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A. Title:

CARBON SORBENTS FOR THE REMOVAL OF NITROGEN OXIDES AND
METHODS FOR MAKING THE SAME

B. Government Interests: Not applicable

C. Parties to a Joint Research Agreement: Not applicable

D. Incorporation by Reference of Material submitted on a Compact Disc: Not
applicable

E. Background:

[0001] Activated carbon has long been used to remove toxic gases and vapors from
a stream of gas or liquid. For example, activated carbons are also useful for removing
noxious agents from breathing air or exhaust gases and can be used in gas mask filters,
respirators, collective filters, and other applications. Activated carbons used to remove
noxious agents are often impregnated with components that react with noxious gases that
would otherwise not be removed through the use of unimpregnated activated carbons.
Chemical adsorption reactions with impregnants on the activated carbon render noxious
gasses as inert or convert them to a form that is more readily removed by the carbon. In
particular, nitrogen dioxide and related nitrogen oxides (NOx) are poisonous gases that must
be removed from breathing air or exhaust gases. Previous adsorbents have used various
carbon-based and non-carbon-based sorbents with high costs and low effectiveness.

[0002] Further, the use of tricthylenediamine (TEDA) in respiratory filters and
sorbent media designed to provide respiratory protection against military gases has long been
recognized. In particular, TEDA is accepted as a critical material in providing protection
against cyanogen chloride (CK) gas in chromium-free compositions, which may also contain
copper and in some cases zinc. There is a desire to improve NO2 removal for many
respirator and air purification applications.

F. Summary of the Invention: Not applicable
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G. Description of Drawings:

[0003] FIG. 1 illustrates the effect of triethylenediamine on the removal of noxious
gases from streams of gas.
H. Detailed Description:

[0004] Before the present compositions and methods are described, it is to be
understood that this invention is not limited to the particular processes, compositions, or
methodologies described, as these may vary. It is also to be understood that the terminology
used in the description is for the purpose of describing the particular versions or embodiments
only, and is not intended to limit the scope of the present invention, which will be limited
only by the appended claims. Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood by one of ordinary skill in the
art. Although any methods and materials similar or equivalent to those described herein can
be used in the practice or testing of embodiments of the present invention, the preferred
methods, devices, and materials are now described. Nothing herein is to be construed as an
admission that the invention is not entitled to antedate such disclosure by virtue of prior
invention.

[0005] It must also be noted that as used herein and in the appended claims, the
singular forms “a,” “an,” and “the” include plural reference unless the context clearly dictates
otherwise. Thus, for example, reference to “a combustion chamber” is a reference to “one or
more combustion chambers” and equivalents thereof known to those skilled in the art, and so
forth.

[0006] As used herein, the term “about” means plus or minus 10% of the numerical
value of the number with which it is being used. Therefore, about 50% means in the range of
45%-55%.

[0007] As used herein, the term “sorbent material” is meant to encompass all known
materials from any source. For example, sorbent materials include, but are not limited to,
activated carbon, natural and synthetic zeolite, silica, silica gel, alumina, zirconia, and
diatomaceous earths.

[0008] Various embodiments of the invention are directed to adsorbents for removal
of noxious or toxic gases from air or other gas streams. Other embodiments are directed to
methods for producing such adsorbents and filter apparatuses including these adsorbents.

[0009] The adsorbents of various embodiments include a sorbent material with a
combination of additives including greater than 5% triethylenediamine (TEDA) to improve

adsorption of various toxic gases. In particular, the adsorbents of the invention provide
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improved adsorption of nitrogen containing gases such as, nitrogen dioxide and other
nitrogen oxides. The adsorbents of various embodiments can include additional additives
that improve adsorption of nitrogen containing gases or other harmful or toxic gases. These
additional additives can include, for example, metals or combinations of metals, sulfates, and
the like. For example, in certain embodiments, the adsorbent may at least include copper,
zinc, molybdenum, silver, sulfate, and from about 5 wt. % to about 20 wt. % TEDA.

