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FILTER

FIELD OF THE INVENTION

The present invention relates to reverse osmosis membrane filters

thatinclude peptoids.

BACKGROUND OF THE INVENTION

Filtration is a process that separates components from a fluid stream
by passage of the fluid through porous medium (membrane). In membrane
filtration, the membrane acts as a selective barrier that permits passage of
some components ("permeate” stream) and retains others ("retentate”
stream); splitting one feed-stream into two product streams. It is common
to classify membranes and membrane separation processes due to size of
the separated components, structure properties, driving force and mode of
operation. The major membrane separation processes that are typically
used in water systems are: reverse osmosis (RO), nanofiltration (NF),

ultrafiltration (UF) and microfiltration (MF).

Water membrane filtration (i.e. desalination) is an active pressure-
driven process. There is a need in the art of water membrane filtration to

reduce the pressure (energy) that is required for the process.

Polyamide TFC membranes are currently the main type of membrane
used for desalination by RO. The dense but thin active polyamide skin of
the membrane is formed on top of a microporous support which is usually

made of a polysulfone.
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In the desalination process, external pressure motivates water
passage through the skin, from the high salt concentration (salty solution),

to the low salt concentration area on the support side (desalted water).

Reducing the difference in free energy between the two sides of the
membrane (between the salty solution and the desalted water) would lead
to a lower external pressure being required for the process, making the

desalination processes more energy favorable.

Such improvement may be performed by adding additives to the
saline solution and/or to the desalted water, however such addition needs

to be constantly maintained and is costly.

It is an object of the present invention to provide novel filters that
require lower pressure to provide a given flux, or provide a greater flux at a

given pressure.

Further objects and advantages of this invention will appear as the

description proceeds.
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SUMMARY OF THE INVENTION

According to a first aspect, a reverse-osmosis membrane filter is
provided, the filter comprising;
a porous support layer;
a porous skin layer, and
at least one water binding composition predominantly bound

between the skin layer and the support layer.

In some embodiments the water binding composition comprises at least

one peptoid.

In some embodiments in the water binding composition particularly

consists of at least one peptoid.

The peptoid is for example a N-substituted glycine peptoid.

In some embodiments the peptoid is selected from a peptoid group

consisting of Ac(Nser) Ac(Nme);, and mixtures thereof.

The skin layer is typically selected from a group consisting of:
polyamides, cellulose acetates, polyimides, polybenzimidazole and mixtures

thereof.

In some preferred embodiments the skin layer comprises polyamides and
the peptoid is selected from a group consisting of Ac(Nser) Ac(Nme);, and
mixtures thereof, and

the peptoid is bound to the skin layer.
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The support layer in some embodiments comprises polysulfone.

In some embodiments the peptoid is bound to the support layer.

In preferred embodiments the porous skin layer is capable of rejecting

ions and small molecules, deposited on the support layer.

According to another aspect, a method of producing an improved reverse
osmosis filter is provided, the method comprising:
providing a porous support layer;
providing a porous skin layer;
binding at least one peptoid to the skin layer, and

depositing the skin layer on the support layer.

In some method embodiments the skin layer comprises a composition
selected from a group consisting of: polyamides, cellulose acetates, polyimides,
polybenzimidazole and mixtures thereof, and the method

further comprises coupling the at least one peptoid to the skin layer
with coupling agent selected from a group consisting of: a peptoid-amine
coupling agent, a peptoid-cellulose acetate coupling agent, and a peptoid-

imide coupling agent and mixtures thereof.

In some embodiments the peptoid-amine coupling agent is a carboxyl

activating agent capable of coupling primary amines to the carboxyl.

In some particular embodiments the coupling agent is EDC.
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According to another aspect, a reverse-osmosis membrane filter is
provided, the filter comprising:
a porous support layer;
a porous skin layer, and

at least one water binding composition predominantly bound

(03]

between the skin layer and the support layer.

