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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention generally relates to processes for the chemocatalytic conversion
of a glucose source to glucaric acid or lactone thereof.

BACKGROUND OF THE INVENTION

[0002] Crude oil is currently the source of most commodity and specialty organic chemicals.
Many of these chemicals are employed in the manufacture of polymers and other materials.
Examples include ethylene, propylene, styrene, bisphenol A, terephthalic acid, adipic acid,
caprolactam, hexamethylene diamine, adiponitrile, caprolactone, acrylic acid, acrylonitrile, 1,6-
hexanediol, 1,3-propanediol, and others. Crude oil is first refined into hydrocarbon
intermediates such as ethylene, propylene, benzene, and cyclohexane. These hydrocarbon
intermediates are then typically selectively oxidized using various processes to produce the
desired chemical. For example, crude oil is refined into cyclohexane which is then selectively
oxidized to "KA oil" which is then further oxidized for the production of adipic acid, an important
industrial monomer used for the production of nylon 6,6. Many known processes are employed
industrially to produce these petrochemicals from precursors found in crude oil. For example,
see Ullmann's Encyclopedia of Industrial Chemistry, Wiley 2009 (7th edition).

[0003] For many years there has been an interest in using biorenewable materials as a
feedstock to replace or supplement crude oil. See, for example, Klass, Biomass for Renewable
Energy, Fuels, and Chemicals, Academic Press, 1998. Moreover, there have been efforts to
produce adipic acid from renewable resources using processes involving a combination of
biocatalytic and chemocatalytic processes. See, for example, "Benzene-Free Synthesis of
Adipic Acid", Frost et al. Biotechnol. Prog. 2002, Vol. 18, pp. 201-211, and U.S. Patent Nos.
4,400,468, and 5,487,987.

[0004] One of the major challenges for converting biorenewable resources such as
carbohydrates (e.g. glucose derived from starch, cellulose or sucrose) to current commodity
and specialty chemicals is the selective removal of oxygen atoms from the carbohydrate.
Approaches are known for converting carbon-oxygen single bonds to carbon-hydrogen bonds.
See, for example: U.S. Patent No. 5,516,960; U.S. Patent App. Pub. US2007/0215484 and
Japanese Patent No. 78,144 506. Each of these known approaches suffers from various
limitations and we believe that, currently, none of such methods are used industrially for the
manufacture of specialty or industrial chemicals.

[0005] Thus, there remains a need for new, industrially scalable methods for the selective and
commercially-meaningful conversion of carbon-oxygen single bonds to carbon-hydrogen
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bonds, especially as applied in connection with the production of chemicals from polyhydroxyl-
containing substrates (e.g., glucaric acid), and especially for the production of chemicals from
polyhydroxyl-containing biorenewable materials (e.g., glucose derived from starch, cellulose or
sucrose) to important chemical intermediates such as adipic acid. BESSON, M.; FLECHE, G.;
FUERTES, P.; GALLEZOT, P.; LAHMER, F., "Oxidation of glucose and gluconate on Pt, Pt Bi,
and Pt Au catalysts”, RECUEIL DES TRAVAUX CHIMIQUES DES PAYS-BAS, (1996), vol. 115,
no. 4 summarizes that glucose and gluconate aqueous solutions were oxidized with air on
active charcoal-supported, platinum catalysts; some catalysts were promoted with bismuth or
gold. ABBADI, A.; VAN BEKKUM, H., "Effect of pH in the Pt-catalyzed oxidation of D-glucose to
D-gluconic acid", JOURNAL OF MOLECULAR CATALYSIS A: CHEMICAL, (1995), vol. 97
summarizes the pH effect on the Pt-catalyzed selective heterogeneous oxidation of D-glucose
to D-gluconic acid.

