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METHOD FOR ROASTING NICKEL SULPHIDE

FIELD OF THE INVENTION

The invention relates to a method for roasting nickel sulphide that is
produced by precipitation into nickel oxide in a fluidized bed furnace. The pre-
cipitated, very fine-grained nickel sulphide precipitate is micropelletized and
the micropelletized precipitate is routed to fluidized bed treatment. Fluidized
bed treatment may take place in a single fluidized bed furnace in which there is
a circulating fluidized bed, or in two fluidized bed furnaces having a bubbling
fluidized bed.

BACKGROUND OF THE INVENTION

Metal sulphides have been oxidized on industrial scale in various
kinds of roasting furnaces for decades. In sulphation roasting, sulphides are
oxidized into sulphates. The formation of sulphates occurs at a lower tempera-
ture than that of oxides. In dead roasting the entire amount of sulphides is oxi-
dized into oxide in oxidizing conditions at such a high temperature that the sul-
phates are no longer stable. Roasting can be done in different kinds of furnac-
es, such as a multi-hearth furnace, a rotary drum furnace or a fluidized bed
furnace. The fluidized bed furnace is the one most commonly used, because it
boasts efficient energy and heat transfer as well as temperature control.

Roasting technology has also been used in the oxidation of nickel
sulphide, whereby the sulphide is roasted into either sulphate or oxide. The
starting material in that case is either a nickel sulphide concentrate formed in
flotation or a nickel matte generated in pyrometallurgical treatment. When the
feed material is a concentrate, the nickel content is around 1-10%, but in nick-
el matte the content is generally around 40-70%. Both concentrate and matte
usually also contain some amount of other metals, for example copper, iron,
cobalt and arsenic. Nickel sulphide roasting is generally performed in a fluid-
ized bed, in what is termed a bubbling bed.

Use of fluidized bed technology is sometimes restricted by exces-
sive formation of molten phases and the resultant sintering of the bed. The ox-
idation of nickel sulphide into oxide occurs, in principle, at a temperature as
low as about 700°C, but because of kinetics and for other reasons a tempera-
ture of about 900°C is used. According to the literature, molten phases appear
in the Ni-S system at temperatures as low as 635°C, for example. The for-
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mation of nickel sulphate is significantly reduced when the temperature rises
above 700°C.

The roasting of sulphide concentrate containing nickel, such as pyr-
rhotite, is described in patent publications GB 769,267 and US 3,957,484. In
the method according to the GB publication, the concentrate is roasted into
sulphate and in the method described in the US publication, it is roasted into
oxide. In sulphation roasting, sodium sulphate, for instance, can be used as an
additive and a clay-containing material as a binder. In the methods, a fine con-
centrate (80% below 45 pm) is fed from the ceiling of a fluidized bed furnace
as slurry, whereupon the slurry dries as it falls downward and agglomerates in
the upper section of the furnace and the actual oxidation takes place in the
lower section of the furnace. The fluidized bed consists of either calcine parti-
cles formed during roasting or calcine particles that were fed there in advance.
The iron in the pyrrhotite is oxidized into hematite and the sulphides into sul-
phur dioxide. The temperature used was in the region of 1000—-1100°C.

US patent publication 3,094,409 describes nickel sulphide roasting
into nickel oxide in a fluidized bed. The sulphide to be treated is either a matte
generated in pyrometallurgical treatment or flotation concentrate, which has a
high nickel content of around 64—-72%. If the material to be treated is a matte,
the molten matte is granulated to the desired particle size for roasting. Flota-
tion concentrate is fine-grained, the particle size mentioned is 95% minus 200
mesh, i.e. the majority is below 0.074 mm. Flotation concentrate is agglomer-
ated to a size of 0.25-1.3 mm (65 mesh—0.5 in), whereupon for example wa-
ter, nickel sulphate, sulphuric acid, lignosol, fuel oil or bentonite can be used
as additive. According to the examples, the roasting temperature is around
1050-1100°C. Dust formed in roasting is either returned to the roaster or ag-
glomeration.

