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FILTRATION MEDIUM COMPRISING A CARBON OXYCHALCOGENIDE

TECHNICAL FIELD

[0001] A composition having a surface comprising a carbon oxychalcogenide is described, which is used

as a filtration medium, along with methods of making and use.

BACKGROUND

[0002] Chloramine is commonly used in low concentration as a secondary disinfectant in municipal
water distribution systems as an alternative to chlorination with free chlorine. Concerns over taste and
odor of chloramine treated water have led to an increase 1n the demand for water filters with chloramine
removal capabilities.

[0003] Carbon particles, such as activated carbon particles, have been used to remove chloramine from
aqueous streams. Improvements in removal of chloramine can be achieved by reducing the mean particle
diameter of the carbon and by increasing the carbon bed contact time. Although parameters such as
contact tim¢ and mean particle diameter are known to atfect chloramine removal etficiencies, removal

performance 1s neither well understood nor particularly effective.

[0004] U.S. Pat. No. 5,338,458 (Carrubba et al.) discloses an improved process for the removal of
chloramine from gas or liquid media by contacting the media with a catalytically-active carbonaceous

char.

[0005] U.S. Pat. No. 6,699,393 (Baker et al.) shows improved chloramine removal from fluid streams,
when the fluid stream 1s contacted with an activated carbon, which has been pyrolyzed in the presence of

nitrogen-containing molecules, versus a catalytically-active carbonaceous char.

SUMMARY

[0006] There is a desire to provide a filtration medium, which is less expensive and/or more efficient at
the removal of chloramine than currently available filtration media. In some instances, there 1s also a
desire to provide a carbon-based system, which 1s 1 the form of a solid block activated carbon to remove
chloramine. In other mstances, there 1s a desire to have a granular material that may be used m a packed
bed. In still other instances, there is a desire to provide a material that may be used in a web-form.
[0007] In one aspect, a filtration device is provided comprising a fluid conduit fluidly connecting a fluid
inlet to a tluid outlet; and a filter medium disposed 1n the tluid conduait; the filter medium comprising a
carbon substrate having a surface of CO4E,, wherein E 1s selected from at least one of S, Se, and Te; and
wherein x 18 no more than 0.1, and y 1s 0.005 to 0.3.

[0008] In another aspect, a water filtration device is provided comprising a liquid conduit fluidly

connecting a hiquid inlet to a liquid outlet; and a filter medium disposed in the tluid conduit; the tilter

_1-
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medium comprising a carbon substrate having a surface of COE,, wherein E 1s selected from at least one

of S, Se, and Te; and wherein x 18 no more than 0.1, and y 1s 0.005 to 0.3.

[0009] In yet another aspect, a method from removing chloramine from aqueous solutions 1s provided
comprising: providing an aqueous solution comprising chloramine and contacting the aqueous solution
with a composition comprising a carbon substrate having a surface ot COEy, wherein E 1s selected from

at least one of S, Se, and Te; and wherein x 1s no more than 0.1, and y 15 0.005 to 0.3.

[0010] In still another aspect, a method of making a carbon oxychalcogenide 1s provided comprising:
contacting a carbon substrate with a chalcogen-containing compound; and heating to a temperature
between 300 to 1200°C 1n the presence of oxygen, wherein the form of oxygen 1s selected from the group

consisting of: an mert diluent gas, water, steam, or combinations thereof.

[0011] In yet another aspect, a method of making a carbon oxychalcogenide is provided comprising:
contacting a carbon substrate with an oxidizing agent to form an oxidized carbon substrate; providing a
chalcogen-containing compound; and contacting the oxidized carbon substrate and the chalcogen-

containing compound and heating to a temperature between 300 to 1200°C.

[0012] In another aspect, a composition is provided comprising a carbon substrate having a surface
comprising COE,, wherein C, O, and E chemically mteract; wherein E 1s selected from at least one of S,
Se, and Te; and wherein x 15 0.01 to 0.1, and y 1s 0.005 to 0.3.

|0013] The above summary 1s not intended to describe each embodiment. The details of one or more

embodiments of the invention are also set forth in the description below. Other features, objects, and

advantages will be apparent from the description and from the claims.

DESCRIPTION OF THE FIGURES
[0014] Fig. 1 is a chart of the percent chloramine reduction versus time for Comparative Example B,
Examples 6-7 and Examples 26-27.
[0015] Fig. 2 is a chart of the percent chloramine reduction versus time for Comparative Examples A-B,
and Examples 28A-D.

|0016] Fig. 3 is a chart of the percent chloramine reduction versus time for Comparative Example B, and

Examples 28C, 29, and 30.

[0017] Fig. 4 is a chart of the percent chloramine reduction versus time for Comparative Example B, and
Examples 29C and 31.

[0018] Fig. 5 is a chart of the concentration of chloramines in the effluent versus the throughput for
Examplces 35 and 36 and Carbon Substratcs M and N.

DETAILED DESCRIPTION
[0019] As used herein, the term

£¢ 9% ¢

a”, “an”, and “the” are used mterchangeably and mean one or more; and

-
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“and/or” 1s used to indicate one or both stated cases may occur, for example A and/or B mncludes,
(A and B) and (A or B).

Also herein, recitation of ranges by endpoints includes all numbers subsumed within that range

(e.g., 1 to 10 mcludes 1.4, 1.9, 2.33, 5.75, 9.98, etc.).

[0020] Also herein, recitation of “at least one™ includes all numbers of one and greater (e.g., at least 2, at

least 4, at least 6, at least 8, at least 10, at least 25, at least 50, at least 100, etc.).

[0021] The present disclosure is directed to a carbon substrate comprising a surface of a carbon

oxychalcogenide. It has been found that such compositions may be usetul for the removal of chloramine

from aqueous solutions.

[0022] Carbon has several allotropes, including diamond, graphite, and amorphous carbon. In on¢
embodiment, the carbon substrate comprises a substantial amount of sp” hybridized carbon. In other
words, the carbon substrate has no more than 20%, 15%., 12% or even 10% sp3 hybridized carbon. As the
sp” hybridized carbon content increases, the sp” hybridized carbon substrate progressively changes into a

dense, 1sotropic network of tetrahedral carbon.

[0023] The morphology of the carbon substrate is not particularly limited and may include a non-
particulate, a particulate, or an aggregate. Exemplary morphologies include: a carbon block, a carbon
monolith, foams, films, fibers, nanotubes, and nano-onions. A non-particulate 1s a substrate that 1s not
composed of discernable, distinct particles. A particulate substrate 1s a substrate that has discernable
particles, wherein the particle may be spherical or irregular in shape and has an average diameter of at
least 0.1, 1, 5, 10, 20, or even 40 micrometers (um) to at most 75 pm, 100 um, 500 um, 1 millimeter
(mm), 2 mm, 4mm, 6.5 mm, or even 7 mm. An aggregate (or a composite) 1s formed by the joining or
conglomeration of smaller particles with one another or with larger carrier particles or surfaces. The
aggregates may be free standing (self-supporting against gravity).

|0024] Typically, the morphology the carbon substrate will be selected based on the application. For
example, particulate with a large particle size 1s desirable when the compositions of the present disclosure
are used 1 applications requiring low pressure drops such as in beds through which gases or liquads are
passed. Granular activated carbon available under the trade designation “RGC” by Mead Westvaco Corp,
Richmond, VA may be preferred in water treatment; while activated coconut carbon (20 x 25 mesh)
available under the trade designation “KURARAY GG” by Kuraray Chemical Co., LTD, Okayama,
Japan may be preferable for air purification applications on account of the lower pressure drop associated
with 1ts larger particle size; and a very fine particle sized carbon black available under the trade
designation “BLACK PEARLS 2000™ by Cabot Corp. Alpharetta, GA may be preferable for

clectrocatalysis on account of 1ts higher electrical conductivity.

|0025] The size of the pores of the carbon substrate can be selected based on the application. The carbon

substrate may be microporous carbon, macroporous carbon, mesoporous carbon, or a mixture thereof.

