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(54) Title: ADSORPTION OF CONTAMINANTS FROM LIQLID AND ELECTROCHEMICHAL REGENERATION OF AD­
SORBENT

(57) Abstract: A method for the treatment of a liquid. The method comprises contacting the liquid within a treatment zone with 
an adsorbent material, which is then electrochemically regenerated within a regeneration zone following contact with said liquid. 
A disinfectant precursor species is provided within the regeneration zone and then electrochemically converted to a disinfectant 
species which can then contact adsorbent material and/or liquid within the regeneration zone effecting in-situ disinfection and re­
sulting in the presence of residual disinfectant species in the treated liquid. There is further provided apparatus for carrying out 
such a method.
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The present invention relates to a method for the treatment of liquids. The invention has

particular, but not exclusive application in the treatment of contaminated liquids to remove

organic pollutants and kill bacteria, fungus, mold, spores or other micro-organisms present in

the liquid.

Chlorine is widely used as a disinfectant in various waters, including drinking, process and 

swimming pool waters. Its major advantage over alternative disinfection technologies (e.g. 

ozone, UV) is that it provides residual disinfection capability as it remains dissolved in the 

water and thereby continues to provide protection against bacteria, fungus, mold, spores and 

other micro-organisms over a longer period. In addition to its disinfectant properties, chlorine 

is also a strong oxidising agent and can therefore oxidise any organic pollutants present in 

contaminated water. These properties have resulted in chlorine being the most widely used 

disinfectant for aqueous applications.

Traditional dosing regimes to disinfect liquids typically employ chlorine, hypochlorite 

solutions, chloramine solutions, chlorine dioxide or hydrogen peroxide. Unfortunately, 

however, many of the traditional disinfectants, in particular chlorine, are very hazardous 

substances. As an alternative, systems have been developed for producing chlorine or 

hypochlorite from brine using electrochlorination. In spite of the perceived benefits of such 

systems, their commercial application to date has been hindered by significantly increased 

capital cost compared to traditional chlorine dosing regimes.

An object of the present invention is to obviate or mitigate problems associated with current 

methods for disinfecting contaminated liquids.

A first aspect of the present invention provides a method for the treatment of a liquid 

comprising contacting the liquid within a treatment zone with an adsorbent material, passing 

the adsorbent material to a regeneration zone within the treatment zone after contact with 

said liquid and electrochemically regenerating the adsorbent material within the regeneration 

zone, disinfectant precursor species being provided in the regeneration zone, subjected to 

electrochemical conversion to generate a disinfectant species within the regeneration zone 

and adsorbent material and/or liquid within the regeneration zone contacted by said 

disinfectant species, wherein regeneration of the adsorbent material is effected 

simultaneously with oxidation of the disinfectant precursor species.
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By employing electrochemical treatment within a regeneration zone to regenerate 

used adsorbent material and to produce disinfectant species in-situ, the present 

invention provides a simple, convenient and environmentally acceptable method to 

treat contaminated and infected liquids which avoids many of the disadvantages 

associated with existing systems. The present invention thus provides a combined 

method for the decontamination and disinfection of liquids in need of such treatment. 

While the method according to the first aspect of the present invention is eminently 

suitable for the combined treatment of contaminated and infected liquids, it will be 

appreciated that the method can be employed for disinfection alone or 

decontamination alone, depending upon the level of infectious agents and 

contaminants present in the liquid to be treated.

Prior to the development of the present invention methods of disinfecting liquids 

typically required the addition to the liquid of a disinfectant, such as chlorine or a 

chlorinated oxidising agent, which are generally hazardous to handle and store. By 

generating the disinfectant species in-situ the need to handle and store these 

hazardous chemicals is avoided. By way of example, the method according to the 

present invention facilitates the production of a sufficient quantity of oxidised chloride 

species to be added to a supply of water to ensure that the water remains potable 

and in doing so reduces or eliminates the need for conventional chemical biocides.

The term 'oxidised chloride species’ is intended to encompass a range of oxidised 

chloride species including, but not limited to, dissolved chlorine, hypochlorite and 

hypochlorous acid. It will be appreciated that the particular concentration of such 

species employed in a particular application will depend upon a range of factors, 

such as solution temperature and pH, as well as parameters of the process used to 

generate the species and/or parameters of the subsequent processes in which the 

species are intended to be used.

