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Chapter XIII

General Information

Copper, its tin alloys, called bronzes, and its zinc alloys, called -
brass, were known as far back as ancient time. Instruments, weapons,
vessels, and decorations were made from copper and bronze. - Because cop~-
per and brass have a high corrosion resistance they are used to coat
the hulls of ships and as roofing material, Gun barrels, bells, and
sculpture are cast from bronze which has better casting properties as
compared to copper. : ' _

Copper is a better conductor of electricity and heat than iron and
many other metals; therefore, with the development of electronics it
has become the chief material for conductors, cables, busbars, contacts,
and other current conducting parts of an electrical plant. The elec-
tronics industry consumes about 50% of all copper produced, '

The high heat conductivity of copper determines its wide use in the
manufacture of various types of heat exchangers: heaters, refrigera-
tors, internal combustion engine radiators, and other similar devices,

Alloys of coprer and zinc constitute the vast group of brasses,
which include tombac (90% Cu and 10% Zn), Muntz metal (60% Cu, 30% Zn,
tin and lead) and manyrother alloys, containing from 60 to 90% Cu. The
mechanical stability of all brasses is higher than copper and so is its
naturally good machinability by pressure and cutting, its high corrosion
resistance, and considerable electrical conductivity. In addition to
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this, brass is cheaper than pure copper since the zinc which is part of
it is cheaper than copper. Brass is used in general in chemical mach-
ine building.

Alloys of copper and tin, called bronze, contains up to 20% Sn.
Bronze is considerably harder than copper; however, it is well machined
by cutting and has high casting properties. Its resistance to corro-
sion makes it possible to use bronze in the manufacture of reinforce-
ments for water and gas pipelines and in the chemical industry, and its
low friction coefficient -~ in the manufacture of bearing bushes, worms
and worm gears, reducing gears, and other parts. :

Tin, a constituent of bronze, is more expensive than copper. In or-
der to cheapen bronze and save the tin which is difficult to obtain,
bronze, which has little or no tin, is used. To the former belongs,
for example, bronze of the OTS and OTSS type, in which part of the tin
is replaced by zinc and lead, and to the latter belong bronze, type
BAZHM (aluminum, iron, manganese).

Besides bronze and brass, the assortment and fields of use have ex~
panded considerably with the development of the industry and techno-
logy, and alloys of copper with other metals, for example, with nickel,
as well as triplex and more complex alloys, have attained great impor-
tance in the rmational economy,

Copper and nickel alloys are used in comparatively small amounts:
the most important of them is German silver (80% Cu and 20% Ni) and
Monel metal (68% Ni, 28% Cu, Silicon and iron), The exceptionally high
resistance of Monel metal to corrosion, together with its high mechan-
ical properties and easy machinability, makes it possible to use it to
to manufacture parts in exact machine building, surgical instruments and
apparatus for fine chemical technology,

Copper salts, chiefly copper sulphate CuSo, X 5H,0, is used in the
chemical, leather, and fur industry, in dye works and in the production
of artificial silk,

The average yearly production of copper in the main capitalistic
countries per five years of the 19th and 20th centuries (thousands of
tons) is listed below:

Years 1801~ 1826~ 1851~ 1876~ 1901~ 1926- 1946~ 1952-
1805 1830 1855 1880 1905 1930 1950 1955

Average
Yearly
Output Toly 20.0 38.1 145.8 596.0 1603,0 2070,0 233B.0
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In our country the copper smelting industry arose in ancient time;

however, up until the XVIII century it was very minor.

The copper smelting industry began to produce at the beginning of .
the XVIII centry in Russia, and the center was the Urals. In the middle
of the XVIII century copper began to be smelted also in Altay, in the
Caucausus, and in Western Siberia. : ' . :

The government of the Czar did not aid the development of native
metallurgy and transferred the large deposits of copper ore to foreign
concessions. The smelting of copper in Russia sharply fell in the
First World War, and by 1918 it just about ceased to exist,

The reconstruction and development of the copper industry during
the first years of Soviet power was closely tied up the execution of
Lenin's program of electrification, introduced at the IX Congress of
the Party, and with the plan of COELRO /State Commission for the Elec-
trification of Russi§7 which was based on this.

# 34, RAW MATERIAL FOR OBTAINING COPPER

- The content of copper in ores rarely exceeds 1-5%. Rock, containing
~ less than 0.3% copper, is not processed at the present time since it is
~ not profitable in modern technology. Table 9 shows the most common cop-
‘per minerals, : , : -

 Table 9

Characteristics of the Most Important Copper Minerals.

Mineral . ~~ Chemical Formula Copper Content %
Chalcopyrite - R o
(Copper pyrite) CuFed 34.6
Bornite ' CuBFe§3 55.6
Chalcosine CuxS 79.9
Covellite - CusS : 68,5
* 'Malachite CuC0y;, Cu(OH) YN
Azurite 20uC 3 Cu(OH%2 55.1
Cuprite - ' Cuy0 88.8.
Tenorite . w0 79.9
(iMelaconite) S o
Chrysocolla CuSiOs 42H0 36,2
Native Copper Cu ' up to 99.9
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Solid pyrites, consisting chiefly of sulfides of copper and iron,
and phenocrysts are among the sulfide copper ores. The latter are im-
pregnations of sulfides in quartz and silicate rccks, and are some-
times microscopically thin., Pyrite ores are distinguished from the
pyrites by a considerably higher content of sulphur and copper.

Oxidized ores are formed in nature as a result of the oxidation of
sulfide ore minerals, primarily the impregnated type, and therefore,
the chief iron admixture in them is in the form of oxides, carbonates
and silicates,

Mixed copper ores are products of sulfide ores which have not been
completely transformed into oxidized orea: Like oxidized ores they con-
tain sulfide copper minerals.

Table 10

Composition of Copper Concentratesl

Raw Ore

Content %
' Cu n 2 Fe Si0z AL,03  Cal
Cuprous pyrites 8-20 1-2 %5-&3 32-37 3-5 3-7 0.5-2
Copper zinc 8-15 2=l  30-35 25-30 35 3-7 0.5-2
Phenocrysts 20-25 - 30 25-217 5-10 5-8 0.5-2
Porphrites 23-35 - 15-20 16-20 20-29 5-8 1-2
1

N. N. Dnev, S. A, Vermenchev, A. S, Pen'ko. Reverberatory Smelting of
Copper Ores and Concentrates, Metallurgizat thate Scientific and Tech-
nical Publishing House for Literature on Ferrous and Nonferrous Metal-
lurgy/, 1954, Page 27.

Copper ore sometimes contains other non-ferrous metals, especially
zinc, lead, nickel, molybdenum, and frequently gold and silver, as well
as sulphur, selenium, tellurium, thallium, and other rare elements.

The purpose of metallurgical recduction is the complex utilization of
raw material and extraction, together with copper, of element impurities.

The physical characteristics of copper ore varies considerably.
Solid pyrites are usually extracted from the interior of the earth in
the form of fine grains of so-called bulk material Zgypuchniki7, oxi-
dized ore is sometimes powdery.



The dep031ts of copper ore in foreign countries are concentrated
chiefly in the American and African continents, The total copper re-
sources here comprise 91% of the world's supply (excluding USSR);
about 6% in a part of Europe, and about 3% in the dep031t beas of Asia

and Australia. :

The largest copper deposits on the American continent are concen- -
trated in Chili and the United Stetes, in Africa--in Northern Rhodesia
and the Belgian Congo, in Europe-- in Spaln, Yugoslavia, and Scandin-
avia, .

Copper concentrates, obtained as a result of dressing the ore by
flotation means, contains from 8 to 35% Cu., In selective flotation of
- complex ores, lead, zinc, or nickel corcentrates, which serve as raw
material inthe productlon of corresponding metals must be separated,
along w1th copper, '

Obtaining rich copper concentrates is diffieult chiefly because of
the similarity of flotation properties of sulfide copper and iron min-
erals, as well as the close mutual intergrowth of these minerals in
ores. Floration is effected either by extracting the copper concen-
trate and pyrite residue, or by the method whereby a collective copper-
pyrite concentrate is first obtained, and then separated by repeated
flotation. 85-90% Cu is recovered from pyrite ores into a copper con-
centrate, Pyrite concentrate is a valuable raw material in the produc-
tion of sulfuric acid; it contains about L45-50% S.

In the flotation of oxidlzed ores sodium sulfide is added to the
pulp,; therefore, the surface of copper minerals is covered with a
film of copper sulfide.

Selective flotation will transform complex ores, for example, copper-
zinc ores, into a copper concentrate 80-94% Cu, and a zinc concentrate

6 5"70/é Zn .

Table 10 shows the composition of copper cohcentratés, and Table 11l=—
the material balance of flotation of copper sulfide ore.



Table 11

Approximate Material Balance of Copper Ore Concentration

W, Ca Fe E 510, a0 1203
m % _m % m %$ m % g_m % m
Loaded |
Ore 150 2.0 3.0 39.3 58.9 45.0 67.5 7.0 105 2.7 4.0 3.5 5.%°
Received ,
Concentraie 15 '17.0 2.5 34,7 5.2 38,9 5.8 4.5 0.7 2.0 .0.3 3.0 0.t
Tailings 135 0.4 0.5 39.8 53.7 45.8 61.7 7.3 9.8 2 6 3.7 3.6 4.S
TOtal 150 - 3,0 - 58.9 fad 67-5 - 10.5 - - 503

Extraction of copper into a concentrate:

2,
E=53 .

100 - 83.3%

‘Extraction of sulfur into residue:

=87 .

100 - 91.4%

Secondary raw material is debris and tailings of copper and its al-

loys, the collection and sorting of which is done according to the sep-

arate types.

The tailings of various sorts of brass and bronze are

treated separately, smelting them into alloys and correcting the compo~

sition with appropriate additives,

Poor and so-called declassed tailings

are those which can not be pr901se1y classified; they usually contain

from 8 to 75% Cu),

# 35. METHODS FOR OBTAINING CCPPER FROM ORE AND CONCENTRATES

Copper is extracted from ore and concentrates by smelting or leaching.
The pyrometallurgical mcthod is more suitable for the majority of types
of raw material and, therefore, is more widespread throughout the world,

PYRCMETALLURGICAL METHOD



Minerals, amalgamated with ores, do not change their composition
during concentration. There are only quantitative and not qualitative
differences between the compositions of ore and concentrates, there-
fore, the treatment of ores and- concentrates have one and the same
phy31cal-chemlcal ba31s.

if sulflde ore or the concentraté obtained from it is smelted the
smelted mass is divided into two liquid layers: an ailoy of sulfldes
and an alloy of oxides, The different specific gravities and small
mutual solubility of the smelted sulfides and oxides explains the
scallng.

Sulflde alloys are called mattes, and oxide alloys——slag. Slag
floats over matte since the spe01f‘c gravity of matte is about 5, and
the spec1f1c grav1tJ of slag is about 3,

Even before smeltlng copper and iron mlnerals change thelr compo-
sition substantially, by decomp051ng with the formation of simple sul-
floes and sulfur vapors: :

Fe82 = FeS + £55;

2 CuS = CugS + 82,

2CuFeS, = Cu,S § 2FeS 4 3523
2CugFeSy = 3CupS + 2FeS + £So

At the same time, simple iron and copper sulfides are stable at com-
paratlvuly high temperatures; therefore, smelted matte, independent ol
the mineralogical form of copper and iron sulfides as raw material, will
always be an alloy CuZS and FeS,

Barren rock (Slo s Ca0, Al50 O,) changes during smelting into slag,
which can easily be separated fgom matte and withdrawn from the process.
Consequently, even simple smelting of ore or concentrate makes it pos-
sible to concentrate copper in matte, -

In order to transform even part of the iron fron sulflde into slag,‘
it is necessary to oxidize it, for example, with oxygen from the air:

- 2FeS L 30 = 2Fe0 ¢ 2305 .

Iron is not ox1d1zed up to Fe30) and Fep0, since there is a suff1~
cient amount of quartz in the charge with which the ferrous oxide is
comblned in a stable silicate: o

2Fe0 + 510, = 2 FeO S i0y .
At the same time, it is possible to oxidize CuyS.

20upS + 304 = 20up + 250y
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However, only FeS is actually oxidized, since CupO reacts with fer-
rous sulfide and is sulfidized:

Cuy0 + FeS = CupS # FeO

This reaction is a basic one in pyrometallurgy of copper. Because
of the swiftness with which this re:ction takes place, the copper re-
mains in the form of sulfide and is concentrated in the matte, and the
iron, to a considerable extent, becomes slaz in the form of 2Fe0 . Si05.
Because of this, the content of copper in the matte grows.

The completeness of oxidation of ferrous sulfide during smelting is
characterized by the degree of desulfurization (the degree of burning
of the sulfur) is the ratio.of the weight of sulfur to its weight as the
initial raw material, expressed in percents or parts of a unit. The
more that the iron and sulfur are oxidized, the richer the matte will
be with copper.

Part of the sulfur can be oxidized before it is smelted by resisting,
usually used for raw material with a high content of sulfur, If during
roasting or smelting, all the sulfur, combined with iron,is oxidized,
the iron is completely turned into slag, The matte obtained is close
in composition to pure cuprous sulfide (79.9% Cu)., Such matte is called
white matte, ‘

In order to obtain metallic copper, the smelted white matte is blown
with air: the cuprous sulfide is oxidized at the same time to cuprous
oxide, and the latter at the moment it is formed, reacts with the sul-
fide residue: -

2CuS 4 30, = 20u0 4 2502 ;
CupS + 2Cuy0 = 6Cu + S0,.