GB patent publication 1,502,986 describes the roasting of a nickel-
bearing iron sulphide in a fluidized bed furnace for the fabrication of ferronick-
el. The material to be roasted contains 5-35% nickel and it is agglomerated to
a particle size of 6.7-1.2 mm. Roasting was carried out at a temperature of
800-1150°C. The higher the roasting temperature, the smaller the amount of
sulphur remaining in the calcine. A large pellet size allows the use of a higher
temperature, but requires a large gas flow for fluidization to succeed. At a high
temperature part of the material melts and becomes dense, and slows diffu-
sion. The oxide calcine that is formed is pre-reduced and fed into an electric
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furnace to fabricate ferronickel. Since the calcine is fed into the smelter, sand
can be used as the bed material.

A roasting treatment for sulphidic iron material is described in pub-
lished SE patent application 346 703, in which the material to be treated con-
tains one of the following substances as an impurity: arsenic, antimony, tin or
bismuth. In addition to iron, the sulphide material may also contain cobalt,
nickel, cadmium, copper or zinc, and it is observed that they may form ferrites
during roasting. Roasting is performed in two fluidized bed reactors. In the first
fluidized bed the temperature is controlled to be in the range of at least 800°C
and the conditions are regulated to be reducing. In these conditions the impuri-
ties evaporate and the formation of ferrites is prevented. Roasting is brought to
completion in the second fluidized bed reactor at a temperature of 700-800°C,
giving rise to a sulphur-free magnetic material.

PURPOSE OF THE INVENTION

Roasting treatment of nickel sulphide concentrate or nickel matte
has been disclosed in the prior art. However, the particle size of a concentrate
and nickel matte are far larger than that of nickel sulphide formed by hydro-
metallurgical precipitation, and for that reason fluidized bed roasting of precipi-
tated nickel sulphide as such creates major difficulties. The aim has been to
solve the problems related to the fluidized bed roasting of fine-grained material
within the framework of this invention.

SUMMARY OF THE INVENTION

The invention relates to a method for oxidizing nickel sulphide into
oxide in a fluidized bed furnace, whereby a very fine-grained nickel sulphide
precipitate formed by precipitation is treated in the following stages:

a) the nickel sulphide precipitate is micropelletized by means of the
sulphate dust separated from the fluidized bed furnace exhaust gases and

b) the micropelletized precipitate is treated in one or two fluidized
bed furnace(s) at a temperature of 650—-1000°C in oxidizing conditions to form
nickel oxide and sulphur dioxide-containing gas.

More particularly the invention relates to a method for oxidizing
nickel sulphide into oxide in a fluidized bed furnace, whereby a very fine nickel
sulphide precipitate formed by precipitation is treated in the following stages:
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a) a micropelletizing stage wherein the nickel sulphide precipitate is
micropelletized by means of sulphate dust separated from the fluidized bed
furnace exhaust gases and

b) a roasting stage wherein the micropelletized precipitate is treated
in one or more fluidized bed furnace(s) at a temperature of 650-1000°C in oxi-
dizing conditions to form nickel oxide and a gas containing sulphur dioxide.

According to one embodiment of the present invention in the roast-
ing stage, the micropelletized precipitate is treated in two or more fluidized bed
furnaces.

According to another embodiment of the present invention the mi-
cropelletized precipitate is treated in 1 to 6 fluidized bed furnaces. According to
a further embodiment of the present invention the micropelletized precipitate is
treated in 2 to 6 fluidized bed furnaces, for example in 2, 3, 4, 5 or 6 furnaces.

According to one embodiment of the invention, the roasting of the
micropelletized precipitate takes place as circulating fluidized bed roasting in a
single fluidized bed furnace and a cyclone connected to it, whereby the tem-
perature of the whole cycle is adjusted to 750—1000°C. In this case, the flow of
micropellets to be circulated is at least 100-300% of the amount of fresh mi-
cropelletized nickel sulphide precipitate fed into the furnace.

According to another embodiment of the invention, the mi-
cropelletized nickel sulphide precipitate is treated in at least two fluidized bed
furnaces, in which roasting occurs in a bubbling bed, whereby oxidation of the
surface of the particles is carried out in the first fluidized bed furnace when the
temperature is regulated to the region of 650-750°C and the temperature of
the second fluidized bed furnace is regulated to the region of 750—-1000°C in
order to oxidize the nickel sulphide completely into nickel oxide.

