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Carbonaceous chars capable of catalyti-
cally decomposing aqueous hydrogen peroxide at
higher rates at given char densities than other
known catalytic chars are provided for. This
improvement is provided by an increase in the
catalytic activity at a given char density of the
said catalytically-active carbonaceous char. The
catalytically-active carbonaceous chars are useful
for, but not limited to, the catalytic conversion of
H2S, SOx, NOx, peroxides, and/or chloramines in
liquid and/or gaseous media. The catalytic activ-
ity of the char can be measured by adding the
char to an apparatus (10) comprising a Dewar
container (11) positioned on a magnetic stirrer
(12) including a stir bar (13), a cap (14), a fun-
nel (15), a vent (16), an opening (17), a thermo-
couple (18), an ice point compensator (21) and a

strip chart recorder (22). (1)
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TITLE
CATALYTIC CARBON

FIELD OF THE INVENTION

The present invention relates to a stable, catalytically-active, high-temperature carbonaceous char

capable of rapidly decomposing hydrogen peroxide in aqueous solutions.
BACKGROUND OF THE INVENTION

Carbonaceous chars which are capable of functioning as catalysts per se are well known. The
presence of charcoal has been known to enhance a variety of oxidation reactions, including the oxidation
of hydrogen sulfide and SO;. In those instances where carbonaceous chars have been observed to affect
such reactions, they have functioned generally as true catalysts, i.e. they have affected only the rate of

a given reaction, but have not themselves been changed by the reaction to any significant degree.

Carbonaceous chars prepared from nitrogen-rich starting materials have been known to be much
more effective in catalyzing certain reactions, such as hydrogen peroxide decomposition, than those
prepared from nitrogen-poor feedstocks. Similarly, enhanced catalytic properties are known to be
imparted into chars prepared from nitrogen-poor starting materials by exposing such chars to nitrogen-
containing compounds such as ammonia at high temperatures. More recently, catalytically-active chars
have been prepared by the calcination or calcination/activation of low- or high-temperature chars
prepared from nitrogen-rich materials such as polyacrylonitrile and polyamide. Catalytically-active chars
also have been prepared from nitrogen-poor starting materials by the calcination of high-temperature
chars in the presence of nitrogen-containing compounds such as ammonia. In all cases, high-
temperature carbonaceous chars are those produced by thermal treatment at temperatures greater than 700
C. Low-temperature carbonaceous chars have not been subjected to temperatures greater than 700 C.

Advantages have been found in oxidizing the high-temperature char prepared from nitrogen-poor
feedstocks prior to or during exposure to nitrogen-containing compounds. Similarly, oxidizing a low-

temperature char prepared from nitrogen-rich feedstocks such as polyacrylonitrile has been found to

enhance the catalytic activity.
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However, all of the prior art processes for preparing carbonaceous chars which are catalytically
active per se have certain disadvantages which limit their overall utility and practicality. For example,
nitrogen-rich starting materials, such as polyacrylonitrile or polyamide, are expensive and have been
found to generate large amounts of cyanide and other toxic gases upon carbonization. Those processes
which use chars derived from nitrogen-poor starting materials invariably use high-temperature chars
which require further processing. Since such materials are fairly inert chemically, the use of extensive
and aggressive chemical post-treatments is usually required to effect significant changes in their catalytic
capabilities. In so doing, such changes are usually brought about only at the expense of carbon yield as
reflected in the density of the final product at a given level of catalytic activity. The use of high-
temperature chars is, therefore, inevitably more expensive than the direct use of the raw materials from
which they are derived. Additionally, such processes entail the use of large amounts of toxic and/or
hazardous reagents such as nitric acid, sulfuric acid or ammonia, and the generation of significant

amounts of toxic and/or hazardous byproducts such as sulfur dioxide, nitric oxide, and cyanide.

