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(54) Title: PROCESS AND DEVICE FOR PURIFYING WATER CONTAMINATED WITH SULPHATE IONS AND HEAVY 
METAL IONS

(54) Bezeichnung: VERFAHREN UND VORRICHTUNG ZUR REINIGUNG VON MIT SULFAT-IONEN UND SCHWERME- 
TALL-IONEN VERUNREINIGTEM WASSER

(57) Abstract: The invention relates to a device and a process for purifying water (H) which is contaminated with sulphate ions 
and heavy metal ions, wherein the water (H) is collected (20) in a water reservoir (W) and a substance (B) having basic activity in 
water (H) is fed (21) to the water reservoir (W) in such a manner that a precipitant having heavy metal ions is precipitated from the 
water (H), wherein at least a subquantity of water is taken off (22) from the water reservoir and is separated (24) into pure water (R) 
which is substantially freed from sulphate ions and heavy metal ions and dirty water (S) which is enriched with sulphate ions and 
heavy metal ions, and wherein the dirty water (S) is at least in part recirculated (25) to the water reservoir (W), as a result of which a 
concentration of sulphate ions in the water reservoir is achieved such that a precipitant having sulphate ions is precipitated from the 
water. This invention permits a technically simple and inexpensive purification of water which is contaminated with sulphate ions 
and heavy metal ions.

[Fortsetzung auf der nachsten Seite]
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ZM, ZW), eurasisches (AM, AZ, BY, KG, KZ, MD, RU, Veroffentlicht:
TJ, TM), europaisches (AT, BE, BG, CH, CY, CZ, DE, DK, — mit internationalem Recherchenbericht 
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF,
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN,
TD, TG).

(57) Zusammenfassung: Die Erfindung betrifft eine Vorrichtung und ein Verfahren zur Reinigung von mit Sulfat-Ionen 
und Schwermetall-Ionen verunreinigtem Wasser (H), wobei das Wasser (H) in einem Wasserreservoir (W) gesammelt (20) 
wird und dem Wasserreservoir (W) eine in Wasser (H) basisch wirkende Substanz (B) derart zugefiihrt (21) wird, dass eine 
Schwermetall-Ionen aufweisende Fiillungssubstanz aus dem Wasser (H) ausgefiillt wird,wobei wenigstens eine Wasserteilmenge 
aus dem Wasserreservoir entnommen (22) und in von Sulfat-Ionen und Schwermetall-Ionen im Wesentlichen befreites Reinwasser 
(R) und in mit Sulfat-Ionen und Schwermetall-Ionen angereichertes Schmutzwasser (S) getrennt (24) wird, und wobei das 
Schmutzwasser (S) wenigstens teilweise in das Wasserreservoir (W) zuriickgefiihrt (25) wird, wodurch eine Konzentration von 
Sulfat-Ionen in dem Wasserreservoir erreicht wird, so dass eine Sulfat-Ionen aufweisende Fiillungssubstanz aus dem Wasser 
ausgefiillt wird. Diese Erfindung erlaubt eine technisch wenig aufwendige und eine kostengiinstige Reinigung von mit Sulfat-Ionen 
und Schwermetall-Ionen verunreinigtem Wasser.
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Description

Method and apparatus for the purification of water contaminated 

with sulfate ions and with heavy metal ions

The invention relates to a method and an apparatus for the 

purification of water contaminated with sulfate ions and with 

heavy metal ions .

The present invention lies in the technical field of water 

purification or water treatment. Water treatment is nowadays of 

major importance in many areas of private and commercial life. 

Statutory environmental regulations and health regulations also 

increasingly have to be adhered to. The method according to the 

invention and the apparatus according to the invention can be 

used particularly advantageously in the area of the elimination 

of acid rock drainage which may occur during the industrial 

conveyance of raw materials in open cast mining. Acid rock 

drainage is waste water with a pH value markedly lower than 

seven, that is to say an acid solution which moreover has, as a 

rule, heavy metal ions dissolved in the water.

Acid rock drainage arises due to water, for example in the form 

of rain or snow, which trickles through a waste heap occurring 

during mining. If soil or conveyed material, for example on an 

overburden heap, comes into contact with water, for example 

rainwater or melt water, and air, in particular oxygen, 

chemical reactions take place, the consequence of which is 

ultimately the generation of sulfuric acid. The sulfuric acid, 

when it trickles through the soil or conveyed material, 

releases heavy metals from the soil or from the dumped conveyed 

material. Via natural drainages or channels, the, as a rule, 

heavy metal-containing acidic solution collects in a natural 

sink or runs, unpurified, into a river.

The water contaminated with sulfate ions and with heavy metals

usually has a toxic effect on living organisms. It is
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therefore necessary and expedient to remove the sulfate ions 

and the heavy metal ions from the aqueous solution.

The object on which the invention is based is to provide an 

apparatus and a method by which a technically relatively 

uncomplicated and cost-effective purification of the water 

contaminated with sulfate ions and with heavy metal ions is 

possible .

