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Abstract

The invention relates to a process for efficient extraction of iron from an aqueous
acid solution containing ferrous ions. In the process, the acidic feed solution con-
taining ferrous ions is first passed to a fluidized bed reactor for the oxidation of the
ferrous ions preferably by microbes to give ferric ions, followed by introducing the
solution obtained to a concentrator for the precipitation of a compound containing
ferric ions from the solution to give solid matter. The final product, i.e. solid matter
containing ferric ions, is collected. In the process, the solution to be treated is
passed through the fluidized bed at a flow rate sufficient for effective fluidization and

mixing In the fluidized bed. Further, an apparatus for performing the iron extraction
process Is presented.
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Process for extracting iron from an aqueous acidic solution

Field of the invention

The invention relates to a process for extracting and precipitating iron from an
aqueous solution, and particularly to hydrometallurgic processes. The invention fur-
ther relates to an apparatus for performing said extraction of iron.

Background of the invention

Iron plays an essential role in hydrometallurgic processes where sulfide minerals
such as pyrite and calcopyrite are solubilized. Being inherently of frequent and
abundant occurence, iron is always present in mineral deposits together with valu-
able metals, and will typically be removed during hydrometallurgic processing and

In the treatment of acid drainages from mines to the environment.

Dissolved iron is commonly removed for instance by chemical precipitation. It is
known to remove dissolved iron as hydroxide by precipitation using lime or lime-

stone, resulting however in a considerable waste gypsum problem.

Another alternative is to use biological iron removal. Combined biological and
chemical iron removal may be used to reduce costs caused by chemicals, and the

amount of waste produced.

In microbiological iron removal, bacteria oxidizing iron and sulfur compounds are
utilized, said bacteria being inherently present in association with ores. Bacteria
having activity in biological leaching typically grow in acid pH range of 1-to 3, and
acquire their energy by oxidizing iron or inorganic sulfur compounds. Carbon nec-
essary for bacterial growth is derived from atmospheric carbon dioxide. On the ba-
sis of optimum growth temperature, the bacteria may be classified into mesophilic

bacteria, 25 to 40°C, such as Acidithiobacillus ferrooxidans, and thermophilic bac-
teria, 45 to 50°C, such as Acidomicrobium ferrooxidans, and thermophilic

Archaea, 70 to 85°C. In bioleaching of sulfide ores, the bacteria may oxidize metal

sulfides using ferric ions they produce:
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Fe”* + %4 O, + H" > Fe®* + % H,0
CuS+8Fe’*+4H,0> Cu**+8Fe® +S0,5+8H"

Further, ferric iron (Fe”*) produced by microbes acts in the solution as an oxidizing
agent, thus contributing to chemical solubilization of metals from the respective
ores. In this reaction, ferric iron will be reduced to yield again ferrous iron (Fe*"),
which may be reoxidized by microbes to give the ferric form. After solubilization, it is
preferable to remove ferric iron from the leaching liquid, and thus from the process,
for instance by precipitation as hydroxide, jarosite, or goethite. Otherwise, for in-
stance precipitation of jarosite on the minerals during bioleaching of sulfide minerals

may prevent bacterial contact with mineral surface, and thus limit the reaction and
mass transfer during oxidation.

In practice, biological iron removal has turned out to be a complicated and even in-
efficient process, particularly in industrial scale. A typical problem is a too high iron
concentration, making it necessary to dilute the solution being treated, thus resulting
In high volumes to be processed, or obstruction of the apparatus by iron to be sepa-
rated, resulting in inefficient oxidation. Typically in apparatuses available, oxydation
rates are too low, precipitation is unfavourable, or capacities or methods used
therein are simply too modest for industrial scale operations and use.

A process for waste water treatment is known from the abstract of JP62282698
where ferrous iron and iron oxidizing bacteria are introduced into an oxidation tank,
followed by the addition of caicium carbonate for the adjustment of pH in the range
of 2.0-4.4. The process is assisted by agitation with air or by mechanical means. In
this way, ferrous iron is oxidized to yield ferric iron, which is further precipitated as
ferric hydroxide with calcium carbonate. After precipitation, the overflow is passed to
a clarification tank where the precipitate is concentrated. This concentrated precipi-

tate Is circulated together with bacterial growth attached thereto, and unreacted cal-
cium carbonate back to the oxidation tank.

Biological removal of iron from hydrometallurgic leach liquid using an agitated batch
reactor is known (Indian patent application no. 1427/DEL/2004 available from Indian
Patent Office at request). Iron in the leach liquid is concurrently oxidized and pre-
cipitated in the presence of Thiobacillus ferrooxidans at the pH of 2.5 to 2.9, and at
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the temperature of 30 to 35°C, thus resulting in the oxidation of ferrous sulfate into
ferric sulfate, and precipitation thereof in the mixing tank. Thereafter, jarosite com-
pounds produced during precipitation are sedimented and separated by known
separation methods. Used bacteria are circulated together with all the liquid, and
the precipitation taking place in the tank, also on the walls thereof, results in a ne-
cessity to remove the precipitated product from the tank walils.

WO 99/01383 presents a process for oxidizing ferrous ions in dilute acid raw water
to yield ferric ions, followed by chemical precipitation to give ferric hydroxide slurry,
Fe(OH)s, by elevating the pH to a sufficiently high value in the same process step.
For efficient precipitation of ferric hydroxide, the pH value should be at ieast 3, pref-
erably more than 5. |t is also possible to carry out the reaction in a fluidized bed us-
ing fluidization with a gas flow, in the presence of calcium carbonate to neutralize
the acid aqueous solution. The amount of ferrous ions In the feed solution is up to 5
g/l, preferably less than 4 g/l. Any sulfate in the feed solution Is precipitated with
calcium carbonate from the solution to yield gypsum. Processing of the poorly
sedimenting ferric hydroxide precipitate is complicated, and moreover, a flocculant
IS also necessary for the precipitation thereof. Such precipitates tend to obstruct the
process apparatuses. Solid matter contents of at least 5 g/l, preferably 50 to 200 g/i
are a requirement for the process. Particle size of the solid matter should be less
than 0.5 mm. In the process, sedimented precipitate is circulated to the start of the
process. Microbes are easily detached from the surface of the carrier matter by

bubbles of gas containing oxygen directly fed to the process step where microbes
are present.

