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(54) Title: METHOD FOR PARTIAL ROASTING OF COPPER AND/OR GOLD BEARING CONCENTRATES

(57) Abstract: The above mentioned invention describes a process for removing arsenic and/or antimony sulfides from copper, nick­
el and/or gold containing ore particles. Ore particles are fed into a reactor, wherein a fluidizing gas is injected into the reactor to 
form a fluidized bed containing at least a portion of the ore particles. The ore particles are heated in the presence of inert particles to 
a temperature between 500 and 850 °C and are withdrawn from the reactor. At least 60 wt-% of the inert particles form a first zone 
of the fluidized bed and at least 60 wt-% of the ore particles form a second zone above the first zone.
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Method for partial roasting of copper and/or gold bearing concentrates

The invention relates to a process and a plant for the removing of arsenic and/or 

5 antimony sulfides from copper, nickel and/or gold containing ore particles,

wherein the ore particles are fed into a reactor, wherein the ore particles are 

heated in the presence of inert particles to a temperature between 500 and 

850°C in a fluidized bed and wherein the ore particles are withdrawn from the 

reactor.

10

Copper (Cu), Cobalt (Co), nickel (Ni), gold (Au) and Zinc (Zn) are obtained from 

sulfidic ores. These metals as such represent valuable products which can be 

processed further in a variety of ways, but must be present in very pure form for 

this further treatment. This purity is generated by means of pyrometallurgical 

15 methods. Pyrometallurgy is understood to be the further thermal treatment of 

ores or metals obtained already, either by an oxidizing method, i.e. heating with 

the addition of oxygen, or by a reducing method, i.e. heating in a the presence 

of a preferably gaseous reductant.

20 One of the pyrometallurgical methods is partial roasting. Partial roasting is a 

method to clean the concentrate from arsenic and/or antimony sulfides and 

thereby produce a suitable raw material for the downstream process steps, e.g. 

a copper smelter. In the case of copper partial roasting, concentrates e.g. like 

enargite (Cu3AsS4) or tennantite (CU12AS4S12), contain significant amount of 

25 arsenic that is undesired for downstream pyrometallurgical and 

hydrometallurgical processing and has to be removed to a great extent. At 

temperature between 500 and 850 °C, a series of chemical reactions occur 

resulting to the formation of solid and gaseous compounds, as well as sulfur 

oxidation. As an example the de-arsenifying reaction of enargite is given below:

30
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2Cu3AsS4(s)-a· As2S3(g)+3Cu2S(s)+S2(g), AH°00C = —48.53 kJ

The bulk of the energy generation comes from sulfur oxidation, however further 

reactions are exothermic. Sulfur oxidation may occur in ways that include the

5 oxidation of sulfur gas and the oxidation of gaseous or solid sulfides. However, 

only a part of the sulfur is oxidized. The partial roasting solid product contains 

typically sulfur percentages in the range of 15- 25 wt.-%, in sulfide form. On the 

other hand the concentrate feed contains 25- 35 wt.-% sulfur in the sulfide form. 

After process gas cleaning, sulfuric acid is produced from the sulfur dioxide.

10

Further, the ore after exiting the reactor, has an arsenic content of below 

0,3 wt.-% .Respective mineralogy includes among other chemical compounds 

such as bornite (Cu5FeS4), chalcopyrite (CuFeS2), gangue material, magnetite 

(Fe3O4), hematite (Fe2O3), chalcocine (Cu2S), pyrrhotine (FeS), minor amounts 

15 of iron-arsenates and minerals associated to the composition of the concentrate 

fed to the roaster. The total arsenic content depends on elements which got the 

tendency to form arsenates. If the concentrate also comprises mercury, the off­

gas can be treated through the so called Calomel process. Details of all these 

reactions are found amongst others in the articles “Physico-chemistry and 

20 Kinetics Mechanisms of Partial Roasting of High - Arsenic Copper 

Concentrates”, of I. Wilkomirsky I., R. Parra, F. Parra, and E. Balladares at 

Copper 2013, Santiago, Chile and in "Development of partial roasting 

technology for arsenic containing copper concentrates" of A. Holmstrom, G. 

Berg and M. Andersson at Copper 2013, Santiago, Chile.

