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DESCRIPTION

[0001] The present invention relates to novel methods for preparing fibrous catalysts.

[0002] The processes conducted in many industries, such as the chemical, pharmaceutical, petroleum chemical, photo-
processing, pulp, leather, agro-chemical, furniture manufacturing and textile industries, produce waste streams that contain
undesired compounds, for example that may be harmful to the environment. For example, waste streams that are produced in the
textile industry (for example in dyeing and finishing processes) and that are produced in the pulp and leather industries may
contain undesired compounds such as sulfides, dyes, phenols, nonylphenols, surfactants and other organic compounds. Waste
streams that are produced in the photo-processing industry may contain undesired compounds such as amines, aminophenols,
phenylenediamines, triethanolamine, ethylenediaminetetraacetic acid and other organic compounds. It is advantageous to treat
these waste streams, so as to substantially remove the undesired compounds before further treatment and/or disposal or use.

[0003] Undesired organic compounds, such as those discussed above, may substantially be removed from waste streams by
oxidative decomposition. This converts the undesired organic compound(s) into derivatives of these compounds which may then
be more easily disposed of or, if appropriate, isolated and collected for use elsewhere.

[0004] The oxidative decomposition of an organic compound may be conducted by reaction with a transition metal cation and an
oxidant, such as hydrogen peroxide or oxygen. This reaction is known as "Fentons chemistry" (see, for example, Advanced
Inorganic Chemistry, Cotton, Wilkinson, Murrillo and Bochmann, John Wiley and Sons, 1999, 6th edition, pages 458 and 459).
Any transition metal cation that can easily undergo redox reaction to another oxidation state can participate in the Fentons

chemistry reaction. For example, when the transition metal is iron, the iron cation Fe2* may react with hydrogen peroxide and be

oxidised to form the Fe3* cation as well as a hydroxide anion and a hydroxyl radical. The hydroxyl radical can then act as an
oxidising agent, for example to oxidise an organic compound. Non-transition metal cations cannot participate in the Fentons
chemistry reaction because they have only one oxidation state.

[0005] The source of transition metal cations for use in such an oxidative decomposition reaction may be in the form of a
homogeneous or a heterogeneous catalyst. Additionally, fibrous catalysts have been suggested. Fibrous catalysts are catalysts
comprised of polymer fibres to which catalytically active sites or centres are attached.

[0006] For example, GB-A-1,436,245 discloses fibrous catalysts for the oxidation of carbon monoxide and processes for
preparing the catalysts. The catalysts comprise activated carbon fibres that support noble metals such as palladium, ruthenium,
rhodium and platinum, or compounds thereof.

[0007] RU-A-2118908 discloses a textile fibrous bulked catalyst made in the form of a fabric including a carrier layer made from
single filaments and modified ion-containing complex threads of polyacrylonitrile filaments including one or more ions of metal of
variable valence.

[0008] GB-A-2,346,569 discloses methods for producing a fibrous catalyst. One method comprises the steps of treating a knitted
fabric consisting of an inert filament and complex polyacrylonitrile (hereinafter referred to as "PAN") threads with a hot alkaline
solution of hydrazine hydrochloride and then with an aqueous transition metal salt solution. As the skilled person would
appreciate, the reference to "complex threads" means that a number of threads are twisted together, i.e. not a monofilament.
Another method comprises the steps of treating a fabric comprising PAN threads with an alkaline solution of a hydrazine salt, a
hydroxylamine salt and sodium nitrite and then with a solution containing at least one transition metal salt.

[0009] RU-2266304 discloses catalysts for waste water and emission gas treatment. The catalysts are prepared by treating a
knitted fabric consisting of polyacrylonitrile monothreads and complex threads with a modifying solution of a chlorine-containing
hydrazne salt and a chlorine-containing hydroxylamine salt and then with transition metal salts.

[0010] WO-2007/099293 (International patent application number PCT/GB2007/000612; published after the priority date of the
present application) describes a method for producing a fibrous catalyst. The method comprises the steps of modifying a fabric
comprising PAN fibres by treatment with a hydrazine salt and a hydroxylamine salt in the presence of a base and then by
treatment with a base, and then impregnating the modified fabric with a transition metal by treatment with an aqueous solution
comprising a salt of a transition metal cation and a salt of a non-transition metal cation, wherein the non-transition metal cation is
selected from the main Group metals. Specific examples of aqueous solutions used in the impregnation step of the method
described in WO-2007/099293 are aqueous solutions comprising iron chloride in combination with calcium nitrate, magnesium
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nitrate, lithium sulfate or zinc sulfate.

[0011] The applicants have surprisingly found however that the selection of a sulfate salt of a transition metal cation, i.e. the
selection of a sulfate salt of iron or nickel, in the impregnation step of a method for producing a fibrous catalyst increases the
loading of the iron or nickel onto the PAN fibres, which in turn provides an improved fibrous catalyst that is efficient at removing
undesired compounds from a range of waste streams and/or that has an extended lifetime.

[0012] According to one aspect of the present invention there is provided a method for preparing a fibrous catalyst for the
treatment of a waste stream, the method comprising the steps of:

1. (i) treating a fabric comprising polyacrylonitrile fibres with a hydrazine salt and a hydroxylamine salt in the presence of a
base to provide a modified fabric;

2. (i) treating the modified fabric with a base; and

3. (iii) treating the modified fabric with an aqueous solution comprising a sulfate salt of a first metal cation and a sulfate salt of
a second metal cation, wherein the first metal cation is selected from an iron and nickel cation, and mixtures thereof, and
wherein the second metal cation is selected from a lithium, sodium, potassium, rubidium, cesium, beryllium, magnesium,
calcium, strontium, barium, zinc, cadmium, mercury, aluminium, gallium, indium, thallium, tin, lead, antimony and bismuth
cation, and mixtures thereof.

[0013] As discussed herein, the applicants have surprisingly found that the selection of sulfate salts of iron and/or nickel in the
step (iii) of the method increases the loading of the iron and/or nickel onto the PAN fibres, which in turn provides an improved
fibrous catalyst that is efficient at removing undesired compounds from a range of waste streams and/or that has an extended
lifetime.

[0014] In one aspect of the invention, the first metal cation is an iron cation. Thus, there is provided a method for preparing a
fibrous catalyst for the treatment of a waste stream, the method comprising the steps of:

1. (i) treating a fabric comprising polyacrylonitrile fibres with a hydrazine salt and a hydroxylamine salt in the presence of a
base to provide a modified fabric;

2. (ii) treating the modified fabric with a base; and

3. (iii) treating the modified fabric with an aqueous solution comprising a sulfate salt of an iron cation and a sulfate salt of a
second metal cation, wherein the second metal cation is selected from a lithium, sodium, potassium, rubidium, cesium,
beryllium, magnesium, calcium, strontium, barium, zinc, cadmium, mercury, aluminium, gallium, indium, thallium, tin, lead,
antimony and bismuth cation, and mixtures thereof.

[0015] In another aspect of the invention, the first metal cation is a nickel cation. Thus, there is provided a method for preparing
a fibrous catalyst for the treatment of a waste stream, the method comprising the steps of:

1. (i) treating a fabric comprising polyacrylonitrile fibres with a hydrazine salt and a hydroxylamine salt in the presence of a
base to provide a modified fabric;

2. (ii) treating the modified fabric with a base; and

3. (iii) treating the modified fabric with an aqueous solution comprising a sulfate salt of a nickel cation and a sulfate salt of a
second metal cation, wherein the second metal cation is selected from a lithium, sodium, potassium, rubidium, cesium,
beryllium, magnesium, calcium, strontium, barium, zinc, cadmium, mercury, aluminium, gallium, indium, thallium, tin, lead,
antimony and bismuth cation, and mixtures thereof.

[0016] For the avoidance of doubt, by the term “fibrous catalyst" we mean a catalyst that comprises polymer fibres to which
catalytically active sites or centres are attached. By the term "fibres" we include both a single monofilament and a complex
filament that is made up of more than one monofilament.

