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ABSTRACT 

A material especially useful for the selective oxidation of 
hydrocarbons and other organic compounds includes a non 
crystalline, porous inorganic oxide having at least 97 volume 
percent mesopores based on micropores and mesopores, and 
at least one catalytically active metal selected from the 
group consisting of one or more transition metal and one or 
more noble metal. 
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MESOPOROUS MATERIAL AND USE THEREOF 
FOR THE SELECTIVE OXIDATION OF ORGANIC 

COMPOUNDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation in part of 
US. application Ser. No. 09/995,227 ?led Nov. 27, 2001 and 
incorporated by reference herein, Which is a continuation in 
part of US. application Ser. No. 09/390,276 ?led Sep. 7, 
1999, noW issued as US. Pat. No. 6,358,486 B1, to Which 
priority is claimed. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a mesoporous 
material, particularly a catalytic material, and use of the 
mesoporous material for the selective oxidation of organic 
compounds, particularly hydrocarbons. 
[0004] 2. Background of the Prior Art 

[0005] Various processes and catalysts are knoWn for the 
selective oxidation of organic compounds. For example, 
US. Pat. No. 5,948,683 (Koermer et al.) discloses a catalytic 
material for the selective oxidation of unsaturated hydrocar 
bons in the presence of carbon monoxide. The catalytic 
material includes a phosphated ceria made by mixing ceria 
particles With a solution of phosphates, and then calcining 
the particles after separation from the solution. 

[0006] US. Pat. No. 5,811,599 (Alive et al.) discloses a 
process for the oxidation of hydrocarbons using an aqueous 
solution of hydrogen peroxide in the presence of a titanium 
silicate catalyst. 

[0007] US. Pat. No. 5,707,917 (Geus et al.) discloses a 
catalyst for the selective oxidation of hydrocarbons Which 
comprises a support based on one or more metal oxides and 
vanadium-phosphorus oxide dispersed over the surface of 
the support. The process comprises an oxidation and reduc 
tion phase. The hydrocarbon is contacted With the catalyst in 
the reduction phase and in oxidiZed or non-oxidiZed form is 
adsorbed onto the catalyst. The loaded catalyst is then 
brought into the oxidation phase Wherein the desired product 
is formed in the presence of gaseous oxygen and subse 
quently separated. 
[0008] There is yet need for an improved process and 
catalyst for the selective oxidation of hydrocarbons and 
other organic compounds. 

SUMMARY OF THE INVENTION 

[0009] A material is provided herein Which comprises a 
non-crystalline, porous inorganic oxide having at least 97 
volume percent mesopores based on micropores and meso 
pores, and at least one catalytically active metal selected 
from the group consisting of one or more transition metal 
and one or more noble metal. Also provided herein are a 
method for making the material and use of the material as a 
catalyst for the selective oxidation of organic compounds. 

[0010] The process and catalyst herein provide for the 
selective oxidation of hydrocarbons and other organic com 
pounds With very high selectivity. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Various embodiments are described beloW With 
reference to the draWings Wherein: 

[0012] FIG. 1A is a plot shoWing the X-ray diffraction 
pattern of the catalyst material of Example 1; 

[0013] FIG. 1B is a transmission electron microscopy 
image of the catalytic material of Example 1; 

[0014] FIG. 2 graphically presents pore volume and pore 
siZe data pertaining to the catalytic material of Example 1; 

[0015] FIG. 3 is a graph shoWing the X-ray diffraction 
patterns of the catalyst materials of Examples 4, 5, 6 and 7; 
and, 
[0016] FIG. 4 is a graph shoWing the X-ray diffraction 
pattern of the catalyst material of Example 8. 

DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENT(S) 
[0017] The catalyst of the present invention includes a 
three-dimensional, stable, porous inorganic oxide material 
that is substantially mesoporous in structure. The material 
possesses a non-crystalline, but regulariZed (pseudo-crystal 
line) structure. Mesoporous materials are described in US. 
Pat. No. 6,358,486 B1, Which is herein incorporated by 
reference in its entirety. The catalyst further includes one or 
more noble metal and/or one or more transition metal. 

