the glass cell with a weak solution of salt-and-water,
slightly acidulated with hydrochloric acid, and colour the solution
blue with a few drops of a sulphuric solution of indigo. The
electrodes are then introduced, when, in a few minutes, the solution
in the anode compartment will be found to lose its colour and eventually
become quite colourless, owing to the action of the chlorine disengaged
at the anode, which has the power of dleaching the indigo.

Another interesting experiment is to fill the glass cell with a weak
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solution of starch, to which a little iodide of potassium must be added.
‘When the current is passed through the solution the iodine will show
itself at the anode by a beautiful blue colour, it being the peculiar
property of this substance to strike a blue colour with starch, forming
an iodide of starch.

Lastly, if the cell be filled with a solution of common salt, to which
a few drops of yellow prussiate of potash are added, and an iron
electrode introduced into each compartment, the division in which the
anode or positive electrode is placed will assume a beautiful deep blue
colour, while the solution in the other or negative compartment will
remain colourless. 'The blue colour in the anode division is due to the
oxidation of the iron and its solution by the prussiate of potash form-
ing prussian blue.



CHAPTER VI

ELECTRICAL THEORIES IN THEIR RELATION TO THE
DEPOSITION OF METALS.

Condnctors and Insulators.—Relative Conducting Powers of Metals.—Defini-
tion of Electrical Terms.—Simple and compound Voltaic Circles.—
Resistance : Ohm’s Law.—Application of Ohm’s Law to Compound
Voltaic Circles.—Electrical Units.—Electromotive Force of Batteries.—
Electrolytic Classification of Elements.

‘WaiLE it would be beyond the province of the present work to enter
deeply into theoretical considerations, it is necessary, in the present
advanced state of electrical science, that both the student and practical
operator should be acquainted with the principles and laws which
govern the development of electricity—that force or power with which
he has to deal in all electrolytic operations. No matter how it may
be obtained, whether it be generated by chemical or mechanical
means, or by heat (as in thermo-piles), the ¢ current >’ or force is, to
the electro-metallurgist, what steam is to the engineer—a means of
doing a certain amount of work. When we take into consideration the
many ways at present known of generating or bringing into action
this subtle force, and the marvellous effects which it is capable of pro-
ducing, it becomes at once apparent that if we desire to render this
power subservient to practical purposes in the arts, we should know
something of the principles which are involved in its production and
influence its action, that we may be the better able to regulate or con-
trol the current to suit the various purposes to which we desire to
apply it. For a full knowledge of the laws of electrical science, the
reader is referred to standard works on electricity, those mentioned in
the footnote * being specially recommended.

Conductors and Insulators.—It is understood that all bodies are
capable of conducting or transmitting electricity, though in very dif-
ferent degrees, and that all substances insulate or resist the passage of
the current also in different degrees. Faraday was of opinion that

# “The Student’s Text-Book of Electricity,” by H. M. Noad, Ph.D., F.R.S.,
&c ; revised edition by W. H. Preece, M.I.C.E.; and Fleeming Jenkin’s
“ Treatise on Electricity and Magnetism.”
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conduction and insulation are only extreme degrees of one common
condition ; that they are the same in principle and in action, except
that in conduction an effect common to both is raised to the highest
degree, whereas in insulation it occurs in the best cases only in an
almost insensible quantity. In the following list the bodies are
arranged in the order of their conducting power, silver being recog-
nised as the best conductor, and ebonite the most perfect insulator.

All the metals, Dry chalk.

Well-burnt charcoal. Native ca bonate of baryta.
Plumbago. Lycopodium.

Concentrated acids. Caoutchouc.

Powdered charcoal. Camphor.

Dilute acids. Siliceous and argillaceous stones.
Saline solutions. Dry marble.

Metallic ores. Porcelain.

Animal fluids. Dry vegetables.

Sea water. Baked wood.

Spring water. Leather.

Rain water. Parchment.

Ice above 13° Fahr. Dry paper.

Snow. Hair,

Living vegetables. Wool,

Living animals. Dried silk

Flame smoke. Bleached silk.

Steam. Raw silk.

Salts soluble in water.
Rarefied air.

Transparent guins,
Diamond.

Vapour of aleokol. Mica.
Vapour of ether. All vitrifications.
Moist earth and stones. Glass.
Powdered glass. Jet.

Flowers of sulphur. Wax.

Dry metallic oxides. Sulphur.
Oils, the heaviest the best. Resius.

Ashes of vegetables. Amber.
Many transparent crystals. Gautta-percha.
Dry ice below 13° Fahr. Shellac.
Phosphorus. Ebonite.
Lime.

The conductor commonly employed for conveying the current from
voltaic batteries, and magneto and dynamo-electric machines to the
deposgiting baths, as also for suspending the anodes and objects to be
coated with metal, is copper, which, besides being the second best
conductor, has the advantage of being comparatively cheap and readily

@
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procurable, while its extreme pliability renders it easy to adapt to the
various purposes of electro-deposition. The copper wire employed for
transmitting the current from voltaic batteries of moderate dimensions
may be from % to } inch in thickness, while the wire, or ¢¢ cable ’ a
it is sometimes called, used to connect powerful magneto and dynamo-
electric machines with the depositing tanks is generally from half to
one inch in diameter ; these leading wires are sometimes insulated by
being covered with gutta-percha or other insulating material.

Relative Conducting Power of Metals.—The following table gives
the relative conducting powers of pure metals and other conductors,
according to Dr. Matthiessen :—

Silver . . 4 . 1000 | Thallium . 3 g2
Copper . 5 . . 999 | Lead . 5 2 . 83
Gold v 0 g . 779 | Arsenic. o 1 . 48
Zine . . " . 290 | Antimony . S , W46
Cadmium o 3 . 237 | Mercury A 3 . 16
Palladium b 1 . 184 | Bismuth : 2 RLLige3
Platinum 5 o . 180 | Graphite : 5 . 0bg
Cobalt . 5 d . 172 | Gas Coke o q e 1038
Nickel . o 0 . 131 | Bunsen’s Coke 5 . 025
Tin 3 5 . e L 2§

It will thus be seen how nearly silver and copper approximate each
other in conducting power, and how greatly the conductivity of metals
diminishes after gold is reached. The conduction-resistance of liquids,
as compared to metals, is enormous ; for example, if that of copper at
32° Fahr. equals 1, those of the following liquids are—

Nitric acid at 55° Fahr. . 3 p 0 976,000
Sulphuric acid diluted to i at 68° Fahr 3 3 1,032,020
Saturated solution of chloride of sodium at 56° Fahr. 2,903,538
55 3 sulphate of zine . A 15,861,267

% sulphate of copper at 48° Fahr 16,885,520

sttllled water at 59° Fahr. . 5 3 . 6,754,208,000

Definition of Electrical Terms.—The late Professor T. Clark-
Maxwell and Mr. Fleeming Jenkin, in their report ¢ On Standard
Electrical Resistances,”’ as members of a committee appointed by the
British Association,* adopted the following definitions of the terms
electromotive force, resistance, current, and quantity, which are now
generally accepted.

Electromotive Force—By this term, which is frequently written

* Report, 1863.
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E.M.F., is to be understood that quality of a voltaic battery or other
sourceof electricity, in virtue of which it tends to do work by the transfer
of electricity from one point to another, and this force is measured by
measuring the work done during the transfer of a given quantity of
electricity between these two points. Dr. Joule proved that whether
the work done be mechanical, chemical, or thermal, it is proportional
to the square of the current, to the fime during which it acts, and to
the resistance of the circuit. The electromotive force is, in fact, the
strength or power of the current to overcome resistance. The unit of
electromotive force adopted in this country is termed a wvolt.

Electrical Resistance.—By this term is understood that quality of a
conductor in which it prevents the performance of more than a certain
amount of work in a given time by a given electromotive force.
The resistance of a conductor is, therefore, inversely proportional to
the work done in it when a given electromotive force is maintained
between the two ends. The unit of resistance is termed an okm.

Electrical Current.—By this term is meant the cause of the peculiar
properties possessed by a conductor used to join the opposite poles of
a voltaic battery ; namely, those of exerting a force on a magnet in
its neighbourhood ; of decomposing certain compound bodies called
electrolytes, when any part of the conductor is formed of such com-
pound bodies ; or of producing currents in neighbouring conductors as
they approach or recede from them.

Quantity—The force with which one electrified body acts upon
another at a comstant distance, varies under different circumstances.
‘When the force between the two bodies, at this constant distance and
separated by air, is observed to increase, it is said to be due to an
increase in the quantity of electricity, and the quantity at any spot is
defined as proportional to the force with which it acts through air on
some other constant quantity at a distance. If two bodies charged
with a given quantity of electricity are incorporated, the single body
thus composed will be charged with the sum of the two quantities.

Intensity.—Mr. Latimer Clark pointed out* that the expression
intensity, as ordinarily used, involves two perfectly distinct qualities,
viz. : tension, or electromotive force, or electric potential, and quantity. A1l
the most striking properties of electricity, such as the decomposition
of water and salts, the combustion of metals, the deflection of the
galvanometer, the attraction of the electro-magnet, and the physiolo-
gical effects of the current are really dependent, as regards-their
magnitude and energy, solely on the guantity of electricity passing.
Their greater energy, when the tension is increased, is an indirect
effect due not to that tension, but to the increased quantity which

* ¢ Proceedings of the Royal Institution,” March 15th, 1861.
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passes in a given time by reason of the increased tension. The unit
of current strength is termed an ampére.

Simple and Compound Voltaic Circles.—In a simple voltaic
circle or battery, in which the plates are large, the quantity of elec-
tricity generated or set in motion is very considerable, while its
intensity or power of overcoming resistance is low. The energy de-
pends on the size of the plates, the intensity of the chemical action
on the oxidisable metal, the rapidity of its oxidation and the speedy
removal of the oxide. It is not, however, necessary that the plates
composing a simple voltaic circle should consist of fwo opposed surfaces
only ; the same electrical effect is obtained if the plates are cut up
into a number of pieces and placed in different vessels, each contain-
ing the same exciting fluid, provided the same extent of surface be
preserved and the pieces be kept at the same distance apart. Thus,
let a plate of platinum and another of amalgamated zine, each four
inches square, be immersed at a distance of one inch apart in dilute
sulphuric acid, and connected by a stout copper wire ; after the lapse
of a certain time a certain quantity of zine will be dissolved, and a
corresponding guantity of hydrogen gas will be evolved on the surface
of the platinum ; now let each plate be cut into four strips, each 1
inch broad and 4 inches long, and let a pair of each metals be im-
mersed, at a distance of one inch apart, in four separate vessels con-
taining dilute sulphuric acid ; let all the platinum plates be connected
together by a stout copper wire, and all the zine plates by a similar
wire, and let the two wires be united ; the same amount of zinc will
be dissolved in the same time, and the same amount of hydrogen
liberated, and the same quantity of electricity thrown into circulation,
as with a single pair; the four pairs and the single pair are equally
simple voltaie circles.—Noad.

If, however, instead of uniting all the plates together in two sepa-
rate groups, as above, we
alternate the series by con-
necting the zine of one
cell with the platinum of
the next cell, and so on
throughout the whole

Fig. 52. seri.es, as in Fig. 52, 'by

which arrangement a zine

plate will be at one end of the series, and a platinum plate at the other,
the amount of zine dissolved and hydrogen set free will be precisely the
same as before, but the electromotive force is increased fourfold ; the re-
sistances are at the same time still further increased, for while in the
former arrangement a stratum of liquid 4 inches wide and 1 inch thick
had to be traversed by the current, in the second arrangement it has to
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pass through 4 separate inches of liquid, each 1 inch in width. By
this latter method of connecting the plates, however, there is a
starting-point of power in each cell, whereby each contributes its
energy in urging forward the current, and though the guantity of
electricity is not greater than when the plates were arranged as a
single pair, its intensity (electromotive force) or power of overcoming
resistance is greatly increased, and, within certain limits, this power
is increased in proportion to the number of couples arranged in
alternate series. This arrangement constitutes a compound voliaic
circle, or compound battery.

Resistance : Ohm’s Law.—Even under the most favourable con-
ditions, it is well known that from a voltaic battery we never get a
full equivalent of electrical power in return for the chemical action
which takes place within the battery cell, and this loss of power is
due to internal resistance within the battery itself, and this, as we have
shown, isovercome when several cells are connected in alternate series,
that is the zinc of one cell with the copper of the next, and so on
throughout the series. External resistance is that which opposes the
current in the conducting wires, the electrolyte, or other body
employed to complete the circuit. A current which is not much
affected by external resistance is said to possess considerable electro-
motive force, or in other words is of ¢ high intensity.”’

‘Weare indebted to Professor Ohm, of Nuremberg, for an exposition
of the causes which influence the quantity of electricity obtained in
a voltaic circuit, who investigated the subject mathematically, and
hig formulee have been verified experimentally by Daniell, Wheatstone,
and others, and are regarded as the basis on which all other investi-
gations that have since been made relative to the force of the current
are founded. Ohm’s law may be thus briefly defined : the strength
or force of the current is equal to the electromotive force divided by
the resistance in the circuit; thus, if we take o to denote the actual
strength of the current, that is its power to produce heat, magnetism,
chemical action, &ec., & the electromotive force, and = the resistance
of the wires and electrolytes, then

E
C= ®

Ohm’s law may also be explained as follows :—

1. The volume or strength of the current in any circuit is found
by dividing the value of the E.M.F. (as measured by the difference
of potential existing in the circuit) by the value of its total resist-
ance.

2. The resistance in any circuit is found by dividing the value of
the E.M.F. by the value of the current.
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3. The E.M.¥. in any circuit is found by multiplying the value of
the resistance contained in it by the value of the current traversing it.

4. The quantity of electricity produced in any circuit is found by
multiplying the value of the current by the time during which the
current flows.

The term quantity in its proper significance refers solely to static and
not to dynamie electricity, although the duration of the dynamic effect
depends upon the quantity originally present.

‘When the conductor or storage battery is discharged, by joining its
poles to a conductor, the conductor is traversed by the current. If
the conductor has a great resistance, it will require considerable time
for the whole to pass, and thus the current will be a comparatively
weak one. If, on the other hand, the resistance of the conductor is
small, the whole quantity will pass in a much shorter time, and the
current will be a much stronger one.

If we increase the number of elements of a voltaic battery,
arranging them in alternate series, we increase the tension, urging
the electricity forward, but at the same time we increase the amount of
resistance offered by the liquid portion of the circuit; so that, pro-
vided in both cases the circuit be completed by a competent conductor,
such as a stout copper wire, we obtain the same results in both cases,
the electromotive forces and the resistances being increased by an
equal amount. The resistance includes the resistance of the con-
ducting wires, the electrolyte, and the resistance of the liquid and
elements of the battery itself. The resistance of the battery is found
to decrease in exact proportion as the surface is increased, and the
resistance of the wire is directly as its length, and inversely propor-
tional to its section.

Application of Ohm’s Law to Compound Voltaic Circles.—
Since each pair of elements of a voltaic battery contributes its own
E.M.F. to the current, it follows that the whole E.M.F. will be
proportional to the number of pairs, provided they are all equal. The
following general law has been established by Wheatstone :—

1. The electromotive force of a voltaic current varies with the
number of the elements and with the nature of the metals and liquids
which constitute each element, but is in no degree dependent on the
dimensions of any of their parts.

2. The resistance of each element is directly proportional to the
distances of the plates from each other in the liquid, and to the
specific resistance of the liquid, and is also inversely proportional to
the surface of the plates in contact with the liquid.

3. The resistance of the connecting wire of the circuit is directly
proportional to its length and to its specific resistance, and inversely
proportional to its section.
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The resistances of different metals are inversely as their conducting
powers, and their conductivity is greatly influenced by temperature,
as will be seen in the following table by Dr. Matthiessen :—

Conductivity. Conductivity at 212°.
Metal—Pure.
o Each metal com-
Stlver at 32°= roo. | SIYeE 8t | porod wrich itself at
3 32°=100.
At 32° | At2r2° Loss p. c.
Silver (hard drawn) . | 10000 71'56 | 10000 71°56 2844
Copper (hard drawn) . 99'95 | %0°27 9820 70°31 29'69
Gold (hard drawn) 3 77°96 55'90 7811 7170 2830
Zine. . . Pl - X 29’02 2067 2889 71'23 2875
Cadmiumy s v s5pe 23'72 1677 23°44 70'70 29°30
Cobalt . . Bl 17422 == —_ — -—
Iron (hard drawn) o 1 16°81 = — — —
Nickel . . . ., . . . 13'11 =3 — _— —
Tin . xS 12'36 867 12'12 70°'11 29'89
T hallimniie s Sl b 9'16 = = 6858 | 3142
P NS Y D 832 586 818 70°39 29'61
Arsenicum . . . . . 476 333 465 69°88 30'12
Antimeny# i iE S s 4'62 326 4’55 70°54 29'46
Bismtith 8 R e 1245 0'878 1'227| #%0'51 29'69
il

Electrical Units,—There has been much diversity amongst English
and Continental electricians as to the best system of electrical measure-
ment to be founded on the various theories of Ohm, Weber, Thomson,
Ampére, and others ; but we may take it as a general rule that in this
country the Volt is accepted as the unit of electromotive force, the
Olin, the unit of resistance, and the Ampére, the unit of quantity, or
current strength, which determines the amount of electric work done
in a given time. In estimating the electric power of a dynamo-
electric machine or battery, its electromotive force is taken in volts, its
resistance in ohms, and its quantity or strength is determined in
amperes. For these purposes certain measuring instruments are
employed, termed voltmeters and ammeters respectively, of which there
are many different forms in use. One of the most delicate and reliable
instruments for measuring the current is Siemens’ dynamometer ; but
for workshop uses those instruments which are enclosed in a lacquered
brass, or a wooden case, are to be preferred.

The volt is also called the unit of potential, and does not differ
greatly from the potential which normally exists between the poles of
a single sulphate of copper cell (being about 95 per cent. of it), and
for approximate calculations may be considered equivalent to it. In
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other words, a Daniell cell is a little more than a volt, the determina-
tions of it value by different experimentalists being as below :-—

Werner Siemens 5 5 . a . I'106 volt.
Latimer Clark . " 5 : ) S 10705 55
Sir W. Thomson . . 2 R . I'0I2 ,
F. Kolrausch . N 5 . 3 .18 .

Electromotive Force of Batteries.—The following table, after
Ferrini, gives the E.M.F. of various batteries, in volts, and will be

very useful for reference :—

TABLE OF ELECTROMOTIVE FORCE OF BATTERIES.

Electro-
motive

Force in
Volts.

Name of Element. Constitution.

Authority.

phuric acid (x : 12)
Smee . . . . | Amalgamated zinc in

0’719

Wollaston . . | Amalgamated zinc and) K 0886
copper in dilute sul- | 0861
sulphuric acid, plati- i:t:98
nised silver, or plati- 0'523
munI in sulphuric acid I'ig2
(| Amalgamated zinc in .
sulphuric acid (1:4); :.079
copper in saturated so- ’ x'gg
2} 1 1-
Daniell . . .< p'}::zg of copper su | 1079
Zinc in dilute sulphunc s
acid (1 : 12); ‘copper g‘ggB
U| in saturated solution 9
(| Zinc in sal-ammoniac ; 1°481
carbon with manganese 1°561
peroxide in sal-ammo- 1°942

niac 1°259
Zinc in solution of com-) %
mon salt; carbon wnh !‘423
manganese peroxide in } 1.3
L| common salt solution J 34

Leclanché . .4

Marié-Davey . | Zinc in dilute sulphuric [ :g:g
acid (1:12); carbon 1382
in mercurous sulphate U 1440

in fuming nitric acid

Grove. . . .{| Zinc in dilute sulphuric
acid (1:12); platinum
in nitric acid of 1°38

sp. gr.

1'524

Zinc in dilute sulphuric
acid (1 : 12); platinum 1'956
J} oL

Clark and Sabine,
Sprague.

De la Rive.
Clark and Sabine.
Sprague,

De la Rive,
Naclari,

Clark and Sabine.
Sprague.

De la Rive.
Naclari.

Clark and Sabine,
Du Moncel.
Clark and Sabine.
Sprague.

De la Rive.
Beetz.

Sprague.

Naclari.

Du Moncel.
Clark and Sabine,
Sprague.

Naclari.

Du Moncel.

Clark and Sabine.

Clark and Sabine,
Sprague.
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TABLE OF ELECTROMOTIVE FORCE (continued).

| Electro-
Name of Element. Constitution, hotive | Authority.
Volts.
(| Zinc in dilute sulphuric ! 2
S e | e
in fuming nitric acid P
Zine in dilute sulphuric? ! =
Buneen acid (r:12); carbon igﬁ? giz;t and Sabine.
*{| in nitric acid of 1°38 o B Tani
p. gr. 3 =
ngdm( dllutg sulphlll)l'lﬂ 2028 | Clark and Sabine.
acid (1:12); carbon 2 St
in bichromate of potas- { | 1995 [ JPragte.
T j| zr20 Naclari.
Grenet . . . | Zinc and carbon in bi-

chromate of potassium 1825 | Naclad,

Electrolytic Classification of Elements.—The following table
indicates the electric relations of simple or elementary bodies to each
other, but is subject to modifications, and indeed reversal of order,
according to the nature of the exciting fluid in which the pairs of
elements may be immersed. The list will, however, prove useful as a
general guide. In the first column of negative bodies, each element is
to be considered negative to all below, and positive to all above it, and
the same applies to the second column of positive bodies. The elements
are therefore negative or positive only in relation to each other; as
an example, if a compound of oxzygen and chlorine be electrolysed, the
former would go to the positive and the chlorine to the negative
electrode ; if the compound were composed of chlorine and phosphorus,
the chlorine would then go to the positive, and the phosphorus to the

negative pole :—

Electro-negative Elements. Electro-positive Elements.
Oxygen. Potassium,
Sulphur. Sodium.
Selenium, Lithium,
Nitrogen. Barium.
Fluorine. Strontium,
Chlorine, Calcium,
Bromine. Magnesium,
Todine. Aluminium,
Phosphorus. Uranium.
Arsenic, Manganese,
Chromium, Zinc,
Vanadium, Iron.







CHAPTER VIIL
ELECTRO-DEPOSITION OF COPPER.

Electrotyping by Single-cell Process.—Copying Coins and Medals,—Mould-
ing Materials.—Gutta-percha.—Plastic ~Gutta-percha.—Gutta-percha
and Marine Glue.—Beeswax.—Sealing-wax.—Stearine.—Stearic Acid.—
Fusible Metal.—Elastic Moulding Material.—Plaster of Paris.

It may fairly be said that the discovery of the electrotype pro-
cess formed the basis of the whole electrolytic industry ; and, in
its applications to various purposes of the arts and to literature, it
has proved of inestimable value. "While, in its infancy, the electro-
type process was a source of scientific Tecreation to thousands of
persons of all classes, many were those who saw in the new process a
wide field of research, from which much was expected and more has
been realised. While Faraday, Becquerel and others were investi-
gating the process in its more scientific relations, practical men were
trying to apply it to various art purposes, until, in course of time,
electrotyping was added to our list of chemical arts.

The simplest form of arrangement for electrotyping small objects
is kmown as the ‘¢ single-cell >’ process, which it will be well to con-
sider before describing the more elaborate apparatus employed for
larger work.

