Title: SUPPORTED METAL CATALYST, PREPARATI ON AND APPLI CATI ONS FOR DI RECTLY

MAKI NG HYDRO- GEN PEROXI DE Abstract: The invention concerns a supported
-nmetal catalyst based on at |east one netal selected in the group M

‘consi st i ngwgfol({{gggbgdi um platinum ruthenium rhodi umpéé}/- lcji%ll% | m um
osm um and gol d, used for directly maki ng hydrogen peroxide from hydrogen
and oxygen. The invention also concerns a nethod for malting said catal yst
conpri sing successively an inpregnating step wth a solution based on one
or several salt(s) of at |east one netal of group Mon a support, and a

reduction steg%ﬁﬁrﬂ@f&i&TmTatI&geB@gﬁT%gﬁi éﬁﬁ;%%on step, the

catalyst is treate t h an aqueous acf d sol on co om ne and

br oni de | 0ns. ApFRECARTANES Y TRENBTRGCA WASHERCITHE o mRlag || sed metal
i ' [ .1 an m Crons an

aggregates with size rangi ng between preferably
between 0.1 and 10 microns. The supp@uikaeeri netal catalyst is preferred, -
for exanple Pd-Pt, Au-Pt, Pd Ho and Pd-Au. WD 01/05501 15 January 2004
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The pxesent invention relates to a supported
metal catalyst suitéble for the direct manﬁfactufe of
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'inhibitofs in the presence of a

palladium-carbon catalyst pretreated with an aldehyde



manuf act uring, hydrogen
sof
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SUPPORTED METAL CATALYST, | TS PREPARATI ON AND I TS APPLI CATIONS IN THE
DI RECT MANUFACTURE OF HYDROGEN PEROXIDE 5 The present invention relates to

. a stUpported netal catal yst suitable for the direct manufacture of hydrogen
-per oxi de from hydrogen and oxygen. The, subject of the i MAERY20% al so

the. process for manufacturing 10 the said catal yst and the process for
.perO}ide sing said catalyst. The | ow _productivity
of the prof&s§THEPe ELraPyEreTakty A0 PG tEPANTEr H3dR Feldlvde direct!y
from hydro xygen i.s an.inpedinment to its 15 devel opnent. There have
been many g??én% %8 %giﬁﬁ%§v§°lﬁﬁﬁ§nﬁroductivity. Mention may be made, for
exanple, of US 3 , JUS_3 .533,. U 7.526, US 4.009 252, US 4
279 883 and US 4 3%§g0é%é T egebggé ?%S1§r§h%ag%P§%UBa§§§C§ﬁ°§ gener al
concept ; NaRRL%rkherStaRl b 2abkOR ol 0g2f | 00 a
sequestrate or_g‘deconposiyipn inﬁi%??%r:%%gﬁggaéaggkgilgﬁﬁggﬁing t-he
hydrogen pgrexkde iBreddetivibhy 10f thlepdickaet urrqcegs hage al so been
expl ored. Thus, patent US 4 379 778 discloses a process 25 for the direct

manuf acturing of hydnager, ppaexhde tsom 1hgdnogeanan@dsoxyden igdsan agqueous

“medi um contai ning deconposition inhibitors in the presence of a

pal | adi um dasbeibeatahyshofr efr pabed rinyhcanaagebydasadlanlanuary 2004 or
ketone and preferably also pretreated with a dilute hydrochloric acid
sol ution. Fhtladeunfoa platidemi-palhaediquesuppoeaeti on nohxture of the
direct hydrogen peroxide manufacturing 5 process is described in the
pat ent US agg¥omgsgtegi naifgrmppeenus B815ca2@i¢idsphdrlS $h36R 645
descri be a met hod Qf_prepar[ng catal ysts based on
. 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 describes the
preparation in two steps of a supported catalyst
15 containing about 0.05% by weight of platinum énd 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 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. | o