3-
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[0026] Particularly useful are carbon substrates that are substantially disordered and have high surface
arcas (e.g., at least 100, 500, 600 or even 700 1n2/g; and at most 1000, 1200, 1400, 1500, or even 1800
m°/g based on BET (Brunauer Emmet Teller method) nitrogen adsorption). As used herein, substantially

disordered means that the carbon substrate has in-plane domain sizes of about 10-50 A (Angstrom).

[0027] In one embodiment, the carbon substrate is comprised of activated carbon, in other words carbon
that has been processed to make 1t highly porous (1.e., having a large number of pores per unit volume),

which thus, imparts a high surtface area.

[0028] In the present disclosure, the surface of the carbon substrate comprises CO4E,, wherein E 1is
sulfur, selenium, tellurium, or combinations thereof; wherein x 18 no more than 0.1 and y 1s 0.005 to 0.3.
In one embodiment, x 1s 0 or 1s at least 0.005, 0.01, 0.02, 0.03, 0.04, or even 0.05; and 1s at most 0.07,
0.08, 0.09, 0.1, 0.12, 0.15, or even 0.2. In one embodiment, y 1s at least 0.001, 0.005, 0.01, 0.02, 0.03,
0.04, 0.05, or even 0.06; and at most 0.12, 0.14, 0.15, 0.16, 0.18, 0.2, 0.22, 0.25, 0.3, 0.35, or even 0.4.
[0029] In one embodiment, the carbon substrate has a surface consisting essentially of CO,E,, meaning
that the surtace necessarily includes carbon, oxygen, and E and may also include other atoms so long as
the other atoms do not materially atfect the basic and novel properties of the invention. In other words,
besides carbon, oxygen, and the chalcogen, the surface of the substrate comprises less than 10% or even
less than 5 % total of other atoms. These other atoms may originate 1 the starting materials. For example,
a carbon substrate, prior to reactions as described in this disclosure, may contain potassium or minor
amounts of other elements, which are not removed during manufacturing and thus, are present in the final

product.

|0030] If sulfur is used as the chalcogenide, the sulfur may be present in amounts greater than 1.2, 1.3,

1.5, 1.8, 2.0, 4.0, 6.0, 8.0 or even 10.0 mass % sulfur based on the total mass ot the carbon substrate.

[0031] In one embodiment, the compositions of the present disclosure comprise less than 0.90, 0.80,
0.70, 0.50, 0.30, 0.10, 0.05, 0.01, or even 0.005 mass % nitrogen based on the total mass of the carbon
substrate.

[0032] In onc embodiment, the compositions of the present disclosure arc substantially free of
hydrogen, comprising less than 0.40, 0.30, 0.20, 0.10, 0.05, or even 0.01 mass % hydrogen based on the
total mass of the carbon substrate.

[0033] The compositions of the present disclosure are made by exposing a carbon substrate to a chalogen
or chalogen-containing compound, and optionally oxygen. The chalcogen, as used herein to reter to

sulfur, selenium, tellurium, 1s reacted onto the carbon substrate, by exposing a solid, liquid, or gas form of

[0034] Useful sulfur-containing compounds include, but are not limited to elemental sulfur, SO,, SOCl,,
SO,Cl, CS,, COS, H,S, and ¢thylene sulfide.

[0035] Usectul selenium compounds include but are not limited to elemental selenium, S¢O, and SeS,.

-



CA 02861859 2014-07-17

WO 2013/039675 PCT/US2012/052502

[0036] Useful tellurium compounds include but are not limited to elemental tellurium, TeO, and

(HO)5T€.

[0037] In one embodiment, the sulfur, selenium, and tellurium compounds may be used in combination
with one another to generate a carbon oxychalcogenide containing more than one chalcogenide element,
for example, sulfur and selenium.

[0038] In addition to a chalcogen, the surface of the carbon substrate also comprises oxygen. The carbon
substrate, as received, may contain chemically significant amounts of oxygen attached to surface carbon
atoms. For example, according to X-ray photoelectron spectroscopic (XPS) analysis, RGC contains about
2.9 atomic percent of oxygen. This amount of oxygen may be sufficient for the present disclosure but,
when higher amounts of surface oxygen are desired, additional oxygen may be incorporated mto the

carbon.

[0039] In one embodiment, additional oxygen may be added to the carbon substrate before exposure to
the chalcogen-containing compound. For example, the carbon substrate can be heated n awr or treated
with aqueous nitric acid, ammonium persulfate, ozone, hydrogen peroxide, potassium permanganate,

Fenton’s Reagent, or other well known oxidizing agents.

[0040] In another embodiment, additional oxygen can be incorporated into the compositions of the
present disclosure by carrying out the reaction between the carbon substrate and the chalcogen-containing
compound 1n the presence of air or water. The amount of air used must be limited to prevent combustion
of the carbon. Additional oxygen may also be supplied by addition of water or steam, which can be added
during the heating reaction or may be present on the surface of the carbon substrates, such as in the case
of high surface arca carbonaceous materials, particularly hydrophilic oxidized carbons, which chemisorb
water. Oxygen may be added during the heating reaction in the form of dioxygen, sulfur dioxide, carbon
dioxide, or combinations thereof.

[0041] In addition to adding an oxygen source during heating of the carbon and the chalcogen, in an

alternative embodiment, the heating 1s conducted 1 the absence of added oxygen.

high temperature. Reactions used to introduce chalcogens and optionally oxygen into the carbon
substrate surface may be conducted at a temperature of at least 200, 250, 300, 400, or even 500°C; and at
most 650, 700, 800, 900, 1000, 1200, or even 1400 °C. As will be shown in the examples, in one
embodiment, as the reaction temperature increases the composition of the present disclosure becomes
more efficient at the removal of chloramine.

[0043] The thermal reaction may occur in air. However, to control combustion, it is possible to carry out
the thermal reaction under vacuum; with a purge, such as a nitrogen purge; or 1n an 1nert atmosphere
where the air 18 pulled from the reaction vessel using a vacuum and then dry nitrogen 1s used to back-fill

the reaction vessel.
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[0044] The chalcogen-containing compound may be used in the solid, liquid or gas form. Reaction
temperatures, which are above the boiling point of the chalcogen-contaming compounds are used,

resulting in solid-gas reaction chemistry.

[0045] In one embodiment, the carbon substrate is wetted with a liquid chalcogen-containing compound
and then exposed to the reaction temperature and optional oxygen to form the carbon oxychalcogenide
surtace. These reactions occur at the surface of the caron substrate. In the case of a porous carbon
substrate, the cabon oxychalcogenide may coat (or cover) the surface of the pores of the porous carbon
substrate.

[0046] The compositions of the present disclosure are obtained via solid-gas (or solid-vapor) chemistry.
In reactions of this class, only the outer portions of the carbon substrate are exposed to the reactive gas.
Such reactions can become self-limiting in that an overlayer of product inhibits inward diffusion of the
gas. In such a case, the new compounds that form are confined to regions near the surface and comprise a
surface compound. Generally, this means that reactions occur at depths ot 10 nanometers (nm) or less on

the carbon substrate to form the COEy coating.

