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1 PROCESS FOR PRODQ& QQL%OG%N PEROXI DE BACKGROUND OF THE | NVENTION Fiel d -

of the;lnvention The esent invention relates to a process for producing
hydr ogen *per oxi de. &ﬁ@é@nre this invention relates to a process for
produci ng hydrogen peroxi de by reacting hydrogen and oxygen directly.
Description of the Related Art Hydrogen peroxide is one of the nost

I nportant industrial products having wi de variety of uses, such as

bl eachi ng agreEssS | PORPPREHEE PYE PEyFREGEW BE ,gfﬂé)ers), i ndustri al

chenical s (oxidizing agents, plasticizers, rubber chenicals, and reducing
agents for pollution processing), nedical supplies (oxidizing agent), foods
(bl eaching sterilization agents for processed marine products, other

various bl egsfkEROGES NGS) TRE I ENT1de¢. At present, the nost general
process for industrial production of hydrogen peroxide is the autoxidation

whi ch uses pikyd &Pt Phadtheveneionowever, the process needs many steps, such
as reduction and oxidation of alkyl anthraqui none, and extraction

and T he process b e o B B e
and degr adagpy@Po§én 2pepdisle ONFatALYRbreCthishaneendon 1Mo a
process for producing hydrogen peroxide by reacting hydrogen
and oxygen directly.
Description of the Related Art

Hydrogen peroxide is one of the most important industrial
prqducts having wide variety of uses, such as bleaching agents
(for papers/pulps and natural fibers), industrial chemicals
(oxidizing agents, plasticizers, rubber chemicals, and
reducing agents for pollution processing), medical supplies
(oxidizing agent), foods (bleaching sterilization agents for
-prqc_essed marine products, other various bleaching agents) and
the like.

At present, the most general process for industrial
production of hydrogen peroxide is the autoxidation which uses
alkyl anthraquinone. However, the process needs many steps,
such as reduction and oxidation of alkyl anthraquinone, and
extraction separation, purification and concentration of
hydrogenperoxideproduced,andtheprocessbecomescomplicated.
Moreover, loss of alkyl anthraquinone and_degradaﬁion of a

reduction catalyst, etc. have been a problem.



2 In order to solve these problens, conventionally, hydrogen and oxygen are
contacted in an aqueous nediumin the presence of a platinumgroup netal
supported catal yst to produce.hydrogen peroxide directly. (JP-B 55-18646,
JP-B 56-47121, JP-B 1-23401, JP-A 63-158005, etc.). In the process, it has
Been used a solution to which acid and inorganic salt is added as a
reacti on nedium For exanple, JP-A 63-156005 describes that hydrogen
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supporting a platinumgroup netal on a support naterial, by re
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for mal dehyfgoext $bn w@O@ 1S acid and inorganic salt is added as a reaction
medium.

For example, JP-A 63-156005 describes that ‘hydrogen
peroxide is produced in high conc_:entration using a metal
catalyst supporting a platinum group metal on a support material,
by reacting hydrogen and oxygen in agueous medium under a high
pressure condition. In the process, however, it is necessary
to add an acid in high concentration, and to add a compound which
dissociates to generate halogen ion, for example, sodium
bromide. |

JP-A 57-92506 describes that ketone, ether, ester, amide,

- etc. can be used as a reaction medium, and methanol is excellent
among them. However, the catalyst system used here is a metal
supporting a platinumgroup metal on a support material, anacid,
and a halogen ion. And to depress the decomposition of hydrogen
peroxide, it is necessary to make formaldehyde exist together
in methanol. Therefore, the process requires the step of adding

these compounds, and in some cases the step of removing

formaldehyde, and becomes disadvantageous industrially.



i n methanol. Therefore, the process requires the step of adding these
and in sone cases the step of renoving formal dehyde, and becones

conpounds,

di sadvant ageous i ndustrially.

3 SUMVARY OF THE | NVENTI ON The obj ect of

the invention is to provide a process f8r producing high-concentration
Hydr ogen peroxide in that the deconposition of hydrogen peroxide is

depr essed

even if neither any one of the additive agents, such as aci

hal ogen i oMt BFetse wisNErgifded. In view of the aforenentioned

ci rcunst ances, the present inventors have nmade an intensive research
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formaldehyde is added.

| In view of the aforementioned circumstances, the present
inventors have made an intensive research on a pfocess for
producing hydrogen peroxide by reacting hydrogen and oxygen
directly in a reaction medium, and as a result, compieted the
invention. That is, the invention relates to a process for
producing hydrogen peroxide by reacting hydrogen and oxygen in

a reaction medium containing a halide of platinum group metal.