That part of the object which relates to the method is achieved 

by means of a method for the purification of water contaminated 

with sulfate ions and with heavy metal ions, the water being 

collected in a water reservoir, and a substance having a basic 

action in water being supplied to the water reservoir in such a 

way that a precipitation substance having heavy metal ions is 

precipitated out of the water, at least one water part quantity 

being extracted from the water reservoir and being separated 

into clean water, essentially freed of sulfate ions and of 

heavy metal ions, and into dirty water, enriched with sulfate 

ions and heavy metal ions, and the dirty water being at least 

partially recirculated into the water reservoir, so that a 

concentration of sulfate ions in the water reservoir is 

reached, so that a precipitation substance having sulfate ions 

is precipitated out of the water.

A water reservoir is understood within the scope of this 

application to mean a natural and/or artificial receptacle 

together with the water present in the receptacle.

The method according to the invention may be used particularly 

advantageously for waste water which occurs during the 

quarrying of raw materials in mines, particularly with sulfur- 

containing soil. However, the method according to the invention 

is not restricted to such an application. On the contrary, this 

method may be used in general for water treatment when heavy 

metal ions and/or sulfate ions are present in the water.
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In the method, a substance having a basic action in water is 

supplied to the contaminated water, in order to raise the pH 

value of the water in the water reservoir. By the pH value in 

the water being varied, in particular by oxonium ions being 

removed from the water, there is a displacement of the chemical 

equilibrium of the heavy metal ions and hydroxide ions 

dissolved in the contaminated water. The displacement of the 

chemical equilibrium by the supply of a substance having a 

basic action in water, that is to say a hydroxide ion donor or 

a proton acceptor, brings about a precipitation of a compound 

having heavy metal ions, usually a heavy metal hydroxide 

compound.

The concentration of the heavy metal ions dissolved in the 

contaminated water is reduced due to the precipitation of the 

precipitation substance having heavy metal ions. The 

precipitation substance containing heavy metal ions usually 

sinks down and usually settles at a boundary, for example at 

the bottom, of the water reservoir. Preferably, the substance 

having a basic action in water is supplied to the water 

reservoir continuously.

Advantageously, a water part quantity is extracted from the 

water reservoir and already has a reduced heavy metal ion 

concentration which has been reduced by means of the above 

precipitation reaction. The extracted water part quantity is 

separated into clean water, which is essentially freed of 

sulfate ions and of heavy metal ions, and into dirty water, 

which is enriched with sulfate ions and with heavy metal ions. 

This takes place, as a rule, by means of a filter device 

suitable for this purpose.

After the filtration of the water part quantity into clean

water and dirty water, the dirty water is recirculated into the

water reservoir again. Furthermore, the supply of the substance

having a basic action in water takes place preferably in

parallel
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in water. Owing to the increase of the sulfate ion concentration 

in the dirty water, as compared with the sulfate ion 

concentration in the water part quantity originally extracted 

from the water reservoir, the recirculation of the dirty water 

into the water reservoir leads to a usually continuous rise of 

the sulfate ion concentration in the water reservoir.

Owing to the water extraction, advantageously carried out 

continuously, and to the subsequent filtration of the water 

part quantity into clean water and dirty water, the sulfate ion 

concentration rises beyond a solubility limit and, in 

combination with the ions present in the solution, for example 

calcium ions, if appropriate also heavy metal ions, begins to 

be precipitated as a sulfate compound and to settle at the 

boundary of the water reservoir, that is to say of the 

receptacle. A mixing of precipitation substance having heavy 

metal ions and of precipitation substance having sulfate ions 

consequently occurs at the bottom of the water reservoir. It is 

in this case advantageous that no further substances exceeding 

the amount mentioned are required for precipitating the heavy- 

metal ions and/or the sulfate ions out of the contaminated 

water. This is because the quantity of sludge which occurs is 

thereby kept as low as possible.

The clean water obtained during filtration may, for example, be 

further utilized, for example as process water or the like, or 

be introduced into a river.

The method according to the invention therefore affords a 

mixture of a precipitation substance containing heavy metal 

ions and of a precipitation substance having sulfate ions. The 

precipitation substance deposited in the water reservoir is 

usually designated as sludge or slag. The sludge occurring 

cannot, as a rule, be utilized any further. However, these 

sludges may preferably be dewatered or dried so that final 

storage is simplified. In specific instances, a utilization of the 

sludge having sulfate ions and heavy metal ions
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is possible, for example in the concrete industry or as a basic 

material for the production of sulfuric acid.

In an advantageous embodiment of the invention, the water and 

the substance supplied to the water and having a basic action 

in water are intermixed preferably actively. Intermixing leads 

to an improved distribution of the substance having a basic 

action in water and, consequently, to an increased reaction 

rate of the precipitation reaction of the heavy metal ions from 

the aqueous solution. The intermixing of the water and of the 

supplied substance having a basic action may be carried out, 

for example, by means of a mixing device, for example the 

supply of the substance having a basic action into the water 

may also be designed in such a way that intermixing is caused 

essentially by the supply of the basically acting substance 

into the water, for example due to flow-induced turbulences.

In a further advantageous embodiment of the invention, the 

water part quantity is prefiltered during extraction. On 

account of the precipitation reaction of the heavy metal ions, 

slowly sinking precipitation substances which usually do not 

agglomerate are present in the water of the water reservoir. 

