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METHOD FOR THE RECOVERY OF VALUABLE METALS AND ARSENIC 

FROM A SOLUTION

FIELD OF THE INVENTION

5 The invention relates to a method for the treatment of material containing at 

least one valuable metal and arsenic to form a valuable metal-depleted 

scorodite sediment and a pure aqueous solution to be removed from the 

process. According to the method, the valuable metals are first removed from 

the material to be treated and then arsenic precipitation from the solution is 

io performed in two stages. The aim is to use the method to obtain as low a 

valuable metal content as possible in the scorodite sediment that will be 

formed. Likewise, the arsenic and valuable metal content of the aqueous 

solution that is formed during arsenic precipitation also remains so low that

the water can be released into the environment.

15

BACKGROUND OF THE INVENTION

Arsenic appears in nature in many different formations. Very commonly 

arsenic appears with iron and copper, but also with nickel, cobalt, gold and 

silver. Arsenic is also the most important impurity to remove during recovery

20 of non-ferrous metals. During pyrometallurgical processes the majority of 

arsenic remains in the fly ash of the waste heat boiler and electric furnace. 

The utilisation of arsenic has not grown in relation to its recovery, so the 

majority of arsenic has to be stored in the form of waste. Since arsenic and 

its compounds are toxic, they must be turned into as poorly soluble a form as

25 possible before they are removed from the process. The less soluble arsenic 

compounds in the neutral pH zone are for instance zinc, copper and lead 

arsenates, but the binding of arsenic to these valuable metals is not under 

serious consideration, specifically because of the valuable metal content that 

remains in the waste. One current arsenic precipitation method that is 

so frequently used is to precipitate arsenic with iron as ferric arsenate, which is 

fairly insoluble. In particular, the crystalline form of ferric arsenate, scorodite,

FeAsO4 2H2O, is less soluble than its other form, amorphous ferric arsenate.
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One arsenic recovery method is described in CA patent application 2384664,

which presents a method for the recovery of arsenic from an acidic solution

that also contains copper and divalent and trivalent iron. Arsenic precipitation

5 is performed in one stage, wherein the stage comprises several stirred tank 

reactors into which air is passed. The temperature of the reactors is held in 

the range of 60 - 100°C to prevent the co-precipitation of copper. In order to 

precipitate the ferric arsenate, a neutralizing agent is fed into the reactors, 

helping to maintain the pH value between 1.5 - 1.9. The precipitated ferric 

io arsenate is recycled to the first reactor and ferric arsenate compounds are 

fed into the solution as seeds. Arsenic recovery is connected to sulphidic 

concentrate leaching, which occurs by means of trivalent iron. The solution 

from concentrate leaching is routed to the arsenic removal described above, 

and the solution exiting arsenic removal is routed in turn to copper extraction.

15

US patent 6,406,676 describes a method for removing arsenic and iron from 

an acidic solution that is generated in the hydrometallurgical treatment of 

concentrate. Arsenic and iron precipitation are performed in two steps, where 

the pH is kept in the range of 2.2 - 2.8 in the first precipitation step and

20 between 3.0 - 4.5 in the second step. Lime is added to both precipitation 

steps and in addition air is injected in the second step. Each step produces 

its own iron-arsenic residue, and the residue from the second step is 

recycled to the first step where any unreacted lime can be exploited in the 

first stage. The residue from the second step can also be recycled to the

25 beginning of the same step to improve the crystallisation of the residue. 

According to the example, the method is applicable for a zinc-containing 

solution and it is stated that zinc is not precipitated with the iron and arsenic, 

but can be recovered after this treatment.