Accordingly, it is the object of the present invention to provide a catalytically-active carbonaceous
char which rapidly decomposes hydrogen peroxide in aqueous solutions, together with, optionally, a high
adsorption micropore volume at a given carbon density. Compared to activated carbons and cokes
prepared by conventional means, such materials have high utility as catalysts for a number of reactions,

including, but not limited to, the conversion of peroxides, chloramines, sulfides, sulfur dioxide and nitric

oxide.

SUMMARY OF THE INVENTION

The present invention comprises high-temperature carbonaceous chars capable of rapidly
decomposing hydrogen peroxide in aqueous solutions. Such carbons may also possess a high adsorption
micropore volume or such other attributes which make them useful as catalysts in a variety of chemical
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reactions. The catalytic carbonaceous chars of the present invention have an exceptionally high rate of
catalytic activity measured in t-3/4 time!. The t-3/4 time is reported in units of minutes. Such chars of
the present invention are defined by a relationship wherein (t-3/4 time) < (15.9 in) x (Apparent
Density) -2.98 min. Apparent Density is determined in accordance with test method TM-7 of Calgon
Carbon Corporation, Pittsburgh PA (functionally equivalent to ASTM D2854-83).

In a preferred embodiment of the invention, such chars are prepared directly from an inexpensive
and abundant nitrogen-poor feedstock such as bituminous coal or a bituminous coal -like carbonaceous
material such as those derived from higher or lower rank coals and ligno-cellulose materials by various
chemical treatments. Examples of higher rank coals include anthracite and semi-anthracite coals while
examples of lower rank coals include peat, lignite, and sub-bituminous coal. Examples of the chemical
treatment of these materials include alkali metal treatment of the high rank materials and zinc chloride
or phosphoric acid treatment of the low rank materials. These types of treatments can also be applied to

ligno-cellulose materials to convert them into bituminous coal-like materials.

In a preferred embodiment of the invention the feedstock material is pulverized, mixed if necessary
with a small amount of a suitable binder such as pitch, briquetted or otherwise formed, and sized. The
sized material is then extensively oxidized at temperatures less than 700 C, prefcr;ably less than 400 C.
The oxidation is continued until additional gains in the catalytic activity of the final product are no longer
evident. The oxidation is well beyond that typically required to remove the coking properties of
bituminous coals, and produces an optimally oxidized low-temperature carbonaceous char.

The oxidized low-temperature char is then exposed to a nitrogen-containing compound such as urea
during, not after, the initial calcination and condensation of the carbon structure. This treatment is
carried out by heating the low-temperature oxidized char to high temperatures, preferably between 850

! Catalytic activity is measured by the test procedure set forth in U.S. Patent Application Serial No. filed
January 21, 1993 (Atty. Docket No. 92-335) by the assignee of the present invention and incorporated
herein by reference. This test measures the time of decomposing aqueous hydrogen peroxide using the
catalytic carbonaceous char, in particular, the test measures the elapsed time required for 0.250 gms. of such
carbon to decompose a standard amount of hydrogen peroxide (0.42 moles H,O,). The t-3/4 time is three-
fourths of the elapsed time required for such decomposition as indicated by measuring the temperature using
accelerating rate calorimetric methods as described in more detail hereinafter. Thus, the lower the time, the
higher is the level of catalytic activity. Typical values of the t-3/4 time for commercial activated carbons are
in excess of 30 minutes.
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C and 950 C, in the presence of the nitrogen-containing compound. This heating is preferably conducted
under an atmosphere that is inert except for the gases and vapors attributable to the char and/or the
nitrogen-containing compound. The heating rate and temperatures are selected such that additional gains
in the catalytic activity of the final product are no longer evident. The nitrogen compound treated, high-
temperature char may then be further calcined and/or activated to the desired density at temperatures
above 700 C in steam and/or carbon dioxide, with or without the addition of other gasifying agents such

as air.

