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METHODS FOR CLEANING A POROUS POLYMERIC MEMBRANE AND A

KIT FOR CLEANING A POROUS POLYMERIC MEMBRANE

FIELD OF THE INVENTION

The present invention relates to methods for cleaning polymeric microfiltration or

ultrafiltration membranes. The invention particularly relates to methods for chemical

cleaning of membranes designed to minimise volume of chemical waste discharged and

chemical damage to the environment, particularly microbial systems in membrane

bioreactors.

BACKGROUND OF THE INVENTION

Any discussion of the prior art throughout the specification should in no way be

considered as an admission that such prior art is widely known or forms part of the

common general knowledge in the field.

Synthetic membranes are used for a variety of applications including desalination,

gas separation, filtration and dialysis. The properties of the membranes vary depending on

the morphology of the membrane i.e. properties such as symmetry, pore shape, pore size

and the material used to form the membrane.

Different membranes can be used for specific separation processes,

including microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) and reverse

osmosis (RO). Membrane processes are carried out under differential pressure and are

distinguished by the size of the particle or molecule that the membrane is capable of

retaining or passing.

In membrane separation processes, it is critical that the pores of the membrane be

kept relatively free of contaminants. Over time, membrane pores will become blocked

with contaminants and a 'filter cake' will form on the membrane surface, thereby

restricting access of contaminated fluid to the membrane. This is known as membrane

fouling. Membrane fouling is defined as the process in which solute or particles deposit

onto the membrane surface or into membrane pores such that membrane performance

deteriorates. Untreated fouling of the membrane results in membrane performance

degradation that can ultimately diminish the lifetime of membrane units.

In membrane water filtration, a membrane can foul irreversibly with both organic

and inorganic foulants and can become useless. Fouling can be divided into reversible and



irreversible fouling based on the attachment strength of particles to the membrane surface.

Layers of fouling particles will typically build on the membrane surface. Generally,

membrane fouling that can be removed by hydraulic cleaning, such as backwashing and

gas scouring, is defined as reversible fouling. A backwashing process involves reversing

filtrate flow to dislodge foulants that have accumulated on the membrane surface and in the

pores.

If not sufficiently removed, a reversible fouling layer can be transformed over time

into an irreversible fouling layer. Irreversible fouling is the result of a fouling layer being

attached to the membrane such that it cannot be removed by a physical cleaning method

alone. Irreversible fouling cannot be removed by simple hydraulic cleaning, but requires

more intensive chemical cleaning to break the attachment to the membrane. Both types of

fouling can take place on the membrane surface or in the membrane pores. As the degree

of membrane pore blockage increases, the filtration efficiency of the module decreases

resulting in lower product volume and quality.

In order to maximise membrane lifetime and maintain operation efficiency,

irreversible fouling must be removed on a regular basis. Membrane chemical cleaning is

an integral part of operation for micro- and ultrafiltration systems, particularly in the water

industry and has significant impact on process operations. Severe membrane fouling may

require intense chemical cleaning or membrane replacement. There are various types of

foulants namely colloidal (clays, floes), biological (bacteria, fungi), organic (oils,

polyelectrolytes, humics) and inorganic scaling (mineral precipitates). These can be

collectively divided into organic and inorganic fouling layers on the membrane.

'Clean-In-Place' (CIP) is well known in the art as a chemical cleaning method used

to reduce fouling by reaction and removal of foulants from the membrane surface.

Inorganic acids and bases are the mainstay of conventional cleaning agents. Sodium

hydroxide and basic oxidising agents are generally used to remove organic foulants.

Inorganic acids, such as sulphuric and hydrochloric acid, are often used to remove

inorganic foulants. Weaker acids, such as citric acid, may also be used. However, the pH

of weaker acids is generally adjusted with a mineral acid, such as sulphuric, hydrochloric

or nitric acid, to reduce chemical usage without compromising cleaning efficacy. A typical

dual chemical clean involves a clean with an acid solution followed by a clean with a basic

solution.



Spent chemical cleaning solutions require disposal following a chemical clean.

Chemical cleaning waste may be readily disposed of by returning to the head of the

treatment plant if it is sufficiently diluted and neutralised by large incoming wastewater

flows. However, in a number of situations this is not possible, as it would lead to the upset

of plant microbiology or generate an unacceptable build up of toxins that will be

discharged back into the filtration process. This is particularly the case with treatment

plants that operate with smaller wastewater volumes or with membrane bioreactor (MBR)

filtration plants where chemical concentrations in the water flow can damage the biomass

at the treatment plant. In some cases, particularly where MBR filtration is concerned, plant

operators specify that no active chemical waste be discharged back into the treatment

system. In such situations, the spent chemical cleaning solutions must be neutralised prior

to discharge, increasing waste water volume for discharge, and often requiring the use of

additional chemicals. This leads to increased operating costs for increased wastewater

discharge volumes and further increases system downtime required for the membrane

clean.