Unless otherwise defined, all technical and scientific terms used

herein have the same meaning as commonly understood by one of ordinary

10 skill in the art to which this invention belongs. Although methods and
materials similar or equivalent to those described herein can be used in the
practice or testing of the present invention, suitable methods and materials

are described below. In case of conflict, the specification, including
definitions, will control. In addition, the materials, methods, and examples

15 are illustrative only and not intended to be limiting.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before explaining at least one embodiment in detail, it is to be
understood that the invention is not limited in its application to the details
of construction and the arrangement of the components set forth in the
following description. The invention is capable of other embodiments or of
being practiced or carried out in various ways. Also, it is to be understood
that the phraseology and terminology employed herein is for the purpose

of description and should not be regarded as limiting.

In W02011154946 a purification unit is described, that is named a
"forward osmosis purification unit". The unit includes an inlet chamber
into which an unpurified feed solution is introducible, an outlet chamber,
and a dual membrane section. The dual membrane section includes a first
semi-permeable membrane in fluid communication with the inlet chamber,
a second semi-permeable membrane in fluid communication with the
outlet chamber, a plurality of expandable cells interposed between the first
and second membranes, and a draw solution of an osmotic pressure
significantly greater than the osmotic pressure of the feed solution.
According to W02011154946 a sufficient amount of solvent is permeable
through the first membrane to increase the hydraulic pressure of the draw
solution within the cells, while solutes of the feed solution are substantially
rejectable. W02011154946 further states that the hydraulic pressure of the
draw solution is sufficiently high to force the permeate to be discharged
from the second membrane to the outlet chamber while the draw agent is

substantially rejected.
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Modifying and/or adding solutions is the major way facilitation of
filtration is achieved. The present approach creates an effect similar to
forward osmosis, however no solvents are required to be added to the
solutions subject to filtration (or to the filtered solution), in order to

improve the filtration, which simplifies the filtration and reduces its cost.

When desalinating saline water by passing the saline water through a
membrane, the presence of water binding molecules (WBM) in a side of the
membrane facing the saline solution could virtually increase the
concentration of the desalted water in the vicinity of this side. This virtual
solution state reduces the difference in free energy between the two sides
of the membrane (between the saline solution and the desalted water).
Thus, lower external pressure is required for the process, making the

desalination processes more energy favorable.

The inventors of the present invention have found that water binding
molecules (WBM) indeed can be used for reducing the free enthalpy of the
filtered water and thus, the applied external pressure that is required for

the process will be lower.

According to one aspect, an improved reverse-osmosis membrane
filter is provided. The membrane comprises:
a porous support layer;
a porous skin layer, capable of rejecting ions and small
molecules, deposited on the support layer, and
a least one peptoid predominantly bound (to the skin layer

and/or support layer) between the skin layer and the support layer.
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Peptoids are molecules that bridge synthetic polymers and biological
polymers. These molecules present high chemical stability and low toxicity;
thus they are suitable for a variety of applications. The peptoid structure is
shown below, and the much more commonly known peptide structure is

depicted alongside for comparison sake.

~

H 0 R0
N e
&

Peptide Peptoid

N-substituted glycine peptoids particularly stand out as a family of
peptidomimetic oligomers that may have a good affinity to water
molecules. Peptoids can be synthesized with precise control over the
sequence of highly diverse side chain functional groups, enabling a robust
investigation of structure-property relationships. Huang et al. [PNAS Vol.
109, no. 49, pp. 19922-19927] demonstrated that specific peptoids with
carboxylic end groups and side chains bearing hydroxyl (Ac(Nser)3), or
ether (Ac(Nme)3), indicated below, reduce the freezing point of water

much more than itis expected from their colligative effects alone.

The inventors realized that the reduction of freezing point
phenomenon may indicate that these molecules form very strong chemical
bonds with the water molecules and thus significantly reduce the water
enthalpy of the filtered water, and in effect reduce the energy required for
filtration. As a starting point the inventors set out to attempt to attach
these peptoids to membrane filters,, not on the side intended to be exposed

to the saline solution.
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Example 1 - "wet" Preparation of Ac(Sar)s peptoid
Step #1: Preparation of trifluoroacetamidoethanol:
H 1]
O\/\ NH,+ CH;CH,OCCF; m— HO\/\
NCOCF;
MeOH !
H
Compoundl

To a solution of 2-aminoethanol (20 gr, 0.32 moles) in methanol (50
mL) a solution of ethyltrifluoroacetate (50 gr, 0.35 moles) in methanol (50

mL) was added dropwise at room temperature with stirring.
10 The reaction mixture was stirred for 18 hours, followed by
evaporating to dryness, to obtain a white solid. The product Compound1l

was used for the next step without purification.