WO 02/072486 discloses a fluidized bed reactor having a fluidized bed portion and
precipitation portion combined in the same apparative construction where all proc-
esses, biological oxidation, chemical precipitation and physical sedimentation are
thus carried out concomitantly in the same reactor. Waste water is introduced into
the fluidized bed/precipitation reactor operated continuously, however, no examples
of the composition of said waste water being presented. The fluidized bed is fluid-
ized by means of circulating stream of gas, i.e. air. It is mentioned in the publication
that microbes present in the reaction may be ones oxidizing iron, however highest
possible ferrous iron concentrations in feed solution are not mentioned. In case the
feed solution contains iron, it will be precipitated in the reactor to yield ferric hydrox-



CA 02740343 2013-12-30

4

ide or oxide, followed by sedimenting said precipitate to the bottom of the reactor,
l.e. precipitation portion where it will be removed. There is a region between the
fluidized bed portion and bottom portion where the carrier particles of the fluidized
bed are partly mixed with the sedimenting ferric hydroxide slurry. Since the same
reactor comprises both the biological oxidation and the precipitation (and the inter-
mediate region), it is not possible to optimize the process with respect to any of the
single stages. Used high pH value, even as high as 12, results in high demand of
precipitating chemicals. Moreover, circulation of the gas containing oxygen in the

fluidized bed is not favourable for the activity of the microbial mass.

The article of Omura, T. et al., Biological oxidation of ferrous iron in high acid mine
drainage by fluidized bed reactor, Wat. Sci. Tech., Kyoto 1991, pages 1447-1456,
presents computations that may be applied for modelling the oxidation of ferrous
iron present in acid mine drainage waters to yield ferric iron in a fluidized bed reac-
tor containing Acidithiobacillus ferrooxidans bacteria on Amberlite IRA-938 carrier.
Fluidized bed having microbes is fluidized with air. According to the publication, an
oxidation of 90% was attained at a flow rate of 0.75 to 4.5 I/h, and at a concentra-
tion of ferrous iron of 1 g/l. In the process, the separation of the solution and precip-
itate is carried out in a fluidized bed, thus yielding ferric hydroxide precipitate that
remains in the fluidized bed. Due to obstructions caused by ferric hydroxide, the pH
must be adjusted to a value below 2, even though in theory, the precipitation
should only start at a pH of more than 2.5. As the pH was higher than 2 in the ex-
periment performed in the publication, ferric hydroxide was found to be immediately
precipitated on the carrier surface, and the experiment had to be interrupted. Circu-

lation of the solution in the reactor system used was not described.

The aim Is a quick and efficient removal of iron in industrial scale from agueous ac-

Id solutions containing ferrous ions by the process of the invention.

Further, the process of the invention allows for the elimination of the technical prob-

lems associated with large scale processes described above.

Brief description of the invention

The present invention relates to a process for the removal of iron from aqueous ac-
id solution containing ferrous ions.
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The invention further relates to an apparatus for performing said process.

It was found that the iron content of an acid solution rich in ferrous irons from a hy-
drometallurgic process, for instance from biological heap leaching, may be quickly
and efficiently lowered by passing the solution through a treatment apparatus com-
prising a fluidized bed and a concentrator. The solution to be treated containing fer-
rous iron is first biologically oxidized in a separate fluidized bed reactor to obtain
ferric iron, followed by introducing the ferric iron solution to a concentrator where
the ferric iron compound is precipitated and may thus be removed from the appa-

ratus as solid matter.

With the process and apparatus of the invention, very quick and efficient iron re-
moval, high precipitation capacity and superior properties of the precipitate are
achieved. Moreover, the process used is flexible and applicable for solutions with
very different properties. In addition to iron, also sulfates may be removed from so-
lutions such as waste waters using this process. In the invention, oxidation of iron
by microbes and precipitation of oxidized iron are separate unit operations that may
be separately optimized without compromises. In the process of the invention, the
microorganisms oxidizing iron are attached to the surface of the carrier material,
thus attaining considerably higher biomass concentrations and accordingly higher
oxidation rates of iron than earlier. Moreover, waste waters containing considerably
higher amounts of iron may be treated with the process of the invention in compari-

son to waters that could be treated with processes described in the prior art.

The process of the present invention is considerably more efficient than the pro-
cess described e.g. in the document JP62282698. Waste waters containing signifi-
cantly higher amounts of iron, such as 15 g of Fe*'/l or higher, may be treated with

the process of the invention, whereas waste water containing iron no more than

0.120 g of Fe*'/l could be treated with the process described in the document
JP62282698. An advantage of the process of the invention is also that iron is not
precipitated as hydroxide, for instance in the form of Fe(OH);, which is amorphous
and very finely distributed, making the separation thereof from a solution diffucult.

In the process of the invention, no mechanical agitation is necessary in the biologi-

cal unit operation.



CA 02740343 2013-12-30

6

The process of the present invention is considerably more efficient and may be ap-
plied more widely than the process described for instance in the Indian patent ap-
plication no. 1427/DEL/2004. Solution to be treated may be introduced into the re-
actor with a higher speed, and ferrous iron concentrations of the feed solution may
be significantly higher. In addition, temperature and pH ranges, in which the pro-
cess of the invention may be performed, are wider. Bacteria utilized in the inven-
tion, such as Leptospirillum ferriphilum, tolerate considerably higher ferric concen-
trations than for instance Acidithiobacillus ferrooxidans bacteria. Higher;iron re-

moval efficiency is a further advantage of the process of the invention.

Figure 1 schematically shows a treatment apparatus of the invention.