The calcined or calcined/activated char is then cooled in an oxygen-free or otherwise inert
atmosphere to temperatures less than 400 C, preferably less than 200 C. Additional gains in catalytic
activity may be realized by repeating the oxidation/exposure to nitrogen-containing compounds/
calcination or calcination/activation/igcrt cooling as many times as may be desired. Alternatively, any
other method known to generate catalytic activity in high temperature chars may be applied to the
resultant product to further enhance its catalytic activity.

The advantages of the present invention will become apparent from a perusal of examples of

presently preferred embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagrammatic view of a representative apparatus for measuring the catalytic activity of

carbonaceous chars (t-3/4 time.)
Figure 2 graphically illustrates the higher catalytic activity achievable at a given carbonaceous char
density by the present invention relative to that achievable by the prior art .
PRESENTLY PREFERRED EMBODIMENTS

The first six examples illustrate preferred embodiments of the invention. These six examples

demonstrate the high catalytic activity achievable at a given carbonaceous char density using the
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invention. Examples seven through ten demonstrate the lower catalytic activity achievable at a given

carbonaceous char density by the prior art.

EXAMPLE 1 ‘

A bituminous coal was pulverized, mixed with 6% coal tar pitch, and briquetted. The resultant
briquettes were crushed and sized to produce an approximately less than 6 mesh size and greater than 16
mesh size (U.S. Standard Series sieves) material. In the presence of large quantities of excess air, this
material was oxidized by heating from 100 C to 200 C at a rate of 200 C per hour, then from 200 C to
350 C at a rate of 100 C per hour, then held at 350 C for 4.5 hours, and finally heated from 350 C to 450

C at a rate of 100 C per hour.

The resultant oxidized material was cooled to near ambient temperatures in a low oxygen content
atmosphere and subsequently impregnated with an aqueous urea solution and dried. The quantity of urea
solution used was sufficient to produce a 4% urea loading on a dry weight basis. After impregnation,
portions of the oxidized, impregnated low-temperature char were rapidly heated to 900 C under an inert
gas atmosphere and maintained at that temperature for 1 hour. Immediately following this calcination
treatment the portions of the resultant material were activated with steam for various time periods. After
activation, the materials were cooled to ambient temperature under an inert atmosphere. Three of the
activated carbons so produced, when sized to less than 6 mesh (U.S. Standard Series Sieves) and greater
than 16 mesh (U.S. Standard Series Sieves) exhibited Apparent Densities (Test Method TM-7, Calgon
Carbon Company, Pittsburéh PA) of 0.589 grams per cc, 0.558 grams per cc, and 0.524 grams per cc.

The catalytic activities of these samples, determined as t -3/4 times, were 5.1 minutes for the

carbonaceous char exhibiting the 0.589 g/cc Apparent Density, 3.8 minutes for the char exhibiting the
0.558 g/cc Apparent Density, and 3.1 minutes for the char exhibiting the 0.524 g/cc Apparent Density.