It is typical of the method according to the invention that the particle
size of the precipitated nickel sulphide precipitate is approximately 520 pm.

According to one preferred embodiment of the invention, the particle
size of the micropelletized nickel sulphide precipitate is approximately 0.2—1
mm.

In the method according to one embodiment of the invention, a fuel
is used for the control of the fluidized bed furnace temperature if the thermal
content produced by the oxidation process is not sufficient.

According to one embodiment of the invention, the nickel oxide
formed in the fluidized bed furnace is cooled by fluidized bed cooling.
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According to one preferred embodiment of the invention, the heat
recovered from the exhaust gases of the fluidized bed furnace is used for dry-
ing the micropellets that are formed.

It is typical of the method according to the invention that the sulphur
dioxide gas that is formed is routed after scrubbing to sulphuric acid fabrica-
tion.

LIST OF DRAWINGS

Figure 1 is a flow chart of one method according to the invention,
and

Figure 2 is a flow chart of another method according to the inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

When a nickel sulphide ore or concentrate is leached and the nick-
el-containing solution that is generated is subjected to sulphide precipitation, a
very fine-grained nickel sulphide precipitate is produced with a particle size of
approximately 5—-20 um. The nickel sulphide content of the nickel sulphide pre-
cipitate is approximately 60-70% and it contains, in addition, only a few per-
cent of other metals in sulphide form, such as iron, zinc and cobalt. Since the
precipitate in question is formed hydrometallurgically, no gangue is included.
Due to its high nickel sulphide content, the melting point of the precipitated ma-
terial is significantly lower, at approximately 650°C, than a kind of nickel sul-
phide concentrate in which the majority is pyrrhotite, which has a melting point
of approximately 1200°C. Since the nickel sulphide precipitate to be treated is
very fine and its nickel sulphide content is quite high, it means that the precipi-
tate has a very large specific surface area. Additionally, in the oxidizing treat-
ment of nickel sulphide-containing material, there is the problem that the oxida-
tion and melting zones of nickel sulphide are very close to each other and
there is a danger in fluidized bed oxidation that the sulphide will melt and form
large agglomerates, which prevent fluidization of the bed.

As it is generally known, a fluidized bed may be either a Bubbling
Fluidized Bed (FB) or a Circulating Fluidized Bed (CFB). One fluidized bed
more rarely used is, for example, the Annular Fluidized Bed (AFB).

The method according to the invention is described in more detail
by means of the attached figures. In the solution according to Figure 1, the
roasting of nickel sulphide takes place on the CFB principle. The particle size
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of the fine nickel sulphide precipitate formed by precipitation is approximately
5-20 um and it is subjected first to micropelletizing 1 in an equipment suitable
for the purpose. Sulphated dust generated in the cooling of fluidized bed fur-
nace exhaust gases is used as binder in micropelletizing. Micropelletizing re-
duces the specific surface area of the sulphidic material that melts at low tem-
peratures, thus minimizing the formation and sintering of harmful large ag-
glomerates. Micropelletizing also minimizes oxidation time, because diffusion
takes place right to the core faster than with large pellets. The particle size of
the pellets fed into the circulating bed is determined on the basis of the materi-
al, the selected process, the temperature used in the process and the required
residence time. Preferably the size of the micropellets is controlled to be in the
region of 0.2—1 mm.

The dust recovered from the exhaust gases in heat recovery boiler
4 and electric filter 5 is oxidized up to sulphate, because it has travelled on-
wards with the sulphur-dioxide-containing gas at a temperature at which sul-
phur dioxide and oxygen form sulphur trioxide and sulphates with the metals.
The sulphated dust binds fine sulphide, and the desired particle size of the mi-
cropellets can be specified with the amount of dust fed into pelletizing. If the
amount of dust is not sufficient, additional nickel sulphate in addition to the
dust can be routed to pelletizing in order to bind the sulphide precipitate. Be-
sides the dust, water is fed into the sulphide precipitate to achieve pelletizing.
To strengthen the pellets before the fluidized bed furnace, they are subjected
to drying. Pellet drying 2 preferably takes place by using steam formed in heat
recovery boiler 4.