DETAILED DESCRIPTION OF THE INVENTION
The platinum group metal in tﬁe halide of the platinum
group ﬁetai-to be used in this invention, includes rhodium,
iridimﬁ, platinum, palladium and the 1like. Platinum and
palladium are preferable and palladium is more preferable.
The halide includes a fluoride, a chloride, a bromide and
an iodide. A chloride and a bromide are preferable. The halide

of such platinum group metal, includes rhodium chloride,

- rhodium bromide, iridium chloride, iridium bromide, platinum

chloride, platinum_bromide, palladium fluoride, palladium
chloride, palladium bromide, palladium iodide, trans-

dichlorodiamminepalladium and the 1like. Platinum bromide,
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The halide includes a fluoride, a chloride, a brom de and an iodide. A
chloride and a brom de are preferable. The halide of such platinum group
metal, includes rhodiumchloride, rhodium bromde, iridiumchloride,

i ridium brom de, platinumchloride, plat4dnum brom de, palladiumfluoride,
pal | adi um chl ori de, palladi um brom de, palladiumi odide, trans-

di chl or odi anm nepal | adi um and the Iike. Platinum brom de, 4 platinum
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system, and a mixture thereof. The organic compound to be used,

includes alcohol, ketone, ether, ester, amide and the like. As
a reaction medium to be used in the invention, water and alcohol
are preferable. Alcohol alone or mixed-solution of alcohol and
water is more preferable. In the case of the mixed-solution,
it is desirable to include alcohol 80% or more by volume, and
more preferably 90% or more.

Exambles of the alcohols include alcohols having 1 to 8
carbon atoms, preferably 1 to 4 carbon atoms, such as methanol,
ethanol and isopropyl alcohol; and glycols such as ethylene

" glycol. These alcohols can be used alone or as a mixture thereof.
Among them, methanol and ethanol are preferable, and methanol
is more preferable.

In this invention, hydrogen peroxide can be obtained in
high concentration without adding acids. However, in case that
the existence of acids does not cause any problems, acids such
as sulfuric acid, hydrochloric acid, phosphoric acid and the
like., may be added.

Although the amount of the halide of platinum group metal

used here is not restricted, usually it is 1 mg or more,



carbon atons, preferably 1 to 4 carbon atons, such as nethanol, ethanol and
al cohol ; and gl ycols such as ethylene glycol. These al cohols can
be used alone or as a mixture thereof. Anpng them nethanol and ethanol are
preferable, and nethanol is nore prefer&le. In this invention, hydrogen
per oxi de can be obtained in high concentration w thout adding acids.
in case that the existence of acids does not cause any problens,
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i s higher.

In this invention, the halide of platinum group metal can
be used alone or by supporting on a suitable support material.
In case of supporting, generally, the activity per metal weight
is higher.

‘The support material includes, alumina, silica, titania,
magnesia, zirconia, ceria, zeolite, graphite, active charcoal,

silica gel, hydrated silic acid, silicon carbide and the like.

Among them, alumina, silica, titania, zeolite, graphite and

active charcoal are preferable.

As for the supporting method, for example, there is a
method of suspending a support material in a solution of a halide
of platinum group metal and drying by evaporation. However, the
subporting method is not limited to this.

As the reaction method for this invention, a continuous
method and a batch method are both possible, and as the reaction
equipment, a suspension bed system or a fixed bed system can

be used.

For example, the reaction of this invention can be carried

out by the method of putting the halide of platinum group metal

| into a reaction medium and bubbling the gas of hydrogen and

oxygen.