Preferably the disinfectant species is generated within the regeneration zone at a first 

higher concentration and then passed to the treatment zone where it disperses in the 

liquid to be treated so as to be present in said liquid at a second lower concentration. 

Generation of disinfectant species within the regeneration zone enables high levels 

of disinfection to be achieved within the regeneration zone where the disinfectant 

concentration is highest. Disinfection may be effected by contacting microorganisms,
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such as bacteria, within liquid present within the regeneration zone and/or microorganisms 

that have been adsorbed by the adsorbent material and which are not killed as a result of the 

electrochemical regeneration of the adsorbent material. Further disinfection may also be 

achieved within the treatment zone by residual disinfectant species which have passed from 

the regeneration zone to the treatment zone. This leads to another significant advantage of 

the present invention since it facilitates residual disinfection of liquid after it has left the 

treatment zone.

A second aspect of the present invention provides apparatus for the treatment of a liquid 

comprising a treatment reservoir for liquid to be contacted by an adsorbent material; and a 

regeneration chamber defined between two electrodes which are controllable to 

simultaneously electrochemically regenerate said adsorbent material following contact with 

said liquid and electrochemically convert a disinfectant precursor species to generate said 

disinfectant species within the regeneration zone which can then contact adsorbent material 

and/or liquid within the regeneration zone, wherein the regeneration chamber is within the 

treatment reservoir.

In the first and/or second aspects of the present invention, electrochemical conversion of the 

disinfectant precursor preferably comprises electrochemical oxidation. In preferred 

embodiments of the present invention the disinfectant precursor species comprises chloride 

ions, more preferably the disinfectant precursor species is a chloride salt and preferably the 

disinfectant precursor species is sodium chloride, which may be provided in the form of dry 

salt or as a brine and most preferably the sodium chloride is in the form of a brine. Salt water 

as the disinfectant precursor may be particularly desirable in coastal areas where salt water 

is plentiful and could be electrochemically oxidised using the method/apparatus of the 

present invention to generate any required amount of oxidised chloride species. 

Electrochemical treatment of such precursor species liberates oxidised chloride species, 

which represent preferred disinfectant species. The electrochemical production of oxidised 

chloride species using direct electric current provides a number of benefits over traditional 

methods, including no-longer requiring on-site storage and handling of hazardous chlorine- 

based products, since the present invention enables oxidised chloride species to be 

generated in-situ on demand and in precisely the correct amount, which can, if desired, take 

into account existing concentrations of oxidised chloride species within the liquid being 

treated. The method of the present invention thus preferably involves monitoring the 

concentration of disinfectant species available to contact liquid to be treated and generating 

further
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disinfectant in response to said monitoring detecting that the concentration of 

available disinfectant species is below a threshold level. Given the advantages 

associated with generation of disinfectant in-situ on demand it will be appreciated 

that it is preferred that the further disinfectant species is generated by providing 

further disinfectant precursor species in the regeneration zone and subjecting said 

further precursor species to electrochemical oxidation.

Moreover, it will be appreciated that the handling and storage of preferred 

disinfectant precursors, such as brine, is safe, simple and relatively cheap, which 

provide the method of the present invention with significant commercial advantages 

over existing disinfectant methods.

Adsorbent materials suitable for use in the method of the present invention are 

electrically conducting solid materials capable of convenient separation from the 

liquid phase. Suitable materials are discussed in more detail below, but preferred 

adsorbent materials comprise a particulate electrically conductive adsorbent material, 

such as unexpanded graphite intercalation compounds (GICs) and/or activated 

carbon. Typical individual GIC particles suitable for use in the present invention have 

electrical conductivities in excess of 10,000 Ω'1 cm'1. It will be appreciated however 

that in a bed of particles this will be significantly lower as there will be resistance at 

the particle/particle boundary. Hence it is desirable to use as large a particle as 

possible to keep the resistance as low as possible. It will be appreciated however 

that a large number of different GIC materials have been manufactured and that 

different materials, having different adsorptive properties, can be selected to suit a 

particular application of the method of the present invention.