SUMMARY OF THE INVENTION

[0006] The present invention is directed to a process for preparing glucaric acid or lactone
thereof, the process comprising: reacting glucose with oxygen in the presence of
heterogeneous oxidation catalyst comprising Pt to convert at least a portion of the glucose to
glucaric acid or lactone thereof, wherein the pH of the reaction mixture is less than 7, wherein
the reaction is conducted in the substantial absence of added base, wherein the reaction
mixture is maintained at a temperature from 70°C to 150°C and under a partial pressure of
oxygen that is at least 60 psia (414 kPa), and wherein the heterogeneous oxidation catalyst
comprises a catalyst support selected from the group consisting of carbon, alumina, silica,
titania, zirconia, and zeolite.

Also described herein are processes for preparing an adipic acid product from polyhydroxyl-
containing biorenewable materials..

[0007] As described herein, the process for preparing an adipic acid product comprises
reacting, in the presence of a hydrodeoxygenation catalyst and a halogen source, a
hydrodeoxygenation substrate and hydrogen to convert at least a portion of the
hydrodeoxygenation substrate to an adipic acid product, wherein the hydrodeoxygenation

substrate comprises a compound of formula |
X X o)

RO
OR'

1
wherein X is independently hydroxyl, oxo, halo, acyloxy or hydrogen provided that at least one

X is not hydrogen and R' is independently a salt-forming ion, hydrogen, hydrocarbyl, or
substituted hydrocarbyl; or a mono- or di-lactone thereof.

[0008] As described herein, the process for preparing an adipic acid product comprises
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converting at least a portion of a glucose source to a hydrodeoxygenation substrate comprising
glucaric acid or derivative thereof, and converting at least a portion of the glucaric acid or
derivative to an adipic acid product.

[0009] The process of the invention comprises reacting glucose with a source of oxygen in the
presence of an oxidation catalyst and in the substantial absence of added base as defined in
Claim 1.

[0010] Also described herein are processes for preparing glucaric acid by reacting glucose
with oxygen in the presence of an oxidation catalyst, wherein at least a portion of the glucose is
solubilized with a weak carboxylic acid, preferably acetic acid.

[0011] Also described herein are processes for the preparation of industrial chemicals such as
adiponitrile, hexamethylene diamine, caprolactam, caprolactone, 1,6-hexanediol, adipate
esters, polyamides (e.g., nylons) and polyesters from an adipic acid product obtained from
processes for the chemocatalytic conversion of a glucose source, which may include, for
example, the catalytic hydrodeoxygenation of glucaric acid or derivatives thereof.

[0012] Also described herein are adipic acid products, polyamides, polyesters and caprolactam
produced at least in part from adipic acid product produced by the hydrodeoxygenation of a
hydrodeoxygenation substrate, and, more particularly, from glucaric acid or derivative thereof.

[0013] Other objects and features will become apparent and/or will be pointed out hereinafter.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] The present invention relates to processes for the catalytic production of glucaric acid
from glucose. The process comprising: reacting glucose with oxygen in the presence of
heterogeneous oxidation catalyst comprising Pt to convert at least a portion of the glucose,
such as at least 50% of the glucose, to glucaric acid or lactone thereof, wherein the pH of the
reaction mixture is less than 7, wherein the reaction is conducted in the substantial absence of
added base, wherein the reaction mixture is maintained at a temperature from 70°C to 150°C
and under a partial pressure of oxygen that is at least 60 psia (414 kPa), and wherein the
heterogeneous oxidation catalyst comprises a catalyst support selected from the group
consisting of carbon, alumina, silica, titania, zirconia, and zeolite.

. Conducting the oxidation reaction in the substantial absence of added base facilitates product
recovery and improves process economics. Further, this reaction can be conducted in the
presence of a weak carboxylic acid, such as acetic acid, in which at least a portion of the
glucose is solubilized. Moreover, preferred oxidation catalysts and/or oxidation reaction
conditions provide yields of glucaric acid in excess of 60%, and up to 65% or more.

[0015] As described herein, an adipic acid product prepared in accordance with the processes
may be converted, according to processes known in the art, to various other industrially
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significant chemicals including, for example, adiponitrile, caprolactam, caprolactone,
hexamethylene diamine, 1,6-hexanediol, adipate esters, polyamides (e.g., nylon) or polyesters.
Thus, adiponitrile, caprolactam, caprolactone, hexamethylene diamine, 1,6-hexanediol, adipate
esters, polyamides (e.g., nylon) and polyesters may be prepared from glucose derived from
biorenewable sources.