Figure 2 shows the variation of the oxidation rate of ferrous ions and oxidation effi-
ciency during an experimental stage. The open squares depict the oxidation rate of
ferrous ions (left scale) and the filled squares depict oxidation efficiency (right
scale) as described in Examples 1 and 3.

Figure 3 shows the variation of the oxidation rate of ferrous ions and oxidatiors effi-
ciency during an experimental stage. The open squares depict the oxidation rate of

ferrous ions (left scale) and the filled squares depict oxidation efficiency (right
scale) as described in Examples 2 and 4.

Figure 4 shows the oxidation rates of ferrous ions, and oxidation efficiencies after
adjusting the pH of the solution downstream of the fluidized bed to a value between
2.5 and 3.5 (KOH), and a value between 3.2 and 2.8 (CaCQO3). The open squares
depict the oxidation rate of ferrous ions (left scale) and the filled squares depict ox-

idation efficiency (right scale) as described in Example 5.

Figure 5 shows the variation of the amount of precipitated iron and precipitation ef-
ficiency during an experimental stage. The open squares depict the amount of pre-
cipitated iron (left scale) and the filled squares depict precipitation efficiency (right

scale) as described in Examples 1 and 6.
i
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Figure 6 shows the variation of the amount of precipitated iron and precipitation effi-
ciency during an experimental stage. The open squares depict the amount of precipi-

tated iron (left scale) and the filled squares depict precipitation efficiency (right scale)
as described in Example 2 and 7.

Figure 7 shows the precipitation of ferric ions and precipitation efficiency after adjust-
ing the pH of the solution downstream of the fluidized bed to a value between 2.5 and
3.5 (KOH), and a value between 3.2 and 2.8 (CaCO3). The open squares depict the
amount of precipitated iron (left scale) and the filled squares depict precipitatjon effi-
ciency (right scale) as described in Examples 1 and 8.

Figure 8 shows the analysis of the precipitated product indicating that the solid phase
mainly contains jarosite.
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Detailed description of the invention

In the process according to the first aspect of the invention, an acidic aqueous solu-
tion containing ferrous ions is treated. This solution to be treated may substantially
be any solution fulfilling said criteria. The solution to be treated is preferably se-
lected from the group consisting of an acidic aqueous or process solution from the
treatment of polluted soil, solution produced in the treatment of industrial waste
streams, or waste materials containing metals, and a solution produced in a hydro-
metallurgic process. More preferably, the solution is a solution stream from a
hydrometallurgic, or biological hydrometallurgic leaching process, most preferably a
solution stream containing high amounts of iron and other metals from a biological
hydrometallurgic leaching process, since the process of the invention is particularly
efficient for iron removal, and since the solutions in question are acid and contain
bacteria that oxidize iron and nutrients necessary for the growth thereof. In addition
to iron, these solutions typically contain nickel, cobalt, zinc, copper, manganese,
magnesium, aluminium, sodium, calcium, and anions such as sulfates. Particularly

preferably, the solution itself contains nutrients necessary for the growth of biomass,
thus obviating the separate addition thereof.

According to a preferable embodiment, the acidic aqueous solution containing fer-
rous ions also contains compounds of sulfur, preferably in the form of sulfate ions.

According to another preferable embodiment, the aqueous solution to be treated is
obtained from the recovery of metals from ores by heap leaching. Bacteria oxidizing
iron and sulfur such as At. ferrooxidans naturally grow on ore surfaces and drainage
waters from ore heaps. They are typically indigenous microbes of the regional bio-
logical heap leaching site, and thus well adapted to local environmental conditions.

‘According to an embodiment, cultivation broth is added to the aqueous solution be-

Ing treated, with the purpose of assisting in the growth of the biomass used for oxi-
dation. Said cultivation broth preferably contains trace substances necessary for the
biomass. Said cultivation broth is more preferably a sulfuric acid solution with a pH
of 0.5 to 4.0, according to the application purpose, and contains ammonium sulfate,
sodium sulfate, potassium chloride, potassium hydrogenphosphate, magnesmm
sulfate, and calcium nitrate. Need of chloride, calcium and nitrate in the cultivation
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broth is questionable, but they may be added if necessary. Most preferably, 9K me-
dium known in the art is added as the cultivation broth, containing ammonium sul-
fate for instance about 3 g/l, sodium sulfate for instance about 1.5 g/l, potassium
chloride for instance about 1.5 g/l, potassium hydrogenphosphate for instance about
0.05 g/l, magnesium sulfate for instance about 0.5 g/l, and calcium nitrate for in-
stance about 0.01 g/l. Moreover, cultivation broth may also contain ammonium hy-
drogenphosphate for instance about 0.350 g/l, potassium carbonate for instance
about 0.050 g/l, and magnesium suifate for instance about 0.050 g/l.

The feed solution to be introduced in the fluidized bed may contain valuable metals,

or valuable metals may be removed from the solution prior to the treatment thereof
by the process of the invention.

For the treatment by the process of the invention, the adjustment of the pH value of
the fresh feed solution is generally not necessary. The pH of the feed solution to be
iIntroduced In the fluidized bed is preferably between 0.1 and 7, more preferably be-
tween 0.5 and 7, most preferably between 0.5 and 5. Substantial pH adjustment is
performed upstream of the concentrator. Due to extremely high flow rates the pH of
the solution in the apparatus will become uniform and is almost equal throughout
the apparatus, such as in the reactor. If necessary, the pH may be adjusted with
known chemicals for pH adjustment such as sulfuric acid or a caustic agent.

A general advantage of the invention is the fact that the available pH range Is wide.
In a conventional biological treatment, the pH is typically restricted to values be-
tween 1.5 and 3.0 to guarantee the activity of the biological material used and to
avoid detrimental conditions. In the process of the invention, a more flexible pH
range suitable for the solution to be treated may be used due to the possibility for
effective local dilution of the solution to be oxidized and for controlling the progress
of the solution, i.e. flow rate in the treatment apparatus. This reduces the need to
control the pH, and thus expenses.

