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FIG. 1

(57) Abstract: A method, comprising: to an initial sample that has
an initial concentration of urea in solution, contacting a composition
comprising metal oxide nanofilaments under such conditions that at
least some of the urea adsorbs to the metal oxide nanofilaments so as
to give rise to a final concentration of urea in the solution A device
for removing urea from an initial aqueous solution of urea, the de-
vice comprising an exchangeable cartridge of metal oxide nanofila-
ments composition through which the initial aqueous solution is di-
rected to pass, the passage adapted to allow the initial aqueous urea
solution to contact the metal oxide nanofilaments contained in the
cartridge. Contacting a composition comprising metal oxide-based
nanofilaments to an initial sample that comprises a metal ion and/
or a metal under such conditions that at least some of the metal ion
and/or the metal associates with the metal oxide nanofilaments.



WO 2023/154869 PCT/US2023/062394

NANOMATERIAL-BASED ADSORPTION PROCESSING AND CATALYSIS

CROSS-REFERENCE TO RELATED MATTERS

[0001] The present application claims priority to and the benefit of United
States patent application no. 63/309,391, “Nanomaterial-Based Adsorption Processing
And Catalysis” (filed February 11, 2022). All foregoing applications are incorporated

herein by reference in their entireties for any and all purposes.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of two-dimensional

materials.

BACKGROUND

[0003] Removing certain undesired species (e.g., urea) from samples is an
important process with applications in industry, healthcare, and the environment.
Effecting such adsorption in a consistent and effective manner can, however, be
challenging. Accordingly, there is a need for materials capable of adsorbing
unwanted species from samples, solutions and suspensions and also for methods of

effecting such adsorption.

SUMMARY

[0004] In meeting the described needs, the present disclosure provides a
method, comprising: to an initial sample that has an initial concentration of urea in
solution, contacting a composition comprising a metal oxide nanofilaments under
such conditions that at least some of the urea adsorbs to the metal oxide nanofilaments
so as to give rise to a final concentration of urea in the solution, the metal oxide
nanofilaments optionally comprising titanium, the metal oxide nanofilaments
optionally comprising carbon, the structure of the oxide nanofilaments optionally
being an anatase structure or a lepidocrocite structure, and further optionally
comprising illuminating the composition and the urea. An oxide nanofilament can be
a metal oxide nanofilament having a one-dimensional lepidocrocite (1DL) structure.
Such methods can be used in, e.g., dialysis applications, such as for patients who

suffer from kidney ailments.
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[0005] Also provided is a device for removing urea from an initial aqueous
solution of urea, the device comprising an exchangeable cartridge of metal oxide
nanofilaments composition through which the initial aqueous solution is directed to
pass, the passage adapted to allow the initial aqueous urea solution to contact the
metal oxide nanofilaments contained in the cartridge, the metal oxide nanofilaments
optionally comprising titanium, the metal oxide nanofilaments optionally comprising
carbon, and the structure of the oxide nanofilaments optionally being an anatase
structure or a lepidocrocite structure. Such devices can be used in, e.g., dialysis
applications.

[0006] Also provided is a method, comprising: contacting a composition
comprising metal oxide-based nanofilaments to an initial sample that comprises a
metal ion and/or a metal under such conditions that at least some of the metal ion
and/or the metal associates with the metal oxide nanofilaments, the metal oxide
nanofilaments optionally comprising titanium and the metal oxide nanofilaments
optionally having an anatase structure or a lepidocrocite structure; and optionally
comprising illuminating the composition and metal oxide nanofilaments and/or metal.

[0007] Further provided is a composition, comprising a metal oxide
nanofilaments having at least two salts associated therewith.

[0008] Additionally provided is a method, comprising: contacting (i) a
composition comprising metal oxide nanofilaments with at least one metal of a metal
salt associated therewith and (i1) solution to as to catalyze a reaction within the
solution, the metal oxide nanofilaments optionally comprising titanium, the metal
oxide nanofilaments optionally having an anatase structure or a lepidocrocite
structure. The metal of the metal salt can be different from the metal of the metal

oxide nanofilaments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In the drawings, which are not necessarily drawn to scale, like
numerals may describe similar components in different views. Like numerals having
different letter suffixes may represent different instances of similar components. The
drawings illustrate generally, by way of example, but not by way of limitation,

various aspects discussed in the present document. In the drawings:
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[0010] FIG. 1 provides oxygen evolution reaction polarization curves in 0.1
M KOH for TCO (grey), TCO + Ni (green), TCO + Ni/Fe (red), and commercial IrO2
catalyst (black).

