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the direct production of hydrogen peroxide by the reaction of hydrogen and
oxygen in t Heedgisbplasereagtion af siydsgenarid exgedat al ysts have been
devel op for the direct production of hydrogen peroxide., Typical
catal ysts include pall adi um contai ning catal ysts, 25 alt hough ot her netal s

such as gol d can be added BACKMEROUNBIOETHEOINVENTIGN an alloy or a
m xture (see, 5, 320, JP 07-241473 di scl oses
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hydr ophobi ¢ lyairegen perokidgeds thd i"aathraguinpoe'y girbgésme, Ipolthipr pmdesage, and
polytet rgfl Lhordp ot th Iand oxygen react to form hydrogen peroxide by the alternate
oxidation and reduction of alkylated anthraquinones in organic solvents. A
significant disadvantage of this process is that it is costly and produces a
significant amount of by-products that must be removed from the process.
On account of these problems, much research has been conducted with the
20 goal of developing an alternative to the anthraquinone process.

One promising method involves the direct production of hydrogen
peroxide by the reaction of hydrogen and oxygen in the presence of a
catalyst. Various catalysts have been developed for the direct production of
hydrogen peroxide. Typical catalysts include palladium-containing catalysts,

25  although other metals such as gold can be added as additional components
"as an alloy or a mixture (see, e.g. U.S. Pat. No. 5,320,821).

JP 07-241473 discloses a process whereby hydrogen peroxide is
produced by the reaction of hydrogen and oxygen in an acidic aqueous
solution in the presence of a catalyst comprising fine gold particles

30 supported on a hydrophobic carrier. The hydrophobic carrier includes
silicalite, polyethylene, polypropylene, and polytetrafluoroethylene.

As with any chemical process, new catalysts are desired. We have
discovered an effective, convenient catalyst for the direct production of

hydrogen peroxide from hydrogen and oxygen.



As with any chem cal process, new catal ysts are desired. W have

di scovered an effective, convenient catalyst for the direct production of
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SUMVARY OF THE | NVENTI ON The invention is a process to produce hydrogen

peroxi de that conprises reagf I n an oxygenat ed
solvent in the presence of a%”@’@g%@%@@%ﬁﬁ%ﬁ@ﬁgn sing gold and a
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titaniumor zirconium It is surprisingly found that the cat al yst produces
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titania-silica or zirconia-silica. These non-zeolitic supports are 15
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amorphous titania-silica or zirconia-silica. ~” These non-zeolitic supports are
15 hydrophilic in nature.

Titania-silicas or zirconia-silicas comprise an inorganic oxygen
compound of silicon in chemical combination with an inorganic oxygen
compound of titanium or zirconium (e.g., an oxide or hydroxide of titanium or
zirconium). The inorganic oxygen compound of titanium or zirconium is

20 preferably combined with the oxygen compound of silicon in a high positive
oxidation state, e.g., as tetravalent titanium or zirconium. The amount of
titanium (zirconium) contained in the titania(zirconia)-silica support can be
varied. Typically, the support contains at least 0.1% by weight of titanium or
zirconium with amounts from about 0.2% by weight to about 50% by weight

25 being preferred and amounts from about 0.2% to about 10% by weight
being most preferred. Titania(zirconia)-silicas are well-known in the art and
are described, for example, in U.S. Pat. Nos. 4,367,342 and 6,011,162.

The supported catalyst useful in the process of the invention also
contains gold. The typical amount of gold present in the catalyst will be in

