............... WD 01/ 05501 PCT/ FROQ' 01552 1 SUPPORTED METAL CATALYST, ITS

PREPARATI ON AND I TS APPLI CATIONS | N THE DI RECT MANUFACTURE OF HYDROGEN
_PEROXIDE 5 The present invention relates.to a supported netal catalyst
~sui tabl e forwot R&/@H5P&ct nmanufacture of hydrogen peroxi RETWFRAA/RYRR20gen and

oxygen. The subject of the invention ig also the process for manufacturing

10 the said catalyst and the process for manufacturing hydrogen peroxide

using said catalyst. The | ow productivity of the process for «catalytic

manuf act uri ng of hydrogen peroxide directly from hydrogen and oxygen is an

i npedi ment to | SUPPOREBDcMBFABNCATARYSTE, hATE8 PBBRARARONt ANPPI¥St 0 i nprove

this productivity. Mention may be nmade, for exanple, of US 3 336 112, US 3

361 533, US 4 FFPLECATIONS JN)ITEE DIRKGT MANUF. PRFDPRABEN 2. These

studies are mainly based on a general concept, nanely the stabilization of

20 hydrogen peroxide using a sequestHERXIRE 3 deconposition inhibitor.

O her ways of inproving the hydrogen peroxide productivity of the direct

process Rave al so been explored. Thus, patent US 4 379 778 discloses a

process 25 for the djrect manufacturing of hydrogen peroxide from hydrogen
nd oxygen i n an aqUEbRePRERTU COHPA TRhGE HRESApbe 2| SHPPRRFBRL or < i the.
presence of a.. pal L agl Yot £aLRO0 SR AY3 0L Chf F8LEduthiiPaBPupL dgPYde
hydrogen peroxide from hydrogen and oxygen. The subject
of the invention is also the process for manufacturing
10 the said catalyst and the process for manufacturing
hydrogen peroxide using said catalyst.
The low productivity of the process fof
catalytic manufacturing of hydrogen peroxide directly
from hydrogen and oxygen is an impediment to its
15 development. There have been many attempts to improve
this productivity. Mention may be made, for example, of
US 3 336 112, US 3 361 533, US 4 007 526, US 4 009 252,
US 4 279 883 and US 4 335 092. These studies are mainly
based on a general concept, namely the stabilization of
20 hydrogen peroxide using a sequestrate or a
decomposition inhibitor.
Other ways of improving the hydrogen peroxide
productivity of the direct process have also been
explored. Thus, patent US 4 379 778 discloses a process
25 for the direct manufacturing of hydrogen peroxide from
hydrogen and oxygen in an aqueous medium containing
decomposition'inhibitofs in the presencé of a

palladium-carbon catalyst pretreated with an aldehyde



2 or ketone and preferably also pretreated with a dilute hydrochloric
acid solution. The use of a bromde in the aqueous reaction mxture of the
di rect hydrogen peroxi de manufacturing 5 process is described in the
patent US 4 772 458. Finally, patents U2 5 128 114 and US 5 352 645
describe a nmethod of preparing catalysts based on palladium or

pl ati num pal badikdFosdPRak! 8deeBrA8ly a93LopRERLedtEAl QLM ROKQYSLEl | i ca
m crospheres which 10 are attrition-resistant thanks to the use of anmonia

citrate or ohydi-eéehasraddathivesandtabga.suitable for the direct manufacture
of hydrogen peroxide. Exanple 12 of patent US 5 128 114 descri bes the

preparation in two sThpsusé afsappebinédecanhakyist aybesant aeaichgoabout 0. 05%
by wei ght of platinumand 1% by weight of palladiumon porous silica
m cr ospher esmikXheresofpthe directshlydrpgepapedokydepmayudayicagiagm xture
of Ludox AS 40 silica and urea, which is then calcined at 650Cin
ni t rogen.d Thpgoseggois deschdhedddedthe mpat2OtsUButi @@2085Bt and Pd,
prepared beforehand by dissolving H2PtC 6 and PdCl 2 in water, heated to a
tenmperature of betwe&An8dlindPabenssdUScPdilPBedlByandoH8eht BaReG4BICL unti |
a pH of about 1.2_£s obtained. The resuylting mxture is stirred, then
spray dried SR§C340E; RaMRyPHeCFoRAEPAERRGi Falal¥stadhasadi Ana stream of
hydrogen at 30 g. The Ereggrgtion ofl&h _supgorted catal yst according to
Exanpl e 15 oP°pafEAbE™U8T5P38518YE-PallefipmaPupBorkae @BsBPRbed in Exanpl e
12 of patentagglomerated uniform porous silica microspheres which
10 are attrition-resistant thanks to the use of ammonia
citrate or of urea as additive and are suitable for the
direct manufacture of hydrogen peroxide.
Example 12 of patent US 5 128 114 describés the
preparation in two steps of a supported catalyst
15 containing about 0.05% by weight of platinum and 1% by
weight of palladium on porous silica microspheres. The
support is firstly prepared by spray drying a mixture
of Ludox AS 40 silica and urea, which is then calcined
at 650°C in nitrogen. This support is then added to a
20 solution of Pt and Pd, prepared beforehand by
dissolving H;PtClg and PdCl, in water, heated to a
temperature of between 60 and 70°C and acidified by |
concentrated HCl until a pH of about 1.2 is obtained.
The resulting mixture is stirred, then spray dried and
25 finally the powder obtained is reduced in a stream of
hydrogen at 300°C.
The preparation of the supported catalyst
according to Example 15 of patent US 5 352 645 is

