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Process and Plant for Producing Copper and/or Cobalt Sulfate

The present invention relates to the production of copper and/or cobalt sulfate
from copper and/or cobalt sulfide concentrates with low sulfur content.

Copper (Cu) is a relatively soft metal and thus easily formable and tough. As an
excellent conductor of heat and electricity it has a wide range of uses. In addi-
tion, copper also belongs to the group of coinage metals. It is also advanta-
geous that as a low-reactivity heavy metal copper belongs to the semiprecious

metals.

As a typical metal, cobalt (Co) likewise is a good conductor of heat and electrici-
ty (electrical conductivity about 26% of that of copper). Its use as alloying ele-
ment, which leads to an increase of the wear and heat resistance of alloyed and
high-alloy steels, makes it an important metal. Cobalt also is important in the
production of heat-resistant colors and pigments, with cobalt being present as
oxide, sulfate or hydroxide or carbonate.

Copper and/or cobalt sulfide concentrates in the sense of the present invention
are understood to be minerals, e.g. ores, containing copper and/or cobalt sulfide
which are found especially in the so-called 'copper belt' in Africa. They are char-
acterized by a high amount of copper and can also contain a high cobalt con-
tent. After concentration, the concentrates have a copper content of approxi-
mately 20 to 40 wt.-% and a cobalt content of 1 to 6 wt.-%. The sulfur content
was once at about 25 to 40 wt.-%

Copper and cobalt have in common that in natural occurrences they do not
occur in pure form, but together with a multitude of other metals. Accompanying
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metals in copper- and/or cobalt-containing ores chiefly are iron and nickel. The
metals copper and cobalt in addition are present in the ores as sulfides or ox-
ides. To recover the metals from the sulfidic compounds and in addition sepa-
rate the other accompanying metals, it is known from the publication "Sulfatizing
Roasting and Leaching of Cobalt Ores at Outokumpu Oyi" by Matti Palperi and
Olavi Aaltonen, Journal of Metals, February 1971, pages 34 ff., to convert the
sulfides into the corresponding sulfates by a roasting process. For this purpose,
a feed stream which contains copper and cobalt in sulfidic form is introduced

into a roasting process in which the exemplary following reactions take place:

CuS + %Oz — CuO + SO,AH = —-400kJ / molFU
Co,S, + 1—2102 — 3Co0 +48S0,AH =—-1553kJ/molFU

SO, + %02 — SO,AH = -99kJ/molFU

CuO + SO, — CuSO,AH = —218kJ/molFU
CoO + SO, — CoSO,AH =—254kJ/molFU

In times of increasing shortage of raw materials, cobalt and copper must be
extracted, which have a lower sulfur content as it is normally used for the sulfat-
ing roasting process. As a result, enough sulfur (S) or sulfur dioxide (SO2) no
longer is available, in order to maintain the process with its conventional process
control. Nowadays, typical copper and cobalt concentrates have a sulfur content

between 8 and 20 wt.-%.

Due to the low SO content, the aftertreatment of the waste gas stream obtained
during roasting must be reconsidered. While in the past the SO, has been used
to produce sulfuric acid (H2SOs4), this no longer is economically expedient or
even technically feasible from certain fractions since the SO,-content is below
4,5 Vol.-% . Sulfur dioxide then must be removed from the waste gas stream in

another way.
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From EP 0 641 864 A1 it is known that when roasting refractory gold ores ele-
mentary sulfur can be used as fuel. This has the advantage that the sulfur pro-
vides the necessary energy for the roasting process and at the same time is
converted to SO>

S+0, > S0,

and subsequently to SO3
1
SO, +502 — SO,

by combustion according to the above reaction equation. Hence, the content of
SOq in the total waste gas stream can be increased and at the same time the

necessary energy can be provided.

