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1. 

METHOD FOR PRODUCING 
CATALYTICALLY ACTIVE MATERLALS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of provisional U.S. 
patent application Ser. No. 60/571,379 filed 14 May 2004. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a general method for creating 
robust, catalytically-active materials Suitable for use in a vari 
ety of applications. The catalytically-active materials of this 
invention are engineered to resist attrition or to exhibit con 
trolled rates of attrition in a variety of host environments. 
These applications include, but are not limited to, petroleum 
refining, Fischer-Tropsch syntheses, chemical synthesis and 
production, including the synthesis and production of phar 
maceutical compounds, the production of plastics and food 
stuffs, and catalysts that effect a chemical or physical change 
in combination with complexes of DNA-related molecules or 
living organisms, such as natural or genetically modified 
bacteria. This invention further relates to catalysts and cata 
lytically-active materials suitable for use in gasification reac 
tor vessels, in particular fluidized bed gasification reactor 
vessels, and combustion processes. Finally, this invention 
relates to a method and apparatus for reducing or eliminating 
tars, which are typically defined as organic compounds hav 
ing a molecular weight equal to or greater than 78, for 
example, benzene, and other undesirable volatile compounds 
produced during the gasification of various feedstocks 
including coal, biomass and waste materials and the combus 
tion of various fuels. 

2. Description of Related Art 
In general terms, gasification is a process whereby solid 

carbonaceous materials such as coal and biomass are con 
Verted into cleaner-burning gaseous fuels. Gasification is fre 
quently carried out in a fluidized bed reactor, a reactor cham 
ber comprising a fluidized bed support disposed within the 
reactor chamber and a fluidized bed material disposed on the 
fluidized bed support, which fluidized bed material comprises 
an inert component that is either fully inert or has low cata 
lytic activity, and a catalytically-active component that is 
dispersed within or upon the inert component. During the 
gasification process, numerous by-products, including tars 
and other Volatile materials, are also generated. Environmen 
tal regulations require that these by-products be treated or 
otherwise disposed of in an environmentally acceptable man 

. 

Catalysts are recognized as being essential for reducing or 
eliminating the tars that accompany the gasification of Solid 
materials. Robust, efficient catalysts that are added to or com 
prise the bed material of fluidized bed gasifiers represent a 
significant development because they reduce the overall gas 
ifier footprint by virtue of their incorporation into the gasifier, 
offer the possibility of substantially eliminating tar forma 
tion, and retain their activity in a harsh, chemically active 
environment. However, the development of in-bed catalysts 
has been slow because, to date, mineral geology has been 
relied upon for selection of the best materials for catalyst 
development. Thus, the ability to move away from earth min 
eralogy as the basis for identifying and selecting Suitable 
materials is a highly desirable objective, opening the door to 
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2 
the development of new catalyst formations from present 
waste materials, such as arc furnace dust, mold sands, various 
slags and mill scale. 

Catalytically-active materials employed for reducing or 
eliminating tars that are produced in the gasification of coal, 
biomass, or other materials, as well as for other applications, 
typically comprise two fundamental components, a catalyti 
cally-active component and a base or Substrate component for 
Support of the catalytically-active component. The base or 
Substrate component is a material Substantially physically 
and chemically inert to the environment in which it is to be 
used and is typically either a solid monolithic structure 
wherein the catalytically-active component is deposited onto 
the surface of the structure or a porous structure wherein the 
catalytically-active component is disposed on the Surface of 
the structure and in the pores of the structure. 
At the present time, most catalysts are prepared by depos 

iting thin layers of catalytically-active materials onto rigid, 
attrition-resistant Substrates or by coating rigid, refractory 
monoliths (typically used in a self-supporting off-bed tar 
cracker or specialized support structure for chemical synthe 
sis). Typical Substrates include O-alumina and Zirconia. The 
method of applying a catalytically-active layer onto an inert 
Support varies, but generally two approaches are employed. 
The most common method, the incipient wetness or wet 
impregnation method, is typically accomplished by immer 
sion of the Substrate in an aqueous solution of a catalyst 
precursor (typically a metallic salt), resulting in a coated 
substrate, followed by heating of the coated substrate to con 
Vert the catalyst precursor to a catalytically-active material, 
typically a metallic oxide. If the Substrate is porous, a so 
called three-dimensional or 3-D catalyst is created. If the 
Surface is not porous, a two-dimensional or 2-D catalyst is 
created. 

