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WD 2004/ 028962 PCT/ EP2003/ 010558 1 NOVEL AQUEQUS
HYDROGEN PEROXI DE SOLUTI ONS The present invention

WO 200028961 0 a speci fic aqueous hydrogen per oxiPEI/EP2003/010558

solution that is characterized by a maxi num anount of
alkali metals, 5 alkaline earth netals, and anines
having a pkB of less than 4.5 that is particularly
suitabl e for NA¥ELAQUEGUSpHYDREGISN PERDFIDE hgOl&pdoNTat i on
of olefins, as well as to a process for the
preparation of such an aqueous hydrogen peroxi de

[ I of .t 400 T e .
R B o o Spo e Lot B gh foroxice
selutiokridah Encharsmpierimed iy acessnuh MdurewFoi1kae metals,

ant hraqui nopne process and its nunmerous nodifications
P&%ﬂ(}%rﬁarﬁh @el%ég%r and anipesRavEgga BYs 0fJdespithan 4.5 that ds

- Per-axi fle"s M ' ed] f o

PR ICTRA Y SRR L rob S Jp TGS BT BT 4P compirica fon of
Weftiys V@, wdi abeioralpiee2d@0r theaprephfatidrederstchYan aqueous
t he ant hraqui none | oop process conprises the

hyinogei Merexwlesso(uk)iomydr ogenati on of a wor ki ng
sol ution conprising an organic solvent 20 or mxture
of organic solvents, and one or nore active

Badkiaraend BeNheC DRPUNGE; (b) oxidation of the
hydr ogenat ed worki ng sol ution to form hydrogen

Pedayxi e, vash mageridyt ofohydfogay dreogeidepés priodeced b the well-
&ﬁr'1ﬁé éd? stabilizing of the _extracted agueous
R A T PROBP SR | BreurveRyahe ARt HNgoRtacRsS and
i frh ¥ : 1QNg A 1) ener at i
P Hheous G FRHrB6d RTaTRACIH B) SROZNE BLemRRBRT s
&: diHydirogen Reroxeds’ H1bpen’ < acydlopedin vef Bidasoeial

0 discl di f ferent iDilities WO
OB b e e enet , ik et 4T85 VeH, Weinhedn dune 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
anthraguinone 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 solution.

For each of the above distinct process steps, the Ullmann reference

discloses numerous different possibilities.
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Crude hydrogen peroxide solutions or concentrated
hydr ogen peroxi de solutions obtained fromthe

W@raoa02896l none process contain a plurality of PCI/EP2003/010558

conmpounds in addition to hydrogen peroxide in |low
concentrations. These conmpounds are either inpurities
or additives |like stabilizers. The 5 inpurities are

Gtuﬁ@ohydnﬁgemuperaxrﬂeexoTuiabmﬂjofrcnmnéhkramedIﬁyﬂloQﬁh'péﬁd&ﬁde
hase hey are mainly ionic or polar

éﬁé’%%%s @E@ IN€ aF B g @n 1994 TNONECRIMSESS CoaEdUNYI plurality of

a Litie re th ore
C PR 0 R T 35 1 HBR6 P TRL b T pRBnbIRIEE TS These
¢dinpondexaemdithbly dimpaii tlesersaddientss 1hré 2B GORFONhYe
used in the above described process are nitrogen

I AF RSN e SeppRLTES thﬂieaQﬂTﬁéﬁﬂﬂcéﬁﬁ franede Yardkang solution

POET GSHEE BAES Phneo RS MUY e BLS" ST cDebes 1ike
tdreseySiel venss §R&UbIs| eaﬂmnpf-‘ chRphUTRAd br‘id i JlnéékeThese
nonoal kyl or dlalk | especially nonobuty i'bu

HypuR &kl QSnarméhﬁremrehqﬂ@po@nmdpm oRimkr csal Lhmyclmgizn [F@Tom de

& the comercial hydrogen peroxide solution
%ﬁgg@ktr) avai | abl e from Degussa AG contains up to

