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METHOD OF CLEANING MEMBRANES 

RELATED APPLICATION 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 60/333,828, filed Nov. 16, 2001. 

FIELD OF THE INVENTION 

0002 The present invention relates a method for cleaning 
polymeric microfiltration membranes and membrane units, 
and to compositions useful in Such methods. 

BACKGROUND OF THE INVENTION 

0003) Synthetic membranes are used for a variety of appli 
cations 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, and pore size, and the polymeric mate 
rial used to form the membrane. 
0004 Different membranes can be used for specific sepa 
ration processes, including microfiltration (MF), ultrafiltra 
tion (UF), and reverse osmosis. MF and UF 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. MF can remove very fine 
colloidal particles in the micrometer and Sub micrometer 
range. As a general rule, it can filterparticles down to 0.1 um, 
whereas ultrafiltration can retain particles as Small as 0.01 um 
and smaller. Reverse osmosis operates on an even smaller 
scale. 
0005. As the size of the particles to be separated decreases, 
the pore size of the membrane decreases and the pressure 
required to carry out the separation accordingly increases. 
0006. A large surface area is generally needed when a 
large filtrate flow is required. One known technique to make 
a filtration apparatus more compact is to form a membrane in 
the shape of a hollow porous fiber. Modules of such fibers can 
be made with an extremely large Surface areaper unit volume. 
Microporous synthetic membranes are particularly suitable 
for use in hollow fibers and are typically produced by phase 
inversion techniques. 
0007 Microporous phase inversion membranes are par 

ticularly well suited to the application of removal of colloidal 
Suspensions, viruses, and bacteria. Of all types of mem 
branes, the hollow fiber membrane contains the largest mem 
brane area per unit Volume. 
0008 UF and MF membranes are used in separating par 

ticles and colloidal matter from liquids. In a typical scenario, 
water containing solutes and precipitates is passed through a 
bank of semipermeable tubular membranes housed in a mod 
ule, often at elevated pressures. The filtered water is drawn off 
and collected, leaving a residue of solid material in the mem 
brane pores or on the unfiltered side of the membrane. 
0009. It is preferred that the pores of the membrane be kept 
relatively free of contaminants. As the amount of pore block 
age increases, the filtration efficiency of the module decreases 
and the amount of pressure required to maintain a viable 
throughput of liquid increases. As pressure increases, the 
likelihood of membrane rupture becomes more significant. 
0010 Under some circumstances, it may be desirable to 

treat water containing impurities with a flocculating agent 
prior to filtration. The purpose of flocculating agents is to 
cause dispersed colloids to coagulate and form flocs. Flocs 
have the advantage of entrapping Smaller colloidal particles, 
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thereby making filtration more efficient. They may also aid in 
the removal of dissolved particles. Under the influence of a 
flocculating agent, dissolved and Suspended particles coagu 
late and precipitate from the water, thereby removing color, 
and turbidity. 
0011 Thus, in practice, the filtrate containing the floccu 
lating agents, colloids, bacteria and other particulate matter is 
passed through the filtration unit under pressure, expelling 
filtered water and leaving the floe trapped within the unit, and 
more particularly on the waste side of the membrane and in 
the pores of the membrane. Flocs are particularly problem 
atical in causing membrane blockage, and membrane perfor 
mance gradually diminishes with use until it becomes neces 
sary to clean the membranes. 
0012. One of the most commonly employed flocculating 
agents in the water purification field is ferric chloride, and the 
resultant floe is known as Fe floe. Build-up of Fe floe leads to 
iron fouling and eventually results in membrane performance 
degradation that diminishes the lifetime of these high cost 
membrane units. Two of the most widely used membrane 
compositions, polypropylene (PP) and polyvinylidene fluo 
ride (PVDF), foul irreversibly with Fe floc and can become 
useless. 
0013 Residual material accumulating in and on the mem 
brane is often removed by backwashing, that is, running the 
current of water counter to its normal direction of flow to 
dislodge the contaminants from the membrane. Gas back 
washing of the membrane is also possible. 
0014 Backwashing generally involves increasing the 
pressure on both sides of the hollow fibers within a module a 
relatively high value before suddenly releasing that pressure 
on the unfiltered side of the membrane walls to causea sudden 
pressure differential across the walls, which causes a back 
wash action. However, it is difficult to achieve complete 
removal of particulate matter, especially when flocculants 
have been used. 
0015. In addition to backwashing, the membranes may be 
de-fouled by more conventional cleaning regimes such as 
Solution treatment with one or more of (and usually in a 
sequential manner) citric acid, oxidizing agents, in particular 
chlorine, and chelating agents such as EDTA. 
0016 Citric acid is usually regarded as a satisfactory 
cleaning agent, however, even it does not provide ideal levels 
of cleaning, and the membrane performance diminishes even 
following regular use? cleaning cycles. Moreover, the clean 
ing process usually involves a number of steps, and one or 
more of the steps may need to be conducted for long periods 
of time. Temperature control is also usually required. 
0017. Inorganic acids and bases are the mainstay of con 
ventional cleaning agents. As well as Suffering from the draw 
backs mentioned above; these agents present their own prob 
lems because they may chemically attack the membranes 
and/or module components. Combinations of an aqueous 
inorganic acid, generally nitric acid, and a reducing agent, 
e.g., ascorbic acid, have also been used. However, none of the 
above regimes Sufficiently de-foul membranes, particularly 
PVDF membranes, of the floc. Hence, there exists the need to 
improve the cleaning regime while at the same time avoiding 
the use of potentially severe cleaning agents. 