30 the range of from about 0.01 to 20 weight percent, preferably 0.01 to 10
weight percent, and most preferably 0.01 to 5 weight percent. While various
methods known to those skilled in the art may be used, preferably the gold
may be supported by a deposition-precipitation method in which a gold
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bei ng nost preferred. Titania(zirconia)-silicas are well-known in the art
and are described, for exanple, in U S. Pat. Nos. 4,367,342 and 6,011, 162.
The suppowDedoead@l yst useful in the process of the invenPcaonsal/s324
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ddi t N bi nd the |ike and ded dri ed,
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processgf té‘t@ b%@”éétgﬁspﬁfﬁgf h&@foRAN 86hpN8e RYBEBEBr IRE nkexaﬂmaw an
oxygenat ed sol vent in th e(gr esence of "the supported catalyst. 15 The

oxygenat ed dus videdmspray ciied, shapied0r @xaidedsingo Bnqtﬂeﬁlr@dd@rrm pael ton
condi ti ons that c%nég%%is at | east one oxygen atom inits chem cal
structure. S?Senat ed solvents include water and

oxygen- cont al nl ng THY @ressbenthe ipferaidnatomapaéss cohtaeting IBRiregen &l ones,
and the like. Preferred oxy(t;ednaéled tsoI %I/ﬂientrs I ncl lcj)?(tahel Onleror?eleclj %g’glls(t C1- C4
al cohol s sudxygen in an oxygenated solvent in the presence supp y
15  The oxygenated solvent may be any chemical that is a liquid under reaction
conditions that contains at least one oxygen atom in its chemical structure.
Suitable oxygenated solvents include water and oxygen-containing
hydrocarbons such as alcohols, ethers, esters, ketones, and the like.
Preferred oxygenated solvents include lower aliphatic C4-C4 alcohols such
20 as methanol, ethanol, isopropanol, and tert-butanol, or mixtures thereof, and
water. Fluorinated alcohols can be used. It is also possible to use mixtures
of the cited alcohols with water. Particularly preferred oxygenated solvents
include water, methanol, and a mixture of methanol and water. For mixtures
of methanol and water, the molar ratio of methanol:water is preferably within
25  the range of from about 3 to about 6.

Oxygen and hydrogen are also required for the process of the
invention. Although any sources of oxygen and hydrogen are suitable,
molecular oxygen and molecular hydrogen are preferred. The molar ratio of
hydrogen to oxygen can usually be varied in the range of H2:O2 = 1:10 to 5:1

30 and is especially favorable at 1:2 to 2:1.

In addition to oxygen and hydrogen, an inert gas carrier may be

preferably used in the process. As the carrier gas, any desired inert gas can

be used. Suitable inert gas carriers include noble gases such as helium,
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20 as net hanol, ethanol, isopropanol, and tert-butanol, or m xtures
thereof, and water. Fluorinated al cohols can be used. It is also possible
to use mwouweeess0of the cited alcohols with water. Parti ceicarisyl/psef erred
oxygenat ed solvents include water, nethanol, and a m xture of nethanol and
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is the preferred inert” carrier gas. Mxtures of t sted inert carrier
gases can alpgocess aseardingoio theeinveniivnl iphagiedpoutcatss terhpetatuieneffectiven, t he
catalyst is, 5 preferably in.the faormof a suspension.or fixed-bed. The
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of oper api ORemperatufeAMUABIrALGS b OLOOM, kndtk Refr &Sy YWReBbcl- 100 bars. The
reaction process according to the invention'is carried out at a
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preferably at .10 _tenperatures in the range of  0-100C.. re preferably,
20- 60C. The '?oﬁhFoWnnmeE?a?HSP@? Hany| Y/ari'% t&‘éﬁe@‘r?h‘@%?'f?\%‘ﬁ ?&'ﬁ §Fh e

skilled injshentRtand btogeesOBRi cigini@ny variations that are within the
spirit of the invention and scope of the clains.

15 EXAMPLE 1: PREPARATION OF Au/TiO; CATALYST
Catalyst 1A: Chloroauric acid (0.25 g, Alfa Aesar) is dissolved in 400
mL of deionized water and the solution is heated to 70°C. The pH of the
solution is then adjusted to pH 7.5 by the addition of 5% sodium hydroxide.
Titania (10 g, Ishihara ST-01) is added to the solution and the mixture is
20  stirred for 1 hour before cooling to room temperature. The mixture is then
filtered, and the solid is recovered and washed by stirring in 1 liter of
deionized water for 10 minutes and then filtering the mixture. The recovered
solid is then washed and filiered in the same manner 3 more times, dried
under vacuum at room temperature for 12 hours, heated to 120°C in air and
25 held for 2 hours, and finally heated to 400°C and held for 4 hours. The
catalyst analyzed for 1.3 weight % gold.
Catalyst 1.B is prepared using the same method as described above,
except that 10 g}ams of Degussa P25 titania is used instead of Ishihara ST-
01 titania. The catalyst analyzed for 0.64 weight % gold.
30
EXAMPLE 2: PREPARATION OF Au/Titania-Silica CATALYST
Silica (67 g, Grace Davison V-432), pre-dried in air at 400°C for 4