[0010] The amount of TEDA included in the adsorbents of embodiments can vary.
For example, in some embodiments, the adsorbent may include about 5 wt. % to about 20 wt.
% TEDA. In other embodiments, the adsorbent may include from about 6 wt. % to about 15
wt. %, about 8 wt. % to about 10 wt. %, about 10 wt. % to about 20 wt. %, about 10 wt. % to
about 15 wt. %, about 10 wt. % to about 12 wt. %, or any range or individual concentration
encompassed by these ranges. The TEDA may be deposited onto the surface of the
adsorbent, incorporated into the adsorbent as individual granules, or combinations thereof.

[0011] Various additional additives may also be included in the adsorbents of
various embodiments. In particular embodiments, the additional additives may be metals or
various metal salts or compounds. The use of the term “metals™ is intended to include both
the metallic form, as well as salts of that metal. For example, the term “copper” is taken to
include the possibility of both metallic copper, as well as any of a number of copper salts or
compounds. Although various metals may be incorporated into the adsorbents of the
mvention, in certain embodiments, the metals may include copper, silver, zinc, vanadium,
tungsten, molybdenum, silver, and the like. The amount of each metal incorporated into the
adsorbents of the invention can vary and can be from about 0.01 wt. % to about 20 wt. %
depending on the metal and the gases to be adsorbed. In some embodiments, the adsorbent
may include about 2 wt. % to about 12 wt. % for each of copper, zinc, vanadium, tungsten,
and molybdenum individually, and in other embodiments, the adsorbent may include about 3
wt. % to about 10 wt. % or about 4 wt. % to about 8 wt. % for each of copper, zinc,
vanadium, tungsten, and molybdenum individually or any range or individual concentration
encompassed by these ranges. In the adsorbents of embodiments, the concentration of each
metal is independent of the other metals in the adsorbent. For example, in some
embodiments, the adsorbents may include about 1 wt. % to about 12 wt. % or about 2 wt. %
to about 10 wt. % copper, about 0.5 wt. % to about 5 wt. % or about 1 wt. % to about 4 wt. %
vanadium, tungsten, molybdenum, or combination thereof, and about 0.01 to about 1.0 wt. %

or about 0.03 wt. % to about 0.05 wt. % silver.
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[0012] Further additives that can be incorporated into the adsorbents of the
mvention include sulfates, phosphates, carbonates, and the like and combinations thercof.
The concentration of sulfate, phosphate, and carbonate can vary among embodiments and is
typically between about 1 wt. % to about 10 wt. %, about 2 wt. % to about 8 wt. %, about 3
wt. % to about 5 wt. % or any range or individual concentration encompassed by these
ranges.

[0013] Embodiments are not limited to any particular sorbent material. For
example, the sorbent material may be any of activated carbon, reactivated carbon, natural and
synthetic zeolite, silica, silica gel, alumina, diatomaceous ecarths, zirconia and the like and
combinations therecof. In certain embodiments, the sorbent material may be an activated
carbon or reactivated carbon. In such embodiments, the activated carbon may be obtained
from any source and can be made from a variety of starting materials. For example, suitable
materials for production of activated carbon include, but are not limited to, coals of various
ranks such as anthracite, semi-anthracite, bituminous, sub-bituminous, brown coals, or
lignites; nutshells, such as coconut shell; wood; vegetables such as rice hull or straw; residues
or by-products from petroleum processing; and natural or synthetic polymeric materials. The
carbonaceous material may be processed into carbon adsorbents by any conventional thermal
or chemical methods known in the art and will inherently impart different surface arcas and
pore volumes depending on the starting materials and processing used. In particular
embodiments, the activated carbon may be a coal based activated carbon, and in some
embodiments, the starting material may be bituminous coal.