SUMMARY OF THE INVENTION 

0018. It is desirable to overcome or ameliorate at least one 
of the disadvantages of the prior art methods of de-fouling 
membranes, to provide a useful alternative to conventional 
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methods of de-fouling membranes, or to provide suitable 
compositions for use in cleaning or de-fouling membranes. 
0019. In a preferred embodiment, there is provided a 
method of cleaning a membrane contaminated with a con 
taminant including the step of contacting the contaminant 
with a composition including at least one soluble Sulfite 
reducing agent and a compatible solvent. The term sulfite as 
used herein is used in its broadest general sense and includes, 
without limitation, sulfite, bisulfite, metabisulfite, hydro 
sulfite, and the like. 
0020 Preferably the membrane is of a hollow fiber con 
figuration, although alternatively it may be a flat sheet mem 
brane or other membrane configuration. In highly preferred 
embodiments, the membrane is formed from PVDF (polyvi 
nylidene fluoride) polymer, although the methods of the pre 
ferred embodiments are applicable to polysulfone, polyeth 
ylene, polypropylene, polyacrylonitrile (PAN), fluorinated 
membranes, cellulose acetate membranes and the like and 
mixtures of the above, as well as all commonly used mem 
brane polymers. 
0021 Preferably, the soluble sulfite reducing agent is 
sodium metabisulfite, sodium hydrosulfite, sodium sulfite or 
mixtures thereof. Most preferably, a mixture of sodium met 
abisulfite and sodium hydrosulfite is used. Those skilled in 
the art will appreciate that, for instance, besides sodium, other 
soluble salts such as potassium or other alkali metals or alka 
line earth metals may be used. The solvent is preferably water. 
However any suitable solvent that is compatible with the 
materials comprising the membrane and is a suitable solvent 
for the sulfite may also be employed. 
0022. It is also preferred that the sodium metabisulfite and 
sodium hydrosulfite are present in an amount of 20 wt.% to 
65 wt.% each, when used alone or in combination. This 
combination may be used neator further diluted when in use, 
for example, to around 0.5 wt.%. Dilutions of about 2 wt % 
are particularly preferred. However, any suitable dilution may 
be employed. 
0023 Preferably, and without wishing to be bound by any 
particular theory, the contaminant believed to be removed by 
solubilization resulting from a reduction to a lower Valence 
state of at least a part of the contaminant 
0024 Preferably, the method reduces the cleaning time 
relative to known cleaning methods and is carried out at low 
or ambient temperatures. 
0025. Accordingly, in a first embodiment, a method of 
cleaning a membrane contaminated with a contaminant is 
provided, the method including the step of contacting the 
contaminant with a composition including a Sulfite reducing 
agent and a solvent, wherein the Sulfite reducing agent is 
soluble in the solvent, and wherein the solvent is compatible 
with the membrane. 

0026. In an aspect of the first embodiment, the contami 
nant includes a metal oxide or a metal hydroxide. 
0027. In an aspect of the first embodiment, the contami 
nant includes ferric floc. 