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0011] The present disclosure may be understood more readily by reference
to the following detailed description of desired embodiments and the examples
included therein.

[0012] Unless otherwise defined, all technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary skill in the
art. In case of conflict, the present document, including definitions, will control.
Preferred methods and materials are described below, although methods and materials
similar or equivalent to those described herein can be used in practice or testing. All
publications, patent applications, patents and other references mentioned herein are
incorporated by reference in their entirety. The materials, methods, and examples
disclosed herein are illustrative only and not intended to be limiting.

[0013] The singular forms “a,” “an,” and “the” include plural referents
unless the context clearly dictates otherwise.

[0014] Asused in the specification and in the claims, the term "comprising"
may include the embodiments "consisting of" and "consisting essentially of.” The
terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain(s),” and variants
thereof, as used herein, are intended to be open-ended transitional phrases, terms, or
words that require the presence of the named ingredients/steps and permit the
presence of other ingredients/steps. Such description, however, should be construed
as also describing compositions or processes as "consisting of" and "consisting
essentially of" the enumerated ingredients/steps, which allows the presence of only
the named ingredients/steps, along with any impurities that might result therefrom,
and excludes other ingredients/steps.

[0015] As used herein, the terms “about” and “at or about” mean that the
amount or value in question can be the value designated some other value
approximately or about the same. It is generally understood, as used herein, that it is
the nominal value indicated £10% variation unless otherwise indicated or inferred.

The term is intended to convey that similar values promote equivalent results or

-3-
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effects recited in the claims. That is, it is understood that amounts, sizes,
formulations, parameters, and other quantities and characteristics are not and need not
be exact, but can be approximate and/or larger or smaller, as desired, reflecting
tolerances, conversion factors, rounding off, measurement error and the like, and
other factors known to those of skill in the art. In general, an amount, size,
formulation, parameter or other quantity or characteristic is “about” or “approximate”
whether or not expressly stated to be such. It is understood that where “about” is used
before a quantitative value, the parameter also includes the specific quantitative value
itself, unless specifically stated otherwise.

[0016] Unless indicated to the contrary, the numerical values should be
understood to include numerical values which are the same when reduced to the same
number of significant figures and numerical values which differ from the stated value
by less than the experimental error of conventional measurement technique of the type
described in the present application to determine the value.

[0017] All ranges disclosed herein are inclusive of the recited endpoint and
independently of the endpoints (e.g., "between 2 grams and 10 grams, and all the
intermediate values includes 2 grams, 10 grams, and all intermediate values"). The
endpoints of the ranges and any values disclosed herein are not limited to the precise
range or value; they are sufficiently imprecise to include values approximating these
ranges and/or values. All ranges are combinable.

[0018] As used herein, approximating language may be applied to modify
any quantitative representation that may vary without resulting in a change in the
basic function to which it is related. Accordingly, a value modified by a term or
terms, such as “about” and “substantially,” may not be limited to the precise value
specified, in some cases. In at least some instances, the approximating language may
correspond to the precision of an instrument for measuring the value. The modifier
“about” should also be considered as disclosing the range defined by the absolute
values of the two endpoints. For example, the expression “from about 2 to about 4”
also discloses the range “from 2 to 4.” The term “about” may refer to plus or minus
10% of the indicated number. For example, “about 10%” may indicate a range of 9%
to 11%, and “about 1” may mean from 0.9-1.1. Other meanings of “about” may be
apparent from the context, such as rounding off, so, for example “about 1” may also
mean from 0.5 to 1.4. Further, the term “comprising” should be understood as having

its open-ended meaning of “including,” but the term also includes the closed meaning

-4 -
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of the term “consisting.” For example, a composition that comprises components A
and B may be a composition that includes A, B, and other components, but may also
be a composition made of A and B only. Any documents cited herein are
incorporated by reference in their entireties for any and all purposes.

[0019] Example

[0020] The following examples are illustrative only and does not serve to
limit the scope of the present disclosure or the appended claims.

[0021] Provide herein is an example methodology for improving the
catalytic capabilities of a TCO material through incorporation of a variety of metallic
species through an exchange process.