Circulating fluidized bed roasting 3 of the dried, micropelletized
nickel sulphide material takes place in a single fluidized bed furnace. In the
flow chart CFB roasting 3 includes both a fluidized bed furnace and a cyclone
connected to it. The pellets in the circulating bed are not in as close contact
with each other and do thus not adhere to each other as easily as in a bubbling
bed. The temperature in the fluidized bed furnace operating on the CFB princi-
ple and the connected cyclone, i.e. in the entire circuit, is controlled to remain
higher than 700°C all the time, thereby preventing the sulfation of the nickel
sulphide. However, in order to prevent the pellets from sintering and forming
molten surfaces, the process is run at a maximum of 900°C. At this tempera-
ture range nickel oxide is stable.
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The flow of the product removed from the fluidized bed furnace and
the flow of the material to be recirculated are controlled by the output of the
cyclone underflow. The flow of pellets to be recirculated is approximately 100—
300% of the amount of fresh micropellets fed into the furnace. The size of the
circulating pellet flow is determined by the properties of the feed, such as oxi-
dation, as well as according to how much oxidized inert material is required to
prevent sintering of the fresh feed. The tendency to sinter is, in turn, affected
by the composition of the nickel sulphide feed and the particle size of the mi-
cropellets. Naturally the circulation is minimized, because in this way the ener-
gy requirement is minimized. If the oxidation reactions occurring in the fluidized
bed furnace are not sufficient to produce the required temperature, additional
fuel can be added to the furnace, which may be gaseous, liquid or solid, such
as elemental sulphur.

The gas exiting the fluidized bed furnace is routed to the cyclone
and from there onwards to heat recovery boiler 4, in which the gas is cooled
and some of the dust contained in the gas is recovered. As stated above, the
steam generated in the boiler is routed to the micropellet-drying stage. The gas
from the heat recovery boiler is routed on to electric filter 5, in which the final
removal of dust from the gas takes place. The scrubbed gas flow is routed on-
wards to sulphuric acid production.

The hot nickel oxide material removed from the fluidized bed fur-
nace is cooled indirectly by means of air or some other oxide-containing gas.
Cooling may take place for example as fluidized bed cooling 6. As for the hot
oxide-containing gas produced in the cooling stage, it is fed into the fluidized
bed furnace as process/fluidizing gas.

The solution according to Figure 2 is similar to the solution present-
ed in Figure 1 in all respects except for the fact that roasting is performed in
two fluidized bed furnaces 7 and 8 operating on the bubbling bed principle. In
accordance with the invention, the temperature of the first fluidized bed fur-
nace 7 is regulated to be in the range of 650-750°C, whereby generation of
molten phases is minimized. Since roasting is performed at such a low tem-
perature, oxidation up to oxide does not occur completely in an economic peri-
od of time, so some sulphur remains in the product of the first stage. The
amount of sulphur remaining in the calcine is controlled by means of the roast-
ing time and oxygen coefficient. In the first stage the nickel sulphide is oxidized
only to the extent that the heat generated in the reactions is sufficient to raise
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the temperature of the furnace to the level mentioned and, at the same time,
an intermediate is produced with an oxidized surface. The material is simulta-
neously coarsened.

The intermediate calcined in the first fluidized bed furnace is routed
hot to second fluidized bed furnace 8. In this second stage, the temperature of
the fluidized bed furnace is regulated to the range of 750-1000°C, because the
risk of sintering is significantly decreased due to the coarsening of the material,
the lowering of the sulphide level and the oxide layer formed on the particle in
the first stage. In the second stage the sulphides are oxidized completely as
the oxygen is diffused easily through the porous surface of the pellets formed
in the first fluidized bed furnace as far as to the core. If the heat formed when
the sulphides are oxidized is not sufficient to raise the temperature adequately,
the above-mentioned fuels can be used as an aid. The gas flow of both the
first and the second fluidized bed furnaces is routed to heat recovery boiler 4
and from there onwards via electric filter 5 to acid production. The dust carried
in the gas is routed to the micropelletizing stage as binder. Some or all of the
dust from the heat recovery boiler can also be returned to the second fluidized
bed furnace. The further processing of the generated nickel oxide material with
related cooling is carried out in the same way as described in the context of
Figure 1.