In the preferred embodiment which employs brine or salt water as the disinfectant 

precursor species, electro-chlorination is a suitable process because the presence of 

the brine in the liquid being treated increases the conductivity of the liquid so that the 

adsorbent regeneration and oxidised chloride species generation processes can be 

operated at relatively low voltages. Yet further commercial advantages arise from the 

use of preferred adsorbent materials with relatively high conductivities, which results 

in the regeneration of the adsorbent and electro-oxidation of the disinfectant 

precursor being relatively low power processes and enables the amount of precursor 

used to be determined almost exclusively upon the amount of disinfectant needed, 

rather than having to add an amount of precursor to produce conductivity within the 

regeneration zone. Moreover, using high conductivity adsorbents allows the method

4
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of the present invention to be used to treat water of any conductivity, including low 

conductivity water.

Another significant advantage associated with the present invention is that the 

possible generation of chlorinated by-products by the electrochemical oxidation of 

organic contaminants within the liquid should not represent a potential hazard if the 

chlorinated compounds have preferential adsorption onto the particulate adsorbent 

material and higher adsorptive capacities on the adsorbent material. Hence the 

method of the present invention will help to prevent the release of chlorinated by­

products from the decontaminated and disinfected liquid, which is important from 

both an environmental and economic standpoint.

The decontamination/disinfection treatment process, the adsorbent material 

regeneration process and the disinfectant generation process can each be carried 

out continuously, semi-continuously or on a batch basis. Thus, liquid in need of 

treatment can be continuously passed through the treatment zone, such as a 

reservoir, containing appropriate levels of adsorbent and disinfectant, or individual 

volumes of liquid to be treated can be decontaminated and disinfected as a batch, 

with the adsorbent material being regenerated and the disinfectant species being 

generated during treatment of the respective batch or between batch treatments as 

appropriate. Suitable apparatus for carrying out the process in a continuous, semi- 

continuous or batch-wise manner is described in International patent publication no.s 

W02007/125334 and W02009/050485.

In a first preferred embodiment of the present invention, contacting of the liquid with 

the adsorbent material and any residual disinfection occurs during passage of the 

liquid through the treatment zone containing the adsorbent material and any residual 

disinfectant species. Used adsorbent material that has already contacted 

contaminated/infected liquid can be recycled through the regeneration zone, for 

example in the form of a chamber, which is advantageously located within the 

treatment reservoir, prior to contacting further liquid in need of treatment, A direct 

electric current is preferably passed through the adsorbent material as the adsorbent 

material passes through the regeneration zone to regenerate the adsorbent material. 

A current of around 0.05 to 1 A may be employed. More preferably a current of 

around 0.25 to 0.75 A may be employed, and most preferably a current of around 0.5 

A may be employed. A current density of around 1 to 20 mA/cm2 may be employed.
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Alternatively, it may be advantageous to use a current density of around 5 to 15 

mA/cm2, or a current density of around 10 mA/cm2.

Electrochemical oxidation of the disinfectant precursor species to generate the 

disinfectant species is also preferably affected by passage of a direct electric current 

through a quantity of disinfectant precursor species introduced separately into the 

regeneration zone. A current of around 0.05 to 1 A, or more preferably a current of 

around 0.25 to 0.75 A, may be employed. Most preferably a current of around 0.5 A 

may be employed. A current density of around 1 to 20 mA/cm2 may be used. 

Alternatively, it may be advantageous to use a current density of around 5 to 15 

mA/cm2, or a current density of around 10 mA/cm2.

In a preferred embodiment the current employed to effect regeneration of the 

adsorbent material has substantially the same magnitude as the current used to 

oxidise the disinfectant precursor species. It is particularly preferred that regeneration 

of the adsorbent material is effected simultaneously with oxidation of the disinfectant 

precursor species.

Continuous injection of the disinfectant precursor species into the regeneration zone 

can occur throughout the treatment process.