[0017] In step (i) of the method of the present invention, the fabric is "modified". This modification is a result of several reactions
that occur between the nitrile groups of the PAN fibres and the reagents used in step (i). For example, it is believed that the nitrile
groups of the PAN fibres are converted into functional groups that are able to form complexes at least with the iron and/or nickel
cations. It is believed that some of the nitrile groups of the PAN fibres react with the hydrazine salt so as to produce amino and
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amido groups and that some of the nitrile groups are hydrolysed so as to produce carboxyl groups. Thus, a cross-linked, amino-
amido-carboxyl ion-exchange material is formed which is able to absorb iron and/or nickel cations to form complexes at least with
the iron and/or nickel cations, which complexes act as catalytic active sites. Additionally, it is believed that some of the nitrile
groups of the PAN fibres react with the hydroxylamine salt to produce amidoxime groups, which amidoxime groups are then
hydrolysed to form products having a complex structure including carboxyl and hydroxamic acid groups as well as glutarimine and
other cyclic groups. This is believed to aid the fixing of the iron and/or nickel cations to the PAN fibres.

[0018] As the skilled person would appreciate, any suitable hydrazine salt may be used in step (i) of the method of the present
invention. For example, suitable hydrazine salts include hydrazine dihydrochloride, hydrazine monohydrochloride, hydrazine
hydrate, hydrazine monohydrobromide, hydrazine acetate, hydrazine sulfate and dihydrazine sulfate, and mixtures thereof. In
particular, suitable hydrazine salts include hydrazine sulfate and dihydrazine sulfate, and mixtures thereof. Even more particularly
the hydrazine salt is dihydrazine sulfate. As the skilled person would appreciate, one or more hydrazne salts may be used in step
(i), as appropriate.

[0019] As the skilled person would appreciate, any suitable hydroxylamine salt may be used in step (i) of the method of the
present invention. For example, suitable hydroxylamine salts include hydroxylamine monohydrochloride, hydroxylamine sulfate
and hydroxylamine phosphate, and mixtures thereof. In particular, the hydroxylamine salt is hydroxylamine sulfate. As the skilled
person would appreciate, one or more hydroxylamine salts may be used in step (i), as appropriate.

[0020] In particular, in step (i) of the method of the present invention, the hydrazine salt may be selected from hydrazine sulfate
and dihydrazine sulfate, and mixtures thereof, and the hydroxylamine salt may be hydroxylamine sulfate. For example, in one
aspect, the hydrazine salt is dihydrazine sulfate and the hydroxylamine salt is hydroxylamine sulfate. It is believed that the use of
sulfate salts of hydrazine and/or hydroxylamine in step (i) of the method of the present invention helps to improve the modification
of the PAN fibres and so also the fixing of the iron and/or nickel cation(s) thereto. Additionally, the sulfate salts are advantageous
for industrial production of the fibrous catalyst due to less corrosion effects on reactors (such as stainless steel reactors), for
example as compared to other salts such as chlorides.

[0021] In step (i) of the method of the present invention, salts of hydrazines containing from one to four substituents may be
used, which substituents may be the same or different and selected from (1-4C)alkyl, aryl (such as phenyl) and (1-4C)alkanoyl
and which substituents may be further substituted for example by one or more further substituents which may be the same or
different selected from halogen, nitro and hydroxyl. Salts of hydroxylamines containing one or two substituents may be used,
which substituents may be the same or different and selected from (1-4C)alkyl, aryl (such as phenyl) and (1-4C)alkanoyl and
which substituents may be further substituted for example by one or more further substituents which may be the same or different
selected from halogen, nitro and hydroxyl. Thus, references herein to hydrazne salts include references to salts of hydrazne (i.e.
NoHy) itself as well as salts of derivatives of hydrazne, i.e. which derivatives include substituents as discussed above on the
nitrogen atom(s) of the hydrazine (i.e. in place of hydrogen atom(s)). Similarly, references herein to hydroxylamine salts include
references to salts of hydroxylamine (i.e. NHpOH) itself as well as salts of derivatives of hydroxylamine, i.e. which derivatives
include substituents as discussed above on the nitrogen and/or oxygen atom(s) of the hydroxylamine (i.e. in place of hydrogen
atom(s)). Preferably, however, the hydrazine and hydroxylamine salts include no such substituents.

[0022] In step (i) of the method of the present invention, the fabric comprising PAN fibres typically is treated with a solution of a
hydrazine salt and a hydroxylamine salt in a suitable solvent and in the presence of a suitable base. Typically, an aqueous
solution of the hydrazine salt and the hydroxylamine salt is used. The concentration of the hydrazine salt used in step (i) may be
in the range of from 10 to 50 g/l, particularly in the range of from 20 to 40 g/, more particularly about 30 g/l. The concentration of
the hydroxylamine salt used in step (i) may be in the range of from 14 to 70 g/l, particularly in the range of from 30 to 55 g/I, more
particularly about 42 g/l. Typically, the hydrazine salt and hydroxylamine salt may be present in the solution in a molar ratio in the
range of from about 1:1 to about 1:3, preferably of about 1:2

[0023] Typically, in step (i) of the method of the present invention, the weight ratio of PAN fibres to total hydroxylamine salt may
be in the range of from about 1:8 to 1:0.5, preferably in the range of from about 1:6 to about 1:2, more preferably in the range of
from about 1:4 to about 1:2, even more preferably of about 1:2.7. The weight ratio of PAN fibres to total hydrazine salt may be in
the range of from about 1:7 to 1:0.15, preferably in the range of from about 1:4 to about 1:1, more preferably in the range of from
about 1:3 to about 1:1.5, even more preferably of about 1:1.9.

[0024] Any suitable base may be used in step (i) of the method of the present invention. For example, a suitable base may be
selected from sodium hydroxide, potassium hydroxide and sodium carbonate, and mixtures thereof (particularly sodium
hydroxide). The base is used in step (i) to maintain a suitable pH, i.e. at which modification of the fabric may occur. A suitable pH
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is, for example, a pH in the range of from 6.5 to 12, particularly a pH in the range of from 8.5 to 11 and more particularly a pH of
about 9.5. The step (i) may conveniently be conducted at a temperature of greater than 60°C, such as greater than 80°C,
particularly at a temperature in the range of from 90 to 130°C, more particularly at a temperature in the range of from 95 to
105°C, for example at a temperature of about 98 to 102°C.

[0025] The reaction of step (i) may be monitored by any suitable means, such as by infra-red spectroscopy. For example, the
reduction in the intensity of or the disappearance of the nitrile peak may be monitored by infra-red spectroscopy. A typical
treatment time is from about 30 minutes to 3 hours, suitably about 2 hours. Typically, at least 60% of the PAN fibres are modified
after reaction for about two hours under the reaction conditions discussed above for step (i).

[0026] In step (ii) of the method of the present invention, the modified fabric produced in step (i) is treated with an additional
base prior to conducting step (iii). It is believed that step (ii) converts those nitrile groups that remain after step (i) into carboxyl
groups, which carboxyl groups are able to absorb transition metal cations to form complexes with the iron and/or nickel cations. In
other words, the fabric is further modified in step (ii). Thus, references herein to "modified fabric" are intended to refer to fabric
comprising modified PAN fibres, i.e. wherein the PAN fibres have been subjected to steps (i) and/or (ii) (suitably steps (i) and (ii))
of the method of the present invention.

[0027] As the skilled person would appreciate, any suitable base may be used in step (ii). For example, a suitable base may be
selected from sodium hydroxide, potassium hydroxide and sodium carbonate, and mixtures thereof (such as a sodium hydroxide
solution with a concentration in the range of from 10 to 100 g/l, particularly in the range of from 20 to 40 g/l). The same or
different base may be used in steps (i) and (ii) of the method of the present invention. The base may be used in the form of a
solution, for example an aqueous solution. The base is used in step (ii) to further modify the fabric and create more ligands for
the metal cations. The base may be used to provide a pH in the range, for example, of from 6.5 to 14, particularly a pH of from 8
to 14. Suitable treatment times for step (ii) may be in the range of from 30 seconds to 60 minutes, particularly in the range of from
5 to 30 minutes.

[0028] The step (ii) may conveniently be conducted at a temperature of greater than ambient temperature, particularly at a
temperature in the range of from 25 to 130°C, more particularly at a temperature in the range of from 50 to 110°C, for example at
a temperature of about 60°C. A temperature of about 60°C for step (ii) is believed to be advantageous in a commercial process
because it provides easier handling conditions, for example in terms of safety and extended duration of the reaction.

[0029] In step (iii) of the method of the present invention, the modified fabric produced in step (ii) is treated with an aqueous
solution so as to provide the fibrous catalyst. The aqueous solution typically is an aqueous metal salt solution. The aqueous
solution comprises a sulfate salt of a first metal cation and a sulfate salt of a second metal cation, wherein the first metal cation is
selected from an iron and nickel cation, and mixtures thereof, and wherein the second metal cation is selected from a lithium,
sodium, potassium, rubidium, cesium, beryllium, magnesium, calcium, strontium, barium, zinc, cadmium, mercury, aluminium,
gallium, indium, thallium, tin, lead, antimony and bismuth cation, and mixtures thereof.