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



pal | adi um or pl ati num pal | adi um supported on non- aggl onmerated uni form
porous silica mcrospheres which 10 are attrition-resistant thanks to the
use of ammonia citrate or of urea as additive and are st;é abl eé r4-the

di rect manufacture of hydrogen peroxide. Exanple 12 of L 128 114
describes the preparation in tw steps of a supported catal yst 15

cont ai ni ng about-0. 05% by wei ght of platinumand 1% by weight of palladium
on porous silica mcrospheres. The support is firstly prepared by spray
drying a mixture of Ludox AS 40 silica”and urea, which is then calcined

20, o par J8S S0BETAaTl. B APRShle i RS BrteRe s r Pber L ot T
a terrperatiu§tea $fﬂ%%1g’\§—§£y @&@M&Q&%ﬁd%ﬂ@@cﬁ Seril¥ht SANRGE AL HCL

until a pH of about I.2 i"s obtained. The resulting mxture is stirred,
t hen spray sbtidésrednc:dls afstieamlof hydee g aldkl0° ChMstah ety staliteeoiibe @rden of st ream

of hydrog at. 3p0C. The preparation of the supported catalyst according
to Exanpl eeiﬁ}sto(ﬁo‘gﬁ‘feéﬁiguﬁlgg?“%gz 645 is similar to that described in

Exanpl e 42 of par@?ﬁxiﬂécol?guﬁ?% A6R4oped aldapPorietfoala st baddd, onhupeagedne one
u

difference. This is beca he resul'ting mxture, instead of bei'ag
spi -ay dri edgtal selected fiomdhns gupiM fooed fore pallasinm arlainparuihgsitghi ed  sol i d

is reduced L"l. a stream of. r . r i{e5 of the
order of ﬁoﬁ%“%én‘i}%P%”%”%gmgg@%f %Eed .déxgqlﬁemw {ﬁlgag’c%%%gééé%as devel oped
a suppor t edyigataky sdtalp@sBleBrai the ppértaiimeratlicdarspdteonasts bf amajdriy gr oup M
formed from paRadium platinum rutheniu rhodi um _iridium .osm uxn,

“hol mi um andmg@l fomrthe grqw@érami@muapfgi%mgﬂa{z@mﬁkﬁgwp%tT.hcﬁ ‘in?'J@“Eya’ﬁﬂﬁFi/(st . In

general .the su inetab) i _ i Lkt ¥, t al
alin thébgrlg%‘gﬁﬁégﬁl?aoql élarﬁrg?c}?jl/lf %’/{j‘r?e%ta%]l%?t?%r% %’F}%{ %&%%%fcﬁﬂ%lgﬁgmﬁdg?grsi% nmet al
10 repr esent% wwelphi) Thd ntigoritd Yhemyl regiegsints dfout GO0T &t Al sy wmighpeleher abl y

between 0.5 and | % by weight. Th ] Jty metal represents about 0.00 1
to 0. 1 %b‘}ﬂtmtglﬁﬂpbqu@h]ébﬂ&‘ﬁ?eé‘l@& 3‘%@%(@ erably 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



Pal | adi um and gol d are advant ageously selected as the, majority netal.
Pl ati num and hol mum are advantageously selected as the mnority netal. 15

.The'supported binetallic catalyst particularly preferredgffnsiﬁéf f
"pal ladium as the mpjority metal and platinumas the m not{d\y@ A
supported nulti-nmetal catalyst accordiﬁg to the invention may consist of a
majority netal fromthe group M and of several mnority netals fromthe
group M Thetaiesefcenpsipporpetladiwh- ast thedndbodanvangtad04ndat al yst
conprises palladiumas the majority.nmetal and. platinumand at |east one
metal fromBhetipempamiaat headkieye meetdls. fope whgogreypn¥tak content in
the supported 5 pulti-nmetal catalyst is virtually identical to that of the
bi metal | i ¢ BHERFYSY BRPEAch nminority netal nay be present in the catal yst