EXAMPLES

Example 1

The example relates to CFB roasting.

Precipitated nickel sulphide: Ni 60%, Fe 6%, Zn 3% and S 29%.

Micropellets prepared from precipitated nickel sulphide are roasted
in a circulating fluidized bed. 2900 Nm?® of air is fed into the reactor per 1000 kg
of fresh micropellets. 2700 kg of micropellets are recirculated back to the bed.
The temperature is maintained at 850°C for the entire circuit. A calcine is ob-
tained from the cyclone that has a sulphur content of 0.2—-0.5%.

Example 2
The example relates to two-stage roasting.
Precipitated nickel sulphide: Ni 60%, Fe 6%, Zn 3% and S 29%.
Micropellets prepared from precipitated nickel sulphide are roasted
in the first stage in a bubbling fluidized bed. 310 Nm?® of air is fed into the bed
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per 1000 kg of micropellets. In this case the temperature of the bed rises to
650°C while part of the sulphides are oxidized. The sulphur level of the materi-
al thus drops to a value of approximately 22%. The hot product of the first
stage is routed to the second stage, into which 2500 Nm?® of air is fed. The

5 temperature of the second stage is maintained at 800°C by cooling or heating.
Dust from the boiler is also returned to this second bubbling bed. A calcine is
obtained from the second stage that has a sulphur content of 0.3%.
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CLAIMS

1. A method for oxidizing nickel sulphide into oxide in fluidized bed
furnace(s), wherein a very fine nickel sulphide precipitate formed by precipita-
tion is treated in the following stages:

a) a micropelletizing stage wherein the nickel sulphide precipitate is
micropelletized by means of sulphate dust separated from the fluidized bed
furnace exhaust gases and

b) a roasting stage wherein the micropelletized precipitate is treated
in one or more fluidized bed furnace(s) at a temperature of 650-1000°C in oxi-
dizing conditions to form nickel oxide and a gas containing sulphur dioxide.

2. The method according to claim 1, wherein the roasting of the mi-
cropelletized precipitate occurs as circulating fluidized bed roasting in a single
fluidized bed furnace and a cyclone connected to it, whereby the temperature
of the entire circuit is adjusted to 750-1000°C.

3. The method according to any one of the preceding claims, where-
in the flow of micropellets to be circulated is at least 100-300% of the amount
of fresh micropelletized nickel sulphide precipitate fed into the furnace.

4. The method according to claim 1 wherein in the roasting stage
the micropelletized precipitate is treated in two or more fluidized bed furnaces.

5. The method according to claim 1 or 4, wherein the micropellet-
ized nickel sulphide precipitate is treated in at least two fluidized bed furnaces,
in which roasting takes place in a bubbling fluidized bed, so that oxidation of
the particle surface is performed in the first fluidized bed furnace when the
temperature is adjusted to the range of 650—750°C and the temperature of the
second fluidized bed furnace is adjusted to the range of 750—1000°C in order
to oxidize the nickel sulphide completely into nickel oxide.

6. The method according to any one of the preceding claims, where-
in the particle size of the precipitated nickel sulphide precipitate is approxi-
mately 520 ym.

7. The method according to any one of the preceding claims, where-
in the particle size of the micropelletized nickel sulphide precipitate is approxi-
mately 0.2—1 mm.

8. The method according to any one of the preceding claims, where-
in a fuel is used to control the temperature of the fluidized bed furnace.



WO 2012/113980 PCT/FI12012/050163

11

9. The method according to any one of the preceding claims, where-
in the nickel oxide formed in the fluidized bed furnace is cooled by fluidized
bed cooling.

10. The method according to any one of the preceding claims,

5 wherein the heat recovered from the fluidized bed furnace exhaust gases is
used for drying the micropellets that are formed.

11. The method according to any one of the preceding claims,
wherein the sulphur dioxide gas that is formed is routed after purification to
sulphuric acid production.
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