
DESCRIPTION AND yiEWS OF REFINING WORKS. 137

to the atmosphere and then melting it down to get rid of

the greater part of its metallic oxides other than those of

copper and silver. For this purpose a magnesia brick-lined

refining furnace is used. Finally an alloy containing as

much as 80% Cu and 15% Ag is produced, which is cast

into plates and subjected to electrolysis in special vats, in

which the main refinery current and electrolyte is caused

to circulate. Merchantable copper is thus obtained and

slimes rich enough in silver for final acid treatment in the

usual way.

4. Marseilles Electrolytic Refinery.

This plant, belonging to Hilarion, Rqux et Cie, Mar-

seilles, according to Schnabel, in 1898 produced about 551

Ib. of copper daily with a 5-H.P. Gramme dynamo, deliver-

ing 300 amperes at 8 volts tension to 40 tanks. The effect-

ive cathode area of each tank is about 242 sq. ft., the current

density employed about 1.24 amperes per sq. ft., and 4.59

Ibs. of refined copper are deposited per hour for each horse-

power used.

The Societe de Cuivre de France's Refinery at Eguille,

whose annual output in 1895 was reported at noo tons

and whose general arrangement was planned by H. Tho-

fehrn, is not now in operation.

F. RUSSIA.

I. Kalakent Copper Works.

By GUSTAV KOEXLE.

These works (owned by the Hon. Carl H. von Siemens

and the heirs of the late Privy Councillor Werner von

Siemens) were established for the purpose of electrolytically

refining crude copper and securing the contained precious

metals, and are located at Kalakent, near the Kedabeg
Copper Works, about 60 wersts or 40 miles southwest of
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the city of Elisabethpol and 42 wersts or 28 miles from

Dalliar Station on the Transcaucasian Railroad.

Originally the plant was intended to carry out experi-

ments on a large scale for the direct electrolytic extraction

of copper from ores, according to the well-known Siemens

and Halske sulphate process, but it was remodelled, as far

back as 1889, and operated, at first with 36 tanks, in pro-
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FIG. 68. Ground Plan of Kalakent Works.

ducing merchantable copper from black copper anodes

containing not over 90% Cu, and from which anode re-

sidues, running at most 2% in silver and gold, were secured.

As the working up of these residues occasioned difficulty,

and moreover, as the obtained electrolytic copper was of

an uncertain quality, this non-paying procedure was given

up, and in its stead the management substituted the

refining of blister copper instead of black copper and

increased the plant in size. As such the works were operated



DESCRIPTION AND VIEWS OF REFINING WORKS. 139

s

no

n
o
o)

03

a
IP

a
PO

03

O)

a
no

ro

no

a
O)

tTesting Room



140 MODERN ELECTROLYTIC COPPER REFINING.

continuously from 1893 up to 1900, since which time they
have been closed down, because it was believed that no

profit could be realized by them on account of the follow-

ing facts: i. The small percentage of precious metals (on

an average only 0.06%), and of which the gold amounts

to but -fa to T
*
T part, in the Kedabeg copper; 2, the small

margin of profit between electrolytic and fire-refined copper,

which was reduced to only 25 kopeks per pud, i.e., o.3c.

per Ib.
;
and finally, the abnormally high local prices of

certain necessary supplies, such as sulphuric acid, which cost

1.90 rubel per pud, i.e., 2.yc. per Ib. The electrolytic copper^

refining industry in Kalakent is therefore dormant at the

present time.

The Kalakent works embraced 102 electrolytic tanks,

and were designed for an annual output of 25,000 pud, or

450 tons, of fine copper.
Current was obtained from Siemens & Halske shunt-

wound dynamos furnishing 700 amperes at 35 volts, and

of which only one machine was kept in operation at a time.

The tanks were arranged in four rows, all placed on the

same level. The arrangement of the tanks, as indicated

in Figs. 70 and 71, differed from the ordinary and usual

disposition, particularly with respect to the system of

circulating and renewing the electrolyte. It permitted of

making each tank an independent unit, if desired, by the

employment of Siemens air-lifts, two of which were placed
in each tank to circulate the electrolyte. This made pos-
sible the operation of the tanks individually or grouped in

any desired way and number, facilitated the control of each

tank, and permitted the easy renewal or restandardizing

sectionally of impure or abnormal solutions, which is a very

important consideration.

