i0

15

20

- 25

- 30

1040385 AO 1 Process for the production of hydrogen

' The invention is directed towards a process

%$ cing hydrogen peroxide by reacting hydrogen
and oxygen in the 5 presence of a noble netal catalyst
inaliquidreaction nedium the reaction being
performed in the presence of & sulfuric acid al kyl
ester, and towards sol utions of hydrogen peroxide in
nethanol obt ai nable by this process and their use for
t he epddeRs$ ofcof the aproductilomhet phypduogennpatoxide
hydr ogen peroxi de by direct synthesis from gas
m xtures containing hydrogen and oxygen, by reacting
the gas mixture in the presence of a liquid aqueous,
aqueous-organi c or organic reaction nmediumon a 15
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ca alyst activity can be |nh|b|te ing a rong
aa{kﬂt Fisid 595 Haltihfe weritatdiguiat r%létﬁliftfh- nmedi um i n

an adequate concentration. However, the addition of
acid and halide that is needed to obtain a high
hydrogen peroxide seIectivity makes. the liquid
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aqueous, aqueous-organic or organic reaction medium on a
noble metal catalyst, is known. The hydrogen perox1de
solutions obtainable by the direct synthesis process are of
interest asfoxidising agents for the. catalytic oxidation of

organic compounds.

In the direct synthesis of hydrogen peroxide, the undesired
catalytic activity of the noble metal catalysts used in the
catalytic breakdown of hydrogen peroxide to water and

oxygen - represents a problem. This undesired catalyst

~activity can be. inhibited by adding-a strong acid‘and a
‘halide to the liquid reaction medium in an adequate

"concentration,_However, the addition of acid and halide

that'is-needed to obtain a high hydrogen peroxide
select1v1ty makes the liquid reaction medlum hlghly

. corrosive to metalllc materials, in particular to stainless

steel. Furthermore, if the hydrogen peroxide solution is
used as an oxidising agent for the catalytic oxidation of

- organic compounds, the content of acid in particular leads

to undesired secondary reactions and consecutive reactions.
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‘organi ¢ conpounds, the content of . acid in particul ar

undesi red secondary reactions and
égﬁgggu%§ve reactions. 040385 AO 2 One approach to
solving the problemis the use of strongly acid
catal yst supports, such as acid and superacid netal
oxi des, known from EP 504 7412 activated carbon with 5
sul fonic acid groups, known from EP 978 316, or ion-
exchange resins with acid groups, known fromEP 1 344
747. However, noble netal catalysts on strongly acid
catal yst supports have the practical disadvantage

thatapprédieh 6 08WLYing Ohe NYESODEN PET OXEAEsENEE strongly
cat al yst {ggldlg | oses 10 ch of |ts catalytic | -
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wfodustidurd £ medebgan apysdx Bddi Gercacd i yst Yrapddlly loses

select#ng of %fe catal yst, for hydrogen peroxide

FE et oht T a7 bt Yot i et W ithout  t he catal yst | osi ng

activity in the process. In the presence of a sulfuric
acid alkyl ester a high-selectivity of hydrogen

- peroxi de 25 formation can be achi eved even with a

meduced aputr Hfe AHA Prmaid haut d%géjcgtﬂ:%hesses for

of .acid. The invention therefore provi ‘Process
Gt Prictici T thRdro geh pekmasie R eeida i i isiirayere a
Hailth GegRit ivi dherr I0;dHQFaN G 1 x RO BBt with -

c?ogtgila?/nﬁﬁ,;% Eugg]l,:c ! rsieqicatc%,}:gﬂr ntgggv?eéq Vt\'«?ietrhegupt tthlse addition

~of acid or with only low acid concentrations.

Surprisingly it has now been found that in the direct
synthesis of hydrogen peroxide on a noble metal catalyét in
the presence of a sulfuiic,acid catalyst a higher activiﬁy
and selectiVity of the catalyst for hydrogen peroxide

formation can be obtained without the catalyst losing

activity in the procéss, In the presence of .a sulfuric acid
alkyl ester a high selectivity of hydrogen peroxide

 formation can be achieved even with a reduced amount of

~acid or without the addition of acid.

The invention therefore provides a process for producing

hydrogen peroxide by reacting hydrogen and oxygen in the

-presence of a noble metal catalyst in a liquid reaction

medium, wherein the reaction is performed in the presence

of a sulfuric acid alkyl ester.
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of a sulfuric acid alkyl ester. 040385 AO 3 The

i%%§%§i§| al so provides a hydrogen peroxi de sol ution
i'Mabl"e by this process, conprising 2 to 15 m.%
hydr ogen peroxide, 5 0.5 to 20 w.%water, 60 to 95
wt % net hanol, 10-6 to 10-2 nol/|l brom de and 10-6 to
0.1 nol/I dinethyl sulfate and or nononethyl sulfate.
10 The invention al so provides a process for producing
epoxi.des by reacting an olefin with hydrogen peroxide

.in the presence of a titaniumcontaining zeolite as

catal yst using the hydrogen peroxide sol ution

?E%oﬁﬂbgﬁtﬁgntﬁgs%5 k%%%ﬁ%'oﬁ hk@ %E%npg%9%§gde solution

accord % to th | nvent| on cln
BEFB%P&@ ehbdr é'@éﬁ a’ﬁ@cewgeﬁoa-perlﬁé@@t ed in the

Ereaemgew@f°ahgaﬁbgeﬁeb@&o&§6élyst in.aliquid
um containing a sulfuric acid alkyl

eactio
QSSe% %8|W6r.cW358Fd al kyl esters within the neanlng

60 the9bnvwenti orthneolthe products of the

- ﬁteﬁffﬁﬁﬁtHﬁglPi g¥$££&écdg%|d Wi th an aliphatic

coho sul furic aci i al kyl esters and
20T Gl @ -dc im Infdn shimeyih s tserls adree anl Acab me rosveg hy 1

" WherstR 25 sulfuric acid nonoal kyl esters can also be

used in the form of the alkali netal or anmoni um
salts- Sulfuric acid alkyl esters are preferably used
in which the alkyl radical is selected fromthe group
consi sting of methyl, ethyl, n- propyl and n-butyl.
Buéf inirenatdod aﬂkylpesﬁedéshanEGCéﬁsnEbhybraau&Dﬁg

Qﬁg¥£dé§db§ake§5§188r hcuhg% %geﬁygrogen peroxide in

‘the presence of a tltanlum—contalnlng zeolite as catalyst

using the hydrogen peroxide solution acéording to the

" invention.