hours, is charged into a 1000-mL round-bottom flask. A solution of titanium
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15 EXAMPLE 1: PREPARATI ON OF Au/ Ti O2 CATALYST Catal yst 1A: Chloroauric acid
(0.25 g, Alfa Aesar) is dissolved in 400 nL of deionized water and the

sol uti on we obeetsed to 70C. The pH of the solution is thercadjSostsesto pH
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solid is“then heated in air at 10C mnute to 800C and held at that
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room temperature for 3 hours to give a purple solution before titanium

15  silicalite TS-1 (10 g, containing 1.56 wt.% Ti) is added. The slurry is heated
to 120°C over a one hour period and reacted at 120°C for one more hour
before cooling to 23°C. Deionized water (40 g) is added to the slurry mixture
and the solids are recovered by centrifuging and decanting the liquid, then
washing the solids four times by slurrying in deionized water and

20  centrifuging and decanting the water. The solids are dried in vacuum at
50°C under 1 Torr pressure to give 9 grams of Au/TS-1. The catalyst is then
calcined in air at 400°C for four hours. The catalyst analyzed for 0.99 wt.%
gold and 1.58 wt.% titanium.

25 COMPARATIVE EXAMPLE 4: PREPARATION OF Au/Silica CATALYST
Catalyst 4 is prepared using the same method as described in
Example 3, except that 10 grams of silica gel (Davison Catalyst Grade) is
used instead of TS-1. The catalyst analyzed for 0.77 weight % gold.

30 EXAMPLE 5: PRODUCTION OF HYDROGEN PEROXIDE USING
CATALYSTS 1-2 AND COMPARATIVE CATALYSTS 3-4
A 100 mL pressure reactor equipped with a glass liner and a

magnetic stir bar is charged with methanol (16 g), deionized water (2 g), and
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titanium 10 COVPARATI VE EXAMPLE 3: PREPARATI ON OF Au/ TS-1 CATALYST Gold
oxi de (Au203, 120 ng) and ethylene glycol (80 g) are added to a 125 nL
flask equwppedédsdd h a stir bar. The reaction m xture i s SPCTESdl/sH324 r oom
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cat al yst (50 ny) e reactor Is press |ze nitrogen and
t hen vent ed hydregen permdgehesing cﬁtﬂysteaett or is then pressurized wit h

o Erogen to & torlie gratttrass: TaBls: of: st el s s8pgof e AlRe o for
Au/Titania-silica catalyst leads to the production of hydrogen peroxide in
higher amounts when compared to comparative catalyst Au/TS-1. This

15 result is surprising given the teachings of JP 07-241473 indicating that
hydrophobic supports are necessary for production of hydrogen peroxide
using gold supported catalysts. The results also show higher production of
hydrogen peroxide when using Au/TiO, and Au/Titania-silica catalysts

compared to Au/silica.



5 reaction pressures of the different runs). The reaction m xture is
reacted at 30C for one to four hours (see Table | for the run tinmes for

t he di ff ewer/oé4s0ms). The gases are vented and the |iqui dpreraiSyres24 or

per oxi des by iodorretri c titration and LC analysis to give the anount of
hydr ogen peroxi de, er cent o tal solution. 10 Table 1 shows
the reaction pressure a%&xﬁLglﬂl §0%¢t!0@r9fdﬂx§peﬁncﬁerow g8+ ogen per oxi de