0028. In an aspect of the first embodiment, the contami 
nant includes an organic compound. 
0029. In an aspect of the first embodiment, the solvent 
includes water. 

0030. In an aspect of the first embodiment, the sulfite 
reducing agent includes sodium metabisulfite, sodium hydro 
Sulfite, sodium sulfite, potassium metabisulfite, potassium 
hydrosulfite, potassium sulfite, or mixtures thereof. 
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0031. In an aspect of the first embodiment, method further 
includes the step of reducing a Valence State of an atom of the 
contaminant to a lower Valence state, whereby the contami 
nant is solubilized and removed from the membrane. 
0032. In an aspect of the first embodiment, the composi 
tion further includes an enhancing agent. 
0033. In an aspect of the first embodiment, the enhancing 
agent includes inorganic acids, organic acids, or mixtures 
thereof. 
0034. In an aspect of the first embodiment, the enhancing 
agent includes citric acid. 
0035. In an aspect of the first embodiment, the solvent 
includes water and the Sulfite reducing agent includes sodium 
metabisulfite, sodium hydrosulfite, or mixtures thereof. 
0036. In an aspect of the first embodiment, the sulfite 
reducing agent includes from about 0.1 wt.% to about 5 wt.% 
of a component including sodium metabisulfite, sodium 
hydrosulfite, or mixtures thereof. 
0037. In an aspect of the first embodiment, the sulfite 
reducing agent includes from about 0.5 wt.% to about 2 wt.% 
of a component including sodium metabisulfite, sodium 
hydrosulfite, or mixtures thereof. 
0038. In an aspect of the first embodiment, the composi 
tion includes from about 0.5 wt.% to about 1.5 wt.% sodium 
metabisulfite and from about 0.5 wt.% to about 1.5 wt.% 
sodium hydrosulfite. 
0039. In an aspect of the first embodiment, the membrane 
includes a hollow fiber microfiltration membrane or a hollow 
fiber ultrafiltration membrane. 
0040. In an aspect of the first embodiment, the membrane 
includes a flat microfiltration membrane or a flat ultrafiltra 
tion membrane. 

0041. In an aspect of the first embodiment, the membrane 
includes a polyvinylidene fluoride polymer. 
0042. In a second embodiment, a composition for cleaning 
a membrane contaminated with a contaminant is provided, 
the composition including a Sulfite reducing agent and a sol 
vent, wherein the Sulfite reducing agent is soluble in the 
solvent, and wherein the solvent is compatible with the mem 
brane. 

0043. In an aspect of the second embodiment, the contami 
nant includes a metal oxide or a metal hydroxide. 
0044. In an aspect of the second embodiment, the contami 
nant is ferric floc. 

0045. In an aspect of the second embodiment, the sulfite 
reducing agent includes sodium metabisulfite, Sodium hydro 
Sulfite, Sodium sulfite, potassium metabisulfite, potassium 
hydrosulfite, potassium sulfite, or mixtures thereof. 
0046. In an aspect of the second embodiment, the sulfite 
reducing agent includes Sodium metabisulfite and Sodium 
hydrosulfite. 
0047. In an aspect of the second embodiment, the compo 
sition further includes an enhancing agent. 
0048. In an aspect of the second embodiment, the enhanc 
ing agent includes an inorganic acid or an organic acid. 
0049. In an aspect of the second embodiment, the organic 
acid includes citric acid. 