[0014] The adsorbents of various embodiments may further include up to about 25
wt. % residual water, and in some embodiments, such adsorbents may include about 2 wt. %
to about 20 wt. %, about 3 wt. % to about 15 wt. %, about 4 wt. % to about 10 wt. %, about 4
wt. % to about 8 wt. %, about 6 wt. % to about 9 wt. % residual water, or any individual
concentration or range cncompassed by these example concentrations. In  other
embodiments, the adsorbents of the invention may include no (0 wt. %) residual water.

[0015] Particular embodiments are directed to adsorbents including activated carbon
having a combination of copper, molybdenum, silver, sulfate, and TEDA with ecach
component at any concentration or combination of ranges identified above deposited on the
surface of the activated carbon. In some embodiments, the adsorbent may include activated
carbon and about 2 wt. % to about 10 wt. % copper, about 1 wt. % to about 4 wt. %
molybdenum, about 0.03 wt. % to about 0.1 wt. % silver, about 3 wt. % to about 5 wt. %
sulfate, and about 6 wt. % to about 12 wt. % or about 8 wt. % to about 12 wt. % TEDA.

-
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[0016] Further embodiments are directed to compositions that include the sorbents
described above having a combination of copper, molybdenum, silver, sulfate, and TEDA
with each component at any concentration or combination of ranges identified above
deposited on the surface of the activated carbon and one or more other sorbent. In such
embodiments, the other sorbent may be activated carbon or another sorbent material which
can be impregnated with a different combination of additives. For example, in some
embodiments, the sorbent described above can be combined with a sorbent for removal of
ammonia such as activated carbon impregnated with nickel chloride (NiClo). In another
embodiment, the sorbent may be impregnated with a NiCl,/ZnCl, mixture for the removal of
ammonia. In other embodiments, the sorbent may be impregnated with one or more of
phosphoric acid, sulfuric acid and citric acid for removal of ammonia. The compositions of
embodiments may include a blend of the sorbent of the invention and one or more other
sorbent, in which the various sorbents are substantially uniformly mixed. Such blended
materials can include any ratio of the sorbent of the invention to the onec or more other
sorbent. For example, the components may be provided in a ratio of about 90:10 to about
50:50 sorbent of the invention to other sorbent. In other embodiments, the combination of
sorbents can be layered.

[0017] The adsorbents described above can be used to adsorb or otherwise remove
various toxic or noxious gases and organic vapors from streams of gas such as, for example,
air. A wide variety of toxic or noxious gases can be removed by these sorbents such as, for
example, HCN, CNCI, H,S, Ch, SO,, NO, NO; formaldechyde, and NHs. In some
embodiments, the toxic or noxious gas may be a nitrogen oxide (NOx), such as, for example,
NO2. Similarly, various organic vapors such as, for example, CCls, benzene, toluene,
acetone, organic solvents, and the like can be adsorbed by the adsorbents described above.
Therefore, in some embodiments, the adsorbents can be provided in fixed beds through which
streams of gas that include or, potentially include, toxic or noxious contaminant gases are
passed. In other embodiments, the adsorbents can be contained within a housing that is
attached to, for example, respirators, gas masks, compressed breathing air devices, and the
like through which gas streams including potentially toxic or noxious contaminates are
passed.

[0018] Such metals can be provided in a variety of forms, for example, the metal
may be provided as metal carbonates, metal oxides, metal chlorides, metal halides, metal
oxo-acids, metal salts, metal sulfates, and the like and combinations thereof. In some

embodiments, the adsorbent may additionally include non-metal additives such as, for
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example, triethylencdiamine (TEDA), non-metal phosphates, non-metal sulfates, non-metal
carbonates, and the like and combinations thereof.

