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BACKGROUND OF THE INVENTION 011177

This invention relates generally to the treatment of an effluent and more
particularly is concerned With the treatment of a waste solution such as acig

mine drainage.

South African patent No. 95/10009 describes a Separation process for
Separating solids from an electrolytic liquid stream wherein iron ions are
released into the electrolyte from an iron electrode. The metal jons react with
phosphate in the electrolyte and settle out as iron phosphate. Settling is

enhanced by the coagulation and flocculation effect of the iron ions.

The aforementioneg process is carried out while maintaining the pPH of the

electrolyte within the boundaries of 4 to 10,

It is not evident, from the specification of the aforementioned patent, in which
way the pH of the solution is maintained in the indicated range and there would
appear to be no control over the PH of the liquid which is discharged after
settling of the iron phosphate takes place. It would also seem that the technique
described in the aforementioned patent specification is only effective for the

removal of phosphate in the form of iron phosphate.

Acid mine drainage solutions, and similar acidic liquors, generally contain
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sulphate, often in combination with phosphate. The treatment of this type of
effluent poses a problem of many parts in that, ideally, the pH of the effluent
should be raised to gz substantially neutral level, at least the harmful
contaminants such as sulpHate and phosphate should be reduced to acceptably
low levels; and potentially harmful base metals, which may be dissolved in the
effluent, should, preferably, be removed from the effluent as Part of a single

treatment process.

SUMMARY OF THE INVENTION

The invention provides, in the first instance, a method of treating an effluent

which includes the steps of:

(a) introducing the effluent as an electrolyte into an electrolytic reactor which

includes at least one sacrificial metallic anode;

(b) dissolving metallic cations from the anode into the effluent:

(b)(i) toincrease the PH of the effluent, and

(b)ii) to allow the formation of a metal-contaminant-complex, where the
| contaminant is selected from phosphate and sulphate; and

(c)  removing the complex from the effluent.

The method may incluge the step of precipitating base metals in the effluent as

hydroxides i.e. directly from the reactor.
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Preferably the metallic anode is a zinc anode. The invention is however not
limited to the use of a zine anode and any other metal which s capable of
increasing the pH of the effluent, and forming a complex of the aforementioned

kind, and which is sufﬁcieritly inexpensive, may be used in place of zinc,

When use is made of a zinc anode then the complex may be a zinc phosphate
or sulphate complex, both of which are insoluble at certain PH values. In the

latter case the complex may be a zinc-hydroxyl—sulphate complex.

\\‘

L

The complex may be removed from the effluent in any appropriate way but,
preferably, is precipitated from the reactor. To this end the PH may be

controlled to render the complex insoluble in the effluent.

The method may include the step of treating the complex to recover at least
some of the metal therefrom. Thus, in the case where the method makes yse of
a zinc sacrificial anode, the precipitated zinc complex may be subjected to a zinc
recovery process, which may be electrolytic, and the zinc recovered from the
process may be recycled and, ultimately, may be available for reuse in the

method of the invention.

Base metals may be precipitated from an overflow of effluent from the reactor or,

as noted, directly from the reactor.
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The invention preferably includes the step of controlling the parameters of the
electrical energy input to the reactor to control the pH of the effluent at a value
which maximises the formation of the metal-contaminant complex. Thus the
voitage which is applied to the reactor and the electrical current which flows
through the effluent (i.e. the electrolyte), and the period of time for which the
current is passed, may be regulated to control the quantity of electrical energy

or charge introduced into the reactor.

Preferably the pH is raiseq to a level of from 5 to 7, e.g. from 55t0 6,5 to
maximize the formation of the said complex. The exact PH value depends on the
chemical condition and speciation of the effluent, and the electrochemical

characteristics, i.e. the ion content, of the effluent.

For a particular acid mine drainage solution the PH level was in the range of 6
to 7. This pH level effectively promoted the formation of insoluble zinc-hydroxyl-

Sulphate, which was then precipitated from the solution.

On the other hand insoluble zinc phosphate was formed at g PH level in the-

range of 2 to 4.