0050. In an aspect of the second embodiment, the sulfite 
reducing agent includes from about 20 wt.% to about 60 wt. 
% sodium metabisulfite, wherein the Sulfite reducing agent is 
capable of dilution to a working concentration of about 0.5 
wt.% to about 2 wt.% of sulfite reducing agent in a solubi 
lized form. 
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0051. In an aspect of the second embodiment, the sulfite 
reducing agent includes from about 0.5 wt.% to about 2 wt.% 
sodium metabisulfite. 
0052. In an aspect of the second embodiment, the sulfite 
reducing agent includes from about 20 wt.% to about 65 wt. 
% sodium hydrosulfite, and wherein the Sulfite reducing agent 
is capable of dilution to a working concentration of about 0.5 
wt.% to about 2 wt.% soluble sulfite reducing agent present 
in solubilized form. 
0053. In an aspect of the second embodiment, the sulfite 
reducing agent includes from about 0.5 wt.% to about 2 wt.% 
sodium hydrosulfite. 
0054. In an aspect of the second embodiment, the compo 
sition includes from about 20 wt.% to about 65 wt.% sodium 
metabisulfite and from about 20 wt.% to about 65 wt.% 
sodium hydrosulfite, wherein the sodium metabisulfite and 
Sodium hydrosulfite are capable of dilution to a working 
concentration of about 0.5 wt.% to about 2 wt.% sulfite 
reducing agent in solubilized form. 
0055. In an aspect of the second embodiment, the compo 
sition includes from about 0.5 wt.% to about 2 wt.% sodium 
metabisulfite and sodium hydrosulfite. 
0056. In a third embodiment, a method for cleaning a 
membrane is provided, the method including the step of 
cleaning the membrane using a composition including a 
Sulfite reducing agent and a solvent, wherein the Sulfite reduc 
ing agent is soluble in the Solvent, and wherein the solvent is 
compatible with the membrane. 
0057. In a fourth embodiment, a membrane is provided 
wherein the membrane is capable of cleaning by a composi 
tion including a Sulfite reducing agent and a solvent, wherein 
the Sulfite reducing agent is soluble in the solvent, and 
wherein the solvent is compatible with the membrane. 
0058. In a fifth embodiment, a membrane is provided, 
wherein the membrane is contaminated with a contaminant 
including a metal oxide or a metal hydroxide, and wherein the 
membrane is capable of cleaning by a composition including 
a sulfite reducing agent and a solvent, wherein the Sulfite 
reducing agent is soluble in the solvent, and wherein the 
solvent is compatible with the membrane. 
0059. In an aspect of the fifth embodiment, the membrane 
includes a hollow fiber or a flat sheet. 

0060. In an aspect of the fifth embodiment, the membrane 
includes a polyvinylidene fluoride polymer. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0061 The following description and examples illustrate a 
preferred embodiment of the present invention in detail. 
Those of skill in the art will recognize that there are numerous 
variations and modifications of this invention that are encom 
passed by its scope. Accordingly, the description of a pre 
ferred embodiment should not be deemed to limit the scope of 
the present invention. 
0062) Ferric chloride is the preferred flocculating agent in 
water clean-up procedures. However, standard cleaning 
regimes have not been highly effective in cleaning PVDF 
membranes of the resultant Fe floc, leading to significant 
commercial costs associated with ultimate irreversible mem 
brane fouling by metal oxides and/or hydroxides. 
0063 Surprisingly, the present inventors have found that 
the methods of the preferred embodiments are particularly 
suited for PVDF membranes. When metabisulfite was used as 
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a cleaning agent on PVDF membranes, there was successful 
removal of metal oxides and metal hydroxides. 
0064 More surprisingly, when sodium hydrosulfite and 
Sodium metabisulfite were used in combination as cleaning 
agents for PVDF membranes, significant antifouling proper 
ties ere observed. 
0065 One commercial blend of sodium hydrosulfite (20 
65 wt.%) and sodium metabisulfite (20-65 wt.%) was found 
to be particularly useful. This mixture, marketed as SUPER 
IRON OUTR), has been commercially available since the 
1950's, although it has not been used for cleaning mem 
branes. SUPER IRON OUTR) has been marketed to house 
hold consumers as an all-purpose rust and stain remover, 
water softener, a cleaning agent for toilets, sinks tubs, dish 
washers, white clothing, and fabrics as well as exterior Sur 
faces, i.e. as a general household reductant. 
0066. This material may be used neat, although it is pos 
sible to use it diluted in an amount such that the dilution is as 
low as 0.5 wt.%, although dilutions of around 2 wt.% have 
been found advantageous. 
0067. Alternatively, standardized solutions may be pre 
pared from the starting materials. While the exact concentra 
tion will be selected depending on the time limits set for the 
membrane cleaning and on cost considerations, it has been 
found particularly-useful to use Solutions of around 2 wt. 
%/volume total sulfite content based on the starting materials, 
i.e. 2 g sodium metabisulfite per 100 ml of water, or 1 g 
sodium bisulfite and 1 g of sodium hydrosulfite per 100 ml of 
water, and the like. 
0068. The commercial importance of this new application 