[0022] Without being bound to any particular theory, the exchange process
can include convective mixing of the colloidal TCO material in an aqueous solution
containing one or more inorganic/organic salts of transition metal species. Convective
stirring without the addition of external driving force, e.g., temperature, potential,
reactive agent, reducing agent, etc., yields a self-limiting incorporation of transition
metals into the TCO material. This occurs both with and without exchange of Ti
atoms in the parent material. Analysis of the composition of the material demonstrates
incorporation of the new transition metal, indicating that it is not simply intercalated
as an ion in between the layers. The electrochemical redox behavior can be indicative
of the new transition metal being a reduced species. This exchange process does not
occur on other oxide materials, indicating an aspect of the TCO that favors this
exchange and incorporation of reduced metallic species into the material. This
process is suitable for a variety of metals, including transition metals whose
equilibrium potentials are higher than titanium. This process has been demonstrated to
be self-limiting as the quantity of metal exchange and overall performance of material
does not change with increased duration of the exchange process.

[0023] Following TCO synthesis, Ni and Ni/Fe are incorporated into the
TCO material. FIG. 1 demonstrates the impact of Ni and Ni/Fe additives to the TCO
by measuring the activity of the material for the oxygen evolution reaction (OER).
Following incorporation of Ni, a marked increase in the activity of the material, as
measured by an increased current at a given potential above 1.23 V versus the
reversible hydrogen electrode (RHE), over the plain TCO is observed. Incorporation
of both Ni and Fe into the TCO using the described exchange process results in a

further increase in OER performance. Plotted for comparison is the current industrial

-5-
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state of the art OER catalyst, IrO2. The Ni/Fe incorporated TCO yields an OER
performance that matches that of the current industrial state of the art. This result
demonstrates the utility of the described approach in tuning the catalytic capabilities
of the TCO material.

[0024] Aspects

[0025] The following Aspects are illustrative only and do not limit the scope
of the present disclosure or the appended claims. Any part or parts of any one or
more Aspects can be combined with any part or parts of any one or more other
Aspects.

[0026] Aspect 1. A method, comprising: to an initial sample that has an
initial concentration of urea in solution, contacting a composition comprising metal
oxide nanofilaments under such conditions that at least some of the urea adsorbs to
the metal oxide nanofilaments so as to give rise to a final concentration of urea in the
solution, the metal oxide nanofilaments optionally comprising titanium, the metal
oxide nanofilaments optionally comprising carbon, the structure of the oxide
nanofilaments optionally being an anatase structure or a lepidocrocite structure, and
further optionally comprising illuminating the composition and the urea.

[0027] Titanium oxide nanofilaments are considered especially suitable.
Example of one dimensional nanofilaments are described in Badr, et al., “Bottom-Up,
Scalable Synthesis Of Anatase Nanofilament-Based Two-Dimensional Titanium
Carbo-Oxide Flakes,” Materials Today 2021

(attps//doiorg/10 1016/ mattod 2021 10 033) and Badr, et al., “On the structure of

one-dimensional TiO2 lepidocrocite”, Matter 2023

(Ghttpa/fdoLore/ 10, 10164 mart 2022 . 10.0135). It should be understood that the

nanofilaments can be comprised in the form of mesoporous materials (e.g., powders),
in the form of sheets, and other forms. It should be understood that nanofilaments
can be tubular in nature.

[0028] It should be understood that the nanofilaments can be comprised in
the form of mesoporous materials (e.g., powders), in the form of sheets, and other
forms.

[0029] Aspect2. The method of claim 1, wherein the initial concentration
of urea is in a range of from 10 mmol/L to 1000 mmol/L, or is initially in a
concentration range from 15 to 40 mg/dL mg/dL, and the final concentration is at

least 10% less than the initial concentration, and wherein the sample solution is or
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comprises blood or a blood product and conditions do not compromise the utility of
the blood or blood product for later use by a human patient.

[0030] Aspect3. The method of claim 2, wherein the final concentration is
at least 30% less than the initial concentration.

[0031] Aspect4. The method of claim 3, wherein the final concentration is
at least 50% less than the initial concentration.

[0032] AspectS. The method of claim 4, wherein the final concentration is
at least 70% less than the initial concentration.