Step #2: Preparation of 2-trityltrifluoroacetamidoethanol:

Hov\icocm, + Q

15

Compound2

To a solution of trifluoroacetamidoethanol (15.7 gr, 100 millimoles)
in dry pyridine (50 mL), one portion tritylchloride (30 gr, 107 millimoles)
20 was added. The reaction mixture was stirred for 18 hours at room

remperature, followed by addition of methanol (20 mL) while stirring for

9
SUBSTITUTE SHEET (RULE 26)
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20 minutes. The reaction mixture was evaporated to dryness, to obtain a

white solid. The product Compound 2was used for the next step without

purification.
5 Step #3: Preparation of 2-trityl aminoethanol:
NaOH Q
Q 0\/\1fcoc1r3 — O\/\NHz

Compound3

To a solution of Compound2 in methanol (100 mL), a solution of 2N
10 sodium hydroxide (50 mL) was added. The reaction mixture was stirred
for 3 hours at room remperature, followed evaporation to dryness. The
solid product was extracted with ethylacetate (200 mL), followed by
washing with brine, and the organic solution was dried over anhydrous
sodium sulfate. The ethyl acetate was evaporated to dryness to obtain a
15 white solid, which gives a positive ninhydrin test. The product was purified
on a silica gel column using a solution of (5 methanol: 95 ethylacetate). A
white solid was obtained.
Rf: 0.23 (5 methanol: 95 ethylacetate).
Yield from the three steps was 73%.

20

10
SUBSTITUTE SHEET (RULE 26)
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Step #4: Reaction of Compound 3 with 2-bromoacetamide:

e e oG
’ NH; + Bx/\n’ 2_1;0—1\4. Ov\l;;/ﬁrNHz
U ’ J

Compound4

To a stirred solution of Compound3 (4.34 gr, 14.3 millimoles) in dry
dichloromethane (100 mL) (DCM), and triethylamine (10 gr, 98
millimoles), 2-bromoacetamide (1.97 gr, 14.3 millimoles) was added as a
solid in portions over a period of 1 hour at room temperature. The reaction
mixture was stirred for 18 hours at room temperature, followed by
evaporation to dryness. The product was extracted with ethyl acetate (200
mL), followed by washing with brine, and the organic‘solution was dried
over anhydrous sodium sulfate. The ethyl acetate was evaporated to
dryness to obtain a white solid. The product was purified on silica gel
column using a gradient of ethyl acetate to {10 methanol: 90 ethylacetate).
A white solid was obtained.

Rf: 0.42 (10 methanol : 90 ethylacetate).

Yield : 4.2 gr, 81.5%.

11
SUBSTITUTE SHEET (RULE 26)



WO 2015/140807 PCT/IL2015/050295

Step #5: Reaction of Compound4 with 2-bromoecetic acid:

H, Hy
o Y o
0
M —lk/Br

Compound5

5 To a solution of Compound4 (0.75 gr, 2 millimoles) in dry DCM (50
mL), 2-bromoecetic acid (0.31 gr, 2.2 millimoles) was added in one portion.
To this solution a solution of diisopropylcarbo diimide (350uL) in DCM (10
mL) was added dropwise at room temperature. The reaction mixture was
stirred for 5 hours, followed by evaporation to dryness. The product was

10 extracted with ethyl acetate (100 mL), followed by washing with brine, and
the organic solution was dried over anhydrous sodium sulfate. The ethyl
acettate was evaporated to dryness to obtain a white solid. The product
was purified on silica gel column using a gradient of DCM to (10 methanol:
90 ethylacetate). A white solid was obtained.

15 Rf: 0.71 (10 methanol: 90 ethylacetate).

Yield: 091gr, 91%.

