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(Sh Title: SUPPORTED METAL CATALYST, PREPARATION AND APPLICATIONS FOR DIRECTLY MAKING HYDRO-
GEN PEROXIDE .

(54) Titre: CATALYSEUR METALIIQUE SUPPORTE, SA PREPARATION ET SES APPLICATIONS DANS LA FABRICA-
TION DIRECTE DU PEROXYDE D’HYDROGENE

ncerns a supported metal catalyst based on at least one metal selected intheg;roupMcons-isungof
thodium, iridinm, holmium, osmivm and gold, used for directly makmg ];i{dmgm peto:utcil: ﬁ::;
drosen and oxygen. The invention also concerns a method for making said catalyst comprising successively an impregnating ste
lv]\?ith ag::luﬁon;yaied on one or several salt(s) of at least one metal of group M on a support, and-a.reducﬂm_: step eharactfanse_zd in
that at the end of the reduction step, the catalyst is treated with an aqueous acid s?]mion comprising bmm:ne and bromide ions.
The catalyst is characterised by metat or crystallised metal aggregates with size ranging between 0.1 and 20 microns and preferably
between 0.1 and 10 microns. The supported bimetal catalyst is preferred, for example Pd-Pt, Au-Pt, Pd-Ho and Pd-Au. ‘

(57) Abstract: The inveation co
palladium, platinum, ruthenjum,

i i ique 3 base d’au moins un métal choisi dans le groupe
57) Abrégé: La présente invention concerne un catalyseur mélalhque_supporté | : 5 si dans Je
%d?ormé de palladium, platine, rothéniem, rhodiem, d’iridivum, d"holmium, d’osmium et d'or, utilis€ dans la fabrication directe du

?- peroxyde d’hydrogéne a partir d’hydrogene et d’oxygéne. Le procéd€ de préparation du catalyseur comprenant successivement une

; étape d"imprégnation d'une solution a base d"un on plusieurs sel(s) d’au moins un métal du groupe M sur un support, et vne €tape de

D acide comprenant du brome et des jons bromure. Le catalyseur’

- = ] 23 * 3 i i llIﬁOIJ
réduction caractérisée en ce 5.1msuede]élapederéducuon,lecatalysauestsounnsauntrmtcmantavecune_so : aqueuse
on Y est caractéisé par des amas de métal ou métaux cristallisés de taille

comprise entre 0,1 et 20 microns et de préférence comprise entre 0,1 et 10 microns. Le catalyseur bimétallique supporté est préfére,
par exemple Pd-Pt, Au-Pt, Pd-Ho et Pd-Au. .



PCT/ FROO' 01552 1 SUPPORTED METAL CATALYST, | TS PREPARATI ON AND I TS
APPLI CATI ONS | N THE DI RECT MANUFACTURE OF HYDROGEN PEROXIDE 5 The present
.invéntion relates to a supported netal catalyst suitable for t he direct

“manuf act ur f0081 A¥gspgen peroxide from hydrogen and oxy 1‘%33% ect of
the invention is also the. process for nanufacturlng 1 { 43 cat al yst

and the process for manufacturing hydrbgen peroxide using said cat al yst.
The | ow productivity of the process for catalytic manufacturing of
hydr ogen peroxi de di rectly from hydrogen and oxygen is an inpedinent to

Ipf’ zdﬁ(S:t ?\?;/'?;/O t| on may %ﬂwﬁngxg%ﬁﬁﬁm@@p%grﬁgi SUS 3 361

533, US 4 007ab28rcHPTon20I N T4E db?%a These
Ngo DQ%?]?: concept, narrel y t tabilization of

studies are mainly bas on a genera
20 hydrogen peroxi de using a sequegiphafkgpal a deconpositi on i nhi bitor.

O her ways of inproving the hydrogen peroxide productivity of the direct
processs have al so 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 agueo s oRaituMnsMtion N1 AN tdpdrtiditors in the
presence of a palladiumcarbon catalyst pretreated with an.al dehyde 2 15-

January- 2004ted keteiysanduitebdratior alkeo dqineidteaiad fdthum dit ut e
hydrochl oric acid solution. The use of a brom de in the agueous reaction
hydrogen peroxide from hydrogen and oxygen. The subject
of the invention is also the process for manufacturing
Lji 10 the said catalyst and the process for manufacturing
hydrogen peroxide using said catalyst.