However, in order to reduce membrane fouling and maintain the efficiency of the

operation of a membrane plant, chemical cleaning is undoubtedly necessary. This is

particularly the case when the feed to be treated contains a significant quantity of

membrane foulants. Balance is often needed between the need to maintain efficient plant

operation, operating cost and impact on the treatment plant (particularly in biological

treatment systems) with all three factors generally being compromised.

A membrane cleaning method is required whereby the efficacy of a membrane CIP

can be maintained while limiting the discharged wastewater volumes and chemical cost

when chemical waste cannot be returned to the head of the plant.

It is an object of the present invention to overcome or ameliorate at least one of the

disadvantages of the prior art, or to provide a useful alternative.

SUMMARY OF THE INVENTION

According to a first aspect, the invention provides a method for cleaning a porous

polymeric membrane including the steps of: contacting said membrane with a first cleaning

solution including at least one oxidising agent; and contacting said membrane and said first

cleaning solution with a second cleaning solution including at least one reducing agent

wherein said oxidising and reducing agents undergo a neutralisation reaction to form an



oxidation-neutral mixed cleaning solution such that said membrane is simultaneously

cleaned during said neutralisation reaction. The membrane is preferably a hollow fibre

membrane and is a fouled membrane in a preferred embodiment. The mixed cleaning

solution is preferably rendered acidic by the neutralisation reaction to further remove

membrane foulants during the clean. The mixed cleaning solutions may be pH neutral

following further chemical treatment when discharged. The membrane recovery following

the clean is preferably equivalent to membrane recovery following contact with a first

cleaning solution which is subsequently discharged succeeded by contact with a second

cleaning solution which is then further subsequently discharged.

The oxidising agent may be a chlorine-based oxidising agent wherein the oxidising

agent is preferably selected from a group consisting of chlorine, hypochlorites, chlorites,

chlorates, perchlorates, chlorine dioxide and chloramines. In a particularly preferred

embodiment, the oxidising agent is sodium hypochlorite. In another embodiment, the

oxidising agent is chlorine dioxide. In still another embodiment, the oxidising agent is

monochloramine.

The reducing agent may be selected to neutralise the chlorine residual from the

oxidising agent and is preferably selected from the group consisting of bisulphites,

metabisulfites, sulphites or thiosulfates. In a particularly preferred embodiment, the

reducing agent is sodium metabisulfite. In another embodiment, the reducing agent is

sodium thiosulphate. In still another embodiment, the reducing agent is sodium bisulfite.

In some embodiments, the second cleaning solution further includes an enhancing

agent.

The enhancing agent is preferably selected from a group consisting of surfactants

and chelating agents. In preferred embodiments, the enhancing agent is selected from the

group consisting of polycarboxylic acids or salts thereof. In one embodiment, the

enhancing agent is citric acid or a salt thereof. In another embodiment, the enhancing

agent is ethylenediaminetetraacetic acid (EDTA) or a salt thereof. In still another

embodiment, the enhancing agent is oxalic acid or a salt thereof.

In some embodiments, the concentration of the oxidising agent in the first cleaning

solution is between 0.01 wt% and 2wt%. Preferably, the concentration of the oxidising

agent in the first cleaning solution is 0.1 wt%. The concentration of the reducing agent is

preferably between 0.01 wt% and 2 wt%. The concentration of the reducing agent is

approximately 0.15wt% in particularly preferred embodiments. The concentration of



enhancing agent is preferably between 0.01 wt% and 1.0 wt%., and is most preferably 0.5

wt%.

According to a second aspect the invention provides a method for cleaning a porous

polymeric membrane including the steps of: contacting said membrane with a first cleaning

solution including at least one oxidising agent selected from a group consisting of sodium

hypochlorite, chlorine dioxide or monochloramine; and contacting said membrane and said

first cleaning solution with a second cleaning solution including at least one reducing agent

selected from a group consisting of sodium metabisulfite, sodium thiosulphate or sodium

bisulfite and an enhancing agent selected from the group consisting of polycarboxylic acids

or salts thereof; wherein said oxidising and reducing agents undergo a neutralisation

reaction to form an oxidation-neutral mixed cleaning solution such that said membrane is

simultaneously cleaned with an acidic species generated during said neutralisation

reaction. The membrane is preferably a hollow fibre membrane and is a fouled membrane

in a preferred embodiment. In a preferred embodiment, the membrane is contacted with the

first cleaning solution for at least 3 hours followed by contact with the second cleaning

solution for at least two hours prior to discharge of oxidation-neutral mixed cleaning

solution. The neutralisation reaction preferably produces acidic species to remove

inorganic foulants on the membrane. The acidic species is preferably further neutralised

prior to discharge. Contact with the membrane occurs at ambient temperature and pressure

in a preferred embodiment. The contact with the membrane preferably includes periods of

filtration, air scouring and/or soaking.