20

12
SUBSTITUTE SHEET (RULE 26)
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Step #6: Reaction of Compound5 with Compound3:

Compound6

To a stirred solution of Compound 3 (1.0 gr, 3.3 millimoles) in dry
dichloromethane (100 mL) (DCM), and triethylamine (10 gr, 98 millimoes),
Compound 5 (1.0 gr, 2.07 millimoles) was added as a solid in portions over
a period of 1 hour at room temperafure. The reaction mixture was stirred

10 for 18 hours at room temperature, followed by evaporation to dryness.
The product was extracted with ethyl acetate (200 mL), followed by
washing with brine, and the organic solution was dried over anhydrous
sodium sulfate. The ethyl acettate was evaporated to dryness to obtain a
white solid. The product was purified on silica gel column using a gradient

15 of ethyl acetate to (5 methanol: 95 ethylacetate). A white solid was
obtained.

Rf: 0.47 (5 methanol : 95 ethylacetate).

Yield: 1.6gr, 68.6%.

20

13

RECTIFIED SHEET (RULE 91)
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Step #7: Reaction of Compound6 with 2-bromoacetic acid:

5 Y o
N_"\’Nl N 2- g 1

\-\ o - N/k/Br
OéO d% = S

5 Compound7

. H:N

To a solution of Compoundé (2.41gr, 3.42 millimoles) in dry DCM (50
mL), 2-bromoecetic acid (0.55 gr, 3.95 millimoles) was added in one
portion. To this solution a solution of diisopropylcarbo diimide (530yuL,

10 3.78 millimoles) in DCM (10 mlL) was added dropwise at room

temperature.

The reaction mixture was stirred for 5 hours, followed by
evaporation to dryness. The product was extracted with ethyl acetate (100
15 mL), followed by washing with brine, and the organic solution was dried
over anhydrous sodium sulfate. The ethyl acettate was evaporated to
dryness to obtain a white foam solid.
Rf: 0.77 (5 methanol : 95 ethylacetate).
Yield: 2.71gr, 96%.
20

The product (Compound7) was used without further purification.

14
SUBSTITUTE SHEET (RULE 26)
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Step #8: Reaction of Compound 7 with ethanolamine:

Compound8 s

To a solution of Compound 7 which was obtained from the previous
step, in DCM (50 mL), aminoethanol (5 mL) and triethylamine (5 mL) were
added. The reaction mixture was stirred for 18 hours at room temperature,

10 followed by evaporation to dryness. The product was extracted with ethyl
acetate (100 mL), followed by washing with brine, and the organic solution
was dried over anhydrous sodium sulfate.  The ethyl acettate was
evaporated to dryness to obtain a white foam solid.

Rf: 0.26 (10 methanol: 90 dichloromethane).

15 Yield: 1.73gr, 84%.

20

15

RECTIFIED SHEET (RULE 91)
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Step #9: Reaction of Compound 8 with succinic anhydride:

H
H,N
0

N/\/OH 0 o, A o o 0
\_\ A

DCM/NEt3 s \8%

Compound 9

5 To a solution of Compound 8 (2 gr, 2.48 mmoles) in dry DCM (30

mL), and in triethylamine (3 mL), succinic anhydride (1 gr, 10 millimoles)
was added in one portion. The reaction was stirred for 18 hours at room
temperature, followed by evaporation to dryness. The product was
extracted with ethyl acetate (100 mL), followed by washing with brine, and
10 the organic solution was dried over anhydrous sodium sulfate. The
ethylacettate was evaporated to dryness to obtain a white solid.

The product was used for the next step without further purification.

Step #10: Reaction of Compound 9 with acetic acid:
OH

o g 0]

15 OH HO

Compound 10 - Ac(Nsar)3 molecule

16
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To the product obtained from the previous step a solution of 80%
acetic acid in water (30 mL) was added. The reaction mixture was refluxed
for 1 hour followed by evaporation to dryness. The crude product was
purified on silica gel column using a gradient of ethyl acetate to (15

methanol: 85 DCM). A white solid was obtained.