in an anount represgnting, abput 0.001 to 0.1% by weight of the catalyst
and preferably betﬁ%%dm%b%ﬁ%tb.Tﬂ?%&dc%ﬁﬁ%@E 19 Fhe PrRReRESHnvention

furth i d ted_singl e- et al lyst,_with, ferably,
bl at i U oG5 RS heoRERITT ot 3 OFOLTeRbhy SRt heeADr ERpt ARt THE conten
f metalli ' QS ] b .1 and_10a by weight, of
The cat al yor S At r bt ratf o Be vilh 0708 BReCio5 8, ekt predy “Brer er abl y.
th t PoF: i t i I ! teri d
by ci ot or & BTo s yuE ol T yea- AERer o i, AR P O LR PIBNE e 0
and 20 gm ando@r ef &r@bly Hetwesmd drd é&tglg?stséﬁ&%eﬁéy%w, car bon

and alum nosilicates nmay be suitable as suppor However, 1t 1s preferred

to use silbeBreanthmsiviand ageousd Yo sa34 ca particles having a nean size of
between-1 and 50 m It is also 25 preferred to use silica.having a BET

speci fil0 surface artea gresder  iteen 208h Nl ot kechoteabtyv besyegn 300 and
600 n2/g. Aldrich's mcroporous silica referenced :
supported single-metal catalyst with, preferably,
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. -



28,851-9 has proved to be particularly useful. 15 January 2004 -5 The
anmount of iron (Fe) in the chosen support is preferably | ess than 0.001 %

by wei ght. According to one aspect, the invention provid a pr s for
preparing a supported catal yst based on at |east one nef‘i:l‘fanf’gﬁ'%}%%e gr oup

M defi ned above. This 5 process, conprising, in succession, a step of

i npregnating a solution based on one or nore salts of at |east one netal,
selected fromthe group Mon a support and a reduction step, is
characterized in that, after the reductton step, the catalyst is subjected

to a treatnent wi.th an agueou c¢id solution (A coptalning.,brom and

e omi de tone 1obeBun oL 508 trelin theot RpvAl DRl IBS rRR % on of

brom de ion%i,j,vgiglpe aqueous solution (A) nay be between 20 and 200 ny/ |
ably be

and prefer t'vvee'n 20 and 100 ng/l. The concentration of brom ne (Br2)
may be between 2Aasmdding tergné aspact, therinveation pbyovidss\wguwocess mgra@orgsl . The pH

of the aqueous solutio A), 1.s preferabl et ween 1 . h ueous
ol ut o ( FFPREGSL AT by B LG A WF Brobp 3 R Pued gRorAS

al kal i neseagdBessRictpriditdifigickésaital £5tep bhRibroynatiagianglutiontaial diod¥@m ne
wat er form-advantageously with a concentration close to |% by wei ght and,

finally, ttheresaltsafatjeashapemetsd salsrisd fom theigaounMeon 2 sirreEtd@st to be

d i Pd, .th i i i i i d
P oophor i o MR er bR i 0, bl b pRGorR g dcbiall © 209 Or
January 200éihjdeeedsolautidather(t Aithoar dqusilsadcid/sohitidos() @dntairing bronsnabelit 100

ng/ |l of NaBr, .10.ng/l of Br2 and 10 g/l of orthophosphoric acid. In
general , theopidR®¥s is carried out with a 5 small amount of supported

cat al yst ,of bet o ' j d amgent  of .
cat al ystlo cl os em?‘gg%@“ﬁqgg}e Rﬁ'lg%eg’r: ﬂlg ntgdo’ E{ei c%%c%%aﬂ%)g gg?%r??&? The
treat ment tgqesnoddhitton (\)imaydenisstaberiz( aeEIN0 1h/! amdip@GTatly dbepresheDabl y

Thi & 11 me. nft O Bef s Poroai gD oh psrrg i iy bd boSiesR S dnd0ng 41 <
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.