When roasting copper and cobalt sulfides to obtain copper and cobalt sulfate, it
was found out however that tight limits are set for this process. The conversion
of sulfur with oxygen to sulfur dioxide is greatly dependent each on the local
oxygen concentration. In a usual procedure for sulfating roasting copper and
cobalt sulfides, oxygen concentrations in the waste gas between 4 and 6 Vol.-%
are customary. As a result, only very small amounts of sulfur can be introduced
(not more than 5 wt-% based on the total solids input), as with higher amounts
of sulfur the sulfur no longer is completely converted to SO,, but at least partly
evaporates. This evaporation is disadvantageous, because on the one hand
thermal energy is withdrawn from the process instead of being supplied, and on
the other hand the evaporated sulfur is condensed out in discharge conduits of
the waste gas and clogs the same. Thus, a waste gas post-cleaning here must

inhibit such condensation with great expenditure, in that e.g. all conduits are
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heated up to very high temperatures or a spontaneous combustion must be
prevented.

It is the object of the present invention to provide a process in which copper
and/or cobalt sulfides with a low sulfur content can be roasted to obtain copper
and/or cobalt sulfate and at the same time a simple waste gas aftertreatment is

possible.

In accordance with the invention, this object is solved by a process with the
features of claim 1. For this purpose, a feed stream (feed) which contains cop-
per and/or cobalt sulfide is supplied to a roasting stage in which the feed stream
is exposed to temperatures between 600 and 730 °C in an oxidizing atmosphere
and is converted to copper and/or cobalt sulfate. During roasting, there is also
obtained a total waste gas stream which contains SO2. According to the inven-
tion, thermal energy and/or a sulfur-containing gas is supplied to the roasting
stage as energy carrier via the feed stream and/or fluidizing gas, e.g. for a fluid-

ized bed or the like provided in the roasting stage.

Preferably, energy is supplied to the process by a fluid, wherein this amount of
energy is so large that the process proceeds autothermally or exothermally. In
the sense of the invention, the supply of energy can be effected by thermal
energy, which causes a constant or elevated temperature in the overall system,
or feeding of a sulfur-containing gas can be effected, which is converted under
the reaction conditions existing in the roasting process and due to the reaction
enthalpy of the respective conversion reaction thus causes a constant or elevat-
ed temperature in the overall system. Contrary to the previous procedure using
a slurry feed, the educts can also be fed with a residual moisture content of only
8 - 12 wt.-% into the roasting step. This provides for an autothermal or exother-

mal process control.
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In addition, the introduction of energy is effected such that the volume fraction of
the SO in the total waste gas stream is not decreased, i.e. remains the same or
even rises. As a result, copper and/or cobalt sulfides with a lower sulfur content
also can be roasted by the conventional process. The SO, content in the total
waste gas stream remains sufficiently high, in order to furthermore supply the
same to a plant for the production of sulfuric acid, without an expensive waste
gas post-cleaning. As explained above, a waste gas stream with too low an SO
content no longer can be supplied directly to a sulfuric acid plant, but must
cleaned with great expenditure. For an autothermal process in a downstream
sulfuric acid plant, a SO, content of at least 4,5 Vol.% is required.

The object underlying the invention particularly preferably is solved in that SO
is fed into the roasting process in gaseous form. Restrictions of the reaction due
to the SOz concentration thereby are avoided. At the same time, higher amounts
of SO, are available for the strongly exothermal conversion to sulfur trioxide
(SOs3), which is why SOz here acts as energy supplier.. This provides for a more
economic mode of operation of a downstream sulfuric acid plant or allows the
conventional waste gas aftertreatment in the form of a downstream sulfuric acid

plant with very low sulfur contents in the feed as such.

By feeding in SO, as energy carrier, the process finally can also be controlled
particularly easily, since the SO, content in the total waste gas stream can be
measured continuously and this value serves as control variable for the process.
The corresponding correcting variable is the supplied SO, quantity, via which
not only a uniform composition of the total waste gas stream can be controlled in

terms of its SO, content, but also the energy supply can be controlled.

Preferably, the SO, is generated by combustion of sulfur. This has the ad-

vantage that usual technologies for producing SO, can be employed. Since
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sulfur as well as the oxygen necessary for the combustion can be provided at

very low cost, this variant also is particularly economic.

The invention is particularly suitable for concentrates with a ratio of sulfur to the
sum of copper and cobalt (S/(Cu+Co)) between 1:2 and 1:8. The ratio refers to
the relation of the respective weight percentages. It can thereby be ensured that
the process is operated autothermally or the occurring exothermicity is so low
that an expensive cooling of the roasting process can be omitted.