A feed solution with a high iron content generally causes problems in conventional
hydrometallurgic processes where iron may not be removed efficiently enough. Re-
duction of the concentration resuits in the need to use larger and more uneconomic
apparatuses and/or higher amounts of the solution to be treated. With the process
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of the invention, it is possible to treat even solutions containing high amounts of dis-
solved iron. Concentration of ferrous iron in the acidic feed solution according to the
invention is preferably 30 g/l or less, more preferably from 3 to 30 g/l, most prefera-
bly from 3 to 20 g/l, such as from 9 to 15 g/l. Iron concentrations and contents of the
feed solutions to be treated typically depend on the mineralogy of the ore, and may
vary widely among different deposits. For this reason, the flexibility considering the
composition of the feed solution obtained with the process of the invention is an ad-

vantage, thus allowing for the use of the process in many different operation envi-
ronments.

In the process of the invention, iron is removed from the acid aqueous solution con-
taining ferrous ions at least by the following steps: a

In the first step (a), the acid aqueous solution containing ferrous ions, that is, the
solution to be treated, is introduced in the fluidized bed reactor where the ferrous
lons are oxidized preferably by microbes to give ferric ions, the solution flowing
through the fluidized bed of the reactor with a rate sufficient to provide efficient flu-
idization and mixing. In the second step (b), the solution from step (a) substantially
containing ferric ions is passed to a concentrator where a sulfuric compound con-
taining ferric ions is allowed to precipitate from the solution to yield solid matter, fol-
lowed by the recovery of the solid matter thus obtained, containing ferric ions. In the
fluidized bed reactor, an efficient biological oxidation of iron is achieved. Preferably
In the biological oxidation, microbes oxidizing ferrous ions to give ferric ions are at-

tached to the surface of a carrier material. The bed composed of the carrier material
Is fluidized and mixed by a sufficient amount of a solution flowing upwards, prefera-

bly by the solution being circulated in the apparatus of the invention and being
pumped into the fluidized bed reactor.

The expression "sufficient rate" in step (a) refers to the flow rate of the solution ob-
tained when the overflow from the concentrator, the amount thereof being for in-
stance 6 to 650 fold compared to that of the feed solution, is combined with the feed
solution, and the amount of solution thus obtained, that is, "sufficient amount” is
passed through the fluidized bed. The rate of flow of the solution through the fluid-
ized bed Is maintained effective to achieve an efficient oxidation process and to
prevent the oxidized compound from precipitating already in the fluidized bed reac-



10

15

20

25

30

CA 02740343 2011-04-12

10

tor. A sufficient rate of flow of the solution through the fluidized bed refers to the flow
rate preventing local concentrations for instance on the microbes or next to them
from getting too high, the kinetics of precipitation being slow enough with respect to
said rate of flow of the solution through the bed, precipitation in the fluidized bea
being thus substantially avoided.

In case the solution combined with the fresh feed solution is efficiently circulated
and sufficiently diluted in the fluidized bed, any toxic effects on the microbes of the
bed are avoided. At the same time, the fluidized bed is maintained free from any

precipitations, thus reducing necessary maintenance and problems and costs asso-
clated therewith.

The feed solution to be introduced upstream of the fluidized bed Is also diluted by
the solution circulated with high rate, and accordingly, separate dilution of the solu-
tion to be treated is no longer necessary prior to feeding in the process.

Sufficient amount of the solution refers to the solution obtained by circulating the
solution already depleted of iron compounds upwards in the fluidized bed and by
introducing fresh feed solution to the reactor. Then the total amount of solution
passing through the fluidized bed is high, preferably from 6 to 650 fold compared to
the amount of fresh feed solution. In smaller scale operation, such as in laboratory
or a pilot plant, a preferable amount is from 150 to 650, most preferably from 150 to
320 fold with respect to the amount of fresh feed solution. For a large industrial
scale, those skilled in the art are able to estimate a rough approximation of the total
amount of solution on the basis of experiments carried out in a laboratory or a pilot
plant. More preferably, the amount for the industrial scale Is from 7 to 150, most
preferably from 9 to 150, such as from 9.5 to 50 fold compared to the amount of
fresh feed solution to prevent the total amount to be circulated from becoming ex-
cessively high, and further, to be able to perform the circulation in an economically
feasible manner using reasonable apparatuses and with reasonable costs. At the

same time, the rate of flow through the fluidized bed becomes sufficiently high, the
term "sufficient” being defined above.

The difterence between the volumes of the fluidized bed during shut down and op-
eration, respectively, is illustrated by fluidization ratio. Preferably for the inventive
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fluidization, said fluidization ratio is between 20 and 40%, preferably between 25
and 35%, most preferably about 30%. Mass transfer thus achieved is particularly
efficient due to high reactive surface area of the biofilm obtained. With this ar-

rangement, also the so-called channel flow and obstruction may be avoided, as op-
posed to other constructions.

Fresh feed solution to be treated, containing iron, is mixed with the solution circu-
lated by pumping with high velocity.

According to a preferable embodiment, the rate of flow through the fluidized bed is
between 30 and 50 I/h, preferably between 35 and 45 I/h, for a laboratory scale.

According to another preferable embodiment, the rate of flow through the fluidized

bed is between 700 and 1100 I/h, preferably between 750 and 1050 I/h, for a pilot
plant scale.

Preferably, the rate of feeding of the fresh solution to the reactor is at least 0.1 I/h,
more preferably at least 2.4 I/h, most preferably at least 4.8 I/h, such as 9.6 I/h. In
this case, the theoretical residence time (HRT) of iron present in the fresh feed solu-
tion in the fluidized bed is less than 4 h, preferably less than 3 h, more preferably
less than 1 to 3 h for instance for a pilot scale plant comprising a reactor with a total
volume of 14 |, and a fluidized bed with a volume of 9.3 | during fluidization.

If necessary, the solution flowing through the fluidized bed reactor may be heated.

Preferably, the temperature of the solution is adjusted to a value between 15 and
45°C, more preferably between 30 and 40°C.