During water extraction and subsequent filtration of the 

extracted water into clean water and dirty water, these 

precipitation substances may have a disturbing effect. By the 

water part quantity being prefiltered during the extraction of 

this water part quantity from the water reservoir, the 

situation can be avoided where the finely distributed 

precipitation substance suspended in the water passes into the 

filter device and may possibly give rise there to an impairment 

of the filtering action of the filter device. Prefiltering may 

be achieved, for example, by means of a microfiltration element 

or by means of a floatation column.

In an advantageous design variant of the invention, the water

part quantity is separated into clean water and dirty water by
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means of reverse osmosis and/or by means of nanofiltration. 

Both reverse osmosis and nanofiltration are
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suitable methods for removing sulfate ions from water. While 

reverse osmosis utilizes concentration differences between two 

part volumes separated by a membrane in order to carry out the 

filtration of ions, nanofiltration provides a membrane through 

which the ions to be filtered cannot pass due to their size.

In a further advantageous design variant of the invention, the 

substance having a basic action in water is a hydroxide 

compound. In particular, sodium hydroxide or else calcium 

hydroxide may be used. These may be supplied to the water 

reservoir both in dissolved form and in solid form. In 

particular, calcium hydroxide or milk of lime is available in 

large quantities and is cost-effective.

In a preferred embodiment of the invention, the precipitation 

substance is collected in a collecting region of the water 

reservoir. The precipitation substance, that is to say the 

precipitation substance having heavy metal ions and the 

precipitation substance having sulfate ions, is collected at a 

suitable location in the water reservoir. This may be made 

possible, for example, by a collecting device. Also, for 

example, the bottom boundary of the water reservoir may have a 

funnel-shaped configuration, so that, in the process of the 

sedimentation of the precipitation substance, an accumulation 

of precipitation substance in a collecting region provided for 

this purpose, for example in a funnel, occurs. A collecting 

device may, for example, also be configured in such a way that, 

by a specific flow profile being stipulated within the water 

reservoir, an accumulation of the precipitation substance takes 

place in a specific region of the water reservoir.

In an advantageous embodiment of the invention, the 

precipitation substance is discharged continuously from the 

water reservoir. Particularly when the method according to the 

invention is carried out continuously, a continuous 

precipitation of precipitation substance also occurs in the
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water reservoir. The result of this is that the receptacle of 

the water reservoir
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is in course of time filled with sludge. In order to avoid a 

displacement of water caused by the sludge and, for example, an 

escape of water from the water reservoir, it is necessary for 

the sludge to be removed from the water reservoir. A removal of 

the sludge from the water reservoir may advantageously be 

combined with a subsequent dewatering of the sludge.

That part of the object which relates to the apparatus is 

achieved by means of an apparatus for the purification of water 

which is contaminated with sulfate ions and with heavy metal 

ions which is provided as a water reservoir in a receptacle, 

with a device for the supply of a substance having a basic 

action in water into a mixing region of the water reservoir, 

with a device for the extraction of water from the water 

reservoir and with a filter device for filtering the extracted 

water into clean water, essentially freed of sulfate ions and 

heavy metal ions, and into dirty water, enriched with sulfate 

ions and with heavy metal ions, the dirty water being 

recirculatable into the water reservoir.

By means of an apparatus according to the invention, a water 

contaminated with sulfate ions and with heavy metal ions can be 

purified simply and cost-effectively, the mass or volume of 

occurring or precipitated precipitation substance being kept as 

low as possible.

In an advantageous embodiment of the apparatus according to the 

invention, the water extraction takes place in the water 

extraction region of the receptacle and a mixing takes place in 

the mixing region of the receptacle, an intermixing of the water 

from the water extraction region with the water from the mixing 

region being reduced. The mixing region, in which the basically 

acting substance is supplied to the water, usually has water 

movement. Moreover, the precipitation reaction of the heavy 

metal ions which occurs when the basically active substance is 

supplied leads to the generation of precipitation substances
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insoluble in the water. These are not desirable in extraction 

of a water part quantity by means of a water extraction device 

for subsequent filtering of the water part quantity.

This is because this finely distributed precipitation substance 

contained in the water may, when coextracted during water 

extraction, lead to a reduction in the filter action, for 

example in that a filter element of the filter device becomes 

clogged with the precipitation substance. Since a mixing of the 

water from the wash extraction region and of the water from the 

mixing region is reduced, the occurrence of a problem of this 

kind can essentially be avoided.

The reduction in the mixing of water from the mixing region 

with water from the water extraction region may, for example, 

be achieved by means of a structural shielding of the water 

extraction region from the mixing region. Alternatively, for 

example, the water extraction region and the mixing region may 

be arranged in relation to one another, in particular spaced 

apart, in such a way that a mixing of the water in the water 

extraction region with the water in the mixing region is 

likewise reduced.

Such a measure for reducing the mixing of water from the mixing 

region and the water from the water extraction region may 

advantageously be combined with a mixing device for intermixing 

the substance having a basic action in water with water. The 

mixing device promotes the distribution of the basically acting 

substance supplied to the water and thereby increases the 

reaction rate of the precipitation reaction. The mixing device 

may, for example, be designed as a circulation pump. At the 

same time, water extraction is not disturbed or is disturbed to 

only a slight extent.