In the.prOCéSs.aCCOxding to the invention for producing

hydrogen peroxide, hydrogen and'oxygen are reacted in the

'presence of a noble metal catalyst in . a llquld reaction
- medium containing a sulfurlc acid alkyl ester. Sulfuric

‘acid alkyl esters within the meaning of the invention are

the products of the ‘esterification of sulfuric acid with an

" aliphatic alcohol. Both sulfuric acid dialkyl esters and
~sulfuric acid-moﬁoalkyl esters éré suitable here, wherein
sulfuric acid monoalkyl eéters can also be used in the form
_of the alkali metal or ammonium salts, Sulfurlc acid alkyl

esters are preferably used in Wthh the alkyl radlcal is
selected from the group consisting of methyl, ethyl, n-

- propyl and n-butyl. Sulfuric acid alkyl esters having

methyl as the alkyl radical are particularly preferred. .
Dimethyl sulfate, diethyl sulfate, sulfuric acid monomethyl-
ester, ammonium methyl sulfate, sodium methyl sulfate and
potassium methyl sulfate are particular suitable for the

process according to the invention.
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"Dinethyl sulfate, diethyl sulfate, sulfuric acid
mononet hyl ester, amoni um nethyl sulfate, sodi um

ﬂﬁ?ﬁ?ﬁ Qi fate and pot assi um et hyl sulfate are

‘particular suitable for the process according to the

i nvention. 040385 AO 4 The anmount of sulfuric acid
al kyl ester inthe liquid reéction nmediumis chosen
according to the other conponents of the liquid
reacti on nmedi um such that an adequate 5 activity and
selectivity of the catalyst is achieved, and is.
preferably in the range from 10- 6 mol /1 to 0.1 nol/I

b f 001
R et R TN A e R L
a@&@tabkymedegme18|sh©e$@mﬁ¢her@13getmeuh¢am@mert¢mmponents
bherpddi § 5094 0% Qc%@oﬁtﬁagﬂuﬁcégcﬁSt?§9¢£@Jédé uate

necessary -to achieve an adequat e ectivity,  whereas
?ﬁt%ﬁétbr%%@n%%l%FthvkﬁYf®f|%h%c¢@ta%Y%?l1%34%hl¢Yﬁ¢heand

ps eﬁ;ﬂéféﬂalﬁpﬁcﬁﬂttﬁél@@%%@tnﬂfz‘oﬁh:f@o prna%%swan al 881Pe and
a It1on O a ron C

R P OEr Y Gt T ohoinkt i i Tendh BrrenSEhinbis to

@ryamo k/ br oI@anhe cemctiomieoh unf ddlfuric acid atkyl

=2 a? %Q$gf8wc L?fgﬁggEgﬂrfggélontﬁ@ﬁ'égnligémildn of a

IC so refer abr
D Heind ca@mpbﬁemnemllmnye@@@mmtma@mmge an adequate

PRILECBEYY PREFELS efh ﬂlé%e’ néé%%teb éf‘fd % acid

consj sting of nethanol et hano propano

LIyt 8FET | &0 pFlag e@%ﬁ@r%oﬂow%ﬂ%%we the -

Pretes abban net hansd . pe Regakat nei ehatse ©fe theldiogen a
%GTOXIde soluti-on as an oxidising agent for the .
AT i At f organi c conpounds, it 25 is convenient if

~the water content in the reaction nedium is kept as.

| ow as possible. The water content in the

The liquid reaction medium can be an aqueous, aqueous-—

organic or organic reaction medium. If an aqueous—organic

- or organic reaction medium is used, an alcoholic solvent is

preferably used.as the organic component, primary alcohols

‘being particularly preferred. A solvent from the series

consisting of methanol, ethanol, n—propanol‘and n-butanol

is preferably used, and particularly preferably methanol.

Regarding a use of the hydrogen peroxide solution és an

oxidising agent for the oxidation of organic compounds, it

is convenient if the water content in the reaction medium

is kept as low as possible. The water content in thé
reactionimedium is conVeniently limited to a maximum of
20 wt.%, preferably 10 wt.%. Methanol with a water content

of 2 to 10 wt.$% is particularly preferably used as the

solvent.

The liquid reaction medium used for the direct synthesis -

preferably also contains a halide in dissolved form in a

‘quantity that is suitable to inhibit the breakdown of
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reaction mediumis conveniently limted to a maxi mum

f, t.% preferably 10 wt.% Methanol wth a water
ggﬂ?gﬁwgoof 2 to 10 wt..%is. particularly preferably
used as the 30 solvent. The liquid reaction nedi um
used for the direct synthesis preferably also
contains a halide in dissolve® formin a quantity
that is suitable to inhibit the breakdown of 040385 AO -
5 hydrogen peroxide on the noble netal catalyst
Hudirngenhperpdidectnsyneéhesbide Beorildeaandist dodidg the

"aiﬁeggeggﬁﬁhegﬁé'd§§0m§EQ BraYeLably; Acogide preEerany

on nedi um conans
hﬁlédééncéﬁ@rQF?éﬁr@hlvhbrgm#dﬁgeThﬁohﬂgGlG reacpieon medium

eahkhln@athécuhaiaa preterabhy iRp atB@n&@HgﬁaE&eHllﬁ Phe
to 10-3 nol /[ particular in the range from