According to a preferable embodiment, the pH value of the circulated solution is
adjusted downstream of the fluidized bed, prior to passing to the concentrator. If
necessary, the pH may be adjusted by the addition of chemicals for pH adjustment
known for this purpose, such as sulfuric acid, or a caustic agent, preferably a caus-
tic agent. Preferably after the adjustment, the pH value of the solution being passed
to the concentrator is more than 1, preferably more than 2, most preferably more
than 2.5. It is moreover preferable that the pH is maintained below 4, such as be-
tween 1 and 4, more preferably below 3.5, such as between 2 and 3.5, or 2.5 and
3.9, most preferably below 3, such as between 2 and 3, or 2.5 and 3. Precipitation is
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made more efficient by elevating the pH, resulting however to increased consump-
tion of chemicals for pH adjustment. However, as said above, it is not always nec-
essary to adjust the pH, since a reasonably wide pH range is acceptable in the
process for the solution to be treated. Particularly, it is not necessary to adjust the
pH of the solution introduced in the fluidized bed, whereas the pH of the solution
passed into the precipitation reactor should be adjusted to be in the range allowing
for the precipitation of the iron compound containing sulfur.

No gas Is introduced in the fluidized bed for fluidization. The fluidization is achieved

by liquid flow consisting of a mixture of the fresh feed solution and circulated solu-
tion. Either solution or both of them may be oxidized either separately or together,

preferably aerated prior to passing the solution to the fluidized bed. It is desirable to

avoid gas fluidization since microbial mass is detached from the carrier material by
gas flow, which is detrimental to the operation of the fluidized bed.

According to a preferable embodiment, there is a separate aeration tank upstream

of the fluidized bed for aerating the solution prior to the introduction thereof in the
fluidized bed.

The efficiency of oxidation of the ferrous solution is in the range of more than 90%,

preferably 95%, more preferably 96%, most preferably 97% or above, such as more ‘
than 99%. The oxidation rate is between 1 and 8.5 g/l-h, preferably between 3.3 and
7 g/l-h, most preferably between 4 and 7 g/l-h. In this case the amount of ferrous
lons migrating from the reactor to the precipitation step will be very low, preferably
less than 0.1 g/l. Oxidation is also seen from the increase of the redox potential, the
potential of the solution leaving the reactor being preferably more than 450 mV.
While the amount of dissolved oxygen in the solution may remain at the level suffi-
cient for the maintenance of microbial activity, it is preferable to introduce in the re-
actor additional oxygen by aeration, if necessary. In the mass transfer of oxygen, a
value of 35 kg O./m>.d or less is attained. More than 85% of the amount of ferric

iron in the feed solution may be precipitated therefrom, preferably more than 90%,
more preferably more than 95%.
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According to a preferable embodiment, glass beads or bodies of ceramic material
are used on the bottom of the reactor to promote the even distribution of the liquid
flow and/or to prevent the carrier material from leaving the reactor.

The suitable carrier material should have a high specific surface area, a high poros-
ity, and further, be sufficiently inert for the application purposes in question. In the
process of the invention, typical carrier materials suitable for biomasses are used.
Preferably, the carrier is activated carbon, diatomaceous earth, such as celite, alu-
mina, or another suitable ceramic material. More preferably, the carrier material is
activated carbon due to maximum sufrace area attained.

According to the process of the invention, microbes that may be attached on the
carrier are preferably used in the fluidized bed reactor. Said microbes may belong to
a bacterial strain well suited for the conditions in question, such as acidophilic bac-
terial strain oxidizing iron. The bacteria may be any bacteria useful for the oxidation
of iron under acidic conditions. The bacteria may preferably be selected from the
group consisting of Acidithiobacillus ferrooxidans, Leptospirillum ferrooxidans, Aci-
dimicrobium ferrooxidans, and Lepftospirillum ferriphilum. Most preferable are the
bacteria of the species Leptospinllum ferriphilum tolerating particularly high ferric
iron concentrations. Local occurence may serve as a criterium for the selection of
the bacterial species; in this case, It is preferabie to favour populations inherent In
and to be enriched from the hydrometallurgic process, mine drainage water, or the

environment of the application site, given the assumed acclimatisation to the local
conditions.

Once the oxidized solution is removed from the fluidized bed, the total amounts of
the carrier material and microbes substantially remain therein.

In the secohd step of the process of the invention, the solution substantially contain-
ing ferric ions, obtained from the fluidized bed used in the first step, is passed to the

-~ concentrator for the precipitation of a compound containing ferric ions from the solu-

tion to yield solid matter, followed by the recovery of said solid matter containing
ferric ions thus obtained.

The precipitation is performed in the concentrator where the precipitating solid mat-
ter of the solution Is sedimented during a sufficient residence time. The concentrator
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IS a device for the separation of the precipitate from the mother liquor by gravity.
Mother liquor is removed from the concentrator in the form of a clear overflow, while
the solid matter to be removed, the precipitate, will be enriched in the bottom prod-
uct. The precipitate formed is recovered via a valve on the bottom of the concentra-
tor, whereas the settled liquid phase such as the overflow is passed to subsequent
treatments. The precipitate thus formed is readily sedimented without the need of

precipitation aids such as flocculating agents, which cause extra costs and envi-
ronmental loads.

The feed solution contains sulfur com'pounds, particularly in the form of sulfates.
Ferric ions are then precipitated from the solution in the form of compounds of iron
with sulfur in the known manner, and thus compounds of sulfur containing iron,
preferably ferric sulfate, more preferably jarosite, are present in the solid matter re-
covered. Besides iron, also sulfur is removed from the solution, without the need of
any additional aids to bind iron. lron may be preferably precipitated in the form of
Na, K, NH4 or hydronium jarosite. Typically, precipitated ferric iron is a solid solution
consisting of different types of jarosites. Most preferably, jarosite precipitation is car-
ried out according to Figure 7 as sodium jarosite. Relatively high sodium concentra-
tions In the solution to be treated, or use of caustic agents for pH control are re-
quired for this precipitation. Quick precipitation in the form of either potassium or
ammonium jarosite may be performed equally, and thus the composition of the
jarosite may be adjusted by the concentrations of monovalent cations.