[0019] Certain embodiments are directed to methods for making the adsorbents
described above. In some embodiments, the methods may include one or more steps of
impregnating a sorbent with an additive. The step of impregnating is well known in the art
and can be carried out in any number of ways. Typically, impregnating includes the step of
contacting an adsorbent, by immersion or other means, with an impregnation solution
containing one or more additives that are dissolved or dispersed in the impregnation solution.
The impregnating solution may include one or more additives that will become associated
with the adsorbent while the adsorbent is in contact with the impregnating solution.
Impregnating can be carried out in one or more impregnating steps. For example, in some
embodiments, all of the additives incorporated onto the adsorbent may be included in the
impregnating solution such that all of the additives can become associated with the adsorbent
in a single impregnating step. In other embodiments, the impregnating solution may include
a single additive and a separate impregnating step may be necessary for each additive
incorporated onto the adsorbent. In still other embodiments, impregnating can be carried out
by impregnating with a first impregnating solution including two or more additives and
impregnating with a second impregnating solution including one or more additives. In yet
other embodiments, impregnating can be carried out using three or more impregnating steps
in which each impregnating solution includes one, two, three, four, or more additives.

[0020] The additives used in such methods may be any of the sorbents described
above. In particular embodiments, the additives may be at least one metal additive, such as,
for example, a metal salt. The metal salt may be salts of copper (II), salts of zinc, salts of
molybdenum (VI), salts of silver, or combinations thereof. In further embodiments, the
additives may be salts of copper (II), salts of molybdenum (VI), salts of silver, and sulfate. In
certain embodiments, the liquid portion of the impregnating solution in which the additives
are dissolved or dispersed may be water. In other embodiments, the liquid portion of the
impregnating solution may be an aqueous solution of water and a secondary component
provided to aid dissolution of the additive into the impregnating solution. For example, in
some embodiments, the impregnating solution may be a solution of metal salts or an aqueous
solution containing metal salts that has been created by adding, for example, ammonia and/or
ammonium carbonate, to the impregnating solution. The ammonia can aid in the dissolution
of basic additives such as, for example, copper (II) carbonate (CuCQs) or basic copper

carbonate which are essentially insoluble in water.
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[0021] In particular embodiments, metal additives may be metal salts provided as
salts of copper (II), salts of zinc, salts of molybdenum (VI), salts of silver, or combinations
thereof. In various embodiments, copper may be provided as, for example, CuCO3s, CuSQOy,
CuO, or Cu[MoOQs], and the like or equivalents thereof, silver may be provided as, for
example, AgNQOs, AgCO3, AgSOs, AgO, or Ag|MoOQ4] and zinc may be provided as ZnCOs,
ZnS0s, ZnO, or Zn|MoQg4], and the like or equivalents therefore. Molybdenum can be
provided as any of a variety of complex molybdates, such as mono- or di- or heptamolybdate
([MoO4]2, [M0207]2, [M07024]) containing compounds such as, for example, ammonium
dimolybdate (NH4)2Mo0,07) ammonium heptamolybdate and the like or equivalents thercof.
Sulfate (SO4>) can be provided as copper, silver, or zinc sulfate (CuSO4, Ag>SOs, ZnSO4) or
as, for example, ammonium sulfate (NH4)>SO4), sulfuric acid or equivalents thercof, and the
like, and combinations thercof.

[0022] The methods of some embodiments may include the step of drying the
activated carbon after impregnating. Drying is typically carried out after impregnating and/or
between impregnating steps when the methods include more than one impregnating step.
Drying can be carried out by any means, and in some embodiments, drying can be carried out
in an oven, kiln, or fluid bed. In certain embodiments, the methods may include the step of
moisturizing the dried activated carbon. Moisturizing can be carried out by any means
including, for example, spraying water onto the adsorbent. In some embodiments,
moisturizing results in an adsorbent having a moisture content up to about 25 %, and in other
embodiments, moisturizing may result in an adsorbent having a moisture content of about 2
% to about 10 %. In further embodiments, moisturizing results in an adsorbent having a
moisture content of about 4 % to about 8§ %.

[0023] TEDA may be applied by any means well known in the art, such as, for
example, admixing TEDA with the dried impregnated sorbent and then sublimation of the
TEDA onto the surface of the dried impregnated adsorbent.