Electrotyping by the Single-cell Process.—In its most simple
form, a small jar, Fig. 53, may be used as the outer
vessel, and in this is placed a small porous cell, made
of unglazed earthenware or biscuit porcelain, some-
what taller than the containing vessel. A strip of
stout sheet-zinc, with a piece of copper wire attached,
either by means of solder or by a proper binding
screw, is placed in the porous cell. A saturated solu-
tion of sulphate of copper (bluestone), made by
dissolving crystals of that substance in hot water,
and pouring the liquid, when cold, into the outer cell.
The porous cell is then filled to the same height as the copper
solution with a solution of sal-ammoniac or common salt. To keep
up the strength of the solution when in use a few crystals of sulphate
of copper are placed in a muslin bag, which is hooked on to the
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edge of the vessel by means of a short copper hook, and the bag
allowed to dip a little way into the liquid. The prepared mould is
connected to the end of the wire (which is bent in this M) form) and
gently lowered into the solution, when the whole arrangement is
complete. In place of the porous cell the zinc may be wrapped in
several folds of brown paper, encloging a little common salt, but the
porous cells are so readily obtained that it is never worth while to
seek a substitute for them. This simple arrangement will easily be
understood by referring to the cut.

A more convenient single-cell apparatus is shown in Fig. 54, in
which the containing vessel, or cell, is a glass or
stoneware jar capable of holding about three pints.
In this is placed a porous cell (p). A bar or plate
of zinc (z), with binding screw attached, is de-
posited in the porous cell ; a short piece of copper
wire (w), for suspending the mould (m) or object to
be copied, has its shorter end inserted in the hole
of the binding-screw. The outer vessel is about
three parts filled with a safurated solution of sul-
phate of copper (¢), and the porous cell is filled to
the same height with a half-saturated solution of
sal-ammoniac or common salt. If the zinc is
amalgamated, however, dilute sulphuric acid is used
instead of the latter solution in the porous cell, and
a small quantity of oil of vitriol (from half an
ounce to one ounce of acid to the quart of copper solution) added.

Amalgamating the Zine.—Pour a little dilute sulphuric acid, or un-
diluted muriatic acid, into a dish, and, having tied a piece of flannel
to the end of a stick, lay the zinc in the dish and proceed to brush the
acid all over the plate; now pour a little mercury (quicksilver) on
the plate, and rub it over the zinc with the little mop, when it will
readily spread all over the surface, giving the zinc a bright silvery
lustre. It is important that the zinc should be thoroughly cleaned by
the acid, otherwise the mercury will fail to amalgamate with the
metal, and dark patches of unamalgamated zine will appear. The
perforated shelf, or tray, in the engraving is a receptacle for crystals
of sulphate of copper, which, being placed upon it, gradually become
dissolved while the deposit of copper is going on, and thus re-supply
the solution as it becomes exhausted, whereby the operation progresses
uniformly.

To prepare the copper solution for small experimental purposes,
dissolve about 10 ounces of sulphate of copper in 1 quart of hot
water and stir until the crystals are all dissolved ; then set the vessel
aside until cold, when the clear liquor is to be carefully poured into

Fig. s54.
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the depositing cell. When unamalgamated zine is used in the single-
cell arrangement the sulphate of copper should be simply a saturated
solution of the salt without that addition of acid, though a few drops
only may be added with advantage.

It is of great importance that the sulphate of copper should be
pure. The crystals should beof a rich dark blue colour and absolutely
free from greenish crystals (sulphate of iron), which not unfrequently
get mixed with the copper salt by the carelessness of the shopkeepers’
assistants.

Copying Coins and Medals.—Before explaining the various
methods of obtaining moulds from different objects, for the purpose
of producing fac-similes in copper, let us see how we may employ the
above apparatus in a more direct way. Suppose we desire to obtain a
copy, in reverse, of some medal or old coin, or even a bronze penny-
piece, having decided which side of the coin it is intended to electro-
type—say the obverse or ‘‘head’ side—we must first render the
surface clean and bright. This may be very readily done by means
of rottenstone and a little olive oil, applied with a piece of chamois
leather and briskly rubbed over the face of the coin. In two or three
minutes the surface will be sufficiently bright, when the oil must be
wiped off thoroughly either with cotton wool or blotting paper. A
short piece of copper wire is next to be soldered to the back of the
coin, and the polished side is then to be brushed over with a soft plate-
brush and plumbago, or blacklead, which will prevent the deposited
copper from adhering to the medal. In order to prevent the copper
from being deposited upon the back and rim these parts must be
coated with some non-conducting material. For this purpose paraffin
wax, applied by gently heating the medal and touching it with the
wax, or red sealing-wax, dissolved in spirit of wine or wood spirit
(pyroxylic spirit), brushed over the surfaces to be protected, will
answer well ; but if the latter is employed it must become thoroughly
dry before being placed in the copper solution.

Being thus prepared, the end of the conducting wire is to be in-
serted in the binding screw attached to the zinc and securely fixed by
turning the screw until it grips the wire firmly. The coin must be
lowered into the solution steadily, with its face towards the porous
cell, and if any air-bubbles appear upon its face they must be re-
moved by means of a camel-hair brush, or, still better, by blowing
upon them through a glass tube. Itisa good plan to breathe upon
the face of the coin before placing it in the solution, which, by cover-
ing it with a layer of moisture, effectually prevents the formation of
air-bubbles.

In about twenty-four hours from the first immersion of the medal
the deposit of copper will generally be sufficiently stout to bear re-
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moving from the original, when the extraneous copper, which has
spread round the edge of the deposit, or electrotype, may be carefully
broken away by means of small pliers ; if the medal be gently heated
over a small lamp, the electrotype will readily become detached,
and will present, in reverse, a perfect copy of the original, in which
even the very finest lines will be accurately reproduced. In its
present condition the electrotype is hard and brittle, and will, there-
fore, require careful handling. To give it the toughness and flexi-
bility of rolled copper it is only necessary to heat the electrotype to
dull redness, which may be conveniently done by placing it on a piece
of sheet-iron, and laying this on the clear part of a fire until red hot,
when it must be withdrawn and the ¢ type’’ set aside to cool. If
placed in a very weak solution of sulphuric acid for a few moments,
then rinsed and dried, and afterwards brushed over with a littlerouge
or whiting, its surface may be readily brightened.

If we desire to obtain a copy i reli¢f from our electrotype (also in
copper) we must now treat it as the mould, following the same routine
as before in all respects, by which we shall obtain a perfect fac-simile
of the original coin, which may be mounted and bronzed by any of
the processes hereafter given.

Having thus seen what results may be obtained with the most
simple application of the single-cell process, we will next turn our at-
tention to the different methods of obtaining moulds from various
objects, but, before doing so, it will be necessary to consider the
nature of the several substances which are employed in moulding and
the methods of preparing them for use.

Moulding Materials.—The chief substances used in the electro-
typing art for making moulds are gutta-percha, wax, and fusible
metal ; other materials, however, are employed in certain cases in
which the substances named would be inapplicable. The various
materials will be considered under their separate heads, as follows :—

Gutta-percha.—This most useful moulding material is the concrete
juice of Isonandra Gutta, a tree growing only in the Malayan Archi-
pelago, and of other species of the same genus. The stem of the
gutta-percha tree, which sometimes acquires the diameter of §or 6
feet, after being notched yields a milky juice which, when ex-
posed to the air for some time, solidifies, and this constitutes the
gutta-percha of commerce. As imported, it is in irregular blocks of
some pounds in weight, and commonly containing a large proportion
of impurities in the shape of bark, wood, stones, and earthy matter.
To purify the crude article it is first cut in thin slices, which are after-
wards torn into shreds by machinery. These are next softened by
hot water and afterwards kneaded in a smasticator, by which the im-
purities become gradually washed away by the water. After several
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hours the gutta-percha is found to be kneaded into a perfectly homo-
geneous mass, which is rolled or drawn into sheets, bands, &c.

Gutta-percha becomes soft and plastic at the temperature of boiling
water (212° Fahr.), when two pieces may be welded together. Itisa
non-conductor of electricity, and is indeed one of the best insulating
materials known ; it is impervious to moisture, and is scarcely at all
affected by either acids or alkalies. Owing to its plasticity when soft,
it is one of the most useful materials for making moulds, yielding im-
pressions which are exquisitely sharp in the very finest lines. When
used for making moulds from small objects, as coins, medallions, or
sealing-wax impressions of seals, a piece of gutta-percha of the re-
quired size is placed in hot water (the temperature of which should be
about 160° Fahr.), and, when sufficiently soft, it should be rolled
while still wet in the palms of the hands until it assumes the form of
a ball ; it should then again be soaked in the hot water for a short
time, and be again rolled as before, care being taken to observe that
the surface of the ball exhibits no seams or fissures. When larger
objects have to be copied stout sheet gutta-percha is used, and a piece
of the required size cut from the sheet, which is softened as before,
then applied to the object, and the necessary pressure given to secure
a faithful impression.

Plastic Gutta-percha.—When gutta-percha is steeped for a few
hours in benzol or naphtha it becomes considerably swollen ; if afte}-
wards soaked in hot water it is exceedingly plastie, and requires but
moderate pressure to obtain most perfect copies from even such fragile
objects as plaster of Paris models.

Gutta-percha and Marine Glue.—The following has also been
recommended : gutta-percha 2 parts, Jeffrey’s marine glue 1 part.
Each of the materials is first to be cut up into thin strips; they are
then to be mixed, placed in a pipkin and heated gently, with con-
tinual stirring, until the substances have become well incorporated :
the mixture is now ready for nse, and should be rolled into the form
of balls before being applied for taking impressions. A very useful
mixture is made by melting thin strips of gutta-percha as before, and
adding one-third part of lard, keeping the mixture well stirred. Itis
applied by pouring it over flat surfaces, as steel plates, &e.

Beeswax.—This is a very useful material for moulding, and may be
applied either in the form of virgin or white wax, or the ordinary
commercial article—yellow beeswax. Since this substance, however,
is very commonly adulterated, it may be useful to know something of
its natural characteristics. At the temperature of 32° Fahr. beeswax
becomes brittle, at from 80° to 9o° it becomes soft and plastic, and it
melts at about 155° Fahr. Mr. B. S. Proctor says: ‘It becomes
plastic or kneadable at about 85° Fahr., and its behaviour while worked
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between the finger and thumb is characteristic. A piece the size of
a pea being worked in the hand till tough with the warmth, then
placed upon the thumb and forcibly stroked down with the forefinger,
curls up, following the finger, and is marked by it with longitudinal
streaks.”” Its ordinary adulterants are resin, farina, mutton suet,
and stearine, though more ponderous substances, such as plaster of
Paris, have sometimes been detected. White wax is very commonly
adulterated with spermaceti, sometimes to the extent of two-thirds of
the latter to one of wax. These sophistications, although not neces-
sarily fatal to the preparation of good moulds, are certainly objection-
able, inasmuch as it not unfrequently happens that a wax mould
splits or cracks, not alone from cooling too quickly, but owing to the
presence of foreign substances which impair its toughness.

Sealing-wax.—This substance may be employed for taking impres-
gions of seals or crests, and was, indeed, one of the first materials used
in the earliest days of electrotyping. The material, however, should
be of good quality, and only sufficient heat applied to melt, without
inflaming it.

Stearine. Stearic Acid.—The former substance is the solid eon-
stituent of tallow, and the latter (stearic acid) is the same substance
separated from fats by chemical processes. -Either may be used for
making moulds instead of wax ; but the late C. V. Walker recom-
mended the following mixture in preference to either :—

02z8.
Spermaceti . - : I % S N
Wax . 5 q = 0 oL q 12
Mutton Suet . < “ Y g v 13

Another formula consists of :—

0zs.
White Wax .. . . : 4 e 8
Stearine . 3 3 5 5 P 3 3
Flake White or Litharge . 5 AT %

The whole ingredients are put into a pipkin and gently heated over
a low fire, with continual stirring, for about half an hour, after which
the mixture is allowed to rest until the excess of litharge (oxide of
lead) has deposited. The clear residue is then to be poured into a
shallow dish, and when cold is put aside until required for use.

Fusible Metal.—This alloy, which melts at the temperature of
boiling water, and in some preparations very much below that point,
is very useful for making moulds from metallic and some other objects;
and since it can be used over and over again, and is capable of yielding
exceedingly sharp impressions, it may be considered one of the most
serviceable materials employed for such purposes. The following
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represent the principal formule for fusible metal, the last of which
melts at the low temperature of 151° Fahr. or 61° below the boiling
point of water :—

0z8. 028, 0z3.

I, Bismuth . 8 II. Bismuth . 8 II1. Bismuth 8
Lead & 4 Lead 8 5 Lead - 4
Tin : 4 Tin 4 Tin 5 2
Antimony 1 Cadmium 2

16 18 16

The metals are to be put into a crucible or clean iron ladle, and
melted over a low fire; when thoroughly fused, the alloy is poured
out upon a cold surface in small buttons or drops, and these, when
cold, are to be again melted and poured out as before, the operations
to be repeated several times in order to ensure a perfect admixture of
the metals. Another and better plan is to grenulate the metal, or
reduce it to small grains in the following way :—Fill a tall jar or
other vessel with cold water, and on the surface of the water place a
little chopped straw (about 3 inches in length). 'When the metal is
melted, get an assistant to stir the water briskly in one direction, then
pour in the metal, holding the ladle at some distance from the surface
of the water ; by this means the metal will be diffused and separated
into a considerable number of small grains. The water is then to be
poured off, and the grains collected, dried, and re-melted, after which
another melting and granulation may be effected, and the alloy finally
melted and cast into a mould, or simply poured out upon a flat iron or
other surface, when it will be ready for future use. By the repeated
melting, the alloy loses a little by the oxidation of the metals; but
since the heat required to fuse it is less than that of boiling water, the
loss is but trifling, as compared with the importance of obtaining a
perfect alloy of the various metals. It should be the practice to
remove the crucible or ladle from the fire the moment the alloy begins
to melt, and to depend upon the heat of the vessel to complete the
fusion.

Elastic Moulding Material.—For making moulds from objects
which are much wnder cut, in which case neither of the foregoing sub-
stances would be available, an elastic material is employed which has
the same compogition as that from which printers’ rollers are made,
that is to say, a mixture of glue and treacle, the formula for which
is:—

0z8.

Glue of the best quality . . . 12
Treacle . . o o 5 4 3
I 5'
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The glue is first to be covered with cold water and allowed to stand
for at least twelve hours, by which time it should be perfetly soft
throughout. The excess of water is then to be poured off, and the
vessel placed in a saucepan or other convenient utensil, containing a
little water, and heat applied until the glue is completely melted,
which may be aided by frequent stirring. When quite melted, pour
in the treacle, and again stir until perfect incorporation of the
ingredients is effected, when the composition may be set aside to cool
until required for use. To check evaporation and consequent drying
of the surface, the vessel, when the material is quite cold, may be
inverted over a piece of clean paper, by which, also, it will be pro-
tected from dust. The compound thus formed is exceedingly elastic,
and may readily be separated from models even when severely
undercut. Owing to the soludility of this composition, however, some
care is necessary in using it, otherwise it will become partially dis-
solved in the copper solution or both. This is more likely to occur,
however, when the solutions are of less strength than saturated, by
which term we understand that the water present holds as much
sulphate of copper in solution as it is capable of doing. Various
remedies for overcoming this disadvantage will be given when
treating of the methods of obtaining moulds from the material.

Plaster of Paris.—This substance is also used for mould-making,
either from metallic or natural objects ; but the plaster should be of the
finest quality, such as is used by Italian image makers for the surface
of their work, and not the coarse material usually sold in the shops.
The plaster should be fresk when purchased and preserved in a closely-
covered jar until required for use.

Having thus far considered the materials used in making moulds
for electrotype purposes, we will next explain the methods of applying
them, confining our observations to the more simple examples in the
initial stages of the process.



CHAPTER VIIL
ELECTRO-DEPOSITION OF COPPER (continued).

Moulding in Gutta-percha.—Plumbagoing the Mould.—Treatment of the
Electrotype.—Bronzing the Electrotype.—Moulds of Sealing-wax.—
Copying Plaster of Paris Medallions.—Preparing the Mould.—Plumba-
going.—Clearing the Mould.—Wax Moulds from Plaster Medallions,—
Moulds from Fusible Metal.

Moulding in Gutta-percha.—In the former case, we explained
how a copy of a coin could be obtained, in reverse, by making the
original act as the mould. We will now turn our attention to
obtaining fac-simile duplicates in relief, from impressions or moulds of
similar objects, from such of the materials described in the last
chapter as will best answer the purpose; and since the application
of these materials in the simple way we shall indicate will lead to
an understanding of the general principles of mould-making, it is
recommended that the student should endeavour to acquire adroitness
in taking impressions which will be perfectly sharp and clear, before
he attempts to obtain metallic deposits of copper upon them.

To obtain a copy of a medal, coin, or other similar object, the most
convenient material to employ is gutta-percha. Take a small piece
of this substance and place it in hot but not boiling water for a few
minutes, or until it is perfectly soft ; while still wet, roll it between
the palms of the hands until it assumes the form of a ball; it should
then be replaced in the water for a short time, and again rolled as
before. The coin to be copied is now to be laid, face upward, upon a
piece of plate-glass, slate, or polished wood. Now take the ball of
gutta-percha and place it in the centre of the coin, and press it firmly
all over it, from the centre to its circumference, so as to exclude the air,
and in doing this it may be necessary to occasionally moisten the tips
of the fingers with the tongue to prevent the gutta-percha from
sticking to them. A flat piece of wood may now be laid over the
gutta-percha, and if this be pressed forcibly by the hands this will
ensure a perfect impression. After about a quarter of an hour or so,
the gutta-percha mould may be readily removed from the coin, pro-
vided that the material has set hard.

Plumbagoing the Mould.—Having thus obtained a mould from a
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material which is a non-conductor of electricity, we next proceed to
give it a conducting surface, without which it would be incapable of
receiving the metallic deposit of copper which constitutes an electro-
type. For this purpose, plumbago, or graphite,* is usually employed.
To plumbago the surface of the gutta - percha mould proceed as
follows :—Hold the mould between the fingers of the left hand, face
upwards ; now dip a soft camel-hajr brush in finely-powdered plum-
bago (which should be of good quality) and brigkly brush it all over
the surface, every now and then taking up a fresh supply of plumbago
with the brush. Care must be taken to well brush the powder into
every crevice of the impression, and it is better to work the brush in
circles, rather than to and fro, by which a more perfect coating is
obtained. ‘When properly done, the face of the mould has a bright
metallic lustre, resembling a well- pohshed (that is blackleaded) stove.

In order to prevent the deposu; ok &Jpper from taking place on the
upper edge (beyond the actuJ~ﬂnpress1on), the plumbago which has
been accidentally brushéd.ever this surface should be removed, which
may be convenientlydone by rubbing it off with a piece of damp rag
placed over the forefinger. The mould is ngw to be attached to the
conducting wire by gently heating its *end in the flame of a
candle or ignited match, and then p it on the edge of the mould,
as far as the circumference of the inpression ; by glving it gentle
pressure it will become s m y imbedded ; the wire must not,
however, be below the fla ace of the mould If held steadily
in the hand for a few moments, or until the wire and gutta-percha
have cooled, the joint will se¢, and the mould may then be carefully
laid aside until the point of junction has set firm. A little plumbago
must now be brushed over the joint, so as to ensure a perfect electrical
connection between the wire and the plumbagoed mould.

The mould being attached to the conducting wire, must now be
connected to the zine by its binding-screws as before (Fig. 54), and both
should be immersed at the same time in their respective solutions, but
this must be done with care, otherwise the mould may become separated
from the wire. It may be well, in this place, to call attention to certain
precautions which, if carefully followed, will prevent failure, and
consequent disappointment, in electrotyping.

Precautions.—I. The solution of copper to be used in the single-cell
apparatus must be kept as nearly as possible in a saturated condition,
which is effected by keeping the shelf or tray constantly supplied with
crystals of sulphate of copper. 2. The superficial surface of zinc
immersed in the porous cell should not be much greater than that of
the mould to be copied. 3. The solution should be stirred with a

* Commonly called blacklead, but in reality carbon in a crude state.
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glass rod or strip of wood before immersing tﬁe mould especlally 1f it

has been previously used for electrotyp‘,lng 3 Af ‘hls'ls ot done,’ thd o
deposit may become irregular in thickness, ° g The phmaagoedl

mould should not be disturbed until its entire surface is covered with
copper. A few moments after immersion, a bright pinkish red
deposit of copper will be observed at the end of the wire, which in a
short time will radiate in the direction of the plumbagoed surface,
and this will gradually extend wherever this conducting medium has
been spread with the brush, provided the operation has been con-
ducted with proper care, and an uniform coating obtained.
Treatment of the Electrotype.—A sufficiently stout deposit of
copper, upon a gutta-percha mould of a small coin, may generally be
obtained in about two days, or even in less time, under the most
favourable conditions ; but it is not advisable to attempt to separate
the electrotype from the mould while the deposit is very thin, other-
wise the former may become broken in the operation. Assuming the
deposit to be thick enough, the first thing to do is to cut the end of
the wire connected to the mould with a pair of cutting pliers or a file,
after which the superfluous copper may be removed from the outer
edge by breaking it away with the pliers, taking care not to injure
the ¢ type’’ itself. The mould may then be placed in hot water for
a moment, when the electrotype will readily separate from the gutta-
percha. Inorder to give additional solidity to the electrotype, it should
be backed up with pewter solder, which may easily be done as follows :—
Put a small piece of zine into about a teaspoonful of hydrochloric acid
(muriatic acid) ; when the effervescence which takes place has ceased,
brush a little of the liquid, which is a solution of chloride of zine,
over the back of the electrotype, and then apply solder by means of a
moderately-hot soldering iron, until the entire surface is tinned, as it
is called, when a further supply of solder should be run on to the
back to give the required solidity. When this is done, the rough
edge of the electrotype should be rendered smooth with a keen file.
Bronzing the Electrotype.—To impart an agreeable bronze ap-
pearance to the type, it should first be cleaned by brushing it with
a solution of carbonate of potash (about half a teaspoonful in an ounce
of water), and applying at the same time a little whiting. An
ordinary tooth-brush may be used for this purpose, and after brisk
rubbing the type must be well rinsed in clean water. The bronze
tint may be given by brushing over it a weak solution of chloride of
platinum (1 grain to an ounce of water);.when the desired tint is
obtained, the type is to be rinsed with hot water and allowed to dry.
The tone may be varied from a delicate olive-brown to deep black,
according to the proportion of platinum salt employed. A few drops
of sulphide of ammonium in water, or, still better, a few grains of

q
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sulpiude of banum dissolved in water, will give very pleasing bronze

", ‘tind ty the gopper st\rface, the depth of which may be regulated at
. il by a'longer or' shorter exposure to the action of the bronzing

material. If a solution of sulphide of barium be used, about 5 grains
to the ounce of water will produce a pleasing tone in a few seconds.
It is better to immerse the electrotype in the liquid (previously
filtered) and to remove it the instant the desired tone is reached, and
to place it at once in clean water.