usi ng catal ysts 1 4. The results (see Table 1) show that the use of a

Au/ Ti @2 or ARG T H A adsTt e —of hydr ogen
peroxide in figher féh%"untHV%howc ;I'rog C I’clt @\g yist Au/ TS-1
This 15 result ijs surprigli t é*is 5%h '3indicating
that hydr gphobilc supportls $|g)|pr‘ ¥ or nrhmlr‘tl(ln of _hydriogen

peroxi de UsPhyg |gol d‘%upport&ﬁ cat gl y§t253 The résul t/s aDsQiMShovw hi gher
producti on rofzg hydrogen—pero e—whet AuH-02rand F-tani a-silica
catal ysts C(I“)Srl?pared AU/ si ﬁ4“ \/\6535/ 06450 PC'I/USB%BM TABLE 1:

Producti on [oECHydr oggn Per oxigle. Run @abel yst Hyidroden fajmi RuUn Anount
Pressure Pressurle tine HA02 (wt 9% si Sig)l(hr) 5A 1A 63 1263 1 0.034 5B

1A 64 1278|250 069 1B 1B 62 65260 [1 01868 5D 148 65 126%32 0.032 5E 2 64
1268 1 0.0275g5F 35604269 ¢ 0-0p2 55" 46327422 —5H * 4 67

1258 2 0.02
5F * 3 60 1269 1 0.022
5G* 4 63 1276 1 0.022
S5H * 4 67 1258 2 0.02

* Comparative Examples.



* Conparative Exanples. 5 7 WD 02/ 064500 PCT/US01/51324 W claim 1. A
process for produci ng hydrogen peroxide conprising reacting hydrogen and
oxygen i nwamn2osisgenat ed sol vent in the presence of a suppomiiesdi/ssal yst
conprising gold and a support, wherein the support is a 5 non-zeolitic

i norgani c oxide containing titaniumor zirconium 2. The process of claim1l
wherein theVWegRifted catalyst is conprised of fromO0.01 to 10 wei ght
percent gold. 3. 4The o] f i enegj i ect ed
From the group donsi 281 REPBFot o BetsBCURldiobel?, BURARIY | cdmBRaRg

zi rconi a- si reactingliydrogéhanpraxyges iman dxggendiedisahant iri the preggrcabéd

solvent is selected fromthe group nsi,sti ng of ter, Cl-C4 al cohol s,
and m xt ur esUPPREPdEtalyS! aaEPiticeseld gnd _avﬁmrt,vw P81 ten8URRGG Ehat ed
solvent ks n‘&ngi oliti%%&gaﬁ %)@cﬁé’&@%inﬁ)\jg féﬁa%ﬁ%‘br%}@éﬁhﬁmt he oxygenat ed

solvent 1Is ano 77 The process alm4 erel n the oxygenated
solvent is a mnix@ure Tdfe proteasolof aslainndlt avhergin The suppocted catabysii im 7

wherein the nolar ratio of thanqgl :water i.s in the range of from about
3 to about GOMPTISEHL rfFQfBé)s@?gq q_@l"‘fﬁ'éhqfq‘ﬁﬁ'ﬁmg'conpri sing a carrier gas.
10. The process @ clafHa BrodeRsedfrolaifie 1CAREISR tH@Ssuppoftekesdigstelirfism t he
group consisting of helium neon, argon, nitrogen, methane, and carbon
di oxi de. 8 the group consisting of titania, zirconia, titania-silica, and zirconia-silica.

10 4. The process of claim 1 wherein the oxygenated solvent is

selected from the group consisting of water, C-C4 alcohols, and mixtures

thereof.
5. The process of claim 4 wherein the oxygenated solvent is
water.
15 6. The process of claim 4 wherein the oxygenated solvent is
methanol.
7. The process of claim 4 wherein the oxygenated solvent is a

mixture of methanol and water.
8. The process of claim 7 wherein the molar ratio of
20  methanol:water is in the range of from about 3 to about 6.
9. The process of claim 1 further comprising a carrier gas.
10.  The process of claim 9 wherein the carrier gas is selected from
the group consisting of helium, neon, argon, nitrogen, methane, and carbon

dioxide.