[0018] The amorphous inorganic oxide material of the 
present invention generally contains both mesopores and 
micropores. 
[0019] Micropores are de?ned as pores having a diameter 
of less than about 2 nm. Mesopores are de?ned as pores 
having a diameter of from about 2 nm to about 50 nm. The 
inorganic oxide material of the present invention has a 
volume percentage of mesopores of at least about 97% and 
preferably at least about 98%. 

[0020] A method for making a preferred porous silica 
containing catalyst support is described in US. Pat. No. 
6,358,486 B1. The average mesopore siZe of the preferred 
catalyst as determined from N2-porosimetry ranges from 
about 2 nm to about 25 nm. Generally, the mesoporous 
inorganic oxide is prepared by heating a mixture of (1) a 
precursor of the inorganic oxide in Water, and (2) an organic 
templating agent that mixes Well With the oxide precursor or 
the oxide species generated from the precursor, and prefer 
ably forms hydrogen bonds With it. 

[0021] The starting material is generally an amorphous 
material and may be comprised of one or more inorganic 
oxides such as silicon oxide or aluminum oxide, With or 
Without additional metal oxides. The silicon or aluminum 
atoms may be replaced in part by catalytically active tran 
sition metal atoms such as titanium, vanadium, copper, 
Zirconium, manganese, Zinc, chromium, molybdenum, tung 
sten, nickel, cobalt and iron and the like. The composition by 
Weight of the transition metal is preferably up to about 60%, 
more preferably from about 0.001% to about 20% based on 
the total Weight of the catalyst. The additional metals may 
optionally be incorporated into the material prior to initiat 
ing the process for producing a structure that contains 
mesopores. For example, homogeneous synthesis mixtures 
containing transition metal alkoxide, silicon or aluminum 
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alkoxide (e.g., tetraethyl orthosilicate “TEOS”, or aluminum 
isopropoxide), and organic templating agent can be pre 
pared. The synthesis mixture can then be aged, dried, and 
calcined to produce a mesoporous structure. Drying of the 
synthesis mixture can be performed by heating the synthesis 
mixture to a drying temperature of from about 50° C. to 
about 150° C., preferably 60° C. to about 120° C., for a 
period of time sufficient to drive off the Water and/or volatile 
organic liquids. Calcining of the dried mixture can be 
performed by heating the dried mixture to a calcining 
temperature of from about 300° C. to about 1,000° C., 
preferably from about 400° C. to about 700° C., for a period 
of time sufficient to form the mesoporous structure. Calcin 
ing times typically range from about 2 hours to about 40 
hours, depending, at least in part, on the calcining tempera 
ture. 

[0022] After heating to remove Water and/or volatile 
organic compounds and before calcining, there is an optional 
step of heating the dried mixture in a container at a tem 
perature of from about 130° C. to about 200° C. for a period 
of time of from about 2 hours to about 96 hours. This step 
can be used to manipulate the mesopore siZe, surface area 
and pore volume of the ?nal composition. 

[0023] Also, after preparation of the material, cations in 
the system may optionally be replaced With other ions such 
as those of an alkali metal (e.g., sodium, potassium, lithium, 
etc.). 
[0024] The organic mesopore-forming templating agent is 
preferably a glycol (a compound that includes tWo or more 
hydroxyl groups), such as glycerol, diethylene glycol, tri 
ethylene glycol, tetraethylene glycol, propylene glycol, and 
the like, or member(s) of the group consisting of triethano 
lamine, sulfolane, tetraethylene pentamine and diethylglycol 
dibenZoate. Preferably, the templating agent has a boiling 
point of at least about 150° C. 

[0025] The mesoporous catalyst support is a pseudo-crys 
talline material (i.e.—no crystallinity is observed by pres 
ently available x-ray diffraction techniques). The Wall thick 
ness of the mesopores is preferably from about 3 nm to about 
25 nm. The surface area of the catalyst support as deter 
mined by BET (N2) preferably ranges from about 400 m2/g 
to about 1200 m2/g. The catalyst pore volume preferably 
ranges from about 0.3 cm3/g to about 2.2 cm3/g. 