Example 2 - "solid” Preparation of Ac(Sar)s peptoid

Solid-phase synthesis of peptoid oligomers was performed in fritted
syringes on a Rink amide resin. 100 mg of resin with a loading level of 0.82
mmol-g-1 was swollen in 4 mL of dichloromethane (DCM) for 40 min.
Following swelling, the Fmoc protecting group was removed by treatment
with 2 mL of 20% piperidine in dimethylformamide (DMF) for 20 min.
After de-protection and after each subsequent synthetic step, the resin was

washed three times with 2 mL of DMF, one minute per wash.

Peptoid synthesis was carried out with alternating bromoacylation
and amine displacement steps. For each bromoacylation step, 20 equiv
bromoacetic acid (1.2 M in DMF, 8.5 mL g-1 resin) and 24 equiv N,N’-
diisopropylcarbodiimide (neat, 2 mL g -1 resin ) were added to the resin,

and the mixture was agitated for 20 min.

After washing, 20 eq. of the required amine (1.0 M in DMF) were
added to the resin and agitated for 20 min. For desired sequence we used
O-tert-butyl-dimethylsilyl-2-ethanolaminei and for last acylation step was

used succinic acid instead of bromoacetic acid.

17
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When the desired sequence was achieved, the peptoid products were
cleaved from the resin by treatment with 95% trifluoroacetic acid (TFA) in

water (50 mL g-1 resin) for 30 minutes.

After filtration, the cleavage mixture was concentrated by rotary
evaporation under reduced pressure for large volumes or under a stream

of nitrogen gas for volumes less than 1 mL.

Cleaved samples were then re-suspended in 50% acetonitrile in

water and lyophilized to powders.

Peptoids were purified by preparative High performance liquid
chromatography (HPLC) using a C18 column. Products were detected by
UV absorbance at 230 nm during a linear gradient conducted from 5% to
95% solvent B (0.1% TFA in HPLC grade acetonitrile) over solvent A (0.1%
TFA in HPLC grade water) in 50 minutes with a flow rate of 5 mL min-1. MS
(ESI): m/z = 420.4 calculated for C16H28N409 [M]+; found: 422.1 (Advion

expression CMS).

Example 3 - Modifying a membrane with a bound peptoid

Common membrane polymers that are used for the manufacturing of
membranes applicable to water treatment are: cellulose acetate or nitrate,
polyamide,  polycarbonate, polysulfone and polyethersulfone,
polypropylene, polyvinylidene fluoride — each resulting in different
membrane properties. Thin-film composite membranes (TFC) with a
polyamide top layer are the most common reverse osmosis membranes

used today for desalination (process that remove salt and other minerals

18
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from saline water) and thus these membranes were an selected as a

starting point for membrane modification.

The polyamide layer of these membranes is usually a skin of 100-

5 200nm thickness, which is formed on top of a ~150um thick microporous
polysulfone support, by interfacial polymerization. The polyamide layer
manufacture based on a polycondensation reaction between two

monomers meta-phenylene diamine and trimesoyl chloride (TMC):

CioC COCI
N \‘/l NHy» r \@/

CCC!
meta-phenylene 1,3,5-Benzene-tricatbonyichloride
diamine (Trimesoyl chloride)
Ao -8 e N—8 2L
— OO TO
to ] COOH |

Aromatic polyamide film
RO membrane

10

Polysulfone

19
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There are no known chemical bonds between the polysulfone layer

and the polyamide layer. Rather, the polyamide adheres to the polysulfone
support by physical bonds.

As a first approach to improving membranes by incorporation of
peptoids, the WBM is attached to membrane in the polyamide-polysulfone
interface. WBM could be inserted into a flat sheet commercial membrane

from the polysulfone side and bind to the polyamide internal layer.

For example, Ac(Nser)s molecules (WBM) could theoretically bond to

excess amino groups which are said to exist in the polyamide interior layer.

Experiments were conducted to bind peptoids with existing
polyamide films by means of reactions with coupling agents known to aid

in peptide synthesis:

N G
'a) J
4
@/‘\OH N NI
g e
i

In this reaction a carboxylic acid of the peptoid reacts with a coupling
agent (EDC in the scheme above) to form an active acylurea, which is then
reacted with free amine groups in the polyamide membrane.

The successful formation of a modified membrane by using EDC was
surprising considering that other coupling agents DIC, DMF and DCM all
ruined the membrane or produced esters in repeat experiments under

various ratios of the reagents and various conditions.