similar to that described in Example 12 of patent



.3 US 5 128 114 with,

however, one difference. This is because the

resulting mxture, instead of being spray dried, is vacuumdried at 100C

overni ght and then the
£100C. Met al

dried solid is reduced in a stream of hydrogen at 5

crystallites of the order ¥ 30 to 50 A were thus obtai ned.

The filing conpany has devel oped a supported catalyst based on at

one net al
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rut henium 10 rhodiu
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m 1ridium osmum holmumand gold and, in

bimetallic catal yst consists of a majority nmetal fromthe group M
mnority nmeldied,r dB @ WridMd Bte 106)°Qr ice st ragel a3y shbout 15

0.1 to 10% by wei ght of the.

| east

7#0s Rt i num

orted

and a

catal yst and preferably between 0.5 and 1% by

wei ght . The drirar istod inktiad redymessdnt @ atoaan) .o htdrdyekdodty wei ght of the

catal yst and preferably between 0.01 and 0. 05%

Pal | adi um and gol d are

advant ageoudlOp °sbl etstted 20 e allid el ofi thhenetrmler RIfat3thum &d Aol m um are

advant ageously . selected as the mnority netal.

The supported binetallic

cat al yst pamereultdiusy ofradm@d.ed consists of palladiumas the majority

metal 25 and platinumas the mnority netal.
is also a
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suppor t ed & Limg fompand pas dsvalonsdy fsupRagtad ty

ou and of several mnority netal fromthe group M
ﬁﬁiﬁﬂy lﬁﬁ%ﬁqrﬁﬂeﬁtlTeast he metal selacted from the

group M formed from palladium, platinum, ruthenium,
rhodium, iridium, osmium, holmium and gold and, in
particular, a supported bimetallic catalyst. In general
the supported bimetallic catalyst consists of a.
majority metal from the group M and a minority metal
from the group M. The majority metal represents about
0.1 to 10% by weight of the catalyst and preferably
between 0.5 and 1% by weight. The minority metal
represents about 0.001 to 0.1% by weight of the
catalyst and preferably between 0.01 and 0.05%.

Palladium and gold are advantageously selected
as the majority metal. |

Platinum and holmium are advantageously
selected as the minority metal.

The supported bimetallic catalyst particularly
preferred consists of palladium as the majority metal
and platinum as the minority metal.

The subject of the invention is also a
supported multi-metal catalyst consisting of a majority
metal from the group M and of several minority metals

from the group M. The preferred supported multi-metal

The subject of the invention

nmet al
The



4 catal yst

content int

conprises palladiumas the mgjority netal and platinumand at
| east one netal fromthe group Mas mmnority netals. The majority netal

he supported 5 nulti-nmetal catalyst is virtually identical

to

‘that of the binmetallic catalyst and eagh ninority netal may be present
in an anount representing about 0.001 to 0.1% by wei ght of

t he catal yst
t he catal yst

i nvention fuf

pref erably,
The cont ent

Preferably,

re pr supporte S|ng e= net

?ﬁ%}ﬁngfgéﬂ§£¥% %&ffgdfgﬂug OcRd ?oplafgﬁeég Thgqpresent

cat yst Wi th,

in

%?éeihu mRg ge! iieeétteﬁenfﬁéeéilfrslaneﬁétz?leaﬁpoﬁ the group M

metallic constituent 1s in ener al

ween 0.1 and 10% by
wei ght of thgigetdtyshedgiand preferably betmeen 0.5 and 1% by wei ght.
t he supported netal catalyst according to the invention is

characterized by clushersajetieyyméehli geftertainothaesappohawdng a size of

bet ween 0.1

and 20 gm and preferably between 1 and 20 10 m Sili ca,

al um na, scarmebt ardethlntabalyystalesvinayabeysiudéabieadstsuppatt of However,
red to wuse silica, and advantageously silica particles having
a nmean si ze thebeimetalliandat8lyst| andseatbomBopityenetaltmayskesilica

it is prefer

having a BET specific surface area greater than 200 n2/g and usually

bet ween 300 mnéseBboinpthe agtialgatsini aropBePBOS sePreachbirgeabedt2s, 851-9

has proved t
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0 be particularly useful. 5
0.001 to 0.1% by weight of the catalyst and preferably

between about 0.01 and 0.05%.