[0026] During mixing, the appropriately selected active 
metal forms complexes With the templates (e.g., triethano 
lamine, or “TEA”). After drying the complexes together 
With free organic compound (such as TEA) act as a tem 
plating agent for the mesopores. Next, during calcining, the 
complexes decompose; and any organic species are 
removed. Consequently, transition metals homogeneously 
coat the internal surfaces of the mesopores. Depending on 
the loading of the transition metals, the coordination states 
of these transition metals can be controlled. Most of the 
active sites are easily accessible because they are preferen 
tially enriched on the mesopore surfaces. In addition, the 
three-dimensional mesopore system also facilitates intrapar 
ticle mass transfer. 

[0027] The inorganic oxide support, With or Without tran 
sition metal, can be further modi?ed by incorporation 
therein of a catalytically effective amount of one or more 

noble metals such as gold (Au), silver (Ag), platinum (Pt), 
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palladium (Pd), iridium (Ir), rhodium (Rh), ruthenium (Ru), 
rhenium (Re) or osmium (Os). These noble metals can form 
nano-siZed particles having a diameter of 10 nm or less in 
the mesopores. The percentage by Weight of the noble metal 
can range up to about 60%, preferably from about 0.1% to 
about 40%, based on the total catalyst Weight. 

[0028] The noble metal can be incorporated into the 
inorganic mesoporous oxide by any suitable method such as 
ion exchange or by impregnating the inorganic oxide With a 
solution of a soluble, decomposable compound of the noble 
metal, then Washing, drying, and subjecting the impregnated 
inorganic oxide to a process such as calcining to decompose 
the noble metal compound, thereby producing an activated 
catalyst having free noble metal in the pores of the inorganic 
oxide. Suitable noble metal compounds include salts such as 
nitrates, chlorides, ammonium complexes, and the like. 

[0029] Washing of the noble metal impregnated inorganic 
oxide catalyst is optionally performed With Water to remove 
some anions. Drying of the catalyst to remove Water and/or 
other volatile compounds can be accomplished by heating 
the catalyst to a drying temperature of from about 50° C. to 
about 190° C. Calcining to activate the catalyst can be 
performed at a temperature of from about 150° C. to about 
600° C. for a sufficient period of time. Generally, calcining 
can be performed for 2 to 40 hours depending, at least in 
part, on the calcining temperature. 

[0030] The resulting catalyst can be employed in selective 
oxidation processes such as described beloW: 

[0031] A) Epoxidation of alkenes to produce epoxides. 
Suitable alkenes include C2 to C20 unsaturated hydrocarbon 
compounds such as, for example, ethylene, propylene, the 
butenes (1-butene, 2-butene, isobutylene) butadiene, the 
pentenes, linear or branched chain hexene, 1-octene, cyclo 
hexene, and the like. OxidiZing agents can include oxygen, 
oxygen-containing gas, hydrogen peroxide (H202), nitrogen 
oxides, organic hydroperoxides, organic peracids, and the 
like. Epoxidation is typically carried out at a temperature of 
from about 30° to about 300° C., preferably 50° C. to about 
250° C., a pressure of from about atmospheric to about 40 
bars, and a space velocity of from about 10 WHSV to about 
2000 WHSV. The reaction can be carried out in the gas 
phase, liquid phase, or mixed (gas/liquid) phase. 

[0032] B) Partial oxidation of alkanes to produce ketonic 
or alcoholic derivatives. Suitable alkanes include propane, 
butane, pentane, cyclohexane, and the like. Suitable oxidiZ 
ing agents can include oxygen, oxygen-containing gas, 
hydrogen peroxide, nitrogen oxides, organic hydroperox 
ides, and organic per-acids. Partial oxidation of alkanes to 
ketones is typically carried out at a temperature of from 
about 0° C. to about 200° C., a pressure of from about 1 bar 
to about 30 bars, and a space WHSV velocity of from about 
100 hr“1 to about 100,000 hr_1.Alcohol production normally 
is carried out at a temperature of from about 60° C. to about 
450° under a pressure of up to about 60 bars. The reaction 
can be carried out in the gas phase, liquid phase, or mixed 
phases. 