The support material includes, alumna, silica, titania, nagnesia,
zirconia, ceria, zeolite, graphite, active charcoal, silica gel, hydrated
silic acid, silicon carbide and the |ike. Anbng them alumna, silica,
titania, zeolite, graphite and active c@arcoal are preferable. As for the
supporting nethod, for exanple, there is a nmethod of suspending a support
material in a solution of a halide of platinumgroup netal and dryi ng by

evaporation. Howgyehe $K6ye WeRRLH, "9 STV UR1BAId hBLIRIsE Db1ERALYS the

reaction nethod for this 1 nvention, a continuous nethod and a batch met hod
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medi um and the reaction is executed under strong stirring.
for a reaction medium, octane and the like can be used. Although
the amount of the solvent to be used is not restricted unless
the reaction is obstructed, it is preferably used in 80% or less
by volume and more preferably 70% or less. .
The partial pressure ratio of oxygen to hydrogen is in
the range of from 1/50 to 50/1.
The reaction can be carried out also by diluting with inert
gas or by using air instead of oxygen. And it is preferable to

react out of the explosion range on safety.

Generally, the reaction temperature is in the range of
5-70 °C, and more preferably in the range of 10-50 °C.
Although the reaction pressure is not especially limited,

it is in the range of atmospheric pressure -150 (kg/cm’*G) and

more preferably in the range of 5-50 (kg/cm®-G).

Hereafter, this invention is further explained in more
detail below referring to Examples and Comparative Examples;
however, this invention should not be interpreted to be limited
to the Examples.

The concentration of hydrogen peroxide in Examples 1-

4 and Comparative Examples 1-2, is determined by the titration



As such a solvent, for exanple, when nethanol is used for a reaction

medi um oct ane and the li ke can be used. Although the anmpbunt of the sol vent
to be used is not restricted unless the reaction is obstructed, it is
preferably used in 80% or |ess by volune and nore preferably 70% or | ess.
The partial pressure ratio of oxygen to hydrogen is in the range of from
1/50 to 50/1. The reaction can be carried out also by diluting with inert
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and Conparative Exanples 1-2, is determ ned titration

MANUFACTURING CO.,LTD. is used.

The concentration of hydrogen peroxide in Examples 5-
15 and Comparative Example 3, is determined by a titrationmethod
wherein an éxcess of potassium iodide (available from Wako Pure
Chemical Industries, Ltd.) is added under a sulfuric acid
acidity (O.ZN) condition and isolated iodine was titrated with
0.1 mol/l sodium thiosulfate solution for volumetric analysis
(available from Wako Pure Chemical Industries, Ltd.) at room
temperature. For the titration, the potentiometric automatic
titrator AT-310 manufactured by KYOTO ELECTRONICS
MANUFACTURING co;,LTD. islused.

The specific surface area is determined by using a
specific surface area measuring appatatus (made by

Micromeritics Instruments Co.: Flow Sorb II2300 type).

Example 1

An inner vessel (300ml of inner volume) made from glass
containing 30mg of PdBr, (available from NAKCALAI TESQUE, INC.:
0.4m’/g of sPecific surface area) and 120g of ion-exchanged
water as the reactionmedium, was equipped to an autoclave (400ml

of inner volume).



met hod using 0.02 nol /| potassi um permanganate sol ution for volunetric
anal ysis (avail able from Wako Pure Chem cal Industries, Ltd.) under
sulfuric acid acidity (0.2N) condition at roomtenperature. For the
titration, the potentionetric automaticgitrator AT-310 nmanufactured by
KYOTO ELECTRONI CS MANUFACTURI NG CO., LTD. is used. The concentration of
hydr ogen peroxi de in Exanples 5- 15 and Conparative Exanple 3, is -
determ ned by a biliBlfNgd'AAlokFE! dadhrX eE5Tedl 10606 23 vEuLRdbAC
ko ndust

(avail able from ure” Chem ca ries, Ltd.) i1s added under a
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For the titrati e potentd (T1C AUt OMRtlc t1trator AT- 3!

manufact ur g1 pthen pEHO L1006 ECLEDE G A YRLNGAD gdel Bhdse agd. The
specific surfacé area Is determned by using a specific Surface area
measuri ng %Q%a_t us (made by Mcroneritics Instrunments Co.: Flow Sorb
12300 types). anple 1 An inner vessel (300m of inner volune) nade from
gl ass cont ai ni ng_30 of _PdBr2 (avai #a e from NAKCALAI JE % NG..

0. anferr] g of B8 Arber Prasstiroar bhe 29B0ELIVY AL iRl e/ i
wat er ast her eacti onmedi um was equi ppedt oanaut ocl ave (400m of inner

vol une) . and the temperature of the reaction medium was kept about 20°C

by external cooling set to 15°C.