. Feedstocks

[0016] Glucose can be obtained from various carbohydrate-containing sources including
conventional biorenewable sources such as corn grain (maize), wheat, potato, cassava and
rice as well as alternative sources such as energy crops, plant biomass, agricultural wastes,
forestry residues, sugar processing residues and plant-derived household wastes. More
generally, biorenewable sources that may be used in accordance with the present invention
include any renewable organic matter that includes a source of carbohydrates such as, for
example, switch grass, miscanthus, trees (hardwood and softwood), vegetation, and crop
residues (e.g., bagasse and corn stover). Other sources can include, for example, waste
materials (e.g., spent paper, green waste, municipal waste, etc.). Carbohydrates such as
glucose may be isolated from biorenewable materials using methods that are known in the art.
See, for example, Centi and van Santen, Catalysis for Renewables, Wiley-VCH, Weinheim
2007; Kamm, Gruber and Kamm, Biorefineries-Industrial Processes and Products, Wiley-VCH,
Weinheim 2006; Shang-Tian Yang, Bioprocessing for Value-Added Products from Renewable
Resources New Technologies and Applications, Elsevier B.V. 2007; Furia, Starch in the Food
Industry, Chapter 8, CRC Handbook of Food Additives 2nd Edition CRC Press, 1973. See also
chapters devoted to Starch, Sugar and Syrups within Kirk-Othmer Encyclopedia of Chemical
Technology 5th Edition, John Wiley and Sons 2001. Also, processes to convert starch to
glucose are known in the art, see, for example, Schenck, "Glucose and Glucose containing
Syrups" in Ullmann's Encyclopedia of Industrial Chemistry, Wiley-VCH 2009. Furthermore,
methods to convert cellulose to glucose are known in the art, see, for example, Centi and van
Santen, Catalysis for Renewables, Wiley-VCH, Weinheim 2007; Kamm, Gruber and Kamm,
Biorefineries-Industrial Processes and Products, Wiley-VCH, Weinheim 2006; Shang-Tian
Yang, Bioprocessing for Value-Added Products from Renewable Resources New Technologies
and Applications, Elsevier B.V. 2007.

Il. Preparation of Glucaric Acid

[0017] In accordance with the present invention, glucose is converted to, for example, glucaric
acid.

[0018] Applicants have discovered that glucose may be converted to glucaric acid in high yield
by reacting glucose with oxygen (as used herein, oxygen can be supplied to the reaction as air,
oxygen-enriched air, oxygen alone, or oxygen with other constituents substantially inert to the
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reaction) in the presence of a heterogeneous oxidation catalyst comprising Pt and in the

absence of added base according to the following reaction:
: OH ~ OH o

0,

Glucose — o
Catalyst

OH OH

glucaric acid

[0019] Surprisingly, conducting the oxidation reaction in the absence of added base and in
accordance with the reaction conditions set forth herein, does not lead to significant catalyst
poisoning effects and catalyst oxidation selectivity is maintained. In fact, catalytic selectivity can
be maintained to attain glucaric acid yield in excess of 50%, even 60% and, in some instances,
attain yields in excess of 65% or higher. The absence of added base advantageously facilitates
separation and isolation of the glucaric acid, thereby providing a process that is more
amenable to industrial application, and improves overall process economics by eliminating a
reaction constituent. The "absence of added base" as used herein means that base, if present
(for example, as a constituent of a feedstock), is present in a concentration which has
essentially no effect on the efficacy of the reaction; i.e., the oxidation reaction is being
conducted essentially free of added base. It has also been discovered that this oxidation
reaction can also be conducted in the presence of a weak carboxylic acid, such as acetic acid,
in which glucose is soluble. The term "weak carboxylic acid" as used herein means any
unsubstituted or substituted carboxylic acid having a pKa of at least about 3.5, more preferably
at least about 4.5 and, more particularly, is selected from among unsubstituted acids such as
acetic acid, propionic acid or butyric acid, or mixtures thereof.