[0033] C) Partial oxidation of alcohols. Suitable alcohols 
include, for example, benZyl alcohol, phenylethanol, phenol, 
and cinnamyl alcohol. Suitable oxidiZing agents can include 
oxygen, oxygen-containing gas, hydrogen peroxide, nitro 
gen oxides, organic hydroperoxides, and organic per-acids. 
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For example, benZaldehyde can be obtained by partial 
oxidation of benZyl alcohol using a catalyst of the present 
disclosure containing, e.g., copper (Cu), at about 300° C. to 
about 500° C. and under a pressure up to about 20 bars. 

[0034] D) Hydroxylation of aromatic compounds to add 
hydroxyl group(s) to the aromatic ring structure. Said aro 
matic compounds preferably include benZene and toluene, 
although other aromatic compounds can also be used. Suit 
able oxidizing agent scan include oxygen, oxygen contain 
ing gas, hydrogen peroxide, nitrogen oxides, organic hydro 
peroxides, and organic per-acids. BenZene oxidiZed into 
phenol and toluene into cresols can be conducted at a 
temperature from 25° C. to 500° C. and up to a pressure of 
65 bars. The process also can be carried out in a distillation 
column reactor at a temperature in the range of from above 
100° C. to 270° C. and a benZene partial pressure in the 
range of from about 0.1 atm to about 45 atm. 

[0035] E) Ammoximation of ketones With ammonia (NH3) 
and hydrogen peroxide or nitrogen oxide to produce corre 
sponding oximes. Suitable ketones include, for example, 
acetone, methylethyl ketone (MEK), acetophenone, cyclo 
hexanone, cyclododecanone, and the like. Reaction condi 
tions typically include a temperature of from about 25° C. to 
about 150° C., preferably 40° C. to about 120° C., and a 
pressure of from about 1 to 10 atmospheres, preferably 1 to 
5 atmospheres. 

[0036] Various features of the invention are illustrated by 
the Examples given beloW. X-ray poWder diffraction pat 
terns (XRD)of the resulting materials Were recorded using 
CuKa radiation on a Philips PW 1840 diffractometer 
equipped With a graphite monochromator. The samples Were 
scanned in the range of 0.5-40° 20 With steps of 002°. 
Transmission electron microscopy (TEM) Was performed 
using a Philips CM30T electron microscope With a LaB6 
?lament as the source of electrons operated at 300 kV. 
Nitrogen sorption isotherms Were measured on the Quan 
tachrome Autosorb-6B at 77 K. Mesoporosity Was calcu 
lated using the BH] model. All composition parts are by 
Weight unless indicated otherWise. 

EXAMPLE 1 

[0037] A catalyst of the present invention containing tita 
nium Was prepared and tested in accordance With the fol 
loWing procedure. First, 1.1 parts of titanium (IV) n-butox 
ide Was mixed With 35.0 parts of tetraethyl orthosilicate 
(“TEOS”). Then 25.3 parts of triethanolamine (“TEA”) Were 
added drop-Wise into the above mixture While stirring. After 
stirring for 1 hour, 21.3 parts of deioniZed Water Was 
drop-Wise added into the above mixture While stirring. After 
another 1 hour of stirring, 17.3 parts of tetraethylammonium 
hydroxide (“TEAOH”) (25%) Was added drop-Wise into the 
above-mixture. The ?nal homogeneous mixture Was aged at 
room temperature for 24 hours, dried at 100° C. for 24 hours 
and then calcined at 700° C. for 10 hours in a ramp rate of 
1° C. min“1 in air. 

[0038] The XRD pattern of the resulting material is shoWn 
in FIG. 1A, and reveals only one intensive peak between 
05° and 25° at about 10° in 20, indicating that the product 
Was a meso-structured material. FIG. 1B is a TEM image of 
the resulting material. FIG. 1B shoWs that curved and 
tortuous pores are randomly connected to form a three 
dimensional pore netWork. The BET surface area of the 
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material as determined by nitrogen absorption Was about 
917 m2/g. Referring to FIG. 2, the average mesopore 
diameter of the material Was 4.5 nm and the total pore 
volume Was about 0.89 cm3/g. 

