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Claims:

1. A composition for removal of a target substance from a fluid stream, the composition
comprising:
a suppoit material comprising cellulose; and
a sorbent molecule that comprises a linear or branched polyamine having a molecular weight of less
than 508;
wherein the polyamine is covalently linked to the support material; and
wherein the sorbent molecule further comprises a covalently linked hydrophobic group.

2. The composition of claim 1, wherein the support material is comprised of a malerial selected
from one or more of the group consisting of: regenerated celiulose; lignocelulose; bacteriai
cellulose; cellulose pulp; microcrystalline or nanocrystalline cellulose; celiulose fibres; fibrillated
cellulose and other cellulose derivatives.

3. The composition of claim 2, wherein the support material comprises a celiulose or lignocellulose

powder or pulp.

4. The composition of claim 3, wherein the cellulose or lignocellulose powder or pulp is

incorporated into a membrane or membrane-like filter.

5. The composition of any one of claims 1 to 4, wherein the support material comprises acetylated

celiulose.
8. The composition of claim 1 or 2, wherein the support material is porous, solid, and particulate,
suilably wherein the average diameter size of the particles is greater than about 0.01 mm, and

less than about 1Tmm.

7. The composition of any one of claims 1 to 6, wherein the polyamine is selected from a finear or
branched alkyl polyamine having a molecular weight of less than 300, optionaily less than 200.

8. The composition of claim 7, wherein the polyamine is selected from a compound of Formuia |,
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Ry
; ,
Rz/ ~ Rs
where R+ and Rz are selecied from H, -CHs or a linear or branched Cz — Cs alkyl mono- or di- amine,
and wherein Rs and Rz are not both H or -CHs;
where Rz is selected from:
a linear or branched Cz — Cs alkyl mono- or di- amine,
a linear dialkylamine of formula Ii:
~(CHz)n — NH — (CH2)n-NH2
where n may be any integer of beiween 2 and 6;
a linear alkylamine of formuia il
-{(CHz)n — NH — (CHz)n -NH - (CHz)n — NH2 i

where n may be any integer of between 2 and 6; and

a branched diaikylamine of formula IV:

where n may be any integer of between 2 and 6.

g. The composition of claim 8, wherein the polyamine is selected from one or more of the foliowing
compounds:
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(i Tris(2-aminoethyhamine TREN
HoiN NH
2 \V/A\N/\/ 2

NH,
(i) Tris (3-aminopropyiamine
HQNMNMNHz

NH,

iy N,N,N",N-tetrakis (2-aminosthyl)butane-1 4-diamine

NH,

HQNV\N’/’WN\/\N%

A

NH,
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(v) N.N,N' N'-Tetrakis(3-aminopropyl)-1,4-butanediamine

NH,

HzN/\//\\N’/\\//\\v/N\//\\//NHz

NH,

{v) Tris(Z-aminoethyl}-N,N N'-ethyldiamine

H
HoN N
2 \\’//\N//\‘// \/A\NHE

NHs

(vi) 1,11-diamino-3{(2-aminoethy5 9-triazaundecane

H
Hsz\\NNN\/\NWNHz
H

NH,

{vil) 2-N,2-N-bis(2,2-diaminoethyhethane-1,1,2-triamine
HoN NH;

H,N
\T/\\N
NH, NH,

NH, - and
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(vill) 2-N,2-N-bis(2-aminoethyl)ethane-1,1,2-triamine
H,N NH,

Hng\N

NH,

10. The composition of claim 8, wherein the polyamine is selected from one or more of the following
compounds:

(a) diethylenetriamine
HsN NH
2 \//\N/\/ 2
H

(b) bis{3-aminopropyhamine

PN NN
HoN g NH,
{c) spermidine

M /\\//\\/NHQ
H,N N
H

)

(d) triethylenetetramine

H
HoN N
\\//\E/\/ \\/\NHZ

;and
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(e) tetrasthylenepentamine

H
HoN N NH
Z\AN//\\// \'/\N//\\// 2
H H A

11.

i2.

14.

15.

16.

18.

18.

The composition of any one of claims 1 {o 10, wherein the hydrophebic group comprises a
group selected from: a C2-C2: branched, linear, salurated or unsaturated, or cyclic alkyl; a

polyether; and an aryl.