The concentration of hydrogen peroxide in the reaction
solution after 2 hours from the start of the reactionwas 0.05wt$.
The produced amount of hydrogen peroxide per 1 mg of PdBr, was
0.06mmol.

Comparative Example 1

In the same manner as in Example 1, except having used
30mg of Pd powder(available from TANAKA KIKINZOKU KOGYO K.K. :

specific surface area 10.8m*/g) in place of PdBr,, the reaction
was carried out.

Hydrogen peroxide concentration in the reaction solution
after 2 hours from the start of the réaction was below the
detection limit (0.00wt$).

Example 2

In the same manner as in Example 1, except having used
the mixture of 6 g of aqueous solution of 1N H,S0, and 114 g
of ion-exchanged water as the reaction medium, the reaction was

carried out.



8 Hydrogen gas and oxygen gas are flowed into the reaction nmedi um
respectively, by the flow rate of 80m/mn and 800m /m n t hrough gas

bl owi ng pi pes. Nitrogen gas was introduced for dilution by the flow rate of
2500mM /mn into the gas phase for safetyy The inner pressure of the

aut ocl ave was kept 9kg/cnferr].G and the tenperature of the reaction nmedium
was kept about 20[err]C by external cooling set to 15[err]C The
concentration of solution aft 2 hours

hydr ogen peroxjde in the react.iop. r
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in the reactign sqQlution after 2 hours fromthe start of the reaction was
bel ow t he (?etlgé"f"n"gn limit (0.00wm%. Exanple 2

Comparative Example 2

In the same manner as in Example 2, except having used
30uig of Pd/C (available from N.E.Chemcat Corporation : specific

surface area 800m’/g) in place of PdBr,, the reaction was carried
out.

Hydrogen peroxide concentration in the reaction solution
after 2 hours from the start of the reaction was below the
detection limit (0.00wts%).

Example 3
| In the same manner as in Example 1, except having uséd

30mg of PdCl, (available from Wako Pure Chemical Industries,
Ltd. : specific surface area 0.4 m’/g) in place of PdBr,, the

reaction was carried out.

Hydrogen peroxide concentration in the reaction solution
after 2 hours from the start of the reaction was 0.0%wt%. The
produced amount of hydrogen peroxide per 1 mg of PdCl, was
0.06mmol.

Example 4

In the same manner as in Example 1, except having used

30mg of Pd(NH,),Cl, (available from Aldrich Chemical Co.,Inc.)

in place of PdBr,, the reaction was carried out.



In the same manner as in Exanple 1, except having used the m xture of 6 g
of aqueous solution of IN Herr]SJerr] and 114 g of ion-exchanged water as
the reaction nmedium the reaction was carried out. 9 Hydr ogen per oxi de
concentration in the reaction solution phter 2 hours fromthe start of the
reaction was 0.09wt % The produced amount of hydrogen peroxide per 1 ng of
PdBr2 was 0. 10mol . Conparative Exanple 2 In the sane nanner as in Exanple
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speci fic sy fhgghodrea 0.4 nferr]/g) in place of PdBr2 the reaction vas
carri e out.

Example 5.

In the same manner as in Example 1, except having ﬁsed
120ml of methanol as the reaction medium, the reaction was
carried out.

Hydrogen peroxide concentration in the reaction solution
after 2 hours from the start of the reaction was 0.15wt%. The
produced amount of hydrogen peroxide per 1 mg of PdBr, was
0.12mmol.

Example 6
In the same manner as in Example 5, except having used

30mg of PdCl, (available from Wako Pure Chemical Industries,
Ltd. : specific surface area 0.4 m’/g) in place of PdBr,, the

reaction was carried out.

Hydrogen peroxide concentration in the reaction solution
after 2 hours from the start of the reaction was 0.33wt%. The
produced amount of hydrogen peroxide per 1 mg of PdCl, was
0.26mmol.

Example 7

In the same manner as in Example 5, except having used

30mg of PtBr, (available from ACROS ORGANICS) in place of PdBr,,

the reaction was carried out.