The present invention furthermore provides a
supported single-metal catalyst with, preferably,
platinum or gold as the metallic constituent of the
group M. The content of metallic constituent is in
general between 0.1 and 10% by weight of the catalyst
and preferably between 0.5 and 1% by weight.

Preferably, the supported metal catalyst
according to the invention is characterized by clusters
of crystallized metal or metals having a size of
between 0.1 and 20 pm and preferably between 1 and
10 pm.

Silica, alumina, carbon and aluminosilicates
may be suitable as support. However, it is preferred to
use siliea, and advantageously silica particles having
a mean size of between 1 and 50 um. It is also
preferred to use silica having a BET specific surface
area greater than 200 m?/g and usually between 300 and
600 m*/g. Aldrich’s microporous silica referenced

28,851-9 has proved fo be particularly useful.



"The anount of iron (Fe) in the chosen support is preferably |ess than

0. 001% by wei ght. A second subject of the invention is a process
preparing a supported catal yst based on at least 5 one netal fromthe group
‘M defi ned above. This process, conpris$ng, in succession, a step
i npregnating a solution based on one or nore salts of at |east one

sel ected fromthe gq@Hp %ggy L ToTRLoN, t i
characterized in that, a%ééir}lfhozfj rr}edﬁ%ﬁi (;air{1 st ep?%ﬁ%@aﬁ%@%}% is

subj ected t g & oA QAN V4 HRRB OGS

bromi ne and bromde ions. According to the present invention, the
concentration of brquglecdmssuglddie cuarus anitic id % (Flod@ys be

bet ween 20 and 200 ng/|

for

of

and preferably between 20 and 100 ng/1. The

net al

af) et on (A) contai ning

concentrat i ciofpdepaiiteg 4 Biubpamtedecdieiweah bhsadl &0 am/leand preferably
between 2 and 10 ng/1. The pH of the aqueous solution (A) is 20 preferably
bet ween % anthe3.meftel afjprmanushes ajrdiwmM (A imeed Eogprepditeds poscesxanpl e, by
di ssolving an alkali or alkaline-earth metal bromde in water, then by
addi ng br onigumpri singni e sweerssiom al\etremgeEdusigregnat eEngoncent rat i on
25 close to 1% by weight and, finally, the pH may be adjusted using an
acid. Wen temlutien yeased ¢ ong amaresipris <t mt kersEoPigion (A) is

made aci d by

(H3POY) i's Hestedder $REBEr§Rfrgn the group M on a support and a
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reduction step, is characterized in that, after the

‘reduction step, the catalyst is subjected to a

treatment with an aqueous acid solution (A) containing

bromine and bromide ions.

According to the present invention, the

concentration of bromide ioens in the aqueous solution-

(A) may be between 20 and 200 mg/l and preferably
between 20 and 100 mg/l. The concentration of bromine
(Brz) may be between 2 and 20 mg/1 and preferably
between 2 and 10 mg/l.

The pH of the aqueous solution (A) is
preferably between 1 and 3.

The aqueous solution (A) may be prepared, for
example, by dissolving an alkali or alkaline-earth

metal bromide in water, then by adding bromine in

bromine water form advantageously with a concentration

close to 1% by weight and, finally, the pH may be

adjusted using an acid. When the catalyst to be

sul furic acid or phaosphoric acid. Othophosphoric acid

prepared comprises Pd, the solution (A) is made acid by

sulfuric acid or phosphoric acid. Orthophosphoric acid

(H3PQ4) is however preferred.



"The solutio
ng/ 1 of Br2
carried out
=50 g per |Ii
liter of so
bet ween 10
time may va

n (A particularly preferred contains about 100 ng/l of

NaBr ,

10

and 10 g/l of orthophosphoric acid. In general, the process is
with a 5 small anount of supported catal yst of between 5 and
ter of solution (A). An anmoudmt of catalyst close to 10 g per
lution (A) is preferred. The treatnent tenperature is in general

and 80C my dyiRftarap! crza)b?a/mn;lﬂ(al@rw G erdlbdhe treat

ry between wide limts.

ment

his time may be between 1 and 12 hours

and pref er ajgntdigisvetsouwt aro Gndiurst NMBSr Idhend flead MMBY,, ahnlde catal ytic

solidis s

eparated fromthe aqueous solution (A by any known 15 neans

and t hen drild gptl aoff enpdrapghosphadribetamieah. 100, and 140C and preferably
0C. Usually, the drying is carried out at atnospheric pressure,
for exanple by nearsh gfereerdaln dven.progesRria icarwied mutsupipdr ta may be
20 by any known neans. Advant ageously, the iEPregnation' st
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| east
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tion of
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ST84g Fo ol @ hdoritht or Sl A R fa e duppor 1
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g 4 P Rgenerdl

enera etweeén

y reason SAPIRT; fiperature ds 1
10 and 80°C and preferably between 40 and 60°C.

The treatment time may vary between wide
limits. This time may be between 1 and 12 hours and
preferably between 4 and 8 hours.