[0030] As discussed above, in one aspect of the present invention, the first metal cation is an iron cation (for example Fe2* or

Fe3+, especially F93+). The Fe3* cation is believed to form more stable complexes to the modified PAN fibres. The sulfate salt of
the first metal cation may be a sulfate salt of an iron cation, such as Feo(S04)3.xH20O wherein xis 0 or 1 or FeSO4.xH2O wherein x

is 0,1 ,4, 50r7. Iron sulfate salts are readily available and easily disposed of after use.

[0031] As discussed above, in one aspect of the present invention, the first metal cation is a nickel cation (for example Ni2+).
Thus, the sulfate salt of the first metal cation may be a sulfate salt of a nickel cation, such as NiSOg4.

[0032] As the skilled person would appreciate, the aqueous solution may, in one aspect, comprise only a sulfate salt of an iron
cation or only a sulfate salt of a nickel cation. However, in another aspect, the aqueous solution may comprise both a sulfate salt
of an iron cation and a sulfate salt of a nickel cation.

[0033] Without wishing to be bound by any theory, the iron and/or nickel cations are believed to form a complex with suitable
functional groups on the modified fabric, i.e. comprising the modified PAN fibres as discussed above. The method of the present
invention, therefore, provides a fibrous catalyst that comprises a suitable number of iron and/or nickel cations fixed to PAN fibres
(i.e. fixed to the modified PAN fibres as described herein).

[0034] The second metal cation is selected from a lithium, sodium, potassium, rubidium, cesium, beryllium, magnesium, calcium,
strontium, barium, zinc, cadmium, mercury, aluminium, gallium, indium, thallium, tin, lead, antimony and bismuth cation, and
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mixtures thereof. As the skilled person would appreciate, the second metal cations are cations of the metals belonging to Groups
1, 2,12, 13, 14 and 15 as set out in the Periodic Table of Elements (according to established IUPAC nomenclature).

[0035] Without wishing to be bound by any theory, it is believed that the second metal cations act as facilitators to fix or complex
the iron and/or nickel cations to the modified PAN fibres. Typically, the second metal cations are not believed to fix to the modified
PAN fibres or to participate directly in any reaction(s) in which the fibrous catalysts are used. However, in some cases, the second
metal cation(s) may fix or complex to the modified PAN fibres. For example when the second metal cation is a zinc cation, it is
believed that the zinc cation may fix or complex to the modified PAN fibres. As the skilled person would appreciate, the aqueous
solution may comprise only one salt of a second metal cation or may comprise a mixture of second metal cation salts.

[0036] In one aspect, the second metal cation is selected from a sodium, lithium, potassium, calcium, magnesium and zinc cation,
and mixtures thereof. In another aspect, the second metal cation is selected from a sodium, lithium, potassium and calcium cation,
more particularly selected from a sodium, potassium and calcium cation, even more particularly selected from a sodium and
calcium cation, and mixtures thereof. In another aspect, the second metal cation is selected from a sodium, lithium and potassium
cation, and mixtures thereof. In one aspect, the second metal cation is a calcium cation. In another aspect, the second metal
cation is a lithium cation. In another aspect, the second metal cation is a sodium cation.

[0037] Examples of suitable second metal salts include CaS04.0.5H,0, CaS04.2Hy0, LinsSO4.HpO, ZnSO4.7H0, NapSOy,
Na2S04.10H20, KoSO4 and/or LioSO4, particularly NapSO4 and/or NapS0O4.10H20.

[0038] The total metal cation concentration in the aqueous solution may be in the range of from 0.05 g/L to 500 g/L, such as in
the range of from 5 g/L to 100 g/L. The molar ratio of the iron and/or nickel sulfate salt to the second metal salt may be in the
range of from 1:1 to 1:12, particularly in the range of from 1:1 to 1:9, more particularly in the range of from 1:2 to 1:6, even more
particularly in the range of from 1:3 to 1:6.

[0039] The step (ii) may conveniently be conducted at a temperature in the range of from 5 to 80°C, preferably at ambient
temperature, i.e. a temperature in the range of from 10 to 30°C, particularly in the range of from 20 to 30°C, for example about
25°C. The step (iii) may conveniently be conducted at a pH in the range of from 1 to 7, particularly at a pH in the range of from 2
to 4, more particularly at a pHin the range of from 2 to 3.

[0040] The reaction of step (iii) may be monitored by any suitable means, for example by atomic absorption spectroscopy. For
example, the uptake of the iron and/or nickel cation by the modified PAN fibres may be monitored by atomic absorption
spectroscopy. Typically, the reaction of step (iii) is complete after about 2 hours under the reaction conditions discussed above
for step (iii). A typical treatment time for step (iii) is from about 30 minutes to 18 hours, particularly from about 1 to 6 hours, more
particularly from about 2 to 3 hours.

[0041] Typically, the fabric is washed between each of the steps (i) to (iii) of the method of the present invention. For example,
the fabric may be washed with water, for example with distilled water. The washing step substantially removes residual reagents
present from the previous reaction step(s). Typically, after step (iii), the fibrous catalyst is dried before use. The catalyst may be
dried using any conventional means, for example at temperatures up to 105°C.

[0042] Any fabric comprising PAN fibres may be used in the present invention. The references herein to a fabric may refer simply
to an arrangement of one or more PAN fibres. In one aspect of the invention, the fabric that comprises PAN fibres is a knitted
fabric, such as a fibrous knitted mesh. Thus, in this aspect, the PAN fibres/yarn must be capable of being knitted. The knitted
fabric may be prepared by any suitable method known in the art. For example, the fabric may be knitted using conventional
equipment using the "polufang" (half-cardigan structure) knitting method, which method is identifiable by British Standard
5441:1998 and would be well known to a person skilled in the art.

[0043] The PAN fibres may be complex PAN fibres and may be prepared by any suitable method known to a person skilled in the
art. For example, the PAN fibres may be prepared according to Russian Standard 6-0602-80.

[0044] The fabric may comprise one or more inert mono-fibres in addition to the PAN fibres. The inert mono-fibres preferably
should be capable of being knitted and act as a support for the PAN fibres, so as to provide a fibrous catalyst that is self-
supporting. Without wishing to be bound by any theory, the inert mono-fibres are not believed to participate directly in any
reaction(s) in which the fibrous catalysts are used. The inert mono-fibres may be any suitable fibres known to a person skilled in
the art. For example, suitable inert mono-fibres include polypropylene fibres (such as polypropylene fibres made according to
Russian Standard 6-06-537-87).
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[0045] When the knitted fabric comprises one or more inert mono-fibres, any suitable weight ratio of PAN fibres to inert mono-
fibres may be used. It is preferred that the knitted fabric comprises a higher proportion of PAN fibres than inert mono-fibres. This
is because the inert mono-fibres are not believed to participate in any reaction(s) in which the fibrous catalysts are used. For
example, the knitted fabric may comprise the PAN fibres and the inert mono-fibres in a weight ratio in the range of from 90:10 to
10:90, particularly 75:25 to 25:75 and more particularly 60:40 to 40:60.

[0046] In one aspect of the invention, there is provided a method for preparing a fibrous catalyst for the treatment of a waste
stream, the method comprising the steps of:

1. (i) treating a fabric comprising polyacrylonitrile fibres with a hydrazine salt selected from hydrazine sulfate and dihydrazine
sulfate (especially dihydrazine sulfate) and hydroxylamine sulfate in the presence of a base to provide a modified fabric;

2. (i) treating the modified fabric with a base; and

3. (iii) treating the modified fabric with an aqueous solution comprising a sulfate salt of an iron cation and a sulfate salt of a
second metal cation, wherein the second metal cation is selected from a lithium, sodium, potassium, magnesium, calcium
and zinc cation, and mixtures thereof.

[0047] In another aspect of the invention, there is provided a method for preparing a fibrous catalyst for the treatment of a waste
stream, the method comprising the steps of:

1. (i) treating a fabric comprising polyacrylonitrile fibres with a hydrazine salt selected from hydrazine sulfate and dihydrazine
sulfate (especially dihydrazine sulfate) and hydroxylamine sulfate in the presence of a base to provide a modified fabric;

2. (ii) treating the modified fabric with a base; and

3. (iii) treating the modified fabric with an aqueous solution comprising a sulfate salt of a nickel cation and a sulfate salt of a
second metal cation, wherein the second metal cation is selected from a lithium, sodium, potassium, magnesium, calcium
and zinc cation, and mixtures thereof.

