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Use of alkoxylated non-ionic surfactants as additive in agueous membrane cleaning composi-

tions.

The object of the present invention relates to the use of branched alkoxylated non-ionic surfac-
tants as an additive to an agueous membrane cleaning composition, wherein the surfactant has

an HLBq value of 9 to 12.5 and an average degree of branching Bs 2 1.5.

In many industrial applications related to the purification of water, such as waste water treat-
ment or seawater desalination, membranes are used to separate water from salt and/or further
impurities. The widely used membrane processes include microfiltration, ultrafiltration, nanofil-
tration, reverse osmosis, electrolysis and dialysis. Microfiltration and ultrafiltration are widely
used in food and beverage processing (beer microfiltration, concentration of whey), biotechno-
logical applications and pharmaceutical industry (antibiotic production, protein purification), wa-
ter purification and waste water treatment, microelectronics industry, and others. Nanofiltration
and reverse osmosis membranes are mainly used for water purification purposes (i.e. desalina-
tion of water). The performance of a membrane is determined by the size of the pores and the
surface material of the membrane. Typical membrane materials are polysulfone, polyethersul-
fone, polyamide, polyacrylonitrile, polyvinylidene difluoride and polyimide. The separation
mechanism during the cleaning process is conceived as a sieving action, where an increase in
applied pressure increases the flux rate. However, membranes can be fouled by adsorption or
deposition of some substances present in the separation process, which leads to the pores of
the membranes to get clogged by salt and/or further impurities. This contributes to a decrease
of the membrane performance in the separation process. Fouling mainly stems from three
sources, namely particles in the feed water, buildup of sparsely soluble minerals and microor-
ganism growth. All of these conditions require frequent cleaning. The cleaning processes used
so far consist in using a cleaning solution of surfactants at a very acidic, neutral or very basic
pH (intensive cleaning) and/or applying an inverse pressure to the membrane (chemical en-
hanced backwash). Mostly anionic surfactants (LAS) are used in the cleaning solutions, be-
cause until now, no effective nonionic surfactants are known that do not clog the membranes.
The surfactant concentration in the used cleaning solutions, if applied, lays between 100 ppm
and 1000 ppm, limited due to the foaming of the anionic surfactant. Non-ionic surfactants tend
to display an affinity to the membranes or show poor cleaning efficiency of the membrane. They
are difficult to be washed off later on and tend themselves to clog the pores of the membrane
(Owners manual ECH20 Tec. Watermakers, 1000-BHL-2, page 9; DOW Filmtec, Form No.
609-01010-498QRP; Hydranautics Technical Application Bulletin No 109, February 227, 2002,
Revision B, page 3; K. Yamagiwa, H. Kobayashi, A. Ohkawa, M. Onodura, J. Chem. Eng Jp 26,
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No1, 13, 1993). lonic surfactants are thus more often used but have the disadvantage that they
produce foam during the membrane cleaning process.

WO003/022752 reads on mixtures containing enzymes and surfactants used in a method for re-
ducing biofilm in an aqueous system, said system being a crossflow filtration system or a re-
verse osmosis system. The surfactants used may be either non-ionic, anionic, amphoteric, cati-

onic or a combination thereof.

EP 2 164 939 B1 relates to a liquid detergent composition comprising a Guerbet alcohol ethox-
ylate of the formula R4-(OC2Ha),-OH, wherein R is a Cg to Cx alkyl group and n is from 2 to 10.
The liquid detergent composition for washing textiles contains components which do not affect
the filtration process in the membrane filtration unit used to clean the waste water of the textile

washing process.

WO 2005/118760 A1 describes a past-like cleaning or detergent composition for washing tex-
tiles appropriate to be used in the purification of the waste water from the washing process
comprising fatty alcohol alkoxylates. Said fatty alcohol alkoxylates have the general formula R-
(EO)x-(PO)y, in which R can be branched C8 to C22 alkyl chain and the sum of y and y is at

least 5.

US2009/0200234 describes a method for removing soil from a membrane by applying an acidic
active oxygen use solution and afterwards an alkaline override solution. The acidic active oxy-
gen solution comprises a peroxygen compound and a surfactant, which can be non-ionic, anion-

ic, cationic, amphoteric, zwitterionic or a mixture thereof.

DE197 26 287 A1 discloses a product composition used in a method for cleaning fabrics on an
industrial scale, wherein the product composition comprises linear and/or branched ethoxylated
and/or propoxylated Cg-C1s fatty alcohols. The waste water accumulated during the process is

treated by means of a membrane filtration unit.

WO002/46351 A1 reads on a detergent or cleaning agent containing an ethoxylated branched or
unbranched C10-C20 fatty alcohol, wherein the average degree of ethoxylation has a value of
from 5 to 20. The waste water accumulated during the process is treated by means of a mem-

brane filtration unit.
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DE 44 45 070 A1 discloses a method for the removal of biofilm or the prevention of slime for-
mation on surfaces of a water-bearing system by adding to the system an enzyme and a glycol
component. The glycol component has the following formula: R?(O-R"),-O-R3, wherein n is an
integer smaller than 10, R' is an alkylresidue with 2 or 3 carbon atoms and R? and R? are in
each case independently of each other hydrogen, an alkyl group with 1 to 6 carbon atoms or an
aryl group.