The low producﬁivity of the process for
catalytic manufacturing of hydrogen peroxide directly
from hydrogen and oxygen is an impediment to its

i5 devélopment. There have been many éttempts 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 perdxide 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 procegs

25 for the direct manufacturing of hydrogen peroxide from
hydrogen and oxygenrin an aqueous medium containing

decomposition inhibitors in the presence of a

palladium-carbon catalyst pretreated with an aldehyde



m xture of the direct hydrogen peroxi de manufacturing 5 process is
described in the patent US 4 772 458. Finally, patents US 5 128 114 and US

. 5 352 645 describe a nethod of preparing catalysts based on pall adi um or
-pl ati num pal | adi um supported on non- aggl omerat ed uni f orA FWBYL0R i ca

i crospheres which 10 are attrition-resistant thanks to the use of ammonia

citrate or of ,urea as additi.ve %qd are suitable for-the direct manufacture

of hydr ogeRZp&FERrSe 2P EXRIFIEE TP 18t AdsCerebEeatesg vith Gesddiiés t he

preparatiog.i .eps _0of, a_supparted catal yst 15 contai ni ng about-0. 05%
by wei ght gyd%P% |ﬁ%%§a%819%§8§ugﬁé¥bht of pall adi um on porous silica

m cr ospheres. The p t s _firstl.y pr.ep d ray _dryi.ng a m xture

of ‘Ludox AS 40 si 108 88 GFed PEAraher 47 RS adferRedtRtasoc in

nitrogen. fhksusupRertnksdiReacafgedobonpett.aabublban koL 30 Pd,

prepared beforehand by dissol vi ng"H2Pt"C16 in water, Heated to a

tenper & ur prebeBet WeeRe60randq79E and aaidnki 68 By 779onegntrated HCL unti |
a pH of about 1.2 is obtained. The resulting mxture is stirred, then

spray dried and 25rfihaally phecpewdet sbtaisnedsi snteduycedsisp @4stream of

“ hydrogen at 300C. The preparation of the supported catal yst according to

Exanpl e 15defcpabent WSthod53f64TepariaiynchanlyetshBhsdaseni bed in Exanpl e
12 - of patent 15 January 2004 -3 US 5 128 114 wth, however, one difference.
This i s bepaltadihes ecesplathgum-phlilediumnstppdrobédben’ agnspi-ay dried, is
vacuum dried at 100' C overnight and then the dried solid is reduced i"l a
stream of Aydtogerabed| voDEcrmMpogbuesr péilakhi nésrofphheecerdbicbf 30 to So
A were thus obtained, 5 The filing congany has devel oped a supported

n

cat al y& baZRdebhritippasesbpbankethrnss| set Elef pam pheagmonpaM f or ned from

i N . .
aRadi u atinu ruthenium. -
P m gitra en%r o% ureanLS'additive and are suitable for: the

diréct manufacture of hydrogen peroxide.
Example 12 of patent US 5 128 114 describes the
preparation in two steps of a supported catalys? _

15 containing about 0.05% by weight of platinum énd 1% bf
weightlof palladium on porous silica microspheres. The
support is firstly prepared by spray drying a mixture
of Ludox AS_4O silica and urea, which is then calcdined
at 650°C in nitrogen. This support is then added to a

20 solution of Pt and Pd, prepared beforehand by

—

dissolving HpPtClg and PdCl, in water, heated to a
temperature of between 60 and 70°C and acidified by 7
concentrated HCl1l until a pH of about 1.2 is obtained.
The resulting mixture.is stirred, then spray drieﬁ and
25 finally the powder obtained is reduced in a stfeam of
.hydrogen at 300°cC. | |
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



rhodium iridium osm uxn, holmumand gold and, in particular, a supported
binmet.allic catalyst. In general the supported binetallic catalyst consists
of a mpjority nmetal alin the group Mand a mnority mnet from g group
M The majority metal 10 represents about 0. 1 to 10% by WweYAP Tt he
catal yst and preferably between 0.5 and | % by weight. The, mnority netal
represents about 0.00 1 to 0. 1 %by weight of the catalyst and preferably
bet ween 0.01 and 0.05% Pall adi um and %I d are advantageously sel ected as
the, majority nmetal. Platinumand hol nfum are advant ageously sel ected as

th t 15 _The t ticularl
prof orred doRa 1984 14 g RPRaY e S eTRace ety POt L TBHTA BOHAm Xs ¢ he
mnority mghghaq éfb%&ﬁgograf%éwkﬁacﬁﬁh%ea% %Mo@ﬁﬁ@i@nﬂ%&&h&hﬁw nvention

may consist of a majority netal fromthe group Mand of several mnority

metals fr omoilldes pdocst IMa strehe of hpdroperat KIO3Eolctd crystallitenef thk onler 8 Januar y
2004 catalyy. t r| se I adl umas the mgjority.netal and. platinum and
at least o “ff%ﬁﬁ“?ﬂ Up Mas mnority metals. The majority netal

content §n the SHRPHHALERD aﬁ‘i‘r'ﬂHabd@@@icd%%@bdﬁédda!EalysltlbhsbﬂHn)‘atflékemﬂeCm to
that of the bi rretalllc cat st and each mnority netal may be present in

t he catal ysmeﬁahseéﬂct@hﬁmnttht? g}?ﬂp%mm fegso pelladium platinuy, retieatwe| ght  of
th t al f Th t
0 8ok B RS Sh HEUERT 0N 0 Th A B o

pref erably, pinRkakd osmyQr Irgg&nemaanetdnppmatdaulmeca11malystwenm@bfamjorgyoup M
The content of netallic constituent 1s in, _general between 0.1 and 10a by