It will be appreciated that the quantity of disinfectant precursor species required for a 

particular application may be admitted to the regeneration zone in a single batch, a 

plurality of discrete batches over a period of time or continuously over a suitable time 

period. The total quantity needed will depend upon the level of disinfection required 

and so may, in some cases, be calculable before treatment has begun or may need 

to be periodically or continually recalculated throughout the period of time that the 

liquid is being treated. It may therefore be advantageous to control the rate at which 

the disinfectant precursor species is admitted to the regeneration zone for 

electrochemical oxidation so as to generate the disinfectant species at a desired rate 

to suit a particular application.

It is necessary, when deciding the quantity of disinfectant precursor species required, 

to also consider the quantity of the oxidised chloride species that react with organic 

contaminants present in the liquid to be treated. The reacted oxidised chloride 

species thus no longer provide the required disinfectant effect due to the production 

of unwanted chlorinated organic species. An additional benefit of the present method

6



WO 2011/058298 PCT/GB2010/002027

over previously patented methods is that said chlorinated organic species are 

removed by the adsorption process and do not remain in the treated liquid as 

unwanted contaminants.

The regeneration zone or chamber may be defined between two electrodes for 

coupling to a source of electrical power. In use, a voltage can be applied between the 

electrodes, either continuously or intermittently, to pass current through the 

adsorbent material and regenerate it in the manner described in “Electrochemical 

regeneration of a carbon-based adsorbent loaded with crystal violet dye": N W 

Brown, E P L Roberts, A A Garforth and RAW Dryfe; Electrachemica Acta 49 (2004) 

3269-3281 and “Atrazine removal using adsorption and electrochemical 

regeneration": N W Brown, E P L Roberts, A Chasiotis, T Cherdron and N 

Sanghrajka; Water Research 39 (2004) 3067-3074. Contaminated/infected liquids 

may also be treated within an undivided cell, provided there is no continuous 

electrical connection between the cathode and anode through the solid conducting 

adsorbent material. In a continuous or semi-continuous process the flow rate of the 

adsorbent through the regeneration zone can be determined and controlled to ensure 

a sufficient dwell time in contact with the recycling adsorbent, while the concentration 

of the disinfectant species available to contact liquid in need of treatment in the 

regeneration zone and/or treatment zone can also be monitored and controlled to 

ensure that sufficient disinfectant is available to liquid flowing through the treatment 

zone.

Apparatus suitable to carryout the method of the present invention can employ a 

single regeneration zone, or a plurality of regeneration zones in more substantial 

equipment as described in detail in International patent publication no.s 

W02007/125334 and W02009/050485.

To aid in the recycling of the adsorbent material it is desirable to provide some 

means to assist movement of the adsorbent material through the treatment zone to 

the regeneration zone. It is also preferred that the adsorbent material is physically 

agitated within the treatment zone to assist distribution of the adsorbent material in 

the liquid and, in doing so, aid adsorption of contaminants, including microorganisms, 

such as bacteria, from the liquid. This physical agitation also assists dispersion of the 

disinfectant species throughout the liquid thereby aiding residual disinfection of the 

liquid during and/or after contact with the adsorbent. Conveniently, physical agitation 

of the adsorbent material can be achieved by delivery to the treatment zone of a
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pressurised fluid, such as air, and/or liquid in need of decontamination and/or

disinfection.

In a second preferred embodiment of the present invention, a batch-wise process is 

carried out such that liquid to be treated within the treatment zone is essentially 

stationary, save for agitation to aid distribution of the adsorbent material throughout 

the liquid. Conveniently, the adsorbent material can be removed from the treatment 

zone for recycling and regeneration, or more preferably, used adsorbent material that 

has already contacted liquid is regenerated within a regeneration zone within the 

treatment zone by passing an electric current through the adsorbent material to 

release from the adsorbent material gaseous products derived from contaminants 

formerly present in the liquid. Generation of the disinfectant species by 

electrochemical oxidation of the disinfectant precursor species is also preferably 

effected within the regeneration zone by passage of an electric current through a 

quantity of the disinfectant precursor species within the regeneration zone. 