The tanks were built of pine, 2 m. or 6.6 ft. long, 1.15

m. or 3.8 ft. high, and 0.96 m. or 3.1 ft. wide, inside meas-

urements, and were lined with jute linen soaked in asphalt,
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a method not to be specially recommended, but which was
in this case employed because the price of lead in Russia is

exceptionally high. It possesses this disadvantage, that the

jute lining is apt to be ripped open by falling sharp-edged

pieces of copper, which is, of course, partly provided against

by placing wooden boards on the bottoms of the tanks.

Another difficulty arises from the quality and treatment

of the calking material, in this case Welsh asphalt and

asphalt varnish, for if this material is not boiled sufficiently

long before using, it will be acted upon by the free acid in

the tank and cause an evolution of oxygen and carbonic

acid, which in turn may injuriously oxidize the cathode

copper. Its advantage over lead lining lies only in its

cheapness, and possibly also in the lesser liability therewith

of having short circuits.

The conductors, electrolytic copper bars placed length-
wise of the tanks, were 500 sq. mm. or 1.7 sq. in. in cross-

section, or not quite as large in sectional area as the main

conductors. Each tank contained 15 anodes and 14 cathode

plates, so that it had an : anode at each end. The electrodes

were arranged, as usual, in parallel, and the tanks in series

circuit. The electrodes were spaced about 5 to 6 cm. or

about 2 in. apart. It was observed that if this distance

was decreased there arose danger of short-circuiting, and

if increased, the voltage became too great for economy.
The effective anode area per tank was 20 sq. meters

or 200 sq. ft.; of the cathodes, 19 sq. meters or about 190

sq. ft.

Every anode, cast from ordinary blister copper, weighed
between 8 and 10 pud., i.e., about 248 to 360 lb., and

was about 90 cm., or about 3 ft. long, 86 cm. or 2.8 ft.

wide, and 2 cm. to 2.5 cm. or .8 in. to i in. in thick-

ness. Serving as cathodes to receive the commercially de-

posited copper in the tanks were employed sheets of electro-

lytic copper 2 mm. or .08 in. thick, obtained in the usual
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way in special cathode tanks by electro-deposition on plates

of ordinary rolled copper smeared with oil and graphite,

and whose edges were insulated with paraffine. Before

using they were first freed from adhering oil, etc., by heating,

A

FIG. 72. Details of Cathode Connections.

and were then supplied with the necessary suspending and

conducting strips.

To accomplish the circulation of the electrolyte, which

had to be carried on with the greatest energy to secure

good, even copper deposits, each tank was supplied with

two geyser pumps (air-lifts) whose construction is clearly

indicated in Fig. 73. By means of air pressure admitted

through the narrow pipe, shown in the figure, continu-

ously under a pressure of 70 mm. or 2.8 in. mercury column,
the solution from near the bottom of the tank is lifted up
through the larger pipe and overflows into a distributing

trough above the tank to mix with or renew the layer of

electrolyte near the top. In this way about 800 liters of

solution are circulated per tank and hour.

Current densities of 25 amperes up to a maximum of

30 amperes per square meter or 3 amperes per square foot

of cathode area were employed; an increase of the am-

perage above this maximum resulted in brittleness of the

deposited copper unless the acidity of the electrolyte was
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increased simultaneously. A remarkably high average
current efficiency, 99%, was obtained in the Kalakent
works. In order to secure a very good deposit of fine

FIG. 73. Circulation Pump (Air-lift).

copper, it was found that the acidity had to be kept at not

less than 70, and generally between 75 and 85 grams of

free sulphuric acid per liter, and that at least 36 grams of

copper had to be present in a liter of solution.