preferably between'4 and 8 hours. After the treatnent, the catalytic solid
is.separated fromthe aqueous solution (A by any known 15 neans and then

.dried at a tenperature of between 100 and 140C and preferaply. cl to
*.120C. Usually, the drying is carried gut at atnnspheri§5§ggégﬂﬁ§® for

exanpl e by nmeans of a fan oven. Inpregnation of the support may be carried
out 20 by any known neans. Advant ageously, the inpregnation step consists

in bringing the chd$nse&dpddan i o Pagdniratamiix Padfemoed concent rat ed
possi bl e agueous sol uti.o f the salt or salts-of at |east one netal
from the §° lﬂssg&)oé@f [18%r Higrﬁ%aoﬁ Gasy, il 5 ntBict ieAgl step may be
carried ou&obé ﬁd%En%rkge oncentr.at ed .agueous sol ution of netal salt(s),
at room ténp (At Gfe P ORARSPAO T 6 A4 'ng the support. The nixing tine

depends in general -an u of _support. enplaoyed, but fqQr productivity
reasons it is prefggrg%?%fagg ?%ﬁulgf 4%ﬁt%ﬁrﬁﬁﬁéﬂﬁﬂEﬂw% dfidn_has
been adgledgnb@ 1Manohak o%bt%ilért?gg'r_%etdo c?ét%qys?ﬁ S taee;twfné:eixrlt erl:? and before the

reduction step, the resul slurry i's era éd*® t hen drai ned

5 and finabby gdpled:ite-coRULS IRACRITAYr. 0 Nehodd:. I Jfgammnded (o

carefully conpress the filtered slurry. " Arte rai ning, € 1"mpr egnat ed

support i scdbsedtopnef gr pbly 1ated teMRENALYE thb%% e S0C.
Advant ageously, the drying is carried out under 10 conditions conducive to

slow crystal li zat i ®heangdeapieher abhpcratihe aksarceefc 20 tRld Rk The
drying time depends in general on the. tenperature and the pressure. It
i s usual | ylpeandeA0ICandd7pdayferald yabeitmdictiatdicornidn 60& acuum oven heat ed
to 40C, 48 hours are enough to 15 dry the inpregnated and drained solid. -
‘The drifi ng nmay al ¥bebbreatmead bumeamayovmriyeimpemenr erikler a week.
- 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, -



One particular method of preparing the supported catal yst based on at |east
one netal fromthe group Mconprises, in succession, the follow ng steps:

.2.0.(a) bringing a support, selected fromthe group for E‘ SiJnGa,

“.al um na, carbon and al unmi nosilicates, 7i nto contact wt ﬁ.}a ﬁré(eﬂr(l)ltogat ed
aqueous solution of. one or nore salts of at |east one netal fromthe
group Mso as to forma slurry; 25 (b) filtering, draining and then drying

the sl urrpihsder-heo M &a orie libridr iRas theen awldedystalhizatoon: (c)
reduci ng thg}s Ii0d5driecci3i n step (b); 15 January 2004 "8 (d) treating the
solid redu@®®%n %tefq S BAYHF -an aqueous acid solution (A) containing

brom ne and brom de J,aons; .and (e ihltering the solid treated in step (d)

and drying it at aﬁﬁégﬁﬁew (5‘%‘“GI 6&%% TR AT, SBeHhet i ef erred

Chose descrined Hidee Yint® RSl i ot ot et

T14 and Us @3 ey R iDd,t8y aiithd R Pl or fer D ng the

metal sal t sebonflles ¥Rl @0 $0ra%ulld PRIGHE S GrONAHUL AL L AdugoUS SOl ution
sed.