is that it allows ferric floc applications to be run at 20 to 30% 
higher water flux than has previously been thought possible. 
Using Such high fluxes is normally to be avoided because of 
the extreme fouling that takes place under Such conditions, 
and the resultant difficulty in cleaning badly fouled mem 
branes, wherein the floc is forced hard into the pores and 
cannot be readily physically removed by backwashing, or by 
chemical cleaners. 
0069. With the advent of the cleaning method of the pre 
ferred embodiments, the ferric floe applications can be run at 
the higher flux and the fouled membranes can be quickly and 
efficiently cleaned. The ability to use such high fluxes can 
translate into a significant commercial advantage. 
0070. As more liquid is filtered, the amount of residue 
removed from that liquid increases in the pores and on the 
outside and needs to be cleaned. 
0071. The methods of the preferred embodiments can be 
used in conjunction with backwashing methodology, or as a 
stand-alone cleaning method suitable for carrying out "clean 
ing-in-place' (CIP). CIP involves cleaning the membrane 
module without removal from its normal in situ place of 
operation. 
0072. In general terms, one form of CIP cleaning involves 
isolating the module to be cleaned by means of taps and pipes 
and the like from fluid communication with the remainder of 
the system. The water or liquid normally filtered is then 
replaced with a cleaning fluid. The cleaning fluid is then 
allowed to run through the membrane module to carry out the 
cleaning. The cleaning fluid may be recycled through the 
module, or allowed to pass through the module just once 
before being run off to waste, depending upon the particular 
requirements of the system and the amount of contaminants 
being removed. 
0073. The CIP procedure can take place at ambient tem 
peratures or at controlled temperatures outside the normal 
range offiltration temperatures, e.g. at higher temperatures to 
increase dissolution of Solids, or at lower temperatures to 
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allow for a greater concentration of dissolved gaseous agents 
e.g., especially chlorine gas, in the fluid. The CIP can be 
carried out for varying lengths of time and at pressures out 
side the normal range of those used for filtration. 
0074. Once the cleaning is completed, the filtration agent 

is flushed to remove traces of the cleaning agent before being 
returned to service by being reconnected to the normal fluid 
flow. 
0075 CIP can be carried out manually or by means of fully 
automated systems which activate in response to pressure 
differentials or after predetermined module operating times. 
0076 A preferred embodiment is described below, by way 
of example only. 
0077. The examples given below relate to modules pre 
pared from banks of hollow fiber PVDF membranes. The 
membrane modules are as described in U.S. Pat. No. 6,159, 
373, the contents of which are incorporated herein by refer 
ence. The module includes a shell within which is positioned 
abundle containing from about 2800 to about 30,000 hollow 
fibers with a diameter of 500 um to 650 um and a lumen 
diameter of 250 um to 310 um, with a pore size of 0.2 um, but 
these sizes may be varied as required. Moreover, membrane 
and module configurations different from the one described 
above may also be employed with the methods of preferred 
embodiments, as will be appreciated by one skilled in the art. 
0078. At each end of the fiberbundle, a potting compound 
holds the ends of the fibers in place without blocking the 
lumens and closes offeach end of the module. The liquid feed 
is pumped into the module, between the shell and the outside 
of the hollow fibers. Some of the feed liquid passes into the 
lumen of the fibers, being filtered as it does so. The clean 
liquid then concentrates in the inside of the lumen, and flows, 
or is drawn off and taken outside the module, as a clarified 
liquid. 
0079. In the CIP method exemplified, the cleaning agent is 
introduced in place of the untreated liquid stream. However, 
those skilled in the art will realize that the flow can be intro 
duced counter to that normally used. 

EXAMPLES 

0080 CIP Comparative Method 1 Raw Water Filtration 
Module 
0081 Membranes in a raw water filtration module were 
cleaned using a 2 wt.% solution of citric acid in water at 35° 
C., which was recirculated for 60 minutes. Three repeats of a 
300 second aeration followed by a 300 second soak were 
conducted. Then, a solution of 300 ppm C1 in water at 20°C. 
was recirculated for 60 minutes, followed by a 30 minute 
soak. The total duration of the CIP was 3 hours. Table 1 
provides measurements of transmembrane pressure (TMP), 
resistance (R), and flow (in gallons per minute per module) 
both before and after the CIP. 

TABLE 1. 