According to a third aspect, the invention provides a kit for cleaning a porous

polymeric membrane including: a first cleaning solution including at least one oxidising

agent; and a second cleaning solution, including at least one reducing agent and an

enhancing agent, as a dosage regime together with instructions for cleaning the porous

polymeric membrane according to a method whereby said membrane is contacted with said

first cleaning solution for a period of time subsequently followed by contact with said

second cleaning solution such that said oxidising and reducing agents undergo a

neutralisation reaction to form an oxidation-neutral mixed cleaning solution and whereby

said membrane is simultaneously cleaned with an acidic species generated during said

neutralisation reaction.



BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention will now be described, by way of

example only, with reference to the accompanying drawings in which:

Figure 1 shows the membrane permeability recovery of PVDF (polyvinylidene

fluoride) hollow-fibre membrane samples cleaned in the laboratory using a standard CIP

protocol compared to samples cleaned with the cleaning protocol of the present invention.

Figure 2 is a graphical representation of the membrane permeability recovery of

fouled PVDF hollow-fibre membrane modules cleaned on site using a standard CIP

protocol compared to modules cleaned with the cleaning protocol of the present invention;

Figure 3 is a graphical representation of the membrane permeability recovery of

different fouled PVDF hollow-fibre membrane modules cleaned on site using different

standard CIP protocol compared to modules cleaned with the cleaning protocol of the

present invention;

Figure 4 is a graphical representation of the ratio of post-clean permeability to pre-

clean permeability for samples cleaned with the cleaning protocol of the present invention

compared to similar samples cleaned with a conventional CIP protocol.

DETAILED DESCRIPTION

The invention will now be described particularly in relation to a chemical cleaning

protocol for polymeric membranes used in wastewater filtration. The examples described

are preferred embodiments of the invention and the invention is not limited to such

examples.

CONVENTIONAL PROCESS

A conventional CIP protocol for a wastewater filtration plant typically involves a

first clean with an acid solution to facilitate removal of inorganic foulants. The acid

cleaning solution is then drained away for removal. This is followed by a clean with an

oxidising agent or caustic for organic foulant removal. This second cleaning solution is

then also drained away for removal. Thus, considerable volumes of wastewater are

generated by the use of discrete acidic and basic cleaning solutions, as required for targeted

foulant removal.



INVENTIVE PROCESS

A chemical cleaning protocol of the invention involves a first cleaning solution

contacting the membrane, wherein the first cleaning solution includes an oxidising agent,

such as sodium hypochlorite. Alternative chemicals such as chlorine, hypochlorites,

chlorites, chlorates, perchlorates, chlorine dioxide or chloramines may be used. Such

chemicals are used to target organic foulants for relative removal of these foulants from the

membrane surface.

The amount of chemical added to prepare the first cleaning solution varies

depending on the feedwater properties. Generally, the oxidising agent or caustic agent is

added such that the concentration of the first cleaning solution is between 0.01 wt% and 2

wt%. The exact concentration of the first cleaning solution will depend on the membrane

foulants deposited on the membrane pores and surface as a result of varying feedwaters.

Additional cleans with different, or the same, agents selected from the group mentioned

above may be carried out depending on the degree of fouling on the membrane surface and

pores.

The temperature of the first cleaning solution is typically maintained at ambient

conditions to limit cost and energy usage required for heating, as well as limiting the

hazards associated with heated chemical solutions. The first cleaning solution is contacted

with the membrane for a recirculation period to improve the membrane contact with the

cleaning solution, followed by soaking for a period of time. During this process, the

organic membrane foulants react with active chemicals contained in the first cleaning

solution, thereby initiating the dislodgement of any filtercake present on the membrane

surface and beginning to unblock clogged membrane pores. The chemical solution is

typically filtered from the "shell"-side of the membrane (from the outside wall of the

membrane) to the lumen side (to the internal wall of the membrane) via suction pressure

applied to the lumen side. Generally, the existing fluid on the "shell"-side (i.e. biomass) is

drained off the membrane surface before cleaning commences. The existing fluid on the

lumen side (i.e. filtrate) is typically retained before cleaning commences. To facilitate the

cleaning process, filtering the cleaning solution may be used for a short period of time to

allow the chemical species to penetrate into the membrane pores. Injecting air

continuously or intermittently into the membranes during cleaning is another means to

enhance solid removal and improve cleaning efficacy.