[0020] It has been further discovered that conducting the oxidation reaction under increased
oxygen partial pressures and/or higher oxidation reaction mixture temperatures tends to
increase the yield of glucaric acid when the reaction is conducted in the substantial absence of
added base.

[0021] In these and various other embodiments, the initial pH of the reaction mixture is no
greater than about 7, and typically is less than 7 such as, for example, 6 or less when a weak
carboxylic acid is used to solubilize at least a portion of the glucose. In accordance with the
present invention, the initial pH of the reaction mixture is the pH of the reaction mixture prior to
contact with oxygen in the presence of an oxidation catalyst. It is expected that the pH of the
reaction mixture after oxygen contact will vary as the reaction proceeds. It is believed that as
the concentration of the glucaric acid increases (as the reaction proceeds) the pH will decrease
from the initial pH.

[0022] Another advantage of the present invention is the essential absence of nitrogen as an
active reaction constituent. Typically, nitrogen is employed in known processes as an oxidant
such as in the form of nitrate, in many instances as nitric acid. The use of nitrogen in a form in
which it is an active reaction constituent, such as nitrate or nitric acid, results in the need for
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NO, abatement technology and acid regeneration technology, both of which add significant

cost to the production of glucaric acid from these known processes, as well as providing a
corrosive environment which may deleteriously affect the equipment used to carry out the
process. By contrast, for example, in the event air or oxygen-enriched air is used in the
oxidation reaction of the present invention as the source of oxygen, the nitrogen is essentially
an inactive or inert constituent. Thus, for example, in accordance with the present invention, an
oxidation reaction employing air or oxygen-enriched air is a reaction conducted essentially free
of nitrogen in a form in which it would be an active reaction constituent.

[0023] The temperature of the oxidation reaction mixture is from 70°C to 150°C, from 70°C to
140°C, or from 80°C to 120°C.

[0024] The partial pressure of oxygen is at least 60 psia (414 kPa). In various embodiments,
the partial pressure of oxygen is up to about 1000 psia (6895 kPa), or more typically in the
range of from about 15 psia (104 kPa) to about 500 psia (3447 kPa).

[0025] The oxidation reaction may be conducted in the presence of a solvent to glucose.
Solvents suitable for the oxidation reaction include water and weak carboxylic acids such as
acetic acid. Utilization of weak carboxylic acid as a solvent adds cost to the process which cost,
as a practical matter, must be balanced against any benefits derived from the use thereof.
Thus, suitable solvents for the present invention include water, mixtures of water and weak
carboxylic acid, or weak carboxylic acid.

[0026] The oxidation reaction can be conducted in a batch, semi-batch, or continuous reactor
design using fixed bed reactors, trickle bed reactors, slurry phase reactors, moving bed
reactors, or any other design that allows for heterogeneous catalytic reactions. Examples of
reactors can be seen in Chemical Process Equipment - Selection and Design, Couper et al.,
Elsevier 1990. It should be understood that glucose, oxygen, any solvent, and the oxidation
catalyst may be introduced into a suitable reactor separately or in various combinations.

[0027] Catalysts suitable for the oxidation reaction ("oxidation catalyst") are heterogeneous
catalysts, including solid-phase catalysts comprising one or more supported metals. The metal
comprises platinum. Additional other metals may be present, including one or more d-block
metals, alone or in combination with one or more rare earth metals (e.g. lanthanides), alone or
in combination with one or more main group metals (e.g. Al, Ga, TI, In, Sn, Pb or Bi). In
general, the metals may be present in various forms (e.g., elemental, metal oxide, metal
hydroxides, metal ions, etc.). Typically, the metal(s) at a surface of a support may constitute
from about 0.25% to about 10%, or from about 1% to about 8%, or from about 2.5% to about
7.5% (e.g., 5%) of the total weight of the catalyst.

[0028] In various embodiments, the oxidation catalyst comprises a first metal (M1) and a
second metal (M2) at a surface of a support, wherein the M1 metal is selected from the group
consisting of palladium and platinum and the M2 metal is selected from the group consisting of
d-block metals, rare earth metals, and main group metals, wherein the M1 metal is not the
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same metal as the M2 metal. In various preferred embodiments, the M1 metal is platinum and
the M2 metal is selected from the group consisting of manganese, iron, and cobalt.