When the ore or concentrate is smelted it is not feasible to obtain
the white matee directly since, with an incrcase of copper in the matte,
mechanical losses of copper in slag grows because the fine grains of
matte do not completely precipitate., At first it is better to obtain
a relatively poor matte from the raw material and, consequently, a poor
waste slag, which can be removed from the process. The iron residue
from such a matte is discharged in the converter, which is similar to
the Bessemcr converter used in steel smelting. ‘

When the matte is first blown in the converter the very same re-
actions take place as during ore smelting, resulting in the selective
oxidation of iron from matte., Ferrous oxide forms slag with the addi-
tion of quartz in the converter,



i

After all the iron is oxidized and white matte is obtained, the
converter slag is poured off and sent for a repeated processing since
it is rlch with copper. ' A _

The whlte mtte continues to be blown with air, as a result of which.
metallic copper is obtained, called Rough; the rough copper is then re-
fined--that is, cleaned of 1mnur1ties. »

In the past hundred years the matte is smeltpd directly from ore,
With the modern development of ore flotation it is frequently enriched
first of all, thus obtaining concentrates, which are then smelted.
This greatly increased the total extraction of copper from ore and
lowered its cost, :

Nevertheless, direct smelting of ore is used at the present time;
enriching the ore is profitable only when gold and silver turn into
copper concentrate since, when the concentrate is smelted, these metals
become copper and can be extracted from it by electrolytic refining;
in case part of the prec1ous metals become flotation tailings the ne-
09331tywarlses of giving the tailings an additional treatment, which
is not always possible and feasible, A second circumstance, whlch
sometimes causes a situation whereby ore can not be directly floated or
treated, is the possibility of extracting incidentally elementary sul-
fur with copper from copper ore. Such & method has been déveloped,
introduced into production, and has undoubted advantages, providing for:
the utilization of raw material,

In each separate case the freatment"méthod is selected on the basis
of technical and economic calculations, taking into account those con-
siderations listed above adaptable for this or that deposit.

‘Figure 87 shows the general layout of copper pyrometallurgy; it in-

cludes direct smelting of ore, smelting of the concentrate after pre- .
liminary roasting and smelting of the concentrate without roasting.
After 1nspcct1ng it with application to sulfide ores and concentrates,
we see that in order to separate the copper from iron it is necessary
to oxidize and remove part of the sulfur with gases. The mixed copper
ores contain less sulfur than the sulfide ores and, therefore, they can
be treated by the very same method but at a lower degree of desulfuri-
zation, The oxidized ores cin be smelted in mixtures with sulfides.
Consequently, smelting to matte is suitable for any raw material pro-
vided that the sulfur in it is sufficient to form matte, '

The raw and heated copper cohcentrates‘are'powdéry;, théréforé,}‘
reverberatory or electric furnsces, suitable for smeltlng fine” charges,
are used for smelting them into matte.
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Copper ores are usually lumpy, and only shaft furnaces are suitable
for smelting, as a rule. Sometimes the concentrates become briquets
or form clinkers, and then they are smelted in shaft furnaces; fines
are loaded along with concentrates into the reverberatory or electric
furnaces,

COPPER MATIE

Matte is an intermediate product when copper is obtained from ore
and concentrates., The cost of smelting copper depends, to a great ex-
tent, on the compositior and properties of matte.

In addition to our first statement about mattes, that they are al-
loys CupS and FeS, we must note that in prﬂctlce that in the mtte the
total content Cu,S and FeS rarely excceds 80--90%; sulfides of zinc,
lead, nickel and other 1mpur1t1es comprise the residue up to 100%, as
wellaas oxides of iron, silicon, aluminun, calcium; that is, the com-
ponents of slag which are partially soluable in matte. Ferrous oxides
as compared to dher arc oxides are quite soluble in matte; the other
oxides are comparatively not very soluble in matte. Liquid maties dis-
solve precious metals very well; because of this, and the fact that they
are not very soluble in matte, gold and silver become mattes when cop-
per is smelted.

The maximum possible content of copper in matte is 79.9%. Mattes,
which contain less than 10% copper, are avoided, if possible, because
it is both difficult and expensive to process them,

Usually matte contains 30~40% Cu.

There is 36.4% in ferrous sulfide, and almost 20% S in cuprous sul-
fide., It is understandable that the content of sulfur in mattes must
lie within these limits, and it is usually 24-26%. On the basis of
this, Professor V, Ya. Mostovich made the rule that under metallurgical
calculations the content of sulfur in any copper matte is 25%.

Investigating the mattes, Professor V, Ya, Mostovich established
that they contain oXygan, which is a part of the ferrites which are
soluble in matte; that is, in compounds like NeO, Feps05. The oxygen
in matte is usually 7%; the content of it is higher, the poorer the
matte is in copper,

The smelting temperature and the specific grevity of matte are im-
portant properties and depend on the composition, Rich mattes have a
high specific gravity and the more refractory they are, the poorer they
are. Factory mattes are smelted at 900-1150° and have specific gravi-
ties at about 4.6-5.7.
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SLAGS FROM CCPPER SMELTING

Slag from copper smelting is in a majority of cases, a waste product,
The yield of slag is sufficiently great: for cach weight unit of
smelted matte there are up to 10 units of sleg when the content of Cu
in it is about 0,1-0,5%, If the content of copper in matte is 50%, it
is not difficult to estimate that the slag removed is 10% of all the
metal., The economics of copper smelting depends to a great extent on
the yield of slag and the content of copper in it.

The yield of slag is determined by the composition of the processed
raw material and the quantity of added fluxes, The content of copper
in slag depends on the composition of slag and the smelting conditions,

The following are the various tyﬁes of copper losses in slag:

1) CHEMICAL, due to an incomplete reaction between CupO and FeS;
therefore, part of the copper remains in the slag as dissolved Cu20.
As the research of V. 4, Vanyukov and other scientists indicated, these
losses are not great and there is no essential importance;

2) PHYSICAL, the diffusion of CuyS in slag; the solubility of
sulfides depends on the composition of slag and on temperature: how-
ever, at the maximum it does not exceed 0,2-0,3%;

3) MECHANICAL, as a result of incomplete precipitation of drops of
matte because of the small difference in the specific gravities of ma-
tte and slag, the high viscosity of the slag, and the short duration
of precipitation etc, these losses are very important,

The composition of the raw material must be selected sot hat the
most viscous and the lightest slag is obtained, In addition to this,
it is necessary to try to use the minimum amount of the cheapest
fluxes.,

Slags from copper smelting, in the majority of cases, are similar
to the slags from nickel, lead, and tin smelting, and the chief com-
ponents are:'- 8102, FeO, Cal; the total content of these components
reaches 80-90%. Moreover, slags contain up to 15% Al,03 and in some
cases up to 25% Fe_OL (converter slags), as well as oxides of magne-
sium, barium, sodidm, and other metals, '

The smelting temperature of slag must correspond to the process con-
ditions: too many high melting slags raise the price of smelting,
causing an increase in the cost of fuel and deterioration of the re-
fractory material, Slags from copper smelting are usually smelted at
1050-1200°,



Separate components of slags have very high smelting temperatures,
for example, Si0,-1680°, Fe0-1320°, Ca0-2570°, Their various combina-
tions are smelted at much lower temperatures because of the formtion
of easily smelted mixtures and chemical compounds.

Slags belong to substances of the vitreous type which do not have a
smelting point. At a definite tempcrature interval they gradually go
from a hard state to a liquid one; therefore, for a complete staotement
concerning the fusibility of slags onc must be guided not only by the
smelting tempecrature, but by visocsity. :

Increasing the content of FeO, MnO, CaO, BaO in slags is accompanied
by a decrease in viscosity; SiOp, A1203, }gO, Fe,O, and certain other
oxides increase the viscosity of slags. In a nuéb@r of cases substances
which are not easily soluble in slags incrcase the viscosity, becoming
slags in the form of hard particles, suspended in a liquid fusion.

The oxides, which comprise slag, form chemical compounds, chiefly
silicates of the type xMeO. ySiOs. According to the widespread ideas
concerning the nature of slags, chemical compounds in them break down
into frece oxides:

The degree of dissociation of the various silicates is not the same
and depends on the stability of the tie between oxides, temperature,
and concentrations in the ligyid slag., Oxides, which form the most
stable silicates, destroys silicatcs which are less stablc, for ex-
amplesv ' « '

220 + 2 FeO , Si0p = 20a0 . Si0, $ 2FeO.

According to new ideas, which were first pronounced by Professor
V. 4. Vanyukov and, at thc present time, are being developed by many
scientists, the silicates in slag break down like salts:

2Fe0 . Si0, = Feo$i0, = 2Fe¥ 4 5107

The ionic electrical conductivity of liquid slag and the possibility
of electrolysis by removing metal at the cathode has been confirmed by
experience,

‘ The specific gravities of slags depends on the composition, Factory
slags from copper smelting have a specific gravity around 3.2-4.0. The
oxides of iron, Manganese, and barium make slags heavy, and oxides of
aluninum, silicon, magnesium, and calcium make them lighter,
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# 36, SMELTING MATTE FROM ORE

In order to extract a sufficiently rich matte from copper ore, which
usually contains 1-2% copper, it is necessary to convert almost all the
iron into slag, and to do this, it is necessary to oxidize the sulfur
combined with it during the smelting process; that is, to have a high
degree of sulfurization,

PYRITIC AND SEMIPYRITIC SMELTING

The furnace for smelting copper ores is a high shaft, filled with a
mixture of lumped ore, fluxes, and coke, Air is blown through the
tuyers in the lower part. This is necessary to burn the fuel and ox-
idize the sulfides,

The furnace walls mesh with the smelted slag containing ferrous
oxide, Refractory material, consisting of alumosilicates or quartz,
are not resistant to the action of such slags, and the magnesite brick
does not have sufficient thermsl and mechanical stability. Therefore,
the walls of the furnace for copper smelting are made from caissons --
flat iron boxes, cooled by circling water in them, 4 layer of fused
materials, which forms a crust on the exposed surface of the furnace,
serves as the refractory material for this,

A rectangular iron slab, fastened to steel columns or jacks in the
foundation, is the base of the furnace.

The caissons are welded from sheets of boiler iron (Fig, 88). The
length of the caisson is from 1.8 to 5.5 m /meters/, the width 0,6~
1.5m, the thickness 120-150 m. The thickness of the inner wall of the
caisson is 10-20 mm /millimeters/ and the outside wall 6-10 wm,

The caisson part of the furnace has in its cross section the form
of a trapezium exposed to the small base below., The front caissons
are vertical; each of them have a rectangular trapezium form. At the
ends there are two cailssons sach,

The tyuere openings are placed along the long sides of the furnace,
The tyueres, fastened to the caissons, are comnected with an airpipe
which fceds the blast,

Cooling water is fed to the outlet of each caisson from the main
water pipeline. Warm water (70-800), Jeaving the caisson, pours off
into coliecting troughs. In order to avoid the formation of scale,
circulating water is constantly fed to the caissons, For this purpose
warm water is cooled in cooling towers,
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Matte and slag are discharged together through one opening in the
long side of the furnace. At the outlet the caisson which forms a wall
of the furnace, is shorter than the others; below it is a special out-
let caisson which is a copper slab with flat coil attached to it, In
the outlet caisson is an opening to which is joined a short and deep
channel with cool water and lined inside with refractory brick., A
baffle plate at the overflow end is higher than the outlet opening and,
as a result, a hydraulic device is created from the layer of flowing
smelted mass, The smelted mixture of matte and slag flows with a con-
tinuous stream into a settling tank placed in frtont of the furnace
and called the front hearth (Figure 89),

The front hearth in the plan usunlly haes the shape of an oval, its
long axis perpendicular to the long axis of the furnace, It is lined
with chrome magnesite or magmesite in a shell made of sheet iron. The
top of the hearth is not covered, the crust of hardened slag serving as
the crown., The matte and slag are scaled when they arrive in the front
hearth, The slag is dischorgzed along a channel at the end of the
hearth opposite to the spot where the smelted mass enters. The a matte
is discharged periodically (as it accumulates) through a tap hole
placed in the side walls at the level of the well of the hearth.

The gases go off through the tent Zghatqg7 chamber made of chamotte
brick which covers the furnace over the charging platform. Windows
are build in the side walls of the tent for charging, which are closed
by hinged suspended doors. Iron gas-pipelines, lined inside with re-
fractory brick pass through the crown of the tent, Through those gas
pipes the gases go into a settling chamber so thatthe dust can be col-
lected,

The process of shaft smelting of copper ore is characterized by the
fact that the basic heat, necessary for smelting, is obtained from the
oxidation of the components of the ore —- pyrite and other sulfides --
as well as the formation of silicates of ferrous oxide and calcium ox-
ide. . :

The formation of iron oxide silicate from pyrite takes place in the
following way.

2FeSp = 2Feg { Sp = 37.2 keal
2FeSp 4 50, = 2Fe0 L 450, § 225.0 keal
2Fe0 SiO2 = 2Fe0 . SiOz + 8.4 kcal

Computation indicates thit when the ore contains no less than 37% S
(69.4% FeSz) smelting is possible without the use of additional fuel.
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under production conditions smelting is possible without the use of
fuel is very wnstable,; therefore, no less than 2% coke is always added
to the ore, However, the chief amount of fuel is obtained from the ox-
idation of pyrite, and such smelting is called pyritic. Increasing
coke consumption helps to stabilize the process and ease the rezulation
of it, Smelting with the addition of more than 6% coke is called semi-
pyritic, -

Large-scale research in the field of theory and thermai»chemistry
of pyrite and semipyritic smelting belongs to academician 4, A, Baykov
and Professor V, Ya, Mostovich,

When copper ore is smelted in shaft furnaces pyrite and coke burn
most strongly around the tyueres"; the temperature here reaches 1400~
15000, Hot gases, penetrating the load Z§y§7 height is 3-5 meters,
rise and leave throught he tent to the dust catchers, and then they
are either utilized (use of sulfur dioxide), or they are thrown back
into the air through the smoke pipe., The temperature of gases at the
level of the charge hole is 350-550°0,

The lower layers of the load are smelted; settling, the charge
gradually descends to meet the stream of hot gases, and the temperature
gradually rises,

As the temperature rises the dissociation of the higher sulfides -
pyrite, chalcopyrite, covellite and bornite - completes itself; sulfur
fumes leave as gases, oxidizing in passing until they become Sop and
S0,. Then the sulfides ignite, their speed of combusition grows with
the temperature, The carbon of coke oxidizes with oxygen and sulfur
dioxide: :

When there is little expenditure of coke (approximately 2%)the coke
carbon burns for the most part in a seccond reaction in the upper parts
of the furnace, Limestone dissociates into Ca0 and CO,, When lime~
stone comes into contact with silicon dioxide the speeg of this reaction
increases considerably:

CaCOy % 510, = Ca0 . S10p + COp.