25

One of the main problems in partial roasting is sintering. Sintering is a result of 

the formation of phases being in the “melted” condition which may be induced 

through hot spots due to local sulfur oxidation, accompanied by insufficient local 

heat transfer to the rest of the fluidized bed, or through increased compound 

30 concentration leading to “melted phases” even at normal process temperatures.
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A further mechanism involves continuous particle growth as a result of intra­

particle reactions of ore particles. Hence, formation of “melted phases”, 

continous particle growth is a function of the relationship of ore/calcine to 

chemically inert material, while the formation of hot-spots is particularly of 

5 concern within the areas where oxygen is introduced. Thereby, sintering is 

mostly associated to (i) the vicinity of the reactor nozzle grid (ii) hot-shutdowns 

of the reactor, where the fluidization air is stopped, because the concentration of 

potential compounds forming melting phases is maximized, while no motion of 

the particles exist and (iii) start-up procedures since the system is prone to hot- 

10 spots during the transition from a fixed bed to the fluidized bed state.

US 4,626,279 describes a process wherein a copper ore concentrate and gas 

are supplied to a circulatory fluidized-bed reactor, and heated there to a 

minimum temperature above the splitting or decomposition temperatures 

15 between 600 and 850 °C of the complex minerals containing arsenic and/or 

antimony sulfides and bismuth present in the concentrate. The oxygen potential 

in the reactor is regulated, so as to prevent the formation of non-volatile 

compounds of said impurities. The residence time of the concentrate in the 

reactor is controlled in a manner to ensure a given minimum elimination of the 

20 impurities. The gas and solids are withdrawn from the reactor and passed to a 

separating means, in which substantially impurity-free solids can be separated 

from the gas. Neither the given temperature range nor the residence time are to 

be exceeded in order to avoid sintering of the copper.

25 From EP 2 652 161 A1 a further process for a partial roasting of copper

containing minerals is known which comprises a two-stage roasting process

comprising a first roasting step in a first roasting reactor and a second roasting

step in a second roasting reactor. A gas mixture is formed from the first process

gas component obtained from the first roasting step and from the second

30 process gas component obtained from the second roasting step. Post
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combustion of the gas mixture takes place in a post combustion chamber. The 

post combustion operates with said reducing and sulfide rich first process gas 

component and the second process gas component as oxidizer gas in order to 

decompose SO3 in the gas mixture to reduce the SO3 content. The risk of 

5 accretion formation and corrosion in the post combustion chamber and in

subsequent steps is reduced since the first roasting step is performed at a very 

low oxygen potential. Therefore, a high local reaction rate for the oxidation of 

sulfur is limited by the available oxygen.

10 However, both methods are very limited in reaction conditions and cause high 

investment cost for the appropriate apparatus.

For that reason, sintering is avoided in the conventional manner by adding SiO2 

particles in the form of sand. The ore particles (fully or partially reacted) are 

15 fluidized in a fluidized bed reactor, with an additional sand content. The term 

"additional sand" refers only to the sand additionally mixed with the concentrate 

feed and does not refer to the sand already contained within the ore. The 

additional sand somehow dilutes the ore particles in the fluidized bed, which is 

conceived as a homogeneous reactor in terms of atmosphere, temperature and 

20 solids distribution, and inhibits, therefore, sintering processes. Since, the 

additional sand helps prevent sintering in the state of the art as a result of 

dilution it follows that its addition has to be significant. However, the additional 

sand has a negative impact on a smelter process typically foreseen 

downstream. Furthermore, dilution of the solids within the reactor may occur as 

25 a result of high air flows, which are typical for a circulatory fluidized bed 

proposed in US 4,626,279. Such units require typically inlet gas velocities of 

more than 2 m s’1 for the fluidizing gas, which result to unit cross-sections 

allowing for a low solid content, so that achieving the residence times required 

for achieving an arsenic content below 0.3 wt.-% in the calcine are difficult to be 

30 reached.

9649002_1 (GHMatters) P107177. AU
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Therefore, the current invention may provide a flexible and economical method 

and a plant for the partial roasting from copper and/or nickel and/or gold 

containing ore particles producing a purified ore with very low or without an 

5 increased sand/inert content wherein the increase is due to the roasting 

process.

Copper and/or nickel and/or gold containing ore particles are fed into a reactor. 

Therein, the ore particles and inert particles are fluidized by a fluidizing gas 

10 which is injected from the nozzle grid of the reactor. Thereby, a fluidized bed is 

formed operating at a temperature between 500 and 850 °C, preferably 630 and 

720 °C. After spending a specific residence time, the ore particles are withdrawn 

from the reactor, while respective chemical reactions have been carried out. 

Most important, the fluidized bed features two zones being arranged above each 

15 other with respect to the reactor's height. At least 60 wt-% of the inert particles

are in the first zone of the fluidized bed, while at least 60 wt-% of the ore 

particles are in a second zone above the first zone. The formation of these two 

zones occurs during steady state reactor operation and is particularly apparent 

during fluidization gas ramp-down (in cases of controlled shutdowns or plant 

20 trips).