Hydr ogen peroxi de concentration in the reaction solution after 2 hours from
the start of the reaction was 0.05Wm % The produced anount of hydrogen
peroxide per 1 ng of PdCl[err] was 0.06mol. Exanple 4 In the sane nanner
as in Exanple 1, except having used 30npiof Pd(NH err])[err]C[err]

(avail able from Al drich Chemical Co.,Inc.) in place of PdBr[err], the
reaction was carried out. 10 Hydrogen peroxide concentration in the
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pr oduced ar’émd%hmgl hydr ogen peroxide per 1 ng of PdBr2 was 0.12nmol .
Exanple 6 ~° )

Example 8
In the same manner as in Example 5, except having used
30mg of PtCl, (available from Wako Pure Chemical Industries,
Ltd.) in place of PdBr,, the reaction was carried out.
Hydrogen peroxide concentration in the reaction solﬁtion
after 2 hours from the start of the reaction was 0.02wt%. The
produced amount of hydrogen peroxide per 1 mg of PtCl, was
0.02mmol.
Example 9
In the same manner as in Example 5, except having used
the mixture of 60 ml of ion-exchanged water and 60ml of methanol
as the reaction medium; the reaction was carried out.
Hydrogen peroxide concentration in the reaction solution
after 2 hours from the start of the reaction was 0.06wt%. The
produced amount of hydrogen peroxide per 1 mg of PdBr, was
0.05mmol.
Example 10
In the same manner as in Example 5, except having used
the mixture of 18ml of ion-exchanged water and 102ml of methanol
as the reaction medium, the reaction was carried out.
Hydrogeh peroxide concentration in the reaction solution

after 2 hours from the staf:t of the reaction was 0.11lwt%. The



In the same manner as in Exanple 5, except having used 30ng of Pdd 2
(avail abl e from Wako Pure Chem cal Industries, Ltd. :specific surface area
0.4 n2/g) in place of PdBr[err], the reaction was carried out. Hydrogen
peroxi de concentration in the reaction $glution after 2 hours fromthe
start of the reaction was 0.33wt % The produced anount of hydrogen peroxide
per 1 ng of Pdd 2 was 0.26mmol. Exanple 7 In the sane nanner as in Exanple

ol ace of pHEPERPPH" ShotiE ot i didad i aRId baF £ b et

concentratlori hgugtlhe reaction solution after 2 hours fromthe start of the
reacti on was 8 % The produced anount of hydrogen peroxide per 1 ng of
Pt Br2 was 3%8‘ Exanpl e 8 In the same manner as in Exanple 5, except

havi ng use gg%ml PtC [err] (avail abl e from Wako Pure Chemi cal I|ndustries,

Ltd.) in place OEnF’Qi?&[ssﬁ{z md et %ti&g%@u@rsﬂ %gcgwt nsw;.ggege

peroxi de concentration rn the reaction's on afte hour s

start of tRe .\ 53ctho8 ¥8S6fnP ¥ HetHifol and 60ml of n-octane as the

reaction medium, the reaction was carried out.

Hydrogen peroxide concentration in the reaction solution
after 2 hours from the start of the reaction was 0.39wt3%. The
produced amount of hydrogen peroxide per 1 mg of PdBr, was
0.15mmol.

Example 12

In the same manner as in Example 5, except having.used
the mixture of 60ml of ethylene glycol and 60ml of n-octane as
the reaction medium, the reaction was carried out.

Hydrogen peroxide concentration in the reaction solution
after 2 hours from the start of the reaction was 0.07wt%. The
produced amount of hydrogen peroxide per 1 mg of PdBr, was
0.04mmol. |
Example 13

In the same manner as in Example 5, except having used
120ml of ethanol as the reaction medium, the reactionwas carried
out.

Hydrogen peroxide concentration in the reaction solution
after 2 hours from the start of the reaction was 0.09wt%. The
produced amount of hydrogen.peroxide per 1 mg of PdBr, was

0.07mmol.



produced anmount of hydrogen peroxide per 1 ng of PtC[err] was 0.02mol .
Exanple 9 In the same manner as in Exanple 5, except having used the

m xture of 60 m of-ion-exchanged water and 60m of methanol as the
reaction nedium the reaction was carriqeg out. Hydrogen peroxide
concentration in the reaction solution after 2 hours fromthe start of the
reaction was 0.06wm % The produced anpunt of hydrogen peroxide per 1 ng of

