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the preparation of such an aqueous hydrogen peroxide
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| ndustrial 15 Chemistry, Electronic Rel ease, 6th ed.
ﬁﬁﬁiﬂ%ﬁf "‘\‘?ZF rfieitfh 3 Pracessodor tbag:é“enar:ahﬁerca? altly an aqueous
t h k process conprises the
ggﬁrgﬁyngﬁgggggg%gg€ﬂﬁbdrogenation of a worKking

sol ution conprising an organic solvent 20 or mxture

gani c sol vents, and one or nore active

A RHOG 04 BN dAMeREIANA: (b) oxidation of the

SIS0 B 8 BE BBl KRBy the et
kaowr an@fragd) napicapiddess NG\ Qtﬁr\ﬁeg;aoﬁ’tyé %ﬁpa@ﬂgﬁﬁ%}w%ﬁ and

hydr ogen peroxi de sol ution; (_ ryrng o !
é!g? W%%W%fm%dﬁé@tmsitmg1mm1(|fe. Gewendl Bliepnelnng, S.

(+f:1, cat.j f olhe wor ki sql ution. For each of the
gg%(é/bé'dﬁ}s‘)tdfﬁ%%% B?%@@?Ké ﬁhi@@ln ﬂéwpi oRedAa raft dndusseial
Chemistry, Electronic Release, 6™ ed. Wiley-VCH, Weinheim June 2000,

page 14,. Generally, the anthraquinone loop process comprises the
following steps:

(a) Hydrogenation of a working solution comprising an organic solvent
or mixture of organic solvents, and one or more active
anthraquinone compounds;

(b) oxidation of the hydrogenated working solution to form hydrogen
peroxide;

(c) extraction of hydrogen peroxide with water:

(d) stabilizing of the extracted aqueous hydrogen peroxide solution:

(e) drying of the working solution after extraction: and

(f)  regeneration and purification of the working sclution.

For each of the above distinct process steps, the Ullmann reference
discloses numerous different possibilities.
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30 discl oses nunerous different possibilities. WO
2004/ 028962 PCT/ EP2003/ 010558 2 Crude hydrogen

WOL084P24825 0] ut i ons or concentrated hydrogen petGEHERRE03/010558

sol uti ons obtai ned fromthe ant raquinone process
contain a plurality of conpourfds in addition to

[ [ [ . Th
SR TRACOE L Pel ik Wa%q%@féétcéﬁéérﬁgéteegé§§fogtea peroxide
oURYS e PR OHIdP sahitransi o3 X bydtagen peroride
ST aoRanet ol W bt rERadirBod VRS Zaetiip Ratluratity of

pleapeundShity addet Tomi 0 Yhydeoted SeroRPUAFnSP&E cBRcdnitkStions. These
carboxylic acids, alcohols, carbonyl coppounds and
HOMRAUTds e £1ther dvpurisiesape addatbresr bike sbalfiddners.nThe

_ : . i For |
AR e OMRERIE THRE B oM atted Bom e mopking otution
iinto Hheabmesus diagei hﬂh_@{rﬁr‘é? i1 ?rfon%térogg'f‘%rs species Tike

tai ning conpounds |i ke am des” and ure
(qugfql?%lﬁlaﬂ'i% ?%%iggga?déom".s » Pearborydl aohpoupdefaexr amiinak e These

; : i ke,tetrabutyl urea., The use of _
RRAARLY e, B oI S5 ShiE scomBts ial Budnosre peroxide
gohdabky] or dial kyl especially nonobutyl and di butyl

amnes in the final hydrogen peroxide solutions. For
exanple the comercial hydrogen peroxide solution

i.lable.from ussa, AG contains up to 200
B P Am S haflebet neriey o iehe thas SeoRomRg wsisgit ot above
' : endi finpal,.use aq

Chtranien ppeexs dee, AbrBRACEAIA A bR V3 il anc
giornsu Esecaddimanon aliprnaupade 6?1IH&ﬁtfﬂu&@ﬁﬂy-Ppé*é#?édtd}e_tetraa]kyq

btain., the r ifed specification for the respective
ﬁ'%eeaso?“ien@emﬂz)ﬂgﬁtﬁ"‘eéermﬁil@@ ablthesersolgents result in amine
impurities 1ike monoalkyl or dialkyl especially monobutyT and dibutyl
amines in the final hydrogen peroxide solutions. For example the
commercial hydrogen peroxide solution HYPROX® available from Degussa AG
contains up to 200 wppm mono- and dibutyl amine based on the weight of
hydrogen peroxide.

Depending on the final use of the hydrogen peroxide solutions, it is
also known to conduct additional purification steps in order to obtain
the required specification for the respective use of the hydrogen
peroxide solution. |

For example, DE-A 100 26 363 discloses a purification process for
aqueous hydrogen peroxide solutions, whereby fhe solutions are treated
with an anion exchange resin, a nonionic absorbing resin having a
specific structure, and a neutral absorbing resin also having a specific
macroporous structure. The hydrogen peroxide solutions obtained ‘in this

way are substantially free of cationic, anionic and organic impurities.
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For exanple, DE-A 100 26 363 discloses a purification

vﬁ%ocess for aqueous hydrogen peroxi de sol utions,
%qﬂé/ﬂﬁﬁgﬁ’ne solutions are treated wth an ani BGI/EP2003/010558

exchange resin, a nonionic absaybing resin having a
specific structure, and a neutral absorbing resin also

[ speci fic .30 macropaqrous structure. The
E%‘" %’S%f% p eoiphihga{s Lﬂﬂeopgrtéﬁlt’]eﬂf‘ﬂédlﬁeﬁul Hinsmi erag | eateonics
sapp3tedttions ] y free of cationic, anionic and organic

i mpurities. WO 2004/ 028962 PCT/ EP2003/ 010558 3
Therefore, the solutions are particularly useful-in

SERETTbC %0, 398 dsé6lascs s ovoqess for aurohication of
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38 s dsavwBRcK Ogé?ﬁéﬁgil{,ﬁ%tngg%ﬁ is that the

purification s R&%ve and can
therefore, for econonm c reasons, not be used for the

eparation of chem cal mass products |ike propyl ene
EE&‘? ?‘%ﬁf&t Ak rs¥sh detheds: Hshthgitl YheppurfHiedttordre St remely

I | g bstantially f f '
SR 0 o e 0 il et o
pmsstiy 9 gk U AR PRl BN rurcerore,

especi al 'y highly concen et
SHUHIGHY pwriTéed diyyrogems peroxifis aol ERrohs LE% Ststahtid1Sy free
gpgmqoﬁgggﬂfr% egg cgg e converted by hydrogen

peroxi & FARNEGHAA perhates andi nifimaties dbat airei mressary
P@olhé &thb+ : |y Since, then, man

i nvest | ggtﬁTl %%gge/m&? r?fr e u%g%%a t%gqqff%agfi? Qééhe'é’f C@qgg}/ltr‘ated .

hatgigpger pevsxidassalutaeisdifer aadet PPbgsGRIPOUNds ei t her
during preparation of the titaniumsilicalite
catal yst or their presence in the reaction

From EP-A 100 119, it is known that propene can be converted by hydrogen

peroxide into propene oxide if a titanium-containing zeolite is used as
catalyst.