When temperatures are about 1000° sulfides begin to smelt out from
lumps of ore, leaving behind a porous shell of quartz, and oxides of
iron, calcium, magnesium, and aluminum, The most easily fusible alloys
in the system 810, - Ca0 - FeO are smelted at 1030°; flowing downward
they gradually dissolve in themselves other oxides of gangne,
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The porous mass of hard oxides, which were formed as a result of
smelting easily fusible components,plays an important role in the
smelting process, In the pores of this m.ss the smelted stream of
sulfides meet the incoming stream of hot oxygen-containing gases. Due
to the large surface of contact and high intensive temperaturc the
most important reactions of smelting take place:

2FeS + Si0, + 30, = 2Fe0 , Si0, + 250p;
3Fen0s + FGS 4 3.5510, = 3.5 (2£e0 , §10,) # S0y;
3Fey0; i FeS 4 5510, 2 (2FeD . 5i0,) + 50,3
20600% ' 268 § 510,°= 2Fe0 . 5i0p § 20u,S3

The smelted mixture of sulfides and silicatds flow downward and.are
discharged in order to settle inthe front hearth,

The degree of combusition of sulfur, when copper orc is smelted in
a shaft furnace, depends on the conditions and behavior pattern of the
process and constitutes 50-95%., Thanks to such a high degrec of desul-
furization rich matte can be obtained from poor ore.

If coke is added in small amounts, it burns in the upper horizons
of the load for the most part from Sop, not reaching the area of the
tuyeres (pyrite smelting), hen there is a large consumption of coke,
air oxygen, blown thorugh the tuyeres, is expended in burning it, 4s
a consequence of this, the degree of combusition of sulfur during
smelting is lowered. At the very same time, burning coke in the area
of the tuyeres creates a more stable heat condition in the focal point
of burning; such a situation is characteristic of semipyritic smelting,

Slag from shaft smelting basically contains SiOp,FcO and CaO
(Cf, table 12),

Selection of the ratio of these components in the slag received is
closely tied up with smelting conditions and especially with the con-
sunption of fuel -- coke, when there is little consumption of coke
and the ore consists chiefly of pyrite, only quartz can bec added as a
flux., Additions of limestonec and other materials in the charge must
be at a miniumum; otherwise, the heat from burning the pyrite will not
be sufficient to smelt the charge,
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Table 12

EXAMPLES OF THE CO.L.POSITION OF SLAY FROM SHAFT
SMELTING OF COPPER ORE

Methed of
Smelting Composition of Slag, %
Cu  Si0s  FeD Cal A1203 MeO S Zn0
Pyrite 0.18 32,6 4L9.9 8,2 1.5 3,5 1.7 1.9
n 0,15 32.5 52,2 4.8 7.2 - 0.9 -
Semipyritic 0,16 30,0 34.6 12,0 11,0 = = =
N 0,16 39,9 22,4 26.8 6.4 - 0.5 1.4
Copper~ 0.20 33,6 52,8 6.0 1.6 - 2.9 0.6
sulfur
" 0,18 32,4 55,2 6,0 - - - trace

Slags from pyrite smelting are close in content to the iron oxide
silicate 2Fe . Si0O2 . The content of calcium oxide, introduced in or-
der to lower the melting temperature and the specific gravity of the
slag, does not excecd 5-b6%, Slags from pyrite smelting frequently have
a high viscosity because of the presence of suspended particles of
magnetite in them, The formation of wagnetite is a consequence of the
destruction of the direct contact between quartz and iron sulfide when
the latter is oxidized, Iron sulfide is oxidized moreover to FeBO ’
which forms a suspension in the slag,

During semipyrite smelting an additional amount of heat mekes it
possible for the slag to change its composition more freely primarly by
decreasing the content of Fe0, and this, in turn, helps to lowcr the
specific gravity of the slag., In addition to this, the content of SiO2
in slags reaches 40-45%, and the content of calcium oxide 12-27%.

The coarseness of the ore, fluxecs, and coke, which are charged into
shaft furnaces, must be no lower than 20-15 mm millimeters when for the
most part there are lumps whose diameter is about 100 mm, In order to
avoid any significant decrease in the gas permeability of the pillar of
the load the content of fines in the charge, reprecsented as particles
less then 20 mm, must not exceed 10%,

The charge portion, consisting of ore, fluxes and other materials
(for example, reverses, intended for charging, is called a charge, The
shaft charges are loaded according to a set zraph and alternate with
fuel charges of coke, '
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The matte from the front hearth is discharged periodically, accor-
ding to its accumulation, and the slag flows continuously into slag
buckets, hauled aw2y to the dump, but somctimes it is granulated.

In order to prescrve the established regime of blowing, the tuyeres
must be periodically cleaned, a constant height of the load must be
maintained as well as the coarseness of the charge,

With the passage of time the walls of the furnace on the inner sur-.
face form crusts, which sometimes reach such proportions that they al-
most cover a section of the furnace., There are various reasons for the
formation of crusts, but the main one is the uneven distribution of the
ges stream along the arca horizontal to the scction of charge, and thls,
in turn, causes the charge to be uncvenly heated,

When there is a small amount of coke in the charge the stoichio-
metric ratio between thc quartz, ferrous sulfide and oxygen from the
air at various points of the smelting zone is destroyed, rcsulting in
the formation of crusts, as a result of an excess of quartz or a de-
ficient amount of air, during which #e0 is not formed in the amount
necessary to slakc quartz, easily fusible silicate crusts arc formed.
when there is an excess of air or a deficient supply of SiOp, FeO is
grcquently oxidized to FeBOA -~ casily fusible magnctite crusts are’

ormed

When the consumption of coke is increased, the danger of forming
crusts is less; however, in addition to this, it is nccessary to sys-
tematically observe the condition of the profile of the furnace,

There are various ways to remove the crust, but it always difficult;
therefore, even pure pyritic ore is frecquently smelted at an increased
expenditure of coke,

An original method in the strugszle against crust has been developed
in our factories in the Urals, which operate with little expenditure of
coke, Once a day charging is stopped for 1-2 hours, a so-called warming
charge made up of ore with 10% cokc is loaded into the furnace and
covers the tuycres that are covered with crust., After a certain length
of tine the crust is melted, and the remainder is knocked down with
sharp rails,

Dust formation during shaft smelting reached 2-8% of the weight of
the charge and depends on the amount of fines in it. The dust settles
in the gas lines and the scttling dust chamber, and the finer particles
are caught with an electric filtcr., The composition of dust is usually
close to the content of the ore. tLost frequently thc dust is treated
in reverberatory furnaces along with copper concentrates, and is some-
times briquetted or forms clinkers and is smelted in shaft furnaces,
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The main technical and economic indices of shaft smelting are the
recovery of copper as mtte, fusingy and expenditure of coke, The
recovery of copper as matte during shaft smelting is 78-85%, Such
comparatively low recovery is explained by the large yield of slag per
unit of weight of the matte. The daily melting of the charge carries
away abgut 1 m® of the furnace around the tuyeres; it varies from 60~
130 t/m° per day, When theres little expenditurc of coke the uelting
is lower; for example, with 2-3% of the weight of the coke it does not
exceed 70 t/m<, when smelting is done according to the Urals method
the outstanding workers of production will succeed in smelting 110-120
t/m? per day, expendinz on an average a total of about 3-3.5% coke,

The content of copper in mattes from shaft smelting depends on the
content of the ore and the degree of combusition of the sulfur; it
usually varies from 15-25%, although in some cases mattes with 45-50%
Cu are obtained from rich orcs.

The run of the shaft furnace is from 4 months to 1,5 ycars in an
average 10-12 months,

COPPER-SULFUR SMELTING

Such is the name of the process of smelting‘copper ore, which ob-
tains elementary sulfur in passing with matte; it was introduced into
production abroad during the twenties, and in our country in the thir-
ties,

The copper-sulfur smelting differs from methods of shaft smeliing,
which was developed earlier, by a larger expenditure of coke which per-
mits a reduction atmosphere in the upper reaches of the shaft. In its
lower rcaches the atmosphere remains oxidizing. This is achieved by,
besides an incrcased expenditure of coke, the hermetizabion of the charge
hole and the loading device of the furnace,

The furnace walls for copper-sulfur smelting, as distinct from the
walls of shaft furnaces for pyritic and semipyritic smelting, are
caissoned only in the lower part at a height of about 2,5 m, The sur-
face of the caissons, which is faced toward the furnace, is lined with
a thin layer of refractory brick; the upper part of the shaft is lined
with chamotte brick and is enclosed in an iron shell for hermetization,
The brick shaft is covered by an arched crown,

The charge is loaded through a hermetically sealed funncls, similar
to the loading device of Hast furnaces (Figure 90),

-19 -




The outgoing gases are discharged through an opening in the longi-
tudinal wall of the shaft near the crown,

' The tapping hole for the slag and matte is placed over the level of
the well which is higher than in the usual shaft furnaces, and the
smelted products of the smelting inside the furnace are at a height of
about 1 m over the very same level,

The smelted mass is dischargzed into the front hearth, The copper-
sulfur smelting process is characterized by the already known chemical
reactions such as heating sulfides to form oxides, reaction between
cuprous oxide and ferrous oxide, and the formation of silicate of fer-
rous oxide,

Coke carbon burns to Cond

Gases, containing S0y, CO,, and an excess of oxygen and nitrogen,
rlse, penetrating the load; the excess of oxygen gradually is used up
in the oxidation of sulfldes and carbon, Carbonic acid, reacting with
carbon, is partially changed into CO; water, introduced by blowing and
the charge, is either decomposed by coke carbon, or reacts with the
sulfides to form hydrogen sulfide:

COp &
'HQO
FeS & H,0 = FeO + HpS;

3FeS } iOHgO = FeBOh + 350, + 10Hp.

2 CO;
CO + Hy,

C
C

L o

Thus, the composition of the gas changes as it moves upwards: the
content of Coy, O, and H,0 decreases in it because of the formation of
carbon oxide, sul%ur dlox1de and carbon oxysulfide,

At a high temperature sulfur dioxide is reduced by coke carbon forming
carbon bissulfide:

250, + 5C = CS? + 4CO;
S0z + 20 =.C08. ¢ CO:v 7.7
in the upper levels of the load it is primarily elementary sulfur:
802 C = C02 + £S5,
- In the upper levels of the load the fumes of elementary sulfur, ob-
tained as a result of the dissociation of pyrite, chalcopyrite and other
higher sulfides, become gases,

Waste gases have approximately the following composition (g/m3):
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Sy 50, $ HpS  COS cS2 Dust
200-220 30-35  4.5-5,0  8,2-16 15-50

Gases must leave the furnace at a comparatively high temperature
(420-4500) in order that they can be cleaned from dust before condensa-
tion of sulfur vapors takes place. The gases are discharged into the
gas collector, assuring intermixing and uniformity in the cowmposition
of the gas., The basic mass of the largest sized dust settles in the gas
collectors and gas lines, and the final cleansing of the gases of dust
takes place in electric filters., The gas treatment diasgram is shown in
Figure 91,

The cleaned gas is fed into contact chambers, filled with a porous
mass of catalyst, consisting of aluminum cement and aluminum hydroxide.

in the presence of a catalyzer at a temperature about 4200, reactions
take place between the components of the gas mixture forming elementary
sulfur fumes:

2805 + 208, = 2005 } 35,3
250 + 1+H2 1+H20 + 3553
SO5 + 2005 = 2007 + 1355,

Gases from the contact chambers go to water pipe boilers. The sulfur
is condensed in pipes and drains into a collector; heat, given off when
the sulfur is condnesed, is used to heat the water in the boilers,
During condensation gases are colled to approximately 120°, Sprinkling
towers are used to catch the fine droplets of sulfur suspended in the
gas. The gas is fed into towers toward the smelted sulfur flowing off
along the checkered brickwork.

Only part of the sulfur will be extracted inthe contact chamber and
sprinkling towers; therefore, the gas, cooled to 1200, is again heated
to 3009 and sent to a second analgous system of apparatus, consisting
of a contsect chamber and condenser for the sulfur fumes, which catches
the fine dust of the hard sulfur.

In order to render the spent gases harmless before they are discharged
into the atmosphere they are sent throush a tower with limestone which
sprays them with water,

attes from copper-sulfur smelting contain 8-15% Cu, In order to
facilitate subsequent extraction of copper, mattes undergo a process
called concentration smelting. This smelting is carried out in shaft
furnaces of the same type as described above; the outgoing zases of
these furnaces are usually not converted inte sulfur since the content
of sulfur compounds in them is comparatively low; but sometimes they are
used in the production of sulfuric acid, The degree of burning during
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concentration smelting reaches a total of only 30-50%, since matte does
not contain the hizher sulfides.

tattes are loaded into the shaft furnaces in the form of lumps 30-
100 mm lar e along with quartz, limestone, and coke. The expenditure
of coke comprises 7-8% of the weight of the charge.

Concentration smelting is similar in its chemical activity to ore
smelting, As a result of this concentration smelting, matte rich in
copper, containing 25-40% Cu, and slag with 0.4-0.8% Cu, 'are obtained,

The technical and economical indices for the smelting of a charge
from copper-sulfur smelting is lower than for smelting with open charge
holes: smelting comprises a total of about 35-L5 t/mi or the section
surrounding the tuyeres: the consunption of coke is considerably
higher, approxiuately 7.5-10% of the weight of the charge.

The balance of sulfur in the copper-sulfur smelting process is ap-
proximately the following (%):

Fxtracted as elementary SULTUTs eessseseecocsassocsssesob8
Changed £0 MAtte.ssesevssencossssscsncsssonsansavessosall
LOSE AN SL18E.svsseesssesesssnsessctssarssnassnsscsasane D
Lost in Sperlt gases...--...........-......-.c....o.-o--l'?