[0048] In another aspect of the invention, there is provided a method for preparing a fibrous catalyst for the treatment of a waste
stream, the method comprising the steps of:

1. (i) treating a fabric comprising polyacrylonitrile fibres with a hydrazine salt selected from hydrazine sulfate and dihydrazine
sulfate (especially dihydrazine sulfate) and hydroxylamine sulfate in the presence of a base to provide a modified fabric;

2. (ii) treating the modified fabric with a base; and

3. (iii) treating the modified fabric with an aqueous solution comprising a sulfate salt of an iron cation and a sulfate salt of a
second metal cation, wherein the second metal cation is selected from a lithium, sodium, potassium and calcium cation, and
mixtures thereof (especially the second metal cation may be selected from a lithium, sodium and calcium cation, more
especially from a sodium and calcium cation, and mixtures thereof, even more especially the second metal cation may be a
sodium cation).

[0049] In another aspect of the invention, there is provided a method for preparing a fibrous catalyst for the treatment of a waste
stream, the method comprising the steps of:

1. (i) treating a fabric comprising polyacrylonitrile fibres with a hydrazine salt selected from hydrazine sulfate and dihydrazine
sulfate (especially dihydrazine sulfate) and hydroxylamine sulfate in the presence of a base to provide a modified fabric;

2. (ii) treating the modified fabric with a base; and

3. (iii) treating the modified fabric with an aqueous solution comprising a sulfate salt of a nickel cation and a sulfate salt of a
second metal cation,

wherein the second metal cation is selected from a lithium, sodium, potassium and calcium cation, and mixtures thereof (especially
the second metal cation may be selected from a lithium, sodium and calcium cation, and mixtures thereof, more especially the
second metal cation may be a sodium cation).

[0050] The method of the present invention may be conducted in any suitable reactor. Preferably, the method is conducted in a
suitable dye bath reactor (i.e. a reactor typically used for dying fabric). In particular, the method may be conducted in a
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commercial dye bath with rollers arranged for passing the fabric through the dye bath in which the treatment(s) are conducted. An
example of a suitable dye bath reactor is a URGNANO-BERGAMO MCS, WRT 3 reactor (made in ltaly). Typically, a dye bath
reactor comprises a cylindrical drum lying on its side and the body of the reactor is made of stainless steel (such as stainless
steel 316). Typically, a dye bath reactor is equipped with suitable means for monitoring a reaction, such as a temperature sensor
and regulator, a pressure sensor and a flow meter. A dye bath reactor may also include a programmable interface (for example
for defining temperature programmes and/or automating the dosage of reagents) and may also include one or more heat
exchangers for cooling the reactor when required.

[0051] References herein to aqueous solutions are intended to refer to solutions in a suitable solvent or diluent comprising at
least 40%, particularly at least 50%, by volume of water. In particular, the solvent or diluent is water. Additionally, the skilled
person would appreciate that such solutions include the component(s) thereof (for example metal salt(s)) substantially dissolved
therein but that minor amounts of the component(s) may be present as a suspension in the solvent or diluent. Additionally, a
proportion of the component(s) may become suspended in the solvent or diluent as the method step(s) of the present invention
are conducted.

[0052] The fibrous catalysts made according to the method of the present invention are suitable for treating a waste stream. The
references to the treatment of a waste stream are intended to refer to the conversion of an undesired, potentially harmful, "waste"
compound contained in the waste stream into a new derivative that typically is at least less harmful and/or easier to dispose of. In
some cases, the new derivative formed may be useful in another process and/or application and may be isolated and/or collected
for further use. When this is not the case, the new derivative that is formed typically will be collected and/or disposed of in any
suitable manner.

[0053] Typically, the fibrous catalysts do not convert 100% of the "waste" compound into the new derivative. As the skilled
person would appreciate, the percentage conversion will depend on a number of factors, including the particular fibrous catalyst
selected and the composition of the waste stream being treated. It is expected that the fibrous catalysts prepared according to the
method of the present invention will generally convert from about 50% to about 100% by weight of the "waste" compound into the
new derivative.

[0054] As discussed above, the method of the present invention provides a fibrous catalyst having increased loading of iron
and/or nickel cations fixed to the PAN fibres. It is believed that this increase in loading should increase the number of active sites
on the catalyst and hence improve catalytic activity and/or extend the lifetime of the catalyst.

[0055] The fibrous catalysts prepared according to the method of the present invention are suitable for treating a wide variety of
waste streams comprising virtually any undesired organic compound(s). For example, they may be used to treat waste streams
originating from the chemical, pharmaceutical, petroleum chemical, textile, pulp, leather, agro-chemical, furniture manufacturing
and photo-processing industries, for example comprising virtually any undesired organic compound(s). In particular, the fibrous
catalysts may be used to treat waste streams containing one or more dyes, for example waste streams containing one or more
dyes and which originate from the textile or chemical industries.

[0056] A fibrous catalyst prepared according to the method of the present invention as hereinbefore defined can be used in the
treatment of a waste stream. The waste stream may comprise one or more organic compounds, such as one or more organic
compounds selected from sulfides, thiols, dyes, phenols (including bisphenols, nonylphenols and aminophenols), amines,
phenylenediamines, triethanol amine, ethylenediamine and tetraacetic acid (for example one or more organic compounds
selected from sulfides, dyes, phenols, nonylphenols, aminophenols, amines, phenylenediamines, ftriethanol amine,
ethylenediamine and tetraacetic acid). The fibrous catalyst typically is used in the presence of an oxidant.

[0057] It can be a method of treating a waste stream, the method comprising contacting the waste stream with a fibrous catalyst
prepared according to the method of the present invention in the presence of an oxidant. The method of treating a waste stream
can comprise the steps of preparing a fibrous catalyst according to the method discussed above and of contacting the waste
stream with the fibrous catalyst in the presence of an oxidant. The waste stream may comprise one or more organic compounds,
such as one or more organic compounds selected from sulfides, thiols, dyes, phenols (including bisphenols, nonylphenols and
aminophenols), surfactants, amines, phenylenediamines, triethanol amine, ethylenediamine and tetraacetic acid (for example one
or more organic compounds selected from sulfides, dyes, phenols, nonylphenols, aminophenols, amines, phenylenediamines,
triethanol amine, ethylenediamine and tetraacetic acid).

[0058] Any suitable oxidant may be used in the above described use/method. Suitable oxidants include oxygen (such as
atmospheric oxygen), ozone and peroxygen compounds (such as hydrogen peroxide). Typically, it is sufficient to contact the
waste stream with the fibrous catalyst in air, with the oxygen in the air acting as the oxidant. The oxidant may be delivered using



DK/EP 2192980 T3

any suitable means. The particular means of delivering the oxidant will depend on the waste stream being treated and the
conditions applied. For example, the oxidant may be delivered by bubbling air or oxygen through the waste stream.

[0059] The oxidant may, for example, be a peroxygen compound. Examples of suitable peroxygen compounds include hydrogen
peroxide, hydrogen peroxide liberating compounds, hydrogen peroxide generating compounds, organic and inorganic
peroxyacids and salts thereof, and mixtures thereof. For example, hydrogen peroxide liberating compounds include alkali metal
peroxides, organic peroxide bleaching compounds such as urea peroxide and inorganic persalt bleaching compounds such as the
alkali metal perborate, percarbonates, perphosphates and persulfates. Organic peroxyacids include compounds containing one
or more peroxycarboxyl groups (i.e. -C(O)-O-OH), such as peracetic acid, performic acid and perpropionic acid. Further suitable
oxidants include peroxyheptanoic acid, peroxynonanoic acid, perlauric acid, monoperglutaric acid, diperglutaric acid,
succinylperoxide, derivatives of perbenzoic acid, magnesium salts of peroxyphthalate, peracid powders (for example made in situ
by adding water to mixtures of organic acid reservoirs to hydrogen peroxide reservoirs such as sodium peroxde, benzoyl
peroxide, t-butyl hydroperoxide), permanganates such as potassium permanganate, calcium peroxide and monoperoxy-suffuric
acid, and mixtures thereof.