¥pngey r%mlégh ﬁau ﬂolt HA T ke bcbh i P Forably in
aheveahbe ﬁrehelﬁédtbaﬂ@é3JidEWRtiﬁdsiﬁﬂpérﬁjb@iafhﬁn the

er.Qx ol Mtd Q S on1sed
PEGEORECRCIRY PR St e PPl e St p o o e racon
hydebgen tberpxeﬁersedecangetythsngEheratbylhmtyon@ethe
ﬁ&@k@g@ﬁ pé?&ﬁid'h Q€188”§EQ§EB%HOE§ AbGpRERESERSD i F it
Ih terns of ?u er drog g per oxi de
$3| below. ?b?nﬁaefqﬁéeﬁaxaage Ehﬁnb@naaa@auaéethﬁdrogen
p@ﬂ@ki@@ setbem ey hesfgenephlap Aé abkgtt aehaévea Lower

al.ine-earth netal salt fera NaBr _or
R Feceb i s care mBC B Eadeln  FoThe Of oFRPoFurther
the dfdtbbshydrage, pérmxfd@?@beuﬁSOngoﬁMeﬁﬂ Tﬂ&hﬂallde
i e the dir nt he
Sl 4ade4 00 TRE| L UREdh Lt BE Lh1FAS 2YPRISE 2o
atkali mmt@hgoacabbahlmﬁTaarhh mebhal nga b, tpeeferably as

NﬁﬁﬁndfoﬁafreTﬁé'haf@d@S$9ﬁSPlﬁ%#ﬂge a; pka ﬂ?egﬁdg in the

| ess than 3 d preferab a val ue

b éormﬂ%%r%mea%Y@§O%%%%Pa%C%@+f@@rcexample as HBT or HI.

The liquid reaction medium used for the direct synthésis
can optionally also additionally contain a‘strong acid.

Strong acids within the meaning of the invention are all

~acids displaying a pK; value of less than 3 and preferably :

a pKa value of less than 2. Mineral acids such as sulfuric

7” acid, phosphoric acid and nitric acid are particularly
25

suitable. Sulfonic'acids‘and phosphonic acids that are

soluble in the medium can likewise be used. Thé acid

concentration in the organic or organlc agueous llquld

medium is preferably in the range from 0.0001 to O. 5 mol/l
and partlcularly_preferably in the range from 0.001 to
0.1 mol/l. If the acid concentration is above the preferred

rangé, then thé'liquid phaselbecomes undesirably corrosive:

Jif it is below the preferred range then with low

concentrations of sulfuric acid alkyl ester a reduction in

hydrogen peroxide selectivity can occur. Lower acid

_concentratlons are preferred in terms of the further use of

the hydrogen perox1de solutlon formed



10

20

25

30

" per oxi

"acid, phosphoric acid and nitric acid are particularly

(ér% %lg é bl e. Sul fonic acids and phosphoni ¢ aci ds that
& Jble.in the nmediumcan |ikew se be used. The
acid concentration in the organic or organi c-aqueous
liquid mnmediumis preferably in the range from 0. 0001
to 0.5 nol/l and particularl® preferably in the range

fromO0.001 to 30 0.1 nol/I. If the acid concentration
is above the preferred range, then the |iquid phase
becomes undesirably corrosive; if it is below the

preferred range then with low concentrations of

1§ frléragzcc ?1| qsalﬂ@élfe%%tbqr d; dPilth é;h%fsogﬁ&ture
e se ect|V|ty can O cur. ower acil
cOBREamingt hokgogied pnet ersvstetim they mempositd qrurathefhich is
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e reacll o Ireyeraq per
TR LS R AR Y REGh S Lt fgeéﬁ”%f; SHER SO
e&@ll'pﬂ&mel drimdft whvieth tiakirghdsan suels ideatattive gas: solvent
#gﬁegk%s@%& ewﬁ.%ﬁE%eeS% §1Q}XHH{G 1tlon to
Psie i C re

erably Gsed |a y Ut si dé
h@ﬂﬁb@@ﬂv@nﬁl@ng@@entb&k@mg|mﬂxiuﬂﬁuﬂqnmammamthﬁualso

cohkuenk opar biralhoReeIsi g ﬁgyd ﬁf%léﬂ%gen The
xygen the

addition to hydrogen and xt ur
héfslﬁ%lﬁpeﬁpmea séD EHRt Hass TERE UG dér lirrﬁéretd §&s és maximum

ofr &f ebabky plrteE@@aﬁlyTﬁemh&lﬂmf Qﬁers %rlt ent Ilnn gafietlcular _
m.xture is Limt maxi mu

e U s SRR e ot 18 FOE SRR SRR Guits: D (pd-b- The
oRydeogenntentent ithe igast hdxtange danoine3 stoichivalet¥ic or

hgpgrseéxgﬁ oﬁ%@&?gt ﬁ H@egg%%eraéﬁ F §nC % b%ange from 10

r c or - per st I onet
tpr 6Pervabl ¢, i Ant ﬁartaﬁgéaﬂ:r dh 1o 15 tV@15@5 véﬂydr@dgann and

oR?@EHCHk@rp%éfEQaﬁﬁ Valp %ﬁeHY%%QQEQt%ﬁ XYY@ tor,

preferabl suppl i ed se arate y to the réactor. Oxygen
t‘%ﬁeﬁecéf}pﬁﬁl HPEétlﬁd Obtlr d1f BURCad@ i aPKRe lfnort#neo orm of

air or oxygen-enriched air. In a continuocus reaction
process the residual gas obtained at the reactor outlet can
be wholly or partially returned to the reactor in order to

reduce the cost of recovering unreacted hydrogen.

All catalysts known from the prior art for the direct

synthesis. of hydrcgen peroxide and comprising one or more -

noble metals can be used for the process according to the

invention. Particularly suitable catalysts are known from
EP-A 1 038 833, page 3, line 10 to page 4, line 14, from US
6,168,775, column 5, line 65 to column 6, line 64 and from

‘WO 2005/009611, page 34, line 19 to page 42, line 20.