Total"..lll...l0...'..100
i# 37. EXTRACTION OF MATTE FRO. CONCENTRATES

Copper concentrates are powdery; they consist chiefly of particles
0.05-0,1 mm large, oSuch a fine material lies as a thick layer and it
is difficult for air to reach the inside, and, therefore, it is diff-
icult to smelt the required amount of sulfur during the smelting. In
order to obtain the necessary desree of desulfurization the concentrate
is roasted before it is smeclted in multihearth mechanical furnaces or
in a burning layer, as described in chapter VIiI, However, if the sul-
fur in the concentrate is low, or if there is the possibility of smel-
ting the sulfide concentrates in a mixture with concentrates from oxi-
dized or blended ore, roasting is unnecessary, In that or any other
case where the hot components int he char-e are less than in shaft
smelting, the heat of the chemical reactions is far from sufficient for
smelting , and consequently fuel is necessary for smelting concentrates,
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The concentrates are smelted in reverberatory or electric furnaces.,
Electrosmelting has a number of advantazes .wver reverberatory smelting
which will be described below; hewever, under ordinary conditlons it
is more expensive then wreverburatory smelting because of the high ex~
penditure of powsr, Under modern corditions reverberatory furnaces are
chiefly used, but in regions where electric power is cheap or there is
no fuel, sultable for reverberatory furnaces, electric smelting is used,

L BLTING II7 REVEABERATORY FURNACES

The reverberatory furnace for smelting copper concentrates, shown in
Figure 92, is a tunnel-shaped chamber made of refractory brick, laid
out on a foundation of solidified slag. <or the foundation arrangement
a trench is dug and lined with a form of rubblestonc and concrete cor-
responding to the measurements of the furnace, This form is then filled
with smelted slag.

The walls of the furnace are lined with Dinas brick 2-1% bricks
thick; that is, 500~555 wmm, In order to preserve the lower part of
the walls from reacting with the smclted products a lining of magnesite
or caromomagnesite is used at a height of anout 1.5 m, ¥For the same
purpose some factories cool the outside surface of the walls with
water {the water flows along coils, poured into cast iron sheets.)

The crowns of reverberatory furnaces are arched Figurc 93) and
suspended (cf, diagram in Figure 94). <The arched crown is about 500
mi, and is lined with wcdge~shaped Dinas brick, which resists con-
traction at high temperatures better than other refractory material.
However, the Dinas brick has less chemical stability under reverbera-
torysmelting conditions than other neutral refroctories. The strength
of a Dinas brick crown limits the width of the furnaces., The various
parts of the crown do not wear out alike, and partial repair of arched
crowns is difficult. Suspended crowns were used starting in 1931 with
magnesite ahd chromomagnesite brick as the material for them., Jinas
brick crowns are sultable for an acid charge, and magnesite for a base
charze.,

LQouble T-beams or riveted steel columns are set in pairs at inter-
vals of 0.9-1.8 m along the wall in order to strengthcn the furnace,
Opposite pairs of beams are drawn tozether by connecting rods which
pass over the crown., when the furnace is heated the nuts of the rod,
gradualliy loosen,
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‘Preparing the surface of the sole of the reverberatory furnace,
called the well,- is a very important opcration: to do this, o layer
of refractory clay 50-100 mn thick is first tamped on a brick layer,
which linecs the slaz foundetion, and then, a lyer of purc quartz sand
600-700 mm thick., “hen it is hoated to 1500-1600° the quartz becomes
tridymite (another crystalline modific-tion of quarts), and scparate
grains arc welded, forming a dense, smooth suriacc,

Coal dust is blown into the furnace by gas burners, and mazut by
0il burners throuch openings in the front face well, Usually the gas
and oil burners (4-6 picces) are placed in one rown, The air for
blowing or sprayings is supplicd by a ventilator at aupressurc of 200~
250 mm water column /vod, ctg7and is called the primary air, and an
additi nal amount of "secondary! air is blown through openingzs along
side the oil burners (gzas burners).

fhe calorific valuc of coal dust is less than that of mazut; its
defect is its comparatively high ash content. The materials are heated
in reverberatory furnaces with an open flame; the ash falls to the sur-
face of the smelted bath and can have an effcct on the composition of
the products of suelting or, if it is hizhly fusible, can worsen the
conditions of transferrinz the heat from the gascs to the bath. The
calorific vaelue of coal must be no less than 6060 kcal/kg, the ash con-
tent---no more than 15%, the content of volatiles--about 25%., With all
its defects coal is cheaper and easier to obtain than mazut; therefore,
it is used in the majority of copper smclting plants.

The temperature of the gases in the furnace has the hirhest value
in a distance of about 3,5 m frou the front wall, reaching 1550-1600°.
At half the length of the furnace the temperature is reduced to 1300-
13502, and in the tail end 1250-1200°,

The heot cifdciency of reverberatory furnaces is voery low, no more
than 30%, becausc of the hizh temperatures of the waste zases. In
order to increase the derrec of utilization of fuel the waste sascs go
to stesm ketiles, and then, the heat utilization coefficient increases

'to 55-65%,

The charge is loaded through openings in the crowm, placed near the
furnace, along the siie walls, Bunker chutes, situated inthe charging
platform over the furnace, are lowered int> the chariing openings.

The charze is fed into the bunkers by corts or conveyor belts, The
loaded charze liecs ot an angle alonz the walls, preserving the floor
from any dircect action of the slaz and hot rascs,

Liquid converter sliz ispured into channcls, the end of which leads

into the furnace into thc front part of on: of the side walls or
through a window in the front face wall,
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The products of smelting--matte and slag--are discharged as they
accumulate. Slag is discharied through a slag window in the back part
of the furnace (in the side or face wall) 700-~800 mm above the well;
the necessary level of slag is maintained by a little embankment of
rcefractory clay. Therc are usuglly two openingzs for discharging the
matte and they are at the level of the well in onc of the side walls
(rarely in the front face wall)., A water cooled cast iron or copper
slab with square holes, in which arc inserted cast iron bushes (tap-
ping holes) with an irternal diameter of 45-50 mm, are laid at the
spot wherc the matte is discharged into the wall of the furnace.

The control regulation of the heat co.ditions in reverberatory
furnaces are automatic in the majority of modern plants. On the basis
of avtomcotic measurcments of the temperaturc, the amount of fuel, air,
and draft is maint-ined at a2 sct smelting resime.

SMELTING RAW (NOT ROASTED) CONCENTRATZES

The charge, comprised of the concentrate and fluxes, is carefully
agitated in mechanical mixers or disinte rators, The homogencity of
the charge ensures its timely snelting and the swift flow of the nec-
essary chemical reactions during the smelting process. Loading is
carricd on eilther continuously or periodically according to the
chart. The dissociation of higher sulfides begins forming FeSiand
Cu,S as the charge i1s heated, then the mixtures of these substances
are suclted giving the primary matte. The liquid matte flows along
slopes into a bath, reacting inp:ssing with the hard components of
the charge,; chiefly with iron and quartz oxides:

2FeS + 6Fe 0, + 75105 = (2Fe0 . 510,) + 250, ;
FeS 4 3Fe30, + 55305 = 5(2Fe0 . Si0p) + 50,

Copper sulfide can also be oxidized by iron oxides or the oxygen ©
from the furnace goses, but, reacting with ferrous sulfide it is .
again sulfidized according to the basic reaction of copper pyrometal-
lurgy, that is,? - ' '

CuZO + FeS = CuyS 4 FeO.
As a result of this, the matte flowing into the bath is enriched with
copper and becomes poor in iron, Its final composition is established

in the bath wherc the very same reactions take place at the separation
border of matte and slag.
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The dircct oxidation of sulfides with oxycen from the furnace gases
in reverberatory smclting takes place to an exceedingly small degree
because of thc small content of oxyzen in the gnscs ard the difficulty
of diffusing it insidc the layoer of the charge that lics snugly at an
incline; thc iron oxides in an unroastcd charge is also small, Tie
chief mass of sulfur is rcmoved because of the dissociation of the
higher sulfides; the total degree of desulfurization docs not exceed
50%, thereforc, poor mattes, diluted with ferrous sulfide, are ob-
tained from highly sulfurous conccntrates,

Precious metals-~zodl and silver-- arc extemcly solvent in liquid
mattes; their solubility in slizs is insignificantly small, therefore,
it is feasible to usc rock, cont .ining gold and silver, for example,
poor gzold ore, concentrates of gold ore and other similtr materials,
as fluxes in reverberatory smelting, especially if the dircect extrac-
tion of gold from them is difficult,

SLELTING OF ROASTED COLCENTRATES

The smelting of roasted concentrates docs not differ from that de-
scribed for raw concentrates, but it does have its own physical and
chemical peculi~rrities,

The charge for smelting is prepared beforc roasting so thit it may
be carefully mixed while it is in the roasting oven and also so that
the fluxes from the hcat of the roasting oven may be dricd and heated,
Loading the dry hot charge into the reverberatory furnace increascs
the smelting and lowers the expenditure of fuel during the smelting
process,

The purpose of roasting is to remove part of the sulfur which is
necessary in order to obtain rich matte. The chemical activity of
the roasting and its mcthods of bechavior werce described in chapter
VIII. At the present time 2 mrjority of plants roast the copper con-
centrates in multihearth mechanical furnaces, which arc complex in
construction, tremendous and produce very little. In one cubic meter
of the volume of a standard furnace of this type 150-170 kg, of sul-
fur are burned cvery 24 hours 2and the spent gesces contain no more than
74, and usually 4,5-6% SO _. lore perfected and productive furnaces for
roasting in the boilinz 1&yer have already been set up in some copper
smelting plants, They have succeuded in roasting 750 .g of sulfur
cevery 24 hours under this very same depgrec of desulfurization in one
cubic meter of the furnace areaj that is, the cortent of S0, in the
waste zases will reach 12-14%,
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As a result of roasting, the content of sulfides decreases consid-
erably, and the content of iron oxide =~ Fep03 and Fe 0; =~ grows,
The temperature of the hot roasted charge is 450-50007 For ease in
loading the hot charge, the roasting ovens are sometimes placed over
the reverberatory furnaces,

When the roasted charge is smelted the reactions between the oxides
and sulfides of iron become extremely important: Fe,0,, FeBOA and
ferrites must be completely reduced since all these substances are
not very soluble in slag, When they are converted into slag as sus-
pended hard particles, they make it heavy and viscous, hard to separ-
ate from matte. The reduction reactions of ferrous oxides werc dis-
cugsed earlier in the description of the smelting of raw concentrates.,
The ferrites are also reduced in a similar reaction, Frequently the
reduction of ferrites does not finish in slopes and continues in the
bath just on the border of separation of matte and slag. Droplets of
sulfur dioxide separated moreover, attract particles, of matte in a
slag layer, as a result of which slag from smelting a roasted charge
carries away more unstable matte than that carried away in the smel-
ting of raw concentrates; the extraction of copper as matte is lower,

Copper becomes matte as a result of those same reactions as in the
smelting of a raw charge; its oxide is reduced by ferrous sulfide,
and then is sulfurized: '

Cu20 $ FeS = CuQS $ FeO,

When a roasted charge is smelted there is less desulfurization than
when a raw charge is smelted since the sulfur of the higher sulfides
are removed during roasting., A small amount of sulfur (about 20-40%)
burns chiefly because of the reactions between the ferrous oxides and
ferrous sulfide,

SLAG FROM REVERBERATORY SHELTING

Slag is discharged periodically through a slag window and to do this
the little embankment of refractory clay which maintains the level of
slag is destroyed. The slaz, flowing along the channel into the slag
bucket, is carted off to the dump; it is frequently szranulated when it
is discharged from the furnace. The granulated slag is used in con-
struction and for filling mine workings. It is sometimes poured in
the form of slabs and used in road construction or for other castruc-
tion purposes,

- 27 -



The yield of-slag in reverberatory smelting excceds the yiecld of
matte by wisght 2-3 times and 3-5 tinmes by volumec. Conscquently, its
effcet on the technolo:ical and economic indiccs for conversion is
great, In cveluating the losses of copper in sla~ it is necessary
to pay attention not only to its percentase content but also to the
yield of slag.-

The reactions betwsen the ferrites and forrous sulfide are not com-
pleted until the beginning of the smelting processs therefore, a cer-
tain amount of ferrites, particularly magnetitc, become slag. A sig-
nificant part of Fe Oh is found from timc to time in the slas as a
suspension; therefoge, slag with a high content of ferrites is vis-
cous, Just like the ferrites, zine sulfide influences the viscosity
of the slaz. One should speeify th.t the solubility of Fe30h and ZnS

‘depend on the composition of the slag and the temperature,

The approximate composition of slag from reverberatory smelting (%)
is shown below: : : :

Ca 510, Mg0 S - ZnO

txi

[cTe) Cal Alzo

S , 3

0.15 54,0 15,7 16,2 11.8 - - -
0.12 [4-3014- 27-9 9-2 1203 2 Ovl -
O-ho 29-h AA-S 2 7 1002 Ooh - 3-7

MATTES FROi REV.RBERATORY SMELTING

The matte is dischar .ed. from the furnnce =s it accumulates. In the
interval between the discharges of the matte the tap holcs are closed
with corks made of refractory clay; dcbris is pushed through the cork
and is hammered along by a hammer as its end dissolves in the matte,
In order to discharze the matte the debris is pushed out, the matte
flows alonz the gutier into a bucket, which is carricd across by a
bridze crane to the converter ssction of the shop.

Mattes from reverberatory smelting 80-90% by weight consist of cop-
per and iron sulfides and contain 10-20% of oxides of othor metals,
It is not profitablc to obtain rich mattus during reverberatory smcl-
“ting sincc the physical and mechanical copper losses increasc in slag,
The majority of modern factorics smelt mattes containing. 20-35% Cu,

The approximate compoéition of mattes from reverberatory smelting is
shown below (%): *
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Cu Fe S In 510 A1203 Ca0 ¢ Mgl
15.6 49.9 28,3 2.9 1.2 0.4 2.0
30,0 38,0 23,9 2.6 1.5 1.8 0.6
35.0 30.9 25,5 2.1 1.6 2.7 2.5
59.1 4.5 22,9 - Ok 2.1 1,2

Au g/m  Ag g/m
8.7 230
7.8 168
3.8 600

. o Aot <ot e

Recovery of copper and precious metals in matte during reverberatory
smelting reaches 95-99.5% because of the small yield of slag.