Another method of bronzing electrotypes is by the application of
plumbago, by which very pleasing effects may be obtained with a
little care in the manipulation. The surface of the electrotype is to
be first cleaned with rotten stone and oil ; the oil is then to be par-
tially removed by a tuft of cotton wool, and the surface is next to be
brushed lightly over with plumbago (a soft brush being used) until a
perfectly uniform coating is given. It is next to be heated to a point
that would singe the hair of the blacklead brush, and then set aside
to cool, after which it must be brushed with considerable friction.
The tint will depend upon the quantity of oil allowed to remain, this
enabling the surface to retain more of the blacklead, consequently to
appear of a darker colour. The effect is very.fine, and gives high
relief to the prominent parts, from their getting so much more polish
than the hollows, thus obviating the disagreeable effect which all
unbronzed bassi-relievi produce by reason of their metallic glare.—
Hockin.

The beautiful red bronze tone which is seen on exhibition and other
medals is produced by brushing over the medal a paste composed of
peroxide of iron (jewellers’ rouge) and plumbago, after which the
article is moderatly heated, and when cold is well brushed until it
acquires the necessary brightness and uniformity of surface. Equal
parts of fine plumbago and jewellers’ rouge are mixed up into an
uniform paste with water, and the cleaned medal is then uniformly
brushed over with the mixture, care being taken not to allow the
fingers to come in contact with the face of the object. The medal is
then placed on a stout plate of iron or copper, and this is heated until
it acquires a dark colour ; it is then removed from the fire and allowed
to become cold. It is next brushed for a long time, and in all
directions, with a moderatly stiff brush, which isfrequently passed over
a block of yellow beeswax, and afterwards upon the paste of plum-
bago and rouge. The bronzing may also be produced by dipping the
cleaned medal in a mixture composed of equal parts of perchloride
and pernitrate of iron; the medal is then to be heated until these
salts are thoroughly dry. It is afterwards brushed as before with the
waxed brush until a perfectly uniform and bright surface is obtained.

Bronzing may also be effected by dipping the medal in a solution of
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sulphide of ammonium, and when this has dried, the plumbago
and rouge paste is to be applied as before, and the waxed brush again
employed. If the object be heated after applying the sulphide of
ammonium, a black bronze, called ¢‘ smoky bronze,’’ is produced, and
if the high lights be lightly rubbed with a piece of chamois leather
dipped in spirit of wine, a very pleasing effect of contrast is obtained.

Moulds of Sealing Wax.—This material is, as we have said, very
useful for obtaining impressions of seals, signet rings, and other small
objects. A simple way of taking an impression in sealing-wax is as
follows: Hold a card over a small benzoline lamp, but not touching
the flame ; now take a stick of the best red sealing-wax and allow it
to touch the heated part of the paper, working it round and round
until a sufficient quantity of the wax becomes melted upon the card.
Now place the card upon the table, and having gently breathed upon
the seal or signet ring, impress it in the usual way. Having
secured an impression, cut away the superfluous portions of the card
with a pair of scissors, and moisten the wax impression with a few
drops of spirits of wine. 'When this has apparently dried, proceed to
brush plumbago over the surface, using a camel-hair brush, and when
perfectly coated, gently heat the end of the conducting-wire and apply
it to the edge of the sealing-wax, allowing the point of the wire to
approach the edge of the impression. Now brush a little plumbago
on the point, and connect the short end of the wire to the binding-
8CTEeW.

After having obtained several electrotypes successfully, and thereby
become au fait to the manipulation of the single-cell apparatus, the
student will naturally desire to extend operations to objects of a more
important nature, such as medallions, busts, statuettes, and natural
objects, as leaves, fishes, &c. But before attempting the more elabo-
rate. subjects it will be well to select, for our next operation, one of a
simpler character, such as a plaster of Paris medallion, an admirable
model to reproduce in metallic copper.

Copying Plaster of Paris Medallions.—These pleasing works of
art, which may be obtained at small cost from the Italian image
makers, are specially suited for the elementary study of the electrotype
process, while a cabinet collection of such objects reproduced in copper
forms an exceedingly interesting record of the manipulator’s skill and
perseverance. There are several materials from which moulds from
plaster medallions may be obtained ; but we will first describe the
method of preparing a mould with gutta-percha. To render the
plaster more capable of bearing the treatment it will have to be sub-
jected to, the face of the medallion should first be brushed over with
boiled linseed oil, and this allowed to sink well into the plaster. After
abous two days the oil will have sufficiently dried and hardened upon



104 ELECTRO-DEPOSITION OF COPPER,

the surface to render the plaster less liable to injury. The medallion
thus prepared is next to be provided with a rim or collar of pasteboard
or thin sheet tin, which must be tightly secured round its circumference
either by means of thin copper wire, jeweller’s ¢ binding-wire,”’ or
strong twine. The rim should project about half an inch above the
highest point on the face of the medallion, and must be on a level
with its base ; it is then to be laid wpon a perfectly smooth surface until
the moulding material is ready. 'We recommend the student to prac-
tise upon small medallions at first ; say about two inches or two inches
and a half in diameter.

Preparing the Mould.—A lump of gutta-percha isnow to be taken
of sufficient size to cover the medallion, fill the vacant space up to the
top of the rim, and project above it. The gutta-percha is to be
softened in hot water and rolled up into the form of a hall, as before
directed, care being taken to obliterate all seams or cracks by repeatedly
soaking in the hot water and rolling in the hands. It must on no
account be applied until it is perfectly smooth, and as soft as hot water
will make it. To give additional smoothness to the surface of the ball,
it may be lightly rolled round and round, with one hand only, for an
instant upon a polished table just before being used. Now take the
ball in one hand and place it in the centre of the medallion ; then press
it firmly from the centre towards the circumference, taking care not
to shift it in the least degree. The gutta-percha must be pressed well
into the cavity, and when this is done, a piece of flat wood may be
placed on the mass and this pressed with both hands with as much
force as possible for a few moments, when it may be left until the
gutta-percha has set hard. If convenient, a weight may be placed
upon the board after having pressed it with the hands. In about half
an hour the board may be removed, and the mould allowed to rest
until quite cold, when the rim may be removed and the mould sepa-
rated by gently pulling it away from the medallion. As a precaution
against breaking the plaster medallion, it may be well to suggest that
its back should be examined, and if it be otherwise than perfectly flat,
it may be advisable to gently rub it upon a sheet of glass-paper, which
will readily remove all irregularities from the surface. It is also
important that the surface upon which the medallion is laid, when
applying the gutta-percha, should be quite level ; and it will be
still better if several folds of blotting-paper are placed between the
table and the medallion before the necessary pressure is given. These
points being attended to, there is little fear of the medallion becoming
broken. '

Plumbagoing.—The gutta-percha mould is now to be well plum-
bagoed, for which purpose a soft brush, such as jewellers use for
brushing plate and jewellery that has been rouged, may be used, and
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this being frequently dipped into the plumbago is to be lightly but
briskly applied, special care being taken to well plumbago the Zollows.
‘When it is borne in mind that the most delicate line, even if imper-
ceptible to the eye, will be reproduced in the metallic copy, the
importance of not injuring the face of the mould will become at once
apparent. It is also absolutely necessary that the gutta-percha should
be of the best quality, and since the same material may be used over
and over again, its first cost is of little consideration.

Clearing the Mould.—The mould being well coated with plum-
bago, all excess of this material which has become spread over the
outer edges, beyond the impression itself, must be wiped away, and
the more completely this is done the less trouble will there be after-
wards in clearing away from the electrotype the crystalline deposit
which, under any circumstances, forms around the circumference of the
electrotype. Indeed, when the student has once or twice experienced
the inconvenience of having to remove the superfluous copper from
his electrotypes, he will not fail to exert his wits to diminish the
labour which this involves as far as practicable, by every possible care
before the mould goesinto the copper bath. We therefore urge for his
guidance, that the removal of the excess of plumbago should be deemed
one of the important details of his manipulation, and that it should never
be neglected. After wiping away the excess of blacklead, it will be
found a good plan to place a piece of dry rag on the forefinger and to
rub it on a common tallow candle, so as to make the part slightly
greasy ; if now the edge of the mould (carefully avoiding the impres-
sion) be rubbed with the rag-covered finger, this will effectually
prevent the deposit from taking place upon such part ; before doing
this, however, the conducting wire should be gently heated and im-
bedded in the edge of the mould as before, taking care that the point
of the wire touches the extreme edge of the impression, and a perfect
connection between the wire and the latter must be secured by apply-
ing a little plumbago with a camel-hair brush or the tip of thefinger.
It is sometimes the practice to apply varnish of some kind to the edges
of moulds, and also to the conducting wire as far as the joining, but
until the student has thoroughly mastered the process of copying
simple objects in the way we have indicated, we do not recommend
him to employ varnishes; indeed not until dealing with objects of
a larger and more elaborate kind. :

The mould being now ready, is to be connected to the binding-screw
by its wire, and since the material of which it is composed is much
lighter than the copper solution, the wire must be sufficiently rigid,
when bent at right angles, as in Fig. 54 to keep the mould well down
in the bath. Being placed in the solution, it must be allowed to
remain undisturbed until the entire surface of the impression is
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covered. In from two to three days the deposit should be of sufficient
thickness to allow of its separation from the mould.

For copying small medallions of the size referred to, the single-cell
apparatus shown in Fig. 54 may be used, but for larger sizes or for
depositing upon several moulds at the
same time, the arrangement shown in
Fig. 55 will be most suitable. This
apparatus consists of a wood box well
varnished in the interior, and divided
into two cells or cempartments by a
partition of thin porous wood. The
larger cell is nearly filled with a satu-
rated solution of sulphate of copper,
and the smaller cell with a half-satu-
rated solution of sal-ammoniac. A
perforated shelf is suspended in the
larger compartment to contain a supply
of crystals of the sulphate. A plate
of pure zinc, connected by a copper
conducting wire, is suspended in the
smaller cell, and the mould connected

Fig. 55. to the opposite end of the wire by

suitable binding-screws. In this ar-

rangement neither acid nor mercury are used, and although the action

is not so rapid as in the former arrangements, it is very reliable for
obtaining good results.

Wax Moulds from Plaster Medallions. — Beeswax is a very
useful material for preparing moulds from plaster medallions, the
following simple method being adopted :—The medallion, instead of
being oiled as in the previous case, is simply soaked in hot water for
a short time or until it has become completely saturated. First put a
sufficient quantity of wax into a pipkin and melt it by a slow fire;
when melted, place it on the hob until wanted. Place the medallion
face upwards in a plate or large saucer, into which pour boiling water
until it reaches nearly half-way up its edge. In a minute or two the
face of the plaster will assume a moist appearance, when the excess of
water is to be poured out of the plate. A rim of card is now to be
fastened round the edge of the medallion, which may be secured either
by means of sealing-wax or a piece of twine. As before, the rim
should extend about half an inch above the most prominent point of
the image. The medallion being returned to the plate, the wax is
now to be steadily poured on to the face of the object, the lip of the
pipkin being placed near the pasteboard rim and nearly touching it, to
prevent the formation of air-bubbles. When the cavity is filled up to
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the top of the rim, if any air-bubbles appear they must be at once
removed with a camel-hair brush kept for this purpose, or the feather
end of a quill, or even a strip of paper may be used. The wax
must now be allowed to cool as slowly as possible, and in order to
favour this gradual cooling, a clean, dry jar may be inverted over
the mould and there left until the wax is quite cold. This precaution
will tend to prevent the wax from cracking, an event which sometimes,
but not very frequently, occurs.

‘When quite cold, the wax mould will generally separate from the
plaster by the application of moderate force to pull them asunder. If
such is not the case, however, return the medallion to the plate and
pour in a little boiling water. After a few seconds’ immersion the
mould will easily come away. If, however, owing to some irregu-
larity in the face of the medallion, the mould still refuses to separate,
plunge the whole into cold water, and, if necessary, use the edge of
a knife as a lever between the two surfaces and force them asunder.
If it be found that small portions of plaster adhere to the mould these
may be carefully picked out with a fine-pointed piece of wood, and
the mould afterwards very lightly brushed over with a soft plate brush.
Should it be found that some particles still obstinately adhere to the
wax, apply a little oil of vitriol with a thin strip of wood to the parts
and set the mould aside for about twelve hours, by which time the acid,
by attracting moisture from the air, will loosen the plaster, which may
then be brushed away with a soft brush and water. The mould must
then be put away to dry, or may be laid, face downward, upon a pad
of blotting-paper or ecalico.

The mould is now to be plumbagoed with a very soft brush, but,
owing to the yielding nature of the wax, the greatest care must be
taken not to apply the brush too severely, only sufficient friction being
used to coat the surface uniformly. It is a good plan to sprinkle a
little plumbago over the face of the mould, and then to work the
brush about in circles, by which means a well plumbagoed surface
may readily be obtained. This operation being complete, the super-
fluous plumbago is to be brushed off, and, by blowing upon the face
of the mould, any plumbago remaining in the crevices may be re-
moved. The conducting wire is to be attached, as in the case of
gutta-percha, by gently warming the end of the wire; but, if the
mould be a tolerably large one (say, 3 inches in diameter) it will be
well to bend the end of the wire so as to leave a length of about an
inch or more to be embedded in the edge of the mould, by which
means it will be more effectually supported than if the point of the
wire only were attached. The joint must now be well plumbagoed,
and the excess of this material which has been brushed over the
edges may easily be removed by scraping it away with a pen-knife.
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The same precautions must be observed with regard to wax-moulds
ag with those made from gutta-percha when immersing them in the
bath, otherwise they will, from their exceeding lightness, be disposed
to rise out of the solution. In the case of large moulds made from
such light materials they require to be weighted in order to keep them
beneath the surface of the copper solution, as we shall explain when
treating of them.

The stearine composition may be employed instead of wax in the
preceding operation, but we recommend the student to adopt the latter
waterial for copying small medallions, since, with a little care, it will
answer every purpose, and needs no preparation beyond melting it.

Moulds from Fusible Metal.—There are many ways of making
moulds from fusible metal, but, for our present purpose, we will select
the most simple. To obtain an impression of a coin or medal, melt a
sufficient quantity of the alloy in a small ladle or iron spoon, then, hold-
ing the coin face downward between the forefinger and thumb of the
right hand, pour the alloy into the rim of an inveréed cup or basin,
and, bringing the coin within a distance of about 2 inches from the
molten alloy, allow it to fall fla¢ upon the metal and there leave it
until cold. If, when the metal is poured out, there is an appearance
of dulness on the surface (arising from oxidation of the metals) a
piece of card or strip of stiff paper should be drawn over it, which
will at once leave the surface bright. As the metal soon cools, how-
ever, this may be more conveniently done by an assistant just before
the coin is allowed to fall. If no other help is at hand a piece of
card should be placed close to the cup, so that the moment the metal
is poured out it may be applied as suggested, and the coin promptly
dropped upon the cleaned surface of the alloy. A very little practice
will render the student expert in obtaining moulds in this way, and,
considering how very readily the material is re-melted, a few failures
need not trouble him.

The fusible alloy may also be employed in the form of a paste, but,
in this case, it is advisable to have the assistance of another pair of
hands, since, in this condition, it soon becomes solid and therefore un-
usable. The coin should first have a temporary handle attached to
it, which may readily be done by rolling a small lump of gutta-percha
into the form of a ball; one part of this should now be held in the
flame of a candle until the part fuses, when it is to be pressed upon
the back of the coin and allowed to remain until cold. This gutta-
pereha knob will serve as a handle by which the coin may be held
when the impression is about to be taken. The requisite quantity of
the fusible alloy is now to be poured upon a piece of board and
worked up into a stiff paste by means of a flat piece of wood—an
operation that only occupies a few moments. The instant the alloy
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has assumed the pasty condition the coin, being held by its gutta-
percha handle, is to be promptly and firmly pressed upon the mass
until it is sufficiently imbedded in it. In the course of & minute or
so the coin may be withdrawn, when the mould should present a
perfect and delicate impression of the original—of course in reverse.
Should any faults be visible, owing to want of dexterity on the part
of the operator, the metal must be re-melted and the operation con-
ducted again. A very little practice will enable the student to pro-
duce moulds in this alloy with perfect ease. The coin, in each of the
above cases, should be perfectly cold before applying it to the alloy.
Large medals are moulded by simply dropping them—a little side-
ways—into the metal when on the point of solidification.

Connecting the Mould to the Wire.—When a perfect mould is
obtained the conducting wire is to be attached, which is done by first
scraping the longer end of the wire s0 as to render it perfectly
clean ; it is then to be held in the flame of a candle, but at a little
distance from the clean end. The mould being now held in the left
hand, is to be brought near, but not touching, the flame, and, when
the wire is sufficiently hot, it is to be pressed against the back of the
mould, when it will at once become imbedded in it, and in a few
moments will be firmly set. A small portion of powdered resin
applied to the spot will assist the union of the two metals. The back
and upper edge of the mould must now be coated with sealing-wax
varnish or some other quick-drying varnish, or, if carefully applied,
paraffin wax (which melts at a very low heat) may be applied by first
gently heating the mould and touching it with a small stick of the
paraffin wax. Itis well, also, to varnish that portien of the conduct-
ing wire above the joint which has to be immersed in the copper bath,
in order to prevent it from receiving the copper deposit.



CHAPTER IX.
ELECTRO-DEPOSITION OF COPPER (contiunued).

Electrotyping by Separate Battery.—Arrangement of the Battery.—Copying
Plaster Busts.—Guiding Wires.—Moulding in Plaster of Paris.—Copy-
ing Animal Substances.—Electro-coppering Flowers, Insects, &c¢.—Copy-
ing Vegetable Substances.—Depositing Copper upon Glass, Porcelain,
&c.—Coppering Cloth.

Electrotyping by Separate Battery.—In employing the single-
cell apparatus, we have seen that it is necessary to keep up the
strength of the solution by a constant supply of crystals of sulphate of
copper, otherwise the solution would soon become exhausted of its
metal, and therefore useless. If we employ a separate battery, however,
this method of sustaining the normal condition of the bath is unneces-
sary, as we will now endeavour to show; but in doing so we must
direct the reader’s attention for the moment to the principles of
electrolysis, explained in a former chapter. The practical application
of those principles may be readily expressed in a few words: If, in-
stead of making the mould, or object to be copied, the negative element,
ag in the single-cell apparatus, we take a separate battery composed of
two elements—say, zinc and copper, as in Daniell’s battery, we must
then employ a separate copper solution or electrolytic bath, in which
case the object to be deposited upon must be connected to the zine
element, as before, but the wire attached to the negative clement of
the battery (the free end of which is the positive electrode) must have
attached to it a plate of sheet copper, which with the mould must be
immersed in the solution of sulphate of copper. By this arrangement,
while the copper is being deposited upon the mould, the sheet copper
becomes dissolved by the sulphuric acid set free, forming sulphate of
copper, which continued action re-supplies the bath with metal in the
proportion (all things being equal) in which it is exhausted by deposi-
tion of copper upon the mould.

Arrangement of the Battery.—At Fig. 56 is shown a Daniell’s
battery, A, connected, by its negative condueting wire (proceeding
trom the zinc), to the mould, B, with its face turned towards the
copper plate or anode, 0. The depositing vessel, p, which may be of
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glass or stoneware, for small operations, is charged with an acid solu~
tion of sulphate of copper, which is composed as follows :—

Sulphate of Copper BRSPS e 5 3 155
Sulphuric Acid p P : < v S,
Water (about) . SN o g .. 1gallon.

The sulphate of copper, as before, is dissolved in a sufficient quantity
of hot water, after which cold water is
added to make up one gallon ; the sul-
phuric acid is then added and the so-
lution is set aside until quite cold,
when it is to be poured into the
depositing bath, which should be quite
clean. When first placing the mould
to be copied in the bath, a small
surface only of the copper plate should
be immersed in the solution, and this
may be gradually increased (by lowering the copper plate) as the
deposit extends over the surface of the mould.

" In Fig. 54 is shown an arrangement in which several moulds are
suspended by a brass rod laid across the bath B, the rod being con-
nected to the zine element of the battery, 4, by the wire, #. Strips of
sheet copper are suspended by a brass rod, ¢, which is connected by a
binding-screw to the positive conducting wire, z, of the battary, which

Fig. 56.
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Fig. 57,

in the woodcut represents a Daniell cell. In this arrangement, the
sheet copper, by becoming dissolved in the solution during the electro-
lytic action, keeps up the normal strength of the bath, which in
the single-cell arrangement is attained by the supply of crystals of
sulphate of copper. It may be well to mention that it is always
preferable, besides being more economical of time, to deposit upon
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several moulds at a time in the bath, and this can be effected even with
apparatus of small dimensions. The more extensive arrangements for
depositing upon large objects by means of powerful battery currents
will be considered in another chapter.

Copying Plaster Busts.—For this purpose, the elastic moulding
material is used. Suppose we desire to obtain an electrotype from a
small plaster bust, the object must first be well brushed over with
boiled linseed oil, and then set aside for two or three days to allow the
surface to harden. In applying the oil, care should be taken not to
allow it to touch the lower surface surrounding the orifice at its base,
over which a piece of stout paper must be pasted to prevent the
elastic material from entering the cavity, but before doing this partly
fill the cavity with sand, to increase its weight. The bustis next to be
suspended, upside down, by means of twine or thin copper wire,
inside a jar sufficiently wide and deep to leave at least half an inch all
round and at the bottom. When thus placed in its proper position,
the elastic composition (page 97), having been previously melted, is
poured in, and if any air-bubbles appear, these must be removed with
the feather of a quill, when the vessel is allowed to rest until the
composition is quite cold.

The vessel is now to be inverted, when the solidified mass and the
imbedded bust will gradually slip out. To facilitate this by prevent-
ing the composition from sticking to the jar, it is a good plan to
slightly oil the interior of the vessel in the first instance. Having
removed the mould, it must now be separated from the plaster bust.
This is done as follows :—First place the mould in an erect position,
base downward, then, with a thin knife, make an incision from the
top to the base of the mould, af tke back of the bust. The mould may
now be readily opened where the incision has been made, and while
being held open, an assistant should be at hand to gently remove the
bust, when the mould, owing to its elasticity, will readily close itself
again. It must next be secured in its proper position by being care-
fully bound round with a bandage of tape. The mould is then to be
inverted, and returned to the jar. A sufficient quantity of wax is
now to be melted at the lowest temperature that will liquefy it, other-
wise it will injure the mould ; it is then to be poured into the mould
and allowed to rest until thoroughly cold. When cold, the elastic
mould is to be again removed from the jar, and separated by untying
the bandages from the wax-casting. This latter must now be well
plumbagoed, a copducting wire attached, and the joint coated with
plumbago as before directed. Since it will be difficult, however, to
obtain an uniform deposit over such a comparatively large surface, it
will be necessary to apply guiding wires, as they are called, and
to which we must now direct special attention.
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Guiding Wires.—The application of additional wires, to facilitate
the deposition of copper in the cavities, or undercut surfaces, of -
moulds was first introduced by Dr. Leeson. A. sufficient number of
lengths of fine brass wire are twisted firmly round the main conduct-
ing wire, at a short distance from its junction with the mould,
and these, one by one, are bent in such a way that their extreme
points may rest, lightly, upon the hollow surfaces of the mould,
whereby the current is diverted, to a certain extent, from the main

Fig. 58.

wire to the cavities or hollows, which are less favourably situated for
receiving the metallic deposit than the plane surfaces. The applica-
tion of guiding wires is more especially necessary when the object to
be copied is of considerable dimensions ; the principle of their
arrangement is shown in Fig. 58.
The mould, prepared as described, is to be put in connection with
3
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the battery, by suspending it from the negative conducting-rod, and
then gently lowered into the coppering bath. In the present caseonly a
moderately stout deposit, or ¢ shell,’’ of copper will be necessary, since,
as we ghall explain, this deposit will, in the next operation, act the
part of a mowld, in producing a fac-simile of the original. When
a perfect coating is obtained, of sufficient thickness to bear handling,
it is to be removed from the bath, rinsed, and allowed to drain. It
must then be heated sufficiently to melt the wax, which is allowed to
run into any convenient receptacle, and the interior of the electrotype
(which now represents a mould) must be cleansed from all adhering
wax, by continuing the heat until the last drop ceases to flow. It must
then be treated with spirit of turpentine, with the application of
moderate heat, to dissolve out the remaining wax, the operation being
repeated so as to entirely remove all traces of the wax.