[0047] When the carbon substrate is a large particle, a core-shell structure results, where the core is the
carbon substrate, which 1s covered by a shell or second layer comprising the carbon oxychalcogenide.
[0048] Because the reaction disclosed herein is a surface reaction, when the carbon material 1S in the
tform ot small particles with high surtace area (¢.g., RGC powder nominally -325 mesh, having a nominal
surface area of 1400-1800 m*/g), then the surface and interior of the particle may become coextensive. In
one mnstance there may be no apparent chemical distinction between the outer surface and the interior of
the particle. In another instance, the chalcogen content on the bulk can approach or even exceed that on

the surface.

[0049] The solid-vapor process of this disclosure permits penetration of small molecule reactants into
micropores and niches formed by highly irregular surfaces. This results 1n an advantageous, even
distribution of chalcogen.

[0050] Because not all of the chalcogenide from the chalcogen-containing compound is incorporated into
the carbon substrate surface (e.g., some may be converted to COE or H;E), 1t 1s important to analyze the
resulting composition to determine the atom fraction of carbon, oxygen, and chalcogen on the carbon
substrate surface.

[0051] In the present disclosure, the atom fraction of carbon (C), oxygen (O), and chalcogen (E) on the
carbon substrate surface 1s shown as COxEy, where 1n one embodiment, x 1s 0 or 1s at least 0.005, 0.01,
0.02, 0.03, 0.04, or even 0.05; and at most 0.07, 0.08, 0.09, 0.1, 0.12, 0.15, or even 0.2; and y 1s at least
0.001, 0.005, 0.01, 0.02, 0.03, 0.04, 0.05, or cven 0.06; and 1s at most 0.12, 0.14, 0.15, 0.16, 0.18, 0.2,
0.22,0.25, 0.3, 0.35, or even 0.4.

[0052] In one embodiment of the present disclosure, the carbon, oxygen, and chalcogen of the disclosed
composition chemically interact with one another, meaning, that these elements may be combined

_6-



CA 02861859 2014-07-17

WO 2013/039675 PCT/US2012/052502

chemically (1.e., covalent chemical bonding between contiguous elements) or there may be weaker

interactions between non-contiguous elements, such as hydrogen bonding.

[0053] Based on the analysis of compositions of the present disclosure, in at least one embodiment, the
oxygen and chalcogen are combined chemically on the surface of the carbon substrate. The oxygen and
carbon are an mtegral part of the surface of the carbon substrate and are not easily removed by heating to
400°C. The nature of the structure and bonding of the carbon oxychalcogenides 1s complex. Carefully
deconvoluted XPS (X-ray photoelectron spectroscopy) spectra of the resulting compositions of the
present disclosure reveal that sulfur 1s 1 four different chemical environments with S2ps,» binding
energies of about 162.0, 164.3, 165.8 and 168.9 ¢V [C(1s) = 285.0 ¢V]. They therefore contain
chemically combined sulfur in three formal valence states [S(VI), S(IV) and S(II)] and four different
chemical environments. These chemical environments are: (1) S(VI) as in SO4~ or organic sulfones, C-
SO,-C (2) S(IV) as 1 organic sulfoxades, C-SO-C, (3) S(II) as in thiophene and (4) S(II) as 1 organic
sulfides, C-S-C or disulfides, C-S-S-C.

[0054] In one embodiment, the compositions of the present disclosure have high thermal stability. For
example, with carbon oxysulfides, signmificant weight loss under nitrogen does not begin until about
200°C, well above the boiling point of sulfur, indicating that the compositions of the present disclosure

are not mere physical mixtures of starting materials.

[0055] By using a solid-vapor process to incorporate the carbon oxychalcogenide surface onto the carbon
substrate, several advantages may be realized. Because the reaction may be solventless or at least free of
organic solvent, no drying operation 1s needed to 1solate the product. Further, there are generally no non-
volatile by-products that remain to clog small pores in the solid. If no solvent 1s used, the process as
described herein can be envisioned to run as a continuous process, which can reduce cost and/or increase
throughput.

[0056] In one embodiment, the composition of the present disclosure may be used to remove
chloramines.

[0057] In one embodiment, the composition of the present disclosure may be used to remove
chloramines from a fluid stream, particularly an aqueous fluid stream. Chloramines are formed from the
aqueous reaction between ammonia and chlorine (hypochlorite). Thus, adding ammonia (NH;) to a
chlorination system converts chlorine to chloramines. Specifically, monochloramine, hereafter referred to

as "chloramine,” 1 low concentrations arise from the disinfection of potable water sources.

|0038] Although not wanting to be bound by theory, it 1s believed that the carbon, chalcogen, oxygen
atoms on the surface of the carbon substrate form particular chemical moieties, such that the chalcogen 1s
present in one or more forms that can be oxidized by chloramines. This results in the destruction and
removal of chloramines.

[0059] In one embodiment, the composition of the present disclosure may be used as a filtration medium.

Because of the ability of the compositions of the present disclosure to remove chloramine, the
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compositions of the present disclosure may be used as a filtration media. Filtration methods as known in
the art can be used.

[0060] The carbon substrates comprising a surface of carbon oxychalcogenides may be used either alone,
or mixed with inert diluents or functionally active materials such as adsorbents. For example the
oxysulfide prepared from RGC carbon may be mixed intimately or layered in beds with carbon that has
higher capacity for adsorption of volatile organic compounds. In this way, an adsorbent system with
more than one functionality can be produced.

[0061] The composition of the present disclosure may be used in a powdered form, a granular form, or
shaped into a desired form. For example, the composition of the present disclosure may be a compressed
blend of the carbon substrates comprising the carbon oxychalcogen and a binder material, such as a
polyethylene, e.g., an ultra high molecular weight PE, or a high-density polyethylene (HDPE). In another
cmbodiment, the composition of the present disclosure may be loaded into web, such as a blown

microfiber, which may or may not be compacted such as described in U.S. Publ. No. 2009/0039028
(Eaton et al.).

[0062] In one embodiment, the carbon substratc comprising the carbon oxychalcogenide may be

disposcd in a fluid conduit, wherein the fluid conduit has a fluid inlet and a fluid outlet, with the filtration
media (e.g., carbon substrate comprising the carbon oxychalcogenide) disposed therebetween. A
chloramine-containing solution may then be passed from the fluid inlet into the fluid conduit to contact
the filtration media. The filtrate (solution passing out of the fluid out) should contain less than 1,0.5,0.1,
or even less than 0.05 ppm (parts per million) chloramines.

[0063] Embodiments of the present disclosure include:

[0064] 1tem 1. A filtration device comprising a fluid conduit fluidly connecting a fluid inlet to a fluid
outlet; and a filter medium disposed in the fluid conduit; the filter medium comprising a carbon substrate
having a surface of COE,, wherein E is selected from at least one of S, Se, and Te; and wherein x is no

more than 0.1, and y is 0.005 to 0.3.
[0065] Item 2. The filtration device of item 1, wherein x is 0.01 to 0.1.

[0066] Item 3. The filtration device of any one of the previous items, wherein E is sulfur and the sulfur is
chemically combined with carbon.

[0067] Item 4. The filtration device of any one of the previous items, wherein the filter medium
comprises the carbon substrate having a surface of CO,E, and a binder.

[0068] Item S. The filtration device of any one of items 1-3, wherein the filter medium comprises the
carbon substrate having a surface of CO,E, and a web.

[0069] Item 6. A water filtration device comprising a liquid conduit fluidly connecting a liquid inlet to a
liquid outlet; and a filter medium disposed in the fluid conduit; the filter medium comprising a carbon
substrate having a surface of CO,E,, wherein E is selected from at least one of S, Se, and Te; and wherein

X 18 no more than 1, and y 1s 0.005 t0 0.3.
-8-
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[0070] Item 7. The water filtration device of item 1, wherein x is 0.01 to 0.1.
[0071] Item 8. The water filtration device of any one of items 6-7, wherein E is sulfur and the sulfur is
chemically combined with carbon.