. The daily smelting of the charsge and the consumption of fuel are con-
sidered to bc the technical ond ecdonomical indices of reverberatory
smelting: the latbr is usually expresscd in a conversion to compari-
son fuel (calorific value is 7000 keal/kg) in percentnge of the welzht
of the smelted charge. In modern plants smelting varies from 4.5 to 7
t. ZEOQ§7 of charszc per 1 m? of the sole area, The most smelted is
reached during the smelting of hot roasted concentrates, and the
least-- during the smelting of unroasted highly siliceous’.concentrates,
obtained as a result of enriching impresnated ore, Norcover, the
smelting depends on the quality of the fuel, the design peculiaritics
of the furnaces and the quality of their servicing. The expenditure
of comparison fuel cowpriscs 11-25% of the weight of the charge.

Smelting Copper Concentrates in Suspension

The name of this process does not correspond to its nature. Rever-
beratory smelting in suspension is not possible since mutual contact
of hard and liquid products is ruquired for the necessary reactions to
take place. The aggregate for smclting according to the method, about
which we arc talking, combines the usual reverberatory furnace and the
furnace for roasting in suspension. The chief advantage of this set-
up is the full maximum use of the heat, liberated during roasting,
with a small expenditure of fuel, At the present time, this method of
smelting, developed first in our country, is used in two foreign
plants; in one of them air, enriched with oxygen, is sused for
roasting.
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SKELTING OF COPLsh CENCEN[RATES IN ELECTRIC FURNACES

Smelting of concentrates in electric furnaces is a vorsion of ro-
verberatory smelting, The method has a number of advantaszes, but as
yet has limited usc boccause of the hisgh cost of electric power. The
possibility of reaching high temperatures in electric furnaces con-
siderably speeds up smclting, obtains highly siliceous slazs which
have a small spceific gravity and sufficient fluidity (thanks to con-
siderable exccss heat)., Duc to the absense of fluc sases, losses from
dispersion of the chuirge decreascs,

Heating and smelting of thc charge takes places from the heat,
liberated when the current passes throuzh the layoer of slag into
which c¢-rbon electrodes have been lowered,

The consumption of elecetric power per ton of smelted charge is 400-
500 kvt-ch Zﬁilovolts per houg?; smelting indicces which are close to
those for reverberatory furnaces,

# 38, TRELTIL . COFPIR MATIES

Further trcatment of matte is identical regardless of the mothod by
which it wos obtoined,

A modern copper smelting converter is made [to incrcasc capacity and
productivity) in the form of a horizontal cylinder alon:s the sencra-
trix of which tuy.res were placed to blow air,

The frame of thc converter (Figure 95 énd 96) consists of an iron
shcll lined inside with magnesite brick since quartz lining corrodcs
quickly,

Two smooth and one toothed rim are on the frame of thc converter,
#ach smooth rim rests on two pairs of rollers fastened to oscillating
bearings set in the foundation; the toothed rii is ensgazed with the
transmission of the motor, and by means of this device the converter
can turn to both sidus,

In the middle of thc frame therc is an opcning for loading the
suelted matte and pouring off the smeltin: products which is called
the top‘ZEhroq§7, and in one of the face walls-- therc is an opening
for the pnucmatic loading of fluxes durinz the smelting process.
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Cases, obtained in the operation of the converter, leave through the
top, which in a operating position is turncd upwards and is under an.
iron box~--the dust scrcen, connected to the waste gaslines. The edge
of the dust screen has a notch in the shape of the outside surface of
the converter; therefore, it is closely joins the frame of the con-
verter, preventing excess dilution of the gases with air, drawn from
the atmosphere.

The converters operate periodically, smelting up to 100 t[fon§7 of
copper in one operation, The outside diameter of the converter is 3-4
m, and the length of the converter 6-9 m, .

tatte scavenging is mode up of two periods.

In the first period the iron is oxidized and slag is forued by adding
quartz to it in the converter; the result is whitc matte and slag; the
slag is poured off througzh the top.

Air, blown through the tuyeres into a layer of smclted matte, vig-

orously agitates the contents of the converter. Reactions from oxi-~
dation of sulfides take place on the surface of air bubbles;

2FeS § 30, = 2Fe0 § 250, + 225,0 keal;
20usS + 305 = 20u0 + 2805 + 185.8 koal.

As a result of a double rexction with FeS, cuprous oxide is again
converted to a sulfides

Cus0 } FeS = Cuzs I FeO 4 19,6 keal,
Thus, as a result of blowing the air in the first period only the
oxidation of ferrous sulfide takes place, The formation of cuprous

oxide is possible only after the oxidation of all the ferrous sulfide,

Ferrous oxide forms slag with the addition of quartz to the conver-
ter:

2Fe0 + 510, = 2FcO , 5105 4+ 8.4 keal,

The oxidation of ferrous sulfide in the presence of quartz can also
be expressed by the followingz total rcaction which serves as the chief
source of heatb:

2FeS &+ 30, 4 510, = 2Fe0 . Si 02 4 233.4 keal,

When quartz is lacking, ferrous oxide is oxidized to magnotite:

3Fe0 § 20, = Fe30,.
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There is always a ccrtain amount of ferrites in matte., The work
of Professor A, N, Vol'skiy has shown the reducing power of ferrites
with iron sufide in the presence of quartz according to the rcaction:

3Fo30, } FeS § 5510, = 5 (2FcO « Si0p) + SO,

kL
An equal supply of pulvcrized quartz to the converter to the surface
of the matte and a sufficiently hich temperature contribute to a com-
plete reduction of the ferrites, the receipt of less viscous slag and
a drop in the mcchanical loss of copper in it, The ferrites, which
have not been reduced during the blow, become slag, chiefly in the form
of suspended hard particles, incroising the viscosity of the slag,
After the iron is oxidized and the slag is poured off, the sscond
period of the process begins,

Air continues to be blown over the white matte. The oxidation of
CuyS, moreover, is accompanicd by the formation of coppor:

Cu28 } 2Cus0 = 6Cu & 802 - 30,68 kcal.

Crude copper contains a mixturc of iron, sulfur, oxygen, zinc,
nickel, arsenic, antimony, and othcer metals,

Gold and silver are practically completely transformed into crude
copper because of their high solubility in mattes and copper and their
poor solubility in convorter slag,

Bridge cranes tronsport this smelted mattc, which has becn discharged
from reverberatory furnace or the front hearth of the shaft furnace, to
the converter in buckets. Before the matte is pourced off, the conver-
ter is turned so th-t the tuyecres arc above the layer of fusion,

The temperaturc of the matte which is pourcd into thc converter is
approximately 1100-1200°, and duri.g the blow it swiftly incrcases be-
cause of the intensive oxid:ition of FeS, The normal temperaturc dur-
ing the first period of work of t.e converter must be around 1250~
13500, Temperature must be obscrved within these limits in order to
preserve the lining from prerature wsar ond tear in order to obtain
a sufficiently liquid slaz. Incrcasing the temperature is done by
adding smelted slaz; lowering —-- by loading coal aftcorcharges or by
temporarily stopping thc blast., Of coursc, cach time that the blast
is stopped, the converter must be turncd so that the tuycres come out
from under the laycr of the smeited mnttos,

The quartz is loaded at the beginning of the blowingz., When the

quartz is supplied by a pneumatic gun, the quartz must be no coarser
than 8 mm, but ncithcer must it be very fine, and it must be easily
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pulverized; when loading is through the top, the quartz can be
coarser (up to 70 mm).

The smelted mattcs must not occupy more than one third of the volume
of the converter in order to avoid it being blown with air, and at the
very same time, the surface of the layer of the matte must always be
ebove the line of the tyeres. Therefore, after the slag has been blown
and poured off, a new portion of raw matte is pourcd into the conver-
ter. The matte is loaded again, and the slag blown and pourcd off

. continuously until there is accumulated int he converter an amount
nscessary to convert to the second period of the process.,

Thé'length of the first period depends upon the contents of the
copper in the matte and can vary from two hours until two days.

A snall amount of iron always remains in the matte, and is finally
oxidized at the beginning of the second period; therefore, in the
second period a smell amount of slag which is rich in copper is formed,
After the copper has be .n poured of fy this slag in the form of a
pasty-like mass remains in the converter until the followingoperation,
The sccond period usually losts from two to threc hours.

In its content convertcr slag is close to the silicate of ferrous
oxide 2Fe0, Sio,; the total content of the oxides of iron and silica
is 75-90°; the Temaining componcnts fall into the slag by chance as
impuritics, contained in usable quartz flux. From their practice
several factories have reached the following conclusions concerning
the averaze data on the content of converter slag (%):

510, FeO 41,0, Cu
2289 14570 5 <3 1.5-3.5

In order to extract any copper contrined in them, converter slag soaks
in a smelted condition in contact with the matte. In order to do thig,
the smelted converter slag is pourcd into an operating reverberatory
furnace or into a front hearth or a shaft furnace; in some cases, the
slag is poured off into an area and 2llowed to harden there, after
which it is pounded into lumps and londed into the charge of the shaft,
smelting together with copper ores,

Because of the high degree to which air is used, converter gasces of
the first period contain 12-15% SO, and the total of about 2% excess
oxygen; the content of 30, in gasses of the second period reaches 15-
17%. Converter zascs arc quite suitable for obtaining sulfuric acid
or sulphur; however they arc seldom used for this purposec because of
the periodicity of the work of the converters, and the strong dilution
of the gascs with air which is drawn from the atmosphere at the place
where the dust screcen joins the framc of the converter. Proposcd
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designs of hermctically scaled dust scroens have still not yet been
perfcected, and they complicate scrvicing of the converters and have
not been widely used, A majority of plants do not usc converter gascs
and discharge them into the atmosphere through snoke stacks.

Dust, corricd by converter gases, consists of hardencd droplcts of
matte and copper, flux particles ind volital oxides of impuritics.
The dust carrics up to 1% copper (of the amount of trecated copper)
and precious metals, The chief amount of thoss v=zlu2ble componcnts
is in a coarsc fraction of dust, whici, is casy to crtch in simple
settling chambers, The dust from the chambers returns to the rever-
beratory smclting charge or to the convertoer, A thin fraction of
dust can be scttled only in electric filters, sct up after the pre-
cipitating chamber, uxides of lead and zinc arc concentrated in a
thin dust fraction,

Beforc the opor tion is complited the crude copper is poured from
the converter into a bucket and carried to the casting site by a
bridge cranc, when there is only a littlc producitivity, the copper
is cest directly from the buckct into a fixcd rectangular steel casting
mold,

When the producitivity is high, conveyor casting machines aure uscd,

A conveyor casting machinec is & conveyor belt to which are fastened
casting molds which arc filled from a collcctor similar to a mixer for
iron, or from a bucket sst up on spceial carriages, The speed of the
conveyor belt is calculated so that copper, reaching the end of its
horizontal part, hardens and cools somcuh2t, The copper ingot is dis-
charged from the casting mold by tipping the latter.

the recovery of copper and precious metals from matte into rough
copper, taking into consideration the trcatment of convertor slag,
comprises 95 to 99%; the hisher the precent is, the richer tho matte
is with copper.

The productivity of the converter dopends upon the length of time
it undergocs the blowing processs, which varies in differont plants
from 75 to 90% of the operating time,

The cost of trcating the mette depends to a great extent upon its
composition, According to the calculations in one of the plants when
the matte has a content of 13% copper, the cost of converting it is

eight times gre-ter than for matte which hos 40-50% contont of copper,
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# 39, SWILTING COPPER FRO:. TAILINGS

After sorting, the debris and tailings of the copper alloys arc re-
smelted in reverberitory or electric furnnces into various alloys.
If it is neccssury, the alloy, after it h-.s been smelted, is refined
and deficient metals are added in order thab it may be brought up to
a standard source, Thon it is pourced into casting molds and sent to
the consumer, '

Tailings which are difficult to sort (or strongly diffor in content
from standerd norms) are rcfined into copper with the side extractions.
of other valusble components., Rough copper which is obtained from

"tailings 1s called sccondary copper,

Tailings arc sorted as to coarsencss and 2 fine fraction forms
clinkers in the clinkcr machines. HMaterial that is 100 to 400 mm
largc is smelted,

The tailings are smelted into secondary rough copper in small shoft
furnaces with a cross section ncar the tuycres of 2-3.5 m2; the length
of these furnaces is 2,15~3.45 m, the width 1-0,9 m and the height is
about 6 m. Smelting is done using coke, the expenditure of which is
approximately 12-17% of the weight of the charoe, qu?rtz and limestone
are used os fluxocs,

Copper oxides are easily rcduced; therefore, only a weakly rcducing
atmosphere is necesscry during sliting.

Zinc oxides arc rcduced in the lower portions of the SYP! Zinc and
lead partially cvaporatc ~nd are carricd away by the gascs, The moin
portion of these metals are converted into slag and the rough copper
obtained during smelting. The yicld of dust is 3-4% of the weight of
the charge. The main mass of impurities is romoved from the sccondary
rough copper during the blowing process in the coverter. The tempera-
ture, necess~ry for the process, is created not only from exothormic
reactions of oxidation of impurities, but also from burning cokc which
has been added to the converter., The consumption of coke is approxi-
m~tely 5 kg/t copper., Zinc, lead, and tin, which are oxidized during
the blow, become slag and dust; the yield of the lattoer is 6-7% of the
wieght of the copper,

Converter slag is coolced, poundyd into lumps, and fed to the shaft
smelting charge. Thoe content of zinc in convertoer sluf rcached 18-29%.
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# 1,0, REF.NING COPPER

The average composition of coppur smelted from primary and sccondary
materinl (%) is shown bclow: '

Cu Fe Ni S
Primary copper 98.6-99.3  0,01-0.04 0.005~-0,01 0.3-0.5
Secondary Copper 97.5-98.2 to 0.05 0.3-1.0 -
Zn As Sb
Primary copper 0.03-0.6 0.01-0,1 0,01-0.1
Sccondary copper to 0.5 - to 0.3

morcover, rough coppor ~lmost 2lw.ys cont~ins bismuth, tin, lcad,
sclenium, telluriwn, gold, silv.r, and dissolved nscs, which cven
in small cmounts lowers the mochanical propertics of copper, cspeci-
ally its plasticity., All impuritics, oxcept for procious metals,
lowecr the electrical conductivity of copper.