‘The catalytically active component of the catalyst _
comprises one or more noble metals in pure form or in the.
" form of alloys. Preferred noble metals are the platinum

r‘metals, particularly palladium, and gold. Elements from the
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“air or oxygen-enriched air. In a continuous reaction

rocess the residual gas obtained at the reactor

n 20 be wholly or partially returned to the
reactor in order to reduce the cost of
recovering.unreacted hydrogen. Al catal ysts known
fromthe prior art for the ditect synthesi's of
hydr ogen peroxi de and conprising one or nore 25 noble
nmetal s can be used for the process according to the
denierd icms iRaririe Wy, it ad e aataldy Fes care dsowvbe

R A PR, M08 e d ST Rage bl H0e

B talytied4 yamt fismnane 12068/ 06861 80pade @@ahhaweu;ze and
d & P34L 2% |plréec12r91m,3%n-@% G alytjcal lpg 1t or o to

_.conponent of “the catal yst conprises one or nore nob

hettals S Y0 e srimaned i realled dordl- oys.
-Preferred noble netals are the platinum netals,
particul arly palladium and gold. Elenents fromthe

- 040385° A0 7 series consisting of Rh, Ru, Ir, Cu and

b P | f
85 SO a5 B, R Bl Sher pouna,

'3u§§ﬂruﬁbqund%qaﬂakMEUﬁnbﬁumg(pnaiealaﬂ Ty aﬁmaawwlcally_

SRIR (ol Mook S0 00 00 Sk e e «

una m  The catal ysts can

Wﬁt AT HFpGRZARERTH 25 PFFFSCLetodAd 2 i Form

Gt ivsits e Hrefe e o FThe Galeahy gl . active

nobl e netal (s) can be | ocated on the surface of a 10
support and/or can be arranged as particles in a

uni form distribution within a bed of an inert
support. The supports are parti-culate materials such

- Thae powgerss sed maddtiesilagreamatesiads culcdr asopodidegs,

chEr f fsOm anjcée%ov%%r %(Eh@}t ?r{o'uﬁldlngé' ‘%'o(f?med from a
or. E&u support's ‘ar e
powdered material. Oxidic or siliceous supports are

~ preferably used, partlcularly alumlnlum ox1de,,s;11ca,

titanium dioxide, zirconium dioxide and zeolites.

'Alternatively; éarbonmbased supports, such as activated

carbon supports, can also be used.

It is possible to mix the‘catalytically active component

present in very finely dispersed form with a powdered
support, to plasticise and shape the mixture and to

1strengthen the mouldings by calcination. According to an

alternative, it is also possible to impregnate a’

the very finely dispersed catalytically active component;
producing a so-called shell cétalyst When the
catalytlcally active material is applled to or in the

support, known binders, such as water glass, calcium

oxalate, boric acid and other glass—forming comp051tlons,'

~can also be present-‘Application of the catalytically

active material to a support is conventionally followed by
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"preferably used, particularly alum nium oxide,.

silica, _titanium dioxide, zirconiumdioxide and

04038% A0 Al ternatively, carbon-based supports, such
as activated carbon supports, can al so be used. 20 It
i s possible to mix the catalytically active conponent
present in very finely disperged formwth a powdered

support, to plasticise and shape the m xture and to

strengthen the noul di ngs by cal cination. According to
ancZbcialiey neddpyeat 1300 stal 00 NOSSEFML11P +HPr 8Pt fr feally

f ab t t th
e A D Sthad SRS i Sk o SPER S e
I s o e | sumrcuduomrtglaasmhaiicad @ditettahlnlng a

app@l*gito or éldethacﬁtgloégi%g %/tl novvn Se’(rJIIeV?‘lsullzuch

Wl@nfgll’ass@omaﬁm d;@l@trelnq)cﬁrrd: vawfmmrobmmm

- .glass-formng conpositions, can also be present-

Application of the catalytically. active material to

" a support is conventionally followed by 040385 AO8 a

al cinin tep at,.300 to 0C Finally th
T HORTERS 1ot Sl coiy s e e, Rt
hﬂﬁnmquntﬂnuousmgregnhﬂ:aupnwmsesuppomdnwmﬂdbussx&aﬁﬁiﬁh

| |
| neta S SRR O AR T e

|West1épsﬁny Teempr G@efstslcad@cﬂdr g tithe hﬁa:zrrmvcefrta on
SRR RAY Ty NRM RO, GO nuQuslay ang; bat chwi se, a

conti nuous reaction process being preferred The
noble netal catalyst can be 10 used here in any form

particularly in the formof a suspension or in the

.formof a fixed bed. The noble netal catalyst is -

Tiree frpibdlsd ynetrsdd dartailyes tf drempofeferably used in the form of
a fixed bed. The size of the'particles ‘in the fixed bed can

lie within broad ranges, in particular in the range from

0.1 to 10 mm. If mixtures of catalytlcally active and

inactive particles are used, catalytically active particles

having a size in the range from 0.02 to 0.1 mm can also be

used. A small particle size leads to a greater pressure
drop, whilst with too large a particle.size the
catalytically active surface area is reddced;.Particle
sizes in the range from 0.1 to 5 mm, in particular 0.1 to
2 mm and partlcularly preferably 0.1 to O 5 mm, lead to
hlgh product1v1t1es

In a preferred-embodiment of the process according to the
invention a reactor is used which comprises one or more
fixed beds with the noble metal catalyst. The reactor is

flooded with the lquld reactlon medium and the gas mixture

is distributed in the form of gas bubbles in the reactlon

- medium contained in the réactor,_The reactor is desighed

and operated in such a way that no gas cushions are formed

in the reactor in which the gas_mixture is permanently in
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a fixed bed. The size of the particles in the fixed
4¥§§4%an 15 lie wthin broad ranges, in particular in
1 -aﬁﬁ% fromO0.1 to 10 nm If m xtures of
catalytically active and inactive particles are used,
catalytically active particles having a size in the
range from0.02 to 0.1 mmcar? al so be used. A snal
particle size leads to a greater pressure 20 drop

‘whilst with too large a particle size the
ceattalort wWaalh yh@cﬁbm@tsuiﬁaﬂﬂ.aﬂeadhﬂlm&dmdedeaEamhjcIe

fsi'tqﬁglglsrl tAI?le LA [ﬂ'?}l (?L{%T}s&c%lrte - gﬁgfldrnefﬁtar ogjﬁng t% the

inggatien ﬁ-ng ﬁ:h;@r cerdionwanices o 2% hen regartdfcar ried a bubble
TR, MeRle rQfirt h“:%eofl %%51%1 ek digg rey it e arfd!“ﬁ?l%t 'g%%

a reactor is used conprlses one or nore fixed

m&%&&%%1ﬂ¥%|%gﬁaﬂﬂw§eﬁeﬂ§|t@&t&@@@ﬁ PRE odadiher bubble
colloagledna thet he dricgeind pegastiiden swaditi®rantathe sg @S:oduced

t 0 tr din the f bl e
i e e s b heati i SBERCIe B e FoRRoRoPTRE the

brgdd o colaimge Siegrddc r . aftheo pabbiled dol usuc reacway: tthatorises
; n 1%@% %%ﬁhb%n§u%?%rEo%gﬁgd cgta5®%£O§%%E261§% Wh'Ch

gas m xture er manent | contact
Wﬂiﬁrﬁh@fr @at@taén/s\nalclon@ﬁlwm pedalcatedaser L et pamgd cles,