Another recently developed method for preparing catalysts 
uses thermal plasma chemical vapor deposition or TPCVD. 
This method is primarily used to produce monolithic two 
dimensional catalysts and involves spraying a concentrated 
Solution of a metallic salt through a plasma torch onto a 
suitable refractory substrate. Thus, the end product is a cata 
lyst comprising an inert, rigid Substrate with a thin, catalyti 
cally-active outer layer. If the outer layer is damaged through 
attrition or fragmentation, overall catalytic activity is 
reduced. However, the advantage of this approach is that 
relatively large amounts of high Surface area catalysts that 
incorporate precious metals can be produced with minimal 
amounts of these materials. 
Two routes are generally available for employing catalysts 

to reduce or eliminate tars that are produced during the gas 
ification of coal, biomass, or other materials. The first route is 
through the use of catalysts as described above disposed on 
the surface of otherwise inert monolithic substrates, which 
are disposed downstream of the gasification reactor vessel So 
that the gasification product gases are exposed to the cata 
lysts. Typical of Such catalysts are oxides of nickel, cerium, 
ruthenium, and lanthanum. Catalytic materials have also been 
embedded into ceramic candle filters so that during high 
temperature gas particle separation, intimate gas-catalyst 
contact is assured. 
The second route is through the direct introduction of suit 

ably small fragments or beads of catalytic materials into the 
bed of a fluidized-bed gasifier. These catalytically-active 
materials are either prepared by depositing a catalyst onto an 
inert, abrasion-resistant Substrate, either monolithic or 
porous, or are available as naturally-occurring minerals that 
exhibit catalytic activity. Dolomite and olivine are examples 
of this type of naturally occurring material. When properly 
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sized fragments of dolomite or olivine are added to the bed of 
a fluidized bed gasifier, they become intimately involved in 
the gasification process, achieve good contact with raw fuel 
gases and inhibit tar formation by cracking or reforming the 
tars as they are produced to generate lower molecular weight 
hydrocarbons and carbon. However, a long recognized prob 
lem with dolomite is that within the bed ofagasifier, dolomite 
is rapidly calcined. Calcined dolomite is friable and, thus, 
tends to be quickly milled within the bed until its particle size 
becomes too small to be retained within the reactor vessel. 
This creates the need to replace the attrited catalyst and pro 
duces undesirable waste particulate material, aside from ash, 
that must be separated from the fuel gas. Thus, there is a need 
for durable catalytic materials that can withstand fluidized 
bed temperatures and resist fragmentation or, at a minimum, 
abrade at a slow, predictable rate so that fresh catalyst remains 
available. 

As previously stated, in addition to dolomite, olivine is a 
naturally occurring catalytic material Suitable for reducing 
tars in fuel gas. Olivine, which is a very hard, attrition-resis 
tant, glassy material which has a very high melting point 
(1760° C.) and which exhibits catalytic activity for tar 
removal with extended heat treatment in air at about 900°C., 
is actually a mixture of two minerals—Fe-rich fayalite 
(FeSiO) and Mg-rich forsterite (MgSiO4). Untreated, 
naturally occurring olivine exhibits less activity for tar 
removal than dolomite. However, it has been found that heat 
ing olivine for extended periods in air at about 900° C. 
appears to provide sufficient mobility to iron within the oliv 
ine so that it becomes enriched at the olivine-air interface. 
Free iron at the olivine-air interface is then transformed into 
an oxide by reacting with oxygen in the air and olivine that has 
been prepared in this manner has been found to exhibit 
enhanced catalytic activity for reducing tars in biomass-de 
rived fuel gas. In addition, the catalytic activity of olivine is 
further enhanced by calcining at 1100° C. olivine that has 
been treated with an aqueous solution of Ni(NO)6HO to a 
level of about 2.8 weight percent nickel content when dry. By 
virtue of this treatment, a very active olivine-based catalyst is 
produced that contains abundant quantities of NiO on the 
surface of finely divided olivine that has been sized to be in 
the range of about 250 um to about 600 um. Calcining at either 
higher or lower temperatures appears either to drive the NiO 
into the olivine or restrict adhesion of NiO to the surface of the 
olivine. This method of preparing a NiO-based catalyst on an 
olivine Support is taught, for example, by International Patent 
Publication No. WO 01/89687 A1. 