Since then, many investigations with respect to the effect of the
addition of basic, acidic and iomic compounds either during preparation
of the titanium silicalite catalyst or their presence in the reaction

mixture on the activity and selectivity of the catalysts have been
published.

From EP-A 230 949, 4t +is known to neutralize the titanium silicalite
catalyst either prior to its use in an epoxidation reaction or in situ
with strong bases thereby introducing large amounts of alkali metal or

alkaline earth metal jons into the reaction mixture. Said neutralization
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' I Vi ivity of the
25 mi xture on the activity and sel ecti vi _
catal ysts have been published. From EP-A 230 949, it

' ' ' ili ' T/EP2003/010558
WQ,29¢ %% 0 neutralize the titaniumsilicaliteC

[ [ [ [ oxi dat i on
catalyst either prior to its u in an ep
react?on or insitu 30 wth s?fong bases t hereby

[ DPEHC K cal kali tal or alkaline
o) gt b Rl e ansolet viay tmthe desired

o de i 010558 4
Timloxide ifona Wat2R Q06962 PCT/ EP2003/ 8
?ggulted in an increggg in activity and selectivity to

the desired olefin oxide in a batch process. The
' L.n; ER: 3, h ver, show that in a

TR et T ER L 73 32 chwgie; ishoe cihet i abtont 1nuous
Comomdrhe Shov s N el It B Sauhfdl

durjng the reaction. ThereFor , T u . (
PP‘éH'ta%fiF@ eai el ot omduoingt theoreattiond Tﬁéﬁeﬁﬁ%)’(l 'fjﬁa%oghggested
E§aG PN L Peutral or acidic salt. The ‘ _
experi e a#a%ﬂtyﬁ iR18P-IR t?rsﬁuommt (tbm;]ego?d&etlgta? vr??Chiosn with a
oy eased T Ut The e A0 eREET Bata Rackfa b aphrasatirn
kAt Ry aa:@dtiqrronfaieuarwmﬁ.acaugc |SE§F§i tzézfgget%:é@ﬁ#t iis increased

int cata f
e Ui HRTPI Y 15 ofesherackeed companed thehe asdaiyron 08 a base. But
] [t || t he, experinments ]
Vore, onice rmY, S eefiPles HRORIpLHae cPRalRt ois Sested with
Yikosa l priomttoctity epadtios aing! t caﬁéwg% ﬁgéueﬁﬂd'slurry form.
urs ich 15 is by no neans acceptable 10

Waﬁngaﬁ’ir, 3}“80@%”'@%5 |were yon1EPrun T2 %auﬁﬁ@gﬁ%gerthe] ess
mh@&hp¥h&ﬁﬁfﬂF'd% Spoxid tion process catalyze _

by ti'tani um Si ‘ﬁﬂll ch?(plg i i CR TysEsagidutios aﬁt&mﬂ-llmz,tsﬂsc which
'saby rohmeara actdptable for IACIRARER v bhoddlg exam®

[ Stirred
are run in batch 20 operati on node _
catalyst slurry for one hour. Although it can be

SRV P Ao B BLesSplcE, af non basic sal Lo Ty o
PROCHSE tatiad yped bRt 1 taR\n silicalite in the presence of a non-basic
salt the selectivity is ‘increased. Al] the examples are run {n batch
operation mode with a stirred catalyst sTurry for one hour. Although it
can be confirmed that the presence of non-basic salts may have a
positive infiuence on catalyst selectivity in a short term experiment,
it was discovered that even if non-basic salts are present in a reaction
mixture for a continuous epoxidation reaction the activity and
selectivity drops dramatically over time. Thus, the teaching of EP-A 712
852 does not Tead to a reaction system that can be economically employed
in a continuous epoxidation process using hydrogen peroxide in the
presence of a heterogeneous catalyst.

In WO 00/76989, the influence of ionic components in commercially
available aqueous hydrogen peroxide solutions that are used in
epoxidation reactions as described in the above prior art documents is
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it was discovered that even if non-basic salts are

gresent in a reaction mxture for a conti nuous

POHIHn reaction the activity and 25 sel eRGWER2p03/010558

[ [ hi ng of
drops dramatically over tine. ¥£us, the teac
EP- 2 712 852 does not lead to reacti on systemthat
i_n a continuous
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shabtkizens 4o redusel Iadzlaedmuem pbyAIi9H 3F Hg&r%bﬁiperoxme

t used in epOXI dati on reaction
g@btﬁr&g fttrl}'%t %%rc pae H‘r itbe above dudonertsdocsm¥®s, WO 00/76989

d d. lonic
oyt Presaftd o DT coBRoehES itk Fha seactios mixture -

suasedivoe dimbeavedbdan addelll ablseaBASEHS tHYARRBRNA hvarogen

d olutions as stabilizers to reduce
Eer%%; f"soﬁe’fd’f""mi'@ﬂ o’gieﬁhgehmgl term s@mtiﬁﬁ:y 119 at Béntinuous

t
Ti Tl i e ol e
ﬁ?C‘S"' Eﬂighﬂﬁéh?l”“ﬁﬁdbﬂtf?’ﬂf 48,203 BB 1o ot osments
%@} Qp% repetigns muneingalp tm 86 Hoorg weps fﬁoﬁ&u&‘éﬂ' Midwing that

I it taly
L B oBROR s B ERRENS Houl AeR D8 reb tharcd0G g the
et o G 8D OB MG o ot suoesta

docunents 10 cont’i nuous reacti on

%Pe@o“ﬁeﬂ@nmnd{medts Woow myd#dieh pé rfoxht%“sﬁi L?l%ﬂ?r}.ﬁ%?‘ to use
re in unt of nore than 10
ﬁ%ﬁa&@% 1@@@@@ 1\9p§ Yi Beansdot dgn ex;:hsngers tMursove;]rt SWO
no oni c .conpone
T o Ty G s HEHECIMRETY cofpdES pwdoﬁmwa ouj4 be’avorded

K Corcumstarices nssinby RS Tofbodri 88P%hSundesired side
Ué @ i WD 15 00/ 76989 teachesbt hat ]garxfmm um

ngﬂlgfgi\éeé% %Ha%ﬁn%ﬂﬁ apemicg| dezmémwmwdéld tlhengﬂ?e@fm efin oxide,
AEEEE(%}S%;FV?{: gcﬁ‘l' gcﬁb&f@f@?@@@? tp, eggmﬁ'pggnent in long
term e ecrlsmntyftdnb@ré‘doté'fﬂ:%eoélﬁfvb”atoc’f' Bis improvement is still
insufficient for an industrial scale process. fFurthermore, this
improvement can only be achieved with the complicated - and both in
terms of ‘investment and process costs economically undesirable -
additional process step of jon exchange. Last but not least, removal of
stabilizing jons 1ike phosphate and nitrate from the hydrogen peroxide
solution makes the process more hazardous and additional measures have
to be taken to ensure safety during the entire process.