for the inpregnation step (a), my be e use 0 a e‘?/v]ﬁ‘fbps of

aci d, slighttbeadiragnang, Ukheasepde @laitdd %ﬁm‘tesi%@rgﬂ%a' be nentioned.
e

It is preferred to grind the dried solid fromstep ore subject-1Ing

it to the preductbly step. thmpprattireeoft BRrovem UG fPrsghe, reduction is
firstly purged with 15 nitrogen for a sufficiont tinme, generally 15 and 60

m nut es, thAdmahkaghedswyt htheydreder Hef eaerheldngdieatreki 0 a tenperature
of between 250 and 3501C. The solid reduction tine at the chosen

tenperldt ur 6ohd§thensernadncivendos shour sryaftbadn i zneduet iz the oven is
returned to roomtenperature and then purged with nitrogen, According to
anot her asPegferghéyi hdefhroabpeaceded agstppdrned That alrysing?@ imesed on at
| east on(,, netal fromthe gfoup M defined above, the content of a selected
netal bei n‘aeB%PaéeﬁnogeEeaﬁg ?095B¢ hergrEasuret padc &bsl Paessure .cat al yst
support b gin her.than, al um nia, characterized by clusters of

crystal | i zgc:i %%t g' u%;lxﬁﬁgFgeﬁgVEna_hg Q-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);



size of between 0.1 and 20 gm According to a further aspect, the invention
provi des a process for direct 25 manufacture of hydrogen peroxide from 15
January 2004 9 hydrogen and oxygen. This process is characterized in that
the catal yst described and prepared above is used. The cax-@Wew 388¢ be used
in a process for the direct manufacture of hydrogen peroxide both in a
tube 5 reactor and in a stirred reactor. It is nost particularly suitable
for the process in which hydrogen and gxygen are injected into the agueous
reaction mxture in the stirred reacto and oxygen is introduced into the
conti nuous-gas phase in the shh%bgg-reactor. 10, Advant ageou

dy,..th
catal yst may be (Bed freeting the ¢ NREA B st SO B BRL agHER ?ﬁ‘i‘,‘aﬁ?li)(‘%’t‘ﬁ)&bcess

in which t&fﬁ'nt%r cTeT=Ta b pTe ] B ;Eakd €cted into the lower part of.the
aqueous reaction ﬁixture and oxygen fs introduced into the continuous gas

phase in the sti(ded fierimatheaolid reated amssem(d) sud Antihgit at héenepenpoiafi on of
this contipnuous gas cﬂa g is outside the flamability range. The catal yst
has proved %Q@LP Litekt cial when the stirred reactor is provi ded with

several &urbi nesTRE LARGRA HeRiiBeRoRdiABhEY @4dH %8 ofKb PrepWfhBion a”dht he
hydr ogen and- oxygen" are i nject eg in the formof =~ small bubbles into the

| oner part sdme dcthaspiisscibadetbove. oNithirsgard o theresmetien stepriBe expehmental t he
ti f the hyd | ar. .| ow rat i
Greater t hafouimraTeR s dr o B eeh Erbiiia e £ 18s 0 ha Usiyssgals o

in the pri O{na§lbfeab§1i&§_)t ained. The catalyst has proved to be particularly

beneficial in"a continuous direct hydrogen peroxide manufacturi,ng process
with recycling ofAnyhwowsaetansfor belpiug theauetphaghs edissol s 8 23 MY 22004