After the treatment, the catalytic solid is
separated from the aqueous solution (A) by any known
means and then dried at a temperature of between 100
and 140°C and preferably close to 120°C. Usually, the
drying is carried out at atmospheric pressure, for
example by means of a fan oven.

Impregnation of the support may be carried out
by any known means. Advantageously, the impregnation
step consists in bringing the chosen support into
contact with the most concentrated possible aqueous
solution of the salt or salts of at least one metal
from the group M so as to form a slurry. This
contacting step may be carried out by adding the
concentrated agqueous solution of metal salt(s), at room
temperature, to a mixer containing the support. The
mixing time depends in general on the amount of support

employed, but for productivity reasons it is preferred,

ep

The



“after the metal solution has been added, to mix for about 0.5 to 3 hours.
After m xing and before the reduction step, the resulting slurry is
preferably filtered, then drained 5 and finally dried. To ensure maxi mum
‘draining, it is recormended to careful |y conpress the filtered slurry.
After draining, the inpregnated support is dried preferably at a

t enper at ur e gt etyme et ab 123G on AbHRGE Ul e Wiyifgris carried
out under 10 conditions conducive to slow crystallization and preferably

in the absengewf B tiad iPrhoubte. drying tinme depends in general on the
tenperature and the pressure. It is usually between 1 and 7 days. As an
indication in a vaduteowerkireatad the e @i hcadiesctaren estoegh the 15 dry
the i npregnated and drained solid. The drying may also be carried out at
room t enper ateswl ¥iorg ssesky iOprefanaliy ofilhadtedl dfhen epeainedt he
supported catal yst based on at |east one netal fromthe group M conprises,
in succe8si Md tHangbly A irf stkpensyre qayimm i nGupborts sel ect ed
fromthe group formed by silica, alumna, carbaon and al um nosilicates,

into cont acttSFIMENARE et RSP gl SRR LT 1t sh ToFLEFRA G L WF% sal ts of

at | east one tal ,fromthe qgrou Mso as,to forma, slurry; 25 (b
filtering, d*r%?%ﬁ rfbr%’rfﬂlrigﬂerf'g‘b‘? yfiol?%r?grfbatesq FIRPAUd Y S c‘g?foé/ i 0ns(c2)nduci ve

{ost ot SR 4 NlRURIR S0 4. (D)5 0 ()

Advantageously, the drying is carried out under

10 conditions conducive to slow crystallization and
preferably in the absence of agitation. The drying time
depends in general on the temperature and the pressure.
It is usually between 1 and 7 days. As an indication in
a vacuum oven heated to 40°C, 48 hours are enough to

15 dry the impregnated and drained solid. The drying may
also be carried out at room temperature for a week.

One particular method of preparing the
supported catalyst based on at least one metal from the
group M comprises, in succession, the following steps:

20 : (a) bringing a support, selected from the group
formed by silica, alumina, carbon and aluminosilicates,
into contact with a concentrated aqueous solution of
one or more salts of at least one metal from the group
M so as to form a slurry;

25 (b) filtering, draining and then drying the
slurry under conditions conducive to slow
crystallization;

(c) reducing the solid dried in step (b);



an aqueous acid solution (A) containing bromne and bromde ions; and (e)
filtering the solid treated in step (d) and 5 drying it at a tenperature
of between 100 and 140C. The preferred operating conditions for each step
‘of the preparation-are the same as thosg described above. Wth regard to
the reduction step, the experinental conditions already used in the prior

art,- 10 for exanple 5 128 114 gand US 5,352. 645, .my_ ,be plied. Any
known nmeans for hel p{%ﬁg t'tﬂeeawe{f%ltq%eaﬁ%sl:t% reoq%%eoqv]erf Sstoepas(i‘so "g)e‘iqéi n a

concentr at ed qﬂﬁg S [ y T hea 99{1 ' . (a) y be used.

15 The-use oafﬁaa eéwguroa‘;;(l:slﬁ)fé)é;lcq%or;sl F‘lght@%ea ﬁ\ig@nbé}&ﬁlrgé?aas%#c stirring
may especi al %?qg' n It is preferred to grind the dried solid from
step (b) be#%%gggﬁ jeé?§h§£T% to the reduction step. In practice, the oven

used for the reducti g i gifddsidy @t PEORY Wddedd tiaered ofap sndfici ent
time, generally 15 and 60 m nutes, then flushed with hydrogen before

bei ng heat edytpi By t BOPEE ad U & r Diel ME et A58k wersh 3E0C. and At j d reducti on
time at the chosen tenperature may be between 1 and 3 hours. After