[0060] The above described use/method may be conducted under any suitable conditions, such as any suitable temperature
and pH. As the skilled person would appreciate, the preferred conditions for a particular use/method will depend on a number of
factors, such as the particular waste stream being treated and the fibrous catalyst used. Typically, a preferred pH is in the range
of from 2 to 12.

[0061] Suitably, the fibrous catalyst may be contacted with the waste stream by means of a fluid medium. The fluid medium may
be liquid or gaseous. As a person skilled in the art would appreciate, the fluid medium may comprise the waste stream and/or one
or more additional solvents and/or carriers.

[0062] Typically, the waste stream is in the form of a fluid, which may be liquid or gaseous. In one aspect of the invention, the
waste stream is in the liquid phase. For example, the liquid waste stream may be aqueous or organic based. The references
herein to liquids include gels and pastes. The references herein to gases include vapours.

[0063] The waste stream may originate from any relevant process or industry, for example the waste stream may originate from
the chemical, pharmaceutical, petroleum chemical, agro-chemical, textile, pulp, leather, furniture manufacturing or photo-
processing industry, particularly from the textile or photo-processing industry.

[0064] Examples of dyes that may be treated using the fibrous catalyst of the present invention include anthraquinone dyes,
such as Acid Blue 45 and Natural Red 4, and azo dyes, such as Cetacid red 4G. Examples of phenol compounds that may be
treated using the fibrous catalyst of the present invention include nonylphenol (for example 4-nonylphenol), as well as bisphenols
(for example bisphenol A). Examples of sulfide compounds that may be treated using the fibrous catalyst of the present invention
include dialkylsulfides (for example diethylsulfide). Examples of thiol compounds that may be treated using the fibrous catalyst of
the present invention include alkylthiols (for example ethyl mercaptan and butylmercaptan). Examples of surfactants that can be
treated using the fibrous catalyst of the present invention are anionic surfactants (for example dodecylbenzenesulfonate) or non-
ionic surfactants, such as alcohol ethoxylates (for example (C9-C11)alkylalcohol ethoxylate)

[0065] The invention will now be illustrated by the following non-limiting examples in which, unless stated otherwise:

1. (a) temperatures are given in degrees Celsius (°C);

2. (b) operations were conducted at room or ambient temperature, that is a temperature in the range of from 18 to 25°C,
unless otherwise stated;

3. (c) chemical symbols have their usual meanings;

4. (d) Sl symbols and units are used; and

5. (e) Ultra-violet/Visible spectra were recorded on a UNICAM UV2-100 spectrophotometer.

Comparative Example

[0066] Fabric consisting of polyacrylonitrile (PAN) complex fibres and polypropylene (PP) inert mono-fibres was knitted in the
same way as reported in GB-A-2,346,569. The fabric was modified in a three-stage process.
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[0067] At the first treatment stage, 30 g of fabric was immersed into an autoclave containing 800 ml of an aqueous solution of 30
g/l hydrazine dihydrochloride, 42 g/l hydroxylamine monohydrochloride and sodium hydroxide in the amount required for a pH of
9.5. The fabric was maintained at a temperature of from 101 to 102°C for 2 hours, then it was taken out and washed with distilled
water. At the second treatment stage, the fabric was treated for 30 seconds with boiling aqueous sodium hydroxide solution
having a concentration of 50 g/l followed by subsequent washing with distilled water. The ratio of the solution mass and knitted
mesh mass was equal to 800 ml/30 g. At the third treatment stage, the fabric (30 g) was immersed into 1050 ml of an aqueous
metal salts solution containing FeCl3.6H2O and either Ca(NO3)2.4HyO, Mg(NO3)2.6H20, LioSO4.H)O or ZnSO4.7HpO as

described in Table 1 below for 19 hours. The catalyst was then ready to use after washing with distilled water and drying at room

temperature.
Table 1 Comparative Examples 1 to 12
Comparative Concentration of the metal in the solution, Concentration of the metal on the fibre, mmol/g
Example mmol/(100 ml) of fibre
1 Fe3+-3.19 0.115
Caz2+-9.50 0.000
2 Fe3+-6.40 0.046
Ca2+-6.40 0.000
3 Fe3+-9.50 0.033
Ca2+-3.19 0.000
4 Fe3+-3.19 0.115
Ca2+-9.50 0.000
5 Fe3+-6.40 0.115
Ca2+-11.63 0.000
6 Fe3+-6.40 0.115
Mg2t- 12.45 0.000
7 Fe3+-6.40 0.078
Li+-11.63 0.000
8 Fe3+-6.40 0.023
Zn2+-11.63 0.090
9 Fe3+-3.19 0.386
Li+-19.0 0.000
10 Fe3+-3.19 0.294
Zn2+-9.50 0.180
11 Fe3+-6.40 0.051
Ca2+-11.63 0.000
12 Fe3+ 6.40 0.115
Ca2+-9.50 0.000
Example 1

[0068] In Example 1, the fibrous catalyst was prepared in a URGNANO- BERGAMO MCS, WRT 3 reactor (made in ltaly). This
reactor is a model dye bath reactor typically used for the dying of fabric. The reactor is in the form of a cylindrical drum lying on its

side. The body of the reactor is made of stainless steel 316 and the reactor is equipped with a temperature sensor and regulator,
pressure sensor and a flow meter. The reactor has a programmable interface (that makes it possible to define temperature
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programmes and automate the dosage of chemicals) and has heat exchangers for cooling of reactor when required.

Step (i) - Modification

[0069] The reagents and quantities used in step (i) are set out in Table 2 below.
Table 2 Reagents and Quantities used in Step (i) Modification

Chemical Quantity

Water 600 L

Dihydrazine sulfate 15.666 kg

Hydroxylamine sulfate 32.478kg

Sodium hydroxide 22.2695 kg

PAN mesh (normal) 16.75 kg, 25 m long x 2.2 m wide

[0070] The reactor was filled with about 600 L of water. Then 13.9 kg of dihydrazine sulfate and 29.76 kg of hydroxylamine
sulfate were added, followed by mixing. The pH of the solution was then adjusted to 9.4 using the side dosage unit. This was
achieved by initially putting 19 Kg of NaOH (solid pellets) into the solution, followed by step wise addition of NaOH (solid pellets)
accompanied by pH verification until the desired pH was attained. A sample of the start up modifying solution was then collected in
order to determine actual initial concentration of reagents (dihydrazine sulfate and hydroxylamine sulfate).

[0071] The mesh (which was knitted in the form of a close loop with a radius of about 0.35 m) was first cut to obtain a sheet of
width 2.2 m. About 16.75 kg of the mesh was then loaded into the reactor. The reactor was closed and the temperature raised
from 26°C to 100°C in 33 minutes. The speed of rotation of the mesh in the reactor was set to 150 metres/minute. The
temperature of the solution in the reactor was manually maintained at 97 to 102°C for two hours. The reactor was then cooled for
15 minutes to a temperature of 60°C. Samples of the used solution were collected for analysis, and the reactor was then drained.
The maximum pressure during the modification was 6 Psi (0.4 bar).

[0072] The mesh was washed in a batch process, four times each with 600 L of water (5 minutes per batch) and liquid samples
after each wash were collected. The rotation of the mesh in the reactor during the batch washing process was 145 metres/minute.
A qualitative test was used to monitor the amount of hydrazine in solution in order to determine the washing end point. The
determination of hydrazine was based on the reaction of hydrazine with 4-dimethylamino benzaldehyde (DAB) to form a yellow dye
(Wavelength of maximum absorption in the UV/VIS region for hydrazine/DAB is 425nm). The test consisted of solutions of 4-
dimethyl amino benzaldehyde prepared in the lab and bottled. Solutions of DAB containing known concentrations of hydrazine
were pre-prepared to aid visual comparison of colour intensities. After four batch washes, a sample of mesh was collected by
cutting across its entire width.

[0073] The modification process resulted in an observable change in colour of the mesh from white, through orange to yellow
The colour of the mesh at the end of modification step (i) was very uniform suggesting a homogenous modification of site as well
as good mixing.