[0024] Additional embodiments are directed to filters for purifying streams of gas
using the sorbents described above. Such embodiments are not limited to particular types of
filters. In some embodiments, the filter may be an air filter for civilian or military
applications, for example, a personal protection gas mask filter, first responder mask filter, or
collective protection filter. In other embodiments, the filter may be an air filter for industrial
applications such as, for example, automotive cabin air purification systems.

[0025] The filters of various embodiments may have any design and may at least

include a housing, including a compartment configured to hold granulated activated carbon
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and allow streams of gas to flow over or through the activated carbon. Such filters may
include various additional components such as, for example, screens or other means for
holding the activated carbon in the compartment or additional purification devices such as
filtration membranes, particulate filters, and the like. In some embodiments, the housing may
include various components necessary to allow the filter to be integrated into a device such as
respirators, gas masks, or compressed breathing air devices in which streams of gas flow
from one compartment to another and pass through the filter during transfer. The filter may
be integrated into a device that attaches to an automotive cabin air inlet that causes streams of
gas to pass through the filter before being expelled from the automotive cabin air outlet into
the automotive cabin area. In particular, the filter may include an inlet port for introducing
streams of gas into the filter and an outlet port for dispensing the filtered streams of gas from
the filter. In some embodiments, the filter may include a removable connecting means to
connect to a gas source such as a pipe, hose, tube fittings, and the like at the inlet port.

[0026] In some embodiments, the filter may include a filter housing having an
clongated envelope composed of an inert plastic material such as polyethylene,
polypropylene, polyvinylchloride, polytetrafluorocthylene, or any combination thereof
disposed within the filter housing for retaining the activated carbon. The filter housing and
the envelope may be spaced from one another. In some embodiments, a particulate filter
such as, for example, filter paper may be disposed within the space to retain dust associated
with activated carbon. In particular embodiments, additional adsorbents, such as, carbon
cloth may be disposed within the space. In some embodiments, the filter may include a
perforated plate, slotted grate, mesh grill, screen, or other means for securing the envelope
within the housing while allowing free flow of streams of gas through the filter housing.

[0027] Industrial or military devices may include larger filter devices designed to
attach to large high flow streams of gas that provide beds positioned to receive streams of gas
from a contaminated gas source during treatment. Such devices are well known in the art and
the activated carbon can be included in any such device. In various embodiments, beds or
tanks including granular activated carbon can be positioned at various places along the flow
path of the contaminated gas source, and granular activated carbon, as described above, can
be used by any one or all of these beds or tanks. In certain embodiments, the streams of gas
may be contacted with powdered activated carbon at one or more locations in the flow path.
The treatment devices and facilities may include various additional tanks and components.

[0028] The filters of the various embodiments described above may include the

sorbent of the invention having a combination of copper, zinc, molybdenum, silver, sulfate,
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and TEDA with each component at any concentration or combination of ranges identified
above deposited on the surface of the activated carbon alone. In other embodiments, the
filters can include a combination of the sorbent of the invention with one or more other
sorbent. Other sorbents can be activated carbon or another sorbent material, and may be
unimpregnated or impregnated with a different combination of additives. In some
embodiments, the sorbent of the invention and the one or more other sorbent can be blended.
In other embodiments, the combination of sorbents can be layered in a filter device.

EXAMPLES

[0029] Although the present invention has been described in considerable detail
with reference to certain preferred embodiments thercof, other versions are possible.
Therefore, the spirit and scope of the appended claims should not be limited to the description
and the preferred versions contained within this specification. Various aspects of the present
mvention will be illustrated with reference to the following non-limiting examples.