BEFORECIP AFTER CIP 

TMP Flow TMP Flow 
(psi) R (gpm/mod) (psi) R (gpm/mod) 

8.1 4.27 4.4 3.5 2.21 4.9 

I0082 CIP Comparative Method 2–Clarified Water Fil 
tration Module 

0.083 Membranes in a clarified water filtration module 
(containing flocculant) were cleaned 400 ppm solution of Cl 
in water at 20° C., which was recirculated for 60 minutes, 

Oct. 2, 2008 

followed by a 30 minute soak. Then the membranes were 
washed with a 2.7 wt.% citric acid solution in water at 35°C., 
which was recirculated for 60 minutes. Three repeats of a 300 
second aeration followed by a 300 second soak were con 
ducted. Then, an overnight Soak was conducted. The total 
duration of the CEP was 13 hours. Table 2 provides measure 
ments of transmembrane pressure, resistance, and flow both 
before and after the CIP. 

TABLE 2 

BEFORECIP AFTER CIP 

TMP Flow TMP Flow 
(psi) R (gpm/mod) (psi) R (gpm/mod) 

11 7.48 4.9 5.9 3.56 4.9 

I0084 CIP Comparative Method 3- Clarified Water Fil 
tration Module 

0085 Membranes in a clarified water filtration module 
(containing flocculant) were cleaned using a 1000 ppm solu 
tion of C1 in water at 20° C., which was recirculated for 60 
minutes, followed by a 30 minute soak. Then the membranes 
were washed with a 4 wt.% citric acid solution in water at 35° 
C., which was recirculated for 60 minutes. Three repeats of a 
300 second aeration followed by a 300 second soak were 
conducted. Then, an overnight soakin a 1000 ppm C1 solution 
in water was conducted. The total duration of the CIP was 13 
hours. Table 3 provides measurements of transmembrane 
pressure, resistance, and flow both before and after the CIP. 

TABLE 3 

BEFORECIP AFTER CIP 

TMP Flow TMP Flow 
(psi) R (gpm/mod) (psi) R (gpm/mod) 

10.9 10.61 3.6 5.4 3.34 3.6 

I0086 CIP Comparative Method 4 Raw Water Filtration 
Module 

0087 Membranes in a raw water filtration module were 
cleaned using a solution of 300 ppm C1 in water at 20°C., 
followed by an overnight soak. Then, the membranes were 
cleaned with a 2 wt.% citric acid solution in water at 40°C. 
for two hours. The total duration of the CIP was 13 hours. 
Table 4 provides measurements of transmembrane pressure 
CIM), resistance (R), and flow (in gallons per minute per 
module) both before and after the CIP. 

TABLE 4 

BEFORECIP AFTER CIP 

TMP Flow TMP Flow 
(psi) R (gpm/mod) (psi) R (gpm/mod) 

5.58 4.08 3.85 3.5 2.63 3.75 

0088 CIP Method 1–Clarified Water Filtration Module 
0089 Membranes in a clarified water filtration module 
(containing flocculant) were cleaned using a 2 wt.% solution 
of SUPER IRON OUTR) in Water at 20° C. for 30 minutes. 
Then the membranes were washed with a solution of 1000 
ppm C1 in water at 20° C., which was recirculated for 60 
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minutes, followed by a 30 minute soak. The total duration of 
the CIP was 2 hours. Table 5 provides measurements of 
transmembrane pressure, resistance, and flow both before and 
after the CIP. The data demonstrate a substantial reduction in 
transmembrane pressure and resistance, and an increase in 
flow following the cleaning method. 

TABLE 5 

BEFORECIP AFTER CIP 

TMP Flow TMP Flow 
(psi) R (gpm/mod) (psi) R (gpm/mod) 

10.6 7.19 4.8 5 2.8 5.7 

0090. It can be seen from all the above examples that 
cleaning-the membranes, by both conventional methods and 
by the methods of the preferred embodiments, results in a 
reduction in transmembrane pressure, a decrease in resis 
tance, and an increase in flow, all indicators that the mem 
brane has been cleaned. 