In an embodiment, there is provided a process for removing arsenic and/or 

antimony sulfides from copper, nickel and/or gold containing ore particles, 

wherein the ore particles are fed into a reactor, wherein a fluidizing gas is 

25 injected into the reactor to form a fluidized bed containing at least a portion of 

the ore particles and of the inert particles, wherein the ore particles are heated 

in the presence of inert particles to a temperature between 500 and 850 °C and 

wherein the ore particles are withdrawn from the reactor, wherein at least 60 wt- 

% of the inert particles form a first zone of the fluidized bed and that at least 60 

30 wt-% of the ore particles form a second zone above the first zone.

9649002_1 (GHMatters) P107177.AU
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The existence of these different zones can be adjusted by different diameters or 

different densities of the ore particles (as and the inert particles since the 

particle diameter and densities are sensitive values for the respective minimum 

5 fluidization velocities. When considering S1O2 particles in the form of sand as 

inert material and ore particles it can be noted that the densities of the materials 

are similar and hence the formation of the aforementioned zones has to be 

based on the difference in particle size alone. When considering other inert 

materials having a potentially a greater density than the ore particles, then the 

10 density difference may also aid zone formation. The minimum fluidizing velocity 

accordingly is that velocity which is just so large that the particles are fluidized 

within a bed. Upon reaching the minimum fluidizing velocity, the bed then is 

lifted as a whole. This is due to the fact that as a result of the upwardly directed 

flow of the fluidizing gas the force acting on the individual particles from below is 

15 greater than the gravitational force. When the minimum fluidizing velocity is 

exceeded, the pressure loss of the bed remains constant, since now the gas 

flows past the fluidized particles. Therefore, with the aid of the Ergun equation 

(Ergun, S. Fluid flow through packed bed columns, Chemical Engineering 

Progress, 48, 1954, S. 89-94) the mean fluidizing velocity can be calculated as 

20 follows:

ΔΡ_ 15O(l-g)3 1.75(1-^)^./^
L (/F (cPp) s/psdp ’

wherein:

ΔΡ: pressure loss (Pa)

L; height of the fluidized bed (m)

dp: mean particle diameter (m)

Pf- fluid density (kg/m3)

μ\ fluid viscosity (Ns/m2)

25

9649002_1 (GHMatters) P107177. AU
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φ5; sphericity parameter (dimensionless)

ε : void fraction (dimensionless)

Umf: minimum fluidizing velocity (m/s)

5 By lifting the ore particles in a second zone of the fluidized bed and above the 

first zone formed by inert particles, it is possible to withdraw at least the main 

part of the ore particles without any additional inert material. Moreover, as noted 

the formation of these two zones becomes more apparent while ramping down 

the supply of the fluidization gas to the reactor which results to a “safe” (in terms 

10 of sintering potential) short or longer reactor shut down, as explained in the 

paragraphs below.

In addition, the formation of the two zones mentioned during operation is 

beneficial for a further reason. Should ore particles clump together, these 

15 agglomerates will obtain a higher effective particle size and hence higher weight 

and, therefore, will sink down from the second zone into the first zone of the 

fluidized bed. Therein, the inert particles, due to their higher concentration, 

prevent the already clumped ore particles from sintering as it is well-known.

20 Furthermore, the formation of the two zones mentioned above results to a more 

uniform reaction of the oxygen contained within the fluidization gas and the 

sulfur within the ore particles. This occurs since the oxygen concentration is 

maximum at the nozzle grid and reduces through the first and second fluidized 

bed zone, while the sulfur concentration follows the exact opposite trend, i.e. is 

25 minimum or zero at the nozzle grid, is higher in the first zone and highest in the 

second zone. As a result of the more uniform sulfur oxidation, hotspot formation 

which is the main cause of sintering is avoided. In this context, the first zone of 

inert substances operates like a form of an isolating layer, while the term inert is 

used to describe a substance that is not chemically reactive during the partial 

30 roasting.

9649002_1 (GHMatters) P107177. AU



-8-

20
16

25
96

52
 

02
 N

ov
 2

01
7

Moreover, such mode of operation protects the furnace from sintering also 

during planned or unexpected operational stops. Gradual ramp-down of the 

fluidization gas supply results to a more drastic formation of the two fluidization 

5 zones since the reactor velocity becomes close to or smaller than the minimum 

fluidization velocity of the inert particles (during fluidization gas ramp down) 

while still being above the corresponding minimum fluidization velocity of the ore 

particles. Further gas ramp down to the point where inert particles are no longer 

fluidized with a subsequent abrupt stop of the fluidization gas supply results to a 

10 shut down where the first zone contains a maximized inert amount (higher than 

during steady state operation) thus cannot exhibit sintering during the period 

where the reactor is not in operation. Moreover, the reactor sintering potential 

during start-up is also minimized since the vicinity of the nozzles is covered 

through the first zone which exhibits a maximized inert content. Any “sintering” 

15 processes taking place in the second zone are reversed during start-up due to 

the momentum and resulting vigorous movement of the first zone.