SUMMARY OF THE INVENTION 

It is, thus, one object of this invention to provide a catalyti 
cally-active material Suitable for use in harsh environments 
Such as those found in gasification reactor vessels and com 
bustion systems. 

It is another object of this invention to provide a catalyti 
cally-active material that is attrition-resistant. 

It is a further object of this invention to provide a method 
for producing a catalytically-active material Suitable for use 
in the harsh environments of gasification reactor vessels and 
combustion systems. 

It is yet a further object of this invention to provide a 
catalytically-active material for reducing or eliminating tars 
and other Volatile compounds as they are generated in gasifi 
cation and combustion processes. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
It is still another object of this invention to provide a 

method and apparatus for in-situ reduction or elimination of 
tars and other volatile compounds generated in gasification 
and combustion processes. 

These and other objects of this invention are addressed by 
a method for producing a catalytically-active material having 
at least one base component, which base component is Sub 
stantially chemically and/or physically inert to the environ 
ment of intended use of the catalytically-active material, and 
at least one catalytically-active component, in which the at 
least one base component is heated to a softening temperature 
or melting temperature and the at least one catalytically 
active component or at least one catalyst precursor compo 
nent is incorporated into the softened or molten base compo 
nent, thereby forming a catalytically-active softened or 
molten material or a catalyst precursor Softened or molten 
material. In accordance with the embodiment in which the 
catalytically-active component is incorporated into the Soft 
ened or molten base component, the resulting catalytically 
active softened or molten material is then solidified, typically 
by cooling, resulting in the desired catalytically-active mate 
rial. One of the significant benefits of producing a catalyti 
cally-active material in accordance with this embodiment of 
the method of this invention is the ability to use catalytically 
active material directly in contrast to conventional methods 
for producing catalysts in which a Substrate or base compo 
nent is coated with a catalyst precursor and then heated to 
convert the catalyst precursor to a catalytically-active mate 
rial. In accordance with the embodiment in which the catalyst 
precursor is incorporated into the softened or molten base 
component, the catalyst precursor is chemically reacted, e.g. 
with oxygen, to form a catalytically-active material. The 
chemical reaction, which is carried out by exposing the cata 
lyst precursor component to an environment that facilitates 
the chemical transformation, may occur before, during or 
after the catalyst precursor softened or molten material is 
solidified. 