0091. The results with SUPER IRON OUTR are signifi 
cantly better than the comparative conventional methods. It 
enables the highest restoration of flow and the most signifi 
cant decrease in resistance on cleaning. 
0092. It has also achieved these results at ambient tem 
peratures, and with fewer steps, meaning that the amount of 
external apparatus required to carry out the CIP of the module 
is considerably reduced. 
0093 Possibly most significantly, however, it achieved 

this high level of cleaning in 2 hours for clarified (flocculant 
containing) water. To achieve close to this result using the 
standard methods required overnight CIP times, typically 
around 13 hours. This dramatic reduction in CIP time trans 
lates into a reduction in downtime of modules, as well as 
allowing higher liquid throughput by permitting effective 
clean up after running at high flux rates. 
0094 Sulfite agents such as sodium metabisulfite and 
SUPERIRON OUTR) can also be used in conjunction with 
other conventional methods, for example, in conjunction with 
Sulfuric acid for cleaning membranes (including polypropy 
lene membranes). In low concentrations, it is believed sodium 
metabisulfite may act as a sacrificial agent, protecting the 
membrane from degradation by other cleaning agents. 
0095. Further investigations were carried out to better 
standardize the active amount of Sulfite agent present (rather 
than relying on the broader ranges which may be found in 
proprietary formulations and to investigate the optimal clean 
ing compositions, as established by the differing criteria to 
determine membrane de-fouling. 
0096. Two sets of experiments were carried out to deter 
mine the efficiency of Sulfite cleaning compositions of pre 
cisely defined composition relative to citric acid and chlorine, 
and measured with reference to different criteria. In both sets 
of experiments, the membranes were fouled with a mixture of 
100 ppm humic acid and 100 ppm FeC1.6HO, by filtering 
this mixture through the membranes. 
0097. In the transmembrane pressure recovery and refoul 
ing experiments, the same equipment was used to filter the 
cleaning solution through the membranes. The TMP change 
versus time was recorded while filtering this humic acid/iron 
solution through the membrane before and after the clean. 
The results are shown in Table 6. 

Oct. 2, 2008 

TABLE 6 

Fouling 
Final TMP Initial TMP TMP rate 
before clean after clean recovery post-clean 

Clean (kPa) (kPa) (kPa) (kPa?min) 

2 wt.% Citric acid 38 18 2O O.O7 
200 ppm NaOCl 46 21 25 O.6 
2 wt.% SHS 60 21 39 O.15 
2 wt.% SMBS 36 2O 16 O.08 
1.5 wt.% SMBS - 31 17 14 O.1 
O.S wt.% SHS 
O.5 wt.% SMBS - 39 2O 19 O.1 
1.5 wt.% SHS 
1 wt.% SMBS - 36 2O 16 O.3 
1 wt.% SHS 

SMBS = sodium metabisulfite 
SHS = sodium hydrosulfite 

(0098. The results in the experiment show that the TMP 
recoveries were similar for all the cleaning methodologies 
used except for 2 wt.% sodium hydrosulfite which gave a 
significantly higher recovery than the other cleaning agents. 
0099. The best post-clean fouling rates were also investi 
gated. The poorest post-clean fouling rate was found using 
the conventional chlorine clean. The best post clean fouling 
was found using 2 wt.% citric acid and 2 wt.% SMBS, with 
the 1.5 wt.% SMBS/0.5 wt.% SHS and 0.5 wt.% SMBS/1.5 
wt % SHS mixtures also performing very well. 
0100. In the second set of experiments, the dirty mem 
branes were placed in jars of the cleaning Solution and 
allowed to soak. The permeability of the fibers was measured 
before and after the clean. The results are shown in Table 7. 

TABLE 7 

% 
Perme 

Permeability Permeability Permeability ability 
before clean after clean recovery re 

Clean (L/m hour) (L/m hour) (L/m hour) covery 
2 wt.% Citric acid 589 795 2O6 135 
200 ppm NaOCl 277 576 299 2O7 
2 wt.% SHS 383 795 412 208 
2 wt.% SMBS 454 714 260 157 
1.5 wt.% SMBS - 350 774 424 221 
O.S wt.% SHS 
O.5 wt.% SMBS - 591 835 244 141 
1.5 wt.% SHS 
1 wt.% SMBS - 378 824 446 236 
1 wt.% SHS 