Preferably the diameter of at least 70 wt-%, preferably at least 80 wt-%, of the 

ore particles is below 60 pm and/or that the diameter of at least 70 wt-%, 

20 preferably 80 wt-%, of the inert particles is between 0,5 to 1.5 mm. Thereby, the 

two zones are distinctly developed during steady state operation and more 

drastically during gradual ramp down of the blower during a planned or 

unplanned shutdown. Furthermore, these are typical sizes for ore and S1O2 

particles in the form of sand, which is why no pretreatment is necessary.

25

It is especially cost effective to use S1O2 particles as inert particles since sand is 

cheap, readily available and easy to handle. A further possible material is 

granulated slag.

9649002_1 (GHMatters) P107177. AU
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ln addition, a preferred embodiment of the invention provides for an amount of 

fluidizing gas in a range of 200 to 600 Nm3 IT1, preferably 300 to 500 Nm3 h’1 

per ton of ore particle feed, considered in a dry state. In this context, Nm3 stands 

for normal cubic meter meaning a cubic meter measured in normal conditions of

5 temperature and pressure. Also this amount of fluidizing gas ensures a fluidized 

bed with the two zones.

Preferably, the fluidizing velocity is adjusted such that after drying and reducing 

the sulfur content of the ore particles, they were lifted above the second zone in 

10 a so called freeboard zone. Therefrom, the particles can be withdrawn together 

with the fluidizing gas stream and separated, e.g. with a cyclone.

In a preferred embodiment of the invention, at least more than 50 wt-%, 

preferably more than 80 wt-% and even more preferably more than 90 wt-% of 

15 the ore particles withdrawn from the reactor are withdrawn from a position above 

the fluidized bed, i.e. the freeboard. Thereby, most of the ore is withdrawn 

practically without any additional sand content.

Preferably, the remaining ore particles are withdrawn from the fluidized bed 

20 through an outlet positioned at about 80 % to 99 % of the overall height of the 

fluidized bed measured from the reactor's bottom, preferably from the nozzle 

grid. Thereby, the withdrawing via this overflow is positioned in the height of the 

second zone, wherein most of the particles are ore particles, provided that no 

additional sand or other inert material is added to the process, which is the 

25 purpose of this invention. If such a material is added, e.g. to counteract inert 

material attrition, then the extent of the first zone increases up to the overflow, 

while the second zone consists of a thin layer above the first zone. Hence, in the 

case of continuous addition of inert material to the reactor, the material exiting 

through the conduit will be both inert and ore particles. The respective analogy 

30 between the inert and ore particles will be determined as a result of the amount

9649002_1 (GHMatters) P107177. AU
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of inert solids entering the reactor and the percentage of ore particles exiting 

through the overflow (the rest of the ore particles exit through the freeboard 

zone).

5 As described above, the invention enables an operation of the reactor also with 

no or minimal additional inert material. However, if a continuous addition of inert 

material is realized during operation, the final product can be cleaned since the 

diameter of the ore particles is much smaller than the diameter of the sand. This 

measure thereby could be separation of ore and sand particles by means of 

10 classifying, whereby the ore can be withdrawn without any additional sand 

content.

Furthermore, it is preferred that above the nozzle grid at the reactor's bottom is 

covered with sand or inert particles, preferably having a particle size more than 

15 2 mm. Particles with a diameter of more than 2 mm are not fluidized since they

are too big. As a result, they build a layer on the reactor's nozzle grid which has 

function of a membrane for injecting the fluidizing gas. Preferably, this layer is 

between 5 and 20 cm. The function of this layer can be explained as a 

membrane layer being permeable for the fluidizing gas coming from the nozzle 

20 grid at the reactor's bottom and subsequently proceeding to the fluidized bed 

with its two zones. Ore particles, therefore, cannot penetrate trough this 

membrane layer to the nozzle grid. Hence, sintering with the grid nozzles is 

avoided due to the locally high oxygen concentration is avoided. In addition, the 

additional membrane layer acts as a porous plate distributor, due to its inherent 

25 fixed bed porous structure. Therefore, the fluidizing gas can be injected more 

uniformly over the reactor, thus avoiding hotspots and minimizing sintering 

potential.