It was therefore an object of the invention to find nonionic surfactants which would not deposit
onto the membranes and clog the pores while being low foaming and are displaying a good and

fast cleaning performance in aqueous solutions used to clean membranes.

It has surprisingly been found that alkoxylated non-ionic surfactants represented in formula (1)
and having an HLBg4 value of from 9 to 12.5 and an average degree of branching 2 1.5, prefera-
bly 2 2, when used as additive to agueous membrane cleaning compositions, provide excellent
results in terms of cleaning performance and cleaning speed of the membrane and at the same
time have a reduced affinity with the membrane surface and a low foaming profile.

Said non-ionic surfactants have the following formula (1):

R1 R3
X (0]
H
AN s
n 2 m
p
R (

Ris a linear or branched Cs-C1s hydrocarbon chain,
XisOorN
R', R?2 and R? independently of one another are hydrogen, methyl, ethyl, propyl, isopropyl, or a

)

mixture of these and preferably n has a value of from 1 to 8, most preferably n has a value of
from 1 to 6.

Preferably m has a value of from 1 to 8, most preferably m has a value of from 2 to 6.

Preferably p has a value of from 0 to 8, most preferably p has a value of from 1 to 6.

Preferably the surfactants used according to the invention have a calculated HLB4 value from 9

to 12.5 and an average degree of branching Bs [ 1.5, preferably Bs L1 2.

Average degree of branching
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The degree of branching of the fatty alcohols is defined as a number of carbon atoms in aliphat-
ic hydrocarbon (3° carbon atoms) which are bonded to three additional carbon atoms, plus two
times a number of carbon atoms (4° carbon atoms) which are bonded to four additional carbon
atoms. The average degree of branching By is calculated as a sum of all degrees of branching
of individual aliphatic hydrocarbon molecules divided by a total number of the individual aliphatic
hydrocarbon molecules.

Br=n*C(3°) + 2"'m*C(4°)

The degree of branching in the alkyleneoxy chain is defined as a number of carbon atoms (3°
carbon atoms) which are bonded to three additional atoms other than hydrogen, plus two times
a number of carbon atoms (4° carbon atoms) which are bonded to four additional atoms other
than hydrogen. The average degree of branching B, is calculated as a sum of all degrees of
branching of individual alkyleneoxy molecules divided by a total number of the individual al-
kyleneoxy molecules.

B.=p*C(3°) + 2"q*C(4°)

As a further definition, a tertiary amine moiety (NR3) has a branching degree of 1 (Bn = 1).
The average degree of branching of the surfactants Bs is the sum of the average degree of
branching of the hydrocarbon part Br and the branching resulting from the amount of alkylene-
oxy groups Baand, if present, the branching of the tertiary amine moiety Bn:

Bs =B+ Bs + By

The degree of branching may be determined, for example, through use of 3C NMR methods
such as COSY, DEPT, INADEQUATE, followed by quantification via use of relaxation reagents.
Other NMR methods and GCMS methods may also be used.

The surfactants used in the instant invention has an average degree of branching Bs =2 1.5,

preferably Bs 2 2.

Preferably the non-ionic surfactants used according to the invention are ethoxylated and/or
propoxylated.

In one embodiment of the invention, according to formula (1), R' is methyl, R? is hydrogen, R? is
hydrogen or methyl.

In another embodiment of the invention, according to formula (1), R' is hydrogen, R? is methyl,

R3 is hydrogen or methyl.
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Preferred alkoxylated surfactants used in the membrane cleaning composition are depicted in
Figure (I1) and include 2-propylheptyl mixed ethoxylated and propoxylated fatty alcohols, where-
in according to formula (l) R is 2-propylheptyl and X is O

Preferably n has a value of from 1 to 6.

(1)

Preferably m has a value of from 1 to 6.

Preferably p has a value of from 0 to 6, most preferably p has a value of from 1 to 6.

Further preferred alkoxylated surfactants used in the membrane cleaning composition include
branched fatty alcohol alkoxylates, wherein the surfactant has the following formula

Formula (I11)

Mi{wﬁww

wherein according to formula (I) R is 2-propylheptyl and X is N.

Preferably n has a value of from 1 to 6.
Preferably m has a value of from 1 to 6.

Preferably p has a value of from 0 to 6, most preferably p has a value of from 1 to 6.

Further preferred alkoxylated surfactants used in the membrane cleaning composition include
branched fatty alcohol alkoxylates according to Formula (1), wherein

- R is is a branched alkyl chain having 13 carbon atoms,

- Xis O.



10

15

20

25

30

WO 2013/164492 PCT/EP2013/063038

6

As known in the art, the calculated HLB of a surfactant is a measure of the degree to which it is
hydrophilic or lipophilic, as determined through the Griffin’s equation (W.C. Griffin, J. Soc. Cos-
met. Chem. 1, 311 (1950); 5, 249 (1954) - see also H. Mollet et al. "Formulation Technology”,
1st ed. Wiley-VCH Verlags GmbH, Weinheim 2001, pages 70-73):

Mhydrophobe)
Mtotal
wherein Mhyarophobe iS the average molecular weight of the hydrophobic part and Mieta is the total

HLB =20*(1—

average molecular weight of the surfactant molecule. As such, the calculated HLB value is es-
sentially a proxy for the ratio of hydrophilic ethyleneoxy groups to the hydophobic alkyl and/or
aryl group in the surfactant. Griffin’s equation is originally only valid for ethoxylates and not for
alkoxylates. As propyleneoxy groups in a nonionic surfactant are neither purely hydrophobic nor

purely hydrophilic, we defined the HLB4 of the alkoxylates as such:

Md
HLBd =20x%(1— hydrophobe
Mtotal

wherein M,‘fydmphobe is the average molecular weight of the alkyl chain plus half the average
molecular weight of the propyleneoxy groups and Mt is the total average molecular weight of

the surfactant molecule.
The surfactant used in the instant invention has a calculated HLBy of from 9 to 12.5.