In addition, it was found to be particularly advantageous to carry out roasting in
a fluidized bed, which ensures a very good mass and heat transfer. The used
grain size dgo is between 25 and 60 um.

When a fluidized bed is used, it was also found to be favorable to at least partly,
preferably completely perform the input of energy via the fluidizing gas of the
fluidized bed, as in this way the total gas quantity is not influenced and the total
waste gas stream is not diluted.

When thermal energy is introduced into the system, this means that the fluidiz-
ing gas previously is heated up to such an extent that the temperature rises
within the roasting system. The required amount of fluidizing gas remains con-
stant, whereby the total waste gas stream obtained still has the same volume
content of SO..

When energy is introduced by using SO2 as energy carrier, this SO, likewise
can be used as fluidizing gas or be admixed to the fluidizing gas. As a result, an
expensive further gas introduction system can be omitted. Alternatively, SO, can
also be fed together with secondary air or as a secondary air stream to avoid
contact with the bottom of the fluidizing bed reactor.
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Furthermore, it is possible to introduce the energy in the form of thermal energy
not directly into the roasting process, but to provide a preheating of the feed,
wherein this feed stream preferably is heated with hot gases and the input of
energy is effected here. This preheating of the feed has the advantage that its
water content of usually 25 wt-% can be lowered to 8 to 12 wt.-%. By lowering
the water content, a lower evaporation enthalpy in the roasting process and thus

less energy is required.

On entry into the roasting stage, the feed stream advantageously has a water
content of 7 to 14 wt-%, preferably 8 to 12 wt-%. Since the water content of the
concentrate can exactly be adjusted in the preheating stage, an autothermal
operation of the process is facilitated. Preferably, the concentrate is filtered and
the remaining filter cake is dried to a residual moisture content of 7 to 14 wt-%,
preferably 8 to 12 wt-%.

When the feed stream is introduced into the roasting stage as suspension or
also as fluidized particles, it can act as energy carrier itself, without having to
influence fixed process parameters such as the water content.

For generating the hot gases, it was found to be advantageous to cool the cop-
per and/or cobalt sulfate after roasting and utilize the heat obtained during cool-
ing, in order to generate the thermal energy which then is introduced into the
roasting process in gaseous form. The energy balance of the process thereby
can be improved. For cooling, in particular cooling in a fluidized-bed cooler is
recommendable, in which without further heat transfers a heated gas can be
generated, which then can be supplied to the preheating stage and/or be used
as fluidizing gas in the roasting stage. At the same time, it is of course also
possible to employ a water cooling, since the same is more effective. What is
also conceivable is a cooling system with several stages, wherein preferably at
least the first cooling stage is designed as air cooling, preferably as fluidized-
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bed cooling, and at least the last cooling stage employs water as cooling medi-
um. The energy balance of the process also is improved when a combustion of
sulfur is provided for producing SOz, which utilizes this heat.

It is furthermore advantageous when roasting is effected in the presence of iron
oxide and/or at least one alkali or alkaline earth metal. The iron oxide acts as
catalyst for the desired reaction of SO, to SOs, which provides the energy re-
quired in the process. The alkali or alkaline earth metal, on the other hand,
promotes the reaction of the sulfide towards the respective oxide CuO or CoO.
In general, these substances likewise are contained in the ores used as starting
materials and thus in the feed, which is why a purification of the feed can be

omitted..

The SO obtained during roasting is withdrawn from the roasting process in
gaseous form. Advantageously, the SO; is used as educt in a succeeding plant
for the production of sulfuric acid. Hence, an expensive purification of the SO,
contained in the waste gas can be omitted on the one hand, and on the other
hand the economy of the process can be increased by producing a valuable

product, namely sulfuric acid.

In an advantageous aspect of the invention the copper and/or cobalt sulfate
obtained is dissolved in diluted acid or water after roasting. A very easy purifica-
tion of these sulfates thereby can be effected, since the iron compounds ob-
tained in the roasting process are insoluble and can easily be removed by filtra-
tion. The dissolved metals subsequently can be extracted from the mother lig-

uor.