20

SUBSTITUTE SHEET (RULE 26)
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In general, at present the preferred coupling agents are carboxyl
activating agents that can couple the carboxyl to primary amines to yield

amide bonds.

In order to prevent reaction between the peptoid and carboxylic
groups on the skin the reaction was performed in special cells that
contained 6 mL water, the filter, the peptoid and the linker. The cells
allowed diffusion only to the interface between the polysulfone support
and the polyamide skin, and physically prevented access of the peptoid and
coupling agent to the side of the polyamide skin facing away from the

polysulfone support.

Control cells contained the same setup but without the peptoids.

The filters were left immersed in the cells for several hours to allow
diffusion of the peptoid and the EDC though the polysulfone layer to the

interface between the support and the skin.

Example 4 - Tests on the modified membrane

The permeability and the salt rejection of the modified membranes
prepared as described in Example 2 were measured using a cross flow

filtration setup. The feed was deionized water.

The whole setup was cleaned using bleach followed by a solution of
EDTA, and then rinsed with deionized water for about 5 times and then the
experiment was conducted. Control membranes were provided as

described in Example 2 but without the peptoid. The permeability was

21
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measured using two different sets of parameters :

1) The system was allowed to operate for 30 minutes after start, after
which the permeate was collected for each pressure for 5
minutes.[40,50,60 bar]

2) The system was allowed to operate for 60 minutes after start, after
which the permeate was collected for each pressure for 30 minutes.[10,20

bar]

The Salt rejection was measured using NaCl Salt (2g/1) at a pressure of 50

bar and flow rate of around 50 Iph.
The following data summarize the calculations. Table 1 summarizes the

results from three control membranes C1-1, C1-2 and C1-3. Table 2

summarizes results from three modified membranes T1-1, T1-2 and T1-3.

22
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Table 1

Name | P(bar) | Permeability(l1/hm?2bar) | Rejection
C1-1 40 0.44 98.7
C1-1 50 0.49

C1-1 60 0.50

C1-2 40 0.44 98.4
C1-2 50 0.51

C1-2 60 0.56

C1-3 40 0.44 98.3
C1-3 50 0.47

C1-3 60 0.55

C1-3a| 10 0.43

C1-3a| 20 0.46

23
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Table 2
Name | P(bar) Permeability Rejection
(I/hm2bar) (%)

T1-1 40 0.54 98 4
T1-1 50 0.60

T1-1 60 0.69

T1-2 40 0.51 98.2
T1-2 50 0.62

T1-2 60 0.69

T1-3 40 0.56 98.52
T1-3 50 0.64

T1-3 60 0.67

T1-3 10 0.47 98.2
T1-3 20 0.48

T1-1a 10 0.51

T1-1a 20 0.52

T1-2a 10 056

T1-2a 20 0.65

PCT/IL2015/050295

The results demonstrate significantly improved permeability at

various pressures, without adverse effect on the rejection.

24
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Similar positive results in comparison to the control filters were
obtained from subjecting the test and control filters to a dead-end filtration

setup.

The improved membranes' performance may translate into a

reduction in energy consumption of about 10-30% in the filtration process.

After the filtration tests described above were completed the
presence of the peptoid in the filter was supported by indication of the
peptoid functional groups in IR spectroscopy analysis results obtained

from subjecting the polyamide skin to such analysis.

In the examples above the peptoid is bound to a ready-made filter

and may thus modify commercial filters and filters already put in use.

Alternatively, these water binding molecules are incorporated into
the membrane during the manufacture process. The WBM is attached to
the diamine groups and intrudes into the polyamide-polysulfone interface

during an interfacial polymerization procedure.

Example 5 - interfacial polvmerization (IP) procedure.

The membrane-forming system includes m-phenylendiamine (MPD)

in water, and TMC in hexane or heptanes.
The IP films are supported on microporous polysulfone films.

Unsupported polyamide films are prepared by carefully adding a TMC

solution within 1 to 2s to an aqueous MPD solution.
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In some embodiments the MPD solution comprises at least one

peptoid; in other embodiments the TMC solution comprises the peptoid.