The alcohol alkoxylates were synthesised as described in EP1675811, the narrow range alkox-
ylates according to the description in US 2005/0215452 A1, the amine alkoxylates according to
the description in US 2011/0177945 A1.

The tridecylethoxylates were manufactured according to EP1675811. Tridecylalcohol (Isotride-
canol N from BASF SE, resulting from the oxo-process of dodecen, which results from the tri-
merisation of butene) was ethoxylated under alkaline conditions (KOH) to the corresponding
ethoxylates. These tridecylethoxylates have an excellent enviromental profile (see Kaluza, U.
and K. Taeger. 1996. Einfluss der chemischen Struktur auf 6kotoxikologische Eigenschaften
von Alkanol-Ethoxylaten (Effect of chemical structure on the ecotoxicological properties of al-

canol ethoxylates). Tenside Surfactants Detergents, 33, 46-51.)
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The 2-propylheptanolethoxylates were manufactured accordingly, whereby the used technical
grade of 2-propylheptanol consists of 70 to 99% by weight of 2-propylheptanol and 1 to 30% by
weight of 2-propyl-4-methylhexanol and/or 2-propyl-5-methylhexanol. The 2-propylheptylamine-

based surfactant was manufactured from the above described 2-propylheptanol.

Preferred alkoxylated surfactants used in membrane cleaning compositions include 2-
propylheptyl mixed ethoxylated and propoxylated fatty alcohols, wherein the number of ethylene
oxide substituents has an average value of 6 and the number of propylene oxide substituents
has an average value of 1 or 5.

In another embodiment of the present invention, the branched non-ionic surfactant used as an
additive for membrane cleaning compositions has an HLBy value of from 10 to 12.5 and is an

ethoxylated branched tridecanol comprising between 5 and 7 ethylene oxide groups.

In a preferred embodiment, the concentration of surfactants according to the invention in the

used membrane cleaning composition is 100 ppm to 10wt%, preferably 1000 ppm to 5wt%.

Aqueous membrane cleaning compositions may contain further compounds such as ionic sur-
factants selected from the group consisting of anionic, cationic, amphoteric, zwitterionic surfac-
tants and/or mixtures thereof, present in the composition at a concentration of 0% to 20wt%,

preferably from 3wt% to 15wt%, even more preferably from 5wt% to 12wt%.

Further compounds which might be present in the membrane cleaning composition are disin-
fectants, acids, bases, builders, chelating agents, enzymes, enzyme stabilisers, biocides, hy-

drotropes, thickeners, oxidising agents, reducing agents.

lonic surfactants
Examples of anionic surfactants are: carboxylates, sulfonates, sulfo fatty acid methylesters,
sulfates, phosphates. Examples for cationic surfactants are: quartery ammonium compounds.

Examples for zwitterionic surfactants are: betaines or amineoxides.

A ,carboxylate” is a compound, which comprises at least one carboxylate-group in the molecule.
Examples of carboxylates, which can be used according to the present invention, are soaps

such as stearates, oleates, cocoates of alkali metals or of ammonium and ethercarboxylates.
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A ,sulfonate® is a compound, which comprises at least one sulfonate-group in the molecule.
Examples of sulfonates, which can be used according to the invention, are alkyl benzene sul-

fonates, alkyl sulfonates, sulfonated oils, olefine sulfonates, aromatic sulfonates.

A ,sulfo fatty acid methylester® is a compound, having the following general formula (1):

(), wherein R has 6 to 20 C-atoms; preferably 10 to 18 and particularly pre-
ferred 14 to 16 C-atoms.

A ,sulfate” is a compound, which comprises at least one SO4-group in the molecule. Examples
of sulfates, which can be used according to the present invention, are fatty acid alcohol sulfates
such as coco fatty alcohol sulfate (CAS 97375-27-4), other alcohol sulfates, coco fatty alcohol

ethersulfates, other alcohol ethersulfates.

A ,phosphate” is a compound, which comprises at least one PO4s-group. Examples of phos-
phates, which can be used according to the present invention, are alkyl ether phosphates,

phosphates, mono- and dialkyl phosphates.

When producing the chemical composition of the present invention the anionic surfactants are
preferably added as salts. Acceptable salts are e.g. alkali metal salts, such as sodium-, potassi-
um- and lithium salts, and ammonium salts, such as mono(hydroxyethyl) ammonium-,

di(hydroxyethyl)Jammonium- und tri(hydroxyethyl)ammonium salts.

One group of the cationic surfactants are the quartery ammonium compounds.