[0072] Item 9. The water filtration device of items 6-8, wherein the filter medium comprises the carbon
substrate having a surface of COLE, and a binder.

[0073] Item 10. The water filtration device of any one of items 6-8, wherein the filter medium comprises
the carbon substrate having a surface of COLE, and a web.

[0074] Item 11. A method for removing chloramine from aqueous solutions comprising: providing an

aqucous solution comprising chloramine and contacting the aqucous solution with a composition

comprising a carbon substrate having a surface of COgEy, wherein E 1s selected from at least one of S, Se,
and Te; and wherein x 18 no more than 0.1, and y 1s 0.0035 to 0.3.

[0075] Item 12. The method for removing chloramine from aqueous solutions of item 11, wherein x is
0.01 to 0.1.

[0076] Item 13. The method for removing chloramine from aqucous solutions of any one of items 11-12,

wherein E 1s sulfur and the sulfur is chemically combined with carbon.

[0077] Item 14. The method for removing chloramine from aqueous solutions of of any one of items 11-
13, wherein the carbon substrate 1s a microporous, mesoporous, macroporous carbon, or combination
thereof.

[0078] Item 15. A mcthod of making a carbon oxychalcogenide comprising: contacting a carbon
substrate with a chalcogen-containing compound; and heating to a temperature between 300 to 1200°C 1n
the presence of oxygen, wherein the form of oxygen 1s selected from the group consisting ot: an inert

diluent gas, water, steam, or combinations thereof.

[0079] Item 16. The method of item 15, wherein the form of oxygen is selected from the group

consisting of dioxygen, sulfur dioxide, water, carbon dioxide, or combinations thereof.

[0080] Item 17. The method of any one of items 15-16 wherein the calcogen-containing compound is
selected from the group consisting of: elemental sulfur, SO,, CS,, H,S, ethylene sulfide, elemental
selenium, SeO, and SeS,, elemental tellurium, TeO,, (HO)¢Te, and combinations thereof.

[0081] Item 18. A method of making a carbon oxychalcogenide comprising: contacting a carbon
substrate with an oxidizing agent to form an oxidized carbon substrate; providing a chalcogen-containing
compound; and contacting the oxidized carbon substrate and the chalcogen-contaming compound and
heating to a temperature between 300 to 1200°C.

[0082] Item 19. The method of item 18 wherein the oxidizing agent 1s selected from at least one of: air,

ammonium persulfate, aqueous nitric acid, ozone, hydrogen peroxide, potassium permanganate, and

Fenton’s Reagent.
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[0083] Item 20. The method of any one of items 18-19 wherein the calcogen-containing compound is
selected from the group consisting of: elemental sultur, SO,, CS,, H,S, C,H4S, elemental selenium, SeO,
and SeS,, elemental tellurium, TeO,, (HO)¢Te, and combinations thereof.

[0084] Item 21. A composition comprising a carbon substrate having a surface comprising CO4E,,
wherein C, O, and E chemically interact; wherein E 1s selected from at least one of S, S¢, and Te; and
wherein x 15 0.01 to 0.1, and y 15 0.005 to 0.3.

[0085] Item 22. The composition of item 21 wherein E is sulfur and the sulfur is chemically combined
with carbon.

[0086] Item 23. The composition of any one of items 21-22, wherein the carbon substrate is a
MICTOPOrous, Mesoporous Or macroporous carbon.

[0087] Item 24. The filtration device of any one of items 1-5, wherein the carbon substrate comprises

less than 0.90, mass % nitrogen basced on the total mass of the carbon substrate.

greater than 2.0 mass % sulfur based on the total mass of the carbon substrate.

[0089] Item 26. The water filtration device of any one of items 6-10, wherein the carbon substrate
comprises less than 0.90, mass % nitrogen based on the total mass of the carbon substrate.

[0090] Item 27. The water filtration device of any one of items 6-10, wherein the carbon substrate

comprises greater than 2.0 mass % sulfur based on the total mass of the carbon substrate.

0.90, mass % nitrogen based on the total mass of the carbon substrate.

[0092] Item 29. The method of any one of items 11-20, wherein the carbon substrate comprises greater

than 2.0 mass % sulfur based on the total mass of the carbon substrate.

[0093] Ttem 30. The composition of any one of items 21-23, wherein the carbon substrate comprises less

than 0.90, mass % nitrogen based on the total mass of the carbon substrate.

[0094] Item 31. The composition of any one of items 21-23, wherein the carbon substrate comprises

greater than 2.0 mass % sulfur based on the total mass of the carbon substrate.

EXAMPLES
[0095] Advantages and embodiments of this disclosure are further illustrated by the following examples,
but the particular materials and amounts thereof recited in these examples, as well as other conditions and
details, should not be construed to unduly limt this invention. In these examples, all percentages,

proportions and ratios arc by weight unless otherwise idicated.

-10-
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[0096] All materials are commercially available, for example from Sigma-Aldrich Chemical Company;
Milwaukee, WI, or known to those skilled 1n the art unless otherwise stated or apparent.

10097]

[0098] These abbreviations are used in the following examples: cc = cubic centimeter, g = gram, hr =
hour, 1n = inch, kg = kilograms, min = minutes, mol = mole; M = molar, cm= centimeter, mg/L =
milligrams per liter; mm = millimeter, ml = malliliter, L = liter, N = normal, psi=pressure per square inch,
MPa = megaPascals, and wt = weight.

[0099] Methods
[00100] Apparent Density Determination

100101 ] The apparent density of a carbon substrate sample (prepared according to Comparative
Examples or the Examples according to the disclosure) was determined by tapping a weighed sample in a
graduated cylinder until closest packing was achieved. The closest packing was deemed to occur when

tapping did not produce a further decrease 1n volume of the carbon substrate sample.
[00102] Preparing Carbon Blocks

[00103] 40 cm’ of the carbon material (either the carbon-oxychalcogenide sample or the carbon
substrate) was added into a blender. The volume of the carbon material was determined at the maximum
uncompressed density. 40 cc of ultra high molecular weight polyethylene (UHMWPE) powder (available
under the trade designation “GUR UHMW-PE 2126” from Ticona North America, Florence, KY) at 1ts

maximum uncompressed density was measured and placed into the blender. The carbon material and
UHMWPE were blended for 3 minutes. The mixture was then quantitatively transferred to a cylindrical
shaped mold with a hollow cylindrical core having the dimensions of 1.35 . (34.3mm) outer diameter,
0.375 in.(9.5mm) mner diameter, and 3.6 1n. (91.4 mm) length. The mold was filled using an impulse
filling as described in U.S. Pat. No. 8,206,627 (Stouffer et al.) to maximum uncompressed density. The
mold was covered and then heated in a convection oven at 180°C for 50 minutes. After heating, the mold
was immediately compressed with a piston to a fixed block length of 3.1in. (78.7 mm). The mold was
cooled to room temperature and the resulting carbon block was removed from the mold. Endcaps were

applied to the carbon block using a hot melt glue to form an end-blocked carbon sample.
[00104] Chloramine Test

[00105] The chloramine content of water samples was determined from the total chlorine

content in the samples. Total chlorine (OCI and chloramines) concentration was measured by the DPD

Total Chlorine Method, Hach Method 8167, which Hach Company claims to be equivalent to USEPA

Method 330.5. The free chlorine (OCl-) concentration was periodically measured by the DPD Free
Chloramine Analysis, Hach Method 8021, which Hach company claims 1s equivalent to EPA Method
330.5. Free chlorine was maintained at a negligible concentration (< 0.2 ppm), thus, the total chlorine

analysis was considered a good approximation of the concentration of chloramines in the water. All

_11-
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reagents and the mstruments were those described 1n the standard Hach Method and can be obtained from

Hach Company, Loveland, CO.
[00106] Chloramine Preparation

[00107] 3 ppm choramine was prepared by adding the appropriate amount of commercial
bleach (5.25% NaOC(l) to deionized water. While stirring, 1.5 equivalents of a solution of ammonium
chloride 1n water was added to the bleach solution and stirred for 1 hour. The pH was adjusted to 7.6 by
the addition of NaOH or HCI and tested using a pH meter (obtained from Thermo Fisher Scientific, Inc.,
Waltham, M A, under the trade designation “ORION 3-STAR™).