'wﬁﬁréﬁﬁnﬁh% Qﬁt%ﬁ%@sa%hﬁgﬁoﬁbﬁ@nkhépQQ%@HnQaE%lﬁg% bed in

nvention is the rformance of the reaction in a

LhGbBEECtOS| GRS, dﬁﬁéﬂ@?ﬁ tthe SPF§uRd Yedadtedn Afre@PuRrand s
at hasgasshimnXfot-eedr @htiahr Qéupédmlaﬁe&ﬂﬁ&;ﬂ Q\ﬁebonméb!t afith

' - col the hy d )
PRaF oS TpFollieda oot £ P Bnbobtt GAEREBw R GA AL
-cgasattomethe hepeothahethbubbkéacelusnnbeawbmmedTheth the
-lQHQEBerEgoun nfﬁéaﬁﬂh Sgggrbﬁegxt@ndeéegegggdogut is 'in

support catalyst particles
direct contact with the gas phase. The surface preferably

remains unwetted by the liquid medium for no longer than 30

minutes at any point in the reactor, in particular for no

longer than 30 seconds. In the most preferred embodiment

the lquld reaction medium is passed through the ‘reactor in

such a way that the surface of the reactor is constantly

wetted by the liquid reaction medium at every point.

If a fixed-bed catalyst is used, the liquid reéctidn medium
is‘preferably fed to the reactor at a rate that leads to a
cross-sectional load on the catalyst from the liquid phase

~ in the range from 0.3 to 200 m/h, relative to the empty

-cross—-section of the reactor. The cross—-sectional load is

preferably'in the range from 0.3 to 20 m/h and'particulérly
preferably in the range from.l to 10 m/h. In the preferred
range of cross-sectional load, hydrogen peroxide solutions
can be produced with a hydrogen peroxide content of 4 to

12 wt.%, a high_hydrogen peroxide selectivity, a high
spabe—time yield and a high catalyst lifetime being

achieved at the same time.
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- 10 m xture of catal yst-containing and catal yst-free

éﬁﬁ%ﬁile , Wherein the fittings which hold the fixed
bed in the reactor are designed in such a
way that at no point is a gas cushion formed which is
permanently in contact with the reactor wall or with
metal fittings. Permanently LA 15 contact means here
that the surface is not wetted with the |I|iquid
reacti on nmedi um over an extended period but is in
direct contact wth the gas phase. The surface.
preferably remains unwetted by the |iquid nmediumfor

CTH: lmlédq%rgéﬂtﬁ@r{ém o téhte %gkycic%(gsmaé 1&g to the
or

reactor, in particula onger than
QSN 13 thifE o st [Prl@fs@fufr@j ageh ddimpana turse qqrqiﬁSdDond

trcsea;qidsm R RASS @iy eugh e d qad qreddhowch
t hat the surfa of th reactor s caonst a&tl

t\ﬁé‘tﬁ Bre He 199G T & v Paith
t&lple‘rﬁdnaaa&r@w fmalz;osttd S:':OfSZEdJeJIrfge driefdirded. The
r%as%tdt r%eg gx@ralﬁ ef %r ablry ! ed t alttrr]rl%gr %aCt %r paresasure

rate cr 0SsS- segﬁ ona

B qafataalsglsughftrlomrteldeldadqmr@sm td mucved éJﬁ)gédear omh@ 3
- e@ 2001k ﬁf@f@fdﬁ gi%e&&%r%ﬁ??%ﬁ %F%%%é;% pre era range

the reactor. ‘The cro secti oad”’i s

fiﬁmtﬁb5%§ﬁgé WF@W1O 3to 20 mh and particularly
preferably in the range from1 to 10 mh. In the
preferred range of cross-sectional |oad, hydrogen

~peroxide solutions can be produced with a hydrogen

f %,.2hi gh_hydr oc
R BE SRR b eyl htieoheds anda ERe Y P hone

‘mﬁtgﬂ catallystt lephébiitme belhngh. ammléwealag tle ivdmy for the

fb&%%tl%%03§5h?@r%%enT?%r%§§9%'%Ht%pgg'%ﬂ%@ﬁt'%fggﬁectivity
process accor I nvention I n
Ofr bySFegeaN @ af@raagdrnegpdnd iveo tehsbe ksmegen

u%é@?lbﬁ%npﬁﬁoﬁa%rhleﬁ%éstE%n%%@%ﬁh%nhydrogen and oxygen
are used which have_a composition outside the exp1051ve"

-range. Reaction media can be used here which‘have-lowér

contents of halides such as bromide and/or iodide and of
strong acids than is the case in the absence of sulfuric

acid alkyl esters.