[0029] The M1:M2 molar ratio may vary, for example, from about 500:1 to about 1:1, from
about 250:1 to about 1:1, from about 100:1 to about 1:1, from about 50:1 to about 1:1, from
about 20:1 to about 1:1, or from about 10:1 to about 1:1. In various other embodiments, the
M1:M2 molar ratio may vary, for example, from about 1: 100 to about 1:1, from about 1:50 to
about 1:1, from about 1:10 to about 1:1, from about 1:5 to about 1:1, or from about 1:2 to
about 1:1.

[0030] Moreover, the weight percents of M1 and M2 relative to the catalyst weight may vary.
Typically, the weight percent of M1 may range from about 0.5% to about 10%, more preferably
from about 1% to about 8%, and still more preferably from about 2.5% to about 7.5% (e.g.,
about 5%). The weight percent of M2 may range from about 0.25% to about 10%, from about
0.5% to about 8%, or from about 0.5% to about 5%.

[0031] In various other embodiments, a third metal (M3) may be added to produce a
M1/M2/M3 catalyst wherein the M3 metal is not the same metal as the M1 metal and the M2
metal. In yet other embodiments a fourth metal (M4) may be added to produce a
M1/M2/M3/M4 catalyst wherein the M4 metal is not the same metal as the M1 metal, the M2
metal or the M3 metal. The M3 metal and M4 metal may each be selected from the group
consisting of d-block metals, rare earth metals (e.g. lanthanides), or main group metals (e.g.
Al, Ga, Tl, In, Sn, Pb or Bi).

[0032] Suitable catalyst supports are selected from carbon, alumina, silica, titania, zirconia,
and zeolite, and modifications, mixtures or combinations thereof. As described herein preferred
support materials may be modified using methods known in the art such as heat treatment,
acid treatment or by the introduction of a dopant (for example, metal-doped titanias, metal-
doped zirconias (e.g., tungstated-zirconia), metal-doped cerias, and metal-modified niobias).
Particularly preferred supports are carbon (which may be activated carbon, carbon black, coke
or charcoal), alumina, zirconia, titania, zeolite and silica. In various embodiments, the support
of the oxidation catalyst is selected from the group consisting of carbon, zirconia, zeolite, and
silica.

[0033] The metals may be deposited using procedures known in the art including, but not
limited to incipient wetness, ion-exchange, deposition-precipitation, and vacuum impregnation.
When two or more metals are deposited on the same support, they may be deposited
sequentially or simultaneously. In various embodiments, following metal deposition, the catalyst
is dried at a temperature of at least about 50°C, more typically at least about 120°C for a
period of time of at least about 1 hour, more typically 3 hours or more. In these and other
embodiments, the catalyst is dried under sub-atmospheric pressure conditions. In various
embodiments, the catalyst is reduced after drying (e.g., by flowing 5% H> in N> at 350 °C for 3

hours). Still further, in these and other embodiments, the catalyst is calcined, for example, at a
temperature of at least about 500°C for a period of time (e.g., at least about 3 hours).
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[0034] The reaction product of the oxidation step will, as described above, yield glucaric acid in
considerable and heretofore unexpected fraction, but may also yield derivatives thereof, such
as glucarolactones. These glucarolactones, like glucaric acid, constitute hydrodeoxygenation
substrate which is particularly amenable to the production of adipic acid product as hereinafter
described. Glucarolactones which may be present in the reaction mixture resulting from the
oxidation step include mono and di-lactones such as D-glucaro-1,4-lactone, D-glucaro-6,3-
lactone, and D-glucaro-1,4.6,3-dilactone. One advantage of higher concentrations of
glucarolactones is further improvement in the economics of the hydrodeoxygenation step
resulting from a reduction in the amount of water produced.