WO 2008/092713 8 3 PCT/EP2008/050090

In an advantageous embodiment of the apparatus according to the 

invention, the water extraction device has at least one 

microfiltration element and/or at least one floatation column. 

The one microfiltration element or
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the plurality of microfiltration elements filter the water, 

during the extraction of a water part quantity, in the range of 

a few micrometers and higher, for example in that precipitated 

precipitation substance present in the water is retained by 

pores of corresponding size. In a floatation cell, the 

precipitation substance present in the water is floated out by 

means of small gas bubbles, with the result that a 

prefiltration of the extracted water is likewise achieved. A 

floatation cell is usually part of the water extraction device, 

in which the extracted water is prefiltered, and precedes the 

filter device.

Preferably, the water extraction device comprises a plurality 

of microfiltration elements which are provided as redundancies 

and can be used when a blockage of a microfiltration element by 

means of which water has been extracted occurs.

In a preferred embodiment of the apparatus according to the 

invention, the filter device comprises at least one 

nanofiltration stage and/or at least one reverse osmosis 

filter. These are filter elements having a known behavior 

during operation, which are suitable for carrying out a 

filtration of water contaminated with sulfate ions and/or with 

heavy metal ions into clean water and dirty water.

In an advantageous design variant of the apparatus according to 

the invention, a cleaning device for a membrane of the filter 

device and/or water extraction device is provided, a cleaning 

of the membrane being capable of being brought about by means 

of a magnetic field. For this purpose, a device for generating 

a magnetic field is provided, the magnetic field penetrating, 

for example, through a membrane of a filter device or of a 

water extraction device in such a way that the sulfate ions 

filtered or to be filtered by the membrane and located near the 

membrane experience a force leading away from the membrane, and 

the amount of the force is
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so great that the filtered ions are moved away from the 

membrane .

In an advantageous embodiment of the apparatus according to the 

invention, the receptacle has a collecting region for the 

collection of precipitation substance having sulfate ions 

and/or heavy metal ions. This makes it easier, for example, 

subsequently to clear out the precipitation substance collected 

in the collecting region. This is because the precipitation 

substance is thereby concentrated locally and is not 

distributed far inside the water reservoir.

A collecting region may be made possible, for example, by a 

suitable structural measure, for example a funnel-shaped bottom 

of the receptacle, or by influencing a flow profile in the 

water reservoir. The setting of a specific flow profile may 

also be utilized to generate an accumulation of precipitation 

substance in a specific region of the receptacle.

To clear out or to discharge the precipitation substance 

collected in the collecting region, a discharge device may be 

provided. The discharge device for discharging the collected 

precipitation substance may be designed, for example, as a 

dredger, vacuum appliance or pump. The discharge device is 

preferably operated in such a way that the discharge of the 

precipitation substance takes place continuously. 

Alternatively, the discharge of the precipitated precipitation 

substance may take place at specific time intervals.

The apparatus according to the invention advantageously 

comprises a dewatering device, by means of which the discharged 

precipitation substance can be dewatered. In particular, the 

dewatering device may be designed as a filter press, band 

filter or heating device. A dewatering of the expelled or 

discharged precipitation substance reduces the volume of the 

precipitation substance in that water is driven out of the



WO 2008/092713 10a PCT/EP2008/050090

precipitation substance laden with water and discharged out of
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the water reservoir. Moreover, final storage of the 

precipitation substance having heavy metal ions or having

sulfate ions is made easier by dewatering.

In a preferred embodiment of the apparatus according to the

invention, the receptacle in which the water reservoir is

provided is a catching tank. The catching tank may, on the one 

hand, be a natural sink in which water accumulates. On the 

other hand, it may be an artificially provided catching tank 

which has been provided for the purpose of the collection of 

water, in particular waste water. Where a natural sink is 

concerned, the term "tailing dam" is usually adopted.

In an alternative embodiment of the apparatus according to the 

invention, the receptacle is a purifying vessel. That is to 

say, the purification of the water contaminated with sulfate 

ions and with heavy metal ions takes place in what is known as 

a crystallization reactor in which the precipitation substance 

is precipitated. Here, therefore, the water reservoir is 

provided, for example, in a purifying vessel of the 

crystallization reactor for carrying out the method.

Further advantages of the invention may be gathered from the 

diagrammatically illustrated exemplary embodiments which are 

explained in more detail with reference to the following 

drawings in which:

fig. 1 shows a natural sink with an apparatus according to the 

invention for carrying out the method according to the 

invention,

fig. 2 shows an apparatus according to the invention, designed 

as a crystallization reactor, for carrying out the 

method according to the invention,

fig. 3 shows a flow chart for illustrating a possible sequence 

of the method according to the invention.
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Fig. 1 shows a water reservoir W. The water reservoir W has 

water H which is contaminated with heavy metal ions and with 

sulfate ions and which is provided in a receptacle 1 surrounded 

by the water reservoir W. In fig. 1, the receptacle 1 is in the 

form of a natural sink. In the present case, the water 

reservoir W is a tailing dam which can be assigned to a mine, 

for example for the quarrying of metallic raw materials.