Contradicting the teaching of WO 00/76989, WO 01/57012 discloses that
the use of crude hydrogen peroxide solutions directly obtained from the
anthraquinone process having large amounts of, for exampie, sodium,
nitrate, phosphate, and organic impurities, is superior with respect to
product selectivity compared to highly purified hydrogen peroxide
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Al t hough the teaching in WO 00/ 76989 | eads to sone

' ' I Vi d to the
i nprovement in long termselectivity conpare
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f sodi nitrate, and
BB et TS it3aElased. ibecexampyes ahoucs sdtdptyse bosess that

ivity and selectivity
of ihaaCed ) o' 9 o BR%bR O BVdrosen raroride ohEbierifter tuo
horoin ary ron, PoReARTALEE SERCETHH SBRRIBEE Bt has ot
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fodC del b e P on Pr L ORBALion avai ] able ir W0 01/9290s.

DE-A 199 36 547 discloses a continuous titamium silicalite catalyzed
process for epoxidation of olefins with hydrogen peroxide whereby the
conversion is kept constant by increase of reaction temperature and
adjusting the pH of the reaction mixtufe. In a Tong term experiment
(1000 hours), it could be verified that by adjusting the pH the increase
in temperature and the rate of increase could be reduced compared to an
experiment without pH adjustment. But conversion and selectivity were
the same, irrespective of whether the pH was adjusted or not.

Thus, the object of the present invention is to provide an aqueocus
hydrogen peroxide solution that can be economically produced, that can
be safely handled, stored, and shipped, and that is suitable for the
epoxidation of olefin in the presence of a heterogeneous catalyst and
ensures improved Tong term activity and selectivity of the catalyst.
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i nprovenent with respect to the reaction rate
conpared to conpounds w th am nocarbonyl 15
functionality having no hydrogeh atom bonded to the
nitrogen atom long termactivity and selectivity of
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5 @&hbﬂsﬁﬂ% the pH of the reaction mxture. In a |long
term experinment (1000 hours), it could be verified
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an 25°RdBRtinBst tharenbuin petaid ustempattivBUlhaPRK LS Afkali or
I rrespective of

and seliegtl vi wer the sane, |
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iaf) t NiesprE&senso i i QR [ agueqQus
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wherabyt Ll wppm aref bassd o APR! weidher 6F | i
aqueous hydr ogen peroxi de sol utqhgn E@g’gé )l'i Q@ﬁ’dﬁaﬁ)
l ess than 50 wppm al kali netals, alkaline earth netals
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- pmoeessnfori hhe Arepavati bk a8 SSridn, 50 i
s an o RIS SRS b5 Seorcing
tojheartheasminong loompooatssdlisalreandsein total ; and
iii) at_least 100 wppm ani ons or conpounds that can
MR seesuidhasped, them is provided a process comprising:
, (a)_ hydrogenation of a working solution comprising an organic solvent
0 | or mixture of organic solvents and one or more active |
- anthraquinone compounds,
(b) oxidation of the hydrogenated working solution to form hydrogen
| peroxide,
(c) extraction of hydrogen peroxide with water,
25 c
(d) stab111zzng of the extracted aqueous hydrogen peroxide solution,
(e)  concentrating the aqueous hydrogen peroxide solution to a
concenttation*of hydrogen peroxide of at Teast 50% by weight based
og the weight of the hydrogen peroxide so]utidn,
, E(f) drying of the working solution after extraction, and
0 ‘ - '
| (9)  regeneration and purification of the working solution,
whgreby during the entire process neither alkali or atkaline earth

| meta]s nor amines having a pk, of less than 4.5 or compounds forming such
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anions in total, whereby the wpopm are based on the

wei ght of hydrogen peroxide. 15 This inventive aqueous
hydr ogen peroxi de sol ution can be obtained by a
process for the preparation of g he hydrogen peroxide
sol ution according to the anthraqui none | oop process
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nore active
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concentrating t

1I:? eroxi de sol uti on, e)
fzucﬁ s Ws'bllo gr%qﬂ'ep%f@ﬁ"ﬁ%s §@I"u[‘9cﬂ1pl%0§ T%Gnﬁmﬂbﬂaﬁh@mthe
%
on { Lo EEMRnARE B onRted cohBBidso Btabt ut i on. - (1)
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€ Wor

re neratl on nd puri fication of
a&glbﬁ%g@rp” %6?1 XFE'OQEQ paokide.pr ocess neit her

I|1 al | ne earth netal s nor am nes having a
gﬁ 18¢ OF%‘% a#e ™ psrefidectplutingsisfparticogadyaduitable for use in

duced
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t resul
cathkpdti netals, alkaline-earth petals or conbinations
thereof in total, irrespective whether the al kali or

5 al kaline earth nmetals are present in cationic or
lex form or ii) 50 wppmor nore of am nes having

Inaaﬁ E%ﬁsﬂ’%@sthﬁmmsmﬁvuied ke userofehpenflidims hydrogen peroxide
So%ﬁgonat&df ounds n_total;
A5 &finsd BBove and of the aqueous hydrogen peroxide solutlon

obtainable by the process as defined above for the epoxidation of olefins.

It is a surprising result of the present disclosure that a hydrogen peroxide solution

- fulfilling the above-specified requirements and can safely be handled, stored, and

shipped, can easily be prepared with an economic process. Furthermore,

| surprisingly, this aqueous hydrogen peroxide solution leads to an

improved Tong term activity and selectivity of the heterogeneous
catalyst in an epoxidation process. Consequeht]y, the overall economics
of an epoxidation process could considerably be <improved using the
inventive aqueous hydrogen peroxide solution, since the solution itself
can be economicaily produced and leads to-reduced deactivation of the
catalyst so that the operation time between regenerat10n cycles 1in the
epox1dat1on process can be increased.

Depai]ed Description of the Invention:

It is the merit qf the prese_:nt inventors to have recognized, contrary to
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econom cs of an epoxidation process could

consi derably be inproved using the 25 inventive

aqueous hydrogen peroxi de solution, since the solution

itself can be economically produced and | eads to

reduced deactivation of the catalyst so that the

operation tine between regenerati.an cycles in the

epoxi dation process can be increased. 30 Detail ed

Description of the Invention: It is the nmerit of the

present inventors to have recogni zed, contrary to 8a

the teaching of the prior art, that the presence of =~

al kali and alkaline earth netals above a certain

limt are detrinmental to the activity and selectivity

of the catal yst enployed in epoxidation reactions of

ol efins. Moreover, the inventors have recogni zed that

- in addition to alkali and alkaline earth netals if

am nes having a pkg of less than 4.5




10

15

20

25

30

WO 2004/ 028962 PCT/ EP2003/ 010558 9 are even nore

wehh | to the activity and selectivity of the
cattkgggkéand therefore their content in hydrodél/EP2003/010558

per oxi de solutions that are usgd i n epoxidation
reactions of olefins has to be Tarefully controlled

| h h hand
5 OB TRBRA ST SRS o
f catmpignt )andsméréfbr%t Bl i é&iteﬁﬂzﬁPﬂgd#%?@floﬁ%x de solytions

p rOX|de sol utions, have no or o &'
athare&sedi ‘tryemmdg‘embremmyns)foﬁ blaemmxlnatatoq:na carefully

‘?‘*f@‘“f‘ﬁe& Po P R REEpe Spedii g@ﬁé&rﬁﬁ&e Prokhe feahet hagg. anions
Stiel posppee 9! Pratec! thie ALUEURRINY 08N BUOKI e

10 sol ution, they should be present
aafieaus hytregen B@W"d@@mumﬂﬁsbdm@ ﬂ@ drhenyevery ]Eﬁ:ﬂe effect.