9649002_1 (GHMatters) P107177. AU
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In another preferred embodiment of the invention, the average residence time of 

the ore particles in the reactor is between 0,5 to 1 h. Thereby, the arsenic 

content in the calcined ore is reduced below 0.3 wt.-%.

5 Preferably, the ore particles are fed to the reactor with a water content between

5 to 10 wt-%, preferably 7 to 8 wt.-% being caused by an upstream filtering of 

the flotation product. This moisture has the advantage that fresh introduced ore 

particles sink into the second and first layers of the fluidized bed. During their 

movement in the bed the particles are dried and, therefore, are getting 

10 suspended in the upper layer of the bed and are finally discharged through the 

bed overflow. This mechanism assures the necessitated residence time. Higher 

moisture values result in problematic solid dosing, while lower values result to 

low residence times, since the ore particles tend to instantaneously be entrained 

to the freeboard or carried out through the bed overflow.

15

In a preferred embodiment of the invention, ore particles are fed to the reactor 

with a sulfur content of 25-35 wt-% based on the ore particles in dry state. With 

such a composition, the claimed process can be performed most effective, since 

the resulting calcine sulfur content is consistent with the energy balance 

20 requirements of the downstream flash smelter.

Using air as a fluidizing gas is preferred since air is a cheap source for the 

oxygen needed for the partial roasting of the ore. However, it is possible to use 

nitrogen or any other inert gas, whereby a gas with enriched oxygen content is 

25 preferred as well as air after respective oxygen enrichment.

The fluidizing gas is injected into the reactor with a velocity of 0,2 to 2 m s’1, 

preferably 0,5 to 1,5 m s’1. Such an inlet velocity of the fluidizing gas ensures 

the developing of a fluidized bed with two zones as it is the object of the

9649002_1 (GHMatters) P107177. AU
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invention, especially for ore particles featuring a diameter of between 20 to 60 

pm and inert particles featuring a diameter between 0,1 to 2 mm.

Sometimes, the used ore itself contains SiO2 or other inert substances whereby

5 no additional inert substances has to be fed to the reactor. However it is also 

possible to insert inert particles into the reactor continuously. The feeding of the 

sand can be done via a separate conduit ore together with the feed of the ore 

particles.

10 The invention further comprises an apparatus for removing arsenic and/or 

antimony sulfides from copper, nickel and/or gold containing ore particles.

Such an apparatus comprises a reactor in which during operation a fluidized bed 

is formed. The reactor features at least one conduit for feeding the ore particles 

15 into the reactor, means for injecting a fluidized gas into the reactor, at least one 

outlet for withdrawing the ore particles and gas flow from the reactor as well as 

at least one overflow for withdrawing ore particles from the fluidized bed. It is 

essential that the outlet is positioned such that during operation it is positioned 

above the fluidized bed and the overflow is positioned in a position 80 % to 99 % 

20 of the overall height of the fluidized bed measured from the reactor's bottom, 

preferably from the nozzle grid. With this arrangement, ore can be withdrawn 

with a very little increased SiO2 content.

In an embodiment, there is provided an apparatus for removing arsenic and/or

25 antimony sulfides from copper, nickel and/or gold containing ore particles,

comprising a reactor in which during operation a fluidized bed is formed, with at

least one conduit for feeding the ore particles into the reactor, means for

injecting a fluidized gas into the reactor, at least one outlet for withdrawing the

ore particles from the reactor, wherein the outlet is positioned such that during

30 operation it is positioned above the fluidized bed, and with an overflow for

9649002_1 (GHMatters) P107177. AU
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withdrawing ore particles from the fluidized bed, wherein the overflow is 

positioned in a position at least 80 % of the overall height of the fluidized bed 

measured from the bottom of the reactor.

5 Further, an apparatus according to the invention is preferably equipped with at 

least one air tight feeding device(s) for transporting the ore particles from the 

conduit into the reactor without adding an additional amount of oxygen. Thereby, 

local hotspots caused by a high sulfur oxidation rate are avoided. A possible 

feeding device is an air tight slinger belt which discharges material above the 

10 fluidized bed level and operates as a spreader over the whole reactor cross - 

section since the slinger belt consists of a belt rotating at high speed injecting 

the particles at high velocity. Alternatively, the air tight screw feeder could also 

be used which would be discharging in or over the fluidized bed surface and 

would include standard components e.g. screw shaft, casing, motor etc. as well 

15 as a gap/solids overflow arrangement between the end of the rotating screw 

shaft and the entrance to the fluidized bed. The latter arrangement serves the 

purpose of protecting the rotating screw shaft from high temperature as well as 

realization of reactions within the screw feeder. A further air tight option would 

be a rotating scraper located at the reactor dome top below a feeding bin. The 

20 distribution of the feed within the fluidized bed cross-sectional area is realized 

through feed pipes ranging from the roaster roof optimallyup to the fluidized bed 

cross-sectional area.