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



EXPERI MENTAL PART Preparation of the catalysts Examle 1 5 The follomnng
were added at roomtenperature into 50 cnB8 of dem neralized water: 10 0. 33
.g of. PdC12 (Al drich reference: 20,588- 5); 0.021 g of HZE%? E§f$¢HICh
“reference: 25,402-- 9); and a few drops of 30% by wei ght 4order to
ai d dissolution; 20 g-of m croporous sTlica Aldrich (reference 28,851-9)
havi ng the followi ng characteristics: 15 nean particle size: 25 m BET
surface ar8adrsgennehg- opggenvollunie: plocesenl/sy chrpaittieariezad ameter: 60 A
were placed in a glass beaker, stirred using a bar 20 nmagnet. 50 cnB of the
met al sal t tBakuthen Cﬁﬁééé{ﬁéddabg\mbﬂdr encherepapied yakadded.s Aftest. stirring
for 1 hour 30 mnutes at 25C, ..a thick stock-was obtained, which was
filtered over a NoThg gRrE3dvEti magnbevasedmiar & meddems Zdwume 25 30
mnutes. The filter cake was placed in a crystallizer over a glass cloth
and dried foFe#S ReaRe=chBrages, Rydrodenurespsd dendeth tife adtiuke sol i d was
reducegiin a s ream 60 NL/h of H2 at 300C_for 11 15 January 2004 1 hour
30 mi nut es™ &G ?ﬁeﬁngoﬁPea PBlFBSHlfgﬁﬁépétuFE i§v&°S¢ hours. The reduced

solid was d at 40 for ours with 2000 ngy f solution .
containingﬁggg EuiEEEYS o%t ffﬁ FIPSPC§F§ éHdWTG %y@F°H§§O4 Next ,
the reSU|téﬂg Hk§&gﬁea¥@51B5EE§é8dlﬂgg the aqueous reaction-

mixture in the stirred 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 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 §arti¢ularly
beneficial in a continuous direct hydrogen peroxide
manufacturing process with recycling of the reactants,

such as hydrogen.



the catalyst dried for 24 hours in a fan oven at 120C. After analysis the
cat.al yst contained 0.7% Pd and 0.03% pl ati num by wei ght. 10 Exanple 2 The
. procedure was as in Exanple 1, with the sole difference that the reduced
".solid was-used directly as a catalyst without treatnment!dddHaY 79045
aqueous brom nated sol ution. Exanple 30after the silica was i npregnated in
Exanple 1, instead of filtering the stock and draining the 20 filtered
slurry, the stock was dried in a laboratory rotary evaporator (Heidol ph
with a 500 cnB fluted round-bottoned glass flask). The flask was rotated
in an oil bath at EXPEEIMENTALaAARE of 40 nmHg. After evaporation, the
solid was reduced and then treated as 25 described in Exanple 1. 15
January 2004 12 Ex&FsParatrer ofoddd @by sds described in Exanple 3
except that the soljd after reduction was not treated w th the aqueous
brom nat ed solutiobﬁiéf&ﬁpﬂe 5 The procedure was as described in Exanple 3

except that after {[ppr tiqn the stoc s left in the ambient air for 1
week iﬁétead of be#ﬁ% %gﬁg MY Y6 hé AF SPPoaReIaEN L e 6 The

procedure was asn,deseribed in_Exanple .l xcept that the Pd was repl aced
‘with Au. 1E@EQa§8I§%7 #Eeg%W6%%53r zﬁgswﬁgeﬁescribed in Exanple 1 except

that the Pt was replaqgg @iE? %%Clz (Aldrich reference: 20,588-

. 5):;

- 0.021 g of H;PtCl¢ (Aldrich reference: 25,402~
10 - 9);
and a few drops of 30% by weight of HCL in
ordér 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 stdck-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



20 Exanple 8 The procedure was as described in Exanple 1 except that the
Pt was replaced with Au. Preparation of the hydrogen peroxide solution 25
. General operating nmethod A chosen-anobunt of aqueous reactj on m>§ﬂ7t re and
“.catal yst was introduced into a cylindrical reactor, havidnfn4ap, Oéf‘
capacity of 1500 OB, fitted with two Or 13 15 January 2004 three flanged
turbines 45 mmin dianeter, with 4 vertical baffles and with a bundl e of"
cool i ng t ubdediouphe3 Gqubrise s ezrd | Wremi coaked vies prapatedpdyatadsi ng 12 g of
H3PO4i 58 ng of NaBr and 5 ng of Br2 in- 5 1000 cnB of demi neralized water.