t th | ut Cont

e 0 e DN g e St Bty it cpmgidatiien wsbalyst Since these
d bt d f

?n“t"ﬁ‘?%qa‘ﬁ.*n“één‘%%?@?if@f;'t‘%% P8 PR TGS SO sgrety of

thﬁédhmgunstmﬁngl lemidi siniphahe oana]earaqm:; Rdriod eng;e?ls ide

H ow 4.5 the use of purified hydrogen per
e ¥ 1oBinstheihaheuldnbe duesertin e (S tohd1 twinglanantorf at Seast 100

I
3Bn SR onr eBE weBhE o BB B a o ReroxT o4 o sobytfon.
ol efins. 20 Al though an anount of al kali or al kaline

ggrth nmetals of less than 50 wppm based on the wei ght
NERATY obfe thgebanchig ioff thee petdruairbn riestherc thotall 6f crude

blch el R0 PR o e R rome Py one process
WG?B}muﬂ:h@érﬁ'éTW%htﬂ‘dﬂ‘?ﬁ@'%et Gnof gt/f%’f; %Fﬁéhcﬂﬁgﬁé ?rtlci] amines

long termactivity and sel ectivi
Bavingr a pka belew 4 t5r norurthe useeoflqiurt fredt alydefdeRCherRide

havin of less than 4.5 on the long term
?@@3?9@1 gngheﬁmnaec?qw@g, tor the, metal cations also the stabilizing
anions have been removed, are suitable for an economic process for
epoxidation of olefins. ‘

Although an amount of alkali or alkaline earth metals of less than 50
wppm based on the weight of hydrogen peroxide ‘in the solution is
acceptable, it is preferred to reduce the amount of these components to
be less than 40 wppm, more preferred less than 35 wppm, in order to
further improve the Tong term activity and selectivity of the catalyst.

So far, in the literature, the detrimental effect on amines having a pkg
of Tess than 4.5 on the long term selectivity and activity of an
epoxidation catalyst has not been recognized.

The effect of the presence of such amines is even more pronounced than
‘the effect of the alkali or alkaline earth metals. Therefore, it is
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epoxi dation catal yst has not been recognized. 30 The

the presence of such amnes is even nore
pronouncea than the effect of the alkali or aMtd/FH803/010558
earth netals. Therefore, it is 2004/ 028962

PCT/ EP2003/ 010558 10 particularly preferred to reduce

t ' | f ol than 4.5 i
e Suee 1 PreTReer ol edRact R Anding,of R beharing o ok, of

| éess thhart.501mkhen aquesiie raHFogdnepsrd ,
pﬁﬁﬁ{ﬁarﬁ ed | ess than 20 ket %ndﬁrmé(?a@prsé UEITiD JOEST to Tess
t

wppm
YihBm PisdeERPlonTesse than P8t werm, Sndredpreeferred Tess than 20

, . ; oy det b |
PRES B st DePrdd. 1% EDAS A0 weoh. cBisedaan ithe weiant of
chydrogset pesoxide i adenss @fio@l Kyl am nes, especially

secondary and tertiary alkyl am nes. 10 Anot her
surprising result of the inventors' investigations is

t - a1t 1.1e vi ng, .a_.pkg bel qw 4.5 above

ce tgﬂﬁilfrrggﬁﬁg%agn’i? !}gﬁlﬁ "VFEHLP@Q SHECEbrigyt of rbhe
aapoxd détyi oanch il ee tik vy ' ' catal ys
the addition ofy_at leegﬁséf/ pg%%éd\%gpgnpgﬁkggtsaﬁ%avg?%e%aﬁ1y
piegoBeanyt and tesbiarysatkydvamiriespr ove the | ong term

activity and selectivity of the epoxidation catalyst.
Thus, according to a preferred enbodi nent of the

Aneskayt suRYEREh g roxide .
sol uti on mt al %’g'eis%h:eggdl él gﬁvg%%gagﬂvgﬁagﬂtmsoﬁs that
B $beughaaningsahpkiogod piy bedewtd. 4. Shover cdi@in amounts dramatically
?%r&esggndfog‘g %otona.t ed conpounds in total based on
UG tha ek YGEN aner sxiesdivitiyeet thasemoxtdytm
eht i ' prgocess far preparation
o ?E’é py o adERoff 87 B8 1Sl ihh oo dReSTiRAng 8 pk, of at
gdsbdeh @mnotipteve sileUt by tak ' i
gr odudc%i,on of the soluti o“r::pandm ﬁ&%;ﬁtﬁ'g@&)%wmwty of the
poxidation catalyst. Thus, according to a preferred embodiment of the
present invention, the aqueous hydrogen peroxide solution contains in
addition at least 100 wppm of bases having a pks Of at Teast 4.5, or the
corresponding protonated compounds in total based on the weight of

hydrogen peroxide.

These bases may be either introduced during the process for preparation
of the hydrogen peroxide or may be added to the hydrogen peroxide

solution at any stage between production of the solution and final use
in the epoxidation reaction.

Such bases are preferably present in the hydrogen peroxide selution in
an amount of at most 3000 wppm in total, more preferred from 150 to 2000
wppm, particularly prefer'r'ed from 200 to 1500 wppm, and most preferred
from 300 to 1200 wppm, based on the total weight of hydrogen peroxide.
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25 in the epoxidation reaction. Such bases are _
Sbdfo present in the hydrogen peroxide sol ution
\?drs} aaagrﬁ%unt of at nmost 3000 wppmin total, nBld/EF2003/010558
preferred from 150 to 2000 wppyy particularly
preferred from 200 to 1500 wpopm and nost preferred 30

f sih BRS: e total weight of ]
hydr ogen Stpgr%ﬁgé%Z%%ﬁg%ggéﬁ %ﬁﬁ%@@@@?%l@@‘g@mdes having
1a fhyoif bsiesshre Sor efganablhydsekiehtted hapy 83K, or at least
a)%n es_and aqryn}gﬁ s having a pkB of at 1east "4.5,

0 '&gnP‘EmCWSr %R oxy ankize; Nk Hsopardticutady preférred.
ammoni a and hydroxylam ne. Amonia is particularly

preferred. 5 1t is a particular advantage of the

piedend paytiagden quvaatadteof Anat pREsent mrﬁ%@gér&ﬂﬁe bEo1ution

pr.esent. in the usual stabilizing anmou
sthali R iAns Cahberhresert gnethe abgl astybKiiadngfamounts. These

2 r .ons i ke - orthqphosphate, hydrogen
O ARy o2 VAhRcHH bt antons 11k
rartthegiesph&telhp kAR HosBY ' d
t h%t aljc’:anpdi ssoc?(gtog ??Htoﬁgh&%yg@o@@ﬁo%ég{ Bﬁ?%gtgd]l %ty F?RJ‘OSPha’Ce-
'glp#lduce these stabilizing anions, are preferably

present in an anmount of at nost 1000 wppm preferably
100 - 1000 wppm nore preferred 200 - 800 wppm nost

Theserstab A4 e vei ght. of

hydr ogen perqggdﬁﬁg[}%g? %ﬁ@oﬁ%ﬁgeﬁ cégr%f?\%ag'ate in the

Sytradepnperfoxitie solabiont to prediceo thess %&Qﬁi?i?ﬁ@ anions, are
e

|ectivity and activity of a catalyst int
ﬁﬁ% "&Q:{Y &ﬁeﬁﬁ%‘bﬂﬂo@ﬂ AP¥Hoaf o mps® 080 mppsiafpreferdtsy 100 -
linRE rd i pBj t he 20, hydr.ogen
oS PR air S pRRerRACPRL B0 debll a5t WinseRSksr 288 600 wppn,
Besed(iodetlmbvaigmoﬁfhyﬁh@w BeRiMidel Nvention is that it

can be easily produced in an econom c way enpl oyi ng
t he wel | - known ant hraqui none process, whereby

| AN, RO HydRbGdd bERIAE solution of the present invention ensures

high selectivity and activity of a catalyst in the epoxidation reaction
without compromising safety when handling, storing, and shipping the
hydrogen peroxide solution.