[0039] Next cyclohexene epoxidation Was used as model 
reaction to demonstrate and quantify catalytic activity using 
tert-butyl hydroperoxide as an oxidant and Was carried out 
at 40° C. under N2. The reaction mixture consisted of 1 part 
catalyst, 9.6 parts cyclohexene (99%, dried using anhydrous 
MgSO4 before use) and 13.2 parts dichloromethane (99%). 
Samples Were analyZed by gas chromatography (WAX 52 
CB). After 6 hours, about 45.6% of the cyclohexene Was 
converted With almost 100% selectivity. The turnover fre 
quency (de?ned as moles cyclohexene converted per mole 
of titanium per hour) Was 20.2 h_1. 

COMPARATIVE EXAMPLE A 

[0040] A titanium bearing catalyst not in accordance With 
the present invention, designated as Ti-MCM-41 Was syn 
thesiZed according to a procedure set forth in a previous 
report (L. Y. Chen, G. K. Chuah, S. Jaenicke, Catal. Lett. 50 
(1998) 107.) It had BET surface are of 934 m2/g and an 
average pore diameter of about 3.3 nm. It Was tested under 
the identical conditions as example 1, but it shoWed the 
turnover frequency of only 3.6 h_1, Which Was less than 20% 
of the cyclohexene conversion achieved by the catalyst of 
Example 1. 

EXAMPLE 2 

[0041] Nano-siZed particles of gold Were introduced into 
the catalyst prepared in Example 1. An aqueous solution of 
AuCl4_ Was prepared by adding 0.34 parts by Weight of 
HAuCl4.4H2O into 400 parts of H20. This Was heated to 70° 
C., and its pH Was adjusted using aqueous NaOH solution to 
about 7.0. Then 2 parts of the catalyst of Example 1 Were 
suspended in the above solution, the pH Was adjusted again 
to 7.0. The suspension Was aged at 70° C. for 1 hour, and 
Washed 3 times With distilled Water, dried at 100° C. for 2 
hours, and ?nally calcined in air at 300° C. for 4 hours. 

[0042] Vapor-phase epoxidation of propylene to propylene 
oxide Was carried out in a vertical ?xed-bed quartZ reactor 
7.0 ?lled With catalyst. The reactant feed contained 10 vol. 
% each of C3H6, H2 and O2 in Ar at a gaseous hourly space 
velocity (GHSV) of 10,000 b“1 ml g'1 of catalyst. The 
reaction temperature Was kept at 120° C. The feed and 
products Were analyZed by on-line gas chromatography 
(GC). About 3.5% propylene Was converted to propylene 
oxide With a selectivity of about 96%. 

EXAMPLE 3 

[0043] A siliceous material Was synthesiZed according to 
the procedure of Example 1 of US. Pat. No. 6,358,486 as 
folloWs: 

[0044] First, 1.3 parts by Weight aluminum isopropoxide 
Was dissolved in 39.1 parts tetrapropylammonium hydroxide 
(40%) aqueous solution. Next, 47.88 parts TEA (97%) and 
14.0 parts Water Were mixed. The aqueous TEA mixture Was 
added drop-Wise (8-10 g/min) to the aluminum containing 
mixture under stirring. Finally, 33.1 parts TEOS (98%) Was 
added drop-Wise (4-6 g/min) to the resulting mixture While 
stirring. The ?nal mixture Was aged at room temperature for 
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48 hours, spread out in a dish to form a layer that had a 
height of 1.0-1.2 cm and dried at 100° C. for 18 hours in a 
static air furnace. The resulting material Was calcined in air 
using the following procedure: the material Was heated to 
500° C. With a heating rate of 1° C./min, then held for 4 
hours, then heated to 550° C. With a heating rate of 1° 
C./min, then held for 10 hours. 

[0045] The resulting material Was used to prepare a silver 
containing catalyst by the impregnation into the material of 
AgNO3 aqueous solution. After being impregnated, the 
material Was calcined at 250° C. for 4 hours. The impreg 
nated catalyst Was analyZed using ICP and revealed about 
30.5% of silver loading. 