200 wppm nono- and di butyl am ne based on the wei ght
of hydrogen peroxide. 20 Depending on the final use
lofr exenpigdnystrequ penexicdeersts| thatoase dotmérsly adexbd K nhenabove

ddi t f tion steps in_order to
BRI BracRa e Bat et  conbanTion qcpbins F Hepspideseand

ol oo LA 03PTa BB5 Y. P adbt Mt piEr el ape tetraatiy

Lmease*s&ef’oartr‘ahn{udousediyﬂih@@eél dretheded€oBRINYE I1@BETL in amine
wher e _y tf. solutions are treated w_.th an anion _
BRLRENIGS ﬁ%ei Ronag 1 kyhiosnd @ 1kik G5pecia 11 ¥ dionobisbu ngnda dibuty

fi. C I 7 r al ; ahsor bi r esi SO
584 R Gue ] BB S ARRRICLP T e
dondle agian Wr@gérﬂ@eﬁ@hldibl SISt P AP idvat TH3e 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 the 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 catijonic, anionic and organic impurities.
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way are substantially free of cationic, anionic and
organic inpurities. W 2004/028962 PCT/ EP2003/ 010558

wW@200heesbDr e, the solutions are particul arly uBef/EBP20031010558

m croel ectronics applications. Simlarly US-A

4,999,179 discloses a process Jor purification of 5

hydr ogen peroxi de solutions that contain after

Piareforeat thm sehetionstare padticetanly wefaboiinii afoel €85 onics

h q %H%Eb’ each anion in an anount of less than 10
§ Fganic impurities in an anmount of not nore

than 5 ppm in terns of total organic carbon content.
10 The drawback of such nethods is that the

puriil & lyats on 4i, 398179 e yoseaxperscass v peaification of
%&Erefore, f.or econom c reasons, not be used for the

BEFLPPENIge SHukiena thats somradaufiter| pucd Fpeadpgh exeeh metal
ide.: Furt , ' ified hyd
S8 LRGS0 A1 0D PN ot res

idanpthepb sarld segaphiospiar esieanth Rt dmLAE At HoPe than 5 ppm
necessary 15 for the stabilization of aqueous -
wsE%@?%P%yt%abmrﬁaetm@@hbcrrat:@d:ent hydr ogen per oxi de
solutions for safety reasons. From EP-A 100 119, it is
known that propene can be converted by hydrogen

Ther ardvileck roswtoREEDAIX denid the tsﬂdraﬁiéégﬁ{%ﬁ YSabfirfley
zeolite is used as 20 catalyst. Since then, many
PRoeSIVegad 6A8 thierafares piart ecanonhe refs@wst, nft bbeused for the

P o Bk TS roliisa kspEomiiea iace. Furthermore,
suah 1y Qurd PrRid hArB3En perbk yh%ﬂu%%ﬁé e %%b&ﬁ?ﬁiéﬁl y free

on the activity and se Lvit the catal’ys
O e@itii onpabtompblerit s FHike EOSPhZRE 8P nittates KRAWArd Pecessary

lj he ti [ ilicali I ith
T0F i kAT 42k, & AHURMST ERPRIRTA ¥ doShin concentreted: -
hgfgrfgehhpérto&%@ Siaﬁ@i%n&gﬁre?é(fétﬂ rfqe%%gﬁé ng | arge anounts

kal1 nmetal or al ne ea tal ions into the
reaction mxture. Said neutralization WD 2004/ 028962

PCT%EE&OO /010558 |
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 ionic 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
pubTished.