The temperature during the precipitation is below 70°C, preferably below 60°C,

- most preferably below 37°C, such as between 30 and 37°C. The retention time in

the precipitation is preferably between 0.5 and 1.5 h, more preferably about 1 h for
laboratory scale, and between 2.5 and 3.5 h, more preferably about 3 h, for pilot
scale, and the precipitate thus obtained will be readily separated and sedimented.
Sludge volume index, SVI, illustrating the sedimenting ability of the precipitate, var-
les between 3 and 45 ml/g, preferably between 5 and 30 ml/g, according to the ex-
perimental conditions.

According to a preferable embodiment, the solution leaving the fluidized bed is
passed to pH adjustment, preferably carried out in a separate unit or tank for pH
adjustment. Precipitation of ferric iron may be enhanced and the quality of the pre-



10

15

20

25

30

CA 02740343 2011-04-12

15

Cipitate obtained may be improved by elevating the pH of the solution. Adjustment
of the pH value may be carried out in a known manner, for instance by using an
automatic titration apparatus. As the pH adjusting agent to be added, compounds
suitable for this purpose, preferably bases, more preferably sodium hydroxide, po-
tassium carbonate, or potassium hydroxide solution may be used, most preferably
potassium carbonate slurry. Preferably, the pH adjusting agent is added in a sepa-
rate tank with efficient mixing. The residence time of the solution in this step is suffi-
cient, preferably less than 1 hour, more preferably less than 40 min, most preferably
less than 10 min, such as between 5 and 10 min to mix the adjusting agent with the
solution to be treated in a sufficiently uniform manner, and to enable a sufficiently
completed reaction between the two.

Liguid phase from the precipitation step is preferably passed to aeration. Microbes
oxidizing iron are aerobic, and thus require oxygen to be active. The aeration is car-
red out using a gas containing oxygen, preferably using air or pure oxygen, most
preferably using pure oxygen. For the aeration, the solution is preferably passed to
a separate aeration tank for feeding the gas containing oxygen in the form of small
bubbles to the solution to be aerated, for instance through a sintered means or an-
other suitable manifold for distributing a gas stream to perform an oxidation with
maximum uniformity and efficiency. Preferably, the solution to be treated, most
preferably comprising both the feed and the circulated solutions, is aerated prior to
the introduction thereof in the fluidized bed In step (a).

Further, according to a preferable embodiment, the solution obtained after step (b),
depleted of ferric ions, preferably the aerated solution is partly or totally circulated In
the same process in question or in a different process. Preferably the solution In
qguestion, preferably the aerated solution, is substantially circulated back to the feed
of the fluidized bed reactor in step (a), that is, the solution is continuously circulatea
in the apparatus. Preferably, the solution obtained after step (b), the circulated solu-
tion, is circulated back to step (a), while removing the solution from the process at a
rate equal with the rate of feed of the solution to the process. Substantially no solid
matter, such as sludge containing ferric iron and sulfur, is present in the circulated
solution, the content of solid matter being below 1% by weight.
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Figure 1 shows a preferable embodiment of the present invention where the feed solu-
tion 1 is first passed to the fluidized bed reactor 2 of the treatment apparatus for the
oxidation of ferrous iron. From the fluidized bed, the oxidized ferric iron is introduced
to pH adjustment 3, and further, to mixing tank 4. From the mixing tank, the ferric iron
solution is passed to the concentrator 5 for sedimenting the precipitating ferric com-
pound on the bottom of the tank, followed by recovery thereof through the valve A.
The overflow of the tank is passed to the aeration unit 6, followed by substantial circu-
lation thereof via the valve 7 back to the feed stream of the fluidized bed 2. If neces-

sary, part of the aerated solution B may be removed from the aeration unit.

The process of the invention may be used for the treatment of any acid solution con-
taining ferrous iron to recover iron and/or to lower the iron content of the solution.
Preferable applications are directed to the treatment of acid aqueous and process so-
lutions produced in the decontamination of polluted soil, industrial waste streams, or
waste materials containing metals, or the treatment of solution streams from
hydrometallurgic or biohydrometallurgic leaching processes. More preferably, the pro-
cess Is applied to solution streams from hydrometallurgic or biohydrometallurgic

leaching processes, most preferably solution streams containing high amounts of iron
and other metals, and sulfates.

The process of the invention may also be a part of a system for iron precipitation in a
hydrometallurgic application, according to the desired processing parameters, and fi-

nal result, need of iron removal, or the amount of iron. Preferably, the process may be

used in combination with chemical precipitation.

According to another aspect of the invention, a treatment apparatus is provided for

removing iron from an acid aqueous solution containing ferrous ions.

The apparatus of the invention comprises at least one fluidized bed reactor suitable
for the oxidation of ferrous ions to give ferric ions, and resistant to the acidity of the
solution to be treated. Preferably, said fluidized bed comprises carrier materials de-

scribed above, more preferably activated carbon, and microbes necessary for the
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oxidation reaction, most preferably Leptospirillum ferriphilum bacteria. Means nec-
essary for the operation of the fluidized bed are known in the prior art.

Moreover, at least one concentrator is present in the apparatus of the invention for
the precipitation of the ferric ions from the solution to give solid matter, which is re-
covered. The concentrator is consistent with the prior art.

Further, the apparatus of the invention comprises means for efficient circulation of
the solution in the apparatus.

These parts of the apparatus are separate functional units where conditions may be

aadjusted independently. Thus, each process step may be performed under condi-
tions that are typical and optimal for said step.

In addition to the fluidized bed reactor, concentrator, and means for the circulation

of the solution, the apparatus also comprises means for the adjustment of pH and
mixing. They are preferably located between the fluidized bed and precipitation

tank. More preferably, the means for mixing the solution are located in the unit for
pH adjustment.

Means for aeration of the solution, such as the aerating unit, is preferably connected
to the outlet of the precipitation tank upstream of any circulation of the solution to
the fluidized bed and/or immediately upstream of the fluidized bed.