In one form of the invention the electrical energy input to the reactor, expressed
as a ratio of coulombs/litre of effluent in the reactor, is in the range of 1000 to

2500. A preferred ratio is approximately 2000.
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Further electrical parameters which may be controlled, according to requirement,
include the profile or shape of the voltage which s applied to the reactor; the
amplitude of the current flow; if the voltage is pulsed the frequency thereof: and
the voltage polarity which may be reversed at intervals to reduce unwanted

deposits on the electrodes,

If use is made of 5 Plurality of cathodes and anodes then the spacing or
interpolar distance between the electrodes may be adjusted, if necessary on an
empirical basis, to achieve an effective precipitation of the metal-contaminant

complex.

More particularly the pH of the system is controlled by balancing the charge
delivery rate to the solution, i.e. coulombs/litre, and the effluent flow rate, i.e.

litres/second, which regulates the retention time of the solution in the reactor,

According to a secong aspect of the invention there is provided a method of

treating an effluent which includes the steps of introducing zinc cations lnto the
efﬂuent In a reactor to increase the PH of the effluent, allowing at least some of |
the cations to react with hydroxy! ions and sulphate anions in the effluent to form

a zinc- -hydroxyl-sulphate complex, and precipitating the complex from the

effluent to produce an overflow.

The method may include the step of precipitating base metals from the overflow,



10

15

20

25

) 011175

or directly from the reactor.

In a variation of the invention which holds particular commercial utility there is
provided a method of treating an acid mine drainage solution wherein the pH of
the solution is increaseg by dissolving zinc jons into the solution, and the pH of
the solution is controlleq so that at least some of the zinc ions are allowed to
react with sulphate ions in the solution to form an insoluble zinc-hydroxy}-

Sulphate complex which is then precipitated from the solution.

PH can be controlled at an optimum value which promotes the formation, and
hence precipation, of insoluble zinc-hydroxyl-sulphate. These aspects are
important for they enable the effluent to be treated on a continuous basis, as

Opposed to a batch basis.

The invention further extends to apparatus for treating an effluent which includes
aﬁ electrolytic reactor into which the effluent js introduced and in which areA
located at least one cathode and at least one metallic anode, an electrical
energy supply connected to the cathode and the anode, the Parameters of the
electrical energy supply and the anode being such that metallic cations from the
anode are dissolved into the effluent to increase the PH of the effluent ang to

cause the formation of g metal-contaminant complex, where the contaminant js
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selected from phosphate or sulphate anions in the effluent, means for separating
precipitated complex from the effluent in the reactor, and means for clarifying

overflow from the reactor.

The metal phosphate, and hydroxides in the effluent, are insoluble and
precipitate at pH values above a lower limit which, depending on condmons may
be in the range of from 2 to 4. On the other hand metal sulphate, in the form of
metal- hydroxyl-sulphate, is insoluble only in a narrow pH range, typically from

6to7.
The metallic anode may be a zinc anode,

The clarifying means may include means for precipitating base metals from the

overflow, or directly from the reactor.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is further described by way of example with reference to the
accompanying drawings in which:

Figure 1 schematically illustrates an electrolytic reactor or electrochemical celj
as used in the method of the invention,

Figure 2 is a curve which illustrates sulphate content as a function of pH, where
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the pH was manipulated by varying the flow rate of the solution, on a continuous
run,

Figure 3 illustrates PH and sulphate removal relationships, as a function of time,
in a batch treatment mode; during treatment of effluent in accordance with the
principles of the invention, and

Figure 4 is a flow diagram representation of a method according to the invention.

DESCRIPTION OF PREFERRED EMBODIMENT

In this specification a solution having electrical conductivity is called an
electrolyte. This type of solution, e.g. water, can normally also dissolve solid
substances like the salts of inorganic and organic acids as well as other
normally non-polar substances such as sugar. In process industries such
dissolved substances, residual in the process waste solutions, are called

pollutants or contaminants.

The invention js concerned with a method which enables pollutants or
coﬁtaminants such as sulphate and phosphate to be removed from effluent such'
as acid mine drainage. The invention is also concerned with increasing the pH
of an effluent of thig type to a less harmiy value ahd, preferably, to a

substantially neutra| value,

The principles of the invention are described hereinafter, in general form, with
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reference to Figure 1. A specific embodiment of the process of the invention is

described hereinafter with Particular reference to the flow diagram of Figure 4.

Figure 1 illustrates an electrblytic reactor 10 which includes a vesse| 12 in which
are located an anode 14 and g cathode 16. These electrodes are made of zinc
and are in the form of flat plates with relatively large effective surfape areas. The
spacing 18 between Opposed surfaces of the anode and the cathode may be

varied according to requirement, for purposes which are described hereinafter.