‘wei ght, of whiel Samdhe groupMaad apwsespeip! Bepibesoyp M. Thamaigrisy, ght .
el Y ROy S Vb M e e an o
bet ween 0. 11%ns W& gTAS thimsrith enad ryplostiwedioud 0.80Hto 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.
15 The supported bimetallic catalyst particularly preferred consists of palladium
as the majority metal and platinum as the minority metal.
A supported multi-metal catalyst according to the invention may consist of a
majority metal from the group M and of several minority metals from the group M.
The preferred supported multi-metal



20 10 dun. Silica, alum na, carbon and alum nosilicates nmay be suitable as
support. However, it is preferred to wuse silica, and advantageously silica
.particles having a nean size of between 1 and 50 m It #i al so

"preferred to use silica. having a BET sgecific surface are 2 WPEAYA ¢ han
200 nm2/ g and usual ly between 300 and 00 n2/g. Aldrich's mcroporous
silica referenced 28,851-9 has proved to be particularly useful. 15
January 2004atslyse epmpnises pabhadFer 4 the wadsehtguppbal asdpreferably
| ess than 0.001 % by weight. According to one aspect, the invention

provi des a PldebRdnfand prlepheasy ane suppatt EdoRathe ygrovps¥dasn at | east
one netal fromthe group M defined above. This 5 process, conprising, in
successi on, ™HNRFEhY oFet@b? egnating a sol uti on based on one or nore salts of
at | east one netal,_selected, fromthe grou M on ghgupport and a reduction

step, is characteri 7288 Tai ohhtY Betet FARUPRHUER| bRe stwpPorhedcat al yst is
bj ted t t t i fh . i d. | ut i A t ai

br o ne and By bifakeT rath s Actd rirreSa BEY i ELERT taveRRToRE "t he

trati : j i i h . Luti bet
50" and 200 iy PUBATLER | SRet Vot Mna O RRQHEE L HRe LAY BRY BE ottt on
fb i ; 2 d
20 mor1 TSR o LA Sy B 2P Jbone fepBL ot AR Y aBBhYTen G 5
15 The aquepusoBOokalto ore () w@y%rb@ ﬁ%@até%s@xﬁwlﬁreﬁérgﬂﬁ%m ving an

al kali or alkaline-earth netal bromde in water, then by adding brom ne in

brom ne watetrwdad NRBsivant ageaisd Yo Wdd, a concentration close to | % by
wei ght and, finally, the pH may be adjusted using an acid. Wen the

catal yaD to be prepeiedamit sasveld on heusthethere (#Yovsd@mde acid by
sul furic acid or phosphoric acid. 20 Ot hophosphoric acid (H3PO4) is
however prefuppaedked sitnglanesye 20dtalhestsobith onefejepavtycul arl y
preferred plétinum or gold as the metallic constituent of the
group M. Tﬁe content of metallic constituent is iﬁ
general between 0.1 and 10% by weight of the catalyst
15 and preferably between 0.5 and 1% by weight.

Preferably, the suppdrted metal catalyst
according to the invention is characterized by clusters
of crystalliied metal or metals having a size of

' between 0.1 and 20 pm and preferably between 1 and
L 20 10 pm.

Silica, alumina, carbon and aluminosilicates
may be suitable as support. However, it is preferredlto
use siliéa,_and advantageously silica particles haviné
a mean size of betweeﬁ 1 and 50 um. It is also

25 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 to be particularly useful. -



contai ns about 100 ng/l of NaBr, .10.ng/l of Br2 and 10 g/l of

ort hophosphoric acid. In general, the process is carried out with a 5
smal | amount of supported catal yst of between 5 'and 50§a&ur é@g
solution (A). An amount of. catalyst close to 10 g per ‘E Iut| on
(A) is preferred. The treatnent tenperature is in general between 10 and
80C and preferably between 40 and 60C. 10 The treatnent tinme may vary
between wide Ilimts. This tine may be between 1 and 12 hours and
preferably between' 4 and 8 hours After' fhe treatnent, the catalytic solid

e YR Te T e b P et By o

120C. Usualy, r‘% itghfa drying |s carrled out at atnospheric pressure, for
exanpl e by ans of a fan oven. Inpregnation of the support nay be carried
out 20 by any kAowmdimgdmene wa;jreetnthagmmmwprqvhbsmrnw‘@gﬁazrlpmpmgep consi sts

in bringing_the c i, nt con th th ted
possi bl e aqﬂ’é’B%e&]%%ﬁmt%&%%&n ¥ %gsg%qetmgtpfiﬁglpt%e 8f° ug I eas %&gg% 9
from the of@bdsMontbrisife, iPsdc8ésion, £t byun&bgﬁaua? aGoNitRatatgl & & dray be
carried out” by addi ng t he concentrate aqueous solution of netal salt(s),