[0046] The silver-containing catalyst Was kept in a micro 
?oW reactor under atmospheric condition at 220° C. The 
reactant stream contained 20 vol % ethylene, 40 vol % 
oxygen and 40 vol % nitrogen. The total reactant stream 
GHSV Was 4,500 hr_1. The products Were analyZed by gas 
chromatography. Within an hour, the conversion of ethylene 
reached 19.8%, and the selectivity to ethylene oxide Was 
about 29%. 

EXAMPLE 4 

[0047] 1.7 Parts of titanium (IV) n-butoxide (99%) Was 
mixed With 106 parts of TEOS (98%). Then a mixture of 77 
parts TEA (97%) and 58 parts of deioniZed Water Were added 
drop-Wise into the above mixture While stirring. After about 
1 hour stirring, 63 parts of TEAOH (25%) Was added 
drop-Wise to the mixture. The Si/Ti molar ratio of the 
synthesis mixture Was 100. The ?nal homogeneous mixture 
Was aged at room temperature for 24 hours, dried at 98° C. 
for 24 hours and then calcined at 650° C. for 10 hours at a 
ramp rate of 1° C./min in air. The XRD pattern of the 
material is shoWn in FIG. 3. 

EXAMPLE 5 

[0048] The same procedure as in Example 4 Was folloWed 
except that 3.4 parts by Weight of titanium (IV) n-butoxide 
Were used and the Si/Ti ratio of the mixture Was 50. The 
XRD pattern of the resulting material is shoWn in FIG. 3. 

EXAMPLE 6 

[0049] The same procedure as in Example 4 Was folloWed 
except that 8.6 parts of titanium (IV) n-butoxide Were used, 
and the Si/T i ratio Was 20. The XRD pattern of the resulting 
material is shoWn in FIG. 3. 

EXAMPLE 7 

[0050] The same procedure as in Example 4 Was folloWed 
except that 17.2 parts of titanium (IV) n-butoxide Were used 
and the Si/T i ratio Was 10. The XRD pattern of the resulting 
material is shoWn in FIG. 3. 

[0051] As can be seen from Examples 4-7, adding the 
appropriate amounts of titanium compound in the initial 
synthesis mixture can easily control the titanium loading of 
the catalyst material of the present invention. The XRD 
patterns of the resulting materials of Examples 4-7 indicate 
that these materials are mesoporous. 

EXAMPLE 8 

[0052] First, 1.2 parts (by Weight) of chromium (III) 
acetylacetonate (97%) Was mixed With 34.5 parts of TEOS 
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(98%). Then 25 parts of TEA (97%) Was added drop-Wise 
into the above mixture While stirring. After stirring for 1 
hour, 18.8 parts of deioniZed Water Was drop-Wise added into 
the above mixture While stirring. After another 1 hour of 
stirring, 20.5 parts of tetraethylammonium hydroxide (25%) 
Was added drop-Wise into the above mixture. The ?nal 
homogeneous mixture Was aged at room temperature for 24 
hours, dried at 100° C. for 24 hours. The dried gel Was 
heated in an autoclave at 180° C. for 8 hours, and ?nally 
calcined at 650° C. for 10 hours in a ramp rate of 1° C. min'1 
in air. 

[0053] FIG. 4 shoWs the XRD pattern of this material, 
presenting an intensive peak at around 13° in 20. Nitrogen 
adsorption reveals the surface area of 618 m2/g, the pore 
volume of 0.67 cm3/g and the average pore siZe diameter of 
5.5 nm. The data shoW that the chromium-containing mate 
rial of this Example 8 is mesoporous in structure. This 
material Was tested as a catalyst for cyclohexene epoxidation 
under identical conditions in Example 1. After six hours, 
about 46% of the cyclohexene Was converted With a selec 
tivity of about 94% to cyclohexene epoxide. 

[0054] While the above description contains many specif 
ics, these speci?cs should not be construed as limitations on 
the scope of the invention, but merely as exempli?cations of 
preferred embodiments thereof. Those skilled in the art Will 
envision many other possibilities Within the scope and spirit 
of the invention as de?ned by the claims appended hereto. 