The react oP¥Rs rivdd%Fi zed by injecting oxygen into the continuous gas
phase with a chosen_ flow -rate. The pressure was kept constant by neans of

a. pressure  regul at'gte TFNFEGEA Fdiamm Mean rdetied 2t 0 cBioken 10
t enper at ur h the bundl e of

§Sy t he ci I‘CL% | on jof thernistated wat er  t hroug}

cool i ng tubed™®% i bl (fé;dvﬁ% 8&t 2501956 Np PR i8iygerd On@9I/By dr ogen
wer e i ngect intot liguid ase at .the ,.center of the bottom turbine
Wi th ch%ser?%flﬂqu\%rr’atlgjsa.mg}%s oﬁg}le %%r& e 94hd® he3h§#r ogen content of the
gas mxture | eavin requl at.or, were ne red. After the
antici pated reacti gqné,{]fle,ng{ ag}ge la{:gig]é{j?&ﬁ}?ltél%eeewc?sofﬁ%roeg%rﬁrhcﬁd oxygen

into the agueQus S1RAGL AN JY Xl %M?ﬂ%l% dﬁ%ﬁgﬁ} Lgu%%toqzcgq 0 oxygen

into the continuous “gas phase was cont1nue e ogen ih the

| atter disappearedarskhs amsm%eﬂsf %éﬂ%éﬁé}w%n%%éch%fﬂa P

deconpressed. The aqueous hydrogen peroxidée solution was weil ghed .and
separ at ed &BnAMOL. 106 %€ atiad tVisturb b f iWdifgdd on 25 over. a Ml lipore(r) filter.
This solution was then assayed by iodonetry in

i0 .

/ Example 2

The procedure was as in Example 1, with the
sole difference that the reduced s0lid 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.



order to determ ne the H202 concentration. The H202 selectivity-is defined
as .the percentage ratio of the 15 January 2004 nunber of nn}es of H202
.fornmed to the nunber of noles of H2 consunmed. The degre co rsion is
".defined as being the percentage ratiq _of the volune of ﬁz&_@%ﬂﬂg&\r@@é.to 5
“the volume of H2 injected. The catal y§t2 results for each trial are .

summarized in Table I.'" 0 to00CcoONCl LON oto NNNeoLOaNe-!H o :
ecpamW Dr-r%ot D 0 BxampleGA(rt ot ocNQ DOcvt oi *7 rncncoas0) rnQ)rnlnr-r o)
- tf)VNM pNC WADL "~ ~NrtoW ()NNO. tl) _ ~ , ~

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 H3PO4, 58 mg of NaBr and 5 mg of Bry; in-
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
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.

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.
'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



0 Q o LTrtcoOomAWWv.crncCr n L ,~rz--1J .-Ir-i_riNNNNNN ri X i~ r-i ,4r)
Y ~-H NTOOOOPOO "~ -iimmmt N 04 N1 gﬁNﬁNNE??IEjg%)ohffahg&ggkg-é&l ar-
£ 500 00 0000000 10LALOLU 1) 11)LG 1) ot 0 O st = 5 St d0d
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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Lz towwgd - 'r-Ir-1 E | 15 January 2004 15 January 2004 -16 1. A process

for preparing a supported catalyst based on at | east one netal fromthe
group Mformed by palladium platinum ruthenium rhodiu i ridi 5
osm um hol mi um and gol d; conprising, in succession, a s ‘f?"b‘?mm%gnati ng
a solution 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 treatnment with an
aqueous acid solution (A) containing bkonine and bronide ions 10 2. The
process as claimed rn claim1., characterized in that the concentration of
bromi de ions in the aqueous sol uti on ZI8AIM& bet ween 20 and 200 nmg/l. 3- The
process as claimed in claim1 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 mpd Arprosass Gier€fariak aisappotdi@athlyst basedohet leastbnemadtdiat 15
the brom ne concentration is between 2 and 20 5 he pr.ocess as

/1. 5.