Rough copper frequently contains up to 100 g/t grams per ton of Au
and up to 1000 g/t of Au. Prccious metals arc very valuablce and must
be rcmoved from the copper when it is refined.

In the USSR commorcial copper cin be divided into five types cor-
responding to the ficld of usc (Table 13).

Table 13
CHEMICAL CCnPOSITION OF THE VARIOUS TYFES OF COPPER

ACCORDING TO COST All-Union Statce Standard 859-41,%

Contcnt of impuritics, no morc than

Type of Copper,
Copper No lcss .
than Bi Sb is Fc Ki Pb Sn S

LS 99,95 0,002 0,002 0,002 0,005 0,002 0,005 0,002 0,005
ML 99,90 0,002 0,002 0,002 0,005 0,002 0,005 0,002 0.005
2 99,70 0,002 0,005 0,015 0,05 0.2 0,01 0,05 0,01
13 99,50 0,003 0,05 0,05 0,05 0.2 0,05 0,05 0,01
1 99.0 0,005 0,2 0.2 0.1 J 0.33 * 0.02
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0 Zn Total Impuritics
MS 0.02 0,005 : 0.05 Note. The % shows the
ML 0,08 0,005 0.1 content of impuritics
M2 0,1 * 0.3 pernitted in the variety
M3 0.1 ¥* 0.5 between the total con-
ML 0.15 3* 1.0 tent of 2ll the impuri-

ties and thc sum of the
rest of the lupurities,

Therc arc two mcthods of rcfining copper -- the fire and the elec-
trolytic methed,

Pyro-refining'[?ofining with fix§7 can producc types M3 and M4
bismuth and precious metals arc not reuwoved in pyro-refining,

Electrolytic rofining produces copper which is very purc and rocovers
precious metals from it, '

Blectrolytic refining is more complex and morce expensive than pyro-
refining; however, the expense of refining copper with electrolysis is
worth it, to a great extent, becausc of the precious metuls obtained.

At the present time, because of the high demands for pure metals al-
most all of the smclted copper is refined by elcectrolysis. The quality
of the refined coppor is increased and the expense of refining becomes
less if the main body of impuritics is removed by the fire method,
Therefore, clectrolytic rofining of copper is always preferable to the

- fire method,

It is casy to transport roush converter copper in the form of stan-
dard ingots (bars). It is frequently refined in special refinerics,
or pyro-rcfining can be carried out on the spot where it is smclbed
and the partielly refined copper, vhich is in the form of specially
shapcd ingots (anodes), intended for loading into cl.octrolytic baths,
arc sent to clectrolytic refineries., Tho advantage of the latter
method is that the pyro-refined tailings which are rich in copper can
be re-processed in converters along with mattes,

PYRO-REFINING

The furnaccs for pyro-refining (Figure 97) arc similar to the
reverberatory furnaces for smelting copper concentrates into matte.
The capacity of the bath of the refining furnace is 400 t of copper,
its depth 1s comparatively small-about 400-900 mm, the length is 15 m,
the width 5 m, and the tmeperaturce nccessary for the process is 1130~
11509,
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The furnnces arc heated with mazut, natural sws or pulverized fucl,
A necessary requircment of fucl is th-t it lack or have only a small
contcnt of sulfur, sincc SO, from furmcc g-.scs contamin~tes the re-
fined copper with sulfur.

The bath or v.t is laid out in 2 shell of cast iron sl:bs and sct
up on posts. Such a device pruvents the copper from leaking through
holes or loosc parts in the construction. The vot is mnde of quartz
or mrgnusite brick, the well of the acid ovens are faced with a mix-
turc of finc quartz and coppur cinder; miznesitce with pdditious of
lime, quartz, and iron cindor arc usod for building the well of the
main ovens, - '

The wall of thoe furnsce arc lined with mhznesite or highly-aluminous
chamottebrick and the outsidc is faced with cast iron slabs and H-
beams. Rectangular opuriting windows th-t 2re 1-1,7 m widce and appro-
‘Ximetely 0.8 m high arc cquipped with hoisting valves.

The arched crown is made of Dinas brick,

Ingot copper is lo~ded through the opertting window with o shovel
fastencd to the trolley of the bridz. cranc (Figurc 98); the shovcl
grasps up to 3.5 t of ingot copper; the swmcltor copper is pourcd by
buckcets by mcans of the crane or mixer-truck, which mixes up to 70
t of mobal,

Pyro-rcfinging of copper is a periodic process with a cycle of about
12-16 hours, Bech cycle coubines the followin:s subscquent oporations:
smelting, oxidation of thc impuritics, rcmoval of the dissolved guscs,
rcduction of copper, and casting,

The impuritics arc oxidized with air, which is blown through iron
pipes with a diameter of 10-20 mm subncrged in thoe suelted copper,
Oxidation takes phee on the surfrce of the air bubbles, floating in
the liquid met2l, Copper and 211 the impuritics, cxcopt for the
precious metals, arc oxidized,

The speed of oxidation of uach of the metols is proportionate to
its concentritior. in the vat; thoerufore, copper is oxidized with the
most spced ~ccording to the followingz rcaction:

L Gu + 0 = 20u0

Feorrous oxide is dissolved in the smelted copper and because it is
agitated with air blown over it, it swiftly sprecads over the entire
volume of the vt,
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The impuritice are oxidized according to the rcactions, pictured in
general by the equ-tion:

lic 4+ Cup0 = MeO + 2Cu + Q cal.

The oxides of the impurities, floating on the surface of the vat,
form slag, the removal of which from the surface of the vat, contrl-
butes to the process, ‘

Lowering the concentrationd frec oxides in slag by combining thon
in wo-kly dissociated chemical cormpounds also contributes to oxidizing
refining, This explains thc excellent results of refining in furmces
with an acid sole where silicon ledeu, which bucomos slag from the
lining of the furnace, combincs oxides in stable silicatos.

The possibility of oxidizing the impuritics not only with cuprous
oxide, but also with oxides of other impurities, floating in the cop-
per vat, explains the burning sequence of the impuritics.

Onc can approximate that the scquonce of oxidation of the icpuri-
ties must corrcspond to the diminishing of these ilmpuritics' affin-
ity for oxygen, thatis according to the following ordcr:

Al, Si, Mn, Zn, Sn, Fe, Ni, As, Sb, Pb, Bi.

Actually, all the impuritics arce burned simultaneously, but with
different s.c eds which depend not only on their affinity for oxygen,
but ~lso on the ratio of concentr.tions, ability to form slag, speed
of oxidation reactions, and a number of other reasons,

Precious mét&ls, which have a lesser affinity for oxygén thon
copper, are not scparated during pyro-refining, but bismuth is to
a very small degrec,

Sulfur is present in copper in the form of dissolved CuyS; it
oxidizes according to the following reaction:

Cu,S § 20u0 = 6Cu + S0,

The affinity of sclenium and tellerium for oxygen is less than
that of sulfur; therefore, in oxidizing refining thesc elements arc
practically not removed,

The operation of removing gnascs dissolved in copper is called
poling the density. Raw wood (rods and beams) are submerzed in ths
vat of metal, cleanced of slag; vigorously escaping watcr vapors agi-
tate the copper, contributing the romoval of 802 and other gascs,
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Then reduction is neccssary in order to receive plastic copper
since the content of soluble Cup0 after oxidation can reach 10-12%.

Products of destructive distillation of wool--hydrocarbons, for
example, arc uscd o.s recduccrs:

L0u,0 + CHy = CO, + 2Hp0 4 8Cu.

In order to do this, the bath is covcred with 4 layer of coal,
end the wooden rods and benms are submer-ed into it for a longer
period of time. Gas bubbles flo~t onto the surface of the bath,
the copper is well mixed, and the Cuy0 is casily reduced until only
5 rcsiduc remains (0,3 - 0,5%), The reduction of copper in factor-
ics is called malleability polini. The length of time of rofining
depends upon the size of the industry and its mechanization, When
the smelted copper is cither complotely or partially loaded into the
furn.cc, productivity incroases considerably, since smelting occupics
approxiuntely 30% of the tot=l lonith of the process; morcov.r, the
expenditure of fucl decercascs censideresbly.

Reducing copper by blowing wood and coxl dust or gencrator gas
over the smelted bath shortcns the lensth of time of this operation,

The end of the period of oxidotion is deterwined according to
the naturc of a test for broakaze; similar tests sorve to deterwine
the adequacy of the polings.,

The slag is romoved from the furnace (through operating windows)
in the form of a pasty mass; somctimcs it is "dry", loose, and norc
frequently viscous, '

The preparced copper is discharged throush a vertical slit in the
wall of the furnnce; to do this a dum of refractory clay gradually
closas the covering slit. The copper is pourcd into the anodes, in-
tended for clectrolytic refinsing, in the turning~-pouring machines
(Figure 99)., Cast iron or copper molds arc filled with copper from
a bucket with the capacityof approxim-tcly two tons which is attached
to carriczges; tilting, the bucket fills first one mold, after which
the turning machine automriicnlly turns, placing the sccond bucket
under the lip, While it is turning in o circle, the copper hardens
and is cooled with watur from sprinklers. The prepared anodes arce
submcrzed into basins filled with water in order that they may be
complctely cooled, and then they arc shipped to a2 warchouse,

Refining slaas, before the coppoer is reduced, arce carcfully removed.
If the slag is not romoved then, when the content of Cu,0 in the bath
is reduced, the impuritics, which have accumulatud in the slag, will

bc reduced from oxides and will agnin become coppers;

1cO 4 20u = ke $ Cuy0
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The slag from acid ovens-contains 15 to 40% Sisy, 5 to 10% Fe in

' the form of silicates and ferrites, as wellsas oxides of zinc, nic-
‘kle, and other impurities. The copper in this slag constitutes about
35 to 45%; approx1mately four-fifths of it is tied up in oxides, the
rest of the copper is in the form of unsettled droplets of metal,

Slag from base ovens contain 50 to 75% Cu and usually no more than
5 to 10% 5i0 The yleld of slag constitutes 2 to 3% of the weight
of coprer. %he slag is treated with reducing smelting in small shaft
furnaces and is converted into rough copper and waste slag, and is
further treated in converters when the mattes are blown,

ELECTROLYTIC REFINING |

Copper anodes are placed in a bath with a solution of copper sul-
fate and sulfuric acid. This sheets of pure copper, called cathode
bases, are set up parallel to the anodes in the bath, Anodes are
connected ‘with a positive pole, and the cathode bases with a negative
pole from the source of a direct electrical current. When the current
passes, the anode dissolves, the copper is converted into a solution,
and the ions of copper are discharged at the cathode bases, formlng
a layer of pure metal, :

The anode, pictured in Figure 100, is 25 to 50 mm wide and weighs
150 to 350 kg, Thin sheets of electrolytic copper, obtained by die
electrolysis of cold-rolled copper in bath especially intended for
this, serve as cathode bases. A4fter it has been carefully cleaned,
the surface of the die 5 greased with fat, so that the residue of
copper does inot.stick to the die, The electrolysis goes on uninter-
ruptedly; after a day's work, the die is removed from the bath and.
the layer of copper which has accumulated on it is scraped off, Thus
the sheets obtalned are 0,5 - 0,6 mm thick,

The size of the cathode bases is 30 to 50 mm larger than the
corresponding size of the anode. To the narrow edge of the sheet
are fastened copper ears, to which a copper pole for suspending the
bases in the bath and for conducting the current is passed.

The electrolytic bath (Figure 101) is a box made of wood or re-
inforced concrete, assembled on brick or.concrete pillars 1,7 to 2.0
meters tall (for free passage under the bath, their inspection and
repair), and are insulded with glass or porcelain packing. The in-
ternal surface of the reinforced concrete baths are lined with an
acid-resistant slab and the wooden ones with sheets of vinyl plastic,
welded together, Twenty to forty anodes are placed in the bath and
more cathodes pér unit. Alternating anodes and cathodes are placed
parallel to each other,
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The size of the bath depends upon the size and number of electrodes
assembled in it. It us usually 3,5-5 meters long, 120 to 130 mm wider
inside than the cathodss, and 1 to 1.2 meters deep. In order to feed
it conveniently with currents, the 10 to 20 baths are connected in
blocks; the bath of each block have a comuon long wall. The elec-
trodes of the neighboring baths of the block are conrected in series;
to do this the ends of the cath:de poles arc placed on the little
arms of the anodes of the neighborin beth, Indentations arc some-
times made on the arms of the anodes for better contact, A diagram
of the electrical current of the block of the baths is shown in
Figure 102, and Figure 103 shows a general view of the electrolysis
shop.