In some embodiments the MPD solution comprises at least one
peptoid-MPD coupling agent; in other embodiments the TMC solution

comprises the coupling agent.

Composite membranes are prepared immersing the polysulfone
support in an aqueous solution of MPD. After removal of excess MPD
solution from the surface of the support, the wet film is immediately
covered with TMC in organic solution and then dried. The composite

membrane is extracted in hot distilled water 50-60°C.

In some embodiments the peptoid is a N-substituted glycine peptoid.

In some embodiments peptoid is selected from a group consisting of

Ac(Nser), Ac(Nme)3, and mixtures thereof.

In some preferred embodiments the peptoids comprise a short chain

length and a small bonding group such as carboxyl.
In some embodiments the skin layer comprises a composition
selected from a group consisting of: polyamides, cellulose acetates,

polyimides, polybenzimidazole and mixtures thereof.

In another aspect the peptoid is bound to the support layer.

26



10

15

20

WO 2015/140807 PCT/IL2015/050295

In another aspect a method of producing an improved reverse
osmosis filter is provided. The method comprises:

providing a porous support layer;

providing a porous skin layer, capable of rejecting ions and small
molecules;

binding at least one peptoid to the skin layer, and

depositing the skin layer on the support layer.

The skin layer may comprises a composition selected from a group
consisting of: polyamides, cellulose acetates, polyimides,
polybenzimidazole and mixtures thereof, and may further comprise
coupling the at least one peptoid to the skin layer with coupling agent
selected from a group consisting of: a peptoid-amine coupling agent, a
peptoid-cellulose acetate coupling agent, a peptoid-imide coupling agent,

and a peptoid- benzimidazole coupling agent and mixtures thereof.

It is appreciated that certain features of the invention, which are, for
clarity, described in the context of separate embodiments, may also be
provided in combination in a single embodiment. Conversely, various
features of the invention, which are, for brevity, described in the context of
a single embodiment, may also be provided separately or in any suitable

sub combination.

Although the invention has been described in conjunction with
specific embodiments thereof, it is evident that many alternatives,
modifications and variations will be apparent to those skilled in the art.

Accordingly, it is intended to embrace all such alternatives, modifications
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and variations that fall within the spirit and broad scope of the appended

claims.
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Claims

1. A reverse-osmosis membrane filter comprising:

a porous support layer;

a porous skin layer, and

at least one water binding composition predominantly

bound between the skin layer and the support layer.

2. The filter of claim 1, wherein the water binding composition
comprises at least one péptoid.
3. The filter of claim 1, wherein the water binding composition
consists of at least one peptoid.
4.  The filter of claim 2 or 3, wherein the peptoid is a N-substituted
glycine peptoid.
5. The filter of claim 2 or 3, wherein the peptoid is selected from a
peptoid group consisting of Ac(Nser) Ac(Nme);, and mixtures thereof.
6. The filter of claim 5, wherein the skin layer is selected from a
group consisting of: polyamides, cellulose acetates, polyimides,
polybenzimidazole and mixtures thereof.
7. The filter of claim 6, wherein the skin layer comprises polyamides
and the peptoid is selected from a group consisting of Ac{Nser)

Ac(Nme)s, and mixtures thereof, and
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the peptoid is bound to the skin layer.
8. The filter of claim 1, 2 or 3, wherein the support layer comprises
polysulfone.
9. The filter of claim 8, wherein the peptoid is bound to the support
layer.
10. The filter of any one of claims 1 to 3, wherein the porous skin
layer is capable of rejecting ions and small molecules, deposited on the
support layer.
11. A method of producing an improved reverse osmosis filter
comprising:

providing a porous support layer;

providing a porous skin layer;

binding at least one peptoid.to the skin layer, and

depositing the skin layer on the support Iéyer.
12.  The method of claim 1, wherein the skin layer comprises a
composition selected from a group consisting of: polyamides, cellulose
acetates, polyimides, polybenzimidazole and mixtures thereof, and

further comprising coupling the at leaﬁt one peptoid to the skin
layer with coupling agent selected from a group consisting of: a peptoid-

amine coupling agent, a peptoid-cellulose acetate coupling agent, a
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peptoid-imide coupling agent, and a peptoid- benzimidazole coupling
agent and mixtures thereof.
13. The method of claim 12, wherein the peptoid-amine coupling
agent is a carboxyl activating agent capéble of coupling primary amines
to the carboxyl.
14.  The method of claim 13 wherein the coupling agent is EDC.
15. Areverse-osmosis membrane filter comprising:

a porous support layer;

a porous skin layer, and

at least one water binding composition predominantly

bound between the skin layer and the support layer.