DETAILED DESCRIPTION OF PRESENTLY 
PREFERRED EMBODIMENTS 

The invention claimed herein is a method for producing 
catalysts or catalytically-active materials comprising a Sub 
stantially inert component, or base component, and a cata 
lytically-active component, in which the catalytically-active 
component is directly incorporated into the base component 
or in which a catalyst precursor material is incorporated into 
the base component after which the catalyst precursor mate 
rial is chemically transformed to produce the catalytically 
active component. As used herein, the term “catalyst precur 
sor refers to a material which, upon exposure to a suitable 
environment, undergoes a chemical transformation to form a 
catalytically-active component. An example of a catalyst pre 
cursor is a metal. Such as Ni, which, when exposed to oxygen, 
oxidizes to form the catalytically-active material NiO. As 
previously indicated, catalyst Substrates are typically made 
from refractory ceramics and catalytic materials are often 
made from refractory metal oxides. Thus, methods of manu 
facture which seek to process the substrate and the catalyst 
into one material must carry out Some processing steps at very 
high temperatures. Although the method of this invention 
may be used to produce catalysts for use in a variety of 
applications as mentioned herein above, it is particularly 
Suited for producing catalysts Suitable for use in harsh envi 
ronments such as the environment found in gasification reac 
tor vessels. 
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In accordance with one embodiment of the method of this 
invention, a Substantially chemically inert, durable, attrition 
resistant base component is heated to a softening or melting 
temperature, producing a softened or molten base compo 
nent. At least one catalytically-active component is then 5 
incorporated into the softened or molten base component and 
then solidified to produce a catalytically-active material. The 
Solidified catalytically-active material is then processed to put 
it into a form Suitable for use in its intended application. 

In accordance with one embodiment of this invention, the 10 
Substantially chemically inert, durable, attrition-resistant 
base component is heated to a softening or melting tempera 
ture, producing a softened or molten base component, and at 
least one catalyst precursor is then incorporated into the Soft 
ened or molten base component, in which it undergoes a 15 
chemical transformation to form the desired catalytically 
active material. This chemical transformation may take place 
before, during or after the softened or molten material has 
been solidified and processed to put it into a form suitable for 
use in its intended application. Without wishing to be bound 20 
by any single mechanism by which the catalyst precursor is 
transformed into a catalytically-active material, it is believed 
that the catalyst precursor material is mobile in certain glassy 
materials or in glass ceramics, constantly migrating through 
the base component to maintain or refresh the catalytic activ- 25 
ity at the surface of the catalytically-active material. When 
exposed to oxygen at the interface between the surface of the 
catalytically-active material and the Surrounding environ 
ment, the catalyst precursor may be transformed to the 
desired catalytically-active material. 30 

For use in a fluidized bed gasification reactor, the catalyti 
cally-active material formed in accordance with the method 
of this invention is formed into substantially uniform sized 
shards or spheres. This may be accomplished by any means 
known to those skilled in the art, Such as mechanical grinders 35 
and ball mills. In accordance with one particularly preferred 
embodiment of this invention, the substantially chemically 
inert, durable, attrition-resistant base component is a glassy, 
amorphous material. As used herein, the term 'glassy refers 
to materials having the characteristics of glass, including 40 
glass ceramics. These glasses are able to withstand the envi 
ronment of a fluidized bed gasifier for extended periods of 
time. 

In accordance with one embodiment of this invention, the 
catalytically-active material is produced in a manner which 45 
enables slow attrition within the fluidized bed so that fresh 
catalyst is available as required. These particles are prepared 
in a manner which enables them to be added to the material in 
the fluidized bed gasifier or, if suitable, to be utilized as all of 
the fluidized bed material in the fluidized bed gasifier. Thus, 50 
depending upon the level of catalytic activity desired, the 
uniformly shaped shards or beads of catalytically-active 
material can serve either as part of or all of the fluidized bed 
material. 

In accordance with one embodiment of this invention, cata- 55 
lytic precursors distributed throughout the base component 
become catalytically active upon exposure to the environment 
within the gasifier. 

In accordance with another embodiment of this invention, 
the base component comprises a glassy material that allows 60 
Suspended metals or alloys or very Small catalytically-active 
particles or Suspended catalyst precursors (metals, semi-con 
ductors, or alloys or compounds of Such components) dis 
persed within the glassy material to migrate to the Surface of 
the catalytically-active material So as to refresh or increase 65 
the catalytically-active component present at the Surface of 
the catalytically-active material. In accordance with yet 

6 
another embodiment of this invention, the catalytically-active 
material and/or the catalyst precursor material is in the form 
of foams that can be molded into rigid monoliths or mechani 
cally dispersed or formed into catalytically-active particles of 
a size appropriate for a particular process. In accordance with 
still a further embodiment of this invention, the catalytically 
active material and/or the catalyst precursor material may be 
formed into fibers using techniques known to those skilled in 
the art for producing rock wool or fiberglass. The fibers can be 
aggregated to form barrier filtration devices that can both 
filter and catalytically transform compounds present in a liq 
uid or gas carrier medium. 