In a preferred embodiment of the invention, the fluidizing gas is supplied to a

25 fluidized bed reactor through the so called nozzle grid, a plate which is

perforated with 10 - 300 per holes per m2. The holes are filled with grid nozzles

which may be of several types including the following: (i) not extending from the

nozzle grid and having one orifice in the upward direction (ii) extending above

the nozzle having one or more than one orifices at angle between 0 - 180° (iii) a
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grid nozzles same as the later with an added characteristic of a cap to further 

protect blocking of the orifices.

Preferably, the apparatus also features an underflow exit from the fluidized bed 

5 for withdrawing any oversized material which hinders the operation the first and

second fluidized bed layers. Such oversized material may result from calcine 

particles agglomeration, calcine/inert particle agglomeration, oversized ore/inert 

particles within the feed from the fluidized bed, wherein the underflow is 

positioned in a position about at most 20 % of the overall height of the fluidized 

10 bed measured from the reactor's nozzle grid.

Further developments, advantages and possible applications of the invention 

can also be taken from the following description of the drawings and the 

exemplary embodiment. All features described and/or illustrated form the 

15 subject-matter of the invention per se or in any combination, independent of 

their inclusion in the claims or their back-reference.

Fig. 1 shows schematically a roasting reactor according to the state of the

art and

20

Fig. 2 shows schematically a roasting reactor according to the invention.

Figure 1 shows a reactor 10 for the partial roasting of copper, nickel and/or gold 

containing ore particles to remove arsenic and/or antimony sulfides from copper.

25 Via a conduit 11, ore is fed into the reactor 10, while SiO2 particles in the form of 

sand are fed into the reactor 10 via a conduit 12.

Ore and SiO2 particles in the form of sand form a fluidized bed 1 above a reactor 

nozzle grid 2 since the particles are fluidized by a fluidizing gas. The fluidizing 

30 gas is injected from the reactor nozzle grid 2 via a conduit 13.
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Further, it is possible to add additional water content via a conduit 14 to control 

the reactor temperature.

5 Via a conduit 15, a mixture of both particles is withdrawn from the fluidized bed 

1. Meanwhile, very light particles are transported into a freeboard zone 3 above 

the fluidizing bed 1. Therefrom, the particles are withdrawn together with the 

fluidizing gas via a conduit 16.

10 From conduit 16, the particle/gas mixture is fed into a cyclone 17 in which the 

particles are separated from the gas stream. The gas stream is discharged from 

the cyclone 17 via a conduit 18 while the particles are passed into conduit 15 via 

a conduit 19.

15 The central problem faced by this roasting reactor are the high additional sand 

contents of above > 10 wt.-% and as high as 20 wt.-% dry basis which causes 

an increased volume flow in the further operations stages, a sand contaminated 

calcined ore and problems regarding the average residence time since the 

additional sand content requires high velocities of the fluidizing gas.

20

Operating a reactor as depicted in Figure 1 within a velocity range of 0,5 to 

1,5 m s'1 for obtaining residence time values in the range of 0,5-1 h with an 

appropriate sand content of up to 10 wt-% with respect to dried ore would lead 

to a low sand concentration within the fluidized bed, therefore, to too high local 

25 ore concentrations. As a result, the sand does not protect the ore particles from 

sintering reliably.

Figure 2 shows a schematically a reactor 20 according to the invention. Wet ore 

with a sulfur content of 25 - 35 wt.-% sulfur is introduced into the reactor 20 via 

30 a conduit 21. Additional SiO2 particles in the form of sand can be added via
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conduit 22 if required e.g. in the case of extraordinary inert material attrition. 

Both conduits 21 and 22 open out into an air tight feeding device 30, 30' for 

transporting the ore particles into the reactor without any oxygen contact.

5 The additional S1O2 stream is preferably set to 0 to 3 wt-% of the total weight 

stream, but in any case below 10 wt-%. Further, the S1O2 particles feature a 

particle size distribution of 0.1 mm to 2 mm. Instead of additional sand, any 

other inert material can be used, especially such substances having a particle 

density similar or larger to that of the ore, namely above 2000 kg/m3. Possible 

10 substances are granulated slag from a smelter used in a plant for copper 

purifying operation.