It is to be understood that Figure 1 illustratrates a single anode and a single
cathode but that multiple anodes and cathodes may be employed in a reactor

which is used in the method of the invention.

A voltage V, at a Suitable amplitude, from an electrical source 20, is applied
across the anode and the cathode. The voltage may have any suitable wave
form and the current delivering characteristic of the source 20 may be controlled
using techniques which are known in the art. The wave form of the voltage which

described hereinafter.

An electrolyte 22 is introduced into the vesse| 12,
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The application of the voltage to the electrodes causes an electric current | to
flow between the electrodes, The current has an anodic reaction with the anode

14 and a cathodic reaction with the cathode 16.

If the electrolyte 22 is pure water, at a neutraj acidity (pH = 7) then electrons will
start flowing from the cathode to the anode when the applied voltage across the

electrodes reaches 3 value of about 0,75 valts.

For electrons to flow the cathodic reaction consists of stripping each of two
hydrogen atoms (H), in the electrolyte, of their electrons. This results in the
formation of two He-ions which combine to form one molecule of hydrogen gas

(H,) which escapes from the electrolyte.
The system is kept in an electrically balanced state in that one atom of zinc at

by Zn*, which now balances the two positive charges (the two H*-ions) lost from
the electrolyte via the cathodic reaction. This is typically known as an

electrochemical process using sacrificial electrodes.

The net effect of these reactions is that the balance of the positive and negative
ions of water in the system is now influenced. There are now more negative ions

than positive ions in the system, due to the escape of hydrogen gas.
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The balancing OH- ions are then in excess and this results in an increase n pH
according to the definition of PH, i.e. pH = -log [H*]or pOH = -log [OH'] where:

PH + pOH = 14 for pure water.

The overall effect js that:
(@)  zincis dissolved into the electrolyte, and
(b)  the pH of the electrolyte is increaseq and the electrolyte s theréby

rendered less acidic.

Under these conditions it is clear that when the ionic concentrations are low, Zn»
and the hydroxyl ions exist only at certain pH values in the lower pH ranges. At
the higher pH values the different ionic species such as the zinc cation and the
hydroxy! anion increasingly tend to combine and form an insoluble precipitate
of zinc hydroxide. It s possible to promote higher rates of precipitation by
increasing the number of electrodes in the reactor. It may be advantageous to
exploit various means of coupling the electrodes to one another to achieve safer

operation, higher productivity, and a lesser amount of scaling of the electrodes.

If the electrolyte 22 is an effluent containing sulphate or phosphate anions, as
contaminants, the same technique, under controlled condifions, can be utilised
to remove the contaminants as an insoluble complex. The required conditions
exist at the surface of the electrode and, in the case of a zinc anode and a

sulphate-containing effluent, give rise to the formation of a pH- sensitive zinc-
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hydroxyl-sulphate complex which is insoluble in a@ narrow pH range of from 6 to

7 and which settles as g heavy crystalline precipitate in the reactor 10,

Higher rates of precipitati'on may be promoted by increasing the electrical
current, by increasing the number of electrodes in the reactor and by varying the
spacing 18 between each Opposing anode and cathode pair, if necessary on an

empirical basis.

Figure 2 is a curve which illustrates sulphate concentration, in milligrams per
litre, in an effluent as 3 function of the PH of the effluent under continuous
effluent flow conditions during which the electron flow rate was manipulated to
control the pH of the solution, Generally the pH increases as the electron flow

rate increases.

Acid mine drainage was introduced in a continuous run into a reactor 10 of the
kind shown in Figure 1 and the voltage across the eleétrodes was manipulated
to control the pH of the solution in the reactor. For a pH range of from about 3
to 5 the sulphate concentration was reduced by about 20% to a |eve lying
between 700mg/l and 600mg/l. At a PH of 6 a substantial percentage reduction,

of the order of 70%, of the sulphate concentration was achieved.

Figure 3 illustrates how the quantity of electrical energy delivered to the

electrolyte in a batch reactor, and expressed as g function of charge density in
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coulombs per litre, increases the PH of the effluent and reduces the sulphate
content. It is to be noted that, in a general sense, the pH continues increasing
as the coulombs per litre factor increases but that there are diminishing returns,

in respect of a reduction in the sulphate concentration, when this factor reaches

a figure of about 2000

The curves of Fj Igure 3 were obtained from measurements taken on a 150 litre

batch of effluent containing sulphate.