[0035] Glucaric acid produced in accordance with the above may be converted to various
other glucaric acid derivatives, such as salts, esters, ketones, and lactones. Methods to
convert carboxylic acids to such derivatives are known in the art, see, for example, Wade,
Organic Chemistry 3rd ed, Prentice Hall 1995.

EXAMPLES

[0036] The following non-limiting examples are provided to further illustrate the present
invention.

[0037] Reactions were conducted in 1 mL glass vials housed in a pressurized vessel in
accordance with the procedures described in the examples below. Product yields were
determined using a Dionex ICS-3000 Chromatography system. For Example 1, the products

were first separated on an lonpac® AS11-HC column and then quantified by conductivity
detection through comparison with calibration standards. For Example 2, the products were

first separated on an Acclaim® Organic Acid column and then quantified by a UV detector
through comparison with calibration standards.

EXAMPLE 1: GLUCOSE TO GLUCARIC ACID

[0038] Several catalysts were obtained from commercial vendors: Johnson Matthey 5% Pt/C
(three examples; JM-23 [B103032-5, Lot #C-9090]; JM-25 [B103014-5, Lot #C9230]; and JM-
27 [B-501032-5, Lot #C-9188]), Johnson Matthey 5% Pt/Al,O3 (two examples; JM-32

[B301013-5, Lot #C8959] and JM-33 [B301099-5, Lot #C9218]), and BASF Escat 2351 5%
Pt/SiO, [Lot #A4048107]; and 1.5% Au/TiO, [Sid Chemie 02-10]. Other catalysts were

prepared in accordance with the procedure described herein.

Preparation of Supported Platinum Catalysts
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[0039] Multiple portions of suitably concentrated aqueous Pt(NO3), solutions (Heraeus) were
added to the appropriate support (wherein the total combined volume of the Pt(NO3)5 solutions
was matched to equal to the pore volume of the chosen support) with agitation between
additions. Post impregnation, the product was dried in a furnace at 120 °C for 12 hours,
Material for catalyst testing was prepared by reduction under flowing 5 vol.% Hj in N5 for 3
hours at either 200 °C or 350 °C. Note that this procedure was used for all supports except
carbon. See the later description for the preparation of a Pt/Carbon catalyst.

Preparation of Pt/M2/Support Catalysts (M2 = Mn, Co, Fe, Re, Cu)

[0040] Approximately 7 - 8 mg of dried supported platinum catalyst (taken post drying but prior
to reduction) was dispensed into an 8 x 12 array containing 1 mL glass vials. To select vials
within the array, 6 - 7 yl (where the total addition volume was matched to equal to the pore
volume of the support weighed into the vial) of suitably concentrated M2 stock solutions were
added (M2 = Mn, Fe, Co, Re, Cu obtained from Strem or Sigma-Aldrich, see Table 1). Post M2
addition, the mixtures were agitated via a multi-tube vortexer to impregnate the supports. Post
impregnation, the glass vial arrays of Pt/M2/Support catalysts were dried in a furnace at 120 °C
for 1 hour, followed by calcination at 500 °C for 3 hours followed by reduction under flowing 5
vol. % H» in N5 at either 200 °C or 350 °C for 3 hours. Note that this procedure was used to

prepare all Pt/M2/Support catalysts with the exception of the 1.5 % Pt/1.5% Au/Titania catalyst.
In this case Pt(NO3)> solution was added to a dried sample of the commercial 1.5% Au/Titania

catalyst [Siid Chemie 02-10] (wherein the total volume of the Pt(NO3)> volume was matched to

equal to the pore volume of the catalyst) with agitation, whereupon the material was dried in a
furnace at 120 °C for 1 hour, followed by reduction under flowing 5 vol. % H; in N» at 350 °C

for 3 hours.

Preparation of 4 wt.% Pt/Carbon Catalyst

[0041] Multiple portions of suitably concentrated aqueous Pt{(NO3), solution (Heraeus) were

added to 2 g of dried Degussa HP-160 furnace black carbon (3.94 mL total addition volume)
with agitation between additions. Post impregnation, the 4 wt.% Pt/Carbon was dried under
vacuum for one hour at 50°C, followed by reduction under flowing 5 vol.% H» in N5 for three

hours at 350°C.