The process according to the invention can be particularly

advantageously'integrated into an‘overall‘process for the

oxidation of an organic substrate with hydrogen peroxide,

,sinde hydrogen peroxide solutions produced with the pfocessr

according to the invention coéontain lower amounts of

components which can lead to undesired secondary reactions

~and consecutive reactions in a subsequent oxidation

'reaction. Particularly advantageous here are solutions of

hydrogen peroxide in methanol produced by the process

according to the invention which compriée‘2 to 15 wt.% and
preferably 5 to 12 wt.% of hydrogen peroxide, 0.5 to |
20 wt.% and preferably 2 to 10 wt.% of water, 60 to 95 wt.$%
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5 tenperature is generally in the range fromO0O to 90C,

$ﬁ tsnperature range from 20 to 50C being preferred.
g3 Br%@sure is generally in the range of atnospheric

' pressure or a slightly reduced pressure to around 10

MPa... The reaction is preferably perfornmed at a
pressure in the range 10 frdm 0.5 to 5 MPa. In the
presence of sulfuric acid al kyl esters the noble
netal catalyst exhibits a high. and lasting activity
& Brméhrand by MO *onoof 0N dicdgin ey ety an™ to

av selectivi 15_aof S hydr er oxi,de fo nat |
?glaﬁkﬁgltg t%E ﬁ g%b gﬁg &Qed”“%ége%'ug%&ag‘%
eoafarabhy %y@@bge@léhdtox@rgbrmobfb @ edii it gl rmwaate

Qﬁapgﬁ'ﬁbﬁ&m@ﬂﬂ§id§uip§t§prﬁ '351T{fﬁﬁgfcaﬁ*§ﬁai nally

nedi a can be used here wh ave lower contents

FBPP deNEHER R P o Jdemcahéll o?fi eoﬁ%@%oﬁ%demm%h@bly
a¢lfsribaf-ig. the case in the absence of sulfuric

acid al kyl esters. The process according to the

i nvention can be particularly advantageously

integrated into an overall process for the .25

oxi dation of an organic substrate wi th hydrogen
?ﬁ#cﬂ@t@ﬁiemmoecmwoibgentoetmajimwemﬁimﬂcwﬁ;hydmﬁmmad

o e
i5cide piopnge et e T
QRM%@%&%@%@@W%&%@%M% oreananse with
RRES GO Spé Fozai GdIbSequentp xd datd ogr 3D ¢ 8aati @-containing

ParthuIarI vant ageou re are sol utions of
ARRYRED fX%%a%e rﬁ% IR RSP It Dridtiess
acoatidiey ¢ Hyte:ogmerpemm cih cenqidrsel 24 Kb wdedbhere

S prelgratly B o 12 .ol IAQUEN. RS UE Lo ane

60 TS W10 102 0B8B tARTIS ofbfhydstdgmulperki:igla olrlGrethanol

Aﬂggddcéﬁmbﬁn&ﬁfgéﬂﬂé&ﬁ%ké%fé)acco;ding to the prior art

they give rise to arn improved selectivity of epoxide

formation and fewer byproducts due to ring-opening
reactioﬁe. If solutions are used which additionally contain

a strong acid, the content of strong acid is advantageously

_ whoily or partially neutralised by the addition of a base,
Apreferably ammonia, before being used for epoxidation. The

epox1datlon can be performed under ‘the reactlon conditions
known from the prior art, for example from EP-A O 100 119,

and with the known titanium-containing zeolite catalysts.

‘The epoxidation is preferebly performed.under the reaction
‘conditions described in WO 027085873 on page 6, line 17 to

page 11, line 26, the solution according to the invention

of hydrogen perox1de in methanol being used 1n place of the

:aqueous hydrogen perox1de solutions used in WO 02/085873.

The invenfion;is illustrated by the examples and

comparative examples below.
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"10-3 mol /I of brom de, and 10-6 nol/l to 0.1 nmol/Il and

preferably 0.001 nol/l to 0.1 nol/1 of dinethyl
0401382t 8° and/ or- nononet hyl sulfate. The sol utions can
additionally 5 also contain up to 0.1 nmol/| of a
strong acid, preferably sulfuric acid. The solutions
according to the invention of2 hydrogen peroxide in
net hanol are particularly suitable for the 10

epoxi dation of olefins, preferably of propene, with

Elpdpogen peroxide in the presence of a

titaniumcontaining zeolite as catalyst. The
sol utions according to the invention of hydrogen
per oxi de in methanol can be used here in the reaction

~ with no further treatnment or additives and 15 in
Eggmpacri don to solutions of hydrogen peroxide in

met hanol  produced by direct synthesis according to

ThBedpkbet Q?hthekhQYWQeVEerféﬁmé@ an 5nEﬁsM§é columnv
Xi de ormati on f ewer roducts

|
rREGESE VLR SR hErhRLaterBaLe ! PP eop PP oRRY A c seahn of

-4Ghieh #@Hdi teaoabkyconprasas28 Aistdoogtaty st bbe with a

o b ETnd o pPPeREh Ly ey R PR OHE S s tiBee

cptelgrapbylanaohivg metelep@etnglesednﬂoxnepbxpdatlohes

: wd8eusROKL 0200 £90 be. DAL RACUII oL ey L AEL LR oo

conditions known fromt for ex
cerdhFEPRA of 189 1189 amdapds whehwehe REewwced by analogy

‘tblDBnlgﬂ}EQn?aBnlGﬁaﬁﬁ@ért@lﬁﬁéaéY§&§n1uﬂh@X1de from

ref er abl nder the reaction
cERR 0, 20 el TS Ao S on e Rk 6 Seft
017 0p5 pagellh- tha&t265zrheSaema&b&nspeagrpamglbmeehe

 chpxenLiony of o hydegges, per o e ngesthagal being usgd

ace of t aqgue rogenp r 0Xi d8°s6l {
l@%é’@l nateo @b/ 085878 berhegnmszedu i ome gsammleetweredfreed |

fgﬁ%ggﬁeeéaﬂpiQﬁma@PacE?B@&%?téafeéﬁﬁﬁ@|eﬁth$&¥§ fine
partlcle metal catalyst powder was mixed with the ox1d1c
support powder The Pd content of the mlxture of catalyst

particles and inert particles was 0.25 wt.