30 The article by Wang, Q. et al entitled “Arsenic Fixation in Metallurgical Plant 

Effluents in the Form of Crystalline Scorodite via a Non-Autoclave Oxidation- 

Precipitation Process”, Society for Mining Metallurgy and Exploration, Inc,
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2000, describes a method for removing arsenic from fly ash, in which arsenic 

is recovered as scorodite. The first treatment stage of the arsenic-containing 

material is the oxidation of trivalent arsenic (As(lll)) into pentavalent arsenic 

(As(V)) with a gas containing sulphur dioxide and oxygen in oxidising 

conditions, in which arsenic does not precipitate. After this, arsenic is 

precipitated in atmospheric conditions, in which the Fe(lll)/As(V) mole ratio is 

specified as 1. Precipitation is carried out either in one or several stages, but 

precipitation as scorodite demands the over-saturation of the solution, which 

is achieved by recycling scorodite crystals to the first precipitation reactors 

and simultaneously neutralising the suspension. A beneficial pH range is 

around 1-2 and this is maintained by feeding a suitable neutralising agent 

into the precipitation stage. In these conditions, arsenic can be precipitated 

to the level of 0.5 g/l. The final arsenic removal to a level below 0.1 mg/l is 

done by means of a second purification stage, in which the iron and arsenic 

Fe(lll)/As(V) mole ratio is adjusted to a value in a range of 3-5 and the pH to 

a value between 3.5-5. The amorphous precipitate generated in this stage is 

routed back to the first precipitation stage, where it dissolves and precipitates 

again as scorodite. It is stated in the article that if valuable metals are 

present in the solution, they can be recovered after arsenic precipitation.

The tests described in the article mentioned above give a good 

understanding of arsenic precipitation, but in all the tests carried out, arsenic 

precipitation was done first and recovery of valuable metals afterwards. The 

disadvantage of these methods is that water-soluble valuable metals 

originating from an alkaline solution remain in the ferric arsenate residue 

precipitated from the solution containing valuable metals, and cannot be 

recovered even after thorough washing.

PURPOSE OF THE INVENTION

The purpose of the present invention is to eliminate the drawbacks that have 

appeared in the methods described above and thus to achieve a better 

recovery of valuable metals. In the method according to the invention, the
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recovery of valuable metals such as copper from the material to be treated is 

carried out first and arsenic removal is performed after this, so that in 

addition the concentration of the valuable metals and arsenic in the aqueous 

solution to be removed from the process is made so low that it can be

5 discharged into the environment.

SUMMARY OF THE INVENTION

The characteristic features of the method according to the invention are 

presented in the attached claims.

io

The invention relates to a method for treating material that contains at least 

one valuable metal and arsenic, and the purpose is to produce a scorodite 

residue that can be stored, which has a low valuable metal content, and a 

pure aqueous solution that can be removed from the process. A dilute acidic

15 solution is formed of a material containing a valuable metal and arsenic and 

first at least one valuable metal is removed from the dilute acidic solution by 

means of liquid-liquid extraction and/or precipitation, after which the valuable 

metal-depleted solution is routed to two-stage arsenic removal. In the first 

stage of arsenic removal the majority of the arsenic in the dilute acidic

20 solution is precipitated as scorodite FeAsO42H2O and the solution exiting 

precipitation is routed to the second precipitation stage, in which the rest of 

the arsenic is precipitated as amorphous ferric arsenate, which is recycled to 

the first precipitation stage. The arsenic content of the aqueous solution 

removed from the precipitation stage is in the range of 0.01 - 0.2 mg/l.

25

The invention further relates to a method for treating a material containing at 

least one valuable metal and arsenic to form a valuable metal-depleted 

scorodite sediment and a pure aqueous solution to be discharged, including: 

contacting with a dilute acid the material containing the valuable metal and

30 arsenic to form a dilute acidic solution of components thereof; removing at 

least one valuable metal from the dilute acidic solution by liquid-liquid 

extraction to form a valuable metal-depleted solution; routing the valuable

26QtO52_1 (GHMatters) P74384.AU —13/047^011

P74384.AU
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metal-depleted solution to a two-stage arsenic removal, including: in a first 

arsenic removal stage, precipitating arsenic as scorodite (FeAsC^FLO), 

which is suitable for storing, and forming a first exiting solution; and in a 

second arsenic removal stage, precipitating arsenic from the first exiting

5 solution as amorphous ferric arsenate (FeAsO4), which is recycled to the first 

arsenic removal stage, and producing a second exiting solution, wherein the 

second exiting solution has an arsenic concentration of around 0.01-0.2 mg/l.