The invention furthermore also comprises a plant with the features of claim 13,
which is suitable for carrying out the process according to the invention. Such
plant for the production of copper and/or cobalt sulfate comprises an apparatus
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for roasting a feed stream which contains copper and/or cobalt sulfide to obtain
copper and/or cobalt sulfate, wherein during roasting the feed stream is exposed
to temperatures between 600 and 7300 °C, and wherein roasting is effected in
an oxidizing atmosphere. The apparatus includes means for discharging the
SO2 obtained during roasting from the roasting stage in gaseous form. Further-
more, the plant includes means for the input of energy in the form of thermal
energy or a sulfur-containing gas. The energy input is effected such that the
volume content of SOz in the total waste gas stream is not decreased.

In a particularly preferred embodiment, the roasting apparatus is designed as
fluidized-bed reactor, wherein it was found to be particularly favorable when this
fluidized-bed reactor is operated in at least two stages. The operation in stages
offers the advantage that cooling can be effected more easily with an exother-

mal reaction control.

When the plant in addition includes a preheating means, preferably combined
with a filter means, which also lowers the water content of the feed, the introduc-
tion of the feed preferably is effected via a slinger belt or a rotary feeder.

Advantages and further developments of the invention can also be taken from
the following description of exemplary embodiments and the drawing. All fea-
tures described form the subject-matter of the invention per se or in any combi-
nation, independent of their inclusion in the claims or their back-reference.

In the drawing:

Fig. 1 schematically shows a flow diagram of the process according to the
invention with an energy input by thermal energy, and
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Fig. 2 schematically shows a flow diagram of the process according to the
invention with an energy input by means of SOz as energy carrier.

Fig. 1 schematically shows the input of energy by means of gaseous thermal
energy. Via conduit 10, the feed stream (feed) which contains copper and/or
cobalt sulfate in a suspension with a water content of about 25 wt-% is supplied
to a preheater 11. In the same, thermal energy already can be supplied to the
system via a gas stream in a non-illustrated manner. Via conduit 12, the pre-
heated feed stream which due to preheating is predried to a water content of 7-
14 wt-%, in particular about 10 wt-%, is introduced into the roasting reactor 30

designed as fluidized-bed reactor by means of conduit 12.

Into this fluidized-bed reactor 30 in particular sulfur-containing fluidizing gas is
fed via conduit 31, which is heated such that in the ongoing process a constant
temperature or an increase in temperature occurs in the reactor 30. The waste
gas obtained, which contains SOs, is withdrawn via conduit 32. It can then be
supplied to a non-illustrated plant for producing sulfuric acid, whereby the waste

gas can still be used for producing a valuable product.

Via conduit 33, the roasted solid particles, which contain copper and/or cobalt
sulfate, are supplied to a cooling stage 40. Advantageously, the same is also
operated with a gaseous cooling medium, in particular air. For a good heat
transfer, the cooling stage favorably is designed as fluidized-bed cooling, where-
in fluidizing gas is introduced via conduit 41 and the gas stream is withdrawn via
conduit 42.

In a preferred aspect, the gaseous cooling stream withdrawn via conduit 41 is
liberated from entrained solid particles e.g. via a non-illustrated cyclone, and the
heated stream then is at least partly reused as fluidizing gas and introduced into
the reactor 30 via conduit 31.
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Via conduit 43, the cooled product is withdrawn from the cooling stage and at
least partly dissolved in water. The admixture of water can be effected for ex-
ample in a quench. While certain substances, in particular the target and valua-
ble product copper and/or cobalt sulfate, are dissolved in water, insoluble resi-
dues, in particular iron-containing substances, remain in the solution as solids
and can easily be separated. Via conduit 52, the solids are discharged from the
process, whereas the copper and/or cobalt sulfate solution is withdrawn via
conduit 51. For example by crystallization the valuable products then can be

obtained in very pure form.