The next operation consists in depositing copper upon the interior of
the copper mould, which may be readily done in the following way:—A.
small quantity of sweet oil is first to be poured into the mould, which
must be moved about so that the oil may spread all over the sur-
face; it must then be tilted over a vessel to allow the oil to run out,
and next placed upon several folds of blotting-paper before a fire, for
several hours, until the oil ceases to flow. The mould must now be
carefully examined, and if any ¢‘pin-holes,”’ as they are called, are
visible, these must be stopped by melted wax dropped upon each spot
upon the outside of the mould.

The mould is now to be placed in a jar, in an inverted position, and
held in its place by a padding of paper or rag, wedged around
its base. The negative electrode (or wire connected to the zinc of the
battery) is now to be connected to the mould, which may conveniently
be done by soldering. A strip of stout sheet copper, attached to the
positive electrode, is then to be suspended in the cavity of the copper
mould, but not allowed to touch any part of it, and in this position it
must be fixed securely, which may be conveniently done by a piece of
wood laid across the orifice of the mould. The mould is now to be
filled with the copper solution last mentioned, and the battery is then
to be set in action. In order to obtain a good solid electrotype from
the copper mould, it will be necessary to renew the copper plate, or
anode, from time to time when it becomes worn away, unless it be of
sufficient thickness to render such renewal unnecessary. The strength
of the battery must also be well kept up by renewing the acid solution
in the porous cell. When a deposit of sufficient thickness is obtained,
the conducting wires may be disconnected, the copper solution poured
out, and the interior rinsed with water. ]

The next operation is to remove the shell of copper constituting the
mould, which is done by dreaking it away—beginning at the base—
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with a pair of pliers. When the first layer of metal has been lifted
from the underlying deposit, the remainder may generally be peeled
off with but little trouble, when the electrotype proper will be
exhibited, and if successfully accomplished it will amply reward the
operator for the trouble and care devoted to its production. The
student should not, however, undertake the manipulation of the
elastic moulding composition until he has acquired a skilful aptnessin
the simpler processes of electrotyping. It may be well to mention
that the elastic composition may be re-used several times, provided it
has been kept in a covered vessel, to exclude it from the action of
either a moist or a very dry atmosphere.

Moulding in Plaster of Paris.—This material, especially for
copying natural objects, such as leaves, ferns, fishes, &ec., is exceed-
ingly useful, and we will; as in former instances, first give the more
simple method of applying it, so that the student may have no diffi-
culty in its manipulation. To obtain a plaster mould from a coin or
medal, for example, first oil the face of the object slightly by applying
a single drop of oil, with a tuft of cotton wool, and with a fresh piece
of wool gently rub the coin all over, so as to leave but a trace of oil on
the surface, the most trifling quantity being sufficient to prevent the
adhesion of the plaster to the original. A rim of card is now to be
fixed round the medal, to form a receptacle for the plaster. A little
cold water is then to be poured in a cup, or other convenient vessel,
and a small portion of fine plaster dropped into the water. The excess
of water is now to be poured off and the plaster briskly stirred with a
spoon. Now fill the spoon with the plaster (which should be about the
consistency of cream) and pour it carefully over the face of the medal.
If any air-bubbles appear, disperse them with a feather or camel-hair
brush, which should be immediately after plunged into cold water, so
that the plaster may easily be removed, and the brush thus left ready
for future use. In about half-an-hour or so, the coin and mould may
be detached, and the latter should then be placed in a moderately
warm oven until dry. ‘When perfectly dry, the face of the mould is
to be well painted over with boiled linseed oil, repeating the operation
several times ; or the mould may be saturated with wax, by peuring a
little of this substance, in a melted state, over the face of the mould,
and then placing it in the oven until the wax becomes absorbed by the
plaster. "When cold, the mould must be plumbagoed in the ordinary
way, and a copper conducting wire attached by twisting' the wire
round its circumference, and forming a connection with the plumba-
goed surface by means of a drop of melted wax, afterwards brushed
over with plumbago. That portion of the wire which surrounds the
mould should be coated with varnish to prevent the copper from being
deposited upon it. The superfluous plumbago should, as in the
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former cases, be removed, by scraping it away with a knife, leaving
the connection, of course, untouched. The mould is now ready for
the depositing bath, into which it must be gently lowered, so as to
avoid breaking the connection between the conducting wire and the
plumbagoed surface, a precaution which must in all similar cases be
strictly observed.

Copying Animal Substances.—Suppose we desire to obtain an
electrotype of a small fish (the scaly roach being very suitable), for
example. The object is first brushed over lightly with a little linseed oil ;
. we next mix a sufficient quantity of plaster of Paris into a thinnish
paste, and pour this in a shallow rim of metal or stout cardboard placed
upon a piece of glass or sheet of paper, previously rubbed over with a
little oil or grease ; before the plaster has time to sef, the fish is to be
held by its head and tail, and laid on its side upon the paste, using
sufficient pressure to imbed one half of the fish. To assist this, the
soft plaster may be worked up or guided to its proper places by
means of a knife-blade, care being taken to avoid spreading the plaster
beyond that part which is to form the first kalf of the mould. The
plaster is now allowed to set hard, which occupies about half an hour.
‘We next proceed to mould the second half of the fish. A small brush,
say a painter’s sash tool, is dipped in warm water, and then well
rubbed over a lump of soap ; this is to be brushed all over the plaster,
but avoiding the fish, and the soap and water applied several times to
ensure a perfect coating. A rim of greater depth, say £ of an inch
deeper, must be fixed round the mould, in place of the former
rim, and a second quantity of plaster made into a thinnish paste, as
before, which must then be carefully poured over the fish and upper
surface of the mould, taking care not to let it flow over the rim. This
second batch of plaster should be sufficient to form a thick half mould,
as in the former case, otherwise it may break when being separated
from the first half mould.

‘When the plaster has set quite hard, the two moulds may be sepa-
rated by gently forcing them asunder, the soap and water having
the effect of preventing the two plaster surfaces from adhering, while
the oil applied to the fish also prevents the moulding material from
sticking to it. 'When the two halves of the mould are separated, the
fish is to be carefully removed, and the plaster moulds placed in a
warm, but not very hot, oven, and allowed to become perfectly dry.
They are then to be placed faced downwards in a plate or other shallow
vessel, containing melted bees-wax, and allowed to remain until
saturated with the material, especially on the faces of the moulds;
these are now allowed to become quite cold, when they are ready to
receive a coating of plumbago, which must be well brushed into every
part of the impression, until the entire surfaces present the bright
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metallic lustre of a well-polished fire-stove. The conducting wire
must now be attached, which may be effected in this way: Bend a
piece of stout copper wire in the form shown in Fig. 59, and pass the
mould under the hook at @, and beneath the coil of the wire at b ; the
shorter end of wire at ¢ should just touch the edge of the im-
pression, near the mouth or tail of the fish. The wire thus adjusted
must be secured firmly in its place, by being bound to the mould with
thin copper wire. Before placing the conducting wire in its position,
as above described, it will be advisable to wipe away all superfluous
plumbago from the face of the mould, carefully avoiding injury to the
impression, and when the conducting wire is adjusted, it is a good
plan to coat the wire at all parts but the extreme point at ¢ with
varnish, or melted paraffin wax, to prevent the copper from
becoming deposited upon it. The end of the wire at @

must be put in metallic contact, so to speak, with the plum-

bagoed impression, by brushing a little of that substance

over the point of junction. Thus prepared, the long end of

the conducting wire is to be connected to the negative pole of

the battery, and the mould gently immersed in the bath, the

copper anode previously being suspended from the positive
electrode.

The second half mould may now be treated in same way
as the above, and when two perfect electrotypes, or shells,
are obtained, the superfluous copper should te removed by
aid of a pair of pliers and a file; when this is done the
inner edges of each electrotype may be tinned, by first
brushing a little chloride of zinc round the edge, and then
passing a soldering iron, charged with pewter solder, over
the surface. When the two halves of the fish are thus @L
prepared, they may be brought together and held in posi-
tion by means of thin iron ¢ binding wire.”” The flame of Fig._ 50.
a spirit-lamp or a blow-pipe flame may now be applied,
which, by melting the solder, will soon complete the union, when a
perfect representation of a fish will be obtained. This may after-
wards be bronzed, gilt, or silvered by the processes described here-
after, and, if desired, mounted upon a suitable stand.

The elastic moulding material may also be used for copying animal
substances ; in this case, one half of the fish must be imbedded in
moulding sand ; a cylinder of thin sheet tin, bound together with fine
copper wire, or by soldering, is then placed round the sand, so as
to enclose it, and the sand is made as level as possible, by gently
pressing it with any convenient instrument. The melted elastic
material is now to be poured into the cylinder, which should be about
two inches higher than the highest part of the object, until it nearly
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reaches the top ; it is then allowed to rest for at least twelve hours,
when the metal rim is to be removed and the mould withdrawn ; the
object is next to be liberated from the mould, and the other half
moulded in the same way. The wax and stearine composition is
to be poured into each half mould, and from the models thus ob-
tained plaster moulds may be procured in the same way as from the
natural object, but in this case the wax models must be well brushed
over with plumbago before being embedded in the plaster. Since
electrotypes of fishes look exceedingly well as wall ornaments, it will
be only necessary, for this purpose, to obtain an electrotype of one
half of the fish, which may, after trimming and bronzing, be cemented
to an oval board, stained black and polished, and, if desired, mounted
in a suitable frame. .

Electro-Coppering Flowers, Insects, &c.—Fragile objects, to
which the ordinary methods of plumbagoing could not be applied,
may be prepared to receive a deposit of copper in the sul-
phate bath by either of the following methods :—

1. The object, say a rose-bud or a beetle, for instance,
is first attached to a copper wire ; it is next dipped in a
weak solution of nitrate of silver (about forty grains of the
nitrate dissolved in one ounce of distilled water), and after
being allowed to drain, but before it is dry, it is to be ex-
posed to the vapour of phosphorus under a bell-glass. To
produce the vapour a small piece of phosphorus is dissolved

in a little alcohol ; this is poured into a watch-glass (chemi-
8)  cal “watch-glasses’’ are readily procurable), which is then
placed in a plate containing hot sand. The object being
fixed by its wire in such a position that it cannot shift, the
Fig.60. Dbell-glass (an ordinary fern-glass will answer admirably)
is to be placed over the whole, and allowed to remain undis-
turbed for about half an hour. The sand should not be hot enough
to endanger the bell-glass. By this process, the silver of the nitrate
is reduced to its metallic state, causing the object to become a
conductor of electricity ; it is then ready for the coppering bath,
in which it must be immersed with great care. Since very light
objects will not sink in the solution bath, it is a good plan to form a
loop in the conducting wire, as shown in Fig. 60, to which a piece of
strong silk thread or twine, having a small leaden weight connected to
the opposite end, may be fastened, as in the sketch. By this simple
contrivance light objects and floating moulds, as those made of gutta-
percha, wax, &c., may be easily sunk into the bath, and retained
therein until sufficiently coated.

2. The most effective application of phosphorus for the above pur-

pose consists in dipping the object in a solution of phosphorus in
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bisulphide of carbon. Thishighly volatile and inflammable substance
dissolves phosphorus very freely ; the solution, known as ‘‘Greek
fire,”’ is a most dangerous compound to handle, and if any of it
drop upon the skin it may produce sores of a serious nature ; more=-
over, if it be incautiously allowed to drop upon the clothing, or upon
the floor, it may afterwards ignite and do much mischief. Inemploy-
ing the solution of phosphorus, therefore, the greatest possible care
must be observed. The object, being attached to a wire, is dipped into
the solution, and after being allowed to rest for a few seconds, is next
immersed in a weak solution of nitrate of silver, and afterwards allowed
to dry in thelight. If the object, after being dipped in the phosphorus
solution, be allowed to remain in the air for more than a few seconds
before being placed in the nitrate solution, it is very liable to become
ignited. The solution of phosphorus is prepared by dissolving a small
portion of the substance in bisulphide of carbon, about one-twentieth
part of the former being sufficient for the purpose.

3. ‘A safer method of producing a conducting surface on these objects
is to employ an alcoholic solution of nitrate of silver, made by adding
an excess of powdered nitrate of silver to alcohol, and heating the
mixture over a hot-water bath. The object is to be dipped in the
warm solution for an instant, and then exposed to the air for a short
time until the spirit has evaporated. If now submitted to the fumes
of phosphorus, as before described, the film of nitrate of silver soon
becomes reduced to the metallic state, when the object is ready for the
coppering bath.

To render non-metallic substances conductive, Mr. Alexander
Parkes introduced the subjoined ingenious processes.

1. A mixture is made from the following ingredients :—

Wax or tallow . . . " . 0 . I ounce
India-rubber - - X a . o . 1 drachm
Asphalte . - . . . . o . Iounce
Spirit of turpentine . . . . . . 13 fl. ounce

'The india-rubber and asphalte are to be dissolved in the turpentine,
the wax is then to be melted, and the former added to it and in-
corporated by stirring. To this is added one ounce of a solution of
phosphorus in bisulphide of carbon, in the proportion of one part of
theformer to fifteen parts of the latter. The articles, being attached to
a wire, are dipped in this mixture ; they are next dipped in a weak solu-
tion of nitrate of silver, and when the black appearance of the silver is
fully developed, the article is washed in water ; it is afterwards dipped
in & weak solution of chloride of gold, and again washed. Being now
coated with a film of gold, it is ready for immersion in the copper bath.
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2. In this process, the solution of phosphorus is introduced into the
materials used for making the mould, thus :—

Wax and deer’s fat, of each . «* +» . %pound
Melt together and then add :—

Phosphorus . Ty . 10 grains

Dissolved in blsulphxde of catbon . . . 150

The wax mixture must be allowed to become nearly cool, when the
phosphorus solution is to be added very carefully, through a tube
dipping under the surface of the mixture; the whole are then to be
well incorporated by stirring. Moulds prepared from this composition
are rendered conductive by being first dipped in a solution of nitrate
of silver, then rinsed, and afterwards dipped in a weak solution of
chloride of gold, and again washed, when they are ready for the
coppering solution.

Copying Vegetable Substances.—The leaves of plants, seaweeds,
ferns, &c., may be reproduced in electrotype, and form very pleasing
objects of ornament when successfully produced. If we wish to
copy a vine-leaf, for example, the leaf should be laid face down-
wards upon a level surface, and its back then covered with several
layers of thin plaster of Paris until a tolerably stout coating is given ;
the leaf is then to be inverted and embedded in a paste of plaster,
care being taken not to allow the material to spread over the face of
the leaf. 'When the plaster has become hard, finely powdered plum-
bago is to be dusted over the entire surface from a muslin bag. A
rim of pasteboard, slightly greased on one side, is now to be fixed
round the outer edge of the plaster, and secured by a piece of twine.
To render this more easy, the plaster may be pared away with a knife,
so as to leave a broad flat edge for the card rim to rest against.
Melted wax is now to be poured into the pasteboard cylinder thus
formed, in sufficient quantity to make a tolerably stout mould. When
thoroughly cold, the rim is to be removed and the mould liberated
carefully. It is then to be plumbagoed, connected to the negative
electrode of the battery, and immersed in the copper bath. The
elastic material may also be employed in making moulds from vege-
table objects.

Depositing Copper upon Glass, Porcelain, &c.—The artlcle
should first be brushed over with a tough varnish, such as copal, or
with a solution of gutta-percha in benzol; when dry it is to be
well plumbagoed. In some cases it may be necessary to render the
surface of the glass rough, which is effected by snbmitting it to the
fumes of hydrofluoric acid ; this is only necessary, however, when the
vessel is of such a form that the deposited copper might slip away
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from the glass. Porcelain capsules, or evaporating dishes, may receive
a coating of copper at the outside, by varnishing this surface, extend-
ing the coating to the upper rim of the vessel, then applying the
plumbago and depositing a coating of copper of sufficient thickness.
Another and more effectual way of obtaining an adhesive deposit
upon glass or porcelain is to send the article to a glass or porcelain
gilder, and have gold burnt into its surface, and then depositing upon
the gold coating in the usual manner. MM. Noualhier and Prevost
patented a process for producing a conducting surface upon glass or
vitreous substances, which consists in first coating the object with var-
nish or gold size, and then covering it with leaf copper. By another
method they triturated bronze powder with mercury and common galt,
and then dissolved out the salt with hot water, leaving the bronze
powder to settle. ‘When dry, this powder is to be applied to the
varnished object in the same way as plumbago. For this purpose,
however, Bessemer bronzes, which are exquisitely impalpable, and
produce a very good conducting surface, may be employed with or
without being mixed with plumbago.

Coppering Cloth.—In 1843, Mr. J. Schottlaender obtained a patent
for depositing either plain or figured copper upon felted fabrics. The
cloth is passed under either a plain or engraved copper roller, immersed
horizontally in a sulphate of copper bath, containing but little free:
acid. The deposit takes place upon the roller as it slowly revolves;
the meshes of the cloth are thus filled with metal, and the design of
the roller copied upon it. The coppered cloth is slowly rolled off and
passes through a second vessel filled with clean water. The roller
is previously prepared for a non-adhesive deposit.



CHAPTER X.
ELECTRO-DEPOSITION OF COPPER (continued).

Electrotyping Printers’ Set-up Type.—Plumbagoing the Forme.—Prepara-
tion of the Mould.—Filling the Case.—Taking the Impression.—The
Cloth.—Removing the Forme.—Building.—Plumbagoing the Mould.—
Knight's Plumbagoing Process.—Wiring.—Hoe’s Electric Connection
Gripper.—Metallising the Moulds.—Adams’ Process of Metallising
Moulds.—Quicking.—The Depositing Bath.—Batteries.—Treatment of
the Electrotype.—Finishing.—Electrotyping Wood Engravings, &c.——
Tin Powder for Electrotyping.

Or all the purposes to which the art of electrotyping is applied,
none is of greater importance than its application to letterpress print-
ing and the copying of wood engravings to be printed from instead of
from the wooden blocks themselves. Although this latter branch of the
art is very extensively adopted in this country, in the reproduction of
large and small engraved blocks for illustrated works and periodicals,
newspaper titles, &e., the application of electrotyping as a substitute
for stereotyping in letterpress printing has not, as yet, attained the
dignity of an art in England. In America, however, the art of re-
producing set-up type in electrotype copper has not only acquired a
high state of development as a thoroughly practical branch of electro-
deposition, but it has almost entirely superseded the process of stereo~
typing. There are several reasons why this art has been more fully
developed in the States than here. In the first place our transatlantic
kindred are more prompt in recognising and adopting real improve-
ments ; they are less mindful of cost for machinery when the object to
be attained is an important one ; they are not so much under the
influence of so-called ¢¢ practical men’’ as to ignore scientific help ;
finally, they do not wait until all their competitors have adopted a
process before they run the risk of trying it for themselves.

During the past few years we have been much impressed by the
extreme beauty of the American printing, and the exquisite brilliancy
of their engravings. Being printed from copper surfaces, the ink
delivers more freely than from stereotype metal, while, we believe, a
smaller amount of ink is required. Again, the Americans extensively
employ wood pulp in the manufacture of their paper, and this material
being less absorbant than cotton-pulp, causes the ink to remain on Zie
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surface rather than to sink into the substance of the paper—a fact
which was established by the author’s father, the late Mr. Charles
‘Watt (the inventor of the wood-paper process), when it was first
exhibited in London in the year 1853,* in the presence of the present
Earl of Derby and many scientific men and representatives of the
press.

‘With a full belief that the American system of electrotyping, as
applied to letterpress printing, will eventually be adopted in this
country—at first by the more enterprising members of the printing
community—we propose to explain as concisely as the subject will
admit the method which has been practically adopted in the United
States, and we have to thank the distinguished firm of R. Hoe and
Co., of New York, the well-known manufacturers of printing and
electrotyping machinery, for much of the information we desire to
convey, as also for their courtesy in furnishing us, at our request,
with electrotypes of their machinery for the purposes of illustration.
We are also indebted to Mr. Wahl + for additional information on
this subject.

‘¢ As applied to letterpress printing, electrotyping is strictly an
American art.”’ This is the claim put forward by the firm referred
to, and we freely acknowledge the fact. 'We gave our cousins the art
of electrotyping, and in exchange they show us how we may apply it
to one of the most useful of all purposes—the production of good
printing from a more durable metal than either ordinary type or
stereotype metal.

Electrotyping Printers’ Set-up Type.—In pursuing the art of
electrotyping, as applied to letterpress printing, the compositor, electro-
typer, and mounter must work with one common object, each having a
knowledge of what the other requires to perform his part of the work
properly. In carrying out the operation on an extensive scale, the
depositing room should be on the ground floor, owing to the weight
of the vats, and the flooring should be cemented and well drained.
The apartment should be well lighted, and provided with an ample
supply of water. The depositing vats may be of wood, lined with
pitch ; and where a magneto or dynamo-electric machine is employed,
this should be fixed at such a distance from the vats as not to be in
the way, but at the same time to be as near to them as possible with-
out inconvenience.

* Manufacturers in this country refused to adopt this process. It was,
however, ¢ taken up ” in America in the same year, where it has been worked
ever since. Itis now used in this country to some extent, as also in many
other parts of the world.

t ¢ Galvanoplastic Manipulations.” By W. H. Wahl,
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Preparing the Formes.—When the formes, or pages of set-up
type, have to be electrotyped, it is necessary that great care should be
exercised in selecting the types, rules, &c., in justifying the same, and
in locking-up the forme. When the art of electrotyping comes to be a
recognised substitute for stereotyping, it is probable that some modi-
fications in the structure of printers’ type may be made to suit more
fully the requirements of the electrotyper than the ordinary type.
The following suggestions are given relative to the composition of the
type for reproduction in electrotype, and these should be well under-
stood by those who may hereafter be called upon to produce electro-
types from printers’ formes.