The t-3/4 time is determined in the following manner: with reference to Figure 1, an apparatus is
shown which is used to measure the t-3/4 times of the present invention. Apparatus 10 includes a Dewar
11 (Catalog Number 10-195A, Fisher Scientific, Pittsburgh PA, or equivalent) positioned on a magnetic
stirrer 12 (Model PC-351, Corning Hot Plate Stirrer, Corning Scientific Products, Corning, New York,
or Model 18425 Nuova II Stir Plate, Thermolyne Corporation, Dubuque Iowa, or equivalent) and
containing therein a magnetic stir bar 13. A beveled, tightly fitting, closed-cell styrofoam cap 14 is
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positioned in the top of Dewar 11 and includes a funnel 15, a vent 16 and an opening 17 therethrough
and into Dewar 11. Through opening 17 is positioned thermocouple 18 which is electrically connected
to ice point compensator 21 and strip chart recorder 22. In practice, the carbonaceous char to be tested
is first pulverized such that greater than 90% of the material would pass through a 325 mesh U.S.
Standard Series sieve. The styrofoam cap 14 of dewar 11 is removed and a 0.250 gram portion of this
pulverized material is placed therein. Deionized water (100 mL) is then added to the Dewar. The
addition of this water is performed in such a manner that any pulverized carbonaceous char clinging to
the sides of Dewar 11 is carried into the main body of the water in the bottom. Next, a 50 mL aliquot
of aqueous buffer solution is added to the Dewar. This buffer solution is 0.50 molar in K, HPQ, and 0.50
molar in KH,PO,. At this point magnetic stir bar 13 is placed into the Dewar and the magnetic stirrer is
energized. Stirring speed is increased until a vortex greater than about 1/2" deep is formed in the mixture
and the optimum stirring speed is achieved. The optimum stirring speed is selected such that additional
increases in stirring speed do not significantly affect the peroxide decomposition time. Once identified,
this optimum stirring speed can be used for all subsequent char samples. If stir bar 13 decouples from
the magnetic field before the optimum stirring speed is achieved, it is replaced with a bar which couples
more strongly with the magnetic field of the stirrer (12). Optionally, Dewar 11 can be replaced with an
equivalent unit that, due to manufacturing variances, positions the stir bar farther into the magnetic field
of the stirrer 12. If the stir bar still does not adequately couple with the magnetic field of the stirrer 12,
the Dewar can be shortened by removing some of the bottom portion of the outside metal casing.
Styrofoam cap 14 is now replaced, and thermocouple 18 ( Type K or J, 1/16" diameter, Inconel sheathed,
ungrounded or equivalent) is inserted through styrofoam cap 14 and into the mixture such that a
measurement representative of the mixture temperature can be obtained, and the thermocouple ice point
compensator 21 (Model MCJ-J or MCJ-K, Omega Engineering, Inc., Stamford, CT or equivalent) and

strip chart recorder 22 are energized.

The strip chart recorder tracing is monitored until the system is seen to come to thermal equilibrium
atambient temperature. Once thermal equilibrium is achieved, 50 mL of an aqueous hydrogen peroxide
solution (0.42 moles H,0; per 50 mL) is added, as rapidly as possible, to the Dewar through the funnel
15 in the styrofoam cap. Care is taken to ensure that the hydrogen peroxide solution is at ambient
temperature prior to the addition. As the hydrogen peroxide solution is added to the Dewar, the strip
chart recorder tracing is marked to indicate the time of addition. The strip chart recorder tracing is then
monitored until the tracing indicates that a constant temperature above ambient has been reached. Using
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the materials and procedures described, this constant temperature is typically about 40 C greater than

ambient temperature. At this point, the styrofoam cap is removed from the Dewar and the action of the

stir bar is observed.

If the stir bar is no longer mixing the solution in the desired manner the entire procedure is repeated.
If adequate mixing is observed, the elapsed time required for the recorder tracing to reach 75% of its
maximum, constant, deflection is determined. This value represents the time required for the catalytically
active carbonaceous char to decompose three-fourths of the available hydrogen peroxide and is referred
to as the t-3/4 time.

EXAMPLE 2

Bituminous coal was pulverized with about 4 to 6% coal tar pitch, and briquetted. The resultant
briquettes were crushed and sized to produce an approximately less than 4 mesh size and greater than 10
mesh size (U.S. Standard Series sieves) material. In the presence of large quantities of excess air, this
material was oxidized by heating from 100 C to 200 C at a rate of 200 C per hour, then from 200 C to
325 C at arate of 83 C per hour, held at 325 C for 5 hours, and finally heated from 325 Cto450Cat a

rate of 125 C per hour.