In order to make it possible to purify the water H contaminated 

with heavy metal ions and with sulfate ions by removing the 

heavy metal ions and sulfate ions, a supply device 2 is 

provided, by means of which a substance B having a basic action 

in water - in fig. 1 lime water, Ca(OH)2(aq) - can be supplied 

to the contaminated water H in the sink 1.

The introduction of the lime water B into the water H 

contaminated with heavy metal ions and with sulfate ions leads 

to an increase in the pH value, in that hydroxide ions are 

supplied to the water. The supply of hydroxide ions results in 

a displacement of the chemical equilibrium for the heavy metal 

ions dissolved in the water and their possible salts. The 

displacement of the chemical equilibrium by the supply of the 

substance B having a basic action in water can bring about a 

precipitation reaction of the heavy metal ions. The heavy metal 

ions dissolved in the contaminated water H are precipitated out 

of the contaminated water as a precipitation substance F which 

is often also designated as precipitate. In the present 

invention, the precipitation substance F is often a heavy metal 

hydroxide compound.

That region of the water reservoir W at which an intermixing of 

the lime water B supplied to the contaminated water H with the 

contaminated water H takes place is designated as the mixing 

region MB. Particularly in the mixing region MB, the 

precipitation of the precipitation substance F having heavy 

metal ions occurs. The precipitation substance F precipitated
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in the mixing region MB then usually, if there are no water 

flows opposing the sinking of the precipitation substance F,
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sinks to the bottom of the sink 1 and accumulates there in a 

collecting region SB. The term "collecting region SB" may be 

understood as covering all possible regions at or on which 

precipitated precipitation substance F settles or is 

sedimented.

To remove the sulfate ions out of the water H contaminated with 

heavy metal ions and with sulfate ions, a water extraction 

device 3 is provided which comprises microfiltration elements 

4. The water extraction device 3 is arranged in a water 

extraction region EB. The microfiltration elements 4 serve for 

prefiltering the water H extracted from the water reservoir W. 

In particular, the extracted water H is purified of 

precipitation substance F suspended in the water H. 

Alternatively or additionally, a floatation cell, not 

illustrated, which follows the water extraction may be provided 

for prefiltering the extracted water H.

The water H extracted by means of the water extraction device 3 

is supplied to a filter device 5. In fig. 1, the filter device 

5 comprises a reverse osmosis filter 7. By means of the reverse 

osmosis filter 7, the water H extracted from the water 

reservoir W is separated into clean water R and dirty water S. 

The clean water R is essentially freed of sulfate ions and of 

heavy metal ions. By contrast, the dirty water S is enriched 

with heavy metal ions and with sulfate ions.

By means of a recirculation device 12, the dirty water S is 

conducted from the filter device 5 back into the water 

reservoir W. Alternatively, a recirculation device 12 may be 

dispensed with, for example in that the filter device 5 is 

arranged above the water reservoir W and the dirty water is, 

for example, recirculated from the filter device 5 into the 

water reservoir W, without a guide device physically present 

being provided for the dirty water S.
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The dirty water S is preferably introduced into the mixing 

region MB in which the lime water B for precipitating the heavy 

metal ions is also introduced.

The sulfate ions contained in the dirty water S cause a rise in 

the concentration of sulfate ions in the water reservoir W by 

the dirty water S being recirculated into the water reservoir 

W. The concentration of sulfate ions is increased by the dirty 

water S being recirculated into the water reservoir W, until a 

precipitation of a precipitation substance F containing sulfate 

ions occurs. The precipitation substance F containing sulfate 

ions also, as a rule, sinks to the bottom of the tailing dam 1. 

An intermingling of precipitation substance F containing 

sulfate ions and heavy metal ions therefore occurs on the 

bottom of the tailing dam.

In order to prevent an increasing filling of the water 

reservoir W or of the sink 1 with precipitated and accumulated 

precipitation substance F, a discharge device 13 is provided 

which is designed in fig. 1 as a dredger. The dredger 13 is 

preferably configured in such a way that a continuous discharge 

of precipitated precipitation substance F is possible. 

Alternatively, it may, for example, also be a bucket excavator 

13 which does not dig away continuously and, for example after 

the draining of the water reservoir W, strips away the 

precipitation substance F which has settled in the sink 1.

Subsequently, the precipitation substance F discharged by means 

of the dredger 13 is conveyed onto a conveyer belt 14 which 

transports the precipitation substance F laden with 

contaminated water into a dewatering device 10.

In the dewatering device 10, which is designed in fig. 1 as a

filter press, a dewatering of the precipitation substance F

discharged from the water reservoir W or the tailing dam takes
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place. After the dewatering of the precipitation substance F, 

as a rule, a final storage of the dewatered sludge is provided.

The contaminated water occurring, where appropriate,



WO 2008/092713 15 PCT/EP2008/050090

during the dewatering of the precipitation substance F laden 

with water may be supplied anew to the water reservoir W for 

purification.

The apparatus shown in fig. 1 is particularly suitable for the 

purification of large water volumes. The purifying apparatus 

shown in fig. 1 is preferably operated continuously. This is 

because contaminated water H is constantly supplied anew to the 

tailing dam or the water reservoir W by natural inflows - rain, 

melt water or the like. It is therefore expedient to provide a 

continuous operation of the apparatus shown in fig. 1.