‘clained in ﬁﬁvltbﬁsmpM|fmﬁdbﬁfn%la§{%méﬁt%mqg@awnrh B o ne
concentragi 1 nel ¥ r ; b in any
one of c?%ai %@mﬁgﬁfﬂﬁ%ﬁ%@a@ggéﬁlggﬂ {n%’ ltnh%gféggﬁﬁg %%&g?f@ﬁ)égééﬁggggs 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 phmgﬁgn%ﬁqén&atﬁgrﬂgrp&chogﬁ h¥¥act eri zed
in that th@ﬂ&&?ﬂ& Eg@é%%&iﬁpﬁ&%éﬁw&g‘? Bls 43d %ﬁti@&ﬁ%}t&m&ﬁhﬁ 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 ok of cl & ngngPagess as ’F’ﬁi’:ﬂlbgllmi% » §hyractezizcd in ot e?ﬁ%@gﬁ‘g‘f‘fon and

before the peglehiiORoS e dilousaShibh [8) BlUetween 2 dokilzoomegh. t hen
3. The process as claimed in claim 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.



drained and finally dried. 30 11. The process as clainmed in claim 10,
characterized in that the drying is «carried out under conditions conducive
to slow crystallization. 15 January 2004 17 12. The procgss. as g%@ined in
any one of claims 1 to 11, characterized in that palladluﬁwgﬂﬁ ﬂd are
sel ected. 13. The process as clained in any one of clains 1 to 11,
characterized in that the catalyst is a supported binetallic catalyst in
which the mnority nmetal represents 5 between 0.001 to 0.1% by wei ght of
‘the catalyst. 14. The process as claime/~in claim 13, characterized in that
the mnority netal is platinum 15. The process as clained in any one of
clainms 1 to 14, bhaThepuocessad claimedinanytone of glapros 1 ta 51, ghatartedigediavhaty a BET

specific surface are f. greater, than 200 n2/g. 10 16. A supported catal yst
based on atpﬁl%%%@gﬁgﬁ%seg%%&t ed fromthe group Mfornmed by palladi um
pl atinum rut heni3iNThé praesss clalihed Hany@hgiod Blaithol 6 UINchandtegiotdin thire
content of a selected netal bei n&lbetween, 0.1 and 10% by wei ght of the

catal yst, tthe catalyst iz sugperpush himstalreataly in whioh the ey mdtdlrepewptszed by
clusters pof [ 4 L. ving a size of between 0.1 and
20 jim T 'ﬁ‘%‘aﬁ%ﬁégpaﬁgﬁﬁagmgﬁg?rre glJllt%lyc'ai m1l 6, characterized by

clusters of crys4.afThé prR@esiekalamned pdlains13)atimagedzal inabafthdeinen 0. 1 and
10 "Um 18. The catalyst as clainmed in claim16 or 17, characterized in
that pal | adwatdl isgHefigsn-d are sel ected. 19. The catalyst as clained in any

one of clains 16}#.9]‘9{@&{0&?@3@%&&&& ?{gﬁi){tﬁle%@cfaﬁﬁg 14884, CREAKSTed f Bat

supported binetalTic C yst I'n e mnority nmetal represents
bet ween 0. Ofhd styppddt E% dilycakaivisiaa BET shecifiaswfags trea2d gredtee thmrtzﬂw_sﬂ/g.as

claimed in claim 19, characterized in that the m noyi tal, is platinum
21. The &tal yst lésAd“ﬁPﬂ%ﬂi?Wléﬂg’ai?ﬁé’wﬁ@%?Wi@s@ C%?%gfea@? i zed in

25 t hat themggng@gg 'S,gnﬁﬁm HaAnha ViubnRinBFlo i RACHd 6 St iBse halfiamof
greater than Y . 22. A process for the direct manufacture of hydrogen
per oxi de frami gdigahe gementruf aoeleged madldeingtetiemmd.1 and bk by weighi afdhe

DB S e B0 Bl ey ol o221 Y5
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.