According to one preferred embodiment of the invention, the material 

io containing a valuable metal and arsenic is the fly ash formed in the

pyrometallurgical treatment of non-ferrous metals.

According to another embodiment of the invention, the material containing a 

valuable metal and arsenic is the calcine formed in pyrometallurgical
15 treatment of non-ferrous metals.

2605852,1 (GHMatlers) P74384.AU - 13/04/11

P74384.AU
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According to one embodiment of the invention, at least some of the dilute 

acid used in leaching material which contains a valuable metal and arsenic is 

the arsenic-containing dilute acid generated in the treatment of non-ferrous

5 metals. Such is for instance the dilute acid generated in scrubbing arsenic- 

containing gases. The acid is preferably sulphuric acid, with a concentration 

of 10-200 g/l.

According to one preferred embodiment of the invention, the valuable metal 

io to be recovered is copper.

In an embodiment according to the invention, the Fe/As mole ratio in the first 

arsenic precipitation stage is adjusted to be between 1-1.1 and an oxidant is 

fed into the stage to oxidise the arsenic to pentavalent and the iron if

15 necessary to trivalent, the pH of the stage is adjusted to between 1-2 and the 

temperature to between 85 - 135°C in order to precipitate the arsenic as 

scorodite. The Fe/As mole ratio is adjusted by means of arsenic analysis 

and/or by adjusting the ratio of the solution streams. The pH adjustment is 

carried out preferably by means of limestone or lime. The scorodite formed in

20 the precipitation stage is recycled to the front end of the precipitation stage to 

form seed crystals.

The overflow solution exiting the thickening of the first precipitation stage is 

routed to the second precipitation stage, in which the Fe/As mole ratio is

25 adjusted to be over three, the pH value to between 4-7 and the temperature 

to between 40 - 60°C in order to precipitate the arsenic as amorphous ferric 

arsenate. The Fe/As mole ratio is adjusted by adding divalent or trivalent iron 

into the precipitation stage and the pH adjustment is preferably carried out by 

means of lime.

30
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LIST OF DRAWINGS

Figure 1 presents a diagram of the method according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

5 The invention relates to a method for the treatment of material containing a 

valuable metal and arsenic, whereby the valuable metals are first removed 

from the material and then the arsenic as poorly soluble scorodite. The 

material to be treated may be for example the fly ash generated in the 

pyrometallurgical treatment of non-ferrous metals or a calcine that contains 

io for instance copper, iron and arsenic. As a result of both pyrometallurgical 

and hydrometallurgical treatment an arsenic-containing dilute acid may also 

be generated, having a low valuable metal content, but its treatment may be 

combined with the treatment of other arsenic-containing solids such as dust. 

Such is for instance the dilute acid generated in scrubbing arsenic-containing

is gases.

Figure 1 presents the principle diagram of the process according to the 

invention. It is worth noting that although we talk of fly ash in the description 

below, the treatment according to the invention is also highly suitable for

20 treating other arsenic-containing material.

Where fly ash generated during the fabrication of non-ferrous metals is 

concerned, the majority of it is sulphate-based, so it dissolves easily in the 

leaching stage into a dilute acid such as dilute sulphuric acid, preferably with

25 a concentration of 10-200 g/l. If some of the valuable metals in the fly ash are 

in sulphide form, leaching can be intensified by feeding oxygen-containing 

gas into the leaching stage (not shown in detail in the diagram). When 

leaching is carried out using the arsenic-containing dilute acid formed in the 

process, arsenic recovery can be performed simultaneously from two

30 different intermediate products. In leaching performed in stirred tank reactors 

in atmospheric conditions, almost all of the arsenic and the majority of the 

copper dissolves, and about half of the iron. The concentrations of the
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various metals in this kind of solution are typically in the following range: 20- 

40 g of copper, iron and arsenic per litre. The metal-containing leaching 

residue is recycled back for instance to pyrometallurgical treatment of non- 

ferrous metal production.