Step (ii) - Modification

[0074] The reagents and quantities used in step (ii) are set out in Table 3 below.
Table 3 Reagents and Quantities used in Step (ii) Modification

Chemical Quantity
Water 600 L
Sodium hydroxide 15kg

[0075] The mesh was left in position in the reactor after the step (i) modification. The reactor containing the mesh was fed with
600 L of water and the temperature was raised to 50°C. This was followed by the gradual addition of 15 kg of NaOH (solid pellets)
by means of the side dosage unit. This process was performed very slowly and with care as NaOH fumes were produced during

10
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the exothermic reaction of NaOH and water. The reactor was then heated up to 60°C and maintained in isothermal conditions
(temperature of 60+°C) for 15 minutes. Washing of the mesh was performed by over flow washing for 20 minutes (i.e. by which a
continuous flow of water was washed over the mesh in the reactor whilst the mesh was in constant rotation in the reactor) and a
sample of mesh was collected for analysis.

[0076] Visual observation of the step (ii) modified mesh showed a very homogenous colour, suggesting a homogenous
modification of site as well as good mixing.

Step (iii) - Impregnation

[0077] The reagents and quantities used in step (iii) are set out in Table 4 below.
Table 4 Reagents used in Step (iii) Impregnation

Chemical Quantity
Water 600 L
Ferric sulfate monohydrate (Feo(SO4)3.H20) 3.47 kg
Calcium nitrate tetrahydrate (Ca(NO3)0.4Ho0) 13.5kg

[0078] The reactor was fed with 600 L of water followed by the addition of 3.47 kg of ferric sulfate monohydrate and 13.5 kg of
calcium nitrate tetrahydrate. The reactor was closed and the rotation of the mesh set at 140 metres per minute. After a reaction
time of one hour, a sample of mesh was collected for analysis. The duration of overall impregnation was 2 hours. After the
impregnation process, a liquid sample was collected to analyse the residual iron in solution. The mesh was flow washed for 20
minutes followed by four batch washes of 5 minutes each with a 600 L wash volume. Wash solutions were collected for analysis.
The mesh was dried by blowing warm air through at a temperature of about 50°C. The impregnated mesh had a homogeneous
colour.

[0079] The iron content on the modified and impregnated PAN fibres of the mesh was determined as follows:

The dried mesh was thoroughly washed in the lab until there were no brown spots on drying tissue (brown spots believed to
signify leached iron). The total amount of iron found on the modified and impregnated PAN fibres was then determined by
removing the fibres from the mesh and desorbing the iron from the fibres in concentrated HCI (37% ACS grade) at 150°C for 2
hours. This was achieved by putting about 0.1g of modified and impregnated PAN yarn in reaction vials, followed by the addition
of 10 ml of 37% HCI (aqueous). The samples were then heated at 150°C for 2 hours. The samples were each filtered using
Whatman filter paper grade 54 and were then diluted up to 100 ml with distilled water and analysed for iron content by atomic
absorption spectroscopy (AAS). The atomic absorption spectrometer used was the Perkin Elmer AAnalyst 200 series equipped
with four lamps. The instrument set at a wavelength of 248.33 nm, slit of 1.8/1.35, with air as oxidant at a flow rate of 10.00 Umin,
and acetylene at flow rate of 2.50 Umin. The integration time was set to 3 seconds and three replicates of each sample measured.
The lamp selected for the analysis was the iron Lamp. The results are presented in Table 5.

Table 5 Iron concentration on Mesh

Sample Weight of {concentration in Iron Average iron

imregralon o deale— [repetion |18 0Tl
immediately** [mg]x102/L of fibre] deviation)

2 later* 1 0.1005 §2.9300 0.5220 0.4956 (0.0248)

2 later* 2 0.1015 §2.7890 0.4920

2 later* 3 0.1021  §2.6960 04728

2 immediately™ {1 0.1020 §2.9750 0.5222 0.5287 (0.0174)

2 immediately™ {2 0.1009 §3.0900 0.5483

2 immediately*™ {3 0.1014 §2.9190 0.5154

*Sample dried 24 hours after washing

**Sample dried immediately after washings

11
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[0080] The mesh that was dried immediately after washing (i.e. without wet storage) has a slightly higher iron content than the
mesh that was dried after 24 hours. There is no significant difference in the total iron content between samples impregnated for
one hour and those impregnated for two hours. Additionally, there is no significant difference in the amount of iron on the mesh
dried immediately and that dried after wet storage.

[0081] A comparison of the iron contents shown in Table 5 with the comparative examples shown in Table 1 shows that the mesh
impregnated with ferric sulfate (Example 1) has a higher iron content higher than that obtained when the mesh is impregnated
using ferric chloride (Comparative Examples 1 to 12).

[0082] Results of iron leached after exposure to a 0.05 % EDTA sodium salt at pH 5 is presented in Table 6. An iron leaching of
0.0915 mmol/g was obtained for mesh impregnated for two hours and dried immediately, of 0.0935 mmol/g for mesh impregnated
for two hours but dried after wet storage for 24 hours and of 0.2747 mmol/g for mesh impregnated for 1 hour and dried after wet
storage for 24 hours. There is no significant difference between the meshes impregnated for two hours, with or without wet

storage.
Table 6 Strength of iron fixation on the mesh

Sample Weight of {Concentration in Iron Average value of iron

: ; ; " fibre [g] {solution of iron removed removed from fibre
I t D details - {Repetit
tﬂp;(a(ﬂgirgn drri}gggllat;ar? IO? epetition removed from fibre §from fibre [mmol/g of fibre]
immediately** by EDTA mgx102/L {[mmol/g of §(standard deviation)
fibre]

2 later* 1 0.1006 §0.5275 0.0940 0.0935

2 later* 2 0.1002 §0.5205 0.0931 (0.00062)

2 immediately™ {1 0.1008 §0.5170 0.0919 0.0915

2 immediately*™ {2 0.1025 {0.5215 0.0912 (0.00052)

*Sample dried 24 hours after washing
**Sample dried immediately after washings

[0083] It can be seen from a comparison of Tables 1 and 5 that the fibrous catalysts prepared according to the method of the
present invention (i.e. using an iron sulfate salt in the impregnation step) provide increased loading of iron on the PAN fibres.
Additionally, Table 6 shows that the iron in the fibrous catalysts prepared according to the method of the present invention (i.e.
using an iron sulfate salt in the impregnation step) is fixed strongly to the modified fibres.

Catalytic activity testing

[0084] The catalyst prepared as described above in Example 1 which had been dried immediately after washing was tested for
catalytic activity towards the oxidative decomposition of Bisphenol A (hereinafter "BPA").

[0085] The conditions of the decomposition reaction were as follows:

Catalyst to liquor ratio: 1.2 g/ 50 ml, [BPA] 10 ppm, [H202] 50 ppm, initial pH 3.0, temperature 30°C. The reaction was performed

in a carousel reactor (Radleys) equipped with a temperature controller and a magnetic stirrer.

[0086] Bisphenol A was quantified by high performance liquid chromatography (HPLC series 200, Perkin Elmer) equipped with
column Phenomenex Gemini (C18, 5 pm). Instrumental set up was as follows: mobile phase: acetonitrile/water (70/30 v/v),
wavelength 280 nm, flow rate 1.0 mL/min.

[0087] Results of the activity of the catalyst in the decomposition of bisphenol A in the presence of hydrogen peroxide are
presented in Tables 7 to 9 and in Figure 1.
Table 7 Decomposition of BPA as a function of time in the presence of the catalyst of Example 1 and hydrogen peroxide: Cycle 1

Time (minutes)j  Replicate 1 Concentration of BPA Replicate 2 Concentration of BPA % of BPA
remaining (ppm) remaining (ppm) decomposed
0 11.34 11.34 0.0

12
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Time (minutes)j  Replicate 1 Concentration of BPA Replicate 2 Concentration of BPA % of BPA
remaining (ppm) remaining (ppm) decomposed
20 2.31 2.08 80.0
40 0.51 0.33 96.0
60 0.15 0.07 99.0
80 0.04 0.01 99.8
Table 8 Decomposition of BPA as a function of time in the presence of the catalyst of Example 1 and hydrogen peroxide: Cycle 2
Time (minutes)]  Replicate 1 Concentration of BPA Replicate 2 Concentration of BPA % of BPA
remaining (ppm) remaining (ppm) decomposed
0 10.3 10.30 0.0
5 6.28 7.50 33.0
15 5.15 5.27 49.0
25 4.28 2.66 66.0
35 1.82 1.10 86.0
45 0.78 0.33 94.6
55 0.21 0.09 98.5
Table 9 Decomposition of BPA as a function of time in the presence of the catalyst of Example 1 and hydrogen peroxide: Cycle 3
Time (minutes)] Replicate 1 Concentration of BPA Replicate 2 Concentration of BPA % of BPA
remaining (ppm) remaining (ppm) decomposed
0 10.30 10.30 0.0
5 8.77 7.26 222
15 6.55 3.81 49.7
25 3.30 141 77.0
35 1.22 0.36 92.0
50 0.21 0.00 99.0

[0088] Figure 1 shows the Bisphenol A concentration as a function of time in the presence of the catalyst of Example 1 prepared
using iron sulfate/calcium nitrate (all cycles).