A quartery ammonium compound® is a compound, which comprises at least one R4sN*-group
per molecule. Examples of counter ions, which are useful in the quartery ammonium com-
pounds, are halogens, methosulfates, sulfates and carbonates of coco fat-, sebaceous fat- or

cetyl/oleyltrimethylammonium.

Particularly suitable cationic surfactants are esterquats, especially mono-, di- and trialkanola-
mines, esterified by Cs-C2>-carbonic acids and subsequently quarternised with alkylating agents,

imidazoliniumqguats, especially 1-alkylimidazolinium salts.
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A betain is a surfactant, which comprises at least one cationic and at least one anionic unit per
molecule. An example of a betains, which can be used according to the invention, is cocami-
dopropylbetaine.

An amineoxide is a surfactant, which comprises at least one N-O unit, an example of an amine-

oxide is an alkyl dimethyl amineoxide.

Adjuvants

Biocides can be: oxidation agents, halogens such as chlorine and iodine and substances, which
release the same, alcohols such as ethanol, 1-propanol and 2-propanol, aldehydes, such as
formaldehyde, glutaraldehyde, glyoxal, phenoles, ethylene oxide, chlorohexidine and mecetro-
niummetilsulfate.

The advantage of using biocides is that pathogenic germs can hardly grow. Pathogenic germs

can be: bacteria, spores, fungi and viruses.

Acids are compounds that can advantageously be used to solve or to avoid scaling. Non-limiting
examples of acids are formic acid, acetic acid, citric acid, hydrochloric acid, sulfuric acid and

sulfonic acids, like methanesulfonic acid.

Bases are compounds, which are useful for adjusting a preferable pH-range for complexing
agents. Examples of bases, which can be used according to the present invention, are: NaOH,

KOH and aminoethanol.

Reducing agents are compounds, which are useful to eliminate residues of the oxidising agents,

an example is sodium hydrosulfite.

As inorganic builder the following are especially useful:

- crystalline and amorphous alumo silicates having ion exchanging properties, such as zeo-
lites: different types of zeolites are useful, especially those of type A, X, B, P, MAP and
HS in their Na-modification or in modifications in which Na is partially substituted by other
cat ions such as Li, K, Ca, Mg or ammonium;

- crystalline silicates, such as disilicates and layer-silicates, e.g. 6- and B-Na>Si>Os. The
silicates can be used as alkali metal-, earth alkali metal- or ammonium salts, the Na-, Li-
and Mg-silicates are preferred;

- amorphous silicates, such as sodium metasilicate and amorphous disilicate;
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- carbonates and hydrogencarbonates: These can be used as alkali metal-, earth alkali
metal- or ammonium salts. Na-, Li- and Mg-carbonates and —hydrogen carbonate, espe-
cially sodium carbonate and/or sodium hydrogen carbonate are preferred;

- polyphosphates, such as pentanatriumtriphosphate, sodium tripolyphosphate;

- phosphonates,

Useful as oligomeric and polymeric cobuilders are:

Oligomeric and polymeric carbonic acids, such as homopolymers of acrylic acid and aspartic
acid, oligomaleic acid, copolymers of maleic acid and acrylic acid, methacrylic acid or C,-Coo-
olefines, e.g. isobutene or long chain a-olefines, vinyl-C4-Cs-alkylether, vinylacetate, vinylpropi-
onate, (meth)acryl acid ester of C1-Cg-alcohols and styrene. Preferred are the homopolymers of
acrylic acid and the copolymers of acrylic acid with maleic acid. The oligomeric and polymeric

carbonic acids preferably are used as acids or as sodium salts.

Chelating agents are compounds, which can bind cations. They can be used to reduce water
hardness and to chelate heavy metals. Examples of chelating agents are: NTA, EDTA, MGDA,
DTPA, DTPMP, IDS, HEDP, B-ADA, GLDA, citric acid, oxodisuccinic acid and butanetetracar-
bonic acid. The advantage of the use of these compounds lies in the fact that many compounds,
which serve as cleaning agents, are more active in soft water. In addition to that scaling can be

reduced or even be avoided.

Useful enzymes are e.g. proteases, lipases, amylases, cellulases, mannanases, oxidases and

peroxidases, polysaccaridases.

Hydrotropes are compounds which enhance the solubility of the surfactant / the surfactants in

the chemical composition. An example is: cumene sulfonate.

Thickeners are compounds, which enhance the viscosity of the chemical composition. Non-
limiting examples of thickeners are: polyacrylates and hydrophobically modified polyacrylates,
polyurethanes, xanthan gums, bentonites. The advantage of the use of thickeners is, that liquids
having a higher viscosity have a longer residence time on the surface to be treated in the cases

this surface is inclined or even vertical. This leads to an enhanced time of interaction.

Membranes
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Typical membrane materials are polysulfone, polyethersulfone, polyamide, polyacrylonitrile,

polyvinylidene difluoride, polyimide.

The membrane is composed of a polymer selected from the group consisting of a polyester,
polysulfone, polycarbonate, polypropylene, polyamide (PA) and polyether sulfone (PES).
Polyolefins, such as polypropylene can be polymers formed from at least one olefin monomer or
from at least one olefin monomer and maleic monomer. Examples of polyolefines are low-
density polyethylene (LDPE), high-density polyethylene (HDPE), polypropylene (PP), biaxially
orientated polypropylene (BOPP), polybutadiene, polytetrafluoroethylene (Teflon-PTFE), chlo-
rinated polyethylene and isopropylene-maleic anhydride copolymer.