From EP-A 230 949, it 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 ions into the reaction mixture. Said neutralization
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4 resulted in an increase in activity and selectivity
to the desired olefin oxide in a batch process. The

wexpensyents in EP-A 757 043, however, show t hBCT/EP2083/010558

continuous 5 process the activity is considerably
reduced if the catalyst is nelitral i zed prior to or

durg£g t.he reaction. Therefore, it is suggested to
FUAEE] HE @ i1acyRasepin GEt 1\ tyransuse tagti it ye poxihdadiésined
SRASHI | a utral,.or acidic salt. The
experﬁ%@ﬁ%gﬁhga?gﬂﬁn5@%9§8757 043 confirm that by
addition of neutral or acidic salts the selectivity is

%ncreased 10 but_the activity is |l ess reduced conpared
hs exRerdnents on EP-Aa7972843, BoweveEP-shoW5thad4dn enkdntinuous
ith

. wh ' h | [ d t
g, Brem T ppecen e cat sl et | < treated w T
nesiedalized! prioy fPoM dur"‘?ﬁéj'théor%%lcﬁ’or}.t ?ﬁer%@‘gr?é: ] 21253 suggested

were only run for 8 hours but neverthele
Whéleat Ghewrrathbysdr ppidrnte aradyrsng ael é‘[bd)MdFi*Hcﬁ\r réaction with a
an

, Which 15 i no nmeans acceptable for
'!%ﬁg@t Pl afrmgf“aééﬁ: bféenwgr Igentepb-data1in 8B2A t76AcHds confirm
thlaath HAar s e lelat | proces at al yzed.
B B DR e M i, PELah b ST TR 35 wnereasea
byl thet het beltgcts Tesy redudedcemmanst Ol thd E&dﬁ?ﬁ'aﬁmfﬁ base. But
(Ea;gn ig b?tch 20 operation node with a stirre
at Y sP45 007y phpws expmpliesuwheraiin Hbageatial ysttan treated with
' : fh r f._non-basic salts m
eV SRSk B AL a Phe ey Y dai e uf Syurny form.
Addstional kyer bhexppertiments werd onds rdnSEaY 8" sshirs gl 5¥\‘r?%?~the]ess
xt'u

bf non-basic salts are present In a reaction m
3f grady sl Andramat Ep ERPRIGIN oatad wsic wicbiv ittyea ek 4iHoMr &N ch

: Lyi s dramatically over tinme. Thus, the
1§§Q§ﬁbﬁ§£ﬁ¥ %%Eﬁﬁgﬁf %gbéndgggsﬁ%@?lﬁﬁﬁe§%-a reaction
system that can be economi cally enployed in a

conti nuous epoxi dation process using hydrogen peroxide
Simi leRby. bPekeileeBa teadhes ethagelne pasfaratiag wet epc3a dhi O

pgégcle ?cgqgcgﬂ%]p% bg;f!ill%ggﬁ& gguggﬂit%gg%gspgn&iﬂea non-basic
ST e L 8 SRS, MBI O e
operation mode with a stirred catalyst slurry for one hour. Although it
can be confirmed that the presence of non-basic salts may have a
positive influence 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 fonic components in commercially
available aqueous hydrogen peroxide solutions that are used 1n

epoxidation reactions as described in the above prior art documents s
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WD 2004/ 028962 PCT/ EP2003/ 010558 5 di scussed. lonic

components, especially phosphates and nitrates, are
w@edaes28962 conmrer ci al |y avai | abl e aqueous hydr oREHEP2003/010558

peroxi de solutions as stabilizers to reduce hazardous

deconposition of hydrogen per(ﬁu de. Contrary to the

di scl osure in the above prior art docunents, WO

QocyssEb Honisacemnonemnts, emcpaﬁyepkmphﬁtesoen@ nitrates, are

- th t hat
AR D AP R P st Fucodts e e agions as
FROX A8 s-td $e8&Id hFBMdaks td@f&@%ﬁ %Cafﬁyége%cﬁer\&%

in a continuous titanium si

C@@EﬁRardatto otther dastliosureand teoabavet pevorf gFte doaﬁnehesiumdoonww
, to the above prior art