5

The acidic aqueous solution containing valuable metals and arsenic is first 

routed to the valuable metal recovery stage. When the most important 

valuable metal in the fly ash is copper, copper removal is performed first. 

Copper removal is preferably made by means of liquid-liquid extraction, 

io where the copper-rich aqueous solution obtained from stripping is routed to 

electrolysis. The acid concentration of the aqueous solution entering 

extraction is for example 30 g/l H2SO4 and the copper concentration 20 g/l.

Over 97% copper is recovered via extraction and electrolysis.

15 The remainder of the copper, which is not recovered in extraction, can if 

necessary be removed from the aqueous solution of extraction i.e. the 

raffinate, by sulphide precipitation for example. Sulphide precipitation is 

carried out preferably in two stages using hydrogen sulphide gas or some 

suitable hydroxide as neutralising agent. In the first stage the pH value is

20 adjusted to be between 1.5-2 and in the second stage to 2-2.5. if the amount 

of copper is too small, in other words if it is only a matter of e.g. dilute acid 

formed in the process, sulphide precipitation is sufficient as the only form of 

copper recovery.

25 According to the method, arsenic is precipitated from a solution free of 

valuable metals in two stages. When the intermediate product that contains 

arsenic is fly ash, iron is in its aqueous solution in order to precipitate arsenic 

as scorodite FeAsO4 2H2O, but if there is insufficient amount of iron, it is 

added to the precipitation stage. The arsenic in the solution exiting copper

30 recovery is mostly trivalent. An oxidant is routed to the first stage of 

precipitation, which is strong enough to oxidise all the arsenic to pentavalent. 

The iron in the solution is trivalent. The oxidant used may be for instance
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oxygen, hydrogen peroxide or another suitable oxidant. Arsenic precipitation 

occurs in accordance with the following formula:

Fe3+ + H3AsO4 + H2O FeAs04'2H20(soiid) + 3 H+ (1)

5

As the formula shows, arsenic precipitation forms acid in the solution and this 

must be neutralised. The preferred neutralising agent is limestone or lime. As 

mentioned in the description of the prior art, the Fe(lll)/As(V) mole ratio 

should be around 1-1.1 in the first precipitation stage, the pH value between

10 1-2 and the temperature in the range of 85 - 135°C. The correct iron/arsenic

ratio is formed by arsenic analysis and ratio control of the solution streams. 

In the precipitation stage, which occurs in several consecutive stirred 

reactors although only one reactor is shown in the' flow chart, the scorodite 

crystals formed are recycled as underflow from the tail end of the stage,

15 particularly from thickening, into the first reactor to ensure that the reaction 

proceeds.

Typically the amount of arsenic in the solution entering arsenic removal is 

around 20 - 30 g/l and the arsenic concentration of the solution removed

20 from the process may be a maximum of 0.2 mg/l. In the first precipitation 

stage the arsenic concentration of the solution falls to a value of around 0.1-1 

g/l. The rest of the arsenic is precipitated in the second precipitation stage, in 

which the Fe(lll)(As(V) mole ratio is adjusted to be over three. The 

adjustment usually occurs by adding ferrous or ferric iron to this precipitation

25 stage. If divalent iron is added as in the diagram, it is oxidised with air to 

trivalent. The pH value is adjusted to the range 4-7, preferably using lime as 

neutralising agent. The temperature of the second precipitation stage can be 

adjusted to be lower than the temperature of the first stage, to about 40 - 

60°C. Since the conditions differ from those of the first precipitation stage,

30 the arsenic residue generated is not scorodite, but amorphous ferric 

arsenate. The residue separated from thickening after the second 

precipitation stage is recycled to the first precipitation stage, in which
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conditions it dissolves and the arsenic is precipitated again as scorodite. The 

arsenic concentration of the aqueous solution removed from the second 

precipitation stage is typically around 0.01-0.2 mg/l, in other words the 

solution meets environmental requirements and can be discharged from the

5 process, since the valuable metals have been removed from the solution 

earlier.