Glucose to Glucaric Acid Reactions

[0042] Catalysts were dispensed into 1mL vials within a 96-well reactor insert (Symyx
Solutions). The reaction substrate was D-glucose (Sigma-Aldrich, 0.552M in water). To each
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vial was added 250 uL of glucose solution. The vials were each covered with a Teflon pin-hole
sheet, a silicone pin-hole mat and steel gas diffusion plate (Symyx Solutions). The reactor
insert was placed in a pressure vessel and charged three times with oxygen to 100 psig with
venting after each pressurization step. The reactor was then charged to 75 psig with oxygen,
or to 500 psig with air, closed and placed on a shaker, heated at the designated temperature
for the specified reaction time. After the reaction time had elapsed shaking was stopped and
the reactor cooled to room temperature whereupon the reactors were vented. Samples for ion-
chromatography (IC) analysis were prepared by adding to each reaction vial 750 yL of a 1.067
wt.% citric acid solution (as internal standard) then the plate was covered and mixed followed
by centrifugation to separate catalyst particles. Each reaction sample was further diluted by
performing two 20-fold dilutions then analyzed by lon Chromatography. In some instances, HCI
was used as alternative internal standard through the addition of 100 uL of 50 ppm solution
during the second 20-fold dilution. The results are presented in Table 1.

Table 1.

Catalyst (wt.% { M1 M2 Temp.{Time jCatalyst{Glucaric

M2 wt.% Precursor{Precursor {(°C) j(Hours){Amount j{Acid Yield
Pt/Support) (mg) (%)

1 0.06% Mn 4% {Pt(NO3), {Mn(NO3), {80 5 7 38
Pt / Silica
Davisil 635

2 0.06% Fe 4% {Pt(NO3), jFe(NO3)3 {80 5 8 28
Pt / Silica
Davisil 635

3 0.06% Co 4% {Pt(NO3)> {Co(NO3), {80 5 8 34
Pt / Silica
Davisil 635

4 (4% Pt/ Silica {Pt(NOg3)> {None 80 5 8 34
Davisil 635

5 {4% Pt/ Silica 5{Pt(NO3), {None 90 5 8 50
um Cariact

6 4% Pt/ Silica 5{Pt(NO3)>, {None 90 8 8 66
um Cariact

7 4% Pt/ Silica {Pt(NO3), {None 90 5 8 40
Merck 10180

8 1.91%Re 4% {Pt(NO3)> {HReOy4 90 5 8 39
Pt / Silica
Merck 10180

9 0.65% Cu 4% {Pt(NO3), {Cu(NO3), {90 5 8 39
Pt / Silica
Merck 10180

(NH4)eMoz

10 §0.10% Mo 4% {Pt(NO3)> {Op4 90 5 8 38
Pt / Silica
Merck 10180
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Catalyst (wt.%
M2 wt.%
Pt/Support)

M1
Precursor

M2
Precursor

Temp.
(°C)

Time
(Hours)

Catalyst
Amount

(mg)

Glucaric
Acid Yield
(%)

11

4% Pt/ Carbon
Degussa HP-
160

Pt(NO3),

None

80

8

53

12

4% Pt/ Carbon
Degussa HP-
160

Pt(NO3),

None

90

60

13

5% Pt/ C [JM-
23]

None

80

10

52

14

5% Pt/ C [JM-
25]

None

80

10

57

15

5% Pt/ C [JM-
27]

None

80

10

57

16

5% Pt/ Al,O4
[JM-32]

None

80

10

23

17

5% Pt/ Al,O
[JM-33]

None

80

10

31

18

5% Pt/ SiO,

[BASF Escat
2351]