The following table reflects an analysis of the effluent, which was acid mine
drainage subjected to batch treatment. Measurements were taken before and
after treatment and illustrate g substantial reduction of the base metals in the
effluent, in the sulphate content and in the acidity of the effluent. It is to be noted

that, in respect of the base metal content, only iron, aluminium and calcuim were

measured.

Raw untreated Treated supernatant
pH SO, Fe Al Zn Ca pH SO, Fe Al Zn Ca
3.0 600.0 | 26.0 35.0 30.0
25 686.0 | 54.0 454 296
32 465.0 | 20.0 443 96.5 20.0 54 348.0 14 443 116.0
25 NV 45,0 50.0 104.0
59 550.0 NV NNV NV
58 540.0 12 0.2 NNV
26 5950 | 264 58.3 NV 268 56 540.0 0.1 0.1 310.0 | 255
25 NNV 45.0 50.0 104.0
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26 625.0 [ 238 NV NV 21.0 4.7 589.0 1.8 0.0 2840 | 230
3.1 750.0 13 78.0 42.0 55 540.0 1.0 370.0 | 40.0
25 660.0 0.8 65.0 6.3 500.0 0.0 327.0

29 609.0 129 25.0 18.5 6.9 443.0 0.0 0.1 18.5
29 539.0 0.0 53.0 NV 27.0 6.3 419.0 0.0 0.0 NNV 35.0
30 653.0 | 227 305 , 258 6.2 540.0 0.0 0.1 258
29 6580 | 235 31.0 26.0 54 564.0 0.0 0.1 240
3.0 7370 | 17.0 30.0 84.0 57 659.0 0.0 0.1 68.0

(NN — not available)

Figure 4 is a process flow diagram of a particular example of the mventlon used for the
continuous treatment of acid mine drainage to remove sulphate therefrom and to

increase the pH of the recovered water.

A reactor 10 which includes a vessel 12 has mounted in it a bank of zinc anodes 14 and
a bank of zinc cathodes 16, An electrical supply 20 is connected to the anodes and the
cathodes. The parameters of the electrical supply are controlled by means of a controj
device 24. The device may be of a kind which is known in the art and hence is not further
described herein. The function of the device is to control the voltage which i applied
across the anode/cathode pairs and the current which flows between each anode and
cathode pair, The voltage may be controlled i in wave form and in amplitude. The voltage
if necessary may be pulsed and from time to time the polarity of the voltage which is
applied to the anodes and cathodes may be reversed. This so-called passivation

technique helps to prevent the build-up of unwanted deposits on the electrodes.

Acid mine drainage 26 is continuously introduced into the vessel 12 and overflow 28

from the vessel passes to a clarifier 30 and a precipitation stage 32,
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Material which is precipitated from the vesse] 12 is directed to a process flow path 34,

The quantity of electrical energy, in the form of charge or coulombs, required to be input
to the reactor 10, is determined by Faraday’s law which can be formulated as follows:
W=V.L.T/ZM.F where:
W is the mass of metal, i.e. zinc from the anode, to be djssolved into the
electrolyte in the vesse| 12;
Vis the voitage across the electrodes;
I is the electrical current flowing through the electrolyte:
T is the time in seconds for which the current | js passed;
Zisthe valency of the meta| (in this case zinc) to be dissolved into the electrolyte:
M is the atomic mass of the dissolved metal; and

F is Faraday's proportionality constant.

As explained hereinbefore with reference to Figure 1 the electrical current which flows
between the electrodes anodically dissolves the zinc anodes and a reaction takes place
which produces a precipitate and an overflow 28 to the clarifier 30. At the sarﬁe-time the
pH of fhe solution in the vessel 12 is increased. The PH is increased under controiled
conditions taking into account the following factors: the amount, and hence the cost, of
electrical énergy required to achieve a satisfactory pH level: the efficiency of the
formation of the zinc—hydroxyl-sulphate complex, or zinc-phosphate complex, as the case
may be, in an efficient manner which, as noted, is pH dependent; and the acceptable pH

level of liquid ultimately discharged to waste, and output from the apparatus shown in



10

15

20

25

16 011177

Figure 4,

The precipitate 36 in the underflow from the vessel 12 s the zinc-sulphate (or
phosphate) complex referred 'to hereinbefore. In general terms, for sulphate, the
complex has a formula (Zn), (OH), (S0), The precipitated zinc complex 36 is directed
to a zinc electrowinning process 38 to recover zinc metal. The zinc V\{hiCh is recovered
may ultimately be reformed into electrode plates and recycled, as is indicateq

schematically in a block 40, for eventual reuse in the reactor 10.