Another advantage of the hydrogen peroxide solution of the present
invention is that it can be easily produced in an economic way employing
the well-known anthraquinone process, whereby additional purification

steps are not necessary and are preferably not applied when conducting

the process of the present invention. The only requirement for the
process of the present invention compared to the known modifications of
the anthraquinone process is that the process has to be carefully
controlled to aveid introduction of alkali metals, alkaline earth
metals, amines having a pk; of less than 4.5, or compounds that may form
during the anthraquinone process such amines during the preparation of
the hydrogen peroxide solution in amounts that would result in
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25 steps are not necessary and are preferably not

W)@@bdmgﬁg\g@en conducting the process of the prese

nt
i nvention. The only requirenent for the proceds&TgiP2003/010558

the present invention conpared {50 the known
nodi fications of the anthraquinone process is that

! |y . I 1.ed i d
9T 3 16, FGEL oA S B H Heser

mitvehbionam nes having a pkB of less than 4.5, or
conpounds that may form during the anthraqui none
process such am nes during the preparation of the

rQXi sol ut i in,amunts that woul d

R B V08 B 5, P AmeRABUAPG e Bsecesasto achieve this
cragodrdmeat | ARS cama it Mgt i fived '
the present i ﬁvent ?SET@'AIH% hmgué?]rsbqngﬁlléﬁ\}grﬁj%gh‘gd gg ﬁsoe a
e ot eCHE- T otseent s A1Esest e nitrogen compounds,
AL TR Yoy RiBa PG igiTh gihowe et DNt thastt Using alkali o
efkeNirieabd o L Grpaf t S,: 10
Gy Ui ety BEESIC cofbll: L 18730 R RRARding® process of
iy igrkaitti commordlykeriiloged ot inyeha) ane P wagsndrak the
?I n %0 ant hra%fuJ nons rocess of the prior_art .
8%?% ﬁ#ﬂpﬁy@ﬂ B (@ ybhgreating: withegeiveaa liminam tXide. -
\PRE Ol gt/ 0 sl ealing wWth,active
e o yars 15 i by e BB Eesiahc 1 s
wat er evaporation in vacuum Thus, the process of the

ese@h i nvention grovides the inventive hydrogen

Forxithe RIOCass o thaappreserdainvention lpypovidekuthe rinventive

idat r j QN i t.hout . emul oyi n ost- and . .

PR petacde ST Bogton’ e el ohyditedi S inapoxidation
irgairicigas wichoxt &R ity 0 b4 a4 L .
of the_present i n\egﬂ-ti%gn@%gn %rgj E?go(f g?@é@?ﬁ% [%fr‘?ﬁﬁ%fﬂon

&HSPS -f Thishep ﬁmdﬁf hydrogem perepide ﬂ@lu:tﬁ of obipatierr Feeh the
t the rogen eroxi de solution to a

B S e Ep ol B E RTER: 108, S bbUSed: &1 neREy s0%hoyt any

Yeitdiak , pudi ¢4 &ft38hYsteps.

It is preferred to concentrate the hydrogen peroxide solution to a
hydrogen peroxide concentration of more than 50% by weight, preferably
more than 60% by weight, most preferred from 60 to 70% by weight, based
on the total weight of the hydrogen peroxide solution. The <inventors
have recognized that such concentrated hydrogen peroxide solutions are
particularly useful +in the epoxidation reaction since they further
improve the Tong term activity and selectivity of the catalyst.

The hydrogen peroxide solution of the present ‘invention can be employed
in any epoxidation reaction using hydrogen peroxide known in the art. It
is particularly preferred to use the present hydrogen peroxide solution
in a continuous epoxidation process conducted in the presence of a
water-miscible solvent and a heterogeneous catalyst. Preferably, the
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nore than 60% by wei ght, nost preferred frome60 to 70%

Wé‘ﬁﬁi’ﬂ%ﬁsz based on the total weight of the hydrogen

peroxi dé sol ution. The inventors have recogni Z&d/k13893/010558
such concentrated hydrogen peroﬁde solutions are 25
particularly useful in the epoxidation reaction since

t ReYvdngr Wyaclge) 0 term activyi and
sel ect | v???ﬁegpéﬁé fél% t&ﬁ]g‘ﬁt" q%Pé“’H%‘%-oa%fx t&)ériaﬁ&eg@geneous
s6Rtalysh of at bietapriemeril iedMest éxalpan be enployed in

any epoxidation reaction using hydrogen peroxi de known
inthe art. It 30 is particularly preferred to use

t Mge BL9S rogen peLoxide sal ution in a continuous

epoxi dat 'iﬁir;i%mg'\f/ﬁgeg@” 9%@@@&66%%%%?@@@%&% reference to the
wae Hirownng @xbigl 30! vent and a het er ogeneous catal yst.
Preferably, the W 2004/028962 PCT/ EP2003/010558 13

solvent is nmethanol, the olefin is propene, and the
hetsnp9eneous catalyst is a titaniumsilicalite
c‘a‘r@{gyg The invention wll now be explained in nore
detail with reference to the 5 follow ng exanpl es.

anpl es: Exanple 1: 10 Preparation of an aqueous
B rliperoxi de solution according to the present

[ ' In.a trial plant for the | oop process
a@%@%ﬁé“t# taﬂeaqugﬂk‘gr@(aﬁ@gﬂﬁhﬁefﬁ}md%wlﬂb"ront hecording to the
prepa&iatinggntgbnhydr ogen peroxide conprising the steps
hydr ogenati on, oxidation, extraction, drying, and 15

regendfadi wriad manki fur $hé thobpgpr%@.@@i lag86hdih 0I:q”the

rgg]l'(_&rl‘a 2-.et€%l ant hr aqui none, 0.29 nol /I 2- e?hy

et PN BP R RTRres§ulootae wreparation| of Aydrogenrxpdroxide

R0 i e d /1 2-i.sohexyl tetra- i
hydi?'fj:;l-})(r;{{"l %?ﬂg’uf% neh?%rjoﬁeg%qwgnto’ﬂﬁi&ﬂ"e @UFpEt mgdmeing, and
vepenarht @ @lWorkdhlydolswbst ich rof oC .