At this stage, in a CIP on a typical wastewater membrane filtration plant, the first

chemical cleaning solution would be either (i) neutralised and discharged away from the

plant or, in some cases (ii) returned to the head of the treatment plant. Particularly in the

case of some MBR filtration plants, no chemical waste can be returned to the plant at all.

However, the membrane cleaning method of the present invention utilises a second

membrane cleaning solution to neutralise the oxidising capacity of the spent first cleaning

solution to minimise costs, impact on the biomass of the treatment plant and volume of

chemical waste discharge.

A second cleaning solution containing a reducing agent is prepared, said reducing

agent selected from a group consisting of bisulfites, metabisulfites, sulphites or

thiosulfates. The reducing agent of the second cleaning solution is selected to neutralise

the oxidising residual from said first cleaning solution. The second cleaning solution

containing the reducing agent is typically added to the membrane tank containing the spent

first cleaning solution to neutralise it. Alternatively, the second cleaning solution can be

introduced into the membrane tank when the membranes are backwashed. During this

process, the mixed first and second solutions are rendered acidic while simultaneously

neutralising the oxidation residual of the first cleaning solution. If the oxidising agent is

NaOCl, for example, and the reducing agent is sodium metabisulfite, then the

neutralisation would be in accordance with the following general reaction:

Na2S2O5 + Cl2 + 3H2O → 2NaHSO4 + 4HCl

The acidic mixed solution is then effectively used to remove inorganic foulants.

During the combination of the first cleaning solution with the second cleaning solution, the

oxidising residual is neutralised and the inorganic membrane foulants simultaneously react

with the active acid species generated from the neutralising reaction. The reducing agent

of the second cleaning solution is also able to react with some membrane foulants such that

they are easily washed off the membrane surface and out of the membrane pores. The

dislodgement of filter cake present on the membrane surface is thereby continued, along

with the unblocking of clogged membrane pores.

In the preferred embodiment, the spent first cleaning solution remains in the

membrane tank and the second cleaning solution is directly introduced to the membrane

tank, thereby neutralising the first cleaning solution and removing foulants from the



membranes simultaneously. Thus, the first oxidising cleaning solution maintains contact

with the membrane and neutralisation of the oxidising residual begins upon addition of the

second reducing cleaning solution. The membrane is thereby simultaneously contacted

with the mixed first and second cleaning solutions during the neutralisation reaction.

In a particularly preferred embodiment of the invention, an enhancing agent is

added to the second cleaning solution to augment the cleaning efficacy. The enhancing

agent is selected from a group consisting of surfactants and chelating agents, preferably

polycarboxylic acids or salts thereof. In particularly preferred embodiments, the enhancing

agent is citric acid, or ethylenediaminetetraacetic acid (EDTA). The concentration of the

enhancing agent is typically in a range of 0.01% to 1%. Neutralised spent cleaning

solutions may need pH adjustment before being discharged to the surrounding waterways,

returned to a storage tank, to the wastewater inflows or to an alternative process stream.

As can be shown in the following examples, it has been surprisingly found that the

cleaning efficacy of the method of the present invention is equivalent to that of a standard

CIP, but avoids the need for separate neutralisation steps. A conventional CIP is

conducted using a first cleaning solution, which is discharged separately followed by a

second cleaning solution, which is then further separately discharged. Thus, the cleaning

method of the present invention can be used to maintain effective operation of a membrane

plant, as with a standard chemical CIP protocol, additionally minimising cost, wastewater

volume discharge and impact on the biomass associated with the neutralisation and

discharge of the spent cleaning solutions.

Preferred embodiments of the present invention will now be illustrated in the

following examples. It would be understood that the present invention is not restricted to

such examples.

EXAMPLE 1

Polymeric hollow fibre microfiltration membrane modules made from PVDF were

exposed to sewage feed water/waste water. Following exposure to the feedwater for five

consecutive months, a significant degree of both inorganic and organic fouling had built up

on the membrane surface and in the membrane pores. Typically, membrane fouling from

this particular feedwater source includes a combination of inorganic fouling such as iron

and silica, and organic fouling. Following exposure to the feedwater, a significant degree



of both inorganic and organic fouling had built up on the membrane surface and in the

membrane pores.