The resultant oxidized material was cooled to near ambient temperatures in a low oxygen content
atmosphere and subsequently impregnated with an aqueous urea solution and dried. The quantity of urea
solution used was sufficient to produce a 4% urea loading on a dry weight basis. After impregnation, a
portion of the oxidized, impregnated low-temperature char was rapidly heated to 950 C under an inert
gas atmosphere and maintained at that temperature for 1 hour. Immediately following this calcination
treatment the resultant material was activated with steam. Following activation, the material was cooled
to ambient temperature under an inert gas atmosphere. The activated carbon so produced, when sized
to less than 4 mesh (U.S. Standard Series Sieves) and greater than 6 mesh (U.S. Standard Series Sieves),
exhibited an Apparent Density ( Test Method TM-7, Calgon Carbon Company, Pittsburgh PA) of 0.519
grams per cc. The catalytic activity (t-3/4 time) of this char was 4.5 minutes.

EXAMPLE 3
Bituminous coal, as used in Example 2, was pulverized with about 4 to 6% coal tar pitch, and
briquetted. The resultant briquettes were crushed and sized to produce an approximately less than 4 mesh
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size and greater than 10 mesh size (U.S. Standard Series Sieves) material. In the presence of large
quantities of excess air, this material was oxidized by heating from 100 C to 200 Cat arate of 200 C per
hour, then from 200 C to 350 C at a rate of 100 C per hour, held at 350 C for 5 hours, and finally heated

from 350 C to 450 C at a rate of 100 C per hour.

The resultant oxidized material was cooled to near ambient temperatures in a low oxygen content
atmosphere and subsequently impregnated with an aqueous urea solution and dried. The quantity of urea
solution used was sufﬁciem to produce a 4% urea loading on a dry weight basis. After impregnation, a
portion of the oxidized, impregnated low-temperature char was rapidly heated to 950 C under an inert
gas atmosphere and maintained at that temperature for 1 hour. Immediately following this calcination
treatment the resultant material was activated with steam. Following activation, the material was cooled
to ambient temperature under an inert gas atmosphere. The activated carbon so produced, when sized
to less than 4 mesh (U.S. Standard Series Sieves) and greater than 6 mesh (U.S. Standard Series Sieves),
exhibited an Apparent Density (Test Method TM-7, Calgon Carbon Company, Pittsburgh PA) of 0.495
grams per cc. This carbon exhibited a t-3/4 time of 4.1 minutes.

EXAMPLE 4
Bituminous coal, as used in Example 2, was pulverized with about 4 to 6% coal tar pitch, and

briquetted. The resultant briquettes were crushed and sized to produce an approximately less than 4 mesh
size and greater than 10 mesh size (U.S. Standard Series sieves) material. In the presence of large
quantities of excess air, this material was oxidized by heating from 100 Cto 200 C at a rate of 200 C per
hour, then from 200 C to 350 C at a rate of 100 C per hour, held at 350 C for 4 hours, and finally heated
from 350 C to 450 C at a rate of 100 C per hour.

The resultant oxidized material was cooled to near ambient temperatures in a low oxygen content
atmosphere and subsequently impregnated with an aqueous urea solution and dried. The quantity of urea
solution used was sufficient to produce a 4% urea loading on a dry weight basis. After impregnation, a
portion of the oxidized, impregnated low-temperature char was rapidly heated to 950 C under an inert
gas atmosphere and maintained at that temperature for 1 hour. Immediately following this calcination
treatment the resultant material was activated with steam. The material was then cooled to ambient
temperature under an inert gas atmosphere. The activated carbon so produced, when sized to less than
4 mesh (U.S. Standard Series Sieves) and greater than 6 mesh (U.S. Standard Series Sieves), exhibited
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an Apparent Density (Test Method TM-7, Calgon Carbon Company, Pittsburgh PA) of 0.571 grams
per cc. This char exhibited a t-3/4 time of 6.1 minutes.

EXAMPLE §

A bituminous coal was pulverized with about 6% coal tar pitch. This pulverized material was then
intimately blended with 10% powdered corn starch. After blending, 20% water was added to the
resultant mixture. This wet mix was then extruded using a ring-die pelletizer to produce pellets of
approximately 4 mm diameter.The resultant pellets were then dried and screened to remove fines. In
the presence of large quantities of excess air, these pellets were oxidized by heating from 100 C to 200
C at a rate of 200 C per hour, then from 200 C to 350 C at a rate of 100 C per hour, held at 350 C for 4.5
hours, and finally heated from 350 C to 450 C at a rate of 100 C per hour.