PdBr[err] s 0,05 | . Exanple 10 In the sanme manner as in Exanple 5,
except havﬁ%ﬁm%gdme m xture of 18m of ion-exchanged water and 102m of

met hanol as the f:?afﬂéoélhﬁqda‘ﬂﬂert t&g rj_ﬁgg%é@?]_yag Cak&d Hg{;ingly@g&gen

peroxi de concentratron he reaction on after hours fromthe

start of t i 1% : >defaDpghcioR i HIEN
per oxi de ngoﬁf?rgbfo%gxrr %\Naqs:hgh%ﬁ*r% . E{xéa&rir'p% 11 In the sanme manner
as in Exangggrﬁedeéﬁgpt havi ng used the m xture of 60m of nethanol and
60m of n-octane as the

Hydrogen peroxide concentration in the reaction solution
after 2 hours from the start of the reaction was 0.03wt$. The
produced amount of hydrogen perdxide per 1 mg of PdBr, was
0.02mmol.

Example 15
(1) Preparation of supported PdBr,

Supported PdBr, on titanosilicate was prepared as
follows.

PdBr, (available from NACALAI TESQUE,INC.)50mg was
dissolved in 1.5g of hydrbbromic acid (available from Wako Pure
Chemical Industries, Ltd.; 47.0-49.0%) and diluted with 20 ml
of ion-exchanged water, and 1 g of titanosilicate (available
from N.E.Chemcat Corporation:Si/Ti atomic ratio =100) was
suspended in the solution. After stirring one hour, it was
vaporized and dried on a hot plate. After washing with ion-
exchanged water and ethanol, filtrating, and drying at 100 °C
for one hour in an oven, PdBr, /titanosilicate (5wt%$-PdBr,) was
obtained.

(2) Preparation of hydrogen peroxide

In the same manner as in Example 5, except having used

30mg of PdBr, /titanosilicate (5wt%-PdBr,) obtained above (1),

the reaction was carried out.



reaction medium the reaction was carried out. Hydrogen peroxide
concentration in the reaction solution after 2 hours fromthe start of the
reaction was 0.39wWwt % The produced anmount of hydrogen peroxide per 1 ng of
PdBr2 was 0.15mml. Exanple 12 In the spgpe manner as in Exanple 5, except
havi ng used the m xture of 60m of ethylene glycol and 60m of n-octane as
the reaction nmedium the reaction was carried out. Hydrogen peroxide

concentration i /mg%gg& a%'%%&&e{é@#mﬁ g%ﬁérfe’é%@'lbﬂ}éi@éioﬁf the

reaction was O. alce rogen peroxi de per of

PdBr2 was fgagg'nq\égﬁ oﬁ.lik Ll?e Gf Ehd PAARE 18% uﬁsEas@me%.,Tﬁécept

havi ng used e reaction i'um the réaction was

d ' | ft
> hours {rBRPTieediER e @ﬁ]g‘?rd%% EROREZRk e g of IR SRR LM O o
hydrogen pgggx! 08 %ok T8 e 98ma W0 uhbiBer 1 m?;3of PdBr,.

Comparative Example 3

In the same manner as in Example 5, except having used
30mg of Pd/C (available from N.E.Chemcat Corporation:Pd content

5%: specific surface area 800 m’/g) in place of PdBr,, the
reaction was carried out.

Hydrogen peroxide concentration in the reaction solution
after 2 hours from the start of the reaction was below the
detection limit (0.00wt%). |

The process for producing hydrogen peroxide in this
invention does not need the step of adding acids or halogen ions,
and the reaction proceeds effectively by using a compound which
is produced by few preparation steps, and the produced amount
of hydrogen peroxide per the compound is large. Consequently,
production of hydrogen peroxide is attained in far simplified

process.



Exanmple 14 In the same manner as in Exanple 5, except having used 120m of

i sopropanol as the reaction nmedium the reacti-en—was—carried out. Hydrogen

per oxi de concentration in the reaction solution 2 hours fromthe
start of the reaction was 0.03wt % The 1woducedug“ um,mngen per oxi de
per 1 ng of PdBr[err] was 0.02mmol. Exanple 15 c f supported
PdBr 2 Supported PdBr2 on titanosilicate was prepared as ol T ows. PdBr2

(avai | abl %af(}(r:?j?f) %&E@S@E, I NC. )50mg was dissolved in 1. 5g of

hydr obr omi I"€ *f rom Wako Pure Chemical Industries, Ltd.;