In addition to use as fluidized bed material for in situ 
reduction or elimination of tars generated by a gasification 
process, other catalyst formulations may be formed in accor 
dance with the method of this invention, such as catalysts that 
reduce or bind alkali materials and catalysts that reduce or 
bind halogen compounds. In addition to fluidized bed appli 
cations, catalysts for reducing tars in accordance with this 
invention may be made into high Surface area monoliths, that 
is, glasses fused to alumina or Zirconia monoliths, which are 
then exposed to fuel gases, i.e. gasification products exiting 
the gasifier. These materials may also be added as finely 
divided particles to fuel gas exiting the gasifier so that they are 
caught on and within a dust cake of a particulate collection 
device and continuously recycled or refreshed as needed 
when the particulate collection device is cleaned. 

Still further applications of the catalytically-active mate 
rial of this invention include catalytically-active heat resistant 
coatings for use at the entrance to high temperature fuel cells 
and for the entrances, blades or interior Surfaces of gas tur 
bines. These materials may also be used as coatings for the 
insides of pipes, either integrated into refractory linings or 
applied to the inside Surface of the pipes, to minimize depo 
sition of tars and other materials. Materials containing cata 
lysts in accordance with this invention may also be used to 
treat diesel exhaust, presuming that catalysts to increase car 
bon utilization (through combustion) and Volatile organic 
compounds (VOC) destruction (through catalysis) could be 
placed within combustion chambers or in exhaust manifolds. 

In accordance with one particularly preferred embodiment 
of this invention, the Substantially inert, base component of 
the catalytically-active material produced in accordance with 
the method of this invention is olivine and the catalytically 
active component is a metal or metal oxide selected from the 
group consisting of Al, Ag, Au, Ca, Co, Cr, Cu, Eu, Fe, Gd, Ir, 
La, Mg, Mn, Ni, Pr, Pt, Ru, Rh, Sn, Zn, and alloys and 
mixtures thereof. For particulate material to be suitable for 
use as the inert component of a fluidized bed requires forma 
tion of particles having sizes suitable for use in fluidized bed 
reactors, preferably in the range of about 250 um to about 600 
um, and distribution of the catalytically-active components 
within the inert component particles. Conventional glass 
melters and iron melting processes operate at temperatures 
below the melting point of olivine and, thus, generally are not 
suitable for use in the method of this invention. However, any 
process which produces sufficient temperature to melt 
“black' glass may be utilized in the method of this invention. 
Glass melters satisfying this criteria include Submerged com 
bustion melters, induction melters, plasma melters, and 
immersed tube melters. Due to the intimacy of contact 
between the burner output of a submerged combustion melter 
and the material being melted, Submerged combustion melt 
ing is aparticularly Suitable process for producing softened or 
molten materials comprising catalytically-active materials 
and/or catalyst precursor materials in accordance with the 
method of this invention. 
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The concept of Submerged combustion is not new and 
burners suitable for use in the melting of high melting tem 
perature materials, such as glass, metals, etc. are also known. 
See, for example, U.S. Pat. No. 3,260,587 to Dolfetal, which 
teaches a method and apparatus for Submerged combustion 
melting of glass or similar materials in which a burner having 
an air cooled casing is inserted into a furnace wall, either the 
furnace side wall or the furnace floor. The burner is provided 
with means for mixing fuel gas and air, burning them and 
discharging the combustion products at high temperature and 
Velocity into the glass. The hot gases agitate the glass, trans 
ferring a high percentage of heat to the glass, thereby rapidly 
melting the glass. U.S. Pat. No. 3,738,792 to Feng describes 
a burner for use in Submerged combustion applications which 
is able to use liquid fuels. Thus, by virtue of the intimate 
contact that occurs between the combustion products and the 
molten glass or other molten materials, Submerged combus 
tion melters are able to operate at Substantially higher tem 
peratures than conventional melters. 