EXAMPLE 1

[0030] Samples 2-4 were prepared by impregnating coal-based activated carbon (12
X 30 mesh U.S.) in a solution containing salts of copper (II), salts of molybdenum (VI), salts
of silver, and sulfate. The activated carbon was dried by passing through a fluid bed drier. It
was subsequently resized to provide a 20 X 40 mesh material. The material was moisturized
by spraying with water for a moisture content of about 6.0%. Tricthylenediamine (TEDA)
was added by sublimation to the impregnated activated carbon. Each of the Samples 2-4
were prepared with 8.4 w/w % copper, 1.9 w/w % molybdenum, 2.9 w/w % sulfate, 0.03 w/w
% silver and 6.0 w/w % water with varying TEDA content. Sample 1 was prepared from a
pool of carbon with a similar composition as Samples 2-4, and having 1 w/w % TEDA. The
TEDA content for Samples 2-4 were as follows: Sample 2 had 5 wt. % TEDA, Sample 3 had
8 wt. % TEDA, and Sample 4 had 10 wt. % TEDA.

[0031] Portions of cach of the samples were placed into sample tubes as 1.0 cm beds
and exposed to individual challenges of 4000 mg/m? of sulfur dioxide (SO) , hydrogen
cyanide (HCN), cyanogen chloride (CK), 1000 mg/m® ammonia (NH3), and 375 mg/m?
nitrogen dioxide (NO»), at a linear velocity of 6.6 cm/s. Breakthrough levels were as follows:
5 mg/m3 SO-; lesser of (4 mg/m* HCN or 8 mg/m?® (CN)») for HCN; 8 mg/m? CK; 35 mg/m?
NH3; lesser of (9 mg/m? NO> or 30 mg/m? NO) for NO,. SO, and NHj3 testing was performed
on as-received samples under conditions of 15% relative humidity. Testing for CK and NO,

was performed at 80% RH on samples that had been previously equilibrated in a stream of
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80% RH air at 25C for 16 hours. The samples were evaluated to determine the breakthrough
times of various noxious or toxic gases (NHsz, SO», CK, and NO») measured in minutes. FIG.
1 shows that samples 1 and 2 had breakthrough times of 21 minutes or less for NHsz, SO,
CK, and NO, but samples 3 and 4 had NO> breakthrough times of 40 minutes and 78
minutes, respectively. The NO» breakthrough times for samples 3 and 4 were improved in
comparison to samples 1 and 2. Table 1 below illustrates the comparison of breakthrough

times for SO», NH3, CK and NO> with the w/w % TEDA in each of the four samples.

Table 1
Sample | TEDA SO, NH; CK NO»
1 1 9 21 15 8
2 5 13 20 21 17
3 8 14 17 23 40
4 10 14 15 24 78
EXAMPLE 2

[0032] Sample 3 of Example 1 was blended in an 80/20 w/w ratio with a carbon that
had been impregnated with NiCl,, a material known to be particularly effective for removal
of ammonia, producing Sample 5. Breakthrough tests were then conducted under the same

conditions, and the results are set forth in Table 2.

Table 2
Sample | TEDA S0, NH; CK NO»
5 8 13.0 30.3 16.4 32.0

This data shows the advantages of improved NO> performance were largely retained, while

desirable ammonia performance was significantly improved.

EXAMPLE 3

[0033] A 1.0 cm depth of samples 3 and 4 of Example 1 were loaded into testing
columns with 0.2 cm of the NiClz-impregnated carbon in a layered configuration, with the
ammonia-specific material being placed on the exit layer, Samples 6 and 7, respectively. The
packed tubes were then tested as above at a 1.2 cm bed depth. Breakthrough times as a

function of TEDA content for various gases is set forth in Table 3 below.
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Table 3

Sample | TEDA SO, NH; CK NO,
6 8 19.0 36.9 23.8 41.0
7 10 16.6 34.8 233 77.5

The data shows the benefits of combining an ammonia-specific carbon with the improved
NO, performance of Samples 6 and 7 versus samples 3 and 4 which did not contain the NiCI2

layer.
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CLAIMS:

1.

10.

11.

12.