[0033] Aspect 6. A device for removing urea from an initial aqueous
solution of urea, the device comprising an exchangeable cartridge of metal oxide
nanofilaments composition through which the initial aqueous solution is directed to
pass, the cartridge adapted to allow the initial aqueous urea solution to contact the
metal oxide nanofilaments contained in the cartridge, the metal oxide nanofilaments
optionally comprising titanium, the metal oxide nanofilaments optionally comprising
carbon, and the structure of the oxide nanofilaments optionally being an anatase
structure or a lepidocrocite structure.

[0034] Aspect 7. The device of claim 6, wherein the device is adapted to
allow the initial aqueous solution of urea to percolate through at least a portion of the
metal oxide nanofilaments.

[0035] Aspect 8. The device of claim 6, wherein the cartridge comprises
channels coated with the metal oxide nanofilaments.

[0036] Aspect9. The device of claim 6, wherein the cartridge comprises
channels coated with the metal oxide nanofilaments, the metal oxide nanofilaments
comprising titanium and the metal oxide nanofilaments having an anatase structure or
a lepidocrocite structure.

[0037] Aspect 10. The device of claim 6, wherein the metal oxide
nanofilaments composition is present as a plurality of stacked layers.

[0038] Aspect 11. A method, comprising: contacting a composition
comprising metal oxide-based nanofilaments to an initial sample that comprises a
metal ion and/or a metal under such conditions that at least some of the metal ion
and/or the metal associates with the metal oxide nanofilaments, the metal oxide
nanofilaments optionally comprising titanium and the metal oxide nanofilaments
optionally having an anatase structure or a lepidocrocite structure; and optionally

comprising illuminating the composition and metal oxide nanofilaments and/or metal.

-7-
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[0039] Aspect 12. The method of claim 11, wherein the metal ion and/or
metal comprises As, Pb, Cd, Cr, Ni, Zn, Co, or Mn, Ir, Au, Ru, Re, Pt, Pd, Ag or any
ion thereof.

[0040] Aspect 13. The method of claim 11, wherein the illuminating
comprises xenon lamp illumination.

[0041] Aspect 14. The method of claim 11, wherein the illuminating
comprises natural light

[0042] Aspect 15. The method of any one of claims 11-14, wherein the
association (which can be adsorption) is essentially complete within about 1 hour.

[0043] Aspect 16. The method of claim 15, wherein the adsorption is
essentially complete within about 15 minutes.

[0044] Aspect 17. The method of claim 16, wherein the adsorption is
essentially complete within from about 2 to about 3 minutes.

[0045] Aspect 18. A composition, comprising a metal oxide nanofilaments
having at least two different metal salts associated therewith. The metals of the at
least two salts can be different than the metal of the metal oxide nanofilaments.

[0046] Aspect 19. The composition of claim 18, wherein at least one of the
at least two different metal salts comprises nickel.

[0047] Aspect 20. The composition of claim 18, wherein at least one of the
at least two different metal salts comprises iron.

[0048] Aspect21. A method, comprising: contacting (i) a composition
comprising metal oxide nanofilaments with at least one metal of a metal salt
associated therewith and (i1) solution to as to catalyze a reaction within the solution,
the metal oxide nanofilaments optionally comprising titanium, the metal oxide
nanofilaments optionally having an anatase structure or a lepidocrocite structure. The
metal of the metal salt can be different from the metal of the metal oxide
nanofilaments.

[0049] Aspect22. The method of claim 21, wherein the reaction proceeds
more rapidly than if the metal oxide nanofilaments lacked the at least one salt
associated therewith.

[0050] Aspect 23. The method of any one of claims 21-22, wherein the at
least one salt comprises iron, nickel, or any combination thereof.

[0051] Aspect 24. The method of any one of claims 21-23, wherein the

solution comprises water.
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[0052] Aspect25. The method of any one of claims 21-24, wherein the
reaction is an electrochemical reaction that includes application of a current to the

solution.
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What is Claimed:

1.

A method, comprising:

to an initial sample that has an initial concentration of urea in solution,
contacting a composition comprising metal oxide nanofilaments under such
conditions that at least some of the urea adsorbs to the metal oxide

nanofilaments so as to give rise to a final concentration of urea in the solution,
the metal oxide nanofilaments optionally comprising titanium,
the metal oxide nanofilaments optionally comprising carbon,

the metal oxide nanofilaments optionally having an anatase structure or a

lepidocrocite structure, and
further optionally comprising illuminating the composition and the urea.