Fig. 2 shows a recrystallization reactor for the purification 

of water H contaminated with heavy metal ions and with sulfate 

ions. For this purpose, contaminated water H is supplied via a 

water supply device 2' to a receptacle 1', designed as a 

purifying vessel, of the recrystallization reactor and may be 

extracted, for example, from a tailing dam. The purifying 

vessel 1', together with the contaminated water H contained in 

it, forms a water reservoir W.

Furthermore, a supply device 2 for the supply of a substance B 

having a basic action in water - lime water in fig. 2 - into 

the contaminated water H located in the purifying vessel 1' is 

provided. The region in which the lime water B is mixed with 

the contaminated water H located in the recrystallization 

reactor is designated as the mixing region MB.

In order to improve an intermixing of contaminated water H with 

the lime water B, a mixing device 8 designed as a circulation 

pump is provided in fig. 2. The circulation pump 8 intermixes 

the lime water B with the contaminated water H by generating a 

turbulent flow at least in a part region of the water reservoir 

W, in particular in the mixing region MB.
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The supply of the lime water B into the contaminated water H 

located in the purifying vessel 1' causes a rise in the pH 

value of the contaminated water H. Owing to the rise in the pH 

value and the associated displacement of the chemical 

equilibrium for the heavy metal ions, and the salts possible 

from these, which are present, dissolved, in the contaminated 

water, together with the starting materials present in the 

contaminated water, a precipitation substance F is 

precipitated. The precipitation substance F is usually a heavy- 

metal hydroxide compound and gypsum, CaSO4. The precipitation 

substance F sinks to the bottom of the purifying vessel 1' in 

fig. 2.

To improve the collection of the precipitation substance, the 

bottom of the purifying vessel 1' is of funnel-shaped design in 

fig. 2. This is designated in fig. 2 as the collecting region 

SB, since the precipitation substance F preferentially 

accumulates in the funnel of the purifying vessel 1'.

The purifying vessel 1' has, in addition to the mixing region 

MB and the collecting region SB, a water extraction region EB. 

The water extraction region EB is separated from the mixing 

region MB by a separating device 11. A water extraction device 

3 is arranged in the water extraction region EB. The water 

extraction device 3 comprises a plurality of microfiltration 

elements 4 which, during water extraction, carry out a 

prefiltration of the contaminated water H. In particular, 

suspended particles, for example precipitation substance F 

suspended in the contaminated water H, are selected during 

water extraction.

The useful life of the microfiltration elements 4 is increased 

by means of the separating device 11, since the concentration 

of suspended precipitation substance F in the extraction region 

EB is reduced, as compared with an absent separating device 11. 

A blockage rate for the microfiltration elements 4 is therefore
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lower. Maintenance times and maintenance costs of the water 

extraction device 3 consequently fall.
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The contaminated extracted water H is supplied from the water 

extraction device 3 to a filter device 5. By means of a 

nanofiltration stage 6 surrounded by the filter device 5, the 

contaminated and extracted water H is separated into clean 

water R and into dirty water S. The clean water R is 

essentially freed of sulfate ions and of heavy metal ions. In 

contrast, the dirty water R is enriched with sulfate ions and 

with heavy metal ions. The enrichment or depletion of ions can 

be determined as the ratio of the concentration of the 

respective ions in the clean water or dirty water and of the 

respective ions in the water supplied to the filter device 5.

By means of a recirculation device 12, the dirty water S is 

guided out of the filter device 5 back into the water reservoir 

W. By the dirty water S being recirculated into the water 

reservoir W, there is predominantly a rise in the sulfate ion 

concentration in the water reservoir W, particularly, in an 

apparatus according to fig. 2, a rise in the sulfate ion 

concentration in the mixing region MB. The local increase in 

concentration of the ions to be precipitated is advantageous 

since the precipitation substance having sulfate ions and the 

precipitation substance having heavy metal ions accumulate 

essentially in the same collecting region SB.

Alternatively, however, the dirty water S may, for example, 

also be supplied in the water extraction region EB. The inflow 

of the dirty water S in the water extraction region EB of the 

water reservoir W may in this case be configured in such a way 

that suspended particles in the contaminated water H are kept 

away from the microfiltration elements 4 to an increased 

extent. This takes place, for example, by adapting the flow 

conditions .

The continuous supply of dirty water S enriched with sulfate

ions into the mixing region MB results in the overshooting of

the solubility limit of sulfate ions present in the water and
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in the salts possible from the starting materials present in 

the contaminated water.
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As a rule, the precipitation substance F will comprise calcium 

sulfate, potassium sulfate, if appropriate also heavy metal 

sulfate, and will collect by sinking in the funnel-shaped 

collecting region SB of the purifying vessel 1'.

In order to prevent the purifying vessel 1' from filling up 

with precipitated precipitation substance F, a discharge device 

13' is provided which is designed as a vacuum appliance in 

fig. 2. The vacuum appliance 13' periodically or continuously 

sucks away the precipitation substance F which is accumulated 

in the collecting region SB of the purifying vessel 1' . The 

precipitation substance F sucked away is then supplied to a 

dewatering device 10 which dewaters the water-laden 

precipitation substance F. The contaminated water which, where 

appropriate, in this case occurs may be supplied anew to the 

purifying vessel 1' .