25 I¥O| t .of tris(2-ethyl hex;/:l I;ﬁrq%ea of O.ﬂ”HBW'Fc?_ e%ﬁ&?]
anthraguinone, 0.29 mol/] 2-ethyl tetra-hydroanthraquinone, 0.13 mol/1
‘2-isohexyl anthraquinone, and 0.12 mol/] 2-isohexyl tetra-
hydroanthraquinone in a solvent mixture comprising 75 voi% of Co/Cyp
atkyl substituted ary! compounds, and 25 volX of tris(2-ethyl hexyl)

phosphate is used. In the hydrogenation step, a loop reactor was run at

~@ hydrogen pressure of 0.35 MPa and a temperature of 58°C. Palladium

black (0.5:1 g/1) was used as hydrogenation catalyst. The hydrogen
peroxide equivalent in the hydrogenation was 13.0 g/1.

After the hydrogenation, a part of the hydrogenated working
solution is regenerated using active aluminum oxide. Théreafter, the
combined working solution is oxidized using the Laporte oxidation as

- described in Ul1mann, supra, page 14. Thereafter, the hydrogen peroxide

- s extracted using deionized water. To the extraction water, 50 ppm H,P0,

30

and 20 ppm HNO,, both based on the weight of the hydrogen peroxide were
added. The concentration of the extracted aqueous hydrogen peroxide
solutien was 41%. The working solution was dried by water evaporation in

~vacuum, and thereafter recycled to the hydrogenation step. The crude



10

15

20

25

30

oy

20 phosphate is used. In the hydrogenation step, a

Iooe reactor was run at a hydrogen pressure of 0.35
P89 t enperature of 58C. Palladi um bl aclPQER2003/010558

g/ 1) was used as hydrogenation tgat al yst. The hydrogen

per oxi de equivalent in the hydil genation was 13:0 g/l.

\lx\'{yter t he h drogeqaﬁion, a part of the hydrogenated
ARP9Rp P%%QGF utalg 19“5“’?%&2% Tldeed usdne 08 cpam sodium
' ' ) f t ' Ki
TN CHIAR G Bfsed B R helont, OF nyG R Bho i ghd oncentrated

diéis vadunedby watkrt rwaporatigi.a, page 14. Thereafter, the

hydrog,}qln I&%oxi de Is extracted usi n% dei oni zed wat er.
To t hd "ExANGReEFh ReGRfide, conseninatimrod thengondipprobtained in

, | sON Lght, of.the dr.ogen .
ek, NG 1ot YRR el ESoR P ToR Retution, and
eontaiced 2500 Mg.KES HIDY PHogsRtBS! POl AE/kgSROY I 1RPataS afld %) mg/kg

he working solution was dried by Wwater évaporatl on in
ViebuBinSodiidn + her eafter recycled to the hydrogenation

step. The crude WD 2004/ 028962 PCT/ EP2003/ 010558 14
hydr ogen peroxi de sol ution was stabilized using 200

Bramsiedi 2o BY4rPDafHAREE RebBSRR 188 1t g Mei ght of
I%drogen peroxi de and concentrated 1 n vacuum by water

%ﬁbﬁdlét)@%h iJG‘I‘Iﬂki)@'d_ayatvgI otEm gh&aﬁpédémm@anggavﬂvit @f)ﬂ( d@hcentrated
t I I'S way  was = A,
E8% SRRt Fanetticr St athas Satieated aabis 1.
t H N / -
COT SRR ISRAITY STkl Oerl ORRS Hrkor B SHuIRDS, pagof Tess

dhan dobprncanddesl Ex aimdii estett 110 T3b1el(1.TF|hﬁ‘t?m_dﬂd?G?rhmmon1‘ a is
nple 1is

r oxi.de sol ution_obhtai ned from Exa
8@%@&?@5& apount,of, Er%owwg'ehl%@r\wmuamwgem exende 2%, based
hfci Nl i & Iy, alkali tal i
bﬁcﬁ@aﬁ%hltnof %gglleor%napés%gﬁ%‘%_ona y, alkali netal ions

and/ or am nes h | ess than 4.5 are added

‘as i ndlittaeatni 51 TRj¢td cabalyish afd¥0bmy10YEHON 811 examples. The

g ded in _an amount of 500 wppm (1000 wppm anmoni a i'n
Wi ) icalddepowder was shaped into 2mm-extrudates using a silica

sol as binder in accordance with Example’'5 in EP-A 1 183 387.
Epoxidation is carried out continuously in a reaction tube of
300 mm volume, a diameter of 10 mm, and a length of 4 m. The equipment

further comprises three containers of Tiquids and relevant pumps and a

- Tiquid separation vessel. The three containers for liquids contained

methanol, the hydrogen peroxide solution, and propene. The reaction
temperature is controlled via an aqueous cooling 1liquid circulating in a
cooling jacket, whereby the cooling Tiquid temperature is controlied by
a thermostat. The reaction pressure was 27 bar absolute. Mass Flow of
the feeding pumps were adjusted to result in a propene concentration of
38 wt-%, a methanol feed concentration of 48.7 wt-%, and a hydrogen
peroxide feed concentration of 8 wt-%. The reactor was operated in down-
flow operation mode. The cooling jacket temperature was adjusted to 35°C
and total mass flow was 0.35 kg/h. Product output and propene oxide
concentration were determined by gas chromatography, and the hydrogen‘
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15 on the wei ght of hydrogen peroxide.
silicalite catalyst was enployed in all
WO 2004928962si | i cal i t e powder was shaped into

2mm extrudates using a silica ol as bi nder
accordance with Exanple "5 in -A 1 183 387.
E[i)Pg‘xi _!c)l(?ti on is.carried out continuously in a reaction

R Lfe Copvessoonnbyvbltiskion Hieselestiyity ofrhydragen peroxide
|PiRe! Fesbctt 19
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15

contaln

rs of

separ dttieorestdssalre ghent ivi qabtort ai ners for |iquids

cont ai ned nethanol,
and propene.

The reaction
via an aqueous cooling |iqui

Bl

FJ%.SegéJ‘icB'lT?&td further conprises three

I quids and relevant -punps and a |iquid
t he hydrogen peroxi de sol ution,
tenperature is controlled
ulating in a 25

cooling jacket, whereby the g liquid tenperature
iEamely | ol T addiyona thermoSgal.  The meapid ST
was 27 bar_ absol ute. Mass flow of [the feégingﬂg%hpsgﬂék'njpo
wer e adj usitngdke d1,0.dsu) tcongentrptigrene coimeent|r af&dn pf  [¥]
38 wt-9% a nethanol feed ncentratfion_of 44.7 wt-X
and a hydrogen peroxj de fi&ec oncent r B8 on [of 8 wt} X
phe reaftor was Oper af ed T mggowT 36 “349 upuatg' fi o1
de. The-cooling |acket tenperaturje was adjusté% tp
$5C anfNa @al mass f] ow wag00. 35 Kg/ h754°r oquctggout put gg
ghe—prepene_oxide ¢ entratiqn re deterim ned by
aas chr&ﬁa?égraphy, nd t hebhydroggn VE82004/ 024962 89
CTEP2p03 01655815 —peroxjge—ecenversizen—b)
titratipn. The selectfivity 6¢ hydrcgeﬁmﬁéro>id§4\m th 90
Ceéspect |Na0 20O @4t @idl [CUT at €F3 The Tesuighs ane gizven—in
Table 1] 5 Table'@ Bxanpl e Addi tign E@gg Rynning 2
-- CH20, |adog 135 PO [jng/ kg H202] concentration time
of 1 04 fank— 04T Rl 2 60.649 95 91
€2 17 methyT amihe" 60 1193 22 81
100
C3 170 60 1007 89 79

In Table 2, the pk; values for nitrogen-containing bases are given.