at room t emprersalts pbat least anernetsd, selopted ifromthetgiensMpros supPPHend R xi ng ti ne
rensons i1 EugoRut ine MRS e g WBBAGE roiERPHES MOl Bl P OTN P VY
been added, sibfeciddtoladfeatradin wittlarbaduecit et sctutiod (Agrcomakiing bantnbeddr e t he
reductlon step, the resulting slurry is preferably filtered, then drained
bromide ions.
10 According to the present invention, the conceniration of broumde ions in the
aqueous solution (A) may be between 20 and 200 mg/! and preferably between 20
and 100 mg/l. The concentration of bromine (Br,) may be between 2 and 20 mg/l and
preferably between 2 and 10 mg/l.
The pH of the aqueons solution (A) is preferably between 1 and 3.
15 The agueous 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 prepared COmprises
Pd, the solution (A) is made acid by sulfuric acid or phosphernc acid.

20 Orthophosphoric acid (H,PO,) is however preferred.



5 and finally. dried. To ensure maxi mumdraining, it is reconmended to
carefully conpress the filtered slurry. After draining, the inpregnated

.support is dried preferably at a tenperature of betwee and .
“.Advant ageously, the drying is carried gut under 10 condﬁtslz%qga@ozﬁggci ve to

slow crystallization and preferably in the absence of agitation. The

drying time depends in general on the. tenperature and the pressure. [t~

i s usual |y between Theas@lrtdays. (Bds pav Gimi el pyeferracicuum oven heat ed:
‘the inpregnated and drai ned solid.

to 40C, 48 houyrs are,enqu to 15 dr
The "dryi ng5 alﬁssgbﬁ’éltcgrrbrq éf@/gutO%tNarEdbm-]t%rﬁ%/rlatQJ? Broengd week. One

particul ar thqd of preparing.the supported catal yst based on at |east one
net al fromlﬁgt}agroguﬁ)rﬁ?@gh%’gg‘é’ﬁlq FStcession, the following steps: 2.0

(a) bringing a suppqr l_ect fromthe group forned by silica, alumna,
carbon and al uni noglgl itggélt‘%gg,ei’ i%n o FESTEAC q\ﬁcﬁ t r&”@ﬁé’é’r}{r‘ﬁtt&ﬂ SGqueous

sol ution OEmalqn%mBhn%D6?b§%%%%r%%d?%AQ§§¥sé”8%'E%‘% Jgfgn%ﬁl group Mso

as to forma slurry; 25 I'tering, ni ng and t hen dr g the slurry

under condibi gNeecondueh Ve rt Q oFh@WerCrinst alyl, oIk ) ucj.ng the solid
dried in Step%( )e; 15 January 2004O'p8 (( 3) ﬁrdegl?f?r?gﬂ:t r?((af;sco%'t?agi}r:setduced in

step (c) Wctbsantaqueoyspag dis@h-UlirorR o0k i csONtg RiNg, Ly and brom de
ions; and (e) filtering the solid treatoed iln s':teg (d)%an(fa(}]rf%?ing.it at a

tenperature of betheenrd@@nand téBperatulie iR eyl QpeRid g condi tions
for each step of the, preparation are the same as those described above.

Wth. -regabPdand 8AECreddcpirefesbbfy beewexperdiomeamidalso °eqndi tions al r eady
used in the prior ar~ for exanple US 5 128 114 and US 5 352 645, nmay be -
.appliédL The treatment time may vary between wide '
N limits. This time may be betweeﬂ 1 and 12 hours and
preferably between%4 and 8 hours.
After the treatment, the catalytic solid is
separated from the équeous soclution (A) by any known
15 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 méy be carried out
‘;} 20 by any known means. Advéntagebusly, the impregnation
step consists in bringing the chosen support into
contact with the most concentrated possible aqueous
solutionrof the salt or salts -of at least one metal
from the group M so as to form a slurry. This
25 contacting step may be carried out by adding the
concentrated aqueous 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, -



Any known neans for helping the netal salts to dissolve, so as to obtain a
10 concentrat ed agqueous solution for the inpregnation step (a), my be