Accordingly, fluidized bed materials suitable for use in 
in-situ reduction or elimination of tars and other volatiles 
generated during gasification of coal, biomass and waste 
materials may be produced by melting olivine or another 
Suitable glassy material in a Submerged combustion melter, 
forming a molten glass, and introducing a material in a form 
Suitable for forming a catalytically-active component, e.g. a 
finely divided powder of NiO, into the submerged combus 
tion melter, resulting in distribution of the catalytically-active 
component within the molten material or a catalyst precursor 
component, e.g. a metal that oxidizes to form a catalytically 
active material. Once the catalytically-active material or cata 
lyst precursor material has mixed with the melt, it can then be 
processed by any suitable glass-forming process and drawn 
into fibers or formed, as a molten material, into a molded 
monolithic product, as a solid or foam, as fragments of foam, 
or as Small spheres, flakes, shards, or specially-shaped frag 
ments of catalytically-active material or catalyst precursor 
material, before or as it is cooled. Alternatively, after refining 
and subsequent removal of the refined fluidized bed material 
from the melting operation, the cooled material may be Sub 
jected to any of a number of techniques known to those skilled 
in the art for producing the desired material particle sizes, for 
example, mechanical fragmentation, fritting, and chemical 
milling. 

In accordance with one embodiment of this invention, the 
catalytically-active material and/or the catalyst precursor can 
be added to the melt outside the melter, by any of several 
means, while the material is still soft or molten, so that it 
becomes disproportionately embedded or enhanced in the 
outer layers of the foam, fragments, beads or shards pro 
duced. This can be accomplished by adding material during 
the melting process at a temperature between the so-called 
working point and the so-called softening point of the melted 
material. Working points and softening points vary for differ 
ent glasses, but are usually around 1000° C. and 650° C. 
respectively. Because olivine melts at about 1760° C., much 
higher than common glasses, the working and softening 
points of this material would be higher. 

In accordance with one embodiment of this invention, the 
molten base component, infused with catalytically-active 
material and/or catalyst precursor material, is solidified by 
rapid quenching upon removal from the glass melter to form 
amorphous glasses that may be more amenable to Subsequent 
mechanical or chemical processing than similar material that 
is more slowly cooled. 

In accordance with one embodiment of this invention, the 
Substantially inert base component of the catalytically-active 
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8 
material produced in accordance with the method of this 
invention is a metal and the catalytically-active component is 
any catalytically-active refractory metal alloy, oxide, or com 
pound that when added to the molten or softened inert base 
metal retains its catalytic activity. For a metal to be suitable 
for use as the inert component of a catalytically-active mate 
rial requires that it be inert to the process and be amenable to 
being worked or formed into arbitrary shapes, monoliths, and 
particles that exhibit catalytic activity. Suitable metals 
include iron, copper, and aluminum. For a fluidized bed, 
standard metal forming techniques would be used to produce 
particles of the catalytically-active material having sizes Suit 
able for use in fluidized bed reactors, preferably in the range 
of about 250 um to about 600 um, and distribution of the 
catalytically-active components within the inert component 
particles. 

Although this invention has been described primarily in 
connection with higher softening and melting temperature 
base components and catalytically-active components Suit 
able for use in relatively high temperature application, there 
are other catalytically-active materials which may be pro 
duced in accordance with the method of this invention, and 
such materials are deemed to be within the scope of this 
invention. By way of examples, Suitable base components 
include organic polymers such as RYTON, nylon, rayon, 
NEXTEL, MYLAR and waxes. 