The voltage necessary to feed the aparatus is determined by the
number of baths connected in series. In order to compensate the
fall of voltage in the conducting wire, the calculated value of the
voltage is increased by 10 to 15%, Even ir small shops, the total
required voltage rarely exceeds 500 volts; therefore, the electro-
lysis shop usually is fed from machine generators which have a larger
efficiency coefficient then mercury arc rectifiers,

The electrolyte is mixed by a continuous circulation. From the
supply tank the electrolyte leads into the long side of the block and
is fed into each bath separately from one of its ends. A pocket,
connected to the opening whose lower surface is below the bottom,
is in the facing wall of each bath, The electrolyte, which has gone
into the bath, flows from the opposite end through an outlet into a
channel which is common to the entire block., The circulation speed
is selected depending upon the electrolysis condition; usually the
solution in the bath is renewed every one to five hours. The elec-
trolyte flows along the over-flow channel into a collecting tank,
and froi the latter it is a-2in transferred into the supply tank.
Along the way frow the supply tank into the bath, the electrolyte is
heated with steam up to 50 to 550, The expensc of clectric power
comprises the major part of the cost of conversion, The expenditure
of powsr is the specific index, calculated in kilowatt hours per ton
of cathode copper; its value for the current and one bath are iden-
tical,

The amount of current, necessary to obtain one ton of cathode cop-
per, can be computed according to Faraday's law. If 26 .8 ampere-
hours are needed to recover 1 gram-cquivalent, that is 57 = 31.78g
of copper from the solution, then the following will be2expended for
one ton:

ITtheor = 1,100 . 26,8 = 0,843 . 100 ampere-hours,
31.78

where I = current force, and T theor = time in hours,
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Actually, not all the current is used to recover the copper;
part of it’is lost as a result of short-circuiting between the elec-
trodes, the risc of side currents and a discharge of the ions from
the impurities. . The coefficient of useful current utilization
(the yield according to the current) is equal to thée ratio of the
theorutlcally necassary amount of current to the actual expenditure
of it;

Kp=1I,T heor.

1.7

practical

thus, the actual exppndlture of current per ton of cathode copper
Comprlses,

ITpractically

= 0084301(_)“i mp. hI‘/’b
to KT
In order to determine the expenditure of power, the amount of cur-
rent must be multlplled by the fall of pressure between the electrodes;
W= (1, T) = 0.843. 103 v KVT-Ch/T
- Ky /[Killowatt-hour/
- tons

act. .

- The result obtained confirms the fact that the chief conditions
for the economic behavior of electrolysis are a high yield of current
and a small voltazc drop in the bath,

The voltage in the bath is made up of the pressure, which is
necessary to overcome the ohm resistance, and polarization. The
difference of the potentidls, necessary for dissolving copper at the
anocde and precipitating it at the cathode, is ‘extremely small and
it nced not be calculated, since both electrodes sre coppcr and the
potentials in one and the same solution arc practically identical,
Therefore, the voltage in the bath is chiefly expended to overcome the
ohm resistance of the electrolyte.

The resistance of the electrolyte is lowered by increasing the
concentration of copper sulfate and sulfuric acid; the limit of this
is the common sol bility of thasc substances in watur.A The re31stance
of the elecctrolyte decreases when the temperature 1ncrua3bs.

The dompOSLtlons of the clectrolyte, ChOSun through long yuars

of factory practice, lies from 30 to 40 g/l Zgrads/llt°rs7 Cu and
approx1mately 200 g/1 of stoh. -
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Polarization is another component of voltase drop in the baths
which is essential ir. valuc., The copper ions transfer thc currcnt
from the anodes to the cathodes by diffusion, The specd of diffusion
is not great and only in certain limits can it be incr.ased by agi-
tating the electrolyte., When the curront has a great force, the
speed of transfecrence of the ions of copper into the solution of the

anode and their discharge at the cathode can be faster than the
speed of diffusion. In addition to this, in the layver around the
anode, the concentration of copper will be groater, and in the layer
around the cathodc it will be lower than in the remaining mass of
the solution., The potential of thc anodc is incrcased, and the
potential of the cathode is decrsased when compared with the cquil-
ibrium potential for theinitial solution, and a dif ference of poten-
tials will arisc¢ betwesn the electrodes dirccted oppositely from
without, causing en additional drop in the voltase. when the force
of a current is conshant, the value of polarization depends upo.. the
arca of the electrodes; therefore, polorization must coincide with
the force of the current, e¢ntering per unit of the arca of the elec~-
trode, usually the cathode (thet is, from the cathode density of the
currcnt); the higher it is, the greater will be the fall in the vol-
tage in the bath because of polarization. Agitating and heating the
electrolytc lowers polarization, By increasing the density of the
current, the fall of the voltage in the ohm resistance of the elcc-
trolyte will cessentially incrcasc, An example of the balance in the
bath is shown in Table 14.

Table 14

BALAKCE OF VOLTAGE IN BATH DURIN
ELECTROLYSIS OF COPPER

(according to A, Gaev and O, Esin)

Scction of Bath current Fall of Voltage
. Volts

%
EloetrOlytCereresersnarsssnsannasss0:23850 80
POLlarization.seesecessessecssssssss0,01587 5
Slimcs...............-....u..e-..eouOQOZS 6
Cathodes and ANOdCS...evesesssseess0.00337 1
CONbACES e vvsesvoccenssrannnsenssssesd,01829 6

TOtalcco.o"tolvuO¢29638 lOOa
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When the anode dissolves the coppor zoes into a solution in the
form of bivalent and partically monovalent ions according to the
diagranm; - . .

Vu - Ze = Cu* and Cu - e = Cu +

However, the ions of the monovalent coppur in the electrolyte-are
unstable and they immeidately form bivalent ions;

2 Cu § = curht cu

in addition to this, the precipitate of elembntary copper falls to the
bottom of the bath,

To a certain degrec dlssolv1ng thc anode is possible by chemical
means when the oxygen fromthe air participates:

Cut} 0, + H 30, = Cu S0, # Ha0.

The impurltlcs arc less precious than the copper of the metals;
z1nc, nickle, lead, arsenic, tin, antimony, and bismuth are dissolved
in the GluCtPOlytu Just like copper,

The impuritics of the precious metals -- gold and silver -- as well
as the impurities which are in the anodes in the form of chemical
compounds with sulphur, selenium, and tellurium, scttle at the bottom
of the bath in the form of hard particles, forming slime, Cuprous
oxide is dissolved in the sulfuric acid and the copper scttles out:

Cu20 stoh = CuSOA + Cu ¢ HZO
The lead ions which have becen formed when the anode dissolved are
joined in an unsoluble sulfate.

The ions of arsenic, antimony, tin, and bismuth, arc trcated with
hydrolysis, forming arescnous, antimonous, and stannous acid, as well
as the basic sulfuric salt of tin and bismuth, 4l1 thoese compounds
are hard to dissolve in the electrolyte and a groat part of them be~
come sliue,

The slimes precipitate at the bottom of the bath, but part of them
remain on the surfoce of the anodes in the form of a crust vhich
increases the ohm resistance of the circuit of the bath (see Table
14). The very finist light particles of slimc remain for a long time
in 2 suspended condition in the clectrolyte and form the so called
floating or wandering slimc. The composition of the slime depends
upon the composition of the anodes and other reasons: their appro-
xinate composition is shown in Table 15.
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Table 15

APPROXIMATE CORPOSITION OF SLIME, %

Slime Cu Po Bi Sb As A Au Sc
From Bath Bottom 14.3 2.4 0.5 5.5 2.7 35.0 0.6 5.7
Wandering 0.6 2.8 0.5 48.5 17.8 0.04 =~ -

Te
2.7

Copper precipitates at the cathode rs the result of thyu discharge
of ions according to the following dingram:

Cu? L 2¢ = Cu,

Mctals which have gone from the anodes into the solution along with
copper -~ zinc, nickle, iron, and othors —- have consider:bly less
potentials of discharge than copper. They can not, thercfore, pre-
cipitatc at the cathode along with copper, and they accumulate in the
solution, #&ven when the impuritics have accumulated to a great dogree
in the electrolytc, their ions do not discharge at the cathode.

The copper crystels which have grown on the cathode and which have
taken hold of thc electrolyte and the particles of wandering slime
chicfly expalins the contamination of the cathode precipitate by im-
purities which have been observed in proctice. Therefore, the degree
of procipitation contamination grows as the impuritics accumulate in
the clectrolytc., In order to prevent this, part of the clectrolyte
is periodically teken out of circulation and replaced with a fresh
solution of sulfuric acid. Practice has shown thc following approxi-
limitation norms for thc content of impuritics allowed in the clec-
trolyte (g/1):

15 6 3

Contamination of the precipitatc by wandering slime is dangerous
when thore is a high currcent density, suit:ble from the point of view
for incrcasing productivity of cleetrolysis,., When the current has a
high density, polarization grows, and conscquently, the voltage in
the bath and the expenditurc of cnergy increases; therefore, in order
to lower polarization, circulation of the electrolyte must be in-
creased, resulting in the slime becoming turbid and the cathodes bo-
coming contaminated with it,

Copper is scparated out at the cathode in the form of a stablc
precipitation; however, uniformity of its growth is destroycd with
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the passage of time, and on the surface of the precipitate there

will appecar unevenncss, protuberances, bumpy knots; the protruding
parts grow faster sincc in the places wherc they arisc the resistance
between the anode and the cathode deercescs, The uncven and loose
procipitate encompasses a creat part of the clectrolyte and the wan-
dering slime; morcover, the uncvenncss of procipitation of copper
frequently causcs short-circuiting between the anode and the cathode,
Small additions of certain surfice-active substances in the clectrol-
yte -- joiner's gluc, gelatin, tamnin, machinc oil, tailings from the
ccllulose industry -- contributes to the recoipt of evener and o
denser cothodes, as well as to an improvement in their purity. The
oxponditure of thesc substances goes from tenths of parts of a gram
to tens of grams per ton of copper, : :

All the anodes are simultancously submerged into the bath by a
bridge cranc to which hzs been suspended a frame with a claw, which
is called a harrow, and the cothode bases arc also submerged.

Jissolving the anode usually takes from 20 to 30 days and depchds
upon its thickness, : ‘ -

Anodc precipitates, constituting 8 to 15% of the primary weight,
is re-smclted into ncw anodes, o ‘ , o

T The cathodes are taken out cvery 7 to 15 days., At the time that
they arc removed, the weight of coch of thom is 60 to 4O kg; allonger
accumulation of the cathodes is unsuitablc because of the frequent
short circuiting, caused by an uncven growth of the precipitate.

After they havo been carefully washed, tho cathodes arc again smelted,
During the loading and unloading altcrnate baths short circuit, not
destroying in this way the work of the s.ries circuit., P

The usual force of the current in a circuit of the bath ks 10,000
to 15,000 ampcres; the voltage in the bath is about 0,3 volts. - The
density of the currcent is seclectod depending upon the purity of the
anodes (Table 16). :

Table 16

APPROXTIATE DENSITY OF CURRENT DURILG~ELECTROLYSIS OF COPPER

~ Content of copper in ancdes, » Permissable eathode current density
% : . ’ __a/me
96 97 . ‘ : - 85 - 90
98 99 S 100 =120

99.5 - 99.8 : 200 -400

-7 -



Servicing the bath results in o timcly clemination of short-cir-
cuits and the supcrvision of the purity of the contoxt, tomperature
of the clectrolyte, and voltasc,

The yield in current in modern factorics rcaches 98%. Thc expen-
diture per ton of cathode copper is 200 to 300 kilowatt hours,

REGENERATION OF THZ BIRCTROLYTE

estoring the clectrolyte (rcgencration) is nccessary in order to
prevent the accumulation of inpuritics and the removal of the excess
copper.,

The copperis accumulated in the clectrolytc buciuse it is only
partially dissolvcd by chemical means with the participation of the
oxygen from the airg

HZSOA + Cuy0 = CuSOh 4 H2 0 } Cu.

In addition to this, therc is 1,5 to 2% morc copper in‘the clec-
trolytc than that which preeipitates at the cathodo.

The coppor sulfate which has beon gradually accumuloting in the
solution can bogin to crystallize especially on the surface of the
anodcs since in the laycr around the anode its concentration is al-
ways very high., The dbketric conductivity of the clectrolytc becomes
- worsc as the copper accumulotes,

If the content of the impuritics is not great and the cxcoss of
coppor only nceds to be removed, the electrolyte is treated with clce-
trolysis in baths which arc of the usual construction, but cquipped
with insolublc anodes. The coppor from the clectrolyte, morcover,
precipitates at the cathodes, and the oxyzen scperates at the lead
anodcss

Cug0,& cu?¥ } 50,27 ;
Cu*™} 2¢ = Cug

2H,0 = 2HT + 20H-;
208~ - 2¢c = Hp0 + 30,.

Frce sulfuric acid is formed in thc solution, After part of the copper
has been romoved, the solution can be rcturncd to the circilation
system, The voltage at the bath during clectrolysis with the non-
soluble anode, which is composcd of potentials for rcmoving the copper
and oxygen, compriscs about 2 to 2.5 volts; the cxpenditurc of power
in thcse beths is approximately ten tiues more than during the clec-
trolysis with scluble anodes,

- L8 -



If it is nccessary not only to lower the content of copper, but
to remove the impuritics, for example, sot hat the sulfuric acid may
be used again, then the clectrolytic method is not feasible, since
only after all the copper has been scparsted by the elcctrolysis can
we succced in removing the impuritics; the copper from poor solutions
precipitates in the form of loose preeipitate which has been conta-
minated with impuritices, and it is expensive to clean the solution
any further.

In this cose part of the clectrolybte which has been removed from
circulation is neutralized with coppor dross or witn copper that has
been heated by blowing air over it (in order to spced up the dissol-
ving of copper). The hot solution is poured into special baths,
wacre the erystals CuSO, . 5H,0 precipitates from it, The mother
solution ecvaporates and again crystalizos, forming an additional
amount of copper sulfatc ftoppcr vitriql7. Vacuum apparatus is
used in modern enterprises for evaporation and crystalization, The
combined method of regencration is most frequently used. This is
where one portion of the clectrolyte only is depleted of coppur by
clectrolysis and rcturncd to circulation; the other portion of the
electrolytc is converted into copper sulfate, and the main mass of
copper is removed from the final mother liquid by clectrolysis, and
nickel sulfate is crystalizod since nickle always accumulates on the
clectrolyte, . :

After it has buoon carcefully washed, the cathodes are smelted in
reverberatory or electric ovens, The copper is cast in ingots of a
standard form wecighing 80 to 85 kilograms,

Recently a great deal of atbtention has been paid to the production
of oxygen-frce copper, which has improved softness, plasticity, and
electric conductivity., In order to have oxygen-free copper, the cath-
ode copper is smelted and is cast in an atmospherc of regencrator
838, '

The slime is rctrcated in order to recover copper, precious metals,
sclenium, and tcllurium,

# 41, Hydromctallurgy of Copper

Only the mineral chalcanthitc /bluc vitriql7 Cu30,. SHp0 of the
natural compounds of copper is quite soluble in watcr. The other
copper mincrals arc rcally not soluble at all in water, which is
leaching, The method, based on the transformation of copper minerals
into sulfate, is called the sulfuric acid method; sulfuric acid and
sulfate of ferric oxidc arc uscd as rcagents,
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The method by which complex ammoniz salts of copper arc formed is
called the asmonia mcthod; ammonins and ammonium carbonate here scrve
as roagents,

SULFURIC ACID MmTEOD

The sulfuric acid method for treating copper ore is based on the
fact that sulfuric 2cid re~cts in 2 wotor solution with carbonates
and oxides of a bivalent copper;

CuCOz .+ Cu(OH)s + 2HpS0) = 2 CuSOy, + 3H,0 § 00p;
2CuClsq cu(0H§2 } 3HySO, = 3CuSO, + 4Hy0 4 20053
Cu0 {HpS0), = CusO, + HoO.