The clean water R which can be generated by means of the 

cleaning apparatuses shown in fig. 1 and fig. 2 has a degree of 

purity which makes it possible to introduce the clean water 

into a body of water, for example, without any infringement of 

environmental regulations. Alternatively, any other desired 

utilization of the clean water may be provided.

If appropriate, the purifying vessel 1' may also be designed 

with a very small volume, for example as a microreaction 

reactor, so that a method according to the invention can also 

be employed in process engineering, in particular process 

microengineering.

The filter device 5, which utilizes a nanofiltration stage 6 in 

order to separate the contaminated water H extracted from the 

purifying vessel 1' into dirty water S and clean water R, has a 

cleaning device 9. This cleaning device 9 is designed in such a 

way that a permeability to clean water R of a membrane used by 

the nanofiltration stage 6 is essentially adjustable.
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In particular, a cleaning of the membrane can take place by 

means of the cleaning device 9.
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This is achieved in that the cleaning device 9 comprises means 

for generating a magnetic field. The magnetic field generated 

by the means provided for this purpose penetrates through the 

nanofiltration stage 6, particularly the membrane, and removes 

from the vicinity of the membrane or from the membrane the ions 

which are to be filtered by the membrane and are arranged near 

the membrane or which are already filtered by the membrane.

Fig. 3 shows a flow chart of a method which is suitable for 

purifying water contaminated with heavy metal ions and with 

sulfate ions. In a first method step 20, water contaminated 

with sulfate ions and with heavy metal ions is provided, which 

is to be purified by means of the method according to the 

invention.

To precipitate or to remove the heavy metal ions from the 

contaminated water, lime water, milk of lime, caustic potash 

solution, caustic soda solution or another substance having a 

basic action in water is first supplied to the contaminated 

water in a method step 21. The basically acting substance 

supplied to the water is preferably intermixed with the water 

in a method step 26 by means for mixing the water or a water 

mixing device.

As a result of the intermixing, the reaction rate of the 

substance having a basic action in water is increased by the 

heavy metal ions, and an improved precipitation of the heavy 

metal ions out of the contaminated water occurs. The mixing of 

the substance having a basic action in water with the 

contaminated water may take place, for example, by agitating or 

shaking or by means of a suitable introduction of the substance 

having a basic action in water and of the contaminated water 

into common mixing zones.

Contaminated water is extracted by means of a water extraction

device in a method step 22 preferably in parallel with the
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supply of the substance having a basic action in water into the 

contaminated water. The extraction of the water is



WO 2008/092713 20 PCT/EP2008/050090

preferably coupled with a prefiltration of the extracted 

contaminated water in a method step 23. The method step 22 of 

water extraction and the method step 23 of prefiltration 

preferably take place essentially in common.

The water extracted in the method step 23 is then supplied to a 

filter device in which the contaminated water is separated into 

clean water and dirty water in a method step 24. Known filter 

concepts may be used in order to separate the contaminated 

water into clean water and dirty water. As an example, reverse 

osmosis or nanofiltration may be mentioned. However, other 

filter concepts may also be used.

The dirty water enriched with sulfate ions and, where 

appropriate, with heavy metal ions is supplied to the water 

reservoir again in a method step 25. This results in an 

increase in the concentration of sulfate ions in the water 

reservoir. The sulfate ion concentration rises until a limiting 

concentration just still soluble in water is overshot and, when 

this is overshot, a precipitation reaction commences.

Alternatively, the supply of the substance having a basic 

action in water into the contaminated water and the 

precipitation reaction thereby triggered may take place before 

water extraction in method step 22. In this case, the substance 

having a basic action in water is supplied to an extent which 

makes it possible initially to free the heavy metal ions 

essentially completely from the water reservoir.

Since the heavy metal ions are precipitated by means of the 

substance having a basic action in water, before water 

extraction takes place in method step 22 and a subsequent 

filtration of the water then essentially no longer having any 

heavy metal ions takes place in method step 24, the degree of 

purity of the clean water, that is to say the concentration of
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heavy metal ions in the clean water, may, if appropriate, be 

reduced even further. As a rule, such a serial sequence of the 

abovementioned method steps is expedient when new contaminated 

water is not supplied constantly or continuously to a water 

reservoir having water to be purified.

The precipitation substances usually generated as a result of 

various precipitation reactions generally collect at the bottom 

of a receptacle. However, an active collection of precipitation 

substance can also be provided in a method step 27. Active 

collection may take place, for example, by means of the shape 

of the receptacle or, for example, by the generation of a flow 

profile suitable for the collection of precipitation substance 

at a specific location. If appropriate, a collecting device may 

be provided which actively accumulates the precipitated 

precipitation substance, for example a sweeping device or 

brushing device.

In a method step 28, the collected precipitated substance is 

then discharged from the receptacle and is subsequently 

dewatered in a method step 29. The dewatered precipitation 

substance can then be finally stored, for example in a shutdown 

mine .