Samples of hollow-fibre membranes from these modules were made into "mini-

modules" of six fibres for cleaning trials in the laboratory. The first clean was carried out

as a 2 hour soak of the fibre samples in a solution of lOOOppm sodium hypochlorite to

react with the organic membrane foulants. Following the first clean, residual oxidant in the

form of chlorine from the hypochlorite solution requires neutralisation. Several different

second cleaning solutions composed of 0.135 wt% sodium bisulphite, some also containing

0.1% and 0.5% citric acid, were prepared. Sufficient quantity of the spent first cleaning

solution was then added to different second cleaning solutions, and the solutions briefly

mixed before addition of the membrane samples previously soaked in the first cleaning

solution alone. These samples were then soaked for 2 hours in the mixed cleaning

solutions followed by filtration with RO-treated (reverse osmosis treated) water.

During this process, the neutralisation of the oxidising species takes place, along

with a transition to an acidic pH, to react with and remove the inorganic foulants from the

membrane surface. The citric acid is included with the sodium bisulfite to enhance the

removal of the inorganic foulants from the membrane surface. However the reaction with

the inorganic foulants will occur in the absence of citric acid also, as shown in the results

from cleaning protocol 4 in Table 1 and Figure 1.

It should be noted that the percentage improvement value given in Table 1 and

Figure 1 refers to an improvement relative to the permeability of the membrane fibre

before the chemical clean. No data was available for the original fibre permeability prior

to exposure to any waste. Thus, an absolute permeability recovery percentage could not be

provided. It is also evident that the degree of permeability improvement is strongly

influenced by the degree of membrane fouling prior to the clean (i.e. a more fouled

membrane is more likely that have a greater percentage improvement when cleaned

compared to a membrane that is less fouled to begin with).



T
ab

le
1

:
L

ab
or

at
or

y
C

le
an

in
g

St
ud

y
us

in
g

di
ff

er
en

t
cl

ea
ni

ng
ch

em
ic

al
s



Following the cleaning protocol, a spent cleaning solution was rendered pH neutral

following treatment with sodium hydroxide and freely discharged without the addition of

further chemicals. A spent cleaning solution is one in which the oxidative potential has

been used and little or no oxidative potential remains. The results in Table 1 indicate the

membrane permeability following each recovery clean. The permeability of a membrane

indicates the ease with which fluid can pass through the membrane. A significantly fouled

membrane will necessarily have a much lower permeability than a clean, unfouled

membrane.

The results in Table 1 indicate that cleaning protocol 4 (lOOOppm chlorine followed

by dechlorination with sodium bisulfite) provides an effective operational membrane

permeability recovery. It is also shown that an addition of a small quantity of citric acid to

the sodium bisulphite, as in cleaning protocols 2 and 3, can enhance the permeability

recovery. Further, the permeability recovery of these cleans has been shown to be

relatively effective when compared to a standard CIP using lOOOppm sodium hypochlorite

and 2% citric acid separately, as in cleaning protocol 1.

Examples 2 and 3 show the results of cleaning protocols conducted on full-scale

water filtration MBR modules made from PVDF hollow fibre membranes operated on a

wastewater site.

EXAMPLE 2

Site tests were conducted in comparison to a standard dual CIP protocol to compare

the effect of the different cleaning methods on membrane permeability recovery (see Table

2 and Figure 2 for numerical/graphical results). A standard CIP protocol for membranes

treating the feedwater in this instance uses -lOOOppm sodium hypochlorite followed by

~2% citric acid or vice versa.

Polymeric microfiltration membrane modules made from PVDF were exposed to a

sewage feed water/waste water stream. Following exposure to the feedwater, a significant

degree of both inorganic and organic fouling had built up on the membrane surface and in

the membrane pores.

Three sets of three fouled PVDF hollow-fibre microfiltration modules were

subjected to a different chemical cleaning protocol to assess the effectiveness of each

cleaning method on membrane permeability recovery. The pre-cleaning permeability



(L/m2/h.bar or LMH/bar) is shown graphically for each module as a baseline for

comparison.

In the case of the standard cleaning protocols (lOOOppm NaOCl followed by 2%

citric acid and vice-versa), the first and second cleans with respective chemical solutions

commenced with a 20 minute recirculation of the chemical solution through each fouled

membrane, followed by a 3 hour period of soaking and gas scouring of the membrane in

each solution. In the standard protocols, each solution was separately neutralised for both

oxidation capacity and pH separately prior to disposal.