Ul ianosi |1 bat o (bl FHOS ot 8F EPRRSREIpS IR b e il WA 1,
100), oS SURRENIE Jdhdie e, Bk oxyil! U0 ORI tedtBln |
paer [er ] Gonribe i a2 oI e We B B eaied ™ (2) "Prepar ati on of
sty of Pr 2 /11t SRSPFoSSRE FEPEOAGRLAG iR per GXIEE acdihg eee
to claim 1, wherein the halide of platinum group metal is
supported on a support material.
3. The process for producing hydrogen peroxide according
to claim 1, wherein the reaction medium is water and/or alcohol.
4. The process for producing hydrogen peroxide according
to claims 1 or 2, wherein the platinum group metal is palladium
or platinum.
| 5. The process for producing hydrogen peroxide according
to claim 1 or 2, wherein the halide of platinum group metal is
~ a chloride or a bromide of palladium or platinum.
6. The process for producing hydrogen' peroxide according
.to claim 1 oi‘ 2, wherein the halide of platinum group metal is

a chloride or a bromide of palladium.
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the reaction was carried out. 14 Hydr ogen peroxide concentration in the
reaction solution after 2 hours fromthe start of the reaction was 0.06wm %
The produced anount of hydrogen peroxi de was 0.04mol per 1 ng of PdBr2
/titanosilicate, and 0.83 nmol per 1 noi®f PdBr[err]. Conparative Exanple 3
In the sanme manner as in Exanple 5, except having used 30ng of Pd/C
(avai l able from N. E. Chentat Corporation: Pd content 5% specific surface
area 800 j I f , the reaction was carried out.

Hydr ogen %‘i&%’n&?ﬁga rg igg%blgfr{h#he reaction solution after 2 hours from
the start of the reaction was below the detection [imt (0.00wm% . The
process fo r Ci p ] i LSnknventi on does not need the
step of adé?@ﬁﬁgkl S o?¥§gﬁgggﬁ ﬁgﬁééegﬁdBFﬁgk?ggction proceeds effectively
by using a conpound which is produced by few preparation steps, and the
produced anmount of hydrogen peroxide per the conpound is |arge.

Consequent |y, praqucdd ¥l 8br PrLAgsRoAEF @%b §6n berakiak i dicbRprakaR! i fied

process.
reacting hydrogen and oxygen in a reaction medium containing
a halide of platinum group metal. The process is far simplified

and the produced amount of hydrogen peroxide per the halide of

platinum group metal is -large.



15 Substitute sheet - 10 March 1999 What is clainmed is: 1. A process

for praduci ng hydrogen peroxi de which conprises reacting hydrogen with

oxygen in a reaction medium containing a halide of platinumgroup netal,

wherein the reaction nediumis sel ected® ronﬁuhétltgftt@@be@bns1é;Mafghdf999

met hanol- al one and a m xture of nethanol and n-octane. 2. The process

for produci ng hydrogen peroxi de according to claim1, wherein the halide of

pl ati num group netal ‘is supported on a support nmaterial. 3. The process

for producmtliyaéiﬂ.%ﬁqszperoxi de according to clainms 1 or 2, wherein the

pl ati num group netal is palladiumor platinum 4. The process for

produci ng hydrogen peroxide according to claim1 or 2, wherein the halide

of platinumgroyp netal-is chloride or a brom de of palladiumor_ .

pl ati num 5. 'f’l'he ﬁr%@@i%‘g‘fﬂpd‘ﬁl"& drogen RetRKids Jehich romprises deagtingoydrogent o -

claim1l or | Q o b . af | TR ' or a

claiml.or v%%lo&%ﬁiﬁqﬁ rédiBord Aledith dShtalhify 4 Al 3 BHARmIE bRdup' metdl, Wbt A
reaction medium is selected from the group consisting of methanol alone and a mixture of

methanol and n-octane.

2. The process for producing hydrogen peroxide according to claim 1, wherein
the halide of platinum group metal is supported on a support material.

3. ',I"he.' process for producing hydrogen peroxide according to claims 1 or 2,
wherein the platinum group metal is palladium or platinum.

4.  The process for producing hydrogen peroxide according to claim 1 or 2,
-wherein the halide of platinum group metal is a chloride or a bromide of palladium or
platinum.”

_ 5. The process for producing hydrogen peroxide accordmg to claim 1 or 2,
wherein the halide of platinum group metal is a chloride or a bromide of palladium.
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