Polyamides can be polymers formed from at least one monomer having an amide group or an
amino as well as a carboxy group or from at least one monomer having two amino groups and
at least one monomer having two carboxy groups. An example of a monomer having an amide
group is caprolactam. An example of a diamine is 1,6-diaminohexane. Examples of dicarboxylic
acids are adipic acid, terephthalic acid, isophthalic acid and 1,4-naphthalenedicarboxylic acid.
Examples of polyamides are polyhexamethylene adipamide and polycaprolactam.

Polyesters can be polymers formed from at least one monomer having a hydroxy as well as a
carboxy group or from at least one monomer having two hydroxy groups and at least one mon-
omer having two carboxy groups or a lactone group. An example of a monomer having a hy-
droxy as well as a carboxy group is adipic acid. An example of a diol is ethylene glycol. An ex-
ample of a monomer having a lactone group is carprolactone.

Examples of dicarboxylic acids are terephthalic acid, isophthalic acid and 1,4-
naphthalenedicarboxylic acid. An example of a polyester is polyethylene terephthalate (PET).
So-called alkyd resins are also regarded to belong to polyester polymers.

Examples of polycarbonates are poly(aromatic carbonates) and poly(aliphatic carbonates).
Poly(aliphatic carbonates) can be formed from carbon dioxide and at least one epoxide.
Examples of sulfone-based polymers are polyarylsulfone, polyethersulfone (PES), polyphen-
ylsulfone (PPS) and polysulfone (PSF). Polysulfone (PSF) is a polymer formed from 4,4-

dichlorodiphenyl sulfone and bisphenol A.

A further object of the present invention is to provide a process for removing soil from a mem-
brane. A typical process for cleaning membranes consists of following steps: (Hydranautics
Technical Service Bulletin October 2011 TSB107.21)

Prewash with water

Circulation with cleaning solution
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Soaking
High-flow pumping

Flush out

The inventive process comprises the steps of

i) prewashing the membrane with water,

ii) circulating on the membrane an aqueous membrane cleaning composition comprising a
non-ionic surfactant, wherein the surfactant has an HLBq value of from 9 to 12.5 and an average

degree of branching Bs 2 1.5 and wherein the surfactant has the following formula:

R1 R3
X (0]
H
n R2 m o

- R is a Cg-C1s linear or branched hydrocarbon chain,
- XisOorN,
- R', R?2 and R3 independently of one another are hydrogen, methyl, ethyl, propyl, isopropyl,

wherein

or a mixture of these,

- n has a value of from 1 to 8,

- m has a value of from 1 to 8,

- p has a value of from 0 to 8
i) soaking the membrane with the membrane cleaning composition,
iv) optionally high-flow pumping

v) flushing the membrane cleaning composition out.

The whole process can be repeated with various cleaning solutions, depending on the fouling,
preferably twice and up to five times. Each cleaning take up to 12 hours, depending on the

amount and type of fouling.
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Examples:

Polyamide thin film preparation (PA-layer)

Freshly cleaned planar silicon oxide carrier materials (silicon wafers 15 x 20 mm, GESIM, Ger-
many or SiO>-coated QCM-D crystals, Q-sense, Sweden) or glass slides (24 x 24 mm, Menzel-
Glaser, Braunschweig, Germany) were oxidized in a mixture of agqueous ammonia solution
(Acros Organics, Geel, Belgium) and hydrogen peroxide (Merck, Darmstadt, Germany) before
they were subjected to hydrophobization with hexamethyldisilazane (ABCR, Karlsruhe, Germa-
ny). Subsequently thin films of polyamide were immobilized applying spincoating from PA-12
solutions (VESTAMIDH L2101 F, Evonik Industries, Germany). Solutions of 0.2% of VESTAMID
were dissolved in hexafluoroisopropanol (Fluka, Germany) and subsequently spincoated at
4000 rpm for 30 s (RC 5 Suess Microtec, Garching, Germany). The polyamide thin films showed
a thickness of 25 + 2 nm (ellipsometry, SE 400, Sentech, Berlin, Germany).

Poly(ethersulfone) thin film preparation (PES-layer)

Freshly cleaned planar silicon oxide carrier materials (silicon wafers 15 x 20 mm, GESIM, Ger-
many or SiO>-coated QCM-D crystals, Q-sense, Sweden) or glass slides (24 x 24 mm, Menzel-
Glaser, Braunschweig, Germany) were oxidized in a mixture of agqueous ammonia solution
(Acros Organics, Geel, Belgium) and hydrogen peroxide (Merck, Darmstadt, Germany) before
they were subjected to hydrophobization with hexamethyldisilazane (ABCR, Karlsruhe, Germa-
ny). Subsequently thin films of Polyethersulfon were immobilized applying spincoating from PES
solutions (Ultrason PES Type E 6020 P, BASF SE, Germany). Solutions of 0.3% of Ultrason
PES were dissolved in dichloromethane (Acros Organics, Germany) and subsequently spin-
coated at 4000 rpm for 30 s (RC 5 Suess Microtec, Garching, Germany). The ultrason layers
thin films showed a thickness of 30 £ 2 nm (ellipsometry, SE 400, Sentech, Berlin, Germany).