1. A material Which comprises: 

a) a non-crystalline, porous inorganic oxide having at 
least 97 volume percent mesopores based on 
micropores and mesopores, said mesopores being inter 
connected; and 

b) at least one catalytically active metal selected from the 
group consisting of one or more transition metal and 
one or more noble metal. 

2. The material of claim 1 Wherein the transition metal is 
selected from the group consisting of titanium, vanadium, 
copper, Zirconium, manganese, Zinc, iron, nickel, cobalt, 
chromium, molybdenum and tungsten. 

3. The material of claim 1 Wherein the noble metal is 
selected from the group consisting of gold, silver, platinum, 
palladium, iridium, rhodium, ruthenium, rhenium and 
osmium. 

4. The material of claim 1 Wherein the catalytically active 
metal is gold or silver. 

5. The material of claim 1 Wherein the catalytically active 
metal is chromium. 

6. The material of claim 1 Wherein the catalytically active 
metal is titanium. 

7. The material of claim 1 Wherein the non-crystalline 
porous inorganic oxide is characteriZed by an X ray diffrac 
tion pattern having a 20 peak between 05° and 25°. 

8. The material of claim 1 Wherein the non-crystalline 
porous inorganic oxide contains at least 98 volume percent 
mesopores. 

9. The material of claim 1 Wherein the mesopores have a 
siZe ranging from about 2 nm to about 25 nm. 

10. The material of claim 1 Wherein the inorganic oxide 
is silicon oxide. 

11. The material of claim 1 Wherein the inorganic oxide is 
aluminum oxide. 
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12. The material of claim 1 wherein the composition 
percentage by Weight of the transition metal ranges up to 
about 60%. 

13. The material of claim 1 Wherein the composition by 
Weight of the transition metal ranges from about 0.001% to 
about 20%. 

14. The material of claim 1 Wherein the composition 
percentage by Weight of the noble metal ranges up to about 
60%. 

15. The material of claim 1 Wherein the composition 
percentage by Weight of the noble metal ranges from about 
0.1% to about 40%. 

16. A method for making a catalyst comprising the steps 
of: 

a) combining at least one source of inorganic oxide and at 
least one mesopore forming agent and optionally one or 
more source of catalytically active transition metal to 
form a synthesis mixture; 

b) drying the synthesis mixture; 

c) heating the dried synthesis mixture to a calcining 
temperature for a period of time suf?cient to form a 
non-crystalline support structure having at least 97 
volume percent mesopores; and, 

d) incorporating at least one catalytically active noble 
metal and/or transition metal into the catalyst. 

17. The method of claim 16 Wherein the inorganic oxide 
is selected from the group consisting of aluminum oxide and 
silicon oxide. 

18. The method of claim 17 Wherein the source of 
inorganic oxide is selected from the group consisting of 
silicon alkoxide and aluminum alkoxide. 

19. The method of claim 18 Wherein the silicon alkoxide 
is tetraethyl orthosilicate and the aluminum alkoxide is 
aluminum isopropoxide. 

20. The method of claim 16 Wherein the catalytically 
active transition metal is incorporated into the catalyst by 
combining a compound containing the transition metal With 
the source of inorganic oxide in step (a) to form the synthesis 
mixture. 

21. The method of claim 16 Wherein the catalytically 
active transition metal is incorporated into the catalyst by 
incorporating a compound containing the transition metal 
into the catalyst after step (c) of heating the dried synthesis 
mixture to a calcining temperature. 

22. The method of claim 16 Wherein the transition metal 
is selected from the group consisting of titanium, vanadium, 
copper, Zirconium, manganese, Zinc, chromium, molybde 
num, tungsten, nickel, cobalt and iron. 

23. The method of claim 20 Wherein the compound 
containing the transition metal is an alkoxide of titanium. 

24. The method of claim 23 Wherein the alkoxide of 
titanium is titanium n-butoxide. 

25. The method of claim 16 Wherein heating the dried 
synthesis mixture to a calcining temperature includes heat 
ing the dried synthesis mixture to a temperature of from 
about 120° C. to about 200° C. for a period of time of about 
from 2 hours to about 96 hours. 