The method of claim 1, wherein the initial concentration of urea is in a range
of from 10 mmol/L to 1000 mmol/L, or is initially in a concentration range
from 15 to 40 mg/dL. mg/dL, and the final concentration is at least 10% less
than the initial concentration, and wherein the initial sample is or comprises
blood or a blood product and conditions do not compromise the utility of the

blood or blood product for later use by a human patient.

The method of claim 2, wherein the final concentration is at least 30% less

than the initial concentration.

The method of claim 3, wherein the final concentration is at least 50% less

than the initial concentration.

The method of claim 4, wherein the final concentration is at least 70% less

than the initial concentration.

A device for removing urea from an initial aqueous solution of urea, the
device comprising an exchangeable cartridge of metal oxide nanofilaments

composition through which the initial aqueous solution is directed to pass, the

-10 -
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10.

11

cartridge adapted to allow the initial aqueous solution of urea to contact the

metal oxide nanofilaments contained in the cartridge,

the metal oxide nanofilaments optionally comprising titanium,
the metal oxide nanofilaments optionally comprising carbon, and
the oxide nanofilaments optionally having an anatase structure.

The device of claim 6, wherein the device is adapted to allow the initial
aqueous solution of urea to percolate through at least a portion of the metal

oxide nanofilaments.

The device of claim 6, wherein the cartridge comprises channels coated with

the metal oxide nanofilaments.

The device of claim 6, wherein the cartridge comprises channels coated with
the metal oxide nanofilaments, the metal oxide nanofilaments comprising
titanium and the metal oxide nanofilaments having an anatase structure or a

lepidocrocite structure.

The device of claim 6, wherein the metal oxide nanofilaments composition is

present as a plurality of stacked layers.

. A method, comprising:

contacting a composition comprising metal oxide-based nanofilaments to an
initial sample that comprises a metal ion and/or a metal under such conditions
that at least some of the metal ion and/or the metal associates with the metal

oxide nanofilaments,

the metal oxide nanofilaments optionally comprising titanium and the metal
oxide nanofilaments optionally having an anatase structure or a lepidocrocite

structure; and

optionally comprising illuminating the composition and metal oxide

nanofilaments and/or metal.

-11 -
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The method of claim 11, wherein the metal ion and/or metal comprises As, Pb,

Cd, Cr, Ni, Zn, Co, or Mn, Ir, Au, Ru, Re, Pt, Pd, Ag or any ion thereof.

The method of claim 11, wherein the illuminating comprises xenon lamp

illumination.
The method of claim 11, wherein the illuminating comprises natural light

The method of any one of claims 11-14, wherein the association is essentially

complete within about 1 hour.

The method of claim 15, wherein the association is essentially complete within

about 15 minutes.

The method of claim 16, wherein the association is essentially complete within

from about 2 to about 3 minutes.

A composition, comprising a metal oxide nanofilaments having at least two

different metal salts associated therewith.

The composition of claim 18, wherein at least one of the at least two different

metal salts comprises nickel.

The composition of claim 18, wherein at least one of the at least two different

metal salts comprises iron.
A method, comprising:

contacting (i) a composition comprising metal oxide nanofilaments with at
least one metal of a metal salt associated therewith and (ii) solution to as to

catalyze a reaction within the solution,
the metal oxide nanofilaments optionally comprising titanium,

the metal oxide nanofilaments optionally having an anatase structure or a

lepidocrocite structure.

-12 -
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22. The method of claim 21, wherein the reaction proceeds more rapidly than if
the metal oxide nanofilaments lacked the at least one metal salt associated

therewith.

23. The method of any one of claims 21-22, wherein the at least one metal salt

comprises iron, nickel, or any combination thereof.
24. The method of any one of claims 21-22, wherein the solution comprises water.

25. The method of any one of claims 21-22, wherein the reaction is an

electrochemical reaction that includes application of a current to the solution.

-13 -
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

l. I:l Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2, I:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
(See Supplemental Page)

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-5

Remark on Protest I___I The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2022)
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Lack of Unity Box lll:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |: Claims 1-5, directed to a method comprising adsorbing urea from solution.
Group |I: Claims 6-10, directed to a device for removing urea from solution.
Group llI: Claims 11-25, directed to methods comprising a composition contacted with a metal salt.