reducti on, the oven Tise 25ré¢Bétird® dope@r oMy t comet tione #orl ¢dem purged with
nitrogen. A third subject of the invention is the process for direct
manuf act ur e sifepyalf ogen Peswea el dm caxrd tiny dsage eanthese gasciiibed process
is characterized in that the catal yst described and prepared above is
used. above. With regard to the reduction step, the
experimental conditions already used in the prior art,
10 for example US 5 128 114 and US 5 352 645, may be
applied.
Any known means for helping the metal salts to
dissolve, so as to thain a concentrated aqueous
solution for the impregnation step (a), may be used.
15 The use of a few drops of acid, slight heating and
ultrasonic stirring may especially be mentioned.
" It is preferred to grind the dried solid from
step (b) before subjecting it to the reduction step. In
practice, the oven used for the reduction is firstly
20 purged with nitrogen for a sufficient time, generally
15 and 60 minutes, then flushed with hydrogen before
being heated to a temperature of between 250 and 350°C¢
The solid reduction time at the chosen temperaturé may
be between 1 and 3 hours. After reduction, the oveh is
25 returned to room temperature and then purged with
nitrogen.'
A third subject of the invention is the process

for direct manufacture of hydrogen peroxide from



_The catal yst may be used in a process for the direct manufacture of

hydr ogen peroxi de both in a tube 5 reactor and in a stirred reactor. It is
nost particularly suitable for the process in which hydrogen and oxygen
‘are injected into the aqueous reaction9mxture in the stirred reactor and
oxygen is introduced into the continuous-gas phase in the stirred reactor. .

10 Advant ag . | Rl per oxi de
%gag!rogycee&s *ﬁ&%@ﬁk {Tﬁ%ﬁsﬁ%&?ﬁ%@s N 2 cHlidRile MBHLGEN

manuf acturin n ydrogen and oxygen are injected into

the lover Raglt Ghd ha@AYRAUBIRAGHN AKX e%aa.cr&i @BERN i uddd.r oduced
into the continuous gas phase in the stirred 15 reactor in an anmount such

that the conpositiomhy ddtslystOomdynieUss@as iphas priccedy Siale e
flamability range. The catalyst has proved to be very beneficial when the
stirred readdidfedts mEraMiatetthrs tdf Sepdroajert grehioxeiiearsattgeich &l andpea si ngl e
vertical axis. When 20 the hydrogen and oxygen are injected in the form of
smal | bubbl exaattarxr tared liower giamrest ndsetaguedids irseamtston mixture in
proportions such that the ratio of the hydrogen nolar flowrate to the
oxygen nol apaqtawulanley isnigrakdicef athdme) FoprEssa il ghechdmgaeper oxi de
25 productivity than that in the prior art is obtained. The catalyst has
proved to b@wﬁmmrarqlgﬁ gfsted dnto B ARISAIBUSRTEQ@R hydr ogen

peroxi de manufacturjn rocess wth recycling of the reactants, uch as
hydr ogen. 1(5‘“13’—)’@?!%%%!%. PAFEGS ésﬁcéﬂyror?ﬁ PHELat'd ylﬂtsroguce‘f
into the continuous gas phase in the stirred reactor.
10 Advantageously, the catalyst may be used in a
direct hydrogen peroxide manufacturing process in which
the hydrogen and oxygen are injected into the lower
part of the aqueoué reaction mixture and oxygen is
introduced into the continuous gas phase in the stirred
15 reactor in an amount such that the composition of this
continuous gas phase is outside the flamability range.
The catalyst has proved to be very beneficial
when the stirred reactor is provided with several
turbines arranged along a single vertical axis. When
20 the hydrogen and oxygen are injected in the form of
small bubbles into the lower part of the aqueous
reaction mixture in proportions such that the ratio of
the hydrogen molar flow rate to the oxygen molar flow
rate is greater than 0.0416, a higher hydrogen peroxide
25 productivity than that in the prior art is obtained.
The catalyst has proved to be particularly
beneficial in a continuous direct hydrogen peroxide
manufacturing process with recycling of the reactants,

such as hydrogen.



Exanmple 1 5 The followi ng were added at roomtenperature into 50 cnB of
dem neralized water: 0.33 g of PdCl2 (Al drich reference: 20,588- 5); -
0.021 g of H2PtCl6 (Al drich reference: 25,6402- 10 9); and a few drops of
+30% by weight of HCL in order to aid di0ssolution; - 20 g of m croporous
silica Aldrich (reference 28,851-9) having the follow ng characteristics:
15 nean particle size: 25 m BET surface area: 500 n2/g pore volune: 0.75
cnB/g nmean pore dianeter: 60 A were placed in a glass beaker, stirred
using a bar 20 nmgrEXPERXMENTARIPARE netal salt solution prepared above
were then rapidly added. After stirring for 1 hour 30 mnutes at 25C,.a

thi ck stock-was obt @reshrahiarh ofistHe |derelysver a No. 3 glass frit and
vacuum drained for 2 hours 25 30 mnutes. The filter cake was placed in a
crystallizer over a Epample|bth and dried for 48 hours at 40Cin a vacuum.
oven. Next, the dried solid was reduced in a streamof 60 N1/h of H2 at
300C for 511 1 hour B®e nfentewingdverreaddssl at txoOeNRSAISIAre over 6
hours. The reduced soljd was then treated at 40C for 5 hours with 2000 cn8B
of a sol uti cinkomAi s nef10emgeralized water:

-= 0.33 g of PdCl, (Aldrich reference: 20,588-

. 5);
- 0.021 g of Hy,PtClg¢ (Aldrich reference: 25,402-
10 9
and a few drops of 30% by weight of HCl in
order to aid dissolution;
- 20 g of microporous silica Aldrich (reférence

28,851-9) having the following characteristics:

15 mean particle size: 25 um
BET surface area: 500 m?/g
pore volume: 0.75 cm’/g
mean pore diameter: 60 A

were placed in a glass beaker, stirred using a bar

20 magnet. 50 cm® of the metal salt solution prepared
above were then rapidly added.

After stirring for 1 hour 30 minutes at 25°C,.a

thick stock was obtained, which was filtered over a
No. 3 glass frit and vacuum drained for 2 hours

25 30 minutes. The filter cake was placed in a
crystallizer over a glass cloth and dried for 48 hours
at 40°C in a vacuum oven. Next, the dried solid was

reduced in a stream of 60 N1l/h of H, at 300°C for



5 of NaBr, 10 ng/1 of Br2 and 10 g/1 of H3PO4. Next, the resulting mxture
‘was flltered and the catalyst dried for 24 hours in a fan oven at 120C
After analysis the catalyst contained 0.7% Pd and 0.03% pl ati num by wei ght.
<10 Exanple 2 The procedure was as in BEXddnple 1, with the sole difference
that the reduced solid was-used directly as a catalyst w thout treatnent

with the 15 P%@H%@r@ﬂhﬁ'@é@daﬁ@'&ﬁé&rboofé@% er ol t &hpd AL $#d | ca was
inpregnated in Exanple 1, instead of filtering the stock and draining the

20 filtered SbelFrg,. hdhesstock was dried in a |laboratory rotary evaporator
(Hei doi ph with a 500 cnB fluted round-bottoned glass flask). The flask was
rotated in an oil bPhéd 2dICOL $41bd Wwasurthei “headd. a¥’\f4@FC Bomporati on,
the solid was reduced and then treated as 25 described in Exanple 1. 12
Exanpl e 4 The owcsdwi ehwag0 dscrbsxd ih e liut iBra muine a3 n igwr &0 tigatl t he
solid after reduction was not treated wth the aqueous brom nated

sol utions 5 &XkaipBe, 510heg b cetdire anst 14 alds@f B8Osn Exanple 3  except

that after inpregnation the stock was left in the anbient air for 1 week
i nstead of being dri¥@Xfn the resulting mixture was filtered and :

. the catalyst dried for 24 hours in a fan oven at 120°C.

After analysis the catalyst contained 0.7% Pd

and 0.03% platinum by weight.

10
. Example 2

The procedure was as in Example 1, with the

sole difference that the reduced solid was used

directly as a catalyst without treatment with the

15 adqueous brominated solution.

Example 3

After the silica was impregnated in Example 1,
instead of filtering the stock and draining the
20 filtered slurry, the stock was dried in a laboratory
rotary evaporator (Heidolph with a 500 cm® fluted
round-bottomed glass flask). The flask was rotated in
an oil bath at 120°C in a vacuum of 40 mmHg. After
evaporation, the solid was reduced and then treated as

25 described in Example 1.



10 the rotary evaporator. Exanple 6 -The procedure was as described in
Exanple 1 except that the Pd was replaced with Au. 15 Exanple 7 The
procedure was as described in Exanple 1 except that the Pt was repl aced
‘W th Ho. 20 Exanple 8 The procedure waslZzas described in Exanple 1 except
that the Pt was replaced with Au. Preparation of the hydrogen peroxide
solution 25 GEnenﬂEggﬁgfgigm met hod A chosen anount of aqueous reaction
m xture and cataly roduced into a cylindrical reactor, having a
total capacity of 15k Giocdditedvad tds taeseFided ihrmearipmanged turbines
45 mmin dianmeter, with 4 vertical baffles and with a bundl e of cooling
tubes. The aspspts tleacttilon soXidiref vers pPEdpErissh was adsh ngrdted of H3PO4,
58 ng of NaBr and 5 ng of Br2 in 5 1000 cnB of dem neralized water. The
react or was witdssihe zeghdyus immimgtekygelutiono the conti nuous gas phase
with a chosen flowrate. The pressure was kept constant by neans of a
pressured regulator. The liquid mediumwas raised-to the chosen 10
tenperature by the circul ation of thernostated water through the bundl e of
cool i ng tubes. The éﬁﬁﬂﬂﬁhﬁi@as set at 1900 rpm and oxygen and hydrogen

were injected into the liquid ]Phase at th
The procedure was as descrlbed in Example 3

except that after impregnation the stock was left in
the ambient air for 1 week instead of being dried in

10 the rotary evaporator.