[00108] Chloramine Removal Test
[00109] An aqueous chloramine test solution was prepared comprising 3 ppm NH,Cl (prepared
as described above) at a pH 7.6 at 27°C. Immediately prior to the test, the initial total chlorine content of

the aqueous chloramine test solution was measured as described in the Chloramine Test above. With

continuous stirring, a 1.5 mL aliquot of a carbon substrate sample (1.e. a sample prepared according to

Comparative Examples or the Examples according to the disclosure) was added to the aqueous
chloramine test solution. The mass of the aliquot of the carbon substrate sample was determined based on
the apparent density of the carbon substrate determined as described above (which was about 0.3 g/mL).
Immediately after the mixing, a timer was started. After 30 sec, a 25 mL-aliquot of mixture was removed
and within 5 sec of removal, the mixture was passed through a 1-micrometer syringe filter to remove
suspended solids. The chloramine content of the filtered aliquot was measured within 30 sec of taking the
25-mL aliquot as described above. Aliquots from the mixture were taken periodically over the course of 3
minutes and analyzed using the Chloramine Test as described above. The etficiency of the chloramine

removal 1s reported as the % chloramine reduction determined by the equation:

/1 | NH 2Cl ] filteredaliquot \

. | NH2Cl Jinitial

x100

[00110] Chloramine Removal Test 2 (Flow-system Method)
[00111]  Chloramine capacity in a flow-through system was evaluated per a method based on the

NSF/ANSI Standard 42 (Drinking Water Trecatment — Acsthetic Ettects) for chloramine reduction. A 3

mg/L aqueous chloramine test solution was prepared having a pH of 9.0 £ 0.25; total dissolved solids of

200-500 mg/L; a hardness less than 170 mg/L as CaCO3; turbidity of less than 1 Nephelometric Turbidity

Units; and a temperature ot 20 £ 3°C. The chloramine concentration was controlled at 2.7 — 3.3 mg/L by
the addition of a sodium hypochlorite solution and then addition of an ammonium chloride solution. The
pH was controlled by adding sodium hydroxide as needed.

[00112]  An end-blocked carbon sample (prepared as described above) was then placed into a standard
tiltration vessel that allowed radial flow from the outside to the mnside of the filter media. The vessel was

cquipped with an inlet and outlet. The aqueous chloramine test solution was run through the filtration

-12-
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system at a tflow rate of (.13 gallons/minute. In this test, the water tlow rate was held constant to give an

accelerated test; that 1s, there was no duty cycle or shutdown period as prescribed 1n the NSF standard.

[00113] The aqueous chloramine test solution described above was flowed through the filtration system
for 5 minutes to wet out the carbon block sample. After this, samples of the effluent (outflow from the
carbon block sample) were taken periodically and the throughput in gallons was recorded. Eftluent
samples were analyzed for chloramine using the Chloramine Test described above. The chloramine
effluent concentration was then plotted as a function of the aqueous chloramine test solution throughput.
The maximum effluent chloramine concentration per NSF 42 1s (0.5 mg/L.. Capacity of the carbon block
sample 1s reported as the throughput attained before the concentration of chloramines in the ettluent rises
above 0.5 mg/L.

[00114] Carbon Substrate Samples

[00115] Carbon Substrate A was an activated carbon powder (nominal -325 mesh, obtained
from MeadWestvaco Specialty Chemicals, North Charleston, SC, under the trade designation
“AQUAGUARD POWDER?”) used as recerved without further treatment.

[00116] Carbon Substrate B (RGC Powder) was an activated carbon powder with an ash
content of 2.9wt% (nominal -325 mesh, obtained from MeadWestvaco Specialty Chemicals, North
Charleston, SC under the trade designation “RGC POWDER?”) used as received without further treatment.
|00117] Carbon Substrate C was prepared as follows: Carbon Substrate B (500 g) was added to 2 L of

7.5M HNOs 1n a 5 L kettle fitted with a retlux condenser and mechanical stirrer. After the evolution of
brown NO, ceased, the mixture was refluxed and stirred overnight. Then the mixture was cooled to room
temperature and the solids were collected on a sintered glass filter. The solids were washed with ten | L-
portions of deionized water then dried for 16 hr in a 130°C oven. The yield was 532 g.

[00118] Carbon Substrate D was prepared as follows: Carbon Substrate B (150 g) was added in portions
with mechanical sturing to a solution of 30 g of (NH4),S,05 1n 1 L of 2N H,SO4. After 20 hr, the solids
were collected on a glass filter. The solids were washed with four 1 L-portions of deionized water then

dried for 16 hr at 130°C. The yield was 158 g.
[00119] Carbon Substrate E was prepared as follows: Carbon Substrate B (400 g) was divided into three

batches. Each batch was loaded into a ceramic boat and heated at 500°C in air. The three batches were

combined and thoroughly mixed. The yield was 368 g.

[00120] Carbon Substrate F was a carbon black powder (obtained from Cabot Corporation, Boston,

MA, under trade designation “BLACK PEARL”) used as received without further treatment.

[00121] Carbon Substrate G was an activated carbon powder (obtained from Kuraray Chemical

Company, Woodland Hill, CA, under trade designation “KURARAY GG”) used as received without

further treatment.

[00122] Carbon Substrate H was prepared as follows: Carbon Substrate G, 498 g, was added to a stirred

solution of 110 g (NH,4),S,031n 1 L of 2N H,SO,4. After mechanically stirring for 16 hr, the solids were
-13-
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isolated by filtration, washed with three 2 L portions of deionized water then dried in a 130°C oven. The

yield of oxidized granular carbon was 438 g.

[00123] Carbon Substrate I was prepared as follows: Carbon Substrate B, 170 g, and 1 L deionized
water were placed 1in a 3 L reaction kettle equipped with a mechanical stirrer. A solution of 17 g bromine
in 1.4 L. dertomzed water was added dropwise with stirring over 1 hr. Stirring was continued for 1 hr.

r

['hen, the mixture was filtered and the solids washed with three 1 L portions of deiomized water. After

drying at 130°C for 2 hrs, the brominated carbon weighed 214 g and was analyzed and found to contain
3.0% Br.

|00124] Carbon Substrate K was prepared as follows: A solution of sodium hypobromite, NaOBr, was
prepared by dropwise addition of 34 g liquid bromine to an ice-cooled, stirred solution of 16 g sodium

hydroxide in 300 mL deionized water.

[00125] A mixture of 170 g Carbon Substrate B, 1 L deionized water and 600 g cracked ice was placed
in a 3 L reaction kettle surrounded by an ice bath. The above sodium hyprobromite solution was added
with stirring over 30 min. Stirring was continued for 1 hr. Then, the solid product was 1solated by
filtration, washed with three 1 L portions of distilled water and dried at 130°C for 2 hr. The yicld was 204

g and was analyzed and found to contain 1.4% Br.