Composition.—Every quadrat, space, lead-slug, reglet, or piece of fur-
niture should be high. Some leads have one or both edges bevelled ; but
even though the bevel is small it is sufficient to cause considerable
trouble, and such leads should not be used in moulding, as the wax is
sure to be forced into the space of the bevel, to be broken off, and to
require extra labour in distributing the type, besides making it neces-
sary to scrape the wax from the leads before they can be used again.
So far as possible, use thick rules and those having a bevel on each
side of the face. Thin rules make so small an opening in the wax
that there is great difficulty in blackleading the mould, and in the
bath the copper may Jridge across a small opening, leaving the face
and sides of the rule uncovered, or at most with but a thin, imperfect
deposit that is useless. For this reason, type having considerable
bevel, is best for electrotyping. English type has more bevel than
American. Bevelled rules also make impressions in which the hairs
of the blackleading brush can penetrate more deeply. Type-high
bearers, or guards, about } of an inch thick, should be put around
each page, and scattered through blank spaces, to prevent the wax
from spreading while the forme is pressed in it, and also to facilitate
the operation of ¢¢backing.”” If there are several pages in a forme,
separate them by two guards ; one guard does not give sufficient room
to saw between the pages and leave enough of the bearer to protect
the edges of the plate in ¢ shaving.”” 'When the matter occupies but
a portion of a page, or the lines are shorter than the full width of the
page, as in poetry, an em dash or a letter should be placed bottom up
in each corner of the page, as a guide to the finisher in trimming the
the plate. When the folio is at one corner, that will answer for one
of the guides. All large blanks, chapter heads, and lines unprotected
by other matter, should have type-high bearers so placed as to guard
the exposed parts from injury.

Locking-up.—The formes must be locked much tighter than for
printing, for, in order that the mould shall be perfect, the wax must
enter and fill solidly all the interstices of the forme. This requires
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great pressure, and the movement of the wax caused by the entering
of the type in taking the impression, or mould, is very likely to dis-
place any portions of the forme that may be loose. A proof should
always be taken after the forme is locked up for the foundry,
and both should be examined to make sure that no part has shifted in
driving the guoins. Sometimes the matter is set with high spaces but
low leads, or vice versd, or low spaces but no leads; frequently copper-
faced and white-faced type are used in the same forme. None of
these combinations should be allowed, but the whole forme should be
cither high spaces and high leads or low spaces and low leads. In
offices having no high quads, &c., low material must be used ; but
greater care is necessary in preparing the forme, more labour required
of the electrotyper, and the plate is much less satisfactory than when
high material is used. 'Woodcuts which are locked up with the type
must be perfectly cleaned with naphtha or benzine,. and dried
thoroughly before the forme is blackleaded, and great care must be
. taken mnot to clog the fine lines of the engraving.

Moulds should not be taken from electrotype cuts, since much better
ones can be obtained direct from the woodcut.

Correcting the Matter.—When necessary to make alterations in
electrotype plates, the matter for corrections should be set up and elec-
trotyped, but the compositor should separate each correction by a space
about a pica, in order that there may be room to saw between them.
If the alteration is but a single letter or short word, it is usual to
solder the type to the plate. By setting up corrections in their regular
order, the labour and cost of plate alterations may frequently be much
reduced.

The above technical hints will aid the electrotyper into whose hands
a printers’ forme may be placed for reproduction in electrotype
copper.

Plumbagoing the Forme.—The forme of type must first be
cleansed from printing-ink, if very dirty, either with potash ley or
benzine ; or, if not very dirty, with water distributed from a rubber
pipe with rose sprinkler, after which it must be dried. The forme is
next to be well brushed over with plumbago, to prevent the wax from
sticking. This is applied with a soft hand-brush, the plumbago
being made to penetrate every crevice. In doing this, great care
must be taken not to fill up the fine lines of the forme with the
plumbago.

Preparation of the Mould.—For this purpose a moulding case
(Fig. 61) is employed, which is a flat brass pan about three-sixteenths
of an inch in depth, with two flanges, which fit into the clamps of the
moulding press. 'This is fitted with an ¢ electric connection gripper.””
"The moulding composition consists of the best pure yellow beeswax, to
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which is added from five to twenty per cent. of virgin turpentine, to
prevent it from cracking. If the temperature of the apartment is
from 9o° to 95° Fahr., the wax may not
require any addition. The composition
should be melted by steam heat.*

Filling the Case.—The moulding case
having been slightly warmed, on the steain-
heating table, a, Fig. 62, is placed on. the
case-filling table, b, truly levelled, and the
melted wax, contained in the small jacketed
pan, is poured into it with a clean iron
or copper ladle, great care being taken to
run the wax entirely over the case while
it is hot, so that it may not, by cooling too
’ 3 quickly in any part, cause irregularities.

Fig. 61.—Moulding Case. T air-bubbles which rise to the surface
must be touched with the heated building-iron, Fig. 64, when they will
disappear. If, on cooling, the wax shrinks away from the edges
of the case, it can be re-melted there by running the point of the.
heated building-iron over it, so as to close up any fissure. When
cool, the wax should present a smooth, even surface; if this be not

Fig. 62.—Case-filling and Steam-heating Tables.

the cage it is useless, and must be put back into the pot and re-
melted. The whole surfaceis now to be carefully and thoroughly
rubbed over with plumbago, and polished with soft hand-brush ; when
this is effected, the wax is ready to receive the impression.

Taking the Impression, or Moulding.—For this purpose con-
siderable and steady pressure is necessary, and this is given either by

* Gutta-percha is seldom used in America for making moulds, h
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means of a hydraulic press, or by the ‘‘ toggle’> press, one form of
which, as manufactured by Hoe & Co., is shown in Fig. 63. This
form of press consists of a massive frame, having a planed bed, over
which is a fixed head. There is a projecting table, on which the
forme and case may be arranged before sliding them to receive the
pressure, which is put upon them by raising the bed by means of the
hand wheel and screw, and the two toggles. In this way enormous
pressure is obtained with but little manual exertion.

Fig. 63.—Toggle Press for Electrotype Mould.

The Cloth.—Where low spaces are used, it is customary to make a
preliminary impression with a thin sheet of gum cloth interposed ;
this is then removed and the pressure put on again. 'Where the cloth
is not used, it is necessary to shave off, with a wide, thin knife, the
projecting wax ridges.

Removing the Forme.—In case the forme should stick to the wax,
it may be relieved by touching the chase gently in two or three places
with a long screw driver, taking care not to break the face of the wax.
The case is now to be placed upon a table, ready for the process of
building.
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Building.—The mould is now taken in hand by a workman who,
with the wide, thin bladed knife, shaves off the projecting wax ridges
forced up about the edges and low parts of the mould by the press,
and which, if not removed, would impede the separation of the ¢ghell”’
from the face of the mould, when removed from the depositing tank.
The operation of “building ” js thus performed: the workman takes
an implement such as is shown in Fig. 64 (called a ¢ bu.xldmg-uon 22
several of which are laid on a rack in a small oven
heated by gas, and applies to it from time to time a
thin strip of wax, allowing the melted wax to run from
the point of the tool on' to the open spaces or dlanks of
the mould. The operation requires a skilful and steady
band of ‘a practised workman. Upon this point Wahl
says, ‘It is essential, in order to avoid the chiseling
(routing or deepening of the open spaces) that would
otherwise be necessary to perform upon the finished
electrotype, for, unless these open spaces are consider-
pr ably lower than the spaces between the fine lines of

the subject, they are apt to smut in the printing pro-
cess. 'To cut these out with the chisel, or routing ma-
chine, from the finished electrotype would be a difficult
and dangerous operation, difficult because of the com-

parative hardness of the copper surface, and dangerous
%/ because the breaking of the continuity of the copper
surface will be liable to curl up on the edge of the cut,
and to gradually destroy its attachment to the stereo-
type metal with which it is backed up.”” To avoid the necessity of
chiseling, with the risks which it entails, a ridge of wax is built up
on those parts of the mould which require to be depressed in the
finished electrotype, but great care is necessary to prevent the wax
from running where it is not wanted. The wax used for the above
purpose is cut into strips of six or eight inches in length, and about
half an inch in thickness.

Plumbagoing the Mould.—The wax mould being prepared as
above, is next coated with plumbago, the material used in America
being obtained from Ceylon graphite. The plumbagoing is generally
performed by a machine, the most approved form of which is repre-
sented in Fig. 65, its cover being removed to show its construction.
The machine has a travelling carriage, holding one or more forms,
which passes to and fro under a laterally-vibrating brush. An apron
is placed below to receive the loose plumbago, which is used over and
over again. As soon as the mould is sufficiently plumbagoed, it is
removed from the press, and the surplus material is either dislodged by
a hand-brush or with broad-nosed bellows. It is essential that all

Fig. 64.
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excess of plumbage be removed, otherwise a coarse and faulty
clectrotype will be obtained.

Owing to the unavoidable dust created by the dry plumbagoing
machine, by the impalpable graphite powder, some electrotypists
prefer to adopt the wet process invented by Mr. Silas P. Knight, of

Fig. 65.—Plumbagoing Machine.

the electrotyping department of Messrs. Harper Brothers, New
York. This process is said to work more speedily and delicately than
the former, the moulds being thinly and uniformly coated, neither
omitting the dot of an i, nor allowing the dridging over of fine lines.

Knight’s Plumbagoing Process.—By this method, the moulds
are placed upon a shelf, in a suitable receptacle, and a rotary pump
forces an emulsion of plumbago and water over their faces, through a
travelling fine-rose nozzle. This process is said to be ¢‘rapid, effi-
cient, neat, and economical.”’

Wiring.—When the plumbagoing is complete, the workman takes
one or more lengths of stout copper wire, the ends of which are firsg
cleaned, and then gently heated ; the wires are then embedded in the
wax composition on the side of the mould, and the joints are then
plumbagoed with the finger so as to ensure a perfect electrical connection
between the wire and the plumbagoed surface. In order to prevent
the copper deposit from taking place upon such surfaces beyond the

4
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face of the mould as may have become coated with the graphite, the
workman takes his hot building-iron, and passes it over these outlying
parts of themould so as to destroy the conductibility of the superfluous
plumbago ; this is termed stopping.

‘When moulds of large size have to be treated, it is necessary to
place a series of copper wires on the edges of the mould, by which
means the deposit commences uniformly at the several points of
junction ; these wires are then brought in contact with the slinging
wires by which the mould is suspended, and thus receive the current
from the conducting rod connected to the dynamo-electric machine or
batteries.

Hoe’s Electric Connection Gripper.—A very practical arrange-
ment for conducting the current to several points, or parts of the
mould, is effected by the ‘¢ electric connection gripper’’ of Messrs. R.
Hoe and Co., which is represented in Fig. 61, as connected to the
moulding case. ¢ This arrangement is designed to hold and sustain
the moulding case, and at the same time to make an electric connection
with the prepared conducting face of the mould itself, consequently
leaving the metal case itself entirely out of the current (circuit), so
that no copper can be deposited on it.”’

Metallising the Moulds.—Plumbago being but a moderately good
conductor, many attempts have been made both to improve its con-
ductibility, and to provide a substitute for it altogether. With the
former object, we have mixed moderate proportions of Bessemer
bronze powder with advantage, as also copper reduced from the
sulphate by metallic zinc, and afterwards triturated with honey, an
impalpable powder, or bronze, being obtained by washing away the
honey with boiling water, and afterwards collecting the finest particles
of the reduced metal by the process of elutriation; that is, after
allowing the agitated mixture of water and metallic powder to repose
for a few seconds, the liquid, holding the finest particles in suspension,
is poured off and allowed to settle, when an exceedingly fine deposit
of metallic copper is obtained. The process of coppering the mould,
devised by Mr. Silas Knight, is generally adopted in America. By this
method, a thin film of copper is deposited on the mould in a few seconds,
the operation being conducted as follows : ¢¢ After stopping out those
portions of the mould that are not to receive the deposit, it is laid in a
shallow trough, and a stream of water turned upon it from a rose jet,
to remove any particles of blacklead that may remain in the lines or
letters. The workman then ladles out of a conveniently placed vessel
some sulphate of copper solution, pours it upon the face of the mould,
then dusts upon it from a pepper box some impalpably fine iron
filings, and brushes the mixture over the whole surface, which thus
‘becomes coated with a thin, bright, adherent coat of copper. Should
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any portion of the surface, after such treatment, remain uncoppered,
the operation is repeated. The excess of copper is washed off, and
the mould is then ready for the bath.”” The washing of the mould is
effected by means of a stream of water applied from a rubber hose and
pipe, and the mould must be placed in the bath directly after the
washing is complete.

Adams’ Process of Metallising Moulds.—This process, which
was patented in America in 1870, is said to give a perfect conduecting
surface to wax moulds with greater certainty and rapidity than any
other, and will accomplish in a few minutes that which plumbago
alone would require from two to four hours. The process is con-
ducted as follows: While the mould is still warm in the moulding
case, apply freely powdered tin (tin bronze powder, or white bronze
powder) with a soft brush until the surface presents a bright, metallic
appearance ; then brush off the superfluous powder. The forme of
type or wood-cut is then plumbagoed, and an impression or mould
taken in the wax as before described, the mould being built up and
connected as before. The tin powder is now to be brushed over it
either by hand or machine, and the superfluous tin blown away by the
bellows, after which the building-iron is applied for stopping all parts
upon which copper is not to be deposited. The mould is then to be
immersed in alcohol, then washed with water ¢‘to remove the air
from the surface,”” when it is ready to be immersed in a golution pre-
pared as follows : Fill a depositing tank nearly full of water, keeping
account of the number of gallons poured in ; hang a bag of crystals
of sulphate of copper until the water is saturated ; for every gallon of
water used add from half a pint to three gills of sulphuric acid, and
mix the whole thoroughly. In this solution hang a sheet of copper,
connected to the positive pole of the battery, and when the solution
becomes cool and settled, immerse the mould and connect it with the
negative electrode, when the surface of the mould will be quickly
covered with thin copper. Then remove for completion to another and
larger depositing vat, containing a solution made in the proportion of
one pound of sulphate of copper and one gill of sulphuric acid to each
gallon of water. If crystals of sulphate of copper form on the copper
plate in the first depositing vat, disconnect it and dissolve them off,
substituting for it a clean plate.

Since, in the above process, the tin powder becomes dissolved and
enters into the solution, when this liquid becomes saturated with tin,
after being long in use, it must be cast aside and replaced by fresh
solution. The tin powder may be employed, as a substitute for
plumbago, without changing from one bath to another, thus: After
the mould has received the desired impression, it istaken to the plum-
bago table, and held face downward with one end resting on the
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table, while the other is supported by the hand. It is then struck on
the back several times to loosen the blacklead that is pressed on the
wax while moulding, and all the fine dust that may cling to the
mould must be blown away. After building up and making all con-
nections, it is to be placed in the hand-case or plumbagoing machine,
and the tin powder applied in the same way as plumbago. Both the
machine and hand-case should be kept free from plumbago, the
tin powder only being used to metallise the surface of the mould. If
the machine be used, place the mould, or moulds, on the carriage,
cover well over with tin powder, close the door, and run once forward
and backward under the vibrating brush ; then turn the moulds round,
put on more tin powder, and run through again. It takes three
minutes for the whole operation. The tin powder is to be beaten out
on the table used for this powder as before, and then thoroughly well
blown out. Instead of using the building-iron for stopping off, any
suitable varnish, or an alcoholic solution of sealing-wax, may be used.

Quicking.—To prevent the copper deposit from being broken over
lines of set-up type, the lines may be wetted® with a dilute solution of
nitrate of mercury, ox with the cyanide quicking solution used in pre-
paring work for plating. A further deposit is then given in the sul-
phate of copper bath.

The Depositing Bath.—The solution employed is a saturated solu-
tion of sulphate of copper, acidulated with sulphuric acid, and large
copper anodes are suspended in the bath, between which the cases
containing the prepared moulds are suspended, back ¢o back, so that the
faces of the moulds may be directly opposite the anodes. The time
occupied in obtaining the electro deposit of copper depends upon the
power of the current employed and the thickness of metal desired.
For ordinary book or job work, the shell of copper should be about the
thickness of good book paper, and this should be obtained in from
three to five hours. Electros for newspaper, titles, and such blocks as
are subjected to much use, should receive a stouter deposit.

Batteries.—Several modifications of the Smee battery have been ex-
tensively adopted in the United States, including copper plates,
electro-silvered, and platinised ; but the most generally accepted im-
provement consists in employing platinised platinum plates for the
negative element instead of platinised silver of the Smee battery. The
battery plates, instead of nearly touching the bottom of the cell, as in
the ordinary Smee battery, whereby, after being in use some time,
they become immersed in a saturated solution of sulphate of zinc,
causing great diminution of the current, only extend to about one-
third of the depth of the battery cell. By this arrangement, which
was devised by Mr. Adams, of America, in 1841, anequal action of the
battery is kept up for a much longer period than would be possible
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with a Smee battery of ordinary construction. Wahl says that a
Smee battery of twenty-six pairs, each 12 by 12 inches, will deposit
from six to six-and-half square feet of copper upon prepared moulds
in four hours. Batteries, however, are not now much used in the
States, having been greatly superseded by the dynamo-electric
machine, whereby the electrotyping and electro-depositing arts in
general have become enormously increased.

Treatment of the Electrotype.—When the mould hasreceived the
requisite deposit, it is to be removed from the bath, and is next to be
separated from the wax composition. This is done by placing the
mould in an inclined position, and passing a stream of hot water over
the copper surface, which, by softening the wax, enables the copper
shell to be stripped off, by raising it from one corner while the hot
water is passing over the mould. The shell should be removed with
care and must not be allowed to dend in the least degree. The thin
filin of wax which adheres to the face of the electro is removed by
placing it upon a wire rack, resting on a vessel containing a solution
of caustic potash, which is poured over the electro by means of a ladle,
the liquor returning to the vessel beneath. The potash hak the effect
of dissolving the wax in a short time, after which the electro is well
rinsed in cold water.

Tinning and Backing the Electrotype.—The first of these opera-
tions, tinning, is necessary in order to ensure a perfect union between the
¢‘backing-up metal’’ (stereotype metal)
and the electrotype. The back of the
electro is first brushed over with a solution
of chloride of zine, made by dissolving zine
in muriatic acid, and diluting it with
about one-third of water, to which, some-
times, a little sal ammoniacisadded. The
electrotype is now laid, face downwards,
upon an iron soldering plate, floated on a
bath of melted stereotype metal, and when
sufficiently hot, melted solder, composed of
equal partslead and tin, is poured over the
back, by which it acquires a clean bright
coating of solder. Amnother method is the
following : The shell being placed face Fig. 66.
downward, in the dacking-pan, is brushed
over with the ¢ tinning liquid *’ as before, and alloyed tin foil is spread
over it, and the pan again floated on the hot backing-up metal until the
foil melts and covers the whole back of the electrotype. When the foil
is melted, the backing-pan is swung on to a levelling stand, and the
melted backing metal is carefully poured on the back of the shell from
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an iron ladle, commencing at one of the corners and gradually run-
ning over the surface until it is covered with a backing of sufficient
thickness. A convenient form of backing-pan and stand is shown in
Fig. 66. The thickness of the backing is about one-eighth of an inch,
or sufficient to enable the electro, when trimmed and mounted, to with-
stand the pressure of the printing press. The backing-up alloy is
variously composed, but the following is a good practical formula :—

Tin . . 3 3 3 ) a 3 . 4 parts

Antimony . 3 v d . » 1 =

Lead . 4 5 g 4 4 9 29T,
100

Finishing.—As they pass from the hands of the ‘¢ backer,”
the plates present a rough and uneven surface on the back, and the
blanks are higher than they should be for mounting. Itisthe finisher’s

Fig. 67—Saw Table, with Squaring Table.

duty to remedy all such defects. If the backed electrotype consists of
several pages, it is first taken to the saw table, Fig. 67, where it is
roughly sawn apart by a circular saw, the eyes of the workman being
protected from the particles of flying metal by a square plate of glass, as
shown in the figure. Each plate is then trimmed all round to remove
rough edges, and if there are any projections which would prevent it
from lying flat, these are carefully cut down with a small chisel. The
plate is next shaved to remove the roughness from the back and make
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it of uniform thickness in all parts. This is effécted in small estab-
lishments by the hand shaving machine, Fig. 68, but since this opera-
is the most laborious part of the finishing process, it is far preferable
to employ a power machine for this purpose. The plate being now
brought to nearly its proper thickness, and almost true, is next tested
with a straight-edge, and all unevennesses beaten down with a light
hammer and planer, preparatory to the final shaving; the plate is
then passed through the hand shaving machine, accurately adjusted,
and two or three light cuts are taken off. The face is then tested by
rubbing with a flat piece of willow charcoal, which, by not blackening
the low parts, or hollows, enables the workman to see if any such
exist, in which case he puts
a corresponding mark to
indicate these places on the
back with a suitable tool.
The plate is then laid, face
downward, and the marked
places are struck with a ball-
faced hammer which forces
up the printing surface be-
neath to its proper level.
The plate is next subjected
to the hand shaving machine
(Fig. 68), by which the back
becomes shaved down to its
proper thickmess and ren-
dered perfectly level and
smooth. The edges are next
planed square and to the
proper size, after which they .
are transferred to the car-  Fig. 63.—Hand Shaving Machine,
penter, who mounts them,

type-high, on blocks of wood, which may be either of cherry, mahogany,
or other suitable wood, which is cut perfectly true and square in every
direction. The plates, when mounted, are ready for the printer.

Bookwork is usnally not mounted on wood, the plates being left un-
mounted, and finished with bevelled edges, by which they are secured
on suitable plate blocks of wood or iron, supplied with gripping pieces
which hold them firmly at the proper height, and enable them to be
properly locked up.

Fig. 69 represents Messrs. R. Hoe & Co.’s power planing and
sawing machine, which is intended for roughing off plates before
sending them to the shaving machine, and is said to be very simple,
quick, and efficient in operation. A circular saw runs in an elevating
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table at one corner, for squaring up, and an outside cutter, with
sliding table, is attached for squaring up metal bodies, &ec.
Electrotyping from Plaster Moulds.—Plaster of Parismay be em-
ployed for making electrotype moulds instead of wax, in which case.
the plaster mould is first soaked in wax ; it is then coated with a mix-
ture composed as follows : nitrate of silver 1 gramme, dissolved in
water, 2 grammes ; to this is added 2} grammes of ammonia, and then
3 grammes of absolute alcohol. The mould is then to be exposed to

Fig. 69.—Power Planing and Sawing Machine.

sulphuretted hydrogen gas—made by pouring dilute sulphuric acid on
powdered sulphide of iron.

Electrotyping Wood Engravings, &c.—One of the most useful
and extensive applications of electrotyping is in the copying of wood
engravings in electrolytic copper, to form metallic printing surfacesin
lieu of printing from the less durable material, wood. The value and
importance of electrotype blocks to the proprietors of illustrated
publications—many of which have an enormous sale—will be at once
recognised when we state that the electrotype heading of Zhe Times
newspaper is reputed to have produced no less than twenty millions of
copies or impressions before it required renewal. Itwould be difficult
to estimate how many wood blocks would have been required to
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furnish so large a number of impressions, equally perfect. Indeed, if
we take the trouble to examine some of the illustrations of our
periodical literature which have been produced direct from wood
blocks, we cannot fail to notice the gradual depreciation of the
original engraved blocks.