Example 6

‘The procedure was as described in Example 1

except that the Pd was replaced with Au.

15
Example 7
The procedure was as described in Example 1
except that the Pt was replaced with Ho.
20 Example 8
The procedure was as described in Example 1
except that the Pt was replaced with Au.
Preparation of the hydrogen peroxide solution
25 General operating method

A chosen amount of aqueous reaction mixture and

catalyst was introduced into a cylindrical reactor,

having a total capacity of 1500 cm®, fitted with two or



“center of t
't he hydroge
were neasu
-of hydrogen

t he hydroge
t he reactor

he bottomturbine with chosen flow rates. 15 The flow rate and

n content of the gas mxture |eaving the pressure regul ator

red. After the anticipated reaction tinme had elapsed, the feed
and oxygen into the aqueoa8 reaction mxture was cut and the
i njection of 20 oxygen into the continuous gas phase was conti nued

[E(?econpr es

wei ghed and gepara1ehd#OBd ML Hidy & dihdlld ITRIIRN imp tAitls @
MIlipore(r) filter. This solution was then assayed by i'odonetry in

to determ ne the H2Ghe

rogen peroxi de sol ution was

unti |

e A%ﬁfrtkﬂg?g%%ggﬁg}ﬁ‘y}me di%hé&‘ae’},f ed Ay then cut and

order

the percentage ratio of the 14 nunber of noles of H202 forned to the

nunber of nMaldRE M 12Hy cahdiped, Thenglegf aea®f sodVermdg oof i Brgdefd ned as

being the

of H2 inpectldd0 Hwd odbt depsnereduked feteeach trial are summarized in
Table 1. 0-"-4 U O0OODONMI) tOtoto NNNInv Ov N.

UsAtde@itt i Be nid@h res @lRC tidndpard s Wief i ned as

percentage ratio of the volunme of H2 consuned to 5 the vol une

VcVvctoto RO The reactor was pressurized by injecting oxygen

10

15

20

25

into the continuous gas phase with a dhosen flow rate.
The pressure was kept constant by means of a pressure
regulator. The liquid medium was raised: to the chosen
temperature by the circulation of thermostated water
through the bundle of cooling tubes.

The stirring was set at 1900 rpm and oxygen and
hydrogen were injected into the liquid phase at the
center of the bottom turbine with chosen flow rates.

The flow rate and the hydrogen content of the
gas mixture leaving the pressure regulator were
measured. After the anticipated reaction time had
elapsed, the feed of hydrogen and oxygen into the
aqueous reaction mixture was cut and the injection of
oxygen into the continuous gas phase was continued
until the hydrogen in the latter disappeared. The
oxygen fed was then cut and the reactor decompressed.

The aqueous hydrogen peroxide solution was
weighed and separated from the catalyst by filtration
over a Millipore® filter.

lThis solution was then assayed by iodometry in
order to dete:mine the H20, concentration. The H0,

selectivity is defined as the percentage ratio of the

r

1 a



5

‘U 'i QuNtotov  NOtoOs' toMaNUMO ODODao of DO v) r-
T- LO' NMNCtosPOO NdPr: t  IOIDNNri a_ MMd) MC) .-I
-4 e-4ri 54 Npa) ONNNNNNMMMMM zd4) m.g0O0O0O0OO0OO0OO0O0OCOCD
000 NUNNTtOtotototo-WliwiMi4dP IwW Oa) Oror. NNNNtoto
tOtOtOtOtPaZri ri ri -4r - NNNNNN OZH H HNZ7 N4J 4-)
NU-"HU qian@%rﬂiafp 1D ¥ 4.0 Of&rﬂédQ:é)thé%ﬁmﬂeQQ)ml&Peéoofo er i
vV s' sr vw -naJ ot NN RN .11 H H+) 4) 4 a 4)

H2 consumed.

The degree of conversion is defined as being
the percentage ratio of the volume of H; consumed to
the volume of H; injected.

The catalyst results for each trial are

summarized in Table I.
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"CLAIMS 11111111111111~I1 M S 1. A process for preparing a supported

catal yst based on at |least one nmetal fromthe group M 5 formed by
pal | adi um plati num ruthenium rhodium iridium osmum holmum and gold,
-conpri si ng, Wwono14aE508ssi on, a step of inpregnati lem%asw on one
or nore salt(s) of at |east one netal fypmthe groi) Mon a su , and a

reduction step, 10 characterized in that, after th mt,mummrﬂmthe
| (A)

catalyst is subjected to a treatnent c!.ztmsan aqueo
cont ai ning brom ne and brom de ions. 2. The process as ‘claintd $n-claiml,
characterized in that the concentration of bromde ions 15 in the aqueous
solution (A is between 20 and 200 ng/l and preferably between 20 and 100
ng/ 1. 3. The processlas cl ahrerocesei forrpoéracing® dupparedcharacteri zed
in that the bromine concentration is between 2 and 20 ng/1 and preferably
20 between 2cabailyst npgsedon e peasksenasnetal nesomntheygseerdt  cl ai ns
ito 3, characterized in that the pH of the ous solution (A is between
1 and 3. 35. ﬁ%@m%@d%%s%a%%a%+%mnéﬁl?hl%59roﬁ%g%?n19%'c¥ hodsun, to 4,
characterized [n that the treat enperature i s pefween, 10 and 80C and