The composition of claim 11, wherein the Cz-Cz alkyl group is selected from the group
consisting of a: butyl; hexyl; octyl; isobuiyl; ischexyl; isooctyl; cyclohexyl; cycloheptyl, and
cyclooctyl.

. The composition of claim 12, wherein the aryl group is selecied from phenol; or phenyl group.

The composition of any one of claims 1 to 13, wherein the hydrophobic group comprises a poly-
or perfluoroalkyl group, suitably a Cs perfluorooctane or Cs polyfluorinated, 6:2 fluorotelomer.

The composition of any one of claims 1 to 14, wherein the sorbent molecule comprises a

plurality of hydrophobic groups.

The composition of any one of claims 1 {o 15, wherein the polyamine is linked to the
hydrophobic group via a bond selected from the group consisting of: an amide bond; a urea
linkage; a thiourea linkage; an iscthiouronium linkage; a guanidinium linkage and a
quaternisation (Menshutkin) reaction.

. A process for removal of a target substance from a fluid stream comprising contacting the fluid

stream with a composition as defined in any one of claims 1 to 16, and wherein the target
substance comprises one or more poly- and perfluorinated alkyl substance (PFAS).

The process of claim 17, wherein the fluid comprises water, optionally contaminated water.

The process of any one of claims 17 or 18, wherein the PFAS is selecied from a perfluorinated
anionic surfactant compound, including one or more selecied from the group consisting of:
perfluorobutane sulfonate (PFBS); perfluorcbutancic acid (PFBA); perfluoropentanoic acid
(PFPeA); perflucrohexanasulfonate (PFHS); perflusrohexanoic acid (PFHA); perflucrooctanocic
acid (PFOA); perfluorooctane sulfonate (PFOS); perfluorononanoic acid (PFNA); and
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perfluorodecanocic acid (PFDA); 6:2 fluorotelomer sulfonic acid (6:2 FTSA);, and
hexaflucropropylene oxide dimer acid (HFPO-DA).

The process of any one of claims 17 to 19, wherein the process further comprises regenerating
the composition afler removal of the contaminant substance from the fluid stream.

The process of claim 20, wherein regeneraling the composition comprises applying one or more
liquid washes 1o the composition, wherein the liquid wash comprises one or more of the group
consisting of: an aqueous salt solution; a basic wash, optionally wherein the base is selected
from ammonium hydroxide, sodium hydroxide, sodium bicarbonate and potassium hydroxide;

and a polar organic solvent, optionally selecled from an alcohol or a ketone.

A method for manufacturing a composition for removal of a contaminant substance from a fluid
stream, the method comprising:
a. providing a support material comprising celiulose; and
b. linking the support material to a contaminant-sorbent molecule comprising a linear or
branched polyamine having a molecular weight of less than 500, wherein the sorbent
molecule further comprises a covalently linked hydrophobic group.

The method of claim 22, wherein the sorbent molecuie comprises a covalently linked
hydrophobic group.

The method of any one of claims 22 or 23, wherein the support material is comprised of a
material selected from one or more of the group consisting of: lignoceliuiose; bacterial cellulose;

microcrystalline cellulose; microfibrillated cellulose and a cellulose derivative.

The method of any one of claims 22 {o 24, wherein before finking to the contaminant-sorbent
molecule, the support material is aclivated by reaction with halogenated alkyl or acy! halides,
suitably alkyl bromide, bromoacetyl bromide, or bromosuccinimide.

The method of any one of claims 22 io 25, wherein before linking fo the contaminani-sorbent

molecule, the support material is reacted with acetic anhydride.

The method of any one of claims 22 to 26, wherein the polyamine is selected from a compound
of formula |,
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where Rs and Rq are selected from H, -CHjs or a linear or branched Cz — Cs alkyl mono- or di- amine,;

where Rs is selected from:

a linear or branched Cz — Cs alkyl mono- or di- amine;

a linear dialkylamine of formula Ii:

-{CHa)n — NH — {CH2)n-NH2
where n may be any integer of between 2 and 6;
a linear alkylamine of formuia i

-(CHz)n — NH — (CHz)n -NH - (CH2)n — NHz
where n may be any integer of betiween 2 and 6; or
a branched dialkylamine of formula IV:

(H,C) N/(CHZ)n“NH2
G ~AV7

where n may be any integer of between 2 and 6.