Contrarily
Eﬁ?{%ﬁ?‘é%ec@‘rﬁsﬁﬂ%% T%ét@%ﬁ@neniﬁnim@hap”etaot'BﬂOmxture -
i on| c_conpan
J‘a’ﬁﬁr%}%éﬁ%&?ﬁ%%%’néﬁ?& A9 PR 17ehs B0 clmiereRl Mdrogen

Heonxji deer mseib&r:tmewtély tbStHeelﬂMfge‘ﬂernir%e%’ét‘ﬁ%E)hﬁﬁ a cont1 nuous
1frobl em IS sug gest ed to renove ionic conpone
)

FBW%@FU@T@W%KS@ @H@eécﬂpoﬂdﬂ’tsorprneecttoohm shwﬂd therefore
f ers
SRR A ST SETS 8 (ISR cocment
abnﬂ’pmmngsre%ﬁﬂ1@rr§n”ﬁmmn§ k 00 ﬁ%ﬂ"sd\ﬁéjre &gﬁl et & %howing that

ci rcunst ances since these conpoun
Tdnéesicr sempongets preduresantbyn axi ammtrofl@ob@ﬁjhengloo %pm the

BRI SIS (MRS sptbbtont et
t
oo s S AR Ot DRI i o o

I npr ovenent
1§cww1ﬁabwesseacﬁmomdweynmaes dﬁ1n5n axXaNdreese Mor&cvar ooy

with the conplicated - and both in terns

0@? 7@%&&"%&% thal WEE@SC@E@U@%@@H@WWQQH 3$h0u1d be avoided

1 C xchan
O Sl e Euns e SRR SHERCEOMENER Y, 1% B MARRGed siae
pp@dm:phhahue oamcare rirat epdring tdaet Tordr Qﬂﬁﬂtﬁ@rf%?‘m&ﬁ o?efin oxide.

ut na t he process nore hazardous and
A @?ﬂ h ﬂ@ ﬁ@ﬁang el HAE/ 76989 keadskbm some éImIPUO\EenB?f eitrly Tong
nt ntradi cti.ng.the teachin

O PR TE ROt 3he ARTe s B P overE st 11
ms:ufdecpemr S@e NP eIt BR 1Stk ﬁrrb%egé r eghtnerRBiR R
fromthe
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 fons 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 example, sodium,
nitrate, phosphate, and organic impurities, is superior with respect to

product selectivity compared to highly purified hydrogen peroxide
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30 ant hraqui none process having | arge anmounts of, for
exanpl e, sodium nitrate, phosphate, and organic

WO pu0Rd95Es, IS superior with respect to prodeCI/EP2003/010558

selectivity conpared to highly purified hydrogen
per oxi de WD 2004/ 028962 PCT/ EP2003/ 010558 6 sol utions
ising very |l ow anounts of sodium nitrate, and
g&ﬂﬁm éiompﬂ"r#?é”@%@@M}Wnarmunhsvaa"veodwmermtoate/ and phosphate.

W%“.‘é%ﬁ%ﬁ‘?ﬂghﬁg By 2 el o1 roriours so thet
thes lma@lt@rmfmwmatana Jereanisyy, g)fA\%ﬁéerE%?Ag?%{‘ﬁst 0ot gerivable

approach is chosen in WO 01/

§7qm ghat referengbyzed process for epoxidation of

ol efins using crude hydrogen peroxide solutions in
the presence of a conpound having am nocar bonyl

) 1 t t t at Ieas one
1%51%%%’53%#5{) ms]?égqg?;hg(f)osegh wltﬁe 2%( I eE?ﬁH\Na Ttanium

pdtichl ‘tt,qoeatﬂ1orzet$$)rbdmis fars epoxididei @l o P Tle® s usmg crude
6GV€rSI on hg(glro gen peroxi de of 85% After
Epden IP@'"?’@:Q& METans é'ﬂ MiNRapraseaseofi 4 ctompound havmg