The reactor was operated as a flooded bubble column reactor
w1th a cocurrent flow of gas and lquld at a pressure of -

5 MPa (50 bar) and a reaction temperature of 25°C. A

_ nixture of 98 parts by welght of methanol and 2 parts by

welght of water with 0.0001 mol/l of sodium bromide,

0.01 mol/l of sulfuric acid and 0.01 mol/1 of dimethyl p

sulfate was used as the liquid reaction medium. The llquld

. reaction medium was supplied to the bottom of the reactor

at a rate of 120 ml/h. The flow rate of the liquid and the

" reactor cross-section gave rise to a liquid cross-section

load of 0.6 m/h. At the same time 230 Nl1/h of a gas mixture
con51st1ng of 3 vol.% of hydrogen, 20 vol.% of oxygen and

- 77 vol.% of‘nltrogen were introduced at the bottom of the

reactor. The'hYdrogen peroxide solution that was formed was

- removed together with unreacted gas at the top of the
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* 12 Exanples: Exanple 1 The direct synthesis was

perfornmed in a bubble colum. 5 reactor with an
Uﬁﬁﬁgﬁnﬁp di ameter of 16 nmand a length of 40 cm The
reactor conprises a fixed catalyst bed with a bed
vol une of approximately 80 m. A m xture of
catal ytically active netal paBticles and inert
particles was used as the catalyst. Catalytically
active particles 10 consisting of 95 % Pd and 5 % Au
m@beo@r edugadnby aagl egnt he Qaslshd oA3ForG@eanuhaide the
E?a al um nium oxide from Cerantech AGw th the nane
8fal ox- Spruhkorn, gebrannt 0 - 0,5 mm
A1203- Gehal t  85% (Stemal ox spray particles,"
Afskri npera®ing0tbenmeasl 203 foonéntho88Yy thes hysedggs
cBH@elglothEE Q@terbﬁ tﬁ%f%g%rggbhg %ﬁ%@nd%h%olutlon that

granul es were freed romt fracti on fy
w3gr eRAPHgd TREt&PPTf Pné Wart P&l BYREOSETC BEAN The

'sg@%e&;rm@? fox? dwbtyBnt ﬁ@r@?dl@.'ec fos_«mt@mbh {ﬂ@\é}jall fThe
’ conten 0 e mxXx Ure (0] ca S arti c S
PR Upart BPEEGEEToNYETRES BB e PALE 0P T Lty Was

10pér at BegbAaY ay fHdodéd bubbl e col utmm reactor wi.th a
cocurrent flow of gas and liquid at a pressure of 5
“MPa (50 bar) and a reaction tenperature of 25C . A
m xture of 98 parts by wei ght of nethanol and 2 parts
by weight of water with 0..0001 nol/1 of sodium

ExpBRiges d50toageogding 6P &bef dpvenddicd)and 0. 01
mol /1 of dinethyl ~sulfate was used as the |iquid

- Ekﬁﬂ@lbom wedi wapedhed, i guitdnor eaakitaR1MedilyEwasas added:

gglled t .t he bg&ﬁon1of the reactor at a rate of
il FRASTHE FPOwW'Tate of the liquid and the
reactor cross-section gave rise to - a liquid

Attessopecrtidng3@hkoadacto®. Gom B4 Avulrise tdhambydinmge230

E%Qgrgioﬁ g%gngXBugﬁd ER%SB§H'§%e%fp%£H¥ldé’% clution that

drogen
was re%oved contained 3. 12 wt.% of hydrogen peroxide. The

selectivity of hydrogen peroxide formation was 64 %,

"relative tO'unreacted hydrogen. -The oatalyst activity was

8.5 g H0» / g Pd * h.

Example 3 (not according to the invention)

" Example 2'was'repeated, but the concentration of sulfuric

acid'was reduced.to.0.00l mol/1.

,After‘dperating the reactor for 24 hours the hydrogen

" conversion was 45 % and the hydrogen peroxide solution that

was removed contained 2.25 wt.% of hydrogen perox1de The

" selectivity of hydrogen peroxide formetlon was 46 %,

relative to unreacted hydrogen. The catalyst activity was
6.1 g H0, /g Pd * h.
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* 77 vol . % of nitrogen were introduced at the bottom of

the reactor. The hydrogen peroxide solution that was
G438 As  renpved together with unreacted gas at the
‘top of the 040385 AO 13 reactor in such a way that no
gas cushion formed inside the reactor. After
operating the reactor for 241Aours the hydrogen
conversion was 49 % and the hydrogen peroxi de sol ution
that 5 was renoved contained 3.8 wt.% of hydrogen
mengiclel The selectivity of hydrogen peroxide

formation was 71 % relative to unreacted hydrogen.

e catal yst activit s., 10.6 02 /- g Pd * h.. 10
Eg%én@p % X“I(ansotreéjcecaotr%’\r,n\gmtto ”t%es"?lr%_}llz 5 &c%cgffi?plaéjdlfd to
thees negpuddtced nalitumard! ndtechydorsdritatad: was cd dbehe tihy 1

: .%d}%hart%a%&ifgrﬁ%éggd%& Qf. @PefAtjng the reactor for

ours t rogen conversion was 45 % and the
hydr ogen peroxi de solution that 15 was renoved

Lo e 23 11 W TS dhrdt dgeh Jfedt@itde thpdrydrogen
apheatdi\od waaf 4ty d egRN PR IXide daf FRIdBN AR sH4tHon that -

relative to unreacted hydrqgen. The catal yst activit
i P SRR M ISE as At S B R B e

sedeartdivig vt @ f ey drogent ipemo xExEnycerni tviasy mweyze atde d,,

t. r.atl on furi [ r Q.
e g Rt (AR AR e BBV RIS B
12hé Wy diBgen 9 crhverki chhaesa sl pstamict el tydrmgen
R 48 SOl QR rideRln é%i"o‘ﬂﬁ%er SR iGN LRI nZNndRged
W . % of hydr rorg%n‘ peroxi de. The selectivity of hydrogen
SYERORTFE T dndOVGF s TAEYPT OReAFHIO™-0 unr eact ed
hydrogen. The catal yst activity was 6.1 g H2Q2 /- g Pd
* h. - - ; : . _

A comparison of Examples 1 and 2 shows that in the presence

0f dimethyl sulfate a higher aCtivity'ahd seleétivity of
‘the catalyst for the fqrmétion of hydrogen peroXide was

achieved thah in otherwise identical-conditions without the
addition of dimethyl sulfate.