Pt(NO3),

None

80

10

15

19

8% Pt/
Zirconia
Daiichi
Kigenso Z-
1044

Pt(NO3),

None

90

52

20

8% Pt/
Zirconia
Daiichi
Kigenso Z-
1628

Pt(NO3),

None

90

59

21

8% Pt/
Zirconia Ceria
Daiichi
Kigenso Z-
1006

Pt(NO3),

None

90

54

22

8% Pt/ Ceria
Daiichi
Kigenso Z-
1627

Pt(NO3),

None

90

17

bo3

4% Pt/
Zeolite Zeolyst
CP 811C-300

Pt(NO3),

None

100

39
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Catalyst (wt.% {M1 M2 Temp.{Time {Catalyst{Glucaric
M2 wt.% PrecursoriPrecursor {(°C) j(Hours){Amount {Acid Yield
Pt/Support) (mg) (%)

bog {240, Pt/ Pt(NO3), {None 100 {5 8 30
Titania NorPro
ST 61120

bog {1.5% Pt 1.5% Pt(NO3), {100 {5 8 55
Au / Titania
[Sud Chemie
02-10]

bo5 {4% Pt 4% Au/ {AuCls Pt(NO3), {100 {5 8 32
Titania NorPro
ST 61120

@These catalysts were calcined at 500 °C for 3 hours prior to reduction.

bThese reactions were run under 500 psig of air, all other reactions in Table 1 were
run under 75 psig of O,. Catalysts in examples 4-7, 11-12 were reduced at 200 °C

under flowing 5 vol.% Hs in N5 for 3 hours. Catalysts in examples 1-3, 8-10, 19-25
were reduced at 350 °C under flowing 5 vol.% Hy in N, for 3 hours. Commercial
catalysts in examples 13-18 were screened directly.
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Patentkrav

1. Fremgangsmaéde til fremstilling af glukarsyre eller lakton deraf, hvilken
fremgangsmade omfatter:
reaktion af glukose med oxygen i tilstedevaerelsen af en heterogen
oxidationskatalysator omfattende Pt for at omdanne mindst en del af
glukosen til glukarsyre eller lakton deraf,
hvor pH-veerdien af reaktionsblandingen er mindre end 7,
hvor reaktionen udfgres i det i alt vaesentlige fraveer af tilsat base,
hvor reaktionsblandingen holdes ved en temperatur fra 70°C til 150°C og
under et partialtryk for oxygen, der er mindst 60 psia (414 kPa), og
hvor den heterogene oxidationskatalysator omfatter en katalysatorbzerer
valgt fra gruppen bestdende af carbon, aluminiumoxid, siliciumdioxid,

titanoxid, zirconiumoxid og zeolit.

2. Fremgangsmaden ifglge krav 1, hvor i det mindste en del af glukosen
omdannes til en glukarolakton.

3. Fremgangsmaden ifglge krav 1 eller 2, hvor katalysatorbaereren omfatter
titanoxid.

4. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 3, hvor

katalysatorbaereren omfatter zirconiumoxid.

5. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 4, hvor
katalysatorbaereren omfatter carbon.

6. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 5, hvor
katalysatorbaereren omfatter carbon black.

7. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 6, hvor Pt udggr
fra 0,25% til 10% af den totale vaegt af den heterogene oxidationskatalysator.
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2

8. Fremgangsmaden ifslge et hvilket som helst af kravene 1 til 7, hvor
reaktionsblandingen holdes ved en temperatur fra 80°C til 120°C.

9. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 8, hvor
partialtrykket for oxygen er op til 1000 psia (6895 kPa).

10. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 9, hvor glukosen
opnas fra en kulhydratkilde.

11. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 10, hvor
reaktionsblandingen i det vaesentlige er fri for nitrogen som aktiv
reaktionsbestanddel.

12. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 11, hvor
reaktionsblandingens indledende pH er mindre end 6.

13. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 12, hvor
reaktionen udfgres i en eller flere kontinuerlige reaktorer med fast leje.

14. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 13, hvor
katalysatoren omfatter et farste metal (M1) og yderligere omfatter et andet metal
(M2) p3 en overflade af baereren, hvor M1-metallet omfatter Pt, og M2-metallet
omfatter et d-blokmetal, og hvor M1-metallet ikke er det samme metal som M2-
metallet.

15. Fremgangsmaden ifglge krav 14, hvor M2-metallet er valgt fra gruppen
bestdende af mangan, jern og kobolt.



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - CLAIMS
	Page 17 - CLAIMS