Surfactant (cleaning agent) adsorption by Quartz Crystal Microbalance (QCM)

Adsorption of surfactants on poly(amide) and poly(ethersulfone) thin films was analyzed at con-
stant temperature (23 °C) by using QCM-E4 (Q-Sense AB, Gothenburg, Sweden). The polymer-
coated QCM crystals were swollen in deionised water to achieve a stable baseline and subse-
quently incubated with different surfactants dissolved in deionised water (0.025% active). Stabil-
ity/desorption of the resulting single component layer was evaluated by rinsing with deionised
water. Frequency and dissipation shifts induced by adsorbed/desorbed components were used

to determine changes in surface concentration of the surfactants.
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Preparation of BSA/alginate/humic acid (marine) fouling layers (PA)

Fouling layers were generated by directly covering the PA thin film substrate prepared on silicon
oxide carrier materials with a solution of 0.25 % alginate (AG; medium viscosity, Sigma-Aldrich),
200 ppm bovine serum albumin (BSA; Sigma-Aldrich) and 20 ppm humic acid (HA; Sigma-
Aldrich). After 10 min adsorption, the excess liquid was removed by carefully tilting the wafers
followed by a subsequent drying step at 60 °C for 5 min. The molecular fouling layers were sta-
bilized by dipping them into a concentrated CaCI2 (Merck) solution (8 % [w/v]) for 10 sec fol-
lowed by an additional drying step at room temperature. After rinsing with MilliQ, this type of
layers was used for all subsequent cleaning experiments. Prior to the cleaning experiments, all
molecular fouling layers were dipped in MilliQ for 1 min and dried at room temperature. Result-

ing layer thickness was analyzed by ellipsometry.

Preparation of lactalbumin/casein (milk) fouling layers (PES)

Fouling layers were prepared by dipping PES thin film substrates into an excess volume of
0.1 % [w/w] a-Lactalbumin (LA, Sigma-Aldrich) and 1 % Casein (CA, soluble in alkali, Merck)
dissolved in MilliQ. The substrates were taken out and adsorption of the liquid layer remaining
on the top was performed at 60 °C for 2 min. After that, the excess liquid was discarded and the
substrates were dried at 60 °C for 30 min. To stabilize the layers, the dried substrates were
dipped into a concentrated CaCl2 solution (8 % [w/w]) for 10 sec followed by an additional dry-
ing step at room temperature. This type of layers was used for all subsequent cleaning experi-
ments. Prior to the cleaning experiments, all molecular fouling layers were dipped in hard water
(16° dH, pH 8) for 1 min and dried at room temperature. Resulting layer thickness was analyzed

by ellipsometry.

Evaluation of cleaning efficiency

Selected cleaning conditions (alkaline pH) and agents (surfactants) were tested for their poten-
tial to decrease the thickness of multi-component fouling layers. Unless otherwise indicated, all
substances were dissolved in deionised water (pH 12) with an active concentration of 0.025%)
for cleaning of BSA/AG/HA layers on PA surfaces. For cleaning of LA/CA-layers (milk proteins)
on PES-surfaces an active concentration of 0.025% at pH 8 in hard water (16° dH) was used.
The biofouling model layers were immersed in aqueous solutions containing the selected
agents for 10 min at room temperature followed by rinsing in deionised water and drying at
room temperature. Remaining layer thickness was determined by ellipsometry. Cleaning effi-

ciency was calculated according to the formula cleaning efficiency = [1-(remaining layer thick-
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ness/initial layer thickness)]*100 %.

Determination of layer thickness by ellipsometry

Layer thickness was determined using a micro-focus ellipsometer Sentech SE-400 from
Sentech Instruments GmbH, Germany with a wavelength of A =632.8 nm. The angle of inci-
dence was set to 65, 70 and 75°. For further thickness measurements a multilayer model was
applied to calculate the thickness of the fouling layers and the underlying polyamide thin films.
The refractive indices were: ngsiy = 3.858; nsioz) = 1.4571; Nipolyamide or Polyethersulione) = 1.50 and

Nifouling layery = 1.47. All data are presented as mean values.

2. Bacterial fouling layers

Bacterial strain and growth conditions

To generate bacterial fouling layers, the marine bacterium Cobetia marina (DSMZ4741) was
used in this study. The strain was purchased from the DSMZ culture collections, Germany. Sea
Salt Peptone (SSP, all ingredients purchased from Sigma-Aldrich) (sea salt 20 g; peptone 18 g;
deionised water 1,000 ml, pH 7.8) was used as the growth medium. The culture stock was
maintained on Sea Salt Peptone Agar (SSPA, all ingredients purchased from Sigma-Aldrich)
slants (sea salt 20 g; peptone 18 g; agar 30 g; deionised water 1,000 ml, pH 7.8). Prior to the
experiments, the culture was grown in the SSP medium on a rotary shaker at 180 rpm at 28 °C

for 20-22 h in order to obtain cells in the logphase.