) reaghed. Alt hou |
@Qggﬁrﬁggﬂ lolfuggﬁ c?ngﬂﬁvf‘?@ whﬁgf?q‘\b 0gen hearss s{: one
e gereatbn ors tagc oS%D&h@‘éxhﬁp]“e@Wgsbé’d‘chhtyge process that

am nocar bonyl 15 functionality having no hydr
BoRaRMCERd tUpe thia cogeErs e of h\xdmggert eermadtauo/ﬁ BSM am@ter two

SEL S S O AR 5B LRSS Y SFOB8 .
Hébh%e’é@ﬂed DEIAhARR 8f 5)4[7er€i|h1§rﬂiaq’sé“'§taasﬁdw5b nilr’nBPg‘vement with

titaniumsilicalite catal yzed rocess

eppsstiddpi Hie seaddrieninmse viamhatgd togmmpmmd@xwﬁ@ afraToBybony1
i ncrease of

Y on is t constan
ﬁ“@g‘é}‘?‘}@ﬂ fy ﬁlﬂ}é}r}% e @@ﬁ%ﬂe”aﬂ%g?rﬂfédtﬁ%tbﬂ rsitregan atom, long
te@RCddtani ) Jhdr g I r 100
hours), ??‘9 coul 5%1%&eﬂyi‘é¥ ?’?eg&ee Cgtﬁ?}’g%;ﬁs%qq%mﬂ% pgcess 1s
nohedenigaltes §rom rhe eimfermdtioe @adifle fralig @f/opppr ease
coul d be reduced conpared to an 25 experinent w thout
pH adj ustnent. But conversion and selectivity were

Eh@ 139@'@6 547" RR864dsV 8 @t MIRLECL i tLRSuP 'S Y8, adl lf:s’m[.a(a‘ld yzed

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 mixture. 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 aqueous
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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Thus, the object of the present invention is to
provi de an aqueous hydrogen peroxi de sol ution that

w@ a0v4bozs9eronomi cal |y produced, that can 30 bePGHEPR1093/010558

handl ed, -stored, and shipped, and that is suitable for
t he epoxidation of olefin in the presence of a

het er ogeneous catal yst and ensures inproved |ong term
activity and selectivity of the catal yst. WO

/ P 3/ 010558, . 7 Subject Matter of the
ctatitber dfl .% et B2 s been attained by an

aqueous hydrogen peroxide solution 5 conprising: i)
| ess than 50 wppm al kali netals, alkaline earth netals
BH's ebiasitnhay baen talibamet] by abcdqaleous hygsqeat parexide solytion
&ﬁgizﬁﬁ]the al kali or alkaline earth netals are

"% n cationic or conplex form ii) less than 50

wopm rfssapp | I . 5> or _fhe
10 corfﬁspéﬂﬁﬁﬂgﬁ%?3?§§2f§%t§%hp§ﬁﬁﬂén?%”?%@gPFa @

iii) cambiieatsiond Gherendmiartiotnd, drregpERetdanéttel G@&Nalkali or
di ssociate to form anions in total, whereby the wppm

are BHSEHTEN PR {R%J?Eaﬁt Ay PRESANG gh CpbTaNcde: calpTEixi Sorm:

jiventd u y, o ide _sol utjon can be
Jgtarﬁgéeﬂﬁﬁagyg@gﬁéggggﬁgstﬁ%ﬂﬁbéhQF%P%o SéfﬁFWe2f5°r the
hydr apene spandxiigl eretwnatéd romse@tsi o tot : t AR

anéhraq i none | oop process conprising: (a)

Hydr Ggen@dstoh0bmPaN a1 RisHgr sesmpoings tloatpcasidigsariate to form

orga@nqm%gghe 10" m xture of organic solvents and
one or nore active 20 ant hraqui none conpounds, (b)

worelat ithe wpbmtdre bysbdogeRAk agkiWRE *ﬂfngyﬁ%gaﬁ IR0t el Or M
hydrogen