While in the foregoing specification this invention has been 
described in relation to certain preferred embodiments 
thereof, and many details have been set forth for the purpose 
of illustration, it will be apparent to those skilled in the art that 
the invention is susceptible to additional embodiments and 
that certain of the details described herein can be varied 
considerably without departing from the basic principles of 
this invention. 
We claim: 
1. A method for producing a catalytically-active material 

having at least one base component and at least one catalyti 
cally-active component comprising the steps of: 

heating said at least one base component to a softening 
temperature or a melting temperature, said at least one 
base component comprising olivine; 

incorporating said at least one catalytically-active compo 
nent into said softened base component or said molten 
base component, forming said catalytically-active mate 
rial; and 

Solidifying said catalytically-active material. 
2. A method in accordance with claim 1, wherein said at 

least one base component further comprises a glassy, amor 
phous material. 

3. A method in accordance with claim 1, wherein said at 
least one base component further comprises a glass ceramic. 

4. A method in accordance with claim 1, wherein said at 
least one catalytically-active component comprises at least 
one of a metal and a metal oxide. 

5. A method in accordance with claim 4, wherein said at 
least one of said metal and said metal oxide comprises a metal 
selected from the group consisting of Al, Ag, Au, Ca, Co, Cr, 
Cu, Eu, Fe, Gd, Ir, La, Mg,Mn, Ni, Pr, Pt, Ru, Rh, Sn, Zn, and 
alloys and mixtures thereof. 

6. A method in accordance with claim 1, wherein said at 
least one catalytically-active component comprises a cata 
lytic material Suitable for reducing Volatiles generated by at 
least one of a gasification process and a combustion process. 

7. A method in accordance with claim 1, wherein said at 
least one base component is adapted to enable migration of 
said at least one catalytically-active component from an inte 
rior to a surface of said solidified catalytically-active material. 
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8. A method in accordance with claim 1, wherein said at 
least one base component is heated in a Submerged combus 
tion melter. 

9. A method in accordance with claim 8, wherein said at 
least one catalytically-active component is incorporated into 
said at least one base component directly in said Submerged 
combustion melter. 

10. A method for producing a catalytically-active material 
comprising the steps of 

heating at least one base component comprising olivine to 
a softening temperature or a melting temperature; 

incorporating at least one catalyst precursor into said soft 
ened base component or said molten base component, 
forming a catalyst precursor material; and 

transforming said at least one catalyst precursor into a 
catalytically-active component, forming a catalytically 
active material. 

11. A method in accordance with claim 10 further compris 
ing Solidifying said catalyst precursor material. 

12. A method in accordance with claim 10 further compris 
ing Solidifying said catalytically-active material. 

13. A method in accordance with claim 10 further compris 
ing incorporating at least one catalytically-active component 
into said softened base component or said molten base com 
ponent. 

14. A method in accordance with claim 10, wherein said at 
least one base component further comprises a glassy, amor 
phous material. 
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15. A method in accordance with claim 10, wherein said at 

least one base component further comprises a glass ceramic. 
16. A method in accordance with claim 10, wherein said at 

least one base component is adapted to enable migration of at 
least one of said at least one catalyst precursor and said 
catalytically-active component from an interior to a Surface of 
said base component. 

17. A method in accordance with claim 10, wherein said at 
least one catalytically-active component comprises at least 
one of a metal and a metal oxide. 

18. A method in accordance with claim 17, wherein said at 
least one of said metal and said metal oxide comprises a metal 
selected from the group consisting of Al, Ag, Au, Ca, Go, Cr, 
Cu, Eu, Fe, Gd, Ir, La, Mg,Mn, Ni, Pr, Pt, Ru, Rh, Sn, Zn, and 
alloys and mixtures thereof. 

19. A method in accordance with claim 10, wherein said at 
least one catalyst precursor is Substantially uniformly dis 
persed throughout said base component. 

20. A method in accordance with claim 13, wherein said at 
least one of said catalyst precursor and said catalytically 
active component is substantially uniformly dispersed 
throughout said base component. 

21. A method in accordance with claim 10, wherein said at 
least one base component is heated in a Submerged combus 
tion melter. 