Electrochemical oxidation of the precursor may be carried out once at the start of the 

treatment process if it is known in advance precisely how much disinfectant species 

will be required for the volume of liquid being treated, or the oxidation process may 

be carried out a plurality of times during treatment of the liquid to ensure there is 

always sufficient disinfectant species present to safely and effectively disinfect the 

liquid. In a preferred embodiment, electrochemical oxidation of the disinfectant 

precursor species to generate the disinfectant species and electrochemical 

regeneration of the adsorbent material occur effectively simultaneously within the 

regeneration zone such that disinfection is achieved at similar overall cost as 

compared to the adsorbent regeneration process carried out in W02007/125334 and 

W02009/050485. The cost of the combined electrochemical oxidation / regeneration 

process according to the present invention may in fact be lower than the regeneration 

process described in W02007/125334 and W02009/050485 in embodiments of the 

present invention where the disinfectant precursor species increases the conductivity 

of the medium within which the electrochemical processes are being carried out.

As mentioned above, the level of available, i.e. unused, disinfectant species within 

the regeneration and/or treatment zones can be continually or periodically monitored 

during treatment of the liquid, and if the concentration falls below a predetermined 

minimum level, further disinfectant species can be added to the regeneration and/or 

treatment zones. This further disinfectant can be any desirable type of disinfectant 

species and does not necessarily have to be generated in-situ, but it is preferred that

8
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any further disinfectant is generated in-situ in this way in view of the commercial and 

environmental advantages of this method.

As mentioned above, it is preferred that the regeneration zone or chamber is defined 

between an anode and a cathode for coupling to a source of electrical power. The 

adsorbent material may be continuously or intermittently regenerated while it passes 

through the regeneration chamber by the application of an electrical voltage between 

the electrodes. The cathode is preferably housed in a separate compartment defined 

by a conductive membrane which enables a catholyte to be pumped through the 

compartment, whilst protecting the cathode from direct contact with the adsorbent 

material. If a chloride ion-containing solution (e.g. a dilute salt solution) was used as 

the catholyte (or as a component of the catholyte) and a conductive membrane is 

selected which allows chloride ions to pass therethrough then this would represent a 

relatively simple, cheap and convenient means of both supporting regeneration of the 

adsorbent material and generation of the disinfectant species. The rate of disinfectant 

generation could then be controlled at least in part by appropriate adjustment of the 

pressure within the cathode compartment and/or changing the salt concentration 

within the compartment.

When a batch-wise process is carried out such that the liquid to be treated is 

essentially stationary rather than flowing through the treatment zone or reservoir it 

may be desirable to physically agitate the adsorbent material within the treatment 

zone to assist distribution of the adsorbent material in the liquid and adsorption of 

contaminants from the liquid. The physical agitation may be provided in any 

convenient manner, but is conveniently provided by delivery to the treatment zone of 

pressurised fluid, e.g. air and/or a quantity of liquid in need of decontamination and/or 

disinfection.

Adsorbent materials suitable for use in the method of the present invention are 

electrically conducting solid materials capable of convenient separation from the 

liquid phase. The material may be used in powder, flake or granular form. Whilst the 

particle size may not be critical, the optimum size is likely to depend on the adsorbent 

properties. Generally, the material used and particularly the particle size is a 

compromise between surface area, electrical conductivity and ease of separation.

Preferred adsorbent materials comprise a particulate electrically conductive 

adsorbent material, such as unexpanded intercalated graphite and/or activated

9
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carbon. A single form of electrically conductive material may be used or multiple 

component materials comprising a combination of two or more different types of 

material may be used in which at least one component is electrically conductive. 

Particularly preferred materials include graphite intercalation compounds (GICs). 

Preferred GICs include a bi-sulphate intercalated product, which can be formed by 

chemically or electrochemically treating graphite flakes in oxidising conditions in the 

presence of sulphuric acid. A preferred GIC is in flake form, and typically has a 

composition of at least 95% carbon, and a density of around 2.225 g cm-3. Flake 

carbons can be used as the starting materials for producing GICs with significantly 

lower carbon contents (80% or less). These compounds can also be used, but are 

likely to result in slightly higher voltages across the electrochemical regeneration 

zone. Other elements may also be present within the GIC, depending on the initial 

composition of the flake graphite and the chemicals used to convert the flakes into 

intercalated form.

In single component adsorbent materials a typical particle size is around 0.25 - 0.75 

mm. Significantly larger particle sizes can be employed, such as up to around 5 mm, 

when multiple component adsorbent materials are employed. Very fine particles (< 

50 microns) can be used as the adsorbent material since these can be separated 

from the liquid phase easily if an organic polymer is used as a flocculent. This 

organic flocculent can then be destroyed by regeneration. The use of other materials 

of lower electrical conductivity and density would benefit from larger particles. Typical 

individual GIC particles suitable for use in the present invention have electrical 

conductivities in excess of 10,000 Ω'1 cm'1. It will be appreciated however that in a 

bed of particles this will be significantly lower as there will be resistance at the 

particle/particle boundary. Hence it is desirable to use as large a particle as possible 

to keep the resistance as low as possible. However it should also be noted that the 

surface area is inversely proportional to the particle size and there is a trade off 

between adsorptive capacity and electrical resistance.

It will be appreciated that a large number of different GIC materials have been 

manufactured and that different materials, having different adsorptive properties, can 

be selected to suit a particular application of the method of the present invention.

Three separate mechanisms of disinfection occur during the regeneration stage of 

the process which, in combination, provide strong disinfection conditions within the 

electrochemical regeneration chamber. The first is due to the direct electrical
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disruption of bacteria by the passage of electrical current through the adsorbent 

when contaminant and bacteria are adsorbed on its surface; the second is the direct 

chlorination of bacteria by the oxidised chloride species generated from the precursor 

species; the third is a pH affect caused by an increase in hydrogen ions during the 

oxidation of adsorbed organics and water. Dilution of the oxidised chloride species 

into the treatment zone occurs during agitation of the adsorbent species such that a 

residual quantity of said oxidised chloride species remains in the treated fluid post­

treatment, providing a residual disinfection effect.

The present invention will now be exemplified with reference to the following figure in 

relation to the treatment of swimming pool water.

Figure 1 is a graph illustrating the increase in free chlorine and decrease in pH over 

time of a sample of deionised water subjected to electrochemical oxidation in line 

with a step in the method of the present invention.

Apparatus suitable to remove contaminants, such as organic pollutants, from 

swimming pool water using a continuous, semi-continuous or batch process is 

described in International patent publication no.s W02007/125334 and 

W02009/050485. For the present exemplary embodiment, apparatus similar to that 

described in W02007/125334 and W02009/050485 is employed in which the water 

to be treated is passed through a treatment zone in the form of a reservoir, within 

which is provided a regeneration zone in the form of a chamber. The apparatus 

described in the aforementioned patent applications requires modification to facilitate 

in-situ generation of oxidised chloride species and disinfection of the swimming pool 

water as well as decontamination to remove organics, microorganisms and the like. 

The apparatus requires means by which the disinfectant precursor species, e.g. 

brine can be added to the regeneration chamber in a sufficient quantity, continuously 

or as often as necessary, to generate the required amount of disinfectant species, 

e.g. chlorine/hypochlorite, to provide the desired disinfection level within the 

regeneration chamber and residual disinfection within the treatment reservoir. The 

apparatus also requires means to control the current applied to the brine to ensure it 

is electrochemically converted to oxidised chloride species in the most appropriate 

manner.

When the apparatus is ready for use, an adsorbent material is loaded into the 

regeneration chamber in the required amount. Swimming pool water to be treated is

11



WO 2011/058298 PCT/GB2010/002027

then delivered to the treatment reservoir through one or more inlets and filled to a 

level just below that of one or more discharge outlets from which it can then be 

returned, after treatment, to the swimming pool or to a separate storage unit. The 

regeneration chamber and the treatment reservoir are in fluid communication and so 

upon delivering swimming pool water to be treated into the treatment reservoir, a 

volume of the water enters the regeneration chamber. An appropriate amount of dry 

salt or brine is then introduced into the regeneration chamber and a current passed 

through the brine to generate chlorine gas within the water in the chamber.

Air under pressure is then delivered through openings in the base of the treatment 

reservoir to generate bubbles in the swimming pool water. This draws particulate 

adsorbent material and oxidised chloride species generated within the regeneration 

chamber from below an opening at the bottom of the regeneration chamber, and 

carries them upward through the treatment reservoir.

As the adsorbent material is carried upwards through the liquid, it adsorbs pollutants, 

such as organic compounds and bacteria, in the liquid and then passes into the 

regeneration chamber where a direct electric current is applied to the absorbed 

organic species to regenerate the adsorbent by anodic oxidation of the absorbent 

and electrochemical destruction of some of the adsorbed bacteria. The direct electric 

current also causes oxidation of the brine within the regeneration chamber to 

generate oxidised chloride species which can then kill bacteria in water within the 

regeneration chamber as well as bacteria adsorbed on to the adsorbent material.

As the oxidised chloride species disperse throughout the liquid within the 

regeneration chamber it passes through to the treatment reservoir, typically as a 

more dilute solution, where it can provide the dual benefit of killing bacteria present 

within the treatment zone and providing some initial oxidation of any organic 

contaminants present within the liquid since oxidised chloride species are strong 

oxidising agents. By controlling the rate of salt addition and the electric current 

applied to the salt it is possible, if desired, to ensure that sufficient oxidised chloride 

species remain within the treated liquid to afford a continuing level of disinfection 

after treatment.

While a generally upward flow of liquid to be treated is preferred, the opposite 

arrangement can also be used. The direction of flow of liquid through the treatment 

reservoir will be selected on the basis of the system requirements, but there may be

12



benefit in having the flow of liquid generally opposite to the flow of adsorbent material in the

treatment reservoir. That could be case if the general direction of flow of liquid in the

reservoir was downwards rather than upwards and the adsorbent material was circulated as

described above.
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As noted above in a second embodiment, the method may be used for the separate 

treatment of individual volumes of liquid. In this variant, the treatment reservoir is filled with 

liquid for treatment to the required level, and then a sufficient quantity of the adsorbent 

material and oxidised chloride species provided to the treatment reservoir to complete the 

treatment. The liquid is then removed and a frosh charge of liquid delivered to the reservoir. 

The adsorbent material will normally be regenerated and recycled during the treatment 

process, with oxidised chloride species being produced in-situ on demand.

EXAMPLE

Deionised water (500 ml) was added to an adsorbent material (intercalated graphite 

material; 120 g) in a simple tank with an electrochemical cell at the base of the tank. The 

cathode and anode in this cell were divided by a semi-permeable membrane The adsorbent 

material was provided on the anode side of the membrane. Sodium chloride was provided as 

the electrolyte on the cathode side of the membrane.

Air was injected at the base of the electrochemical cell to effect mixing of the adsorbent 

material with the deionised water.

After mixing a current (0.5 A) was applied to the water / adsorbent mixture and samples of 

the water then taken at regular intervals.

The applied potential resulted in the transfer of chloride ions across the membrane from the 

cathode side of the membrane into the anode compartment where they were oxidised to 

chlorine (Cb)· Figure 1 illustrates the increase in free chlorine and consequential decrease in 

pH over time.

In this specification, the term ‘comprises’ and its variants are not intended to exclude the 

presence of other integers, components or steps.
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In this specification, references to prior art are not intended to acknowledge or suggest that

such prior art is part of the common general knowledge in Australia or that a person skilled in

the relevant art could be reasonably expected to have ascertained, understood and

regarded it as relevant.
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1. A method for the treatment of a liquid comprising contacting the liquid within a 

treatment zone with an adsorbent material, passing the adsorbent material to a 

regeneration zone within the treatment zone after contact with said liquid and 

electrochemically regenerating the adsorbent material within the regeneration zone, 

disinfectant precursor species being provided in the regeneration zone, subjected to 

electrochemical conversion to generate a disinfectant species within the regeneration 

zone and adsorbent material and/or liquid within the regeneration zone contacted by 

said disinfectant species, wherein regeneration of the adsorbent material in effected 

simultaneously with oxidation of the disinfectant precursor species.

2. A method according to claim 1, wherein liquid within the treatment zone is contacted 

by disinfectant species.

3. A method according to claim 1 or claim 2, wherein the disinfectant species is 

generated within the regeneration zone at a first higher concentration and then 

passed to the treatment zone where it disperses in the liquid to be treated so as to be 

present in said liquid at a second lower concentration.

4. A method according to any one of claims 1 to 3, wherein said electrochemical 

conversion comprises electrochemical oxidation of said disinfectant precursor 

species.

5. A method according to any one of claims 1 to 4, wherein the disinfectant precursor 

species comprises chloride ions.

6. A method according to any one of claims 1 to 4, wherein the disinfectant precursor 

species is a chloride salt.

7. A method according to any one of claims 1 to 4, wherein the disinfectant precursor 

species is sodium chloride.

8. A method according to any one of the preceding claims, wherein the disinfectant 

species is chlorine or other oxidised chloride species including hypochlorite and 

hypochlorous acid.
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9. A method according to any one of the preceding claims, wherein the concentration of 

disinfectant species available to contact liquid is monitored and further disinfectant 

generated in response to said monitoring detecting that the concentration of available 

disinfectant species is below a threshold level.

10. A method according to claim 9, wherein the further disinfectant is generated by 

providing further disinfectant precursor species in the regeneration zone and 

subjecting said further precursor species to electrochemical oxidation.

11. A method according to any one of the preceding claims, wherein contacting of the 

liquid with the adsorbent material and disinfectant species occurs during passage of 

the liquid through the treatment zone.

12. A method according to any one of the preceding claims, wherein adsorbent material 

that has already contacted liquid is recycled through the regeneration zone prior to 

contacting further liquid; an electric current being passed through the adsorbent 

material as the adsorbent material passes through the regeneration zone to 

regenerate the adsorbent material.

13. A method according to claim 12, wherein a current of 0.05 to 1 A is employed.

14. A method according to claim 12, wherein a current of 0.25 to 0.75 A is employed.

15. A method according to claim 12, wherein a current of around 0.5 A is employed.

16. A method according to any one of the preceding claims, wherein electrochemical

oxidation of the disinfectant precursor species is effected by passage of an electric 

current through a quantity of disinfectant precursor species within the regeneration 

zone.

17. A method according to claim 16, wherein a current of 0.05 to 1 A is employed.

18. A method according to claim 16, wherein a current of 0.25 to 0.75 A is employed.

19. A method according to claim 16, wherein a current of around 0.5 A is employed.
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20. A method according to any one of claims 16 to 19, wherein the current employed to

effect regeneration of the adsorbent material has substantially the same magnitude

as the current used to oxidise the disinfectant precursor species.
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21. A method according to claim any one of claims 16 to 20, wherein said quantity of 

disinfectant precursor species is admitted to the regeneration zone for 

electrochemical oxidation at a rate that is controllable to generate the disinfectant 

species at a desired rate.

22. A method according to any one of the preceding claims, wherein the adsorbent 

material is physically agitated within the treatment zone to assist distribution of the 

adsorbent material in the liquid and dispersion of disinfectant species throughout the 

liquid.

23. A method according to claim 22, wherein the physical agitation is provided by 

delivery to the treatment zone of a pressurised fluid and/or liquid in need of 

decontamination and/or disinfection.

24. A method according to any one of the preceding claims, wherein the adsorbent 

material comprises a particulate electrically conductive adsorbent material.

25. A method according to any one of the preceding claims, wherein the adsorbent 

material comprises unexpanded intercalated graphite.

26. A method according to any one of the preceding claims, wherein the adsorbent 

material comprises activated carbon.

27. Apparatus for the treatment of a liquid comprising a treatment reservoir for liquid to 

be contacted by an adsorbent material; and a regeneration chamber defined between 

two electrodes which are controllable to simultaneously electrochemically regenerate 

said adsorbent material following contact with said liquid and electrochemically 

convert a disinfectant precursor species to generate a disinfectant species within the 

regeneration zone which can then contact adsorbent material and/or liquid within the 

regeneration zone, wherein said regeneration chamber is within said treatment 

reservoir.
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28. A method for the combined decontamination and disinfection of a liquid substantially

as hereinbefore described.
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29. Apparatus for the combined decontamination and disinfection of a liquid substantially 

as hereinbefore described.
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