In the case of the cleaning protocol of the present invention (lOOOppm NaOCl de-

chlorinated with 0.135% sodium metabisulfite and 0.5% citric acid), the fouled membranes

were first treated in a 20 minutes recirculation/3 hour soak/gas scour using lOOOppm

NaOCl. The metabisulfite/citric acid was then added to the membrane tank while the

membranes simultaneously underwent another 20-minute recirculation/3 -hour soak/gas

scour. The metabisulfite neutralised the oxidative capacity of the chlorine residual present

in the solution, while the acid species generated by the neutralisation reaction continued to

remove inorganic membrane foulants. As is evident from the results of Table 2, the

cleaning protocol of the present invention achieves a membrane permeability that is as

effective as the membrane recovery achieved by both standard CIP protocols as tested.

Again, the percentage improvement value given in Table 2 refers to an improvement

relative to the permeability of the membrane fibre before the chemical clean.
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EXAMPLE 3

Polymeric microfiltration membrane modules made from PVDF were exposed to a

sewage feed water/waste water stream. Following exposure to the feedwater a significant

degree of both inorganic and organic fouling had built up on the membrane surface and in

the membrane pores. This is evident from the decreased value of membrane permeability,

as indicated in Table 3 & Figure 3 by the 'pre-CIP' value when compared to the initial

'Start-Up' permeability.

Standard dual CIP cleans and a comparison inventive CIP clean were carried out on

fouled PVDF hollow-fibre microfiltration modules. The permeability results are

graphically shown in Figure 3, and numerically in Table 3. The pre-cleaning permeability

(L/m /h.baror LMH/bar) is shown graphically for each module as a baseline for

comparison. The first standard dual CIP saw a module cleaned using 2% citric acid

followed by l,200mg/L NaOCl. The standard cleaning protocol for all cleans involves a

20-minute recirculation followed by a 3 hour soak/gas scour with each chemical solution.

The second and third standard dual CIP clean protocols were similar to the first with

varying concentrations of citric acid or chlorine. The inventive CIP clean protocol involved

1,500 mg/L NaOCl followed by de-chlorination with SMBS and 0.1% citric acid as an

enhancing agent. The membrane permeability recovery of the modules cleaned by the

protocol of the present invention was shown to be substantially as effective as the

permeability recovery achieved in the standard CIP protocols.

Table 3; Comparison of standard dual CIP and Inventive CIP



EXAMPLE 4

In Figure 4, data is presented to illustrate the ratio of post-clean membrane

permeability to pre-clean membrane permeability generated from laboratory and site

cleaning data, using a conventional cleaning protocol and the cleaning protocol of the

present invention.

The numerical ratios are presented in Table 4 below. The ratio is calculated based

on the permeability of the membrane after undergoing the nominated cleaning protocol

divided by the permeability of the membrane before undergoing the nominated cleaning

protocol.

TABLE 4: PERMEABILITY RECOVERY

Ratio of post-clean permeability to ore clean permeability:

Conventional CIP De-chlorination CIP

protocol protocol

Lab cleaning trial 1.4O 1 1.501

Pilot plant cleaning

trial
1.352 1.402

( 1-module pilot

plant)

Pilot plant cleaning

trial
2.0 3 1.94

(16-module pilot

plant)

Notes for Table 4

1 average of 3 fibre sample trials; Membrane: PVDF fibre returned from customer site;

2 average of 2 1-module trials; Membrane: PVDF; data taken on two separate dates;

data from 1 16-module trial; Membrane: PVDF;

4 data from 1 16-module trial; Membrane: PVDF; same 16-module unit but data taken

~2months before data taken for 3.



The conventional membrane cleaning protocol referred to in Table 4 uses 2 % citric

acid to initially recirculate through the membrane and soak the membrane therein for a

period of time. This is then followed by a corresponding separate recirculation and soak of

the membrane using 1500ppm sodium hypochlorite. The de-chlorination CIP protocol of

the present invention uses 1500ppm sodium hypochlorite recirculation and soak, with

0.135% sodium metabisulfite/0.5% citric acid then being added to the sodium hypochlorite

solution. This mixed solution is recirculated around the membrane and left to soak for a

corresponding period of time.

It is evident from the data presented in Table 4, and in corresponding graphical

display in Figure 4, that the de-chlorination cleaning protocol of the present invention

effectively recovers the membrane permeability to the same extent as the conventional

cleaning protocol of the prior art.

The cleaning protocol of the present invention is shown to achieve equivalent

permeability increase to a standard CIP protocol used on polymeric hollow-fibre

membranes.

EXAMPLE 5

INVENTIVE CIP VERSUS CONVENTIONAL CIP

The following scenarios compare two CIP protocols for a hypothetical MBR plant:

One scenario follows a de-chlorination protocol according to the present invention and the

other scenario follows a conventional CIP protocol, as previously described.