28. The use of a molecule thai comprises a finear or branched polyamine having a moiecular weight

of less than 500 and at least one covalently linked hydrophobic group as a sorbent group in a

method for functionalising a celiulose support material.

29. The use of claim 28, wherein the functionalised cellulose support material is capable of removal

of a target substance from a fluid stream, and also being regenerated following removal of the

target substance.

30. The use of claim 28, wherein the target subsiance comprises a PFAS.

31. The use of any one of claims 28 to 3C, wherein the polyamine is selected from a compound of

formula 1,



WO 2021/209774
36

T1

N
Rz/ ~ Ra
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where Ry and R are selecied from H, -CHs or a linear or branched Cz — Cs alkyl mono- or di- amine,;

where Rs is selected from:
a linear or branched Cz — Cs alkyl mono- or di- amine;
a linear dialkylamine of formula li:

-{CHa)n ~ NH — (CH)n-NH:
where n may be any integer of between 2 and 6;
a linear alkylamine of formuia i

-{CHa)n — NH — (CHg)n -NH - (CHz}a — NH2
where n may be any integer of between 2 and 6; or

a branched dialkylamine of formula 1V:

A(CH2)"NH,

~

—R(HC)—N
(CHZ)p"NH;

where n may be any integer of between 2 and 6.

32. The use of any one of claims 29 to 31, wherein the hydrophobic group comprises a group

selected from: a C2-Ca. branched, linear, saturated or unsaturated, or cyclic alkyl; a polyether;

and an arvi.

33. The use of claim 32, wherein the C2-C22 alkyl group is selecied from the group consisting of a:

butyl, hexyl; octyl; iscbutyl; ischexyl; isooctyl; cyciohexyl; cycicheptyl, and cycloociyi.

34. The use of claim 32, wherein the aryl group is selecied from phenol; or phenyl group.
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The use of any one of claims 29 to 31, wherein the hydrophobic group comprises a poly- or
perfluoroalkyl group, suitably a Cs perflucrooctane or Cs polyfluorinated, 6:2 fluorctelomer.

. The use of any one of claims 20 1o 35, wherein the sorbent molecule comprises a plurality of

hydrophobic groups.

The use of any one of claims 29 to 38, wherein the polyamine is finked to the hydrophobic group
via a bond selected from the group consisting of: an amide bond; a urea linkage; a thiourea
linkage; an isothiouronium linkage; a guanidinium linkage and a quaternisation (Menshutkin}
reaction.

The use of any one of claims 29 {o 37, wherein the cellulose support material is comprised of
a material selected from one or more of the group consisting of: regenerated cellulose;
lignocellulose; bacterial cellulose; cellulose pulp; microcrysialliine or nanocrystalline celiulose;
celiulose fibres; fibrillated celiulose and other celiulose derivalives.

The use of claim 38, wherein the celiuiose support material comprises a celluiose or

lignocellulose powder or puip.

The use of claim 39, wherein the celiulose or lignoceliulose powder or pulp is incorporated into
a membrane or membrane-iike filer,

The use of any one of claims 29 {o 40, wherein the cesllulose support material comprises

acetyiated cellulose.

The use of any one of claims 28 10 41, wherein the cellulose support material is porous, solid,
and particulate, suitably wherein the average diameter size ofthe particles is grealer than about
0.0t mm, and less than about 1mm.

A filter for the adsorplion of a target substance from a contaminated water source, wherein the
filter comprises a composition as described in any one of claims 1 io 16.

The filter of claim 43, wherein the target substance comprises one or more PFAS.

The filter of any one of claims 43 and 44, wherein the filter may be regenerated by applying one
or more liquid washes to the fitter, wherein the liquid wash comprises: an aqueous salt solution;
a basic wash, optionally wherein the base is selected from ammonium hydroxide, sodium
hydroxide, sodium bicarbonate and potassium hydroxide; a polar organic solvent, optionaily

selected from an alcohol or a kelone.
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46. The filter of any one of claims 42 {0 45, wherein the filter is in the form of g filter cartridge.

47. The filter of any one of claims 42 {0 46, wherein the filter comprises at least one filter membrane.