Example 3 shows in comparison te Example 2 that in the

hydrogen peroxide formation falls sharply with a reduced
acid concentration. Example 4 shows, by contrast, that in
the preéence of dimethyl sulfate, even without the additidn
of a strong acid, a high selectivity of hydfogen peroxidé

formation was achiéved.
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© 30 040385 AO 14 Exanple 4 Exanple 1 was repeated, but
no sulfuric acid was added to the reaction nmedi um and
ntration of dinethyl -sulfate was increased

to 0.02 not/l. 5 After operating the reactor for 24
hours the hydrogen conversion was 49 % and the
hydrogen peroxi de solution that was renoved contained
4.0 wt. % of hydrogen peroxide. The selectivity of
hydr ogen peroxide formation was 74 % relative to
Qinrieact ed hydrogen. The catal yst activity was 10 11.0
g H202 / g Pd * h. The catalyst activity and
selectivity of hydrogen peroxide formation were
unchanged even after 72 hours of reactor operation. A

~conparison of Exanples 1 and 2 shows that in the . '
Ior eséndaroces soff g paoRiIcisg fadeoe gesiozdds vt yeanting

sel edtjomidgerofand ReyeRhaliys e Heop e d@r it i:0md¥ie metal
hydr ogen hi eved than jn otherw se

peroxi de was .ac .
i dentG AL YESndi Poria i th GO AN of | di et hyl
sul f atterei20 Exanple 3 shows in .conparison to Exanple
2 that in the. absen f sul.furd.c aci d al kyl .ester
Che bRt Ton s Bedro4an tharbiiite LRSI 8 &'
shar piut fwirtile. aciedaedéyl asitérmconcentrati on. Exanple 4
shows, by contrast, that in. the presence of dinethyl
sul fate, even without the addition 25 of a strong
acid, a high selectivity of hydrogen peroxide =
Z-or mAtiCORTRES SEcRSe Féa i M640385 A5 L. aims 1. A
processrkan. produci ng hydrogen peroxide by reacting
- the sulfuric acid alkyl ester is.a sulfuric acid
dialkyl ester, a sulfuric'acid‘monoalkyl ester or an
alkali metal or ammonium salt of a sulfuric acid

monoalkyl ester.

3.  The process as claimed in claim 2,

| wherein S
the alkyl radical in the sulfuric acid alkyl ester is
chosen from the group cohsisting of methyl, ethyl, n-

propyl and n-butyl and is preferably methyl.

4. The process as claimed in one of claims 1 to 3,
. wherein ‘_ |
the reaction is performed in an aqueous, agueous-—
'organic or organic reaction medium containiﬁg a

bromide and/or iddide in dissolved form.

5.‘ The process-as ciaimed in claim 4,
wherein o ' _
the aqueous-organic or organic reaction medium' 7
comprises a solvent ffomfthe series conéisting of

methanol, ethanol, n-propanol and n-butanol,




hydrogen and oxygen, in the presence.of a noble netal
5 catalyst in a liquid reaction nedium wherein the
04038Fi BR is performed in the presence of a sulfuric
acid al kyl ester.. 10 2. The process as clained in
claiml, wherein the sulfuric acid alkyl ester is a
sulfuric acid dialkyl esterlga sulfuric acid
nonoal kyl ester or an alkali metal or anmmoni um salt
of a sulfuric acid 15 nonoal kyl ester. 3. The process
as chakfedabMyChatAkiol.Wherein the alkyl radical in
the sulfuric acid al kyl ester is 20 chosen fromthe
group consisting of nmethyl, ethyl, n- propyl and
n-butyl and is preferably nmethyl. 4. The process as
6cl ai Mbd pmoomesofisctanmmel tto Bne wiietbenp2&celéeng claims,
reactjan.kg perfornmed in an aqueous, agueous . organic
or organic reaction nediumcontaining a bromde
‘,and/@geiéaaaéipn dpspefedamedr ith, aTRenpeypedesiys gas
cl ai gedtliReCk-8hM4nindOnyheren bhe aaygeus- organic or
organi c reaction nmedi um “conprises a solvent fromthe
series consisting of nethanol, ethanol, n-propano
~and n-but anol,, 040385 AO 16 preferably .nmethanol. 6.
- 7The phecpsscasschai nkdimrdone ohet bé phecediengddhai n8ains,

‘Mherghgrein

'the_noble metal catalyst comprisés metallic-palladium

on a support.

8.  The process as claimed in one of the‘preceding claims,
' wherein B ' ' " o
the reaction is_performéd in a reactor in which the
- noble metal catalyst is arranged in the form of one or
'more fixed beds and a gas mixture containing hydrbgen'
and oxygen is passed-through'the reéctor in such a way
‘that ét n8 point is the surface of the reactor
'-perménently in contact with the gas mixtu:e being

passed through the reactor.

-9 A hydrogen peroxide solution, comprising

2 to 15 wt.% hydrdgen perokide,

0.5 to 20 wt.$% wéter,

60 to 95 wt.% methanol,

10™° to 107 mol/l bromide and :
107® to 0.1 mol/1 dimethyl sulfate énd/or'monomethyl

sulfate;

'10. A process for producing epoxides by reacting an olefin
with hydrogen peroxide in the presence of a titanium-
contalning zeoliﬁe as catalyét}

wherein -



"5 the reaction is perforned with a non-expl osive gas
m xt ure contai ni ng hydrogen and oxygen.. 7. The

QABES RS clained in one of the preceding clains,

- wherein 10 the noble netal catal yst conprises netallic
pal | adium on a support. 8. The process as clained in
one of the preceding clains,i7wherein 15 the reaction
is performed in a reactor in which the noble netal
catalyst is arranged in the formof one or nore fixed
beds raRE RredPpdHodidee 1GOMRIANIIRY thedRaan ofaRd s@AY#edn as
s pa sedetépr,ou the reactor in such a way that at
no p&tss tiffe ce of the reactor 20 permanently -
in contact with the gas m xture being passed through
the reactor. 9. A hydrogen peroxide sol ution, ,
conprising 2 to 15 wt. % hydrogen peroxide., 25 0.5 to
20 wt.. % water, 60 to 95 wt.% nethanol, 10-6 to 10-2
mol /1 bromide and 10-6 to 0.1 nol/1 dinmethyl sulfate

~and/ or nmononethyl sulfate. 30 10. A process for
produci ng epoxi des by reacting an olefin wth .
hydrogen peroxide in the presence of a titanium
containing zeolite as catal yst, wherein 040385 AO.17

- ‘hydrogen peroxide is used in the formof a solution as

~clained in claim?9. :