Air or any other oxidation medium, e.g. air mixed with nitrogen from an air 

separation unit, is injected via a conduit 23 into the nozzle grid 32 of the reactor 

15 20. Thereby, a fluidized bed 31 with an inlet velocity of the fluidizing gas in the

range of 0,5 to 1,5 m s’1 and an average residence time of the ore particle of 0,5 

to 1 h is established.

Process water is injected via a conduit 24 and used for temperature control of 

20 the reactor 20.

An overflow 25 is positioned in a position at least 80 % of the overall height of 

the fluidized bed 31 measured from the nozzle grid 32 of the reactor 20. Via the 

outflow, ore particles can be withdrawn from the fluidized bed 31. In a typical

25 reactor, the overflow 25 is placed 0,5 m to 1,5 m above nozzle grid 32.

Further, ore particles are also withdrawn together with the fluidizing gas by an 

outlet 26 which is positioned such that during operation it is above the fluidized 

bed in the region of the freeboard. The particles and gas are passed from the 

30 outlet 26 into a cyclone 27 wherein gas and particles are separated. The SO2
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containing gas is removed via a conduit 28 while the particles are fed into 

conduit 25 via a conduit 29. An underflow 34 is used to drain of the inert 

particles from time to time.

5 According to the idea of the invention, Figure 2 depicts two zones 31 b, 31c and 

a layer below these two zones 31 a. The operation of the two zones and layer, 

which leads to the invention success, is explained below:

A fixed bed layer 31a protects the nozzle grid 32 from sintering. Such a zone

10 31a is created by distributing inert particles before reactor start-up, having a

diameter of more than 2 mm, preferably over a layer of 5 - 20 cm above the 

nozzle grid 32. These particles are fixed and act as an air permeable wall, not 

allowing sulfur containing calcine to come at the grid nozzle tip. The pressure 

drop of this layer is low, i.e. in the range of 0.1 - 1 kPa based on the exact

15 granulometry and shape of these particles. Hence, high temperatures at the 

inlets of the nozzles and corresponding sintering is not possible since no ore 

particles sink down in this layer 31a. The solid density in this zone is more than 

1500 kg m3.

20 A first zone 31b is rich in inert substances. The first zone 31b is the biggest 

zone of the fluidized bed 31. Ore with contact to the first zone 31 b is prevented 

from sintering since the content of inert particles, e.g. SiO2 particles in the form 

of sand is high. Preferred conditions for forming the first zone 31b are the use of 

the overflow 25, a particle size distribution of inert particles considering 80 wt.-%

25 between 0.5 - 1.5 mm but in any case 100 wt.-% between 0.1 - 2mm, a particle

size distribution of the ore considering 80 wt.-% of particles below 60 pm

particles but in any case 100 wt.-% between 0 - 200 pm, the fluidizing gas

velocity within this zone being 0,2 - 2 m s’1.
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A second zone 31c is rich in ore particles and forms, therefore, a floating calcine 

layer above the first zone 31b. For obtaining such a second zone, the process 

parameters already mentioned with regard to the first zone 31b are necessary. 

Although this zone 31c is rich in calcine with a sintering tendency, the 

5 movement of the underlying sand rich layer protects the ore from sintering.

In conclusion, the novel reactor can operate with less than < 10 wt.-% especially 

0-3 wt.-% added inert substances. Due to the low content of inert particles, the 

resulting product is of high quality. Further, an average solid residence time of 

10 the ore particles in the range of 0.5-1 h can be obtained, which are optimum 

for arsenic removal. Further oxidation mediums can be used instead of air so as 

to further minder the possibility of creating hotspots during steady state 

operation or start-up procedures since the heat release within the fluidized bed 

and the vicinity of the grid nozzles is a function of the oxygen content of the 

15 fluidizing gas.

Example

The following simple laboratory test depicts the effect of the invention. 800 g of 

20 SiO2 particles in the form of sand and 200 g of ore particles are placed within a 

transparent plexiglass column (diameter: 0,1 m). At the bottom of the column, air 

is introduced as fluidizing gas whereby its flow is increased gradually. At a 

velocity above 0.1 m/s only the ore particles are fluidized while the sand remain 

at the column bottom. Above a fluidizing gas velocity of 0.6 m/s, the SiO2 

25 particles are fluidized, too. Keeping the velocity constant, two zones are formed 

whereby at least 80 wt-% of the SiO2 particles are found right above the bottom 

of the column forming a visible first layer whereby at least 80 wt-% of the ore 

particles are found in a second layer above the first one.
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It is to be understood that, if any prior art publication is referred to herein, such 

reference does not constitute an admission that the publication forms a part of 

the common general knowledge in the art, in Australia or any other country.