EXAMPLES 

Example 1

io Dusts from a copper smelter are leached into a solution containing sulphuric 

acid, so that the copper concentration of the solution is 20 g/l, the iron 

concentration 4 g/l, the arsenic concentration 15 g/l and the sulphuric acid 

concentration 30 g/l. The solution is routed to liquid-liquid copper extraction, 

after which the concentrations of the aqueous solution raffinate are as

15 follows: Cu 0.4 g/l, Fe 4 g/l, As 15 g/l and sulphuric acid 60 g/l.

The raffinate (10 m3/h), from which the valuable metals have been 

recovered, is routed to arsenic removal. The purpose is to precipitate the 

arsenic in a stable form suitable for landfill (as scorodite FeAsO4*2H2O) and

20 to obtain a final solution suitable for removal (As < 0.01 mg/l). This takes 

place by means of continuous two-stage precipitation.

The solution, which includes 15 g arsenic/l, 4 g iron /I and 60 g sulphuric 

acid/l, is routed to the first precipitation stage, where the pH value is kept at

25 around 1.5 by means of lime milk (CaCC>3 759 kg/h). The additional iron 

required for scorodite precipitation is obtained with the addition of ferrous 

sulphate (392 kg/h FeSO47H2O) to the desired Fe/As mole ratio of 1.1. The 

oxidation of arsenic and iron are ensured by using hydrogen peroxide or 

some other suitable oxidant.

30



10
20

06
24

31
58

 
13

 A
pr

 2
01

1

The first precipitation stage comprises three oxidation reactors connected in 

series, in which the temperature is maintained in the range 85-95°C and the 

pH value between 1-1.5. After the first precipitation stage the slurry is 

thickened and the overflow is routed to the second precipitation stage. Some
5 of the underflow of the first precipitation stage (0.5 m3/h, solids content 200 

g/l) is recycled to the beginning of the reactor series as seed crystals. The 

sediment obtained, which contains 7.8% arsenic in scorodite form and 0.2% 

copper, is filtered and stored. Over 95% of the arsenic is precipitated in this 
precipitation stage and the solution now only contains 0.6 g arsenic/l.

io

Arsenic precipitation is continued in the second stage, which in principle is 
the same chain of three oxidation reactors. Neutralisation is continued with 

lime milk (Ca(OH)2 5 kg/h) up to a pH value of 7. The temperature is 
adjusted to be in the range of about 50°C. Ferrous sulphate (7 kg/h

15 FeSO4 7H2O) is again added to the second precipitation stage, the iron 
equivalent of which is three times that of stoichiometric arsenic in order to 

ensure the most complete separation of arsenic possible. Air bubbles are 
used to oxidise ferrous iron. Arsenic is precipitated as amorphous ferric 

arsenate in this stage, and is then settled and returned to the first stage as
20 underflow (0.14 m3/h and a solids content of 200 g/l), where it transforms into 

crystalline scorodite. After this precipitation stage the solution only contains 
approx. 0.01 mg/l arsenic, less than 0.1 mg/l iron and less than 1 mg/l 

copper, and its pH value is 7. Thus the impurity level of the solution is such 

that it can be freely discharged from the circuit.
25

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.

30

2605852.1 (GHMatters) P74384AU - 13/04/11
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PATENT CLAIMS

1. A method for treating a material containing at least one valuable metal 

and arsenic to form a valuable metal-depleted scorodite sediment and

5 a pure aqueous solution to be discharged from the process,

characterised in that a dilute acidic solution of the material 

containing the valuable metal and arsenic is formed, whereby at least 

one valuable metal is first removed from the dilute acidic solution by 
means of liquid-liquid extraction and/or precipitation, after which the 

io valuable metal-depleted solution is routed to two-stage arsenic

removal, wherein the first stage arsenic is precipitated as scorodite 
FeAsO42H2O, which is suitable for storing, and the dilute acidic 

solution exiting precipitation is routed to the second precipitation 

stage, where the remainder of the arsenic is precipitated as

15 amorphous ferric arsenate FeAsO4, which is recycled to the first

precipitation stage and the arsenic concentration of the aqueous 

solution exiting the second precipitation stage is around 0.01-0.2 mg/l.