[00126] Carbon Substrate L was prepared as follows: Carbon Substrate B (400 g) was loaded into a
ceramic boat and heated (i.e. calcined) at 400°C in flowing nitrogen and then cooled in nitrogen
atmosphere.

[00127] The carbon, oxygen and ash content of carbons can be determined by thermal programmed
oxidation. This 1s essentially combustion in a TGA mstrument. Weight loss 1s due to loss of carbon as
CO, and so the percent oxygen 1n the sample follows by difference. It transpires that Carbon Substrate B,
C, D, and E contain 0.2, 6.0, 1.9 and 0.4+0.2% oxygen, respectively.

[00128] Carbon Substrate M (RGC 325) was a wood-based activated carbon (nominal 80x325 mesh,
obtained under the trade designation “RGC 325”, from MeadWestvaco Specialty Chemicals, North

Charleston, SC) used as received without further treatment.

[00129] Carbon Substrate N was a wood-based activated carbon (nominal 80x325 mesh) obtained from
MeadWestvaco Specialty Chemicals, North Charleston, SC, under the trade designation “AQUAGUARD
325”) used as received without further treatment. Carbon Substrate N 1s currently commercially
marketed for chloramine removal. Carbon Substrate N had a particle size distribution, determined by
laser scattering, similar to Carbon Substrate M.

[00130] Carbon Substrate O was a coconut shell activated carbon obtained from Kuraray Chemical,
Osaka Japan, undcr the trade designation “PGWI100MP”. It had a nominal §0x325 mecsh particle size.
[00131]

|00132| General Process for Preparing Carbon Oxychalcogenides: 10 g of a carbon substrate was

thoroughly mixed with 1 g finely powdered sulfur (nominally 10 wt %) and transferred to a reactor
_14-
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consisting ofa 15 x 1.5 inch (381 mm x 38.1 mm) glass tube connected via a 20 mm Solv-Seal joint
(Andrews Glass Co., Vineland, NJ) to a 10 mm greaseless high vacuum stopcock and vacuum line
interface. A plug of glass wool was mserted ahead of the stopcock to prevent loss of entrained solids.
After outgassing for 30 min, the reactor and contents were heated in a vertical furnace at 400°C for 1 hr.
After cooling to room temperature, the reactor was again evacuated through a liquid nitrogen-cooled trap

for 15 min, and then opened to isolate the product.

[00133] Materials from Examples 2, 3, 5, 6 and 7 were analyzed by TGA (Thermal Gravimetric
Analysis) to ascertain thermal stability. Each exhibited two weight loss events with maximum weight
losses 1n the temperature ranges 211-22°C 5 and 307-351°C (Tmax). Maxima were located by plotting the

first dertvative of weight loss versus temperature.

[00134| Tmax for material from Example 5 occurred at 211°C and 329°C; and at 221°C and 351°C for

material from Example 7. Each of these two samples was heated at 170°C and 315°C and the volatiles
released were examined by mass spectrometry. Only sulfur dioxide was detected.

[00135] Examples 1- 24 and Comparative Examples A-D

Examples 1-24 were prepared according to the general process for preparing carbon oxychalcogenides
described above. Comparative Examples A-D were Carbon Substrates A-D as obtained or prepared as

described above. Table 1 below summarizes the materials (such as carbon substrate and chalcogen

compound, as well as their relative compositions) and the process conditions used for preparing samples

of each of Comparative Examples A-D and Examples 1-24. Departures from the general conditions are
noted.

[00136] Example 25

[00137] Example 25 sample was prepared as follows: Carbon Substrate H, 61 g, and 6.3 ¢ finely
powdered sulfur were mixed by tumbling and then transferred to a glass tubular reactor. After evacuation
for 20 min, the reactor was placed in a furnace and heated to 400°C. After 1.5 hr, the reactor was cooled
to room temperature and volatiles removed under vacuum. The resulting product weighed 62.5 g.
[00138] Table 1 below summarizes the materials (such as carbon substrate and chalcogen compound, as

well as their relative compositions) and the process conditions used for preparing samples of each of

Comparative Examples A-D and Examples 1-25. Departures from the general conditions are noted.

Chloramine reduction for the prepared samples for some samples are also included in Table 1. The
chloramine reduction reported in Table 1 1s determined using the process described above after 150

seconds.
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Table 1.
Example | Carbon Substratc | Chalcogen Compound | Temperature Chloramine
used (%, type) (°C) Reduction(%)
Comp. A A NA NA 32
Comp. B B NA NA 41
Comp. C C NA NA 138
Comp. D D NA NA 13
1 B 10%, S 300 39
2 B 1%, S 300 53
3 B 10%, S 400 55
4 C 10%, S 400 50
5 D 10%, S 40)() 50
6 E 10%, S 400 78
7 B 10%, S 400* 63
3 B 8%, SeO, 400 28
9 B 1.5%, SeO» 400 33
10 B 10%, Se 400 28
11 C 10%, Se 400 51
12 C 13%, Te # 400 42
13 C 10%, S¢S, 400 28
14 B 26 kPa, SO, 400 52
15 B 10%, S and 3%, H,O 400 22
16 B 16%, SOCI, 400 52
17 C 11%, (HO)sTe 400 42
18 C 12%, TeO» 400 29
19 B 15%, SOCl, 400 43
20 C 20%, S 400 57
21 B 12%, CS, 400 39
22 C 12%, CS» 400 63
23 F 10%, S 400* 23
24 F 10%, S 4007 10
25 H 10%, S 400 Not tested

* performed 1n air
T performed 1 vacuum

# X-ray powder diffraction analysis of the mostly amorphous product disclosed only weak lines due to Te
and TeO,, mdicating that most of the Te charged was consumed. Mixing of the Te and C, achieved by
tumbling for 1.5 hr., 1s important in this experiment

NA not applicable

[00139] Samples of Comparative Example B (Comp. B) and Examples 2-7 above were analyzed by X-
ray photoclectron spectroscopy (XPS) and the C(1s), O(1s) and S(2ps) peaks were integrated to
determine the surface composition. The Table 2 below summarizes the XPS data for these samples. Note
that the values in Table 2 represent the mean of determinations in three separate areas of the samples.
While not wishing to be bound by theory, 1t 1s believe that these data provide direct experimental

evidence for, and quantitation of, oxygen in the resulting materials.
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Table 2.
Example Atomic % C Atomic % O Atomic % S Atomic % N
Comp. B 96.8 2.9 0 NA
2 93.2 2.9 3.2 NA
3 92.6 3.4 34 NA
4 36.6 3.8 3.0 1.6
5 91.8 4.2 3.1 NA
6 91.2 5.1 3.1 NA
7 93.8 2.4 3.0 NA

NA= below the detection limit of > 0.1%

[00140] Bulk chalcogen content of the samples of some Examples described above was determined by
combustion analysis. Because some volatile chalcogen by-products can form and because the carbon
oxychalcogenides can adsorb small, but variable amounts of atmospheric moisture, elemental composition

cannot be determined by mass balance. Results are shown in Table 3.

Table 3.