Example 2

[0089] Mesh modified in steps (i) and (ii) in the reactor as described above in Example 1 were impregnated in the laboratory with
a solution of either iron (lll) sulfate and sodium chloride, iron (lll) sulfate and sodium sulfate or iron(lll) chloride and calcium nitrate.
The salts used were Fep(S04)3.HpO, FeCl3.6H0, NaCl, Nag(SO4), Ca(NO3)2.4Hx0.

[0090] Conditions for impregnation were as follows:

Fibre to liquor ratio: 1.2 g in 100 ml, therefore about 2.15 g of mesh was impregnated in 110 ml. Pieces of mesh (2.15g)
containing modified fibres (1.32g) from step (ii) of the production process were placed in beakers with a solution (110ml) of either
iron (lll) sulfate/sodium chloride, iron (lll) sulfate/sodium sulfate or iron(lll) chloride /calcium nitrate salts, covered with paraffin film
and stirred with magnetic stirrer for 2 hours at room temperature. The pH of the solution was not adjusted. After 2 hours mesh
samples were removed from the beakers and washed thoroughly with distilled water to ensure removal of all traces of iron
solution. The amount of iron (lll) present in the solution was 30 mmoles for iron (lll) sulfate salts and 27.8 mmol for iron(lll) chloride
salt.

[0091] Table 10 below is for comparative purposes and shows the iron content on mesh samples modified in the reactor in steps
(i) and (ii) and impregnated in the laboratory with solutions of iron(lll) chloride /calcium nitrate wherein the ratio of the iron salt to
the calcium salt is in the molar ratio of 1:3. Duration of impregnation is 2 hours. The method of measuring the iron content is as
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described above.
Table 10 Iron content on mesh* impregnated in laboratory with iron(lll) chloride /calcium nitrate

Sample Molar ratio Fe:Ca {Weightof {Amountofiron Amountof  {Amount ofiron jAverage amount of

number inimpregnation fibre (g) dissolved from ironon 1 on1goffibre {ironon1 g offibre
solution fibre (mg) (mg) (mmol) (mmol)

1a 1:3 0.0945 1.634 17.29 0.310

1b 1:3 0.0940 - - - 0.309

1c 1:3 0.0959 1.651 17.22 0.308

2a 1:3 0.0922 1.695 18.38 0.329

2b 1:3 0.0930 1.740 18.71 0.335 0.334

2c 1:3 0.0959 1.814 18.91 0.339

*mesh derived from modification in dye bath reactor for steps (i) and (ii)

a, b and ¢ are replicates from the same impregnation batch

1 and 2 are from different impregnation batches

[0092] Table 11 below shows the iron content on mesh samples modified in the reactor in steps (i) and (ii) and impregnated in
the laboratory with solutions of iron(lll) sulfate/sodium sulfate wherein the ratio of the iron salt to the sodium salt is in the molar
ratio of 1:3 to 1:20. Duration of impregnation is 2 hours. The method of measuring the iron content is as described above.

Table 11 Iron content on mesh* impregnated in laboratory with iron(lll) sulfate/sodium sulfate

Sample Molar ratio Fe:Na §Weight of {Amount of Fe Amount of Fe on {Amountof Fe  jAverage

number in impregnation fibre (g) {dissolved fromfibre1 g of fibre (mg) jon 1 g offibre {jamount of Fe on
solution (mg) (mmol) 1 g offibre

(mmol)

1a 1:3 0.1053 3.941 37.43 0.670 0.654

1b 1:3 0.1062 3.985 37.52 0.638

2a 1:3 0.1073 4.355 40.59 0.727 0.723

2b 1:3 0.0983 3.945 40.13 0.719

3a 1.6 0.1038 3.485 33.57 0.601 0.597

3b 1:6 0.0958 3.170 33.09 0.592

4a 1.6 0.0967 3.638 37.62 0674 0.680

4b 1:6 0.0955 3.658 38.30 0.686

5a 1:12 0.0963 2814 29.22 0.523 0.525

5b 1:12 0.0951 2.796 29.40 0.526

6a 1:12 0.0929 3.274 35.24 0.631 0.622

6b 1:12 0.0942 3.220 34.18 0612

7a 1:20 0.0952 3.218 33.80 0.605 0.602

7b 1:20 0.0918 3.059 33.32 0.597

8a 1:20 0.0931 3.125 33.57 0.601 0.586

8b 1:20 0.0961 3.084 32.09 0.575

*mesh derived from modification in dye bath reactor for steps (i) and (ii) samples a and b are replicates from the

same impregnation batch samples 1, 3, 5 and 7 are a different impregnation batch from samples 2, 4,6 and 8

[0093] Table 12 below shows the iron content on mesh samples modified in the reactor in steps (i) and (ii) and impregnated in
the laboratory with solutions of iron(lll) sulfate/sodium chloride wherein the ratio of the iron salt to the sodium salt is in the molar
ratio of 1:6 to 1:20. Duration of impregnation is 2 hours. The method of measuring the iron content is as described above.

Table 12 Iron content on mesh* impregnated in laboratory with iron(lll) sulfate/sodium chloride

14



DK/EP 2192980 T3

Sample {Molar ratio Fe:Na inj{ Weight of Amount of Fe Amount of Fe { Amount of Fe on Average
number impregnation fibre (g) {dissolved from fibre{ on 1 g of fibre 1 g offibre amount of Fe on
solution (mg) (mq) (mmol) 1 g offibre
(mmol)

1a 1:3 0.0978 3.611 36.92 0.661 0.661

1b 1:3 0.1004 - - -

2a 1:3 0.0960 3.679 38.32 0.686 0.678

2b 1:3 0.0945 3.534 37.39 0.670

3a 1:6 0.0973 3455 35.51 0.636 0.640

3b 1:6 0.1003 3.606 35.95 0.644

4a 1:6 0.0962 3.566 37.07 0.664 0.662

4b 1:6 0.1005 3.700 36.82 0.659

5a 1:10 0.0977 2.441 2498 0.447 0.463

5b 1:10 0.0961 2.565 26.69 0.478

6a 1:10 0.0950 2.401 25.28 0.453 0.458

6b 1:10 0.1026 2.651 25.83 0.463

*mesh derived from modification in dye bath reactor for steps (i) and (ii)

samples a and b are replicates from the same impregnation batch

samples 1, 3, 5 and 7 are a different impregnation batch from samples 2, 4, 6 and 8

[0094] From Tables 10 to 12 it can be seen that increased iron content is achieved using iron sulfate in comparison to iron
chloride as an impregnation salt and that this is enhanced using sodium in comparison to calcium as the second cation. Suitable
molar ratios of iron to second metal cation are 1:3 to 1:6.

Example 3

[0095] In Example 3, the fibrous catalyst was prepared in a URGNANO- BERGAMO MCS, WRT 3 reactor (made in ltaly) as
described in Example 1. Steps (i) and (ii) are the same as described in Example 1 and step (iii) described below is an
impregnation with a mixture of iron (lll) sulfate monohydrate and sodium sulfate decahydrate.

Step (iii) - Impregnation

[0096] The reagents and quantities used in step (iii) are set out in Table 13 below.
Table 13 Reagents used in Step (iii) Impregnation

Chemical Quantity
Water 600 L

Ferric sulfate monohydrate 3.47 kg
Sodium sulfate decahydrate 8.88 kg

[0097] The reactor was fed with 600 L of water followed by the addition of 3.47 kg of ferric sulfate monohydrate and 8.88 kg of
sodium sulfate decahydrate. The reactor was closed and the rotation of the mesh set at 140 metres per minute. After a reaction
time of one hour, a sample of mesh was collected for analysis. The duration of overall impregnation was 2 hours. After the
impregnation process, a liquid sample was collected to analyse the residual iron in solution. The mesh was flow washed for 20
minutes followed by four batch washes of 5 minutes each with a 600 L wash volume. Wash solutions were collected for analysis.
The mesh was dried by blowing warm air through at a temperature of about 50°C. The impregnated mesh had a homogeneous
colour.