2. A method for treating a material containing at least one valuable metal

20 and arsenic to form a valuable metal-depleted scorodite sediment and

a pure aqueous solution to be discharged, including:

contacting with a dilute acid the material containing the
valuable metal and arsenic to form a dilute acidic solution of 

components thereof;

25 removing at least one valuable metal from the dilute acidic

solution by liquid-liquid extraction to form a valuable metal-depleted 
solution;

routing the valuable metal-depleted solution to a two-stage 

arsenic removal, including:

30 in a first arsenic removal stage, precipitating arsenic as
scorodite (FeAsO42H2O), which is suitable for storing, and forming a 
first exiting solution; and in a second arsenic removal stage,

2fi05852_1 (GHMettere) P74384.AU - 13/04/· 1

P74384.AU
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precipitating arsenic from the first exiting solution as amorphous ferric 

arsenate (FeAsO4), which is recycled to the first arsenic removal 

stage, and producing a second exiting solution, wherein the second 

exiting solution has an arsenic concentration of around 0.01-0.2 mg/l.
5

3. The method according to either claim 1 or 2, characterised in that 
the material to be treated is fly ash generated in a pyrometallurgical 

fabrication of non-ferrous metals.

io 4. The method according to either claim 1 or 2, characterised in that 
the material to be treated is a calcine generated in a pyrometallurgical 
fabrication of non-ferrous metals.

5. The method according to any one of claims 1-4, characterised in
15 that at least some of the dilute acid used for leaching material

containing a valuable metal and arsenic is an arsenic-containing dilute 
acid generated in the treatment of arsenic-containing gases.

6. The method according to any one of claims 1-5, characterised in
20 that the acid is sulphuric acid, with a concentration of 10 - 200 g/l.

7. The method according to any one of claims 1-6, characterised in 
that the valuable metal is copper.

25 8. The method according to any one of claims 1-7, characterised in
that after liquid-liquid extraction, the remainder of the valuable metal 

is recovered from the valuable metal-depleted aqueous solution, or 

raffinate, by sulphide precipitation.

30 9. The method according to any one of claims 1-8, characterised in
that the Fe/As mole ratio in the first arsenic precipitation stage is 
adjusted to be around 1-1.1 and that an oxidant is routed to the stage
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to oxidise the arsenic to pentavalent and the iron to trivalent, the pH 

value of the stage is adjusted to the range 1 - 2 and the temperature 

to between 85- 135°C to precipitate the arsenic as scorodite.

5 10. The method according to claim 9, characterised in that the Fe/As
mole ratio is adjusted by means of arsenic analysis and/or by 

adjusting the ratio of the solution streams.

11. The method according to claim 9, characterised in that the pH

io adjustment of the first precipitation stage is carried out by means of

limestone or lime.

12. The method according to claim 9, characterised in that the underflow 

of the first precipitation stage thickening is recycled to the front end of

15 the precipitation stage.

13. The method according to any one of claims 1-12, characterised in 
that the overflow from the first stage thickening is routed to the 

second precipitation stage, where the Fe/As mole ratio is adjusted to
20 be over three, the pH value between 4-7 and the temperature

between 40 - 60°C to precipitate the arsenic as ferric arsenate.

14. The method according to claim 13, characterised in that the Fe/As 
mole ratio is adjusted by adding divalent and/or trivalent iron to the

25 precipitation stage.

15. The method according to claim 13, characterised in that the pH 

adjustment is carried out by means of lime.

30 16. A method for treating a material containing at least one valuable metal

and arsenic to form a valuable metal-depleted scorodite sediment and

2005052.1 (GHMatters) P74304.AU - 13/04/', 1

P74304.AU


14
20

06
24

31
58

 
13

 A
pr

 2
01

1

a pure aqueous solution to be discharged from the process, 

substantially as herein described with reference to Figure 1.
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