Example Type and % Chalcogen Present

1 S, 9.1
S, 0.9
S, 8+1
S, 7.2
S, 7.4
S, 9.7
S, 5.6
Se, 3.5
Se, 3.9
Se, 7.6
Te, 7.3
S, 2.8; 5¢, 5.4
S, 1.9
S, 8.94+0.6
S, 2.5; Cl, 3.5
Te, 5.8
S, 1.6; Cl, 4.5
S, 19.0
S, 1.3
S, 5.2+0.9
S, 5.2+0.9

ool LN Fe W RO i AN RUD N § (N

NI ||| |WI|— O

L 3 L 3 L 3 L 2 L 2 L 2 L 2 L 3 L 3
Q Q Q J r r r r r r r r r

[00141] While not wishing to be bound by theory, it 1s belicved that the resulting carbon

oxychalcogenides samples do not include non-volatile by-products that remain to clog small pores. For

example, as shown in Table 4 below, the as-received Carbon Substrate B has a BET surface area of 1637
m°g”. When Carbon Substrate B is pre-oxidized using the process described above for preparing Carbon

Substrate D, its BET surface area is 1632 m”g". When the resulting Carbon Substrate D is heated at
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400°C under vacuum with 10 weight percent powdered sulfur (similar to the process of Example 5) the
resulting carbon oxysulfide sample still has a very high BET surface area (1425 m°g’"). Note that the

samples were outgassed at 150°C prior to measuring the BET surface area and N, was the probe molecule.

Table 4. |
Sample BET Surface Area, m'g”
Carbon Substrate B 1637
Carbon Substratc D 1632
Example 5 1425

[00142] Example 26

[00143] Example 26 sample was prepared as follows: 12 g of Carbon Substrate I was mixed with 1.2 g
powdered sulfur. The mixture was outgassed at room temperature for 2 hr, and then heated under vacuum
at 400°C for 1 hr. After cooling to room temperature, volatiles were removed under vacuum. The

0.7%; Br, 1.0+0.09%.

product weighed 9.2 g and analyzed and found to contain: S, 10.3
[00144] Example 27

[00145] Example 27 sample was prepared as follows: 12 g of Carbon Substrate K was mixed with 1.2 g
powdered sulfur, outgassed for and heated under vacuum at 400°C for 1 hr. After cooling, volatiles were
removed under vacuum. The product weighed 10.2 g and was analyzed and found to contain S,

9.7+1.0%; Br, 0.74+0.05%.

[00146] Samples of Examples 6, 7, 26 and 27 and Comparative Example B were tested for their %

chloramine reduction as a function of time using the Chloramine Removal Test described above. The

results are shown in Fig. 1. Note that the % chloramines reduction of Examples 6 and 7 were higher than

that of Comparative Example B. Similarly Examples 26 and 27 prepared by using different oxidizing

agents also had higher % chloramine reduction than that of Comparative Example B. Although Examples
6, 7, 26, and 27 all used the same carbon substrate (RGC) as shown 1n Fig. 2, the difterent treatments of
the carbon substrate yiclded materials with ditferent chloramine removal kinctics. While not wishing to
be bound by theory, it 1s believed that this observation can be rationalized retrospectively in terms of the
oxygen concentration present during the thermal reaction and the amounts and types of functional groups
(c.g. CO;H, C=0 or C-OH) produced during the process.

[00147] Example 28

[00148] Example 28 sample was prepared by first heating Carbon Substrate B (40.0 g) to 180 °C in a
crucible, and then adding elemental sulfur (10.0 g, obtained from Alfa Aesar, -325 mesh, 99.5%) with

stirring. The sulfur melted and was mcorporated mto the Carbon Substrate B.

[00149] Four small samples (~2 g each) of the Carbon Substrate-sulfur mix from above were transferred

to smaller crucibles with loose-fitting lids to make up Examples 28A, 28B, 28C, and 28D. Each of

Example 28 A-D crucible was then individually heated in a nitrogen purged muffle furnace at 180, 350,
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550 and 750°C, respectively, for 10 minutes. After the heat treatment, each crucible was then transferred
to a mitrogen-purged container for cooling to near room temperature.

[00150] Example 28 A-D samples prepared above and Comparative Example A and B sample were
tested for their % chloramine reduction as a function of time as described above. The results are shown 1n

Fig. 2. The rate of % chloramine reduction of Example 28C, prepared at 550°C , was similar to that of

Comparative Example A, which 1s a specialty carbon marketed as a very high activity media for
chloramine reduction. While not wishing to be bound by theory, it is believed that as the temperature 1s
increased durmg the step of heating the carbon substrate 1in the presence of sulfur, there 1s a shift in the
distribution of acyclic Sk (x = 2-8) species 1 the sulfur vapor toward smaller, more reactive oligomers.
[00151] The Example 28C sample was analyzed by X-ray photoelectron spectroscopy (XPS) and
integration of the C(1s), O(1s) and S(2ps,) peaks to determine the surface composition. The surface
composition of the Example 28C sample was 90.4 atomic (at)% of C, 2.8at% of O, and 6.8at% of S. Note

that these values represent the mean of determinations in three separate arcas of the sample.

[00152] Example 29

[00153] Example 29 sample was prepared in the same manner as Example 28C, except that the Carbon
Substrate D was used mnstead of Carbon Substrate B.

[00154] Example 30

[00155] Example 30 sample was prepared in the same manner as Example 28C, except that the Carbon
Substrate E was used mstead of Carbon Substrate B.

[00156] Example 28C, 29, 30 samples prepared above and Comparative Example B sample were tested

for their % chloramine reduction as a function of time as described above. The results are shown 1n Fig. 3.

[00157] Example 31

[00158] Example 31 sample was prepared in the same manner as Example 28C, except that the Carbon
Substrate L was used instead of Carbon Substrate B.

[00159] Example 28C, 31 samples prepared above and Comparative Example B sample were tested for

their % chloramine reduction as a function of time as described above. The results are shown m Fig. 4.

[00160] Example 32
[00161] Examples 32A-32G were prepared using Carbon Substrate B (10.0 g) and grey selenium (1.0 g,

obtained from Alfa Aesar, -200 mesh) following the general process for preparing carbon
oxychalcogenides described above except that the samples were heated to 400°C for Example 32A, 500
°C for Example 32B, 600 °C for Example 32C, 700 °C for Example 32D, 800 °C for Example 32E, 900 °C
for Example 32F and 1000 °C for Example 32G. XRD patterns for Examples 32A-32G samples did not
include peaks for Se or SeQO,, indicating that all of Se was consumed 1n the reaction. Bulk chalcogen
content of the samples of Examples 32A -32G were determined by using an ICP optical emission
spectrophotometer (Model Perkin Elmer Optima 3300VP obtained from Perkin Elmer, Inc. Waltham,

MA). Examples 32A-32G samples contained 4.2, 5.8, 5.5, 7.1, 7.3, 6.0, 3.6 wt % Se, respectively.
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Examples 32A-32G samples prepared above and Comparative Example B sample were tested for their %
chloramine reduction as a function of time as described above. After 300 seconds of testing Comparative
Example B sample removed 51.5 % of chloramine. After 300 seconds of testing Examples 32A-32G
samples removed 62.5, 59.4, 54.5, 53.1, 53, 40.6, and 25 % of chloramine, respectively.

[00162] Example 33
[00163] Examples 33A-33E were prepared using Carbon Substrate B (10.0 g) and CS, (1.2 g) following

the general process for preparing carbon oxychalcogenides described above except that the air was not

removed from the reactor prior to heating. The samples were heated to 400°C for Example 33A, 500 °C
for Example 33B, 600 °C for Example 33C, 700 °C for Example 33D, 800 °C for Example 33E, 900 °C.