SMBS = sodium metabisulfite 
SHS = sodium hydrosulfite 

0101 The citric acid gave the lowest permeability recov 
ery. Three cleans, 1.5% SMBS+0.5 wt.% SHS, 1 wt.% 
SMBS+1 wt.% SHS, and 2 wt.% SHS gave the best perm 
ability recoveries. The permeability recoveries for the sulfite 
cleaning agents show that for two specific combinations, 1.5 
wt.% SMBS/0.5 wt.% SHS and 1 wt.% SMBS/1 wt.% SHS, 
the permeability recovery (of 221% and 23.6%, respectively) 
was greater than the permeability recovery for either the 
SMBS or SHS alone, indicating a synergistic relationship 
between the two. On the basis of the individual mixture com 
ponents, a 1 wt.%:1 wt.% SMBS/SHS mixture would be 
expected to restore about 183% (based on 208%/2+157%/2) 
of the permeability, yet the actual value was 23.6%. 
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0102 The other cleaning combinations are likewise not 
simply additive, indicating that in combination, the two 
Sulfite cleaning agents may act co-operatively. 
0103) Thus, it can be seen that the sulfite cleaning method 
of the preferred embodiments provided in all cases a good 
TMP recovery, good permeability recovery and a low rate of 
post clean fouling. The all round performance was not 
matched by conventional cleaning methodologies. Further, 
Sulfite cleaning required less time to achieve CIP (cleaning in 
place) de-fouling of membranes than conventional (chlorine) 
membrane cleans. 
0104. The above description discloses several methods 
and materials of the present invention. This invention is sus 
ceptible to modifications in the methods and materials, as 
well as alterations in the fabrication methods and equipment. 
Such modifications will become apparent to those skilled in 
the art from a consideration of this disclosure or practice of 
the invention disclosed herein. Consequently, it is not 
intended that this invention be limited to the specific embodi 
ments disclosed herein, but that it coverall modifications and 
alternatives coming within the true scope and spirit of the 
invention as embodied in the attached claims. All patents, 
applications, and other references cited herein are hereby 
incorporated by reference in their entirety. 

1-36. (canceled) 
37. A method of cleaning a microfiltration or ultrafiltration 

porous polymeric membrane contaminated with a contami 
nant, comprising: 

providing a cleaning solution prepared from at least two 
Sulfites and a solvent; and 

contacting the contaminated microfiltration or ultrafiltra 
tion porous polymeric membrane with the cleaning solu 
tion. 

38. The method according to claim 37, wherein the clean 
ing solution further comprises an enhancing agent. 

39. The method according to claim38, wherein the enhanc 
ing agent is selected from the group consisting of inorganic 
acids, organic acids, and mixtures thereof. 

40. The method according to claim39, wherein the enhanc 
ing agent comprises citric acid. 

41. The method according to claim 37, wherein the sulfites 
are selected from the group consisting of Sodium met 
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abisulfite, Sodium hydrosulfite, sodium sulfite, potassium 
metabisulfite, potassium hydrosulfite, potassium sulfite, and 
mixtures thereof. 

42. The method according to claim 41, wherein the solvent 
comprises water and the Sulfites comprise sodium met 
abisulfite and sodium hydrosulfite. 

43. A method of treating water, comprising: 
providing a water treatment system comprising a microfil 

tration or ultrafiltration membrane; 
connecting a source of water to be treated to the water 

treatment system; 
filtering the water through the membrane, thereby retain 

ing a contaminant on a surface of the membrane; 
providing a cleaning solution prepared from at least two 

Sulfites and a solvent; and 
contacting the contaminated membrane with the cleaning 

Solution. 
44. The method of claim 43, further comprising the step of 

adding a flocculating agent to the water. 
45. The method of claim 43, further comprising the step of 

isolating the membrane from the source of water to be treated. 
46. The method of claim 45, further comprising the step of 

reconnecting the membrane to the source of water to be 
treated. 

47. The method of claim 43, wherein the at least two 
Sulfites are selected from the group consisting of sodium 
metabisulfite, Sodium hydrosulfite, Sodium Sulfite, potassium 
metabisulfite, potassium hydrosulfite, and potassium sulfite. 

48. A method of cleaning a microfiltration or ultrafiltration 
membrane, comprising the step of 

cleaning the microfiltration or ultrafiltration membrane 
using a composition comprising at least two Sulfites. 

49. The method of claim 48, wherein the at least two 
Sulfites are selected from the group consisting of sodium 
metabisulfite, Sodium hydrosulfite, Sodium Sulfite, potassium 
metabisulfite, potassium hydrosulfite, and potassium sulfite. 

50. The method of claim 49, wherein the composition 
comprises sodium metabisulfite and Sodium hydrosulfite. 

51. The method of claim 48, wherein the composition 
further comprises an enhancing agent. 

c c c c c 