t
preferably beideeH/ 4‘65151'1??“60139{%1‘1’%%“%%‘8@%5 SIMRF &P R i hany one of

clains 1 to 5 characterlzed |n %hat after. t he 17 .
liccession, impregnating a solution based on

one or more salt(s) of at least one metal from the
group M on a support, and a.reduction step,

10 characterized in that, after the reduction step, the
catalyst is subjected to a treatment with an aqueous
acid solution (A) containing bromine and bromide ions.

2. The process as claimed in claim 1,
characterized in that the concentration of bromide ions

15 in the aqueous solution (A) is between 20 and 200 mg/l
and preferably between 20 and 100 mg/1l.

3. The process as claimed in either of
claims 1 and 2, characterized in that the bromine
concentration is between 2 and 20 mg/l and preferably

20 between 2 and 10 mg/l.

4. The process as claimed in any one of
claims 1. to 3, characterized in that the pH of the
aqueous solution (A) is between 1 and 3.

5.  The process as claimed in any one of

25 claims 1 to 4, characterized in that the treatment
temperature is bétween 10 and 80°C and preferably
between 40 and 60°C.

6. The process as claimed in any one of

claims 1 to 5, characterized in that after the



1treatrrent the catalytic solid is separated fromthe solution A and then
dried at a tenperature of between 100 and 140C. 7. The process as cl ai ned
in any one of 5 clains 1 to 6, characterized in that, after inpregnation
-and before the reduction step, the regglting slurry is filtered, then
drained and finally dried. 8 The process as clained in claim7, 10

characteri zq__(} ia]%er}\q__t ttﬂéeé:-qlrtéil u&ﬁrs@&rdég%a%al%%d ﬂqﬂpig}}é)ns conduci ve

to sl ow crystallizati on. ased on at east one

metal sel eci%gﬁuft&% e QMRG0 teAPaditie RiAtidtwBed Ut heni um

rhodium iridium 15 osmum hol mum and gold, the content of a selected
met al bei ng 1pet wern 1&olednd 10% by wei ght of the catalyst, characterized
by clusters of crystallized netal or netals having a size of between 0.1

and 20 pm and preferably bRieovgabdssk aid Qe LA nlGnylengreLess or
catalyst as clainmed in one of clains 1 to 9, characterized in that

pal | adi utn adigd d e Gdwarargaersiaeddreatted, Eiftekthe process or
catalyst as clained in one of clainms 1 to 9, characterized in that the 25
cat al yst i s impggparttisrh Enbtdidne ddtealnesstudtioghisttept Héeni nority net al
represents between 0.-001 to 0.1% by weight of the catalyst.

11111111111 resuilting sy s *id tengds Itdhen drained and finally

dried.

8. . The process as claimed in claim 7,

10 characterized in that the drying is carried out under
conditions conducive to slow crystallization.

9. A supported catalyst based on at least
one metal selected from the group M formed by
palladium, platinum, ruthenium, rhodium, iridium,

15 osmium, holmium and gold, the content of a selected
metal being between 0.1 and 10% by wéight of the
catalyst, characterized by clusters of crystallized
metal or metals having a size of between 0.1 and 20 um
and preferably between 0.1 and 10 pm.

20 10. The process or catalyst as claimed in
one of claims 1 to 9, characterized in that palladium
and gold are advantageously selected.

11. The process or catalyst as claimed in
one of claims 1 to 9, characterized in that the

25 catalyst is a supported bimetallic.catalyst in which
the minority metal represents between 0.001 to 0.1% by

weight of the catalyst.

* [ L M s *



"12. The process or catalyst as claimed in claim 11, characterized in that
the minority netal is platinum 13. The process or catalyst as clained in

5 one of clainms 1 to 12, characterized in that the support is a silica

rhaving a BET specific surface area of 1greferably greater than 200 nR/g.

14. A process for the direct manufacture of hydrogen peroxide from
hydrogen and oxygen,;,l0 chatactaigzad ik hat @s%ataa_«,l s ?n%d?'ﬁ«i med in one

of claims 1 to 13 is used. [ITTIT/TTIETE  ~ 11T S 111111
claim 11, characterized in that the mlnorlty metal is
platinum.

13. The process or catalyst as claimed in
5 one of claims 1 to 12, characterized. in that the
support is a silica having a BET specific surface area
of preferably greater than 200 n@/g.
14. A process for the direct manufacture of
hydrogen peroxide from hydrogen and oxygen,

10 characterized in that a catalyst as claimed in one of

claims 1 to 13 is used.
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