5 In the claims which follow and in the preceding description of the invention, 

except where the context requires otherwise due to express language or 

necessary implication, the word “comprise” or variations such as “comprises” or 

“comprising” is used in an inclusive sense, i.e. to specify the presence of the 

stated features but not to preclude the presence or addition of further features in 

10 various embodiments of the invention.
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List of Reference Numerals:

1

2

5 3

10

11-16

17

18, 19

10

20

21-26

27

28, 29

15 30,30’

31

31a

31b

31c

20 32

33

34

fluidized bed 

nozzle grid 

freeboard 

fluidized-bed reactor 

conduit 

cyclone 

conduit 

fluidized-bed reactor 

conduit 

cyclone 

conduit 

air tight feeding device 

fluidized bed 

fixed layer 

first zone 

second zone 

nozzle grid 

freeboard 

underflow
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Claims

1. Process for removing arsenic and/or antimony sulfides from copper, nickel 

and/or gold containing ore particles, wherein the ore particles are fed into a

5 reactor, wherein a fluidizing gas is injected into the reactor to form a fluidized 

bed containing at least a portion of the ore particles and of the inert particles, 

wherein the ore particles are heated in the presence of inert particles to a 

temperature between 500 and 850 °C and wherein the ore particles are 

withdrawn from the reactor, wherein at least 60 wt-% of the inert particles form 

10 a first zone of the fluidized bed and that at least 60 wt-% of the ore particles 

form a second zone above the first zone.

2. Process according to claim 1, wherein the diameter of at least 70 wt-% of the 

ore particles is smaller than 60 pm and/or that the diameter of at least 70 wt-%

15 of the inert particles is between 0.5 to 1.5 mm.

3. Process according to claim 1 or 2, wherein the inert particles are SiO2 

particles.

20 4. Process according to any of the preceding claims, wherein at least more than

50 wt-% of the ore particles withdrawn from the reactor are withdrawn from a 

position above the fluidized bed.

5. Process according to claim 4, wherein more than 80 wt-% of the ore 

25 particles withdrawn from the reactor are withdrawn from a position above the

fluidized bed.

6. Process according to claim 5, wherein more than 90 wt-% of the ore 

particles withdrawn from the reactor are withdrawn from a position above the

30 fluidized bed.
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7. Process according to any of claims 4 to 6, wherein the remaining ore 

particles are withdrawn from the fluidized bed through an outlet positioned at 

about at least 80 % of the overall height of the fluidized bed measured from the

5 reactor's bottom.

8. Process according to any of the preceding claims, wherein a layer of inert 

particles is situated between the reactor's bottom and fluidizing bed.

10 9. Process according to any of the preceding claims, wherein the average

residence time of the ore particles in the reactor is between 0.5 to 1 h.

10. Process according to any of the preceding claims, wherein the ore particles 

are fed to the reactor with water content between 5 to 10 wt-%.

15

11. Process according to any of the preceding claims, wherein the ore particles 

fed to the reactor have a sulfur content of more than 25 wt-% based on the ore 

particles in dry state.

20 12. Process according to any of the preceding claims, wherein air or any other

oxygen containing gas is used as fluidizing gas.

13. Process according to any of the preceding claims, wherein the fluidizing gas 

is injected into the reactor with a velocity of 0.2 to 2 m s’1.

25

14. Process according to any of the preceding claims, wherein inert particles 

are fed in the reactor continuously.

15. Apparatus for removing arsenic and/or antimony sulfides from copper, nickel 

30 and/or gold containing ore particles, comprising a reactor in which during
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operation a fluidized bed is formed, with at least one conduit for feeding the ore 

particles into the reactor, means for injecting a fluidized gas into the reactor, at 

least one outlet for withdrawing the ore particles from the reactor, wherein the 

outlet is positioned such that during operation it is positioned above the fluidized 

5 bed, and with an overflow for withdrawing ore particles from the fluidized bed, 

wherein the overflow is positioned in a position at least 80 % of the overall 

height of the fluidized bed measured from the bottom of the reactor.

16. Apparatus according to claim 15, including an air tight feeding device for 

10 transporting the ore particles from the conduit into the reactor.

17. Apparatus according to claim 15 or 16, including grid nozzles for injecting 

the fluidizing gas into the reactor.

15 18. Apparatus according to any of claims 15 to 17, including an underflow for

withdrawing ore particles from the fluidized bed, wherein the underflow is 

positioned in a position about at most 20 % of the overall height of the fluidized 

bed measured from the bottom of the reactor.
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