.used. The use of a few drops of acid, slight heating a |tra C
“.stirring may especially be nentioned.,It is preferred P%‘jgélhﬁrc‘f%rﬁg dried

solid fromstep (b) before subject-Ing it to the reduction step. In
practice, the oven used for the, reduction is firstly purged with 15

nitrogen f&ttEdtg Ad@! SPtifendias IBeers agied0 o nuiesfotrhen fl ushed

wi th hydraogen befare bej heated to a tenperature of between 250 and
3501C. Theag’&qtd%'%;ﬁcﬁ g%qqsh'e at the chosen tenperature may be between |

and 3 hours, After freduct.i an, the is returned to roomtenperature and

ve
then purged with nit rtgﬁerﬁqlxﬁé%ﬁm%}?%%&%rr%%?nt%‘éeli’nv"eﬁlﬁi on
provi des a r. t. 2 sed .on at. |least on(,, metal fromthe
group M defri%lr%glg%al%%es, %t&?éyéc‘?ntp%rﬁ% aq’alyseqalé}ctteeqf‘l’rre‘iq'é‘?n B I et ween 0. 1
and 10% by i 5f t e al yst, support b, ein ot her than
al um ni/ga, g\kﬁ{gr ggﬁlg(riilzye bf(&él 3"3%?”35‘% én(ré?}}slt%lé'?ﬁl idzrea rﬁﬁ%’l or ]rﬁgst al s havi ng

a size of bebepaRrrel ard c%Qe@rﬁllﬁaiﬁg:g{:nngé% é %é]ﬁeu;fégji&efe@5$§%¢%t' he

i nvention provides a process for ure of "hydrfogen

per oxi de fagRelSdatanuany, 2004 AmpBadredey & roen; Jhisgprocess is
characterized in that the catal yst "describe p?r%ﬁgprepare%j above i s used.

- The cat al ypretfeyab@ yuaedai Remppiratess 0¥ Hiteect meCly M@t ure of :
"hydrogen peroxide both in a tube 5 reactor and in a stirred reactor. It is

nost parti ddivankpgsoutalyl, e ther dirlyd npr dsess rri edhiceit hy@deagen and oxygen
are injected into the aqueous reaction mxture in the stirred reactor and
~oxygertQ s rapdésieed conducine ¢tonsilowousygasliHase iiom tdel stirred-reactor.
10 Advant ageous.ly, .the catal yst may be used in a direct hydrogen peroxide
manuf act ur ﬁ@fBFééégslpnthﬁi éése{lﬁ‘@ R¥drodéntand -oXYgeniariag njieet ed into
t he | ower art .of .the aqueolis reaction mxture and oxygen is introduced
into the cB ?ﬂﬂﬁu%ngﬁgngﬁa e°PnthRetsrperagurs pagctde pressuvasount such

that_the Cf€p9§'£§8919§ ngaeen 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:

Y 20 : (a) bringing a support, selected from the group
formed by silica, aiumina, 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 ﬁnder conditions conducive to slow
crystallization;

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



continuous gas phase is outside the flamability range. The catal yst has
proved to be very beneficial when the stirred reactor is provided with
several turbines arranged along a single vertical axis. \Wen 20 the
hydrogen and- oxygen are injected in the formof small blrolAWaYi308 tne

| oner part of the aqueous reaction mxture in proportions such that the
ratio of the hydrogen nolar flow rate to the oxygen nolar flow rate is
greater than 0.0416, a higher hydrogen %erOX|de 25 productivity than that
inthe prior art is obtained. The catalPyst has proved to be particularly

beneficial in a continuous direc ydr.qQgen r manuf g n ocess

with recycling ofd) the@@%ttgﬁﬁ%lljmg H‘%éteﬂggr‘ﬁ‘éé@ aﬁ‘ﬁ“ﬂ%aﬁgﬁa& 9‘9@8})

EXPERI I\/ENTA&FP lﬁ&ﬁﬂéra%'bi)&nﬂfex I{ge%ﬁat alysts Examle 1 5 The follow ng
o0

wer e added tenperature 1nto cnB of dem neralized water: 10 0. 33
g of PdCl2 (Al drigh r éifterimgithe soRdire8ed irbstep (ﬂ)@ﬂd_dgﬂw :trarzmm«tmonﬂ ch

ref erence: 5 402- ﬂ%& a few drops of 30% by weight of HCL in order to
ai d dissolu ?Wﬁeﬂ k@p@-)‘q)]f croporous silica Aldrich (reference 28,851-9)

I8 L oMty it ey ]
pore volune: O cnB/g mean pore dianmeter: 60 A
samne as those descnbed above. With regard to the reduction step, the experimental
conditions already used in the prior art, for example US 5 128 114 and US 5 352 645,
may be applied.
Any known means for belping the metal salts to dissolve, so as to obtain a
10  concentrated aqueous solution for the impregnation step (a), may be used. 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 purged with
15 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 temperature may be between 1 and 3 hours. After
reduction, the oven is returned to room temperature and then purged with nitrogen.
According to another aspect, the invention provides a supported catalyst
20 based on at least one metal from the group M defined above, the content of a selected
metal being between 0.1 and 10% by weight of the catalyst, the catalyst support being
other than aluminia, characterized by clusters of crystallized metal or metals having a
size of between 0.1 and 20 pm.