Preferably, the method with the method steps specified, 

particularly with regard to a purification of mine waste water, 

is carried out continuously. That is to say, the delivery of a 

substance having a basic action in water into the contaminated 

water, the discharge of precipitated precipitation substance 

out of a collecting region and water extraction and also 

subsequent filtration take place in parallel. As a rule, 

therefore, as high a throughput of contaminated water as 

possible can be purified.
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The claims defining the invention are as follows:

1. A method for the purification of water contaminated with sulfate ions and with 
heavy metal ions, the water being collected in a water reservoir, and a substance having a

5 basic action in water being supplied to the water in the water reservoir in an amount 
raising a pH value of the water, in such a way that a precipitation substance having heavy 
metal ions is precipitated out of the water, the method comprising:

- at least one water part quantity being extracted from the water reservoir 
and being separated by means of a filter device into clean water,

io essentially freed of sulfate ions and of heavy metal ions, and into dirty

water, enriched with sulfate ions and heavy metal ions, and
- the dirty water being at least partially recirculated into the water reservoir, 

with the result that a concentration of sulfate ions in the water reservoir 
increases, and after reaching the solubility limit a precipitation substance

is having sulfate ions is precipitated out of the water.

2. The method according to Claim 1, wherein the water and the basically acting 

substance supplied are intermixed.

20 3. The method according to Claim 1 or 2, wherein the water part quantity is
prefiltered during extraction.

4. The method according to one of Claims 1 to 3, wherein the water part quantity is 
separated by a filter device into clean water and dirty water, which filter device is based

25 on a reverse osmosis and/or a nanofiltration.

5. The method according to one of Claims 1 to 4, wherein the substance having a 
basic action in water is a hydroxide compound.

30 6. The method according to one of Claims 1 to 5, wherein precipitation substance,
comprising the precipitation substance having heavy metal ions and the precipitation
substance having sulfate ions, is collected in a collecting region of the water reservoir.

6037866_l:wxb
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7. The method according to one of Claims 1 to 6, wherein precipitation substance, 
comprising the precipitation substance having heavy metal ions and the precipitation 
substance having sulfate ions, is discharged continuously from the water reservoir.

5 8. The method according to Claim 7, wherein discharged precipitation substance,
comprising the precipitation substance having heavy metal ions and the precipitation 
substance having sulfate ions, is dewatered.

9. An apparatus for carrying out a method according to one of Claims 1 to 8 in 
io which water, contaminated with sulfate ions and with heavy metal ions, is purified in a 

water reservoir comprising a receptacle for the water with a mixing region and a 
collecting region for a precipitation substance comprising the precipitation substance 
having heavy metal ions and the precipitation substance having sulfate ions, with a device 
for the supply of a substance having a basic action in water into the mixing region, with a 

is device for the extraction of water from the water reservoir, with a filter device for 
filtering the extracted water into clean water, essentially freed of sulfate ions and heavy 
metal ions, and into dirty water, enriched with sulfate ions and with heavy metal ions, and
with a recirculation of the dirty water from the filter device into the water reservoir.

20 10. The apparatus according to Claim 9, wherein the water extraction takes place in
an extraction region of the water reservoir and a mixing of the substance having a basic 
action in water with water takes place in the mixing region of the water reservoir, an 
intermixing of water from the extraction region with water from the mixing region being 
reduced.

25

11. The apparatus according to Claim 9 or 10, wherein a device for the mixing of 
substance having a basic action in water with water is provided.

12. The apparatus according to any one of Claims 9 to 11, wherein the water
30 extraction device has at least one microfiltration element and/or at least one floatation

cell.
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13. The apparatus according to any one of Claims 9 to 12, wherein the filter device 
comprises at least one nanofiltration stage and/or at least one reverse osmosis filter.

14. The apparatus according to any one of Claims 9 to 13, wherein the filter device 
5 and/or the water extraction device have/has a membrane permeable to clean water, a

cleaning device for the membrane being provided, a cleaning of the membrane being 

capable of being brought about by means of a magnetic field.

15. The apparatus according to any one of Claims 9 to 14, wherein the recirculation 
io is designed such that the dirty water is recirculated into the mixing region.

16. The apparatus according to any one of Claims 9 to 15, wherein the precipitation 
substance collected in the collecting region can be discharged by means of a discharge 
device.

15

17. The apparatus according to Claim 16, wherein the discharged precipitation 
substance can be dewatered by means of a dewatering device.

18. The apparatus according to Claim 17, wherein the dewatering device is designed 
20 as a filter press and/or as a band filter.

19. The apparatus according to one of Claims 9 to 18, wherein the receptacle is a 

catching tank.

25 20. The apparatus according to one of Claims 9 to 18, wherein the receptacle is a
purifying vessel.

21. Use of the apparatus according to any one of Claims 9 to 20 for the purification 
of waste water occurring during the quarrying of raw materials in mines with sulfur-

30 containing soil.
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22. A method for the purification of water contaminated with sulfate ions and with 
heavy metal ions, said method being substantially as herein disclosed with reference to 

any one or more of Figs. 1-3 of the accompanying drawings.

5 23. An apparatus for the purification of water contaminated with sulfate ions and
with heavy metal ions, said apparatus being substantially as herein disclosed with 
reference to any one or more of Figs. 1-3 of the accompanying drawings.

DATED this Twenty-Fourth Day of February, 2012
10 Siemens Aktiengesellschaft

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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