The resultant oxidized material was cooled to near ambient temperatures in a low oxygen content
atmosphere and subsequently impregnated with an aqueous urea solution and dried. The quantity of urea
solution used was sufficient to produce a 4% urea loading on a dry weight basis. After impregnation, a
portion of this oxidized, impregnated low-temperature char was rapidly heated to 900 C under an inert
gas atmosphere and maintained at that temperature for 1 hour. Immediately following this calcination
treatment the resultant material was activated with steam. Following activation, the material was cooled
to ambient temperature under an inert gas atmosphere. The activated carbon pellets so produced were
approximately 4 mm in diarﬂetcr and exhibited an Apparent Density (Test Method TM-7, Calgon
Carbon Company, Pittsburgh PA) of 0.420 grams per cc. This char exhibited at-3/4 time of 3.7 minutes.

EXAMPLE 6

Bituminous coal as used in Example 2 was pulverized with about 4 to 6% coal tar pitch, and
briquetted. The resultant briquettes were crushed and sized to produce an approximately less than 4 mesh
size and greater than 10 mesh size (U.S. Standard Series Sieves) material. In the presence of large
quantities of excess air, this material was oxidized by heating from 100 C to 200 C at a rate of 200 C per
hour, then from 200 C to 350 C at a rate of 100 C per hour, held at 350 C for 4 hours, and finally heated
from 350 C to 450 C at a rate of 100 C per hour.

The resultant oxidized material was cooled to near ambient temperatures in a low oxygen content

inert atmosphere and subsequently impregnated with an aqueous urea solution and dried. The quantity
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of urea solution used was sufficient to produce a 4% urea loading on a dry weight basis. After
impregnation, a portion of the oxidized, impregnated low-temperature char was rapidly heated to 950 C
under an inert gas atmosphere and maintained at that temperature for 1 hour. Immediately following this
calcination treatment the resultant material was activated with steam for approximately 15 minutes.
Following activation, this material was cooled to ambient temperatures under an inert atmosphere. This
slightly activated char was then heated to 425 C and maintained at that temperature for 90 minutes in the
presence of excess air. The slightly activated char that resulted from this treatment was cooled in a low
oxygen content atmosphere and subsequently impregnated with an aqueous urea solution and dried.
The quantity of urea solution used was sufficient to produce a 4% urea loading on a dry weight basis.

After impregnation, a portion of the impregnated mildly activated carbon was rapidly heated to 950 C

" underan inert gas atmosphere and maintained at that temperature for 1 hour. Immediately following this

calcination treatment the resultant material was activated with steam. Following this activation the
material was cooled to ambient temperature under an inert gas atmosphere. The activated carbon so
produced, when sized to less than 4 mesh (U.S. Standard Series Sieves) and greater than 6 mesh (U.S. |
Standard Series Sieves), exhibited an Apparent Density (Test Method TM-7, Calgon Carbon Corporation,
Pittsburgh PA) of 0.575 grams per cc. This carbon exhibited a t-3/4 time of 3.9 minutes.

EXAMPLE 7 (Prior Art)
WPL-L, a commercially available activated carbon (Calgon Carbon Corporation, Pittsburgh PA)
was sized to produce an approximately less than 12 mesh size and greater than 20 mesh size (U.S.

Standard Series sieves) material.