Table 2
Bases pKa
ammonia 4.76
methyl amine 3.36
dibutyl amine 2.75

As is evident from the experimental results summarized in Table 1, high

hydrogen conversions and selectivities can be maintained for a long

running time of the experiment if the alkali metal concentration is
beTow 50 wppm, based on the weight of hydrogen peroxide. When Tooking to
the comparative examples, it becomes evident that if the claimed 1imits
for alkali metal fons and amines having a pk; below 4.5 are exceeded, the




3 Na 2570 754 95 90 T -Ti 25 60 988 94 89 5 60 2356

94 900 C Na 20; dibutyl 43 2083 26 72 anmine 135 C2
WOA0P28%% ne 60 1193 22 81 100 C3 170 60 10072CIPEP2OEB/010558

In Table 2, the pkB val ues for gitrogen-containing

bases are given. Table 2 Based pkB ammonia 4.76

met hyl .amne 3 ﬁ6 I butyl gamine 2.75 10 As is

AU 107 B aéxgté“f SRLsRIAN 666 the satatast Alramatically drops
Wwakerike high hydrogen conversions and selectivities
can be maintained for a long running tinme of the
experinment if the alkali netal concentration is bel ow
50 wopm based on the wei ght of hydrogen peroxi de.
When | ooking to 15 the conparative exanples, it
becones evident that if the clained limts for alkal
metal ions and am nes having a pkB below 4.5 are
exceeded, the WO 2004/ 028962 PCT/ EP2003/ 010558 16
conversion as well as the selectivity of the catal yst
dramatically drops over tine. WO 2004/ 028962

PCT/ EP2003/ 010558 17 CLAI ME:
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1. An aqueous hydrogen peroxide solution conprising:

wo 2b an 50 wppm al kali netals, alkaline earth
n%?éﬁéﬁ%%E 5 conbi nations thereof in total, PCT/EP2003/010558

i rrespective whether the aIkaI% or alkaline earth
nmetals are present in cationic ? conplex forny ii)

| ess than 50 wppm of am nes Wﬁéhgg_a pkO of |ess than
4.5 or the corresponding pro ed conpounds in

total; and 10 iii) at l[east 100 wppm ani ons or
cgnpounds that can dissociate to formanions in
tot al , AHREGUERYS tirdragepnpencyidmsedubiont benpraisaty: of

hydr og pe ' . The eous._ hydrogen peroxi de

sol ut i gg of ﬁ%gai%ﬁ?’l,%mmpﬂ(qﬁ%ﬂemetﬁsan% 1% earth metals or
conponent s @hmEnha o) 1k t 1S e n,. A0

preferably |ess tﬁ?ﬁs%ﬁ%&ﬁ}@{ﬂgg 1dn%'t$¢1etéSB§E?1dﬁtmﬁbr the

hydrogen ~ patkaliider a3kaTfine eardhomstdydaRIpReR@ION} YBtionic or
solution of any of,.the preceding 20 clains, wherein

the ampunt SPWPE¥ @ BAts of group ii) in total is

| ess tfan 4 . an 30 wp nor

pr ef er??d lﬂe&&?ﬁﬁn&ﬁbz \El\lpag*m%g\'h'gg%élpnﬁ 8t Rhsr gﬁln]%%st?'a" 4.5 or
than 10 wppkhebaserespond inpepretbadited® bofpedhassim tot'[aJ t;i%nrg

peroxide. 2 . _Th ueous hydrogen peroxide so
of any'df t%eélB? 386 PM cardons , onwsenpaunds ehaingaredissociate to

are sel ect r om pr.i secondary and tertiary

al kyl anin2§¥%3%ﬁ$ﬁ$égﬁi¥H98962 PCT/ EP2003/ 010558 18

5. Thevhageley the ynogien baSEd h dehes ' 0 :

the preceding clains, further con%?ﬁ%ﬁﬁgfqﬁyﬁai¥]BEFOX1de'

| east 100 wppm of bases having a pkB of at least 4.5

. The aqueous hydrogen peroxide solution of claim 1, wherein the
amount of components of group i) 1in total is Tess than 40 wppm,

. preferably less than 35 wppm based on the weight of hydrogen
peroxide.

3. - The aqueous hydrogen peroxide solution of any of the preceding
claims, wherein the amount of components of group i) in total is
less than 40 wppm, preferably less than 30 wppm, more preferred

less than 20 wppm and most preferred less than 10 wppm based on
the weight of hydrogen peroxide.

4, The aqueous hydrogen peroxide solution of any of the preceding

claims, wherein the amines are selected from primary, secondary
and tertiary alkyl amines.
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the correspondi ng protonated conpounds in total based

8 20 wei ght of hydrogen peroxi de. 6. The aqueous
‘ﬁyér%@gggééeroxi de solution of claimb5, wherein P&T@m":”“mﬁs

anount of conponents of group |¥% in total is 3000
wppm at nost, preferably from I50 to 2000 wpopm nore

pref er Rt v; %p 1 . host preferably .
from 300 tacﬂfu%%go% g'ﬁéﬂ%{)'aéé'g”‘iﬁe %@‘%Wﬁ% i ghithefpreceding
hydrogei\aimr,oﬁjnt:bher?comﬁhesﬁ@geous hydr ogen peroxi de
sol uti gn, of % of clainse 5 and 6, wherein the bases

a

of groﬂlE) i v 5§ 104 wernm r)fdlasesdamﬁng&(ﬁph@@f db1aask 4.5 or
am des havi at |least 4.5, organic.

hydr oxyl ani Eg%aqggbfgsrpg%gﬂlﬂ(Bngoé'@t?éﬁﬂ‘PQH@,s Hhitohal based on the
and hydroxyharg'meofmygf@geq\,bbé(quggoni a. 8. The aqueous

hydr ogen peroxi de solution of any of the preceding 20

cl ai ms, wherein the concentration of hydrogen peroxide

I § nor 0% wei ght,  preferably nore than 60%

b?/' mi“g"?ﬁ %Hﬁg%‘& h%‘?’@@? riga'om glitiien Tichyiméi giterein the
based swbuhbeoft @biboneRi g n. pelaxi de

sol ution. 25 9. @boprogg?gf ﬁ%C}UDt E@ Efgﬁ@%ﬁt?gfwﬂﬁ WhRe at most,
hydr og¥i¢Tpealyi dieoms dbiitticoa0ey wppiny mofe PreféfabtySerom 200 to 1500
accorqlénrb tn? ttheg;%m h{éﬁgw none | oop gr_ocess _

conpr i griy:M& REdEsBRNAlTeh 380 o Wvkiwpgm dmisedionthe total
conpr iveiABE YF &@9@ t or mxture of organic

sol ventsgand oﬁ% 0 'rid)rezgg-gueenactive ant hr aqui none

conpounds, b) oxidation of the hydrogenated working

| ut b%g to forg]y hydrogen peroxi de, WO 2004/ 028962
CT/ EP280%uUsPBS Siydragen peroxide solution of any of claims 5 and 6,

wherein the bases of group iv) are selected from organic amines
and amides having a pky of at least 4.5, organic hydroxylamines

having a pk, of at Teast 4.5, ammonia and hydroxylamine, preferably
ammon-ia.