The composition of the better brands of fire-refined
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blister copper used as anodes was as follows: 99.57% Cu,
0.06% to 0.08% Ag + Au, 0.027% Pb, 0.038% As, 0.060%
Sb, 0.031% Ni-f-Co, 0.009% Fe, and traces of bismuth.

Notwithstanding the comparatively low contents in

impurities of the material treated, these accumulated in

the course of time and then necessitated purification of

the electrolyte to prevent deterioration of the copper

deposits. Especially dangerous was the concentration in

the solution of those oxides easily soluble in dilute acid,

such as iron and arsenic (arsenious acid) and also of bis-

muth and antimony compounds. As long as a sufficient

excess of copper over these other metals was present in

the electrolyte, and the total amount of these impurities

did not exceed a certain maximum, indicated by the pecul-

iar appearance of the cathode surfaces, no fault could be

found with the deposited copper. The presence of an

abundance of free sulphuric acid in the bath prevented
the precipitation of the oxides of copper at the negative

poles.

When the impurities in the electrolyte had accumulated

to such an extent as to endanger the quality of the elec-

trolytic copper, the foul solutions were withdrawn from

the individual tanks or tank groups and regenerated, this

regeneration being accomplished with considerable diffi-

culty at first, but finally it was done advantageously as

follows :

The foul solutions were heated and passed over dead-

roasted matte fines heaped in loose-bottomed trays arranged

in series in upright rows. By this method all the sulphuric

acid in the solution, down to about 2 grams per 100 cu. cm.,

was neutralized and combined with copper and iron. The

solution was then allowed to trickle through heaps of

roasted low-grade copper ores, which resulted in the almost

complete neutralization of its acid contents. It was now

diluted with wash waters down to 10 to 12 B. and heated,
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to free the solution from iron, arsenic, tin, and bismuth,
in lead pans, which were provided with an appliance for

injecting compressed air into the solution. Anode scrap

was suspended in the pans so as to neutralize any remain-

ing portions of acid, and to take up any new acid set free

through separation of iron hydrates, and thereby form

copper sulphate. By blowing compressed air into the

-solution heated to about 50 C., the copper in the anode

residues or scrap was quickly dissolved, and the separation

of the iron, arsenic, antimony, tin, and bismuth, which

occurred when the solution had been nearly or completely

neutralized, accomplished. The solution was then con-

centrated up to 14 to 15 B. and clarified in special reser-

voirs. It now contained 3.5 to 4 grams copper per 100

cu. cm., and of impurities only 0.5 to i gram iron, besides

traces of zinc, nickel, and cobalt, and was therefore pure

enough for reuse as electrolyte. The excess of purified elec-

trolyte which gradually accumulated with this method of

regeneration was eventually withdrawn from the circulat-

ing system and worked up into bluestone.

The electrolytic copper put on the market possessed a

purity of at least 99.9% by analysis and averaged 99.93%

copper. It was sold in the shape of plates weighing 8 to 9

pud (i.e. 288 to 324 lb.).

The silver mud or anode slimes obtained as a by-

product in refining the anode copper were not worked up
into gold and silver bullion, but were merely enriched and

-shipped to Germany and sold, this being considered a

more profitable procedure than their treatment in Russia.

The enrichment of the slimes, consisting chiefly in the

partial removal of the contained copper, was carried out as

follows :

After removing any adhering solution from the mud by
washing with water and decantation, the slimes were

leached with a quantity of impure acid electrolytic solu-
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tion, heated to from 50 to 55 C., so as to diminish

their copper contents from 35% or 40% down to 10% or

15% Cu. The leached slimes, which were then sold, aver-

aged 25% to 30% in precious metals, of which gold con-

stituted the fourteenth to seventeenth part. Practically

all of this material was purchased by the North German

Refinery in Hamburg.

2. Nikolajev Refinery.

This electrolytic plant at Nijni Novgorod, comprising

70 depositing tanks, a few years ago was producing at the

rate of 15,000 puds of electrolytic copper per year, which

equals about 0.75 ton per day. A current density of 45

amperes per square meter of cathode surface, equivalent to

4.5 amperes per square foot, is reported as being employed
in refining the crude copper treated.