A composition for removing NO- from a gas stream comprising:
a first sorbent having a first surface deposition comprising:
about 2 wt. % to about 12 wt. % copper;

about 1 wt. % to about 5 wt. % molybdenum;

about 3 wt. % to about 6 wt. % sulfate; and

about 5 wt. % to about 20 wt. % tricthylenediamine.
The composition of claim 1, further comprising about 2 wt.% to about 12 wt. % zinc.

The composition of claim 1, further comprising about 0.03 wt. % to about 1.0 wt. %

silver.

The composition of claim 1, comprising about 6 wt. % to about 15 wt. %

triethylenediamine.
The composition of claim 1, further comprising about 2 wt. % to about 20 wt. % water.

The composition of claim 1, wherein the first sorbent is selected from the group
consisting of activated carbon, natural and synthetic zeolite, silica, silica gel, alumina,

zirconia, and diatomaceous earths.

The composition of claim 1, further comprising:

a second sorbent for removal of ammonia.

The composition of claim 7, wherein the first surface deposition further comprises

about 2 wt.% to about 12 wt. % zinc.

The composition of claim 7, wherein the first surface deposition further comprises

about 0.03 wt. % to about 1.0 wt. % silver.

The composition of claim 7, wherein the first surface deposition comprises about 6 wt.

% to about 15 wt. % tricthylenediamine.

The composition of claim 7, wherein the first surface deposition further comprises

about 2 wt. % to about 20 wt. % water.

The composition of claim 7, wherein the sorbent is selected from the group consisting
of activated carbon, natural and synthetic zeolite, silica, silica gel, alumina, zirconia,

and diatomaceous earths.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

The composition of claim 7, wherein the first sorbent and the second sorbent are

admixed.

The composition of claim 7, wherein the first sorbent and the second sorbent are

layered.

The composition of claim 7, wherein the second sorbent comprises a second surface

deposition comprising nickel chloride.

The composition of claim 7, wherein the second sorbent is selected from the group
consisting of activated carbon, natural and synthetic zeolite, silica, silica gel, alumina,

zirconia, and diatomaceous earths.

A method for making a composition for removing NO; from a gas stream comprising:
impregnating a sorbent material with a composition comprising:
about 2 wt. % to about 12 wt. % copper;
about 1 wt. % to about 5 wt. % molybdenum;
about 3 wt. % to about 6 wt. % sulfate; and
about 5 wt. % to about 20 wt. % tricthylenediamine.

The method of claim 17, wherein the impregnating comprises impregnating with the

composition further comprising about 2 wt. % to about 12 wt. % zinc.

The method of claim 17, wherein the impregnating comprises impregnating with the

composition further comprising about 0.03 wt. % to about 1.0 wt. % silver.

The composition of claim 1, comprising about 6 wt. % to about 20 wt. %

triethylenediamine.

The composition of claim 1, comprising about 8 wt. % to about 15 wt. %

triethylenediamine.

The composition of claim 1, comprising about 8 wt. % to about 12 wt. %

triecthylenediamine.

The composition of claim 1, comprising about 8 wt. % to about 10 wt. %

tricthylenediamine.

The method of claim 17, wherein the composition comprises about 6 wt. % to about 20

wt. % triethylenediamine.
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25.

26.

27.

28.

29.

30.

31.

32.

The method of claim 17, wherein the composition comprises about 6 wt. % to about 15

wt. % triethylenediamine.

The method of claim 17, comprising about 8 wt. % to about 15 wt. %
triethylenediamine.

The method of claim 17, comprising about 8 wt. % to about 12 wt %

triethylenediamine.

The method of claim 17, comprising about 8 wt. % to about 10 wt. %

triethylenediamine.

The method of claim 17, wherein the composition comprises about 6 wt. % to about 20

wt. % triethylenediamine.
The method of claim 17, further comprising a second sorbent for removal of ammonia.

The method of claim 17, wherein the gas stream includes toxic or noxious amounts of
NOa..

The method of claim 17, wherein removing NO, from the gas stream comprises

contacting the gas stream with the composition.
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