26. The method of claim 16 Wherein the noble metal is 
selected from the group consisting of gold, silver, platinum, 
palladium, iridium, rhodium, ruthenium, rhenium and 
osmium. 
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27. The method of claim 16 Wherein the step (d) of 
incorporating at least one catalytically active noble metal or 
transition metal into the catalyst comprises impregnating the 
non-crystalline support structure With a solution of a soluble, 
decomposable compound of the noble metal and/or transi 
tion metal, and thereafter decomposing the noble metal 
compound and/or transition metal compound. 

28. The method of claim 27 Wherein the step of decom 
posing the noble metal compound and/or transition metal 
compound comprises calcining the noble metal and/or tran 
sition metal impregnated non-crystalline support at a tem 
perature suf?cient to decompose the noble metal compound 
and/or transition metal compound. 

29. The method of claim 28 Wherein the noble metal is 
gold or silver. 

30. The method of claim 16 Wherein the mesopore form 
ing agent is selected from the group consisting of glycerol, 
diethylene glycol, triethylene glycol, tetraethylene glycol, 
propylene glycol, triethanolamine, sulfolane, tetraethylene 
pentamine and diethylglycol dibenZoate. 

31. The method of claim 16 Wherein the step (d) of 
incorporating at least one catalytically active noble metal 
and/or transition metal comprises incorporating both a cata 
lytically active noble metal and transition metal into the 
catalyst. 

32. A process for the selective oxidation of an organic 
compound comprising: 

contacting the organic compound With an oxidiZing agent 
under partial oxidation reaction conditions in the pres 
ence of a catalyst Which includes a non-crystalline, 
porous inorganic oxide having at least 97 volume 
percent mesopores based on micropores and mesopo 
res, and at least one catalytically active metal selected 
from the group consisting of one or more transition 
metal and one or more noble metal. 

33. (canceled) 
34. (canceled) 
35. (canceled) 
36. The process of claim 32 Wherein the organic com 

pound is an alkane and the selective oxidation process is the 
partial oxidation of the alkane to produce a corresponding 
ketone or alcohol. 

37. The process of claim 36 Wherein the alkane is selected 
from the group consisting of propane, butane, pentane and 
cyclohexane, the oxidiZing agent is selected from the group 
consisting of oxygen, oxygen-containing gas, hydrogen per 
oxide, nitrogen oxide, organic hydroperoxide and organic 
peracid, and the reaction conditions include a temperature of 
from about 0° C. to about 200° C., a pressure of from about 
1 bar to about 30 bars, and a space velocity of from about 
100 hr'1 to about 1000 hr_1. 

38. The process of claim 32 Wherein the organic com 
pound is a ketone and the selective oxidation process is the 
ammoximation of the ketone to produce a corresponding 
oxime. 

39. The process of claim 38 Wherein the ketone is selected 
from the group consisting of acetone, methylethyl ketone, 
acetophenone, cyclohexanone and cyclododecanone, the 
oxidiZing agent is hydrogen peroxide or nitrogen oxide 
Which is mixed With ammonia, and the reaction conditions 
include a temperature of from about 25° to about 150°, and 
a pressure of from about 1 atmosphere to about 10 atmo 
spheres. 
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40. The process of claim 32 wherein the organic com 
pound is an aromatic compound and the selective oxidation 
process is the hydroxylation of the aromatic compound to 
add at least one hydroxyl group to the aromatic ring struc 
ture. 

41. The process of claim 40 Wherein said aromatic com 
pound is selected from the group consisting of benZene and 
toluene, and the oxidizing agent is selected from the group 
consisting of oxygen, oxygen-containing gas, hydrogen per 
oxide, nitrogen oxide, organic hydroperoxide and organic 
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per-acid, and the reaction conditions include a temperature 
of from 125° C. to about 500° C. and a pressure up to 65 
bars. 

42. The process of claim 32 Wherein the catalytically 
active transition metal is selected from the group consisting 
of titanium, vanadium and chromium. 

43. The process of claim 32 Wherein the catalytically 
active noble metal is gold or silver. 

* * * * * 