The overflow 28 from the reactor passes through flow control and PH control systems 42
to the clarifier 30. Here the overflow is split into two streams, The first stream is a fina|
water product 44 which is discharged as waste. The water 44 has an acceptable pH
level which is neutral or substantially neutral and a significantly reduced sulphate and

phosphate content,

The second stream produced by the clarifier 30 is an underflow of precipitated base
metals 46 which are mainly hydroxides. The bulk of the underflow would normally be
discarded as solid waste sludge on suitable sites but it is possible with corréctly

designed separation equipment 48 to recover at-least some of the base metajs for sale.

It is also possible to precipitate base metals (step 50) directly from the reactor, as s
indicated by a dotted line, or to separate precipitated base metals from the zinc complex

using any suitable technique e.g. a gravity separation process.
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It is to be noted that the wave form of the electrical source applied to the electrodes is
important for it significantly influence the effective precipitation of the zinc-hydroxyl-
sulphate complex. The geometry of the electrodes in the reactor and the spacing or
interpolar distance between each anode and opposing cathode, are also important.
These parameters are generally determined empirically and are adjusted on site taking

into account the geometry of the vessel 12, and the speciation and nature of the

- electrolyte or effluent which is being treated.

X-ray diffraction analysis has shown that the final product i.e. the precipitated zinc

complex 36, from the reactor 10, has a formula of (Zn), (OH)g (SO,).

As the phosphate and sulphate precipitate at different pH values it is possible to collect
these precipitates Separately. The pH in a single reactor can either be held in a first
range, and then in a second range, or the effluent can be passed to a first reactor which
holds the pH in a first range, and then to a second reactor which holds the PH in a
second range with each pH range causing precipitation of a phosphate or Sulphate
complex, as described. The first approach is better suited to batch processing while the

second approach lends itself to continuous processing
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CLAIMS

1. A method of treating an effluent which includes the steps of:

(a)  introducing the effluent as an electrolyte reactor which includes at least one
sacrificial metallic anode;

(b)  dissolving metallic Cations from the anode into the effluent:

(b)(i) to increase the pH of the effluent, and

(b)(ii) to allow the formation of a metal—contaminant complex, where the cbntaminant
is selected from phosphate and sulphate: and

(c)  removing the complex from the effluent.

2. A method according to claim 1 wherein the metallic anode is a zinc anode and

the complex is a zinc-phosphate or zinc-sulphate complex.

3. A method according to claim 1 or 2 wherein the pH is controlled to render the

complex insoluble and the complex is precipitated from the reactor.

4, A method according to any one of the claims 1 to 3 which includes the step of
controlling the parameters of the electrical energy input to the reactor to control the pH
of the effluent at a value which maximises the formation of the metal-contaminant

complex.
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5, A method according to claim 4 wherein the complex is a zinc-sulphate complex
and the pH is raised to a leve] of from 5 to 7 to maximise the formation of the said

complex.

6. A method according to claim 4 wherein the compiex is a zinc-phosphate complex

and the pH is raised to a level of from 2 to 4.

7. A method according to any one of claims 4 to 6 wherein the electrical energy
_ input to the reactor, expressed as a ratio of coulombstlitre of effluent in the reactor, is

in the range of 1000 to 2500.

8. A method of treating an acid ming drainage solution wherein the PH of the
solution is increased by dissolving zinc jons in the solution, and the pH of the solution
is controlled so that at least some of the zinc ions are allowed to react with sulphate
ions in the solution to form an insoluble zinc-hydroxyl-sulphate complex which is then

precipitated from the solution,

Mmetallic cations from the anode are dissolved into the effluent to increase the PH of the

effluent and to cause the formation of a metal-contaminant complex, where the
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contaminant is selected from phosphate or sulphate anions in the effluent, means for
Separating precipitated complex from the effluent in the reactor, and means for

clarifying overflow from the reactor.

10.  Apparatus according to claim 9 wherein the metallic anode is a zinc anode
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