Portions of this material were heated to 900 C in a small rotary kiln under an inert gas flow. Once
the desired 900 C temperature was achieved, the inert gas flow was stopped and a mixture of ammonia
gas and water vapor having a molar ratio of 0.4 moles NHj to 1.0 moles H,O was injected into the kiln.
These conditions were maintained for differing periods of time, after which the treated carbons were
cooled to ambient temperature under an inert gas flow. Two carbon samples produced in this manner
exhibited Apparent Densities ( Test Method TM-7, Calgon Carbon Corporation, Pittsburgh PA) of 0.606
grams per cc and 0.541 grams per cc.
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The catalytic activities (t-3/4 times) of the carbons described above were 11.4 minutes for the
carbon exhibiting the 0.606 g/cc Apparent Density and 6.2 minutes for the carbon exhibiting the 0.541

g/cc Apparent Density.

EXAMPLE 8 (Prior Art)
WPL-L, acommercially available activated carbon (Calgon Carbon Corporation, Pittsburgh PA) was
sized to produce an approximately less than 12 mesh size and greater than 20 mesh size (U.S. Standard

Series sieves) material.

A portion of this material was heated to 950 C in a small rotary kiln under an inert gas flow. Once
the desired 950 C temperature was achieved, the inert gas flow was stopped and a mixture of ammonia
gas and water vapor having a molar ratio of 0.4 moles NH,; to 1.0 moles H,O was injected into the kiln.
These conditions were maintained for 180 minutes, after which the treated carbon was cooled to ambient
temperature under an inert gas flow. A carbon sample produced in this manner exhibited an Apparent

Density of 0.470 grams per cc. This carbon exhibited a t-3/4 time of 8.6 minutes.

EXAMPLE 9 (Prior Art)
F300, acommercially available activated carbon (Calgon Carbon Corporaton, Pittsburgh, PA), was
sized to produce an approximately less than 12 mesh size and greater than 20 mesh size (U.S. Standard

Series Sieves) material.

Portions of this material were heated to 950 C in a small rotary kiln under an inert gas flow. Once
the desired 950 C temperature was achieved, the inert gas flow was stopped and a mixture of ammonia
gas and water vapor having a molar ratio of 0.2 moles NH; to 1.0 moles H,O was injected into the kiln.
These conditions were maintained for differing periods of time, after which the treated carbons were
cooled to ambient temperature under an inert gas flow. Two carbon samples produced in this manner
exhibited Apparent Densities ( Test Method TM-7, Calgon Carbon Corporation, Pittsburgh PA) of 0.392

grams per cc and 0.414 grams per cc.

The catalytic activities ( t-3/4 times) of the carbons described above were 3.7 minutes for the carbon
exhibiting the 0.392 g/cc Apparent Density and 6.9 minutes for the carbon exhibiting the 0.414 g/cc
Apparent Density. '
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EXAMPLE 10 (Prior Art)

F300, a commercially available activated carbon (Calgon Carbon Corporation, Pittsburgh PA) was
sized to produce an approximately less than 12 mesh size and greater than 20 mesh size (U.S. Standard
Series sieves) material. A portion of this material was mixed with water and nitric acid in the ratio of 125
grams of carbon to 1 liter of 12 molar nitric acid solution. This mixture was then heated to a temperature
between 85 C and 100 C. The mixture was maintained in this temperature range for about seven hours.
At the end of this time period the mixture was cooled to ambient temperature. After cooling, the
supernatant liquid was decanted and the carbon extensively rinsed with water. The carbon was then dried
in air at 125 C. A portion of this nitric acid treated carbon was then placed into a small rotary kiln. A
flow of ammonia gas was established into this kiln. At this point the kiln temperature was raised from
ambient to 950 C over a time period of about 1.5 hours. The kiln temperature was maintained at 950 C
for 30 minutes. Following this treatment, the ammonia flow to the kiln was stopped and a flow of inert
gas to the kiln initiated. The kiln was then cooled to ambient temperature at which time the flow of inert
gas was stopped and the carbon removed from the kiln. A carbon sample produced in this manner
exhibited an Apparent Density (Test Method TM-7, Calgon Carbon Corporation, Pittsburgh PA) of
0.408 grams per cc. This carbonaceous char exhibited a t-3/4 time of 4 minutes.