The plant is assumed to treat 2,000 kL wastewater per day and features membrane

cells physically separated from the biological reactor. During a CIP event, the membrane

cell concerned is hydraulically isolated from the rest of the plant, drained of mixed liquor

(ML) and the chemical cleaning solution is prepared in the cell. The membranes installed

in the cell are then soaked in this chemical solution for several hours. Upon completion of

the soak, the chemical cleaning solution is drained to the head of works where it mixes

with incoming wastewater flows and passes through the biological reactor.

The following calculations assume a membrane cell volume (CIP volume) of

18,000 L.



Described below are reactions between cleaning chemicals only. Reactions

between foulants and membrane cleaning chemicals are considered negligible for the

purposes of these calculations.

The prices presented are current at the time of writing.

INVENTIVE CIP

Inputs and associated costs per clean:

Remark: addition of citric acid might be able to be avoided for certain plants.

Waste per clean:

Step 1 : Chlorine solution from first step contains the following Chlorine species:

27 kg OfCl 2 contained in 18,000 L of 1,500 mg/L Chlorine solution

2.1 1E-5 kg NH2Cl assuming 1,800 L ML (10% of CIP volume) remaining on tank

walls and within modules; NH3 cone of ML 0.2 mg/1.

Reacting as NaOCl + NH3 → NH2Cl + H2O



Step 2 : Chlorine species in the solution are de-chlorinated:

Na2S2O5 + Cl2 + 3H2O → 2NaHSO4 + 4HCl

and

Na2S2O5 + 2NH2Cl + 3H2O → Na2SO4 + H2SO4 +C1 + 2NH4
+

forming a total of:

55.3 kg HCl

54.3 + 2.1 1E-5 « 54.3 kg Na2SO4 (Sodium Sulfate) (salt)

0.002 kg H2SO4

0.002 kg NH4Cl (Ammonium Chloride) (salt)

Also, citric acid is added to a total concentration of 0.5 % :

90 kg C6H8O7

Step 3 : acid is neutralised:

HCl + NaOH → H2O + NaCl

and

2NaHSO 4 + NaOH → Na2SO4 + H2O

and

H2SO4 + 2NaOH → 2H2O + Na2SO4

and

C6H8O7 + 3NaOH → Na3C6H5O7 + 3H2O

forming a total of:

44.4 kg NaCl (Table salt)

53.96 + 2.91E-5 « 53.96 kg Na2SO4 (Sodium Sulfate) (salt)

120 kg Na3C6H5O7 (Sodium Citrate) (salt)

The final discharge of conditioned chemical solution contains:

54.3 + 53.96 = 108.3 kg Na2SO4 (Sodium Sulfate) (salt)

44.4 kg NaCl (Table salt)

120 kg Na3C6H5O7 (Sodium Citrate) (salt)1

Negligible amounts OfNH4Cl Ammonium Chloride (salt)

Note: nil if no citric acid is added.



CONVENTIONAL CIP

In comparison to the composition and cost of waste discharged from a d e

chlorination CIP protocol of the present invention, the same calculations are shown for a

conventional CIP protocol under otherwise identical conditions.

Inputs and associated costs per clean:

The final discharge of chemical solution contains:

18,000 L of « pH 10.0, oxidising solution

18,000 L of « pH 2.0 solution

These conventional CIP solutions could not readily be fed into the biological

reactor as this could upset the microbiology of the treatment plant. Further, conditioning

these solutions before discharge would require chemicals similar to the ones described in

the de-chlorination CIP protocol, incurring additional costs.

It is evident from the calculations presented in Example 5 that the de-chlorination

protocol of the present invention provides both cost saving (-10%) and reduction in the

wastewater discharge volume (-50%) when compared to a conventional CIP protocol for

the same plant. Moreover, the inventive protocol produces solutions that can be fed back

into the head of a treatment plant, including membrane bioreactor filtration plants.



CLAIMS:

1. A method for cleaning a porous polymeric membrane including the steps of:

contacting said membrane with a first cleaning solution including at least one

oxidising agent; and

contacting said membrane and said first cleaning solution with a second cleaning

solution including at least one reducing agent wherein said oxidising and reducing agents

undergo a neutralisation reaction to form an oxidation-neutral mixed cleaning solution

such that said membrane is simultaneously cleaned during said neutralisation reaction.

2. A method according to claim 1 wherein said membrane is a hollow-fibre

membrane.

3. A method according to claim 1 or claim 2 wherein said membrane is a fouled

membrane.

4. A method according any one of claims 1 to 3 wherein said mixed cleaning

solution is rendered acidic by said neutralisation reaction.

5. A method according to claim 4 wherein said acidic mixed cleaning solution

further removes foulants on said membrane.

6. A method according to any one of claims 1 to 5 wherein said mixed cleaning

solution are pH neutral following further chemical treatment when discharged.