In copying an engraved wood block, it is first well brushed over
with plumbago, or simply moistened with water ; it is then placed
upon a level bench, and a metal frame somewhat higher than the block
is fastened round it. A lump of softened gutta-percha is then placed
in the centre of the engraving, and forcibly spread outward (towards
the frame), by which air becomes excluded. A plate of cold iron is
now placed over the gutta-percha, with gentle pressure, which is
afterwards gradually increased, by means of a press, asthe gutta-
percha becomes harder. 'When the mould has cooled, it is carefully
separated from the block, and well plumbagoed, after which the con-
necting wire and ‘ guiding wires’’ are attached ; it is then ready for
the depositing bath, where it is allowed to remain until a shell of
sufficient thickness is obtained, which will depend upon the size of
the mould and the strength of the current employed. Under favour-
able conditions, a shell of copper, say, of about one square foot of
surface, will be obtained in about eight or ten hours, or even less; it
is commonly the practice to put a series of moulds in the bath towards
the evening, and to leave them in the bath all night ; on the following
morning the deposit is found to be ready to separate from the mould.
In electrotype works where magneto or dynamo machines are em-
ployed (as in some of our larger printing establishments), a good shell
is obtained in from three to five hours,* according to the dimensions
of the mould. After removing the mould from the bath, it is rinsed
in water, and the shell carefully detached, and the electrotype is
next backed-up with solder or a mixture of type metal and tin, the
back of the electrotype being first brushed over with a solution of
chloride of zine. The edges of the electrotype are next trimmed with
a circular saw, and are afterwards submitted to the planing machine,
by which the backing metal is planed perfectly level and flat ; the edges
are then bevelled by a bevelling machine, when the plate is ready
for mounting on a block of cedar or mahogany, which is effected by

* An American electrotypist, on a visit to London, told the author, about
five years ago, that, having adopted the Weston dynamo machine in place of
voltaic batteries, he could deposit a shell of copper upon fifteen moulds,
each having about two square feet of surface, in about two and a half hours;
that is to say, by the time the fifteenth or last mould was put into the
bath the one which had first been immersed was sufficiently coated for
hacking up.
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means of small iron pins driven into the bevel edges of the backing
metal. When complete, the block, with its mounted electrotype,
should be exactly fype high. Respecting electrotypes from wood
engravings, or ‘‘ electros,’’ as they are commonly called in the print-
ing trade, we may mention that many of our larger illustrations
are produced from electrotypes. Engraved steel plates are copied in
the same way as above, and their reproduction in copper by the elec-
trotype process is extensively practised.

Tin Powder for Electrotyping.—Grain tin may be reduced to an
impalpable powder by either of the following methods :—1. Melt the
grain tin in an iron crucible or ladle, and pour it into an earthenware
mortar, heated a little above its melting point, and triturate briskly
as the metal cools. Put the product in a muslin sieve and sift out
the finer particles, and repeat the trituration with the coarser par-
ticles retained in the sieve. To obtain a still finer product place the
fine powder in a vessel of clean water and stir briskly ; after a few
seconds’ repose, pour off the liquor in which the finer particles are
suspended, and allow them to subside, when the water is to be again
poured off and a fresh quantity of the powder treated as before. The
impalpable powder is finally to be drained and dried, and should be
kept in a wide-mouthed stoppered bottle for use. 2. Melt grain tin
in a graphite crucible, and when in the act of cooling, stir with a
clean rod of iron until the metal is reduced to a powder. The powder
should then either be passed through a fine sieve or elutriated as above
described, which is by far the best method of obtaining an absolutely
impalpable product. In using this powder for electrotyping pur-
poses in the manner previously described, it must not be forgotten
that the tin becomes dissolved in the copper bath ; it should therefore
only be employed in a bath kept specially for the purpose, and not
be suffered to enter the ordinary electrotyping vat.



CHAPTER XI.
ELECTRO-DEPOSITION OF COPPER (continued).

Deposition of Copper by Dynamo-electricity.—Copying Statues, &c.—Lenoir’s
Process.—Deposition of Copper on Iron.—Coppering Printing Rollers.—
Schlumberger’s Process.—Producing Printing Rollers by Electricity.—
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—Coppering Solutions.—Dr. Elsner’s Solution.—Walenn’s Process.—
Gulensohn’s Process.—Weils Coppering Process.—Electro-etching.—
Glyphography.—Making Copper Moulds by Electrolysis.—Making Elec-
trotype Plates from Drawings.—Coppering Steel Shot.—Coppering
Notes.

Deposition of Copper by Dynamo-electricity.— Within the past
few years, owing to the great advance made in the production of
powerful and reliable magneto and dynamo-electric machines, the re-
duction of copper by electrolysis in the various branches of electro-
deposition has assumed proportions of great magnitude ; and while
nickel-deposition—which fifteen years ago was a comparatively un-
developed art—has quietly settled down into its legitimate position as
an important addition to the great electrolytic industry, the electro-
deposition of copper, and its extraction from crude metal, have pro-
gressed with marvellous rapidity, both at home and abroad, but more
especially so within the past five or six years, and we may safely
predict from our knowledge of the vast number of magneto and
dynamo machines which are now being constructed, under special
contracts, that in a very short time the electrolytic reduction
of copper will reach a scale of magnitude which will place it
amongst the foremost of our scientific industries in many parts of
the world. Before describing the processes of coppering large metallic
objects, we must turn our attention to the production of electrotypes
of larger dimensions than those previously considered. At a very early
period of the electrotype art, Russia, under the guidance of the famous
Professor Jacobi, produced colossal statues in electrolytic copper, which
at the time created profound astonishment and admiration. About the
same period our own countrymen directed their attention to this appli-
cation of electrotypy, and at subsequent periods electrotypes of con-
siderable dimensions were produced not only in this country but on
the Continent. Some exceedingly fine specimens have been produced
by Messrs. Elkington & Co., one of the most notable of which is
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that of the Earl of Eglinton, 13} feet high and weighing two tons,
while some other equally good specimens of life-size busts and bas-
reliefs are to be seen in Wellington College, the House of Lords, &c.
The well-known Paris firm, Messrs. Christofle & Co., have also
produced colossal electrotype statues, one of which is 29 feet 6 inches
in height, and weighs nearly three tons and a half ; the completion of
the deposit occupied about ten weeks.

Copying Statues, &c.— When very large objects have to be repro-
duced in electrotype, the method adopted is usually as follows : The
original, formed of plaster of Paris, produced by the modeller or
sculptor, is first brushed all over with boiled linseed oil, until the sur-
face is completely saturated with the drying oil. Adfter standing for
two or three days, according to the temperature and condition of the
atmosphere, the object, which is thus rendered impervious to moisture,
and readily receives a coating of plumbago, is thoroughly well brushed
over with blacklead until the entire surface is perfectly coated with
the conducting material. The model is next connected to conducting
wires, assisted by guiding wires, and placed in a sulphate of copper bath,
where it receives a deposit of about one-sixteenth of an inch in thick-
ness, or a shell sufficiently stout to enable it to retain its form after
the inner plaster figure has been removed, which is effected in this
way : the electrotype, with its enclosed model, being taken out of the
bath, is first thoroughly well rinsed, the copper shell is then cut
through with a sharp tool at suitable places, according to the form of
the original figure, by which these various parts, with their guiding
wires attached, become separated ; the plaster figure is then carefully
broken away, and all parts of it removed. After rinsing in hot water,
the outer surface of the copper ¢ formes’’ are well varnished over to
prevent them from receiving the copper deposit in the next operation.
The formes are next exposed to the fumes of sulphide of hydrogen, or
dipped in a weak solution of sulphide of potassium (liver of sulphur),
to prevent the adhesion of the copper deposit. These ¢ formes,”” or
parts of the electrotype shell, constitute the moulds upon which the
final deposit, or electrotype proper, is‘to be formed, and these are re-
turned to the depositing tank and filled with the solution of sulphate
of copper, anodes of pure electrolytic copper being suspended in each
portion. Deposition is then allowed to take place until the interior
parts or moulds receive a coating of from one-eighth to one-third of
an inch in thickness. The various pieces are then removed from the
bath, and after well rinsing in water, the outer shell, or mould, is
carefully stripped off, and the respective parts of the electrotype
figure are afterwards fixed together when the operation is complete.

Lenoir’s Process.—A very ingenious method of electrotyping large
figures was devised by M. Lenoir, which consists in first taking im-
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pressions in gutta-percha of the object in several pieces, which may
afterwards be put together to form a perfect figure; the inner sur-
faces of these impressions, or parts of the mould, are then well coated
with plumbago. A ‘“dummy’’ of the form of the interior of the
mould, but of smaller dimensions, is now formed of platinum wire, to
act as an anode, and the several parts of the plumbagoed gutta-percha
mould are put together to form a complete mould all round it. The
mould, with its platinum wire core (the anode)—which is insulated
from metallic contact with the mould by a covering of india-rubber
thread—is then placed vertically in the bath, weights being attached
to allow the mould to sink into the solution. The platinum anode
and the plambagoed mould are then put in circuit and deposition
allowed to progress. To keep up the strength of the copper solution
within the mould, in the absence of a soluble anode, a continual flow
of fresh copper solution is allowed to enter the mould, from a hole at
the top of the head, which makes its escape through holes in the feet
of the mould. When a sufficiently stout deposit is obtained, the
flexible wire anode is withdrawn through the aperture in the head,
after which the various portions of the gutta-percha mould are re-
moved, and the seams at the junctions of the electrotype are cleared
away by appropriate tools.

Deposition of Copper on Iron.—Since iron receives the copper
deposit from acid solutions without the aid of a separate current, and
the deposit under these conditions is non-adherent, it is the practice
to give a preliminary coating of copper to iron objects in an alkaline
bath, ordinary cyanide solutions being most generally adopted for
this purpose. Many other solutions have, however, been recom-
mended, some of which may deserve consideration. In any case, the
iron article is first steeped in a hot potash bath, when the presence
of greasy matter is suspected, and after rinsing, is immersed in a
pickle of dilute sulphuric acid, % 1b. of acid to each gallon of water.
After well rinsing, the article is scoured with coarse sand and water,
applied with a hard brush, and after again rinsing, is immersed in the
alkaline bath until perfectly coated with a film of copper. It is then
again rinsed, and at once placed in a sulphate of copper bath, where
it is allowed to remain until a sufficiently stout coating of copper is
obtained. In some cases, where the object is of considerable propor-
tions, it is kept in motion while in the solution, by various mechanical
contrivances, as in 'Wilde’s process, to be referred to shortly.

Coppering Printing Rollers.—Many attempts have been made,
during the past thirty years or so, to substitute for the costly solid
copper rollers used in calico-printing, iron rollers coated with a layer
of copper by electrolysis. The early efforts were conducted with the
ordinary voltaic batteries, but the cost of the electricity thus obtained
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was far too great to admit of the process being practically successful,
while at the same time the operation was exceedingly slow. A method
which was partially successful consisted in depositing, in the form of
a flat plate, an electrotype bearing the design, which was afterwards
coiled up in a tubular form, and connected to an iron cylinder or roller
by means of solder, the seam being afterwards touched up by the
engraver. A far better system, however, is now adopted, which is in
every way perfectly successful ; and printing rollers are produced in
large quantities by electro-deposition at about one-half the cost of
the solid copper article. Before describing the methods by which
cast-iron rollers are faced with copper at the present time, it may be
instructive to consider briefly some of the means that have been
adopted to deposit a sufficient thickness of copper upen a cast-iron
core to withstand the cutting action of the engraver’s tools.

Schlumberger’s Process.—This consists in depositing copper upon
previously well-cleaned cast-iron cylinders by means of the ‘¢single-
cell > process. The solution bath consists of a mixture of two solu-
tions composed of (1) Sulphate of copper, I part; sulphate of soda,
2 parts; carbonate of soda, 4 parts; water, 16 parts. (2) Cyanide of
potassium, 3 ; water, 12 parts. The interior of the bath is surrounded
by porous cells containing amalgamated zinc bars with copper wires
attached, and dilute sulphuric acid. The solution is worked at a
temperature of from 59° to 65° Fahr., and the iron cylinder, being
put in contact with the zinc elements, remains in the bath for twenty-
four hours, at the expiration of which time it is removed, well washed,
rubbed with pumice-powder, again washed in a solution of sulphate
of copper having a specific gravity of 1°161, containing z35th part of its
volume of sulphuric acid ; scraps of copper are kept in the bath, to sup-
ply the loss of copper, and prevent the liquid becoming too acid. The
cylinder is then returned to the bath, or placed in a mixture composed
of thefollowing two solutions : (1) Acetate of copper, 2 ; sulphate of
soda, 2 ; carbonate of soda, 4; water, 16 parts. (2) Cyauide of po-
tassium, 3 ; liquid ammonia, 3; water, 10 parts. The cylinders are
to be turned round once a day, in order torender the deposit uniform,
and the action is continued during three or four weeks, or until the
deposit is g%th of an inch thick.

Another method consists in first coppering the well-cleaned cast-
iron cylinder in an ordinary alkaline coppering bath, and then trans-
forring it to an acid bath of sulphate of copper, the cylinder in each
cage being surrounded by a hollow cylinder of copper for the anode ;
the process is allowed to proceed slowly, in order to obtain a good
reguline coating, and when this is obtained of sufficient thickness to
bear engraving upon, the surface is rendered smooth by turning at
the lathe.
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Producing Priniing Rollers by Magneto-electricity. — Iilde’s
Process.—1t is obvious that the electrical power obtained from mag-
neto and dynamo-electric machines is more capable of depositing econo-
mically the requisite thickness of copper upon cast-iron cylinders to form
printing rollers than could be expected from voltaic electricity, which
necessarily involves the solution of an equivalent of zinc and the con-
sumption of sulphuric acid to deposit a given weight of copper. It
is well known that deposition takes place more freely upon the lower
surfaces of the cathode, and consequently, when the deposited metal
is of any considerable thickness, the irregular surface thus produced
is often a source of great trouble to the electro-depositor ; in the case
of printing rollers, however, in which a perfectly uniform thickmess
of the deposit is absolutely indispensable, some means must be adopted
to render the deposit as uniform as possible from end to end of the
cylinder. To accomplish this, Mr. Henry Wilde, of Manchester,
effected an arrangement for which he obtained a patent in 1873,
which consists in ¢‘ giving to the electrolyte or depositing liquid in
which the roller to be coated is immersed, or the positive and nega-
tive electrodes themselves, a rapid motion of rotation, in order that
fresh particles of the electrolyte may be brought successively in con-
tact with the metallic surfaces. By this,’’ says the patentee, ¢ powerful
currents of electricity may be brought to bear upon small surfaces of
metal without detriment to the quality of the copper deposited, while
the rate of the deposit is greatly accelerated.

¢ Motion may be communicated to the electrolyte, either by the
rotation of the electrodes themselves, or when the latter are stationary,
by paddles revolving in an annular space between them. The iron
roller to be coated with copper is mounted on an axis, the lower end
of which is insulated, to prevent its receiving the deposit of copper at
the same time as the roller. The roller, after having received a film
deposit of copper from an alkaline solution in a manner well under-
stood, is immersed in a vertical position in a sulphate solution of
copper, and a motion of rotation is given to the roller or rollers by
means of suitable gearing. The positive electrodes are copper rollers
or cylinders, of about the same length and diameter as the roller to
be coated, and are placed parallel with it in the sulphate solution.
The electrical contacts are made near the upper and lower extremities
of the electrodes respectively, for the purpose of securing uniformity
in the thickness of the deposit. The sulphate solution may be main-
tained at an uniform density, from the top to the bottom of the bath,
by rotating a small screw propeller, enclosed in a tube communicating
with the liquid, and driven by the same gearing that imparts motlon
to the roller.””

The electric current employed for depositing copper by the above
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method may be obtained from Wilde’s magneto-electric machine,
which has been very extensively adopted for this purpose, or from
any dynamo electric machine capable of yielding an adequate current.
Mr. Wilde says, in the specification above quoted, ‘‘ Although I have
only mentioned cast-iron as the metal upon which the copper is
deposited, the process is applicable to rollers made of zinc or other
metals, and their alloys. The method of accelerating the rate of de-
posit, by giving to the electrolyte, or to the electrodes, a motion of
rotation, may be applied to the electrolytic method of refining copper
described in Mr. J. B. Elkington’s patent.”” Mr. Wilde’s system of
coppering cast-iron rollers was established in 1878, but he subse-
guently disposed of his patent rights to the Broughton Copper
Company, who carry on the process successfully, and have extended
it to the coating of hydraulic rams, &c.

Coppering Cast Iron.—The great progress which has been made
in the production of artistic castings in iron during the past thirty
years or so, not only in this country, buton the Continent, has always
created a desire that some economical and reliable method of coating
such work with copper could be devised, not alone to preserve the
iron from atmospheric influence, but also to enhance the beauty of
the work by facing it with a superior metal. To deposit a protective
coating of copper upon large pieces of cast iron, however, has gene-
rally been a matter of considerable difficulty, owing to the almost
inevitable presence of sand-holes and other flaws which, even when
not of large size, are often of sufficient depth to retain particles of
silicious or other matter which cannot readily be dislodged by the
ordinary methods of pickling and scouring ; and since these defective
spots do not receive the deposit of copper, the underlying metal must
always be liable to corrosion at such parts, when subjected to the
effects of moisture. These observations are chiefly directed to the
coppering of cast-iron work destined to be exposed to the vicissitudes
of the weather, as street lamp-posts, for example; and though we
have not yet devoted much attention to this branch of industry in
this country, it has received a good deal of attention in France, but
more especially in Paris. To overcome the difficulties above men-
tioned, copper is not deposited direct upon the iron, as will be seen
below, but upon a coating of varnish, rendered conductive by the
application of plumbago. The system adopted by M. Oudrey, at
his works at Auteuil, may be thus briefly described :—The cast-iron
object is first coated all over with a varnish composed of resinous
matters dissolved in benzol, to which is added a sufficient quantity of
red or white lead, the varnish being then allowed to dry. The surface
thus prepared is next brushed over with plumbago, and the article
then coated with copper in the ordinary sulphate bath by the ‘¢ single-
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cell ” method, for which very large porous cells are employed. In
about four or five days a sufficiently thick coating of copper is
obtained, when, after rinsing and drying, a bronzed appearance is
given to the work by the application of a solution of ammonio-
acetate of copper. With respect to this process M. Fontaine observes :
¢¢ Tt is evident that a coating of copper so deposited can be possessed
of no other solidity than its own, and the latter is entirely dependent
on the thickness and tenacity of the deposit. M. Oudry was accord-
ingly led to effect depositions having one-half a millimetre on ordinary
objects and one millimetre or more on fine works. If to that thick-
ness is added those of alayer of plumbago and three layers of insu-
lating coating material, it will be readily conceived that such a system
of coppering is only suitable in the case of very large objects. In
the case of small objects—such as a bust, for example—the nicety of
the details would be irretrievably spoiled by these five layers, and it
would amount to sacrificing to too great an extent the artistic worth
of the object for the purpose of attaining its preservation. It is,
nevertheless, certain that this process has really become a branch of
industry, and that it is the first one which has been applied on a large
scale. All the lamp-posts of the city of Paris, the beautiful fountains
of the Place de la Concorde and of the Place Louvois, and a consider-
able number of statues and bas-reliefs, have been coppered at Auteuil,
in the inventor’s factory.”” It appears that M. Oudry’s son subse-
quently modified the above process by substituting for the coatings
of paint and plumbago an immersion of the cast-iron objects in a
thick paint composed of hot oil and copper-dust suspended in the
liquid. The objects, when removed from this bath, are first dried in
an oven and then rubbed with a wire-brush and copper dust. They
are afterwards immersed in a sulphate of copper bath.

It is obvious that in either of the above processes a quantity of
copper far in excess of what would be required as a protective coating
for iron—provided it could be deposited direcz upon the metal—must
from necessity be deposited upon the plumbagoed, or copper-dusted
surface ; and it is also clear that since the copper represents merely a
thin shell upon the surface, that a very moderate amount of rough
usage, such as the Parisian gamin or London street Arab could inflict
on very easy terms, by the simple process of climbing the lamp-posts
with metal-tipped boots, would quickly break this ¢ shell”” and ex-
pose the underlying layer of plumbagoed varnish. When all these
objections are taken into consideration—the partial obliteration of the
finer details of the object, the labour, cost of material, the length of
time required to complete a single article before it is ready to be placed
in position, and add to this the constant liability to damage from
accident or mischief, this method of coppering iron does not appear ’
have much to recommend it.

L
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Cold Coppering Solution.—One of the chief reasons why alkaline
coppering solutions seldom work vigorously when used at the ordinary
temperature, is that they are too frequently prepared with cheap com-
mereial cyanide, containing but a small percentage of real cyanide, and
consequently overloaded with carbonate of potash, a salt which has no
solvent action on the anode, and is of little or no service in the copper-
ing bath. While experimenting in this direction some time since, we
found that a good coppering solution, to be worked in the cold, could
be prepared from the following formula; but it is essential that the
cyanide be of good gquality. For each gallon of solution required,
3 ounces of chloride of copper are to be dissolved in about a pint and
a-half of cold water; 12 ounces of soda erystals are next dissolved in
about a quart of water. The latter solution is then to be gradually
added to the chloride of copper solution, with gentle stirring after each
addition, until the whole of the alkaline liquid has been added, when
the resulting carbonate of copper is allowed to settle. After an houror
s0 the supernatant liquor is poured off and fresh water added to wash
the precipitate, which is again allowed to subside as before, the wash-
ings being repeated several times, and the precipitate then dissolved
in a solution of cyanide of potassium composed of six ounces of the
cyanide dissolved in about a quart of water, the whole being well
stirred until the copper salt has become dissolved. The solution thus
formed is now to be set aside for several hours and the clear liquor
then carefully decanted from any sediment that may be present;
water is then added to make up one gallon of bath. This solution
will coat cast or wrought iron very readily with a current from two
to three Daniells, in series, and may beused to give a preliminary
coating to iron work which is to be afterwards thickly coppered in an
ordinary sulphate bath. The anodeused in this, and all other alkaline
coppering baths, should be of pure electrolytic copper.

Coppering Steel Wire for Telegraphic Purposes.—It had
always been held that if iron wire could be successfully and economi-
cally coated with copper, it would be of incalculable service in tele-
graphy; and, indeed, many attempts to accomplish this were made at
a period when magneto and dynamo-electric machines were unknown.
Itsoon became apparent, however, that, independent of other difficulties,
the object could never be practically attained by means of the voltaic
battery. Now that we are enabled to obtain electricity simply at the
cost of motive power, that which was impossible thirty years ago has
been to some extent accomplished, and the coppering of steel wire for
telegraph purposes forms an extensive branch of manufacture in con-
nection with one of the telegraph systems of America. The manu-
facture of ¢‘ compound wire,” as it is called, has been carried out on
a.very large scale at Ansonia, Connecticut, by the Postal Telegraph
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Company, who, Professor Silliman, of Yale College, U.8.A., states,
have acquired ‘‘the largest electro-plating establishment in the
world ; yet its capacity is soon to be trebled. The works are em-
ployed in coppering steel wire used in the company’s system of
telegraphy, and now deposit two tons of pure copper per day. The
steel core of the wire gives the required tensile strength, while the
copper coating gives extraordinary conducting power, reducing the
electrical resistance enormously. The compound wire consists of a
steel wire core weighing 200 lbs. to the mile, and having a tensile
strength of 1650 lbs., upon which copper is deposited, by dynamo-
electricity, of any required thickness. Twenty-five large dynamo
machines are employed, which deposit collectively 10,000 1bs. of
copper per day, representing 20 miles of ‘compound wire,” carry-
ing 500 Ibs. of copper to the mile. When the works are completed,
three 300 horse-power engines will drive dynamo machines for sup-
plying the current to deposit copper upon 30 miles of wire per day.
In the process of deposition the wire is drawn slowly over spiral coils,
through the depositing vats, until the desired thickness is obtained.”
The advantages of coppered steel wire over ordinary galvanised iron
wire for telegraph purposes cannot well be over-estimated, and if
the process prove as successful as it is stated to be, it will un-
doubtedly be a great electrolytic achievement.