31



INTERNATIONAL SEARCH REPORTY International app}\jcaﬁgn No.

PCT/IL2015/050295

Al CLASSIFICATION OF SUBJECT MATTER
IPC (2015.01) BOID 61/02, BO1D 71/56, BO1D 71/16, BO1D 71/64, BO1D 69/10, CO2F 1/44, CO7K 5/02

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum decumentation searched (classification system followed by classification symbols)
IPC (2015.01) BO1D 61/02, B01D 71/56, BO1D 71/16, BO1D 71/64, BO1D 69/10, CO2F 1/44, CO7K 5/02

Documentation searched other than minimum documertation to the extent that such docwments are inchuded in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
Databases consulted: PATENTSCOPE, Esp@cenet, Google Patents, PatBase
Search terms used: Reverse osmosis AND Membran* AND peptoid AND (glue OR adhesive* OR bind* OR bond*) AND water and por*and suppotrt

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y R&D 100, 2011, ENTRY SUBMISSION Susan B. Rempe, Ph.D., Sandia National
Laboratories

01 Jan 2011 (2011/01/01)

page 4, "Product's Primary function", page 16, "Scale-Up Considerations for Commercial
Applications", page 17, "Principal Applications", page 10, paragraph 3 - page 11, paragraph 1,
page 14, paragraph 1

1-11,15

4,57

s

Y Biomimetic peptoid oligomers as dual-action antifreeze agents, [PNAS Vol. 109, no. 49, pp.
19922-19927] Huang et al

19 Nov 2012 (2012/11/19)

Results and Discussion

Y US 4749488 A E. I. Du Pont De Nemours And Company 8
07 Jun 1988 (1988/06/07)
column 1, lines 44-50

A WO 2011154946 A1 ODIS FILTERING LTD
15 Dec 2011 (2011/12/15)
All document

D TFurther documents are listed in the continuation of Box €.

See patent family annex.

* Special categorics of cited documents:

1o be of particular relevance
«p»  earlier application or patent but published on or after the
international filing date

cited fo establish the publication date of another citation or other
special reason {as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

«“p”  document published prior to the international filing date but later
than the priority date claimed

A" document defining the general state of the art which is not considered

“L”  document which may throw doubts on priority claim(s) or which is

P

“T7  later document published after the international {i
date and not in conflict with the application but ci
the principle or theory underlying the invention

ing date or priority
d to understand

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered {o involve an inventive sicp when the document is
conmbined with one or more other such documents, such combination
being obvious 1o a person skilled ia the art

“&” document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the infemational search report

Technology Park, Bldg.5, Malcha, Jerusalem, 9695101, Israel
Facsimile No. 97225651616

20 Jul 2015 22 Jul 2015
Name and mailing address of the [SA: Authorized officer
Israel Patent Office JOCHNOWITZ Gershon

Telephone No. 972-5651775

Form PCT/ISA/210 {second sheet) {Jannary 2615)




INTERNATIONAL SEARCH REPORT
[nformation on patent family members

International application No.

PCT/IL2015/050295
Patent docug;g;tcned search Publication date Patent family member(s) Publication Date
US 4749488 A 07 Jun 1988 US 4749488 A 07 Jun 1988
CA 1306826 C 25 Aug 1992
DE 3865801 D1 28 Nov 1991
EP 0311912 Al 19 Apr 1989
EP 0311912 Bl 23 Oct 1991
JP HO1132630 A 25 May 1989
WO 2011154946 Al 15 Dec 2011 WO 2011154946 Al 15 Dec 2011

Form PCT/ISA/210 (patent family annex) (Jamary 2615)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - wo-search-report
	Page 34 - wo-search-report