According to a further aspect, the invention provides a process for direct

25 manufacture of hydrogen peroxide from



were placed in a glass beaker, stirred using a bar 20 magnet. 50 cnB of the
netal salt solution prepared above were then rapidly added. After stirring
.for*.1 hour 30 mnutes at 25C,..a thick stock-was obtaingy whi ¢ S
“filtered over a No. 3 glass frit and vacuum drai ned for 2 YRYRY 30

m nutes. The filter cake was pl aced i a crystallizer over a glass cloth
and dried for 48 hours at 40C in a vacuumoven. Next, the dried solid was
reduced i nhgdspgeamaofl 68yNehh Ghik2 pabc8@@Cifsorchblrakd ekaineat Vir?004 1 hour
30 mnutes and then cooled to roomtenperature over 6 hours. The reduced
solid was thek thearedadvsi0deperibsdhends pwiepla r200@ken®: dfs aissal.ution
containing 100 ng/l -5 of NaBr, 10 ng/l of Br2 and 10 g/l of H3P04. Next,
the resulting m xt P8 ®aseliyEtemad BRduseHe lnarabysiceds drf 6the24 hours in
a fan oven at 120C. After analysis the catal yst contained 0.7% Pd and

0. 03% pl at AAGRFBY P RBIGREL VIS efahprecgerheesrsddguietiad s ititBxanpl e 1,
with t ‘sol e.difference tggt thﬁ reduced solid was-used directly as a

e

catal yst wFERGHPTt PESt MBnf RiFtRTPHeTE8C4kG0e0ds BfoMO%4t ed sol ution. Exanpl e
3 Aft. th Lki i ted_in, Ex le 1, ., instead of filteri th
Stock and BPAFACRGZERS 30CFRPLSr 647 SHOPr § OERESSIPckIVAD dCB@I &
| ab t i h, i t 00 cnB fl.uted

round bot { Sndab Ry YR APe FhokcrER: SRR CA' BePeBlt BRI bach at 120c
in a vacuup QEufl THHBhe bt 8Ered reactor and oxygen is introduced

into the continuous gas phase in the stirred reactor.

10 - Advantageously, the catalyst méy be used in a

L

direct hydrogen peroxide manufacturing process in which
the hydrogen and oxygen are injected into the lower
part of the aqueous 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 §arti¢ularly
beneficial in a continuous direct hydrogen peroxide
manufacturing process with recycling of the reactants,

such as hydrogen.



evaporation, the solid was reduced and then treated as 25 described in
Exanpl e 1. 15 January 2004 12 Exanple 4 The procedure was as described in
. Exanple 3 except that the solid after reduction was not treated with the
".aqueous brominated sol ution. Exanple 5 The procedure was%x$M@¥ci%8ed in
Exanpl e 3 except that after inpr egnatlloon the stock was left in the
anbient air for 1 week instead of being dried in 10 the rotary evaporator.
Exanpl e 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 EXFERIMENFALPARTep| aced with Ho. 20 Exanple 8 The
procedure was as described in Exarrpl e 1 except that the Pt was repl aced
with Au. Preparati cESBRIEAY: ‘ aYe [t Ssol ution 25 Gener al
operating nethod A_chosen-anount of aqueous reaction m xture and catal yst
was introduced int&—ﬁ‘—“@iﬁ—adrl cal reactor, having a total capacity of 1500
ted with t orf ]a[:i 15 Januar 2004 three flanged turbines 45 nmmin
d| arret with 4 O WA FETEN AN aF FORl & BPESHYLTy t ubes. The

b o drg%te 081} g»fwgf 48R REERRE 844 Yo 801 N0 12 0 of HBPOU 58 Ny of

- - 0.33 g of PdCl, (Aldrich reference: 20,588-
. 9):
- 0.021 g of H;PtCl¢ (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 (reference

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 ﬁours

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 Nl1/h of H, at 300°C for



5 1000-cnB of dem neralized water. The reactor was pressurized by injecting
oxygen into the continuous gas phase with a chosen flow -rate. The

. pressure was kept constant by means of a pressure regul r. The liquid
".medi um was raised-to the chosen 10 tenperature by the ci%cfﬂ”&?fy&%oéf

t hernostated water through the bundl ot cool i ng tubes. The stirring was
set at 1900 rpm and oxygen and hydrogen were injected into the |iquid
phase at tHe haentd} ingies bnd drhenrdpoiedi td ohos erefipenatates. . 15 The
flowrate and the hydrogen content of the gas m xture | eaving the pressure
regul at or W Gdu¥iFed. After the anticipated reaction tinme had el apsed,
the feed of hydrogen-and oxygen into the aqueous reaction m xture was cut

and the injection off®0r FM s dEmn risnat b2 @ eC wesr cont i nued
until the rogen in.t tter disappeared. The oxygen fed was then cut.
and the regggbor‘g'fec"ﬁ;}bkf g?se%de CHhe a&ué&’ﬁéltﬁw'r 598+ 23eieE d@0s 8194t on was
wei ghed: . a at fromt cataly by.filtration 25 over. a N
M p()‘T2 e( %% i%r .ﬁghri' 501 %%na\%lsﬁ)h&%laggayéﬁoby i odonmetry in order
to determne the H2Q2 oqﬁgpt [{Qn.. The H202 selectivity. is defined as
t he percentage ratio o"f’ the fgeastj'{alﬁ:ulanr%/ %ﬁzz}lrﬁaur‘ﬂ)aésr %Ti‘?ﬁﬁ%% Bt H202 for ned
to the number of;vmmlas Qfridd ﬁ&nsih[]“?%u gnd%gr%;] of , Sonvers i s defined
t ume o % :

as being the percentage ratio of e Vo consunmed.toc 5 the

volune of H2 i nj echite TN AAAlY tnd iy it Add & . Af G Summr i zed
In faplte 1.