Fig. 2 schematically shows the energy input with SO, as energy carrier. Via
conduit 21 solid sulfur is introduced and via conduit 20 oxygen-containing gas is
introduced into the furnace 22. By combustion of sulfur, SO, is obtained here.
This gas then is withdrawn via conduit 23 and for example admixed to the con-
duit 31, 31' for the fluidizing gases. The introduction of SO, into the reactor 30
can, however, also be effected separately and not as fluidizing gas, whereby
reactor types other than a fluidized-bed reactor, e.g. a rotary kiln or a multiple
hearth furnace, can also be used.

In the reactor 30, roasting of the feed containing copper and/or cobalt sulfide is
effected, which is supplied to the system via conduit 13. Due to roasting, SOs-
containing waste gases are obtained, which can be discharged via conduit 32
and be introduced as educt into a non-illustrated plant for the production of

sulfuric acid.

Via conduit 33, the roasted product, which contains copper and/or cobalt sulfate,
is supplied to a cooling stage 40. This cooling stage 40 preferably is designed
as fluidized-bed cooler into which the fluidizing gas is introduced via conduit 41.

The waste gases are withdrawn via conduit 42 and can be utilized to at least
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partly cover the energy demand of the sulfur combustion, to preheat the feed
and/or to preheat the fluidizing gas.

Via conduit 43, the cooled solids are withdrawn and mixed with water in stage
50 or in a non-illustrated quench.

Copper and/or cobalt sulfate are soluble in water, whereas e.g. iron-containing
substances are insoluble and thus are present in this solution as solids. By a
mechanical separating operation in the separation stage 50, the solids can
easily be separated and then be discharged via conduit 52, whereas copper
and/or cobalt sulfate are withdrawn in solution via conduit 51. By further extrac-
tion stages, the valuable products then can be obtained in a very high degree of

purity.
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Claims:

1. A process for producing copper and/or cobalt sulfate from copper and/or
cobalt sulfide concentrates with low sulfur contents, wherein a feed stream
containing copper and/or cobalt sulfide is at least partly converted to copper
and/or cobalt sulfate in a roasting stage at temperatures between 600 and 7300
°C and in an oxidizing atmosphere, wherein a total waste gas stream, which
contains SOg, is obtained and withdrawn, and wherein thermal energy and/or a
sulfur-containing gas is supplied to the roasting stage as energy carrier via the
feed stream and/or a fluidizing gas.

2. The process according to claim 1, characterized in that SO, is supplied

to the roasting stage.

3. The process according to claim 2, characterized in that the SO3 is gen-

erated by combustion of sulfur with oxygen.

4. The process according to claim 2, characterized in that so much SO is
supplied to the process that the weight ratio of sulfur to the sum of copper and
cobalt lies between 1:1 and 1:3.

5. The process according to any of the preceding claims, characterized in

that roasting is effected in a fluidized bed.

6. The process according to any of the preceding claims, characterized in

that the feed stream is preheated before entry into the roasting stage.

7. The process according to any of the preceding claims, characterized in
that the feed stream supplied to the roasting stage has a water content of 7-14

wt-%.
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8. The process according to any of the preceding claims, characterized in
that the copper and/or cobalt sulfate is cooled after roasting and the energy
obtained during cooling is at least partly recirculated into the roasting stage

and/or the preheating stage.

9. The process according to any of the preceding claims, characterized in
that roasting is effected in the presence of iron oxide and/or at least one alkali

metal.

10. The process according to any of the preceding claims, characterized in
that the SO, withdrawn is converted to HoSOs.

11. The process according to any of the preceding claims, characterized in

that after roasting the copper and/or cobalt sulfate is dissolved in water.

12. A plant for producing copper and/or cobalt sulfate from copper and/or
cobalt sulfide concentrates with low sulfur contents, comprising a roasting stage
(30) for roasting a feed stream containing copper and/or cobalt sulfide at tem-
peratures between 600 and 7300 °C in an oxidizing atmosphere for the for-
mation of copper and/or cobalt sulfate, at least one conduit (32) for withdrawing
a total waste gas stream obtained during roasting, which contains SO,, and at
least one means for supplying thermal energy and/or a sulfur-containing gas into
the roasting stage (30).

13. The plant according to claim 12, characterized in that the roasting stage

(30) is formed as a fluidized-bed reactor.
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