Bulk chalcogen content of the samples of Examples 33A -33E were determined by using by combustion
analysis. Examples 33A-33E samples contained 2.4, 3.0, 3.5, 3.9, 4.0 wt % S, respectively. Examples
33A-33E samples prepared above and Comparative Example B sample were tested for their % chloramine
reduction as a function of time as described above. After 300 seconds of testing Comparative Example B
sample removed 53.3 % of chloramine. After 300 seconds of testing Examples 33A-33E samples

removed 63.3, 66.7, 63.3, 63.3, and 60 % of chloramine, respectively.
[00164] Example 34
[00165| Examples 34A-34E were prepared using Carbon Substrate B (8.0 g) and powdered SeO, (1.0 g)

tollowing the general process for preparing carbon oxychalcogenides described above except that the
reactor was back filled with 1 atmosphere of nitrogen after outgassing and the samples were heated to
500°C for Example 34A, 600 °C for Example 34B, 700 °C for Example 34C, 800 °C for Example 34D,
900 °C for Example 34E, 900°C. XRD patterns for Examples 34A-34E samples did not include peaks for
Se or SeO,, indicating that all of SeO, was consumed 1n the reaction. Bulk chalcogen content of the
samples of Examples 34A -34E were determined by using an ICP optical emission spectrophotometer
(Model Perkin Elmer Optima 3300VP obtained from Perkin Elmer, Inc. Waltham, MA). Examples 34A-
34E samples contained 8.0, 5.1, 5.6, 5.8, 5.3 wt % Se, respectively. Examples 34 A-34E samples prepared
above and Comparative Example B sample were tested for their % chloramine reduction as a function of

time as described above.

[00166] Example 35

[00167] Example 35 sample was prepared by first heating Carbon Substrate M (> 40 c¢¢) to 180 °C in a
crucible, and then adding elemental sulfur (0.2 g sulfur per gram carbon, obtained from Alfa Aesar, -325
mesh, 99.5%) with stirring. The sultur melted and was incorporated mto the Carbon Substrate M.
[00168] A sample (~40 to 100 cc) of the Carbon Substrate-sulfur mix from above was transferred to a
crucible with a loose-fitting lid. The crucible was then placed 1in a nitrogen purged muttle furnace,
equilibrated to 550 °C and held at that temperature for 10 minutes. The crucible was removed from the

furnace and transferred to a nitrogen-purged container for cooling to near room temperature.
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[00169] Example 36
[00170] Example 36 was prepared and tested in the same manner as Example 35, except that the Carbon

Substrate O was used instead of Carbon Substrate M.

[00171] The carbon-oxychalcogenide sample from Examples 35 and 36, as well as Carbon Substrate M
and N, were individually made into a carbon block following the Preparing Carbon Blocks method
described above. Each of the carbon blocks was tested for chloramine removal following the Chloramine
Removal Test 2 (Flow-system Method) as described above. Three carbon blocks comprising the Carbon
Substrate N were prepared and analyzed for Chloramine Removal and 3 carbon blocks comprising the
Example 35 carbon oxychalcogen were prepared and analyzed for Chloramine Removal. The results are

shown 1n Fig. 5, where the carbon block made with Carbon Substrate M 1s CS-M, Carbon Substrate N 1s

CS-N, Example 35 1s Ex 35, and Example 36 1s Ex 36. Fig. 5 shows the amount of chloramine present in
the effluent (in ppm) versus throughput (1.¢., how many gallons of the chloramine-containing water were
run through the carbon block).

[00172] Shown in Table S below is the approximate average chloramine capacities for the carbon blocks

tested based on a 0.5 mg/L maximum effluent concentration.

Table 5
Carbon material used to make carbon block Chloramine Capacity
CS-M <1 gallon
CS-N 30-40 gallons
Ex. 35 > 400 gallons
Ex. 36 > 400 gallons

[00173] Analysis of Hydrogen, Nitrogen and Sulfur
[00174] Eamples 35 and 36 were analyzed for weight percent Carbon, Hydrogen, Nitrogen and Sulfur

by combustion using a LECO TruSpec Micro CHNS elemental analyzer, Laboratory Equipment Co. St.
Joseph, MI. Briefly, the sample 1s placed m the instrument and purged of atmospheric gases. The sample
18 then heated to over 1000°C 1n the presence of oxygen to combust the sample. The sample 1s then
passed through a second furnace for further oxidation, reduction, and particulate removal. The
combustion gases are then passed through various detectors to determine the content of the carbon,
hydrogen, nitrogen, and sulfur.

[00175] A sulfamethazine standard (>99%,from LECQ) was diluted to make a calibration curve
ranging from 1 mg to 2.6 mg sulfamethazine. The instrument 1s baselined with ambient air until the
CHNS detectors stabilized. Then, 3-4 empty crucibles were measured and set as instrument blanks.
Next, the sultamethazine standards were analyzed to form a calibration curve. The absolute standard

deviation of the sulfamethazine standard (acceptable precision for a pure homogeneous material) for the
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clements were: < +/- (0.3 wt. % for Hydrogen, <+/- 0.3 wt. % for Nitrogen and < +/- 0.3 wt. % for Sulfur
with a limit of detection of 0.10 wt % for each of the elements. Examples 35 and 36 were then analyzed
for their carbon, hydrogen, nitrogen, and sulfur content. Example 35 had 14.42 wt % sulfur and the
hydrogen and nitrogen were below the limit of detection. Example 36 had 8.44 wt % sulfur, 0.12 wt %
nitrogen and the hydrogen was below the limit of detection.

[00176] Foreseeable modifications and alterations of this invention will be apparent to those skilled in
the art without departing from the scope and spirit of this invention. This invention should not be

restricted to the embodiments that are set forth mn this application for 1llustrative purposes.

.
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CLAIMS:

1. A filtration device comprising a {luid conduit fluidly connecting a fluid inlet to a fluid
outlet; and a filter medium disposed 1n the fluid conduit; the filter medium comprising a
carbon substrate having a surface of COEy, wherein E 1s selected from at least one of S, Se,

and Te; and wherein x 1s no more than 0.1, and y 1s 0.005 to 0.3.
2. The filtration device of claim 1, wherein x 1s 0.01 to 0.1.

3. The filtration device of claim 1 or 2, wherein E 1s sulfur and the sulfur is chemically

combined with the carbon.

4. The filtration device of any one of claims 1-3, wherein the filter medium comprises the

carbon substrate having a surface ot COLy and turther comprises a binder.

5. The filtration device of any one of claims 1-3, wherein the filter medium comprises the

carbon substrate having a surface of COE, and further comprises a web.

6. The filtration device of any one of claims 1-5, wherein the carbon substrate comprises less

than 0.90 mass % nitrogen based on the total mass of the carbon substrate.

7. The filtration device of any one of claims 1-6, wherein the carbon substrate comprises

greater than 2.0 mass % sulfur based on the total mass of the carbon substrate.

8. The filtration device of any one of claims 1-7, wherein the filtration device 1s a water

filtration device.

9. A method for removing chloramine from aqueous solutions comprising: providing an
aqueous solution comprising chloramine and contacting the aqueous solution with a

composition comprising a carbon substrate having a surface of CO4E,, wherein E 1s selected

from at least one of S, Se, and Te; and wherein x 1s no more than 0.1, and vy 1s 0.005 to 0.3.

10. The method of claim 9, wherein x 1s 0.01 to 0.1.

-3 -
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11. The method of claim 9 or 10, wherein E is sulfur and the sulfur 1s chemically combined

with the carbon.

12. The method of any one of claims 9-11, wherein the carbon substrate comprises less than

0.90 mass % nitrogen based on the total mass of the carbon substrate.

13. The method of any one of claims 9-12, wherein the carbon substrate comprises greater

than 2.0 mass % sulfur based on the total mass of the carbon substrate.

-4 -
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