The apparatus of the invention is preferably operated continuously. In this case,
circulated, purified solution is removed, if necessary.

With the process and apparatus of the invention, quick and efficient iron removal
from the solution to be treated is achieved. By elevating the ferrous iron content in
the feed solution, the oxidation rate of iron may be increased, whereas the adjust-
ment of pH of the circulating solution allows for the optimization of the precipitation
of ferric iron. Further, by controlling the circulation rate of the liquid phase, flexibility
In the treatment of different feed solutions is achieved.

The invention is illustrated with the following examples, without wishing to limit the
scope thereof. |
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Examples

In the experiments of the examples, the concentration of ferrous ions is assayed by
spectrophotometric means (Shimadzu UV 1601, Japan) for laboratory scale and
with the Novaspec Il instrument (Pharmacia, Sweden) for pilot plant experiments,
using a colorimetric ortho-phenanthroline method. If necessary, similar suitable in-

struments known in the art for colorimetric or spectrophotometric determination of
absorbance may be used.

The oxidation rate in the fluidized bed is calculated as the difference between the
ferrous iron contents in the feed solution and the effluent of the fluidized bed, re-

spectively, based on the feeding rate for the volume of fluidized bed of activated
carbon.

Total concentration of dissolved iron is assayed by atomic absorption spectropho-
tometry (Perkin Elmer 1100 USA), and optical emission spectrometry (Optima 2100
DV, Perkin Elmer, USA). The amount of precipitated ferric iron in g/l is calculated as
the difference between the total amounts of ferric iron in feed solution and effluent,
respectively. Precipitation rate is also expressed in g/day for laboratory experi-

ments. Precipitation efficiency is calculated as the percentage of ferric iron of the
total amount of ferrous iron in the feed.

pH and the redox potential are determined using the instrument WTW pH 315i

(WTW, Germany), and Orion 3 Star (Thermo), while dissolved oxygen is determined
with the instrument WTW OXI96 (Weilheim, Germany) and LDO HQ10 (Hach,
USA).

If necessary, similar instruments known in the art suitable for the assays described
above may be used.

Example 1

In laboratory scale experiments, a fluidized bed is used, comprising activated car-
bon as the carrier (Calgon Carbon Filtrasorb 200), and biomass oxidizing iron, Lep-
tospiriilum ferrophilum, on the surface thereof. The temperature of the reactor is
37°C, the total volume of the fluidized bed reactor is 500 ml, the volume of the fluid-
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ized bed being 340 ml during fluidization. Retention time in the fluidized bed is two
hours. A unit for pH adjustment with a volume of 4.5 | is connected to the fluidized
bed. After the retention time In the adjustment unit of 7 min, the solution is passed
to the precipitation unit. The volume of the precipitation unit i1s 40 |, the retention

time of the solution to be precipitated in said unit being one hour. The apparatus is
continuously operated.

Ferrous ion content of the solution introduced in the reactor is 14 g/l, the rate of
pumping of said solution to the reactor being 0.17 I/h. Total amount of the solution
passing through the fluidized bed is about 200 times higher than that of the fresh
feed. pH of the solution is adjusted to a value of 2.8 using aqueous calcium carbon-
ate slurry. Redox potential of the feed solution is from 330 to 350 mV.

The overfiow of the precipitation unit is passed to aeration by air. The aerated solu-
tion is circulated to the feed of the fluidized bed.

As the result, 99.7% of the ferrous ions are oxidized at an oxidation rate of 7 g of
Fe**/I+h, and 96% of the ferric ions generated are precipitated in the form of
jarosite, at the rate of 55 g/day. Redox-potential of the solution leaving the fluidized

bed was between 470 and 510 mV, whereas the amount of dissolved oxygen re-
mained in the range of 4.6 + 0.8 g/l.

Example 2

Under pilot plant conditions, a fluidized bed reactor is used, comprising activated
carbon as the carrier (Calgon Carbon Filtrasorb 200), and biomass oxidizing iron (L.

ferriphilum), on the surface thereof. The temperature of the reactor is 37°C. The
total volume of the fluidized bed reactor is 14 |, the volume of the fluidized bed being
9.3 | during fluidization. Retention time of the solution in the fluidized bed is three
hours. A unit for pH adjustment with a volume of 70 | is connected to the fluidized
bed, the retention time of the sludge in said unit being 4.3 min. From the unit for pH
adjustment, the solution is passed to the precipitation unit having a volume of 2.9
m?®, the retention time of the solution in said unit being 2.9 hours.

Ferrous ion content of the solution introduced in the reactor is 7 g/l, the rate of
pumping of said solution to the reactor being 3.2 I/h. Total amount of the solution
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passing through the fluidized bed is about 300 times higher than that of the fresh

feed. pH of the solution is not specifically adjusted, the pH value being approxi-
mately 2.3.

As the result, 99.8% of the ferrous ions are oxidized at an oxidation rate of 1.9 g of

Fe*/l-h, and 85% of the ferric ions generated are precipitated in the form of
jarosite.

Example 3

With the experimental arrangement of Example 1, oxidation rates of ferrous ions

and oxidation efficiencies shown in Figure 2 are attained when the pH of the solu-
tion is adjusted using CaCOs.

Example 4

With the experimental arrangement of Example 2, oxidation rates of ferrous ions
and oxidation efficiencies shown in Figure 3 are attained.

Example 5

With the experimental arrangement of Example 1, with the exception that the Fe*"
content of the feed solution varies, and both KOH and CaCO; are used for pH ad-

justment of the solution, oxidation rates of ferrous ions and oxidation efficiencies
shown In Figure 4 are attained.

Example 6

With the experimental arrangement of Example 1, variations of the amount of pre-

cipitated iron and precipitation efficiency, respectively, shown in Figure 5 are at-
tained in case the pH of the solution is adjusted using CaCO:.