Preparation of bacterial fouling layers

The polyamid thin film substrates prepared on glass slides were conditioned for 24 h in artificial
seawater (sea salt 20 g; deionised water 1,000 ml, pH 7.8) before being transferred to the bac-
terial cell suspensions. A freshly grown (logphase) bacterial suspension was prepared with an
absorbance of 0.2 at a wavelength of 600 nm (DU 800, Beckman Coulter, Krefeld, Germany).
The conditioned replicate slides (four for each assay) were placed into individual compartments
of quadric petri dishes and 5 ml of the bacterial suspension was added thereby fully immersing
the slides. The plates were placed in an incubator at 28 °C on a rotary shaker (90 rpm). After 1
h of incubation, the slides were transferred into new quadric petri dishes containing 5 ml of fresh
SSP medium. The plates were incubated for another 4 h at 28 °C on a rotary shaker (90 rpm)
for the attached bacteria to proliferate on the surface of the slides. At the end of the incubation,

the slides were gently rinsed in artificial seawater to remove any non-adherent cells.
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Cleaning experiments with bacterial fouling layers

Similar to the experiments using the multi-component molecular fouling layers, selected clean-
ing conditions (pH 12) and agents were tested for their ability to remove bacterial cells and EPS
matrix. Additionally, the cleaning potential of the protease subtilisin (Subtilisin A type VIII from
Bacillus licheniformis, 12 U/mg, Sigma-Aldrich) and methylglycine diacetic acid, sodium salt
(Trilon® M liquid, BASF SE) applied alone or in combination with the surfactant 2-
propylheptanol, 6 EO, 1 PO (Lutensol™ XL 60, BASF SE) was evaluated. For that, the enzyme
(100 pg/ml) and/or chelating agent (active concentration of 0.2%) and/or the surfactant (active
concentration of 0.025%) were dissolved in 10 mM NaH2PO4 buffer (Sigma-Aldrich, pH 8.1).
The bacterial fouling layers were immersed in the particular cleaning solution for 10 min at room

temperature followed by rinsing in deionised water. After that, they were immediately fixed.

Fixation and staining

For fluorescence microscopy/spectroscopy and atomic force microscopy, bacterial fouling layers
were fixed by transferring the respective slides into quadric petri dishes containing 4 % para-
formaldehyde (Sigma-Aldrich). After incubation for 15 min, the layers were rinsed with deionised
water and dried by nitrogen.

For fluorescence staining, the slides were placed into custom-made incubation chambers in
order to avoid backside staining. To stain the EPS matrix, Alexa 488-conjugated Concanavalin
A (Molecular Probes, distributed by Invitrogen, Netherlands) dissolved in 0.1 M sodium bicar-
bonate (Sigma-Aldrich) buffer (pH 8.3) was added for 1 h in the dark (25 pg/cm?). After incuba-
tion, the solution was removed and samples were washed with phosphate buffered saline (PBS,
Sigma-Aldrich) twice. For staining of bacterial cells, DAPI solution (dissolved in PBS) was ap-
plied to Concanavalin A-stained samples for 5 min in the dark (25 pug/cm?). After removal of the
solution, the layers were washed with deionised water twice. Samples were taken out of the
incubation chambers and dried by nitrogen.

For scanning electron microscopy, an alternative fixation procedure was performed to allow for
optimized EPS visualization. Therefore, the samples were washed in PBS and fixed in 0.1M
cacodylate buffer pH 7.3 containing 2% paraformaldehyde, 2% glutaraldehyde and 0.2% ruthe-
nium red for 1hr at room temperature. Rinsing for 30 min in 0.1M cacodylate buffer containing
7.5% sucrose and 0.1% ruthenium red was followed by postfixation in 0.1 M cacodylate buffer
containing 1% osmiumtetroxide and 0.05% ruthenium red (all reagents Sigma, Germany; OsO4
by Roth, Germany). Next, the samples were washed in deionised water and critical point dried
(BAL-TEC CPD 030, Bal-Tec, Liechtenstein), sputtered with gold (Sputtercoater, BAL-TEC) and

visualized using the FEI XL 30 scanning electron microscope.
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Morphological analysis of bacterial fouling layers

After fixation, the morphology of the bacterial fouling layers was analyzed by microscopy. Fluo-
rescently stained samples were evaluated by fluorescence microscopy (DMIREZ2, Leica, Bens-
heim, Germany) using a 100x oil objective. Thereby, DAPI fluorescence was monitored with an
excitation wavelength of 360 nm and an emission wavelength of 460 nm, while for Alexa 488-
conjugated Concanavalin A, an excitation wavelength of 492 nm and an emission wavelength of
520 nm was used. Both images were combined to generate an overlay picture.

For analysis of the bacterial fouling layer morphology at a higher resolution, atomic force mi-
croscopy (AFM) and scanning electron microscopy (SEM) were used. AFM imaging was per-
formed on air dried samples using a JPK Nanowizard AFM (JPK Instruments, Germany) mount-
ed on an Axiovert Observer D.1 inverted optical microscope (Zeiss, Germany). AFM cantilevers
used had a nominal spring constant of 60 mN/m (SNL, Bruker). Feedback gains were optimized
to get the best resolution of the topographs. Topographs were recorded at a line rate of 1.5 Hz
in constant force contact mode, maintaining a contact force of »200 pN throughout the meas-
urement. The SEM measurements were done on gold coated samples utilizing an XL 30 ESEM

(FEI, Netherlands) electron microscope in high-vacuum mode applying a voltage of 5-10 kV.