Coppering Solutions.—In preparing alkaline coppering solutions,
for depositing a preliminary coating of copper upon iron, and for
other purposes of electro-coppering, either of the formule for brass-
ing solutions may be used, by omitting the zinc salt and doubling the
quantity of copper salt; or either of the following formule may be
adopted. As a rule, copper solutions should be worked hot, say at a
temperature of about 130° Fahr., with an energetic current, especially
for cast-iron work, since even with the best solution deposition is but
slow when these solutions are worked cold. It is important to bear
in mind in making up copper solutions—and the same observation
applies with at least equal force to brassing solutions—that commer-
cial cyanide of potassium is largely adulterated with an excess of car-
bonate of potash, and unless a cyanide of known good quality be
employed, the solution will be not only a poor conductor of the cur-
rent, but the anodes will fail to become freely dissolved, whereby the
solution will soon become exhausted of a greater portion of its metal
in the process of deposition. The cyanide to be used for making up
such solutions should contain at least 75 per cent. of real cyanide.

Solution 1.—Dissolve 8 ounces of sulphate of copper in about
I quart of hot water ; when cold, add liquid ammonia of the specific
gravity of -880 gradually, stirring with a glass rod or strip of wood
after each addition, until the precipitate which at first forms becomes
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re-dissolved ; dilute the solution by adding 1 quart of cold water.
Now prepare a solution of cyanide of potassium by dissolving about
1} Ib. of the salt in 2 quarts of water, and add this gradually to the
copper solution, with stirring, until the blue colour of the ammonio-
sulphate entirely disappears ; finally add the remainder of the cyanide
solution, and allow the mixture to rest for a few hours, when the
clear lignor may be decanted into the depositing vessel or tank, and
is then ready for use. This solution may be used cold, with a
strong current, but it is preferable to work it at about 110° to 130°
Fahr.

Solution 2.—The acetate or chloride of copper may be used instead
of the sulphate in making up a coppering bath, the latter salt being
preferable.

Solution 3.—A solution prepared as follows has been recommended :
Dissolve cyanide of copper in a solution of cyanide of potassium, con-
sisting of 2 pounds of cyanide to 1 gallon of water, then adding about
4 ounces more of the salt as free cyanide; the solution is then ready,
and should be worked at a temperature of about 150° Fahr. Cyanide
of copper is not freely soluble in a solution of cyanide of potassium,
and the lignid does not readily dissolve the anodes, nor is it a good
conductor. It has also a tendency to evolve hydrogen at the cathode;
this, however, may be lessened or wholly prevented by avoiding the
use of free cyanide, employing a weaker current, and adding liquid
ammonia and oxide of copper. From our own experience, the addi-
tion of liquid ammonia to copper solutions, if not applied in the first
instance, becomes a necessity afterwards.

Solution 4.—Roseleur gives the following formula for a coppering
solution: 20 parts of crystallised acetate of copper are reduced to a
powder, and formed into a paste with water ; to this isadded 20 parts
of soda crystals, dissolved in 200 parts of water, the mixture being
well stirred. To the green precipitate thus formed, 20 parts of bisul-
phite of sodium, dissolved in 200 parts of water, are added, by which
the precipitate assumes a dirty yellow colour. 20 parts of pure cyanide
of potassium, dissolved in 600 parts of water, are finally added, and
the whole well stirred together. If the solution does not become
colourless, an addition of cyanide must be given. It is said that this
solution may be worked either hot or cold, with a moderately strong
current. ’

Dr. Elsner’s Solution.—In the preparation of this solution, 1 part
of powdered bitartrate of potassium is boiled in 10 parts of water, and
as much recently prepared and wet hydrated carbonate of copper,
which has been washed with cold water, stirred with it as the above
solution will dissolve. The dark blue liquid thus formed is next fil-
tered, and afterwards rendered still more alkaline by adding a small
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quantity of carbonate of potash. This solution is stated to be appli-
cable to coating iron, tin, and zinc articles.*

Walenn’s Coppering Solution.—This solution, to be employed
for coppering iron, consists in dissolving cyanide of copper in a solu-
tion compésed of equal parts of cyanide of potassium and tartrate of
ammonia. Oxide of copper and ammoniuret of copper are added in
sufficient quantity to prevent the evolution of hydrogen at the surface
of the work during deposition. The solution is worked at about 180°
Fahr. The current from one Smee cell may be used with this solution.
It has been found that 1} ounce of copper per square foot will pro-
tect iron from rust.

Another process of Mr. Walenn’s is as follows :—

The first part of this invention ‘‘relates to electro-depositing
copper upon iron, or umpon similar metals, so that the coating
may be soft and adherent. This consists in using the solution at
a boiling heat, or near thereto, namely, from 150° Fahr. to the
boiling point of the solution. The second part is to prevent the
evaporation of a solution which is heated during deposition. A
cover, with a long condensing worm tube, is used in the depositing
bath; the other end of the tube opens into a box containing
materials to condense or appropriate the gases that escape. The
liquids flow back down the tube into the tank. The third part
of the invention consists in working electro-depositing solutions in a
closed vessel under known pressure, being applied by heating the
solution or otherwise. The closed vessel may be used for solutions in
which there is free ammonia, or where other conditions arise in which
it is necessary to enclose the solution, although neither appreciable
increase of pressure arises nor is heat applied. If there be much gas
coming off, the condensing tube, opening into a box of the second
part of the improvements, may be employed.”” The fourth part of the
invention consists in adding to the charged, and fully made, copper,
brassing, or bronzing solution, cupric ammonide in the cold, until the
solution is slightly green.

Gulensohn’s Process.—A bath is made by first obtaining a solution
of chloride of copper, the metal from which is precipitated in the form
of phosphate, by means of pyrophosphate of soda. The precipitate
is then thoroughly washed until all traces of the chloride of soda
formed have been removed ; the phosphate of copper is next dissolved
in a solution of caustic soda, and, if necessary, a small quantity of
liquid ammonia is added to assist the solution of the phosphate, and
to render the deposit brighter and more solid. The strength of the
solution must be regulated according to the strength of the current

* The Chemist, vol, vii. p. 124.
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employed in the deposition. The bath may be used for depositing
upon iron or other metals.

Weil’s Coppering Processes.—(1.) For coating la.rge obJects, as
cast-iron fountains, lamp-posts, &e. M. Weil’s patent gives the fol-
lowing process: Dissolve in 1,000 parts of water, 150 of sodio-
potassic tartrate (Rochelle salt), 80 of caustic soda, containing from
50 to 60 per cent. of free soda, and 35 of sulphate of copper. Iron
and steel, and the metals whose oxides are insoluble in alkalies, are
not corroded in this solution. The iron or steel articles are cleaned
with dilute sulphuric acid, of specific gravity 1‘o14, by immersing
them in that liquid from five to twenty minutes, then washing with
water, and finally with water made alkaline by soda. They are
next cleaned with the scratch-brush, again washed, and then
immersed in the cupreous bath, in contact with a piece of zinc
or lead, or suspended by means of zinc wires; the latter is the
most economical way. The articles must not be in contact with
each other. They thus receive a strongly-adherent coating of copper,
which increases in thickness (within certain limits) with the dura-
tion of immersion. Pure tin does not become coppered by contact
with zine in this solution ; it oxidises, and its oxide decomposes the
solution, and precipitates red sub-oxide of copper, and by prolonged
action, all the copper is thus removed from the liquid. The iron
articles require to be immersed from three to seventy-two hours
according to the colour, quality, and thickness of the required deposit.
The copper solution is then run out of the vat, and the coated articles
washed in water, then cleaned with a scratch-brush, washed, dried in
hot sawdust, and lastly in a stove. To keep the bath of uniform
strength, the liquid is renewed from below, and flows away in a small
stream at the top. After much use, the exhausted liquid is renewed
by precipitating the zinc by means of sulphide of sodium (not in
excess), and re-charging the solution with cupric sulphate. Weil
also supplies to the bath hydrated oxide of copper.

(2.) A coppering bath is prepared as follows: 35 parts of crystal-
lised sulphate, or an equivalent of any other salt of copper, are
precipitated as hydrated oxide by means of caustic soda or potash.
The oxide of copper is to be added to a solution of 150 parts of
Rochelle salt, and dissolved in 1,000 parts of water. To this, 60 parts
of caustic soda, of about 70 per cent., is to be added, when a clear
solution of copper will be obtained. Other alkaline tartrates may be
substituted for the Rochelle salt above mentioned, or even tartaric acid
may be employed ; but in the case of tartaric acid, or acid tartrates,
a small additional quantity of caustic alkali must be added, sufficient
to saturate the tartaric acid or acid tartrate. Oxide of copper may
also be employed, precipitated by means of a hypochlorite, but in al
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cases the proportions between the copper and tartaric acid should be
maintained as above, and it is advantageous not to increase to any
notable extent the proportion of the caustic soda.

The object to be coppered is to be cleaned with a scratch-brush and
then placed in the bath, when it will become rapidly coated with an
adherent film of metallic copper. As the bath gradually loses its
copper, oxide of copper as above prepared should be added to main-
tain it in a condition of activity, but the quantity of copper introduced
should never exceed that above prescribed, as compared with the
quantity of tartaric acid the bath may contain. If the copper notably
exceeds this proportion, certain metallic iridescences are produced on
the surface of the object. These effects may be employed for orna-
mental and artistic purposes. According to the time of the immersion,
the strength of the current, and the proportion of eopper to the tartaric
acid, these iridescences may be produced of different shades and tints,
which may be varied or intermingled by shielding certain parts of the
object by a coating of paraffin or varnish, the iridescent effect being
produced on the parts left exposed. All colours, from that of brass to
bronze, scarlet, blue, and green, may be thus produced at will.

Electro-Etching.—When we bear in mind the fact that, with few
exceptions, the anodes employed in electrolytic processes become dis-
solved in the bath during electro-deposition, it is evident that if
certain portions of an anode were protected, by means of a suitable
varnish, from the solvent action of the solution, that such parts, after
the plate had been subjected to electro-chemical action in the bath,
would, on removal of the varnish, appear in relief, owing to the
exposed surfaces having been reduced in substance by being partially
dissolved in the solution. Suppose a smooth and bright plate of cop-
per, for instance, were to have a design sketched upon it with a
suitable varnish, and the plate then connected to the positive electrode
of a voltaic battery and immersed in a solution of sulphate of copper,
a cathode of the same metal being suspended from the negative elec-
trode ; if, after a few hours’ immersion, the plate be taken from the
bath, and the varnish removed, the design will appear in bright re-
lief, while the unvarnished parts will have been eaten away, or
dissolved, leaving hollows of a comparatively dull appearance ; the
design now forms a printing surface, from which copies may be im-
pressed upon paper in the usual way.

The process of voltaic etching is performed in various ways, but the
following will explain the general principle upon which the art is con-
ducted. A copper wire is first soldered to the plate, and the back is
then coated with a tough varnish ; when this is dry, the face of the
plate is coated with engraver’s ¢“etching-ground,” a composition of
beeswax 5 parts, linseed oil 1 part, melted together ; it is sometimes
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the practice to smoke the surface, before applying the etching needle,
in order to render its tracings more visible. The design is then
drawn upon the face of the plate, cutting through to the clean surface
of the copper. When the etching is complete, the plate is made the
anode in a sulphate of copper bath, while a plate of copper is im-
mersed as the cathode. The electric current, passing out of the
engraved lines, causes the copper to be dissolved from them, whereby
they become etched, much in the same way, and with the same effect,
as when acid is nsed in the ordinary etching process. The required
gradations of light and shade are produced by suspending cathodes
of different forms and sizes opposite the plate to be etched, in various
positions, and at different distances from it, thus causing the plate to
be acted upon in unequal depths in different parts, the deepest action
being always at those portions of the electrodes which are nearest
to each other.

Instead of using wax, or other etching-ground, as an insulating
material, the plate may be coated with a film of some metal which
will not be dissolved in the bath. For example, the plate may be first
strongly gilt by electro-deposition, and the design then produced by
means of a graver, the tool cutting just sufficiently deep to expose the
copper ; if now the plate be used as an anode, the copper will become
dissolved, as before, leaving the gilt surface unacted upon, since the
sulphuric acid set free during the voltaic action has no effect upon gold.

Again, the design may be made with lithographic ink or varnish,
and the exposed parts of the plate then strongly gilt; if, thereafter,
the varnish, or other insulating material be cleaned off the plate, the
voltaic etching will follow the ungilt portions, causing them to be-
come hollowed out as before.

The baths used for etehing by electrolysis should be composed of the
same metal as that to be etched; thus, a sulphate of copper bath is
employed for etching copper plates, sulphate of zinc for zinc plates,
and gold or silver solutions when their metals are to be treated in the
same way. Copper and zinc plates, however, may be etched by
means of the voltaic battery, in dilute solutions of nitric, sulphuric,
hydrochloric, or acetic acid, a process which is said to be coming very
much into practice.

Glyphography.—This process was invented by Mr. E. Palmer, and
consists in first staining copper plate dlack on one side, over which a
very thin layer of a white opaque composition, resembling white wax,
is spread. The plate is then drawn upon with various etching needles
in the usual way, which remove portions of the white composition, by
which the blackened surface becomes exposed, forming a strong con-
trast to the surrounding white ground. When the drawing is com-
plete, it is carefully inspected, and then passes into a third person’s
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hands, ¢ by whom it is brought in contact with a substance having a
chemical affinity for the remaining portions of the composition, by
whom they are heightened, ad libitum. Thus, by careful manipula-
tion, the lights of the drawing become thickened all over the plate
equally. . . . The depths of these non-printing parts of the block
must be in some degree proportionate to their width ; consequently
the laxger breadths of Zights require to be thickened on the plate to a
much greater extent. It is indispensably necessary that the printing
surfaces of the block prepared for the press should project in such
relief from the block itself as shall prevent the inking roller touch-
ing the interstices; this is accomplished in wood engraving by cutting
out these intervening parts, which form the lights of the print, to a
sufficient depth ; but in glyphography the depth of these parts is
formed by the remaining portions of the white composition on the plate,
analogous to the thickness or height of which must be the depth on the
block, seeing that the latter is in fact a cast or reverse of the former.”
The plate, thus prepared, is well plumbagoed all over, and is then
placed in a sulphate of copper bath, and a deposit of sufficient thick-
ness obtained, which, on being separated, will be found to be a perfect
cast of the drawing which formed the clické. The metallic plate thus
obtained is afterwards backed up with solder and mounted in the
same way as a stereotype plate, and is then ready for the printing press.

DMaking Copper Moulds by Electrolysis.—A drawing is made
upon a varnished copper plate, as before described ; the plate is then
dipped into a weak ‘¢ quicking ”” solution, and then laid upon a flat
and level surface. The mercury attacks the surfaces exposed by the
graver or etching needle, and takes the meniscus, or curved form, that
is, the relief is greater as the etching lines are larger; the drawing,
therefore, is reproduced in relief by the mercury. The plate is next
covered with a thin paste of plaster of Paris, and when this has
set, the two moulds are to be separated. A counter mould may
now be taken from this, or it may be prepared in the usual way,
and, after being well plumbagoed, receive a deposit of copper. By
the following plan a mould is produced, which is at once ready
for the bath. A copper plate is varnished and etched as before. A
neutral solution of chloride of zinc is then poured upon the plate, and
after this a quantity of fusible metal, which melts at from 175° to
212° Fahr. The flowing of the fusible metal over the surface of the
plate is aided by the application of a spirit-lamp held beneath the
plate, or by spreading the metal over the surface with a hot iron rod.
The mould thus obtained may then be reproduced by the ordinary
electrotype process.

Making Electrotype Plates from Drawings.—This invention
relates to an improved process of forming matrices of designs for the



154 ELECTRO-DEPOSITION OF COPPER.

production of electrotype plates directly by the hand of the artist or
designer, in which the design is produced by means of a pointed tool
upon a thin sheet of soft metal supported upon a peculiar backing of
semi-plastic inelastic material of sufficient body or consistence to sup-
port the metal without pressure, but sufficiently yielding to give to
the slightest touch of the artist, and allow the material to be depressed
under the tool for the formation of the lines of design. In carrying
out this invention a mixture is made of plaster of Paris 1 1b., chro-
mate of potassa 1 oz., and common salt, I 0z., which forms a com-
pound that will give the most delicate touch of the artist, and will
allow the finest lines to be produced upon the metal by the tool.
These ingredients may be mixed in various proportions, which will
depend somewhat upon the boldness or delicacy of the design to be
produced. The mixture may be brought to a semi-plastic state by
the addition of about I pint of water, or sufficient to bring it to the
proper consistence, and the plasticity of the compound may be modi-
fied to suit various requirements by using more or less water. The
gemi-plastic composition is moulded or otherwise formed into a flat
tablet of suitable size, and a sheet of soft metal is carefully secured on
the upper face of same, projecting edges being left, which are after-
wards turned down over the sides of the tablet. The metal is then
ready for the artist, who, with a pointed tool or tools, produces the
required design by indenting the lines thereon. Wherever touched by
the tool the metal will be depressed into the backing, which has just
sufficient body to support the untouched parts, but yields to the
slightest pressure of the tool. When the design is finished, the
metal is carefully removed from the backing, having the design in
relief on one side and in intaglio on the other, and is ready for the
production of the electrotype plate in the ordinary way, which may
be taken from either side, as circumstances require.

Coppering Steel Shot.—The electro-deposition of copper is being
extensively applied by the Nickel Plating Company, Greck Street,
Soho, London, to the coating of large and small steel shot with copper
for the Nordenfelt gun.

Coppering Notes.—I. In preparing cast-iron work for electro-
coppering, after the pieces have been pickled and scoured, they should
be carefully examined for sand-holes, and if any such cavities appear
upon the work, they must be well cleared from black or dirty matter,
which may have escaped the brushing, by means of a steel point. It
must always be borne in mind that copper, and indeed all other metals,
refuse to deposit upon dirt. After having cleared out the objectionable
matter from the sand-holes, and again well brushed the article with
sand and water, it is a good plan to give the piece a slight coating of
copper in the alkaline bath, and then to examine it again, when if
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any cavities show signs of being foul, they must be cleared with the
steel point as before. The article should then have a final brushing
with moist sand, and after well rinsing be placed in the alkaline
coppering bath and allowed to remain, with an occasional shifting of
position, until sufficiently coated. If the piece of work is required to
have a stout coating of copper, it should receive only a moderate
deposit in the cyanide bath, and after being well rinsed suspended in
the sulphate of copper, or acid bath, as it is sometimes termed, and
allowed to remain therein until the desired coating is obtained. To
secure an uniform deposit, however, the object should be occasionally
shifted while in the bath, except when mechanical motion is applied,
as in coppering iron rollers and other similar work.

2. Respecting the working of copper solutions, Gore makes the
following observations: ¢“If the current is too great in relation to
the amount of receiving surface, the metal is set free as a brown or
nearly black metallic powder, and hydrogen gas may even be deposited
with it and evolved. In the sulphate solution, if the liquid is too
dense, streaks are apt to be formed upon the receiving surface, and
the article (especially if a tall one) will receive a thick deposit at its
lower part, and a thin one at the upper portion, or even have the
deposit on the upper end redissolved. If there is too little water,
crystals of sulphate of copper form upon the anode, and sometimes
even upon the cathode, at its lower part, and also at the bottom of
the vessel. If there is too much acid the anode is corroded whilst
the current is not passing. The presence of a trace of bisulphide of
carbon in the sulphate solution will make the deposit brittle, and this
continues for some time, although the solution is continually deposit-
ing copper ; in the presence of this substance the anode becomes black,
but if there is also a great excess of acid, it becomes extremely bright.
Solutions of cupric sulphate, containing sulphate of potassium, and
the bisulphide of carbon applied to them, are sometimes employed for
depositing copper in a bright condition. The copper obtained from
the usual double cyanide of copper and potassium solution, by a weak
current, is of a dull aspect, but with a strong current it is bright.”’
For depositing copper from alkaline solutions, we prefer the Bunsen
battery to all others.

3. The anodes used in electrotyping, as also those employed for depo-
siting copper generally, should consist of pure electrolytic copper, in
preference to the ordinary sheet metal, which invariably contains
small traces of arsenic and other metals, which are known to diminish
its conductivity considerably. Clippings and other fragments of cop-
per from electrotypes may be used up as anodes, either by suspending
them in a platinum-wire cradle or in a canvas bag, the fragments
being put in connection with the positive electrede of the battery by
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means of a stout rod or strip of copper. These make-shift .odes,
however, should be used for thickening the deposit (if an electrotype)
after the mould is completely coated with copper, and not in the earlier
stage of the process.

4. When it is desired to obtain an electrotype of considerable thick-
ness, this may be hastened in the following way : After the complete
shell is obtained, clean copper filings are to be sifted over the surface,
and deposition allowed to proceed as usual, when the newly deposited
metal will unite with the copper filings and the original shell, and
thus increase the thickness of the electrotype. By repeated additions
of copper filings, followed by further deposition of copper, the back
of the electrotype may be strengthened to any desired extent.

5. For coating with copper non-conducting substances, such as
china or porcelain, the following process has been adopted in France :
Sulphur is dissolved in oil of spike lavender to a sirupy consistence, to
which is added either chloride of gold or chloride of platinum, dissolved
in ether, the two liquids being mixed under gentle heat. The com-
pound is next evaporated until it is of the consistency of ordinary
paint, in which condition it is applied with a brush to such parts of a
china or porcelain article as it is desired to coat with copper ; the
article is afterwards baked in the usual way, after which it is immersed
and coated with copper in the ordinary sulphate bath.



CHAPTER XIIL
DEPOSITION OF GOLD BY SIMPLE IMMERSION.