and 0.03% platinum by weight.
i0
' 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 aqueous brominated solution.

Example 3

After the silica was impregnated in Example 1,
instead of filtering the stock and draining the
3 ) 20 filtered slurry, the stock was dried in a laboratory
rotary evaporator (Heidolph with a 500 cm’® fluted
round-bottomed glass flask). The fiask 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.
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Example 4

The procedure was as described in Example 3
except that the solid after reduction was not treated

with the aqueous brominated solution.

Example 5

The procedure was as described 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 evapcorator.

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.
0 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
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three-fianged turbines 45 mm in diameter, with 4
vertical baffles and with a bundle of cooling tubes.
The aqueous reaction mixture was prepared by
adding 12 g of H3P04, 58 mg of NaBr and 5 mg of Brp, in-
5 1000 cm® of demineralized water.
The reactor was pressurized by injecting oxygen
into the continuous gas phase with é éhosen flow rate.
The pressure was kept constant by means of a pressure
regulator. The liquid medium was raised to the chosen

10 temperature by the circulation of thermostated water

through the bundle of cooling tubesi
| 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.

15 The flow rate and the hydrogen content of the
gas mixture lea§ing 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

E 20 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
25 over-a Millipore® filter.
'This solution was then assayed‘by iodometry in
order to deteﬁmine the Hz0, concentration. The H,0,

selectivity is defined as the percentage ratio of the
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number of moles of HyO0s formed to the number of molesrof
H, consumed.
The degree of conversion is defined as being'
the percentage ratio of the volume of Hz consumed .to
5 the volume of H, injected.
The catalyst results for each trial are

summarized in Table TI.
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E | 15 January 2004 15 January 2004 -16 1. A process for preparing a
supported catal yst based on at |east one netal fromthe group Mforned by
pal | adium platinum ruthenium rhodium iridium 5 osm hol and

gol d; conprising, in succession, a step of inpregnating & "3 YPHh 0@? based
on one or nore salt(s) of at |east one netal fromthe group Mon a

support, and a reduction step, characterized in that, after the reduction
step, the catalyst is subjected to a treatnent with an aqueous acid
solution (A) containing bromne and br¥fide ions 10 2. The process as
claimed in claim1l1.; characterized in that the concentration of brom de
ions in the aqueous solution (A) is Kdu&EM8 20 and 200 ng/l. 3- The process
as claimed in claim1l characterized in that the concentration of brom de
ions in the aqueous solution (A) is between 20 and 100 ngll. 4. The process
as clai med in any, opeprotess kaipi@pating @ sSppartedrcatulyst based onnt tdasttone bietdihe

“brom ne concentration _is between 2 and 20 ng/l. 5. Thﬁ]@ rocess. as cl ai ned
in any one SemchapraypMdermed hyrpalladivg, plakigum, ruthepipm, Qﬁﬂ”br’ﬁl jam,
concentragi 1 wﬁgﬂ el ¥ r ; @tied in any
one of c?%ai %@n@.ﬁ{,gﬁ , C %@a@tlgrc%fzhggﬂ{n%’ ltnh%g%élggﬁﬁg %%&g?f@ﬁ)égéang%us sol ution
(A) is betwashtidh wdd 3n 020 ormotkhelt(s) of eslsash sne hretalfichm thegryupoMeorcg cl ains 1

to 6, characterized in that the treatnent temperature is between 10 and
80C. 8_ Thesywetean predusiam e FW&W%“&W’%&F ﬂ{;rp&qc&log,s h¥¥act eri zed
in that th&éj&?ﬁ& gg@g%{sm%%@ﬁmla? 80s 494 %ﬁti@;@ﬁ%}t Sdntalii@g process as

clainmed in any-one alne 1 to 8, characterized int 25 after the
treat nent tbentat ahd/bdiomidolons i s separated fromthe solution A and then

dried at_a tenperature of between,10Q an 40C. 10.,.The, br | ai med
in any oh® of cl & nePEPIEeH; s ’F’ﬁi’:ﬂlb? PR § qcﬁ_ ?d_lré%fate@ei%gr%@g%g?r}con and
before the peduetion,siehe dhitsousSottibh (8) Eletweeni2® dkilZoomegll, then drained
and finally dri e&. 30 11. The process as clainmed in claim10, characterized
in that the dryi g The process as claimed in ¢laim 1 characterized in that the concentration

of bromide ions in the aqueous solution (A) is between 20 and 100 mg/1.
4. The process as claimed in any one of claims 1 to 3, characterized in that -
15 the bromine concentration is between 2 and 20 mg/l.