While presently preferred embodiments of the invention have been shown, the invention may be

otherwise embodied within the scope of the appended claims.
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WHAT IS CLAIMED IS:
1. A carbonaceous char having a t 3/4 time at a given

Apparent Density less than or equal to:

(15.9 cc min) x (Apparent Density) - 2.98 min, where
t 3/4 time is equal to three-fourths of the elapsed
time required for 0.250 gms of said carbonaceous char
from ambient temperatures to decompose 0.42 mole of

H,0, in an aqueous solution having a pH of about 7.

2. The carbonaceous char of claim 1 wherein the range of

Apparent Density is about 0.3 to 0.7 grams per cc.

3. The carbonaceous char of claims 1 or 2 wherein said
char is produced by oxidation of a bituminous coal or a

bituminous coal-like material.

4. The carbonaceous char of claim 1 wherein the char is

granular, pellets, shaped, or powdered.



MMMMMMMM

FFFFFFF

THERMOCOUPLE
COMPENSATOR

9999999999999

STRIP CHART
RECORDER

1617 7///%




WO 94/16813

(23/6) Aysuag yuaunddy

090 050 0v'0 00
[ |

0L0

2/ 2 PCT/US94/00498

t-3/4 Time (minutes)

Y — —_—
N N on (op) ~ o w (] p—ry N

R ENEEN RS CE NN NNl RN NE SN AN RN AU U RN FEE

14V ¥ONd o
NOLNIANI IN3Sd =

¢ F¥NOIA



INTERNATIONAL SEARCH REPORT International application No.
PCT/US94/00498

A. CLASSIFICATION OF SUBJECT MATTER
IPC(5) : BO01J21/18; CO1B 31/12, 31/10
US CL : 502/180, 416,417,423,429,434
According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

U.S. : 502/180, 416,417,423,429,434

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US,A, 5,173,466 (Heins et al) 22 December 1992 (note| 1-4
claims 1-3)
Y EP,A, 0,490,317(Abe et al.) 17 June 1992, (note claims 1-| 1-4
7).
Y CUINA XUEBAO 10(4), 1989, (J. WANG & WIXIE), "AN| 1-4

APPRAISAL OF THE SURFACE CHEMISTRY AND THE
CATALYTIC OXIDATIVE ACTIVITY OF THE NITROGEN-
MODIFIED ACTIVATED CARBON BY XPS" pages 357-364.
(Note pages 1-4 ENGLISH TRANSLATION.

Y J. PHYS. CHEM. 47, 1943, (P.F. BENTE & J.H. WALTON), | 1-4
"CATALYTIC ACTIVITY OF ACTIVATED NITROGENOUS
CARBON" pages 133-148 (note pages 144-147).

D Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of cited d T later d published after the international filing date or priority
. . i date and not in coaflict with the application but cited to understand the
A" d defining the g | state of the art which is not considered principle or theory underlying the invention

to be of particular relevance

°X* d of particul 1 ; the claimed i ion cannot be
considered novel or cannot be considered to invoive an inveative step
when the document is taken alone

“E* carlier document published on or after the international filing date

document which may throw doubts on priority claim(s) or which is

cited to blish the publi date of her citation or other oy R of particul . the claimed inveation be
special 0 (88 specified) considered o involve an inventive step when the document is
b document referring to an oral disclosure, use, exhibition or other combined with one or more other such d such combinati
means being obvious to a person skilled in the art
“p* document published prior to the international filing date but later than <& document member of the same patent family
the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

04 APRIL 1994

09 MAY 1994 .

Name and mailing address of the ISA/US
Commissioner of Patents and Trademarks
Box PCT
Washington, D.C. 20231

Facsimile No. _ (703) 305-3230

P.E. KONOPKA
Telephone No. (703) 308-3810

Form PCT/ISA/210 (second sheet)(July 1992)x



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