8. The aqueous hydrogen peroxide solution of any of the preceding
claims, wherein the concentration of hydrogen peroxide is more
than 50% by weight, preferably more than 60% by weight, most

preferred from 60 to 70% by weight based on the total weight of
the hydrogen peroxide solution.

9. A process for the preparation of the hydrogen peroxide solution of
any of claims 1-8 aécording to the anthraquinone loop process
comprising:

a) hydrogenation of a working selution comprising an organic
solvent or mixture of organic solvents and one or more
active anthraquinone compounds,

- b) oxidation of the hydrogenated working solution to form
hydrogen peroxide,



c) extraction of hydrogen peroxide wth water, d)

ilizing of the extracted aqueous hydrogen peroxi de
@%?ﬁ4%0?)8:19,6£]e) concentrating the aqueous hydr oge®CT/EP2003/010558

peroxi de solution to a 5 conce ation of hydrogen
per oxi de of at |east 50% by weight based on the

i ght .of t i d | uti f) dryi f
1ol N ool SR ANROGP iRESRLIS SO L ony [ 0rvino o
gOenetnt | ostaWhaang 1 eht! OBl SalB MANGAY R0

10 whereby during the entire process
al kal i ne ea¥@lMtigfet al s nor amines having a pke of |ess

t han 4 or unds orm ng such am nes during the
pr oces%ﬁar ecq%ﬁgﬁt%aﬁg% t}’ﬁ HSGRe hydregen peroxlide isolution to a
5 anmounts of g¢onceP:rap j t al )
al kal i ne eartﬁ mgt aJIPCgﬁ g? H%%ggmhéﬁdgng@ﬁefw P¢ by weight
total, irréd¥sedtanehavwetbislr ofhehe aldRigen (b"er‘BkT‘dﬂ isP?ution
co ex rorny

earth petal s ahe pr sent in catjionic or nmp
or ii)'’50 v&s%’iW%P werkiig selitrieniafhem epkpacifiohe smd

than 4)5 Ofpeghhiia ﬂﬁﬁii- 1.l O d compounds .in

t ot aI:ZbZO 'Ot he rgdsr{ﬁﬁ? g éﬁﬂ%%dg“r{%}ﬁ% é’ﬂf‘@ﬁwﬁpwwn.

sol uti on, whereby the wppm are based on the wei ght of
xi de. 10. The process of claim9, wherein

hyd
10 t% er\?\gﬁgrﬁ@r ggﬂwgi’@m PBLineeprogessrngither rilkabgenr alkaline earth
-y | h ' lution in st
£ NESES: AT Rafind B b 0o 4 Bt rotnes
ear t h foemig sunhp@mﬂnég,dﬁ¥1%§ F§§J§P85é% ;&Fﬁzﬁé%é#ﬁﬁgegwjnhamounts

morkinﬁ solution in step g one
acti v&nak weswlimieamgents®f11. The process of claim 10,

.325;5?}? dr ¥ Rhph Sor® SO G 2 1‘Wn?éteaﬁs,eva%ﬁg{1‘antel ggréhn metals or
15 - combinations thereof in total, irrespective whether the
' alkali or alkaline earth metals are present in cationic or
complex form; or
1) 50 wppm or more of amines having a pk; of less than 4.5 or
the corresponding protonated compounds 1n‘tota1:
20 in the resulting aqueous hydrogen peroxide solution, whereby the

wppm are based on the weight of hydrogen peroxide.

10.  The process of claim 9, wherein
- the working solution is free of organic nitrogen compounds,
25 o drying of the working solution in step ) is conducted
without using alkali or alkaline earth metal compounds, and

- regeneration of the working solution in step g) is done by
treating with active aluminum oxide.

30 1i. The process of claim 10, wherein

drying is conducted by water evaporation in vacuum.



WD 2004/ 028962 PCT/ EP2003/ 010558 20 12. The process
of any of clains 9 to 11, wherein no further

woO 20qaungdee cat i on of the extracted agueous hydrogen

12.

13.

14.

150

peroxi de solution is carried out. 13. The prlot/EEQPOp10558
any of claims 9 to 12, wherein at |east one base
having a pk8 of at |least 4.5 w thout containing alkali

or Thd leabbds ofag ' d .in an anount

resul_ﬁrng in at rlwegg?&%ﬁ"gv\%p‘%dqgf WAGER 1B diLduBtheme
coPHRNpemdiongo pridteonxt st teanaguads fydrbgdlnerB2888 Bfltion
th@ t%ht of , hydrogen peroxide in the fin aqueol
hyd‘?\g% efbPU%i de sol ution. 14. The process of claim

13, wherein the bases are selected from organic

am nes and am des having a pke of at |east 4.5,

or ¥npocespdoDxylyast nasihave ig o Pk . at_ | east, 4.5,
anmoni a ang  hydr oxyl am ne, pre?ze'r ﬁ?@é‘a’ﬁ]‘?&n?‘aﬁﬁgﬂe base

THE'BFS 8% 6f ahylcastcd 4 W thGUtA 0O B n G AR 11 1€ alkal ine
bagpth hrded; gl&h{ir. during the preparation of the

hydr ogen “aet oxi A896E |1k B namuNt Jestying dgeabctenseri00 wppm
rod| ' i . d id

Egp 8?‘5‘2‘%F’;ﬁ%?“‘ﬁsﬁ"'%ﬁf){ﬁé?%%géﬁirﬂ%géaﬁ%@ﬂcg&?r placin total
sOPBEd O ore arygltf ool ByirogknBperdRddOTint Phe 3FHETY

h*%ro %g Eeroxi de sol uti ongbgblt)eai ng% embgﬁ?he grg%uee%'s
of an(g; fPEIO% e 9lubiemr the epoxidation of ol efins.

I T. Use of clainl6, wherein the epoxidation is

conducted in a water mscible. solvent and in

pFs @rocesyf ofl dlatinr DYERARYE | ef.srably as
ed in a continuous f?‘gwe%azsiegr?'p%ée Eﬁge%f rom

fixed .b

PEFARIS 7R i amides dlaveng o pyTof hetQbast he 5 Bhddhic
. . . . h | 1
'ﬁydrﬁ&gr%eﬁ@rﬁﬁéggqvﬁﬁg ag e\b‘%ﬁg{‘ ?I%ggt %atsa g/n%}onliz gnd

titani
“hydroxylamine, preferabl Yy ammonia.

The process of any of claims 12 and 13, whe_r'ein'the base fs added

either during the preparation of the hydrogen peroxide solution or

~ At any stage between preparation and final use of the hydrogen

l16.

17,

8.

peroxide soiution.

| Use of the aqueous hydrogen peroxi’_de solution of any of claims 1-8

and of the aqueous hydrogen peroxide solution obtainable by the
process of any of claims 9-15 for the epoxidation of olefins.

Use of claimié, wherein the epoxidation is conducted in a water
miscible solvent and in presence of a heterogeneous catalyst,
Preferab] y as fixed bed in a continuous flow reaétor.

Use of claim 17, wherein the solvent is methanol, the olefin is

propen'e and the heterogeneous catalyst is a titanium silicalite
catalyst. - |