Example 7

With the experimental arrangement of Example 2, variations of the amount of pre-

cipitated iron and precipitation efficiency, respectively, shown in Figure 6 are at-
tained.
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Example 8

With the experimental arrangement of Example 1, with the exception that the Fe*’
content of the feed solution varies, and both KOH and CaCO; are used for pH ad-
justment of the solution, variations of the amount of precipitated iron and precipita-
tion efficiency, respectively, shown in Figure 7 are attained.

Example 9

With the experimental arrangement of Example 1, with the exception that pH was
adjusted with potassium hydroxide, the precipitated jarosite product was found to be
mainly in the form of hydronium and potassium jarosite, as determined by X ray dif-
fraction assay. The diffractogram is shown in Figure 8.
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What is claimed is:

1. Process for extracting iron from an aqueous acid solution containing
ferrous ions wherein the process comprises the following steps:

(@) introducing the acidic feed solution (1) containing ferrous ions, wherein the
concentration of the ferrous iron is from 3 to 30 g/l, to a fluidized bed reactor (2)
wherein the ferrous ions are biologically oxidised into ferric ions, while said
solution is being passed through the fluidized bed reactor at a flow rate of from 6
to 650 fold compared to the amount of fresh feed which flow rate is sufficient for
efficient fluidization and mixing,

(b) introducing the solution from step (a), substantially containing ferric ions, to a
concentrator (5) wherein a compound containing ferric ions and sulfur is
precipitated from the solution to obtain solid matter, followed by the recovery of
the solid matter containing ferric ions and sulfur thus obtained
wherein the pH of the solution is adjusted downstream of the fluid bed reactor (2)

and prior to the concentrator (5) in a separate mixing tank to a value between 2
and 4.

2. Process according to claim 1, wherein said aqueous solution containing
ferrous ions also contains sulfate ions.

3. Process according to claim 1 or 2, wherein the solid matter containing ferric
ions comprises ferric suifate.

4. Process according to claim 3, wherein the ferric sulfate is jarosite.

5. Process according to any one of the claims 1-4, wherein the feed rate of
the fresh solution introduced in the fluidized bed reactor is at least 2.4 I/h.

6. Process according to any one of the claims 1—4, wherein the feed rate of
the fresh solution introduced in the fluidized bed reactor is at least 4.8 i/h.
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7. Process according to any one of the claims 1—4, wherein the feed rate of
the fresh solution introduced in the fluidized bed reactor is at least 9.6 |/h.

8. Process according to any one of the claims 1-7, wherein a solution
depleted to an extent of at least 85% of the ferric ions is obtained from step (b)
and is circulated to the feed of the fluidized bed reactor (2) of step (a).

9. Process according to claim 8, wherein prior to reintroduction in the fluidized
bed reactor (2) in step (a), said solution is aerated.

10.  Process according to any one of the claims 1 to 9, wherein the feed
solution (1) Is selected from the group consisting of an acidic aqueous or process
solution from the treatment of polluted soil, a solution produced in the treatment of
iIndustrial waste streams or waste materials containing metals and a solution
produced in a hydrometallurgical process.

11.  Process according to any one of the claims 1 to 10, wherein the pH of the
feed solution (1) is adjusted to a value between 1.0 and 4.0.

12. Process according to any one of the claims 1 to 10, wherein the pH of the
feed solution (1) is adjusted to a value between 2.0 and 3.5.

13. Process according to any one of the claims 1 to 10, wherein the pH of the feed
solution (1) is adjusted to a value between 2.5 and 3.5.

14, Process according to any one of the claims 1 to 13, wherein the
concentration of the ferrous iron in the feed solution (1) is between 3 and 20 g/l.

15. Process according to any one of the claims 1 to 13, wherein the
concentration of the ferrous iron in the feed solution (1) is between 9 and 15 g/l.
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16. Process according to any one of the claims 1 to 15, wherein the ferrous
ions are oxidized in fluidized bed (2) by microbes on a surface of a carrier
material.

17.  Process according to any one of the claims 1 to 16, wherein the oxidation
rate of ferrous ions in the fluidized bed (2) is between 1.0 and 8.5 g of Fe?* I-'Th-1.

18. Process according to any one of claims 1 to 17, wherein the fluidization

ratio of the fluidized bed (2) is between 20 and 40 % and temperature is between
15 and 45 °C.

19. Process according to any one of the claims 1-9 and 11-18, wherein said
process is part of a system for the precipitation of iron in a hydrometallurgical
application.

20. Process according to any one of the claims 1-9 and 11-18, wherein said
process is part of a system for the precipitation of iron in a hydrometallurgical
application in combination with a chemical precipitation.

21.  Apparatus for the extraction of iron from agqueous acid solutions containing
ferrous ions wherein said apparatus comprises the following separate units:

(a) at least one fluidized bed reactor (2) for biologically oxidizing ferrous ions to
vield ferric ions; and

(b) means (3, 4) for adjusting the pH of the solution which is obtained from said
fluidized bed reactor and which is passed to a concentrator, to a value between 2
and 4, and for mixing said solution, said means residing after said fluidized bed
reactor (2) and before said concentrator (5); and

(C) at least one concentrator (5) connected to the fluidized bed reactor (2) via said
means (3, 4) for pH adjustment, and said ferric ions are precipitated from the
solution in said concentrator (5) to give solid matter that will be collected; and

(d)  means for effective circulation of the overflow solution from the concentrator to

the fluidized bed reactor in the apparatus capable of providing a flow rate from 6
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to 650 fold compared to the amount of fresh feed that is passed through the
fluidized bed reactor.

22. Apparatus according to claim 21, wherein the apparatus is a continuously
operating apparatus.

23. Apparatus according to any one of the claims 21-22, wherein said
apparatus comprises an aeration unit (6) for aeration of the circulated solution.

24. Apparatus according to any one of the claims 21-23, wherein said fluidized

bed reactor comprises microbes and carrier material for biologically oxidizing
ferrous ions to ferric ions.

25.  Apparatus according to claim 24, wherein said microbes are L. ferriphilum.

26.  Apparatus according to claim 24, wherein said carrier material is activated
carbon.
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