Copper sulfides slowly rcact with weak solutions of sulfuric acid
bocause of the formation of comparatively strong dissociited hydrogen
sulfide; the reactions arc specded up in the presence of an oxidizcr;
the sulfatec of forric oxide is uscd for this:

CuS + HyS0, = CuSO, 4 HpS;
H,S + FGp l('soh)3 ="2Fes0) + HpS0, & 8

CuS ¢ Fo, (soh)3 = CuS0, + 2FcS0, }+S

Natural copper docs not displace hydrogen from sulfuric acid but
casily forms sulfate in the prescnce of an oxidizer;

Cu } Fo, (SOA)3 = CuS0, + 2FcS0, .+
Cuprous oxidc is not convorted into sulfat. in the action of only
sulfuric acid; onc atom of copper slips off, morcover, into the cle-
montary form:

Cu20 + H2SOA = CuSOh 1 Cu 4 HZO'

Cuprous oxide with a mixturc of sulfuric acid and an oxidizcr arc
completely convertcd into sulfate.,

Cuprous sulfidu,-.as well as the higher sulfidos of copper -~- chal-
copyrite and bornite -- are converted into sulfatcs by the action of
sulfuric acid and iron oxidc sulfate.

In order to avoid large cxpenscs for heating considorable masses
of orc and solutions, the lcaching is carried out in the cold,
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Solutions containing CuSO;, FeSO,, an excess of rcagents (H,S0,
and Fe (80,) ) and impuritics, arc svar tud from tho non-soluble
rp51duc by éc@tllng or filtcrlng.

In order to scparatc the copper from solutions, electrolysis can
be used (lead shects scrve as anodes, and thin shects of purc copper
serve as cathodes). During the clectrolysis the ferric iron is re-
duccd at the cathode until it is ferrous iron:

Fe3+ fem= Fez*‘.

~ Due to the fact that when there are large amounts of excess ferric
oxide sulfate present, the yicld of copper in the current is lowered
considerably.

In order to avoid exccssive expenditure of currcent to reduce iron,
the solution before clectrolysis is either completely cleancd of the
iron or the iron is reduced until it is afferrous iron to the action
of sulfur dioxide, In ordecr to clean it from iron the solution is
neutralized with excess sulfuric acid -- by agitating it with a thinly
pulverized copper ore, 2§ a result of which the ferric oxide sulfate
is trcated with clectrolysis when the acidity is lowercd thus forming
basic iron sulfatc of various types which are very littlc soluble,
for example:

Fop (S04)3 + 2H20 = 2Fo(0H)SO, + K80,

The reduction of ferric oxidc by sulfur dioxide takes place according
to the following reaction:

Fe, (soh)j } 50, # 2H0 = 2FeS0) + 2HpSO0, .

Complete scparation of copper from the solution by eclectrolysis is
economically not fvusiolc, since the clectrolysis of poor solutions
takes place when ther: is very little cnergy uscd because of the
Joint discharge of hydrogen ions. Complcte separation of copper from
solutions which have not becen cleaned of iron is even morc unfeasible,
The solution, which has beun taken from the elcctrolytic baths after
the nccessary amount of coppoer has bocen separated, is called the
spent electrolytec. It contains thc sulfuric acid which was formed
during thc clectrolysis and can be used again for leaching copper
from ore (Table 17).
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Table 17

APPROXTHATE COMPOSITICN GF SOLUTIONS DURING HYDRONETALLURGICAL
EATAACTLOL OF COPPEA FHOH CRE

Solution Cu  HyS0,  Fopopal F3 ¢ Feft g
Strong after loaching 42 25 2.5 0.7 1,8
Reversc spent elec- _

trolyte 30 58 2.5 2,0 0.5

Kl

If the ore docs not contain sulfide and nitive copper then the
presence of ferric oxide sulfate in the solution is not nceded and
the complete cleansing of the solution from iron before g¢lectrolysis
takes place is fonsible, If the ferric oxide sulfate is nccessary
for leaching, then it is confined ouly to reducing it before clectro-
lysis to oxide sulfate.

The copper, which has been left in the clectrolyte after clectro-
lysis, circulates with the solution, which gradually bocomes contan-
incted with impuritics; therefore, periodically part of it is removed
and replaced with sulfuric.acid, From the part of the solution which
‘has been removed, the copper is separated by cementation by scrap
iron according to thc following ruaction:

Cu? $ Fe = Cu { Fct,

An exemple of a simplificd technological dizgram of the sulfuric acid
method for rccovering copper from orc is shown in Figure 104.

The speed of leaching copper dopends upon the speed of diffusion
of the rcagent insidc the grains of orc, The fincr th:t the ore is
pulverized, the less time is nceded to convert coppur from orc into
o solution. Orc which has 2 densc structure ond finc impregnttion .
of mincrals requires finer pulverization than loosc and porous orc,
Pulverization is an cxpensive operation; thercfore, it is nccessary
to choose the sizc by cxperimentation which is applicable to the
pecularitices of the treated ore,

Agitating thc solution speeds up lo~ching, contributing to an
exchange or substances in the pores of the lumps of orc. Tac agita-
tion mcthod is sclectud devending upon the sizc or coarscness of the
orc which will be leached., The grainy (sandy) material is lcached,
pereolating through the solution through a fixed laycr of ore. This
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method is not suitablec for fine (filtered) orc; the fine particles
lic in a densc layer, and it is difficult for the solutions to pcne-
trate. Thereforc, orc which must be finely pulverized is leached in-
to pulp; the particles of orc arc held in a suspended condition by
continual agitation, The percolation method of leaching is more ex-
pensive than pulp lcaching bocause of fowor cxpenscs for crushing
the ore and agitating; thereforc, such leaching has the advantage in
the hydromctallurgy of copper, cspcclally whon treating poor ore.

The vats for leaching by percolation arc usually made of reinforced
concrote; the inside surfacc is lined with an acid-resistant brick,
acid-resistant mastic, or faced with sheet lead. In the latter casc,
the inside surfacc of the vat is faced with wood for the protection
of the lead. The vat is a rcectangular box 30 to 50 meters long, 20
to 35 meters wide, and 5 to 6 meters tall., At the bottom of it is a
screen mede of wooden cross bars, on top of which is a false perfora-
taed bottom made of boards and covered with matting or filtering
cloth, The ore thot is about 10 mm large is loaded by mcans of a
crane; the vat holds 8,000 £010,000 tons of ore. If many fine par-
ticles which hamper the percolation of the solution arc obtained
during the crushing opcration, the fincs are first rcmoved by sifting
or by wet classification, The solution is either fod on the side
through an opening under the falsc bottom and percolated through the
layer of the ore from above and is thon poursd into the upper part of
the vat, or it is pourcd from above and is removed through the openig
under the falsc bottom, ' '

Leaching usual,ly takes from 7 to 15 days and can cither periodic
or continual, ‘Whon the leaching is handled periodically, the vat is
filled with the solution and it remains in that condition for a de-
finitc length of time, after which the solution is pourcd off and the
vat is filled with a now portion of solvent,

When the loaching is continuous in a system of scveral vats joined
together in scrics, the solution continually flows from wvat to vat
using the counter-flow principle: a frosh solvent is fed into the
leached ore and is rcmoved from the system after it has come in con-
tact with the freshly loaded ore,

Onc vat is always being loaded and the other unloaded.

The spent orc is removed from thc vat by grab crancs or hydrau-
lically, washing it with a strong strcam of watcer and removing the
pulp obtained chamncls,

The vats for lcaching silt are elthoer pneumstically or mechanic-

ally agitated. Their design is described in the chapters concerning
the metallurgy of zinc and tho metallurgy of gold.

- 53 -




Pulp lcaching is used for finc froctions of orc, which are not
suitable for lecding into the vats for percolation leaching, or
when the ore is treatoed with a fince impregnation of mincr~ls, re-
quiring finc pulverization,

The pulp from the leached orc is scnt into thickoners, The
clarified solution is furthcr treated for the removel of copper
from it (throuzh clectrolysis or ccment~tion). The thickened pro-
duct is filtered in vacuum filtors, woshed with orc end taken away
as wastao,

The filtratce and the washing water join the spent solution of
thickeners and arc uscd to preparc the initizl pulp.

The cxtroction of copper by the sulfuric acid mcthod from ores

which contain 1 to 1.5 Cu ruaches 83 to 94%,

THE CQEBINED SULFURIC ACID 1ETHOD FOR _TLE
RECOVERY OF COPF.:R FROLL ORE

The mcthods for lecachinz with sulfuric acid which has boeen descri-
bed above arce suitable primarily for oxidized ore, Even through the
joint action of subfurt acid and iron oxide sulfate the copper 1s not
complctely coxtrocted from some of the sulfide mincrals, Jduring the
sulfuric 2cid method precious metals nre lost in the teilings.,

The combined process, suggested by Professor 4, Ya, Mostovich and
Professor Z. A, Zanyukov, makos it possible to extract copper and
prcecious metals from mixed copper ore. The merit of this method lics
in the fact that it cxcludes the expensive and lobor-consuming £il-
tration of the tailings,

The csscnce of the method lics in the leaching of the oxidized
copper with sulfuric acid and subscquent ccuentation of the dissolved
copper directly from the pulp b; active sponge iron. The cemented
copper which h s precipitated is further floatced along with sulfide
minerals and gold, if there ~ro any in the ore, The gold is 2lso cx-
tracted becouse 1t is associated with the sulfide mincrnls. The
concentrate obtnined is trecated with the pyromotzllurgical method,

THE AlMONIA 1ETHOD

The ammonie method is bascd on the ability of cortain mincrals of
copper to react with watcer solutions of ammonia and armonium carbonate,
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forming complex ammonia-copper salts which are very soluble in water,

The basc copper carbonntc, which is in nature as the mineral mal-
achite and azuritc, rcact with ammonia and ammonium according to the
following equation:

CuCOy + Cu(CH), + 6NH,OH + (NH,), CO3 = 2Cu(NH3)4C03 + 820

The mineral melaconite ruacts in an analogous way:

Cu0 + 2NH)OH ¢ (NHh)z(}O3 = Cu(NH3)hC03 + 3H0,
Cuprite forms a complex salt of monovalent copper:

Cuy0 & 2NH)OH + (NHA)Z €04 = Cuz(NH3)h COB + 3H50,

Native copper is oxidized by an ammonium complex of oxide and is
converted into solution as a result of the following rcaction:

Cu % Cu(NHB)A €03 = Cu, (NH3),, CO5e

Copper sulfides do not rcact with ammonia and ammonium carbonate;
therefore, the ammonia method can not bec used for ores which contain
sulfide copper.

Complex ammonia-copper salts are decomposcd when the solutions are
heated with live steam; moreover, the cupric oxide and to some extent
cuprous oxide usually precipitate out;

Cu(NH3)hCOB = Cu0 + CO,4 + NH,.

The ammonia and carbonic acid which arc scparated from the solution
are absorbed by the weter and arc again used to trecat the ore.

Leaching copper with ammonia and ammonium carbonate is nccomplished
by thc percolation method in round iron vats, hermetically sealed.
The vat houses about 500 tons of ore., The most concentrated solutions
obtained during the leaching contain up to 80 g/l Cu, Part of the
strong solution is used to scttle cogper, effected by blowing live
steam at a temperaturce of 100 to 1307 through the solution, Lorcover,
the gas-like ammonia which has scparated out is caught in towers
sprinkled with watcr., The cupric oxide precipitate undergocs reducing
smelting; the filtrate joinced with the solution of ammonia from the
absorbin; towcrs again undergoes the leaching process,

The defects of the ammonia mcthod, besides its inapplic:bility to
sulfide ores, is the necessity of hermetically sualed apparatus and
the high cost of reagents.
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FIGURE APPENDIX
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Figure 87, General diagram for obtaining copper by pyrometallurgical
method
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Figure 88, Caisson of shaft furnace:

l. water feed 3, rigid ribs
2, water runoff L. openings for tuyeres
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Figure 89, Arrangements of shaft furnace and front hearth in

the shop:
1., oven . 3., dust chamber
2, gas line 4., front hearth
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Figure 90, Shaft furnace for copper=-sulfur smelting:
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1, dust chamber Legend: 1.
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Figure 93, Arched crown 6f reverberatory furnace,

i

Figure 94, Dizgram of suspernded magnesite crown.
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Figure 95, Top - Direction of turn of converter for loading
‘ charge, discharge of slag and rough copper,
Below - Opening for supplying flux by gun,
General title -~ Converter for blowing matte,
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Figure 97, Furnace for pyro-refining of copper,
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1, refining oven 2, crane for loading copper
3. casting machine
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Figure 99. Casting anodes in rotating casting machine.
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Figure 101, Bath for electrolysis of copper.

1. anode 5. anode bus bar
"2, cathode , 6. insulation
3. cathode rod 7. outlet for discharge of slime

L4, place of contact

?a

Figare 102, Uiagram of electrical circﬁit of baths:

1. anodes ‘ 3. anode bus bar
2, cathodes 4, cathode bus bar
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Figure 103, General view of electrolysis shop.
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