The group of inventions listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:

Group | requires the special technical feature of a method comprising: to an initial sample that has an initial concentration of urea in
solution, contacting a composition comprising metal oxide nanofilaments under such conditions that at least some of the urea adsorbs to
the metal oxide nanofilaments so as to give rise to a final concentration of urea in the solution, and optionally comprising illuminating the
urea, not required by groups li-lll.

Group I} requires the special technical feature of a device for removing urea from an initial aqueous solution of urea, the device
comprising an exchangeable cartridge of metal oxide nancfilaments, the cartridge adapted to allow the initial aqueous solution of urea to
contact the metal oxide nanofilaments contained in the cartridge, not required by groups | or Ill.

Group |1l requires the special technical feature a method or composition, that comprises a metal ion and/or a metal under such
conditions that at least some of the metal ion and/or the metal associates with the metal oxide nanofilaments; optionally comprising
illuminating the metal; metal oxide nanofilaments having at least two different metal salts associated therewith; and to catalyze a
reaction within the solution, not required by groups I-II.

Common technical features:

Groups I-lll share the technical feature of a device or method, comprising a composition comprising metal oxide nanofilaments,
contacting the composition with a sample which may be urea in solution, thus removing urea from the solution; the metal oxide
nanofilaments optionally comprising titanium, the metal oxide nanofilaments optionally comprising carbon, the metal oxide nanofilaments
optionally having an anatase structure or a lepidocrocite structure, and further optionally comprising illuminating the composition.

These shared technical features, however, do not provide a contribution over the prior art, as being anticipated by US 2010/0100027 A1
to Schilthuizen et al. (hereinafter Schilthuizen). Schilthuizen teaches a device or method, comprising a composition comprising metal
oxide nanofilaments, contacting the composition with a sample which may be urea in solution, thus removing urea from the solution
(Figure 1; and Figure 9; and Abstract, The present invention relates to a device for the removal of toxic substances from dialysate fluid,
blood or blood plasma, said device comprising i) a sorption-filter (E) for removing toxins, toxic solutes... from the dialysate fluid, blood or
bloodplasma, said sorption filter comprising a nanostructured material, a porous polymer matrix or a combination of the two, if) an inlet
(4) for entry of dialysate fluid, blood or blood-plasma into said device, iii) an outlet (5) for the removal of purified dialysate fluid, blood or
blood plasma from said device; and para [0014), Said sorption-filter comprises an... adsorption... material; and para [0060], FIG. @ shows
a sorption bead or sorption granule according to the present invention comprising a nanoporous... biopolymer... matrix functionalised
with nanoparticles... creating a high, selective sorption power. Numbers indicate the following (1): nanoporous biopolymer... (6) and (7).
trapped toxins, sorbed molecules; and para [0082], The sorption material is preferably functionalized, such as to exhibit improved
sorbing properties of toxic substances such as urea as compared to the non-functionalized material; and para [0097], Nanocrystalline
materials... the terms nanoparticles, nanocrystalline materials and nanopowders are used interchangeably herein... are nano-sized
crystallites, preferably about 1 to 10 nm in dimension; and para [0099], Examples of nanaparticle compounds which can be produced in
this way include nanoparticles of... metal oxides; and para [0147], The sorption capacity of the filter pad for urea and the middie
molecules is typically in the range of 30-70% of its own weight, but can reach 100% for specific molecules; Note that a metal oxide
nanofilament is broadly interpreted as an nanofiber/nanofilament which comprises metal oxide materials. With reference to Figure 9, the
nanoporous matrix 1 is interpreted as providing nanofibers or nanofilaments, which comprise metal oxide materials since the

. nanoporous matrix 1 can be functionalized with metal oxide nanoparticles. The solution 5 which has been treated by the sorption filter
will have a lower concentration of urea compared to untreated fluid from inlet 4), the metal oxide nanofilaments optionally comprising
titanium, the metal oxide nanofilaments optionally comprising carbon (para [0099], Examples of nanoparticle compounds which can be
produced in this way include nanoparticles of metals, metal oxides... any metal may be used including but not limited to... Ti; and para
[0104], The nanostructured material may be a carbonaceous nanomaterial. Carbonaceous nanomaterials suitable for use in aspects of
the present invention include fullerenes, carbon nanoparticles... microporous hollow carbon fibers, single-walled nanotubes and multi-
walled nanotubes).

As the technical features were known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the groups. Groups -1l therefore lack unity under PCT Rule 13 because they do not share a same or
corresponding special technical feature.
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