Preparation of Chloride of Gold.—Water Gilding.—Gilding by Immersion in
a Solution of Chloride of Gold.—Gilding by Immersion in an Ethereal
Solution of Gold.—Solution for Gilding Brass and Copper.—Solution
for Gilding Silver.—Solution for Gilding Bronze.—French Gilding for
Cheap Jewellery.— Colouring Gilt Work.—Gilding Silver by Dipping,
or Simple Immersion.—Preparation of the Work for Gilding.—Gilding
by Contact with Zine, Steele’s Process.—Gilding with the Rag,

Preparation of Chloride of Gold.—Since for all gilding purposes
by the wet way, as we may term it in contradistinction to the process
of mercury gilding, this metal requires to be brought to the state of
solution, it will be well to explain the method of preparing the salt
of gold commonly known as the chloride of gold, but which is, strictly
speaking, a ferchloride of the metal, since it contains three equivalents
of chlorine. The most convenient way of dissolving the precious
metal is to carefully place the required quantity in a glass flagk, such
as is shown in Fig. 70, and to pour upon it a mixture consisting of
about 2 parts of hydrochloric acid and 1 part
nitric acid by measure. This mixture of acids was
called aqua regia by the ancients because it had
the power of dissolving the king of metals—gold.
To dissolve 1 ounce of gold (troy weight) about
4 ounces of aqua regia will be required, but this
will depend upon the strength of the commercial
acids. Soon after the mixed acids have been
poured on the gold, gas is evolved, and the
chemical action may be accelerated by placing
the flask upon a sand-bath moderately heated.
It is always advisable, when dissolving this or
other metal, in order to avoid excess of acid,
to apply less of the solvent than the maximum
quantity in the first instance, and, when the chemical action has
ceased, to pour off the dissolved metal and then add a further portion
of the solvent to the remainder of the undissolved metal, and so on
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until the entire quantity is ‘dissolved without any appreciable excess
of acid, after which the various solutions are to be mixed together.
The solution of chloride of gold is to be carefully poured into a
porcelain evaporating dish* (Fig. 71), and this, placed on a sand-bath
or otherwise, gently heated until nearly all the acid is expelled, when
the solution will assume a reddish hue. At this period the author
prefers to move the evaporating dish round and round gently so as to
spread the solution over a large surface of the interior of the vessel ;
in this way the evaporation of the acid is hastened
considerably. 'When the solution assumes a blood-
red colour the dish should be gently, but repeatedly,
moved about as before until the semi-fluid mass—
Fig. 71. which gradually becomes deeper in colour and more
dense in substance—ceases to flow. Towards the end
of the operation the last remaining fluid portion flows torpidly, like
molten metal, until it finally ceases altogether, at which moment the
dish should be removed from the sand-bath and allowed to cool. It
is necessary to mention that if too much heat be applied when the
solution has acquired the blood-red colour the gold will quickly become
reduced to the metallic state. If such an accident should occur the
reduced metal, after dissolving out the chloride with distilled water,
must be treated with a little agua regia, which will again dissolve it.
The red mass resulting from the above operation (if properly con-
ducted) is next to be dissolved in distilled water, in which it is readily
soluble, and should form a perfectly clear and bright solution of a
brownish-yellow colour. If, on the other hand, the evaporation has
not been carried to an extent sufficient to expel all the acid the solu-
tion will be of a pure yellow colour. It invariably happens, after
the chloride of gold is dissolved in water, that a white deposit re-
mains at the bottom of the evaporating dish—this is chloride of silver,
resulting from a trace of that metal having been present in the gold.
Water-Gilding.—Previous to the discovery of the electrotype pro-
cess and the kindred arts of electro-gilding and silvering to which it
gave rise, a process was patented by Mr. G. R. Elkington for gilding
metals by the process of simple immersion or ¢dipping,”’ and this’
process, which acquired the name of water-gilding, was carried on by
Messrs. Elkington at Birmingham for a considerable time with
success for a certain class of cheap jewellery. The solution was pre-
pared as follows: A strong solution of chloride of gold was first
obtained, to which acid carbonate of potash was added in the propor-
tion of I part of the mefal to 31 parts of the acid carbonate; to this
mixture was added 30 parts more of the latter salt previously dis-

* Evaporhting dishes made from Berlin porcelain are the best for this
purpose, since they are not liable to crack when heated.
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solved in 200 parts of water. The mixture was then boiled for two
hours, during which period the solution, at first yellow, assumed a
green colour, when it was complete. To apply the above solution the
metal articles, of brass or copper, are first well cleaned and then
immersed in the solution, which must be hot, for about half a minute.
Articles of silver or German-silver to be gilt in this solution must be
placed in contact with either a copper or zinc wire.

Gilding by Immersion in a Solution of the Chloride of Gold.
—Articles of steel, silver, copper, and some other of the baser metals,
may be gilt by simply immersing them in a weak solution of the
chloride of gold ; this is, however, more interesting as a fact than of
any practical value.

Gilding by Immersion in an Ethereal Solution of Gold.—
Chloride of gold is soluble in alcohol and in ether. The latter solu-
tion may be obtained by agitating a solution of gold with ether, after
which the mixture separates into two portions; the upper stratum,
which is of a yellow colour, is an ethereal solution of chloride of
gold, while the lower stratum is merely water and a little hydrochloric
acid. Steel articles dipped in the ethereal solution become instantly
covered with gold, and, at one time, this method of gilding steel was
much employed for delicate surgical instruments, as also for the orna-
mentation of other articles of steel. After being applied, the ether
speedily evaporates, leaving a film of gcld upon the object. If
the ethereal solution be applied with a camel-hair brush or quill pen,
initials or other designs in gold may be traced upon plain steel
surfaces. Or, if certain portions of a steel object be protected by
wax or varnish, leaving the bare metal in the form of a design, the
ethereal solution may then be applied to the exposed surfaces, which
will appear in gold when the wax or varnish is dissolved or otherwise
cleared away. Various ways of applying this solution for the orna-
mentation of steel will naturally occur to those who may be desirous
of utilistng it.

Solution for Gilding Brass and Copper.—The following formula
has been adopted for ¢‘ water<gilding >’ as it is termed : —

Fine gold S . o o 63 dwts.
Convert the gold into chloride, as before, and dissolve it in 1 quart of
distilled water, then add
Bicarbonate of potassa . . . o 1lb.
and boil the mixture for two hours. Immerse the articles to be gilt
in the warm solution for a few seconds up to one minute according to
the activity of the bath.
Solution for Gilding Silver.—Dissolve equal parts, by weight, of
bichloride of mercury (corrosive sublimate) and chloride of ammonium
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(sal-ammoniac), in nitric acid ; now add some grain gold to the mixture
and evaporate the liquid to half its bulk; apply it, whilst hot, to the
surface of the silver article.

Solution for Gilding Bronze, &c.—A preparatory film of gold
may be given to large bronze articles that are to be fully gilt by either
of the processes hereafter described, or small articles of ¢ cheap ”’
work may be gilt by immersing them in the following solution, which
must be used at nearly boiling heat :—

Caustic potash 5 : 4 5 180 parts
Carbonate of potash . . . 20
Cyanide of potassium 2 2 5 9™ 159
Water . . . . 1,000

Rather more than 1} part of chlomde of gold is to be dissolved in
the water, when the other substances are to be added and the whole
boiled together. The solution requires to be strengthened from time
to time by the addition of chloride of gold, and also, after being
worked four or five times, by additions of the other salts in the pro-
portions given. This bath is recommended chiefly for gilding,
economically, small articles of cheap jewellery, and for giving a pre-
liminary coating of gold to large articles, such as bronzes, which are
to receive a stronger coating in the pyrophosphate bath described
further on, or in cyanide solutions by aid of the battery. In this
bath articles readily receive a light coating of gold, and it will con-
tinue to work for a very long period by simply adding, from time to
time as required, the proper proportions of gold and the other sub-
stances comprised in the formula. By keeping the bath in proper
order a very large number of small articles may be gilt in it at the
expense of a very small proportion of gold.

Another method of gilding by simple immersion, applicable to brass
and copper articles, is to first dip them in a solution of proto-
nitrate of mercury (made by dissolving quicksilver in nitric acid
and diluting with water), and then dipping them into the gilding
liquid—this plan being sometimes adopted for large articles. It is
said that copper may be gilded so perfectly by this method as to
resist for some time the corrosive action of strong acids. During the
action which takes place, the film of mercury, which is electro-
positive to the gold, dissolves in the auriferous solution, and a film of
gold is deposited in its place.

French Gilding for Cheap Jewellery.—The bath for gilding by
dipping, recommended by Roseleur, is composed of—

Pyrophosphate of soda or potassa . . 800 grammes.
Hydrocyanic acid of § (prussic acid) 3 Sy
Chloride of gold (crystallised) . 5 . 20

»”
Distilled water , . . ' ’ , 10 litres,
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The pyrophosphate of soda is generally employed, and this may be
prepared by melting, at a white heat, ordinary crystallised phosphate
of soda in a crucible. The quantity of gold given in the above
formula represents the grammes of the pure metal dissolved by aqua
regia. In making up the bath, 9 litres of water are put into a por-
celain or enamelled-iron vessel, and the pyrophosphate added, with
stirring, a little at a time, moderate heat being applied until all the
salt is dissolved. The solution is then to be filtered and allowed to
cool. The chloride of gold must not be evaporated to dryness, as
previously described, but allowed to crystallise ; the crystals are to be
dissolved in a little distilled water, and the solution filtered to keep
back any chloride of silver that may be present in the dissolving flask,
derived from the gold. The filter is next to be washed with the
remainder of the distilled (or rain) water. The chloride solution is
now to be added to the cold solution of pyrophosphate of soda, and
well mixed by stirring with a glass rod. The hydrocyanic acid is
then to be added, with stirring, and the whole heated to near the
boiling point, when the solution is ready for use. If the pyrophos-
phate solution is tepid, or indeed in any case, Roseleur thinks it best
to add the prussic acid before the solution of chloride of gold is poured
in. The employment of prussic acid in the above solution is not
absolutely necessary, indeed many persons dispense with it, but the
solution is apt to deposit the gold too rapidly upon articles immersed
in it, a defect which might be overcome by employing a weaker solu-
tion. If the solutions are cold when mixed, the liquoris of a yellow-
ish colour, but it should become colourless when heated. It sometimes
happens that the solution assumes a wine-red colour, which indicates
that too little prussic acid has been used ; in this case the acid must be
added, drop by drop, until the solution becomes colourless. An excess
of prussic acid must be avoided, since it has the effect of retarding the
gold deposit upon articles immersed in the solution. The proper con-
dition of the bath may be regulated by adding chloride of gold when
prussic acid isi n excess, or this acid when chloride of gold predomi-
nates. In this way the bath may be rendered capable of gilding
without difficulty, and of the proper colour.

Respecting the working of this solution, Roseleur says, ¢ The bath
will produce very fine gilding upon well-cleaned articles, which must
also have been passed through a very diluted solution of nitrate of
mercury, without which the deposit of gold is red and irregular, and
will not cover the soldered portions. The articles to be gilded must
be constantly agitated in the bath, and supported by a hook, or placed
in a stoneware ladle perforated with holes, or in baskets of brass
gauze, according to their shape or size.”’

In gilding by dipping, it is usual to have three separate baths

u
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placed in succession, and close to each other, all being heated upon
the same furnace by gas or otherwise. The first bath consists of an
old and nearly exhausted solution in which the articles are first
dipped to free them from any trace of acid which may remain upon
them after being dipped in aqua fortis. The second bath, somewhat
richer in gold than the former, is used for the next dipping, and the
articles then receive their final treatment in the third bath. By
thus working the baths in rounds, ‘“ the fresh bath of to-day becomes
the second of to-morrow, and the second takes the place of the first,
and so on. This method of operating allows of much more gilding
with a given quantity of gold than with one bath alone,’”” and con-
sequently is advantageous both on the score of economy and con-
venience. The gilding is effected in a few seconds, when the articles
are rinsed in clear water and dried by means of hot sawdust, prefer-
ably from white woods ; they are afterwards burnished if necessary.
Roseleur does not approve of boxwood sawdust for this purpose, since
it is liable to clog the wet pieces of work, besides being less absorbent
than the sawdust of poplar, linden, or fir. The sawdust should
neither be too fine nor too coarse, and kept in a box with two par-
titions, with a lining of zinc at the bottom. The box is supported
upon a frame of sheet-iron or brickwork, which admits, at its lower
part, of a stove filled with bakers’ charcoal, which imparts a gentle and
uniform heat, and keeps the sawdust constantly dry. After drying
very small articles in sawdust, they are shaken in sieves of various
degrees of fineness, or the sawdust may be removed by winnow-
ing.

The above process of gilding by dipping, or ‘‘pot gilding,’’ as it
was formerly called, is applied to articles of cheap jewellery, as
bracelets, brooches, lockets, &c., made from copper or its alloys, and
has been extensively adopted in France for gilding the pretty but
spurious articles known as French jewellery. °

Colouring Gilt Work.—In working gold solutions employed in the
dipping process, it may sometimes occur that the colour of the de-
posit is faulty and patchy instead of being of the desired rich gold
colour. To overcome this, certain ¢¢ colouring salts’’ are employed,
the composition of which is as follows :—

Nitrate of potash

Sulphate of zinc 3 .

Sulphate of iron ey }Of each equal parts.
Alum 4 .

These substances are placed in an earthenware pipkin, and melted
at about the temperature of boiling water. "'When fused, the mixture
18 ready for use. The articles are to be brushed over with the com-
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position, and are then placed in a charcoal furnace in which the fuel
burns between the sides and a vertical and cylindrical grate, as shown
in Figs. 72—3).

The work is placed in the hollow central por-
tion where the heat radiates. A vertical section f@\mﬁi‘%
of the furnace is shown in Fig. 73. 'When put '\N!'AQM Ji,‘»)@m'
into the furnace, the salts upon the articles first ‘_‘”’?ﬁ

ZZZT
i

)

begin to dry, after which they fuse, and acquire I Mk
a dull, yellowish-red colour. On applying the %t\*—ﬁ%ﬁ
moistened tip of the finger to one of the pieces, ‘lnlni'\\‘—'lullh}ﬁ‘
if a slight hissing sound is heard, this indicates "ﬁk\‘—'}“mﬁ! ]
that the heat has been sufficient, when the ‘:IH'\_—IH!\W
articles are at once removed and thrown briskly 3}‘{!‘\__'{!}5}1'{!
into a very weak sulphuric acid pickle, which in ‘|{'I==~|=i' it

a short time dissolves the salts, leaving the work
clear and bright, and of a fine gold colour. It Fig. 72.
must be borne in mind that this ¢‘ colouring *’

process has a rather severe action upon gilt work, and should the gild-
ing be a mere film, or the articles only gilt in parts, the fused salts
will inevitably act upon the copper of which the
articles are made, and strip the greater portion
of the gold from the surface ; as it would be a
great risk to submit a large number of in-
differently gilt articles to the colouring process
unless it was known that sufficient gold had
been deposited upon them, although of inferior
colour, it would be better to operate upon one or
two samples first, when, if the result prove
satisfactory, the bulk of them may then be
treated as above. Some operators, when the
‘¢ dipping >’ has not been satisfactory as to colour, give the articles a
momentary gilding with the battery in the usual way.

‘When it is desired to gild articles strongly by the dipping process,
they are gilt several different times, being passed through a solution
of nitrate of mercury previous to each immersion ; the film of mercury
thus deposited on the work becomes dissolved in the pyrophosphate
bath, being replaced by the subsequent layer of gold. In this way
articles may be made to receive a substantial coating of gold. In
France, large articles, such as clocks, ornamental bronzes, &ec., are
gilt in this manner, by which they acquire the beautiful colour for
which French clocks and goods of a similar character are so justly
famed. Roseleur states that he has succeeded in gilding copper by
this method sufficiently strong to resist the action of nitric acid for
several hours. When articles are strongly gilt by the dipping process,
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they may be scratch-brushed, or subjected to the process called
or-mouluing described in another place.

Gilding Silver by Dipping, or Simple Immersion.—The articles are
first cleaned and scratch-brushed, after which they are boiled for
about half an hour in the pyrophosphate gilding bath, to which a few
extra drops of prussic acid or sulphurous acid have been added. The
former acid dissolves a small portion of silver from the articles, which is
replaced by an equivalent proportion of gold, while the sulphurous acid
acts as a reducing agent in the gold solution, and causes the metal
to deposit upon the silver from the affinity existing between the two
metals, especially when one of them is in the nascent state, that is, just
disengaged from a combination. This gilding is very fine, but with-
out firmness. The deposit is rendered more rapid and thicker when
the articles of silver are continually stirred with a rod of copper, zinc,
or brass.—Roseleur. The deposition by contact of other metals, is, how-
ever, due to voltaic action set up by the pyrophosphate solution, and
is altogether different to the action which takes place during the
simple dipping process, in which a portion of the metal of which the
article is composed is dissolved by the solution, and replaced by an
equivalent proportion of gold.

Preparation of the Work for Gilding—As a rule, the articles should
first be placed in a hot solution of caustic potash for a short time,
to remove greasy matter, then well rinsed, and afterwards either
scratch-brushed, or dipped in aqua fortis or ¢‘dipping acid’’ for an
instant, and then thoroughly well rinsed. If the articles merely
require to be brightened by scratch-brushing, after being gilt, it is
only necessary to put them through the same process before gilding,
which imparts to the work a surface which is highly favourable to the
regeption of the deposit, and which readily acquires the necessary
brightness at the scratch-brush lathe as a finish. Articles which are
to be left with a dead or frosted surface, must be dipped in dipping
acid and rinsed before being placed in the gilding bath. Itiscom-
monly the practice to ‘‘ quick *’ the articles, after dipping in acid, by
immersing them in a solution of nitrate of mercury until they become
white ; after this dip, they are rinsed, and at once put into the bath.

Gilding by Contact with Zinc—Steele’s Process.—In this process,
a solution is made by adding chloride of gold to a solution of cyanide
of potassium : in this the articles to be gilt are placed, in contact with
a plece of zine, which sets up electro-chemical action, by which the
gold becomes deposited upon the articles; but since the metal also
becomes reduced upon the zinc, the process would not be one to re-
commend on the score of economy. In some cases, however, in which
it 18 necessary to deposit a film of gold upon some portion of an article
which has striped in the burnishing, a cyanide solution of gold may
be dropped on the spot, and this touched by a zinc wire, when it will
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receive a slight coating of gold, and thus save the necessity of re-
gilding the whole article. This system of ¢‘ doctoring * is sometimes
necessary, but should be avoided if possible, as it is undoubtedly a
fraud upon the customer, since the doctored spot must, sooner or
later, yield up its film of gold and lay bare the metal beneath.

Gilding with the Rag.—This old-fashioned process, which was at
one time much used for gilding the insides of snuff-boxes, bowls of
mustard and salt spoons, &ec., is conducted as below. Instead of
forming the chloride of gold in the ordinary way, the following in-
gredients are taken :—

Nitric acid . . 5parts.
Sal-ammoniac (chloride of ammomum) B 2=
Saltpetre (nitrate of potassa) . o . o

A quantity of finely rolled gold is placed in a glass flask, and the
other substances are then introduced ; the flask is next heated over a
sand-bath. During the action which takes place, the nitric acid de-
composes the chloride of ammonium, liberating hydrochloric acid,
which combines with the nitric acid, forming aqua regia, which dis-
solves the gold, forming chloride ; the nitrate of potash remains mixed
with the chloride of gold. The flask is then set aside to cool : when
cold, the contents of the flask are poured into a flat-bottomed dish,
and pieces of linen rag, cut into convenient squares, are laid one
above another in the solution, being pressed with a glass rod, so that
they may become thoroughly impregnated with the liquid. The
squares of rag are next taken up, one by one, and carefully drained,
after which they are hung up in a dark closet to dry. "When nearly
dry, each piece of rag, supported upon glass rods, is placed over a
charcoal fire until it becomes ignited and burnt to tinder, which is
promoted by the nitrate of potash; the burning rag is laid upon a
marble slab until the combustion is complete, when the ashes are to be
rubbed with a muller, which reduces them to a fine powder. The
powder is now collected and placed between pieces of parchment,
round which a wet cloth is to be folded ; it is thus left for about a
week, being stirred each day, however, to ensure an equal damping
of the powder by the moisture which permeates the parchment.

To apply the powder, a certain quantity is placed on a slab and
made into a paste with water; the workman then takes up a small
_portion with his thumb, which he rubs upon the cleaned surface of the
part to be gilt ; the crevices, fillets, or grooves are rubbed with pieces
of cork cut to the shape required for the purpose, and the corners, or
sharp angles, are rubbed with a stick of soft wood ; such as willow or
poplar. 'When the articles have been gilt in this way, they are
finished by burnishing in the usual manner. ‘When a red-coloured
gold is required, a small portion of copper is added to the other
ingredients when preparing the salt of gold as above deseribed.
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ELECTRO-DEPOSITION OF GOLD.

Gilding by Direct Current, or Electro-Gilding.—Preparation of Gilding Solu-
tions. — Gilding Solutions: Becquerel's, — Fizeau’s.—Wood’s.—M. de
Briant’s. — French Gilding Solutions. — Gilding Solutions made by
the Battery Process.—De Ruolz’s.—Cold Electro-Gilding Solutions.
—Observations on Gilding in Cold Baths.—Ferrocyanide Gilding Solu-
tion.—Watt’s Gilding Solution.—Record’s Gilding Bath.

Gilding by Direct Current, or Electro-gilding.—In gilding by
dipping, or simple immersion, it is obvious that, as a rule, only a
limited amount of gold can be deposited upon the work, and that
the application of this method of gilding, therefore, must be confined
to cheap classes of work, or to articles which will not be subjected to
much friction inuse. Ingilding by the separate current, on the other
hand, we are enabled to deposit the precious metal not only of any
required thickness, but also upon many articles which it would be
practically impossible to gild properly by simple immersion in a solu-
tion of gold.

Electro-gilding is performed either with hot or cold solutions; but
for most practical purposes hot solutions are employed. When gold
is deposited from cold solutions, the colour of the deposited metal is
usually of a yellow colour, and not of the rich orange-yellow tint
which is the natural characteristic of fine gold; the deposit, more-
over, is more crystalline, and consequently more porous in cold than
hot solutions, and is therefore not so good a protective coating to the
underlying metal. The gold deposited from hot solutions is not only
of a superior colour and of closer texture, but it is also obtained with
much greater rapidity ; indeed, from the moment the articles are im-
mersed in the gilding bath, all things being equal, the colour, thick-
ness, and rapidity of the deposit are greatly under the control of the
operator. In a few seconds of time an article may be gilded of the
finest gold colour, with scarcely an appreciable quantity of the
precious metal, while in the course of a very few minutes a coating of
sufficient thickness may be ohtained to resist a considerable amount
of wear.

The superior conductivity of hot gilding solutions enables the operator
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to gild many metallic surfaces, as tin, lead, Britannia metal, and steel,
for example, which he could not accomplish satisfactorily with cold
solutions ; moreover, hot gilding solutions readily dissolve any trace
of greasy matter, or film of oxide which may be present on the sur-
face of the work, through careless treatment, and thus clean the
surface of the work for the reception of the gold deposit.

Since cold gilding solutions are occasionally used in electro-de-
position, these will be treated separately, as also the special purposes
to which they are applied.

Preparation of Gilding Solutions.—In making up gilding baths
from either of the following formule, except in such cases as will be
specified, the gold is first to be converted into chloride, as before
directed ; but the actual weight of the pure metal required for each
specified quantity of solution will be given in each case.

Of all the solutions of gold ordinarily employed in the operations of
electro-gilding by the direct current, the double cyanide of gold and potas-
sium, when prepared from pure materials, is undoubtedly the best,
and has been far more extensively employed than any other. It is
very important, however, in making up gold solutions, to employ the
purest cyanide that can be obtained. A very good article, commonly
known as ¢ gold cyanide,”” if obtained from an establishment of
known respectability, is well suited to the purpose<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>