[0098] The iron content on the modified and impregnated PAN fibres of the mesh was determined as for Example 1 above and
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the results are presented in Table 14. Results of iron leached after exposure to a 0.05 % EDTA sodium salt at pH 5 is also
presented in Table 14. An iron leaching of 0.0495 mmol/g yarn was obtained for mesh impregnated for two hours and dried
immediately.

Table 14 Iron fixation and loading

Sample Total Fe (mmol/g yarn)
0.6718 (0.0069%)

* standard deviation

Leached iron (mmol/g yarn)
0.0495 (0.0009%)

% iron leached
7.3634

Example 3

[0099] A comparison of the iron content shown in Table 14 with those of the Comparative Examples (1 to 12) in Table 1 shows
that the mesh impregnated with iron sulfate/sodium sulfate has a higher iron content higher than that obtained when the mesh is
impregnated using iron chloride and either calcium nitrate, magnesium nitrate, lithium nitrate or zinc nitrate. A comparison of the
iron content shown in Table 14 with that of Example 1 shown in Table 5 shows that the mesh impregnated with iron sulfate/sodium
sulfate has a higher iron content than that obtained when the mesh is impregnated using iron sulfate/calcium nitrate (i.e. in
Example 1). A comparison of Tables 1 and 5 shows that the fibrous catalyst prepared according to the method of the present
invention (i.e. using an iron sulfate salt in the impregnation step) provides increased loading of iron on the (modified) PAN fibres.
Additionally, Table 14 shows that the iron in the fibrous catalysts prepared according to the method of the present invention
(especially using an iron sulfate and sodium sulfate salts in the impregnation step) is fixed strongly to the modified fibres.

Catalytic activity testing

[0100] Testing for catalytic activity of the mesh prepared according to Example 3 was performed as described in Example 1 and
the result shown in Tables 15 to 17 and Figure 2.

Table 15 Decomposition of BPA as a function of time in the presence of the catalyst of Example 3 and hydrogen peroxde: Cycle 1

Time (minutes){ Replicate 1 Concentration of BPA Replicate 2 Concentration of BPA % of BPA
remaining (ppm) remaining (ppm) decomposed
0 10.75 10.75 0.0
5 8.62 478 37.7
15 6.26 2.30 60.2
25 4.51 1.21 73.4
35 3.09 0.70 824
45 1.44 042 91.3
55 0.98 0.26 94.2
Table 16 Decomposition of BPA as a function of time in the presence of the catalyst of Example 3 and hydrogen peroxide: Cycle 2
Time (minutes)] Replicate 1 Concentration of BPA Replicate 2 Concentration of BPA % of BPA
remaining (ppm) remaining (ppm) decomposed
0 10.75 10.75 0.0
5 6.23 5.66 45.2
15 1.28 1.13 88.8
25 0.19 0.12 98.6
35 0 0 100.0

Table 17 Decomposition of BPA as a function of time in the presence of the catalyst of Example 3 and hydrogen peroxide: Cycle 3

Time (minutes)j  Replicate 1 Concentration of BPA Replicate 2 Concentration of BPA % of BPA
remaining (ppm) remaining (ppm) decomposed
10.68 10.57 0.0
0.74 0.09 96.0
15 0 0 100.0

[0101] Figure 2 shows the bisphenol A concentration as a function of time in presence of the catalyst of Example 3 prepared
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using iron sulfate/sodium sulfate (all cycles).

Example 4

[0102] The catalyst as prepared in Example 1 (dried immediately) was tested for its activity in the gas phase decomposition of

ethyl mercaptan with hydrogen peroxide as oxidant. The initial concentration of ethyl mercaptan was 230 mg CH;;CHQSH/m3 air

obtained by the injection of 1 mL of master gas mixture of concentration 14000 mg CH3CH28H/I’T]3 air into the batch reactor of
volume 60 mL. The reactor contained 0.13 g (0.52 mmol Fe/g fibre) of catalytic mesh (50% catalytic fibres - 50% PPE scaffold) of
the catalyst described in Example 1. In addition the reactor contained 4 pL HoO2 (30% w/w). The molar ratio Fe:CH3CHpSH was
300.4:1 and a molar ratio of [Fe]:[HoO2] of 1:0.522 The reactor was kept at a temperature of 45°C. A control was conducted as
described above but without the presence of the catalyst.

Table 18 Decomposition of Ethyl Mercaptan (ETSH) in the presence and absence of the catalyst of Example 1 and formation of
the oxidation product diethyldisulfide (DEDS)

Control Catalyst
Time ETSH concentration {% D DEDS ETSH concentration {% D DEDS concentration
(hours) (mg/m3 air) concentration (mg/m3 air) (mg/m3 air)
(mg/m3 air)
0 1894 0 0 186.9 0 20.6
0.5 1376 273 {575 39.7 787 574
1 1218 357 51.9 328 824 {625
1.5 101.0 46.7 {396 9.5 949 {68.3
2 93.9 504 {386 52 97.2 {66.1
25 87.0 541 33 26 98.6 59.2
3 82.5 56.4 30.0 15 99.1 56.4
% D is % of ETSH decomposed

[0103] Table 14 shows the catalytic activity of the catalyst of Example 1 (prepared in the dye bath reactor using ferric
sulfate/calcium nitrate as impregnation mixture) together with hydrogen peroxide obtained 99% conversion of ethyl mercaptan
within 3 hours, whereas hydrogen peroxide alone obtained a conversion of only 56%. A higher yield of the oxidation product
diethyldisulfide was also obtained when the catalyst was used with hydrogen peroxide than when hydrogen peroxide was used
alone.
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Patentkrav

1. Fremgangsmade til fremstilling af en fibrgs katalysator til behandling af en af-
faldsstrom, hvor fremgangsmaden omfatter trinene:

(i) behandling af et vaev omfattende polyacrylnitrilfibore med et hydrazinsalt
og et hydroxylaminsalt under tilstedeveaerelse af en base for at tilvejebringe et
modificeret veev, og

(i) behandling af det modificerede veev med en base, og

(iii) behandling af det modificerede veev med en vandig oplgsning omfattende
et sulfatsalt af en forste metalkation og et sulfatsalt af en anden metalkation,
hvori den farste metalkation er valgt blandt en jern- og nikkelkation og blandinger
deraf, og hvori den anden metalkation er valgt blandt en lithium-, natrium-, kali-
um-, rubidium-, ceesium-, beryllium-, magnesium-, kalcium-, strontium-, barium-
, zink-, cadmium-, kviksglv-, aluminium-, gallium-, indium-, thallium-, tin-, bly-,

antimon- og bismutkation, og blandinger deraf.

2. Fremgangsmade ifglge krav 1, hvori den farste metalkation er en jernkation.

3. Fremgangsmade ifglge krav 1 eller 2, hvori hydrazinsaltet er valgt blandt hy-
drazindihydroklorid, hydrazinmonohydroklorid, hydrazinhydrat, hydrazinmonohy-
drobromid, hydrazinacetat, hydrazinsulfat og dihydrazinsulfat, og blandinger der-

af.

4. Fremgangsmade ifalge ethvert af de foregaende krav, hvori hydroxylaminsaltet
er valgt blandt hydroxylaminmonohydroklorid, hydroxylaminsulfat og hydroxyla-

minfosfat, og blandinger deraf.

5. Fremgangsmade ifglge ethvert af de foregaende krav, hvori trin (i) udferes ved
pH i omradet fra 6,5 til 12.

6. Fremgangsmade ifglge ethvert af de foregaende krav, hvori basen i trin (ii) er
valgt blandt natriumhydroxid, kaliumhydroxid og natriumkarbonat, og blandinger

deraf.

7. Fremgangsmade ifglge ethvert af de foregdende krav, hvori den anden metal-
kation er valgt blandt en natrium-, lithium-, kalium-, kalcium-, magnesium- og
zinkkation samt blandinger deraf, fortrinsvis valgt blandt en natrium-, kalium- og

kalciumkation og blandinger deraf, mere foretrukket en natriumkation.
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8. Fremgangsmade ifalge ethvert af de foregaende krav, hvori veevet er et strik-

ket veev.

9. Fremgangsmade ifglge ethvert af de foregaende krav, hvori veevet omfatter

polyacrylnitrilfibre og en eller flere inaktive monofibre.

10. Fremgangsmade ifalge ethvert af de foregaende krav, hvori trinene (i), (ii) og

(iii) udfgres i en farvebadreaktor.
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