Quantification of cleaning efficiency by fluorescence spectroscopy

Fluorescently stained samples were placed into a custom-made slide holder. Fluorescence of
DAPI and Alexa 488-conjugated Concanavalin A was measured in a plate reader (SPECTRO-
Fluor multi-well plate reader of TECAN GENios, Magellan software, Crailsheim, Germany) with
the top mode using three flashes. The plate reader method was programmed to counterfeit the
6-well flat bottom plates thereby resulting in a total number of 16 measurement points across
each slide. The average number of these points was used to determine the relative bacterial
biomass and EPS matrix attached to the surface after subtraction of the blank. As a blank, a
polyamide slide was used, which had been exposed to the same conditions, but in the absence
of bacteria. For evaluation of cleaning efficiency, the fluorescence intensity of the particular
samples was compared to that of untreated slides thereby representing the originally deposited

biofilm.

Determination of the dynamic contact angle

The dynamic contact angle was measured with a video based high velocity measuring instru-
ment for contact angle determination of the type OCAH 200 of the company Dataphysics In-

struments 5 GmbH, Raiffeisenstr. 34, Fildersstadt, on the spin-coated glass slides.
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The surfactants according to the invention listed in Tables 1 to 6are used in an aqueous solu-
tion at a concentration of 0.2 g/l.

The contact angel is constantly determined (60 times per second) at 23°C during 10 seconds
after application. Under these conditions the contact angel of water without added surfactant
remains at approximately at 65°. The contact angle on PA of the aqueous solutions of the
branched tridecylethoxylates drops to 10° to 33°. The contact angle on PES of the aqueous
solutions of the branched tridecylethoxylates drops to 17° to 37°. A contact angle after 10 se-

conds below 30° is preferred.
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Claims

1. The use of an alkoxylated non-ionic surfactant as an additive to an aqueous membrane
cleaning composition, wherein the surfactant has an HLBy value of from 9 to 12.5 and an aver-
age degree of branching Bs 2 1.5 and wherein the surfactant has the following formula:

R1 R3
X O
H
n R2 m o
wherein

- R is a C8-C18 linear or branched hydrocarbon chain,

- XisOorN,

- R', R?2 and R3 independently of one another are hydrogen, methyl, ethyl, propyl, isopropyl,
or a mixture of these,

- n has a value of from 1 to 8,

- m has a value of from 1 to 8,

- p has a value of from 0 to 8.

(1),

2.  The use of the alkoxylated non-ionic surfactant according to claim 1, wherein the average
degree of branching Bsis > 2.

3. The use of the alkoxylated non-ionic surfactant according to claim 1 or 2, wherein R' is me-
thyl, R? is hydrogen, R? is hydrogen or methyl.

4. The use of the alkoxylated non-ionic surfactant according to claim 1 or 2, wherein R' is hy-
drogen, R? is methyl, R? is hydrogen or methyl.

5. The use of the alkoxylated non-ionic surfactant according to any one of claims 1 to 4, wherein
the surfactant has the following formula:

DA

(1)
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6. The use of the non-ionic surfactant according to any one of claims 1 to 4, wherein the surfac-
tant has the following formula:

1
R R3
N o H
(o] ) " o
n R p
2

7. The use of the alkoxylated non-ionic surfactant according to any one of claims 1 to 4, wherein
- R is is a branched alkyl chain having 13 carbon atoms,
- Xis O.

(I,

8. The use of the non-ionic surfactant according to any one of claims 1 to 7, wherein the con-
centration of surfactants in the used membrane cleaning composition is 100 ppm to 10wt%.

9. The use of the non-ionic surfactant according to any one of claims 1 to 8, wherein the mem-
brane material is polyethersulfone, polyamide, polysulfone or polyvinylidene difluoride.

10. A process for removing soil from a membrane, comprising the steps of

i) prewashing the membrane with water,

ii) circulating on the membrane an agueous membrane cleaning composition comprising a
non-ionic surfactant, wherein the surfactant has an HLBq value of from 9 to 12.5 and an average
degree of branching Bs 2 1.5 and wherein the surfactant has the following formula:

R1 R3
X O
H
" MW Wojf
n R2 m o
wherein

- R is a Cg-Cs linear or branched hydrocarbon chain,
- XisOorN,
- R', R?2 and R3 independently of one another are hydrogen, methyl, ethyl, propyl, isopropyl,
or a mixture of these,
- n has a value of from 1 to 8,
- m has a value of from 1 to 8,
- p has a value of from 0 to 8
i) soaking the membrane with the membrane cleaning composition,
iv) optionally high-flow pumping
v) flushing the membrane cleaning composition out.
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11. The use of the non-ionic surfactant according to any one of claims 1 to 7, in a cleaning
composition having an pH of 8 to 14.

12. The use of the non-ionic surfactant according to any one of claims 1 to 7, in a cleaning
composition having an pH of 0 to 5.

13. The use of the non-ionic surfactant according to any one of claims 1 to 7, in a cleaning
composition containing chelating agents and/or builders and/or cobuilders and/or enzymes.

14. The use of the non-ionic surfactant according to claim 13, where the chelating agent is me-
thyl glycine diacetic acid, sodium salt and/or glutamic acid diacetic acid, sodium salt.

15. The use of the non-ionic surfactant according to any one of claims 1 to 7, in a cleaning
composition containing polyphosphate- and/or phosphonates.
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