5. The process as claimed in any one of claims 1 to 3, characterized in
that the bromine concentration is between 2 and 10 mg/1.

6. The process as claimed in any one of claims 1 to 5, characterized in that
the pH of the aqueous solution (A) is between 1 and 3.

20 7. The process as claimed in any one of claims 1 to 6, characterized in that
the treatment temperature is between 10 and 80°C.

8. The process as claimed in any one of claims 1 to 6, charactenized in that
the treatment temperature 1s between 40 and 60°C.

9. The process as claimed in any one of claims 1 to 8, characterized in that

25 after the treatment the catalytic solid is separated from the solution A and then dried
at a temperature of between 100 and 140°C.

10. The process as claimed in any one of claims 1 to 9, characterized in that,
after impregnation and before the reduction step, the resulting slusry is filtered, then
drained and finally dried.

30 11. The process as claimed in claim 10, characterized in that the drying is

carried out under conditions conducive to slow crystallization.



carried out under conditions conducive to slow crystallization. 15 January
2004 17 12. The process as clained in any one of clains 1 to 11,
characterized in that palladiumand gold are sel ected. 13533 "IJ'he Rk gcess as
claimed in any one of clains 1 to 11, characterized in tha NP« 8 tal yst
is a supported binetallic catalyst in which the mnority netal represents
5 between 0.001 to 0.1% by weight of the catalyst. 14. The process as
claimed in claim13, characterized in that the mnority netal is platinum
'15. The process as clainmed in any one of7-clains 1 to 14, characterized in
that the support is a silica having a BET specific surface area of greater
than 200 n2/g. 102-1Bhe prosess o clairded mx anlyyere of aleiras bie bl chawasterigedoinipatal

selected from the grpu M forped by palladium platinum ruthenium
rhodi um ir?@#ﬁn%%#ﬁ%ﬂ%%?%%‘ém and gold, the content of a selected
nmet al being bet weRnThOprbcasits ERYnBY inRiy@ik oftlaime] ¢ Bl ahydttericdbinahital yst
support being other than alum na, characterized by clusters of

crystal | i zethegptabist isra syppertes! bimetaker eatalystdn whiochdhquainpry mestldenxoseptsm 15
17. The cat n@dl in i aracterized by clusters of
crystall ige%t%%%naﬁﬁgﬂoﬁr%tlaﬂ jﬁg%ﬁ%{ﬂalégl zggt}'c])f between 0.1 and 10 'Um 18.
The catal yst as td4.aThegrdctsstsaidinddirnlailn/13, chaneaetissd inakhtithe mivaritpal | adi um
and gold are selected. 19. The catalyst as clained in any one of clains 16
to 18, charmetbisplaiunh 20 that the catalyst is a supported binetallic

catalyst in whi Cpstgg% BHRL i iBEALy RS RS RES YR hahofiihed fr dBacl % BY

wei ght of the catal he cat clarmed 1n claim 19,
char act er i z@y@ sippdrhista silien haiviverd BET spetifid sucfacp beeniof groate? thanT08 m4g.al yst as

Support 18 a 4i | FGadtavpir Loy Bpt o ¢ it e nctah wlevtst e s fhan 200
Pyl ogen an By P e e
process cl aamigbldjthe aogtentnd acklectedimmgal being bbbvesm Gl eed 20%dry weighli ofithed i n
any one of ge!.ta Iysr?,S m%fsca%a?ys% :];'u;ip%r’t b%?ngu%éjr' than alumina, characterized by clusters of
crystallized metal or metals having a size of between 0.1 and 20 um.
15 17. The catalyst as claimed in claim. 16, characterized by clusters of
crystallised metal or metals having a size of between 0.1 and 10 em.
18. The catalyst as claimed in claim 16 or 17, characterized in that pafladium
and gold are selected.
19.  The catalyst as claimed in any one of claims 16 to 18, characterized in
20 that the catalyst is a supported bimetallic catalyst in which the minority metal
represents between 0.001 to 0.1% by weight of the catalyst.
20.  The catalyst as claimed in claim 19, characterized in that the minority
metal is platinum.
21.  The catalyst as claimed in any one of claims 16 to 20, characterized in
25 that the support is a silica having a BET specific surface area of greater than
200 m%g.
22. A process for the direct manufacture of hiydrogen peroxide from
hydrogen and oxygen, characterized in that a catalyst prepared by the process claimed
in any one of ¢claims 1 to 15 or a catalyst as ¢laimed in any one of clajms 16 to 21 is

30 used.