7. A method according to any one of the preceding claims wherein said oxidising

agent is a chlorine-based oxidising agent.

8. A method according to claim 7 wherein said oxidising agent is selected from a

group consisting of chlorine, hypochlorites, chlorites, chlorates, perchlorates, chlorine

dioxide and chloramines.

9. A method according to claim 8 wherein said oxidising agent is sodium

hypochlorite.

10. A method according to claim 8 wherein said oxidising agent is chlorine

dioxide.

11. A method according to claim 8 wherein said oxidising agent is

monochloramine.

12. A method according to any one of claims 7 to 11 wherein said reducing agent

is selected to neutralise the chlorine residual from said oxidising agent.

13. A method according to claim 12 wherein said reducing agent is selected from

the group consisting of bisulphites, metabisulfites, sulphites or thiosulfates.



14. A method according to claim 13 wherein said reducing agent is sodium

metabisulfite.

15. A method according to claim 13 wherein said reducing agent is sodium

thiosulphate.

16. A method according to claim 13 wherein said reducing agent is sodium

bisulfite.

17. A method according to any one of the preceding claims wherein said second

cleaning solution further includes an enhancing agent.

18. A method according to claim 17 wherein said enhancing agent is selected from

a group consisting of surfactants and chelating agents.

19. A method according to claim 18 wherein said enhancing agent is selected from

the group consisting of polycarboxylic acids or salts thereof.

20. A method according to claim 19 wherein said enhancing agent is citric acid or a

salt thereof.

21. A method according to claim 19 wherein said enhancing agent is

ethylenediaminetetraacetic acid (EDTA) or a salt thereof.

22. A method according to claim 19 wherein said enhancing agent is oxalic acid or

a salt thereof.

23. A method according to any one of the preceding claims wherein concentration

of said oxidising agent in said first cleaning solution is between 0.01 wt% and 2wt%.

24. A method according to claim 23 wherein concentration of said oxidising agent

in said first cleaning solution is 0.1 wt%.

25. A method according to claim 24 wherein the concentration of said reducing

agent is between 0.01 wt% and 2 wt%.

26. A method according to claim 25 wherein the concentration of said reducing

agent is approximately 0.15 wt%.

27. A method according to any one of claims 17 to 26 wherein concentration of

enhancing agent is between 0.01 wt% and 1.0 wt%.

28. A method according to claim 27 wherein concentration of enhancing agent is

0.5 wt%.



29. A method for cleaning a porous polymeric membrane including the steps of:

contacting said membrane with a first cleaning solution including at least one

oxidising agent selected from a group consisting of sodium hypochlorite, chlorine dioxide

or monochloramine;

contacting said membrane and said first cleaning solution with a second cleaning

solution including at least one reducing agent selected from a group consisting of sodium

metabisulfite, sodium thiosulphate or sodium bisulfite and an enhancing agent selected

from the group consisting of polycarboxylic acids or salts thereof ;

wherein said oxidising and reducing agents undergo a neutralisation reaction to

form an oxidation-neutral mixed cleaning solution such that said membrane is

simultaneously cleaned with an acidic species generated during said neutralisation

reaction.

30. A method according to claim 29 wherein said membrane is a hollow fibre

membrane. .

31. A method according to claim 29 or claim 30 wherein said membrane is a fouled

membrane.

32. A method according to any one of claims 29 to 3 1 wherein said membrane is

contacted with said first cleaning solution for at least 3 hours followed by contact with said

second cleaning solution for at least two hours prior to discharge of oxidation-neutral

mixed cleaning solution.

33. A method according to any one of claims 29 to 32 wherein said neutralisation

reaction produces said acidic species to remove inorganic foulants on said membrane.

34. A method according to claim 33 wherein said acidic species is further

neutralised prior to discharge.

35. A method according to any one of claims 29 to 34 wherein contact with said

membrane occurs at ambient temperature and pressure.

36. A method according to any one of claims 29 to 35 wherein contact with said

membrane includes periods of filtration, air scouring and/or soaking.



37. A kit for cleaning a porous polymeric membrane including:

a first cleaning solution including at least one oxidising agent; and

a second cleaning solution, including at least one reducing agent and an enhancing

agent, as a dosage regime together with instructions for cleaning the porous polymeric

membrane according to a method whereby said membrane is contacted with said first

cleaning solution for a period of time subsequently followed by contact with said second

cleaning solution such that said oxidising and reducing agents undergo a neutralisation

reaction to form an oxidation-neutral mixed cleaning solution and whereby said membrane

is simultaneously cleaned with an acidic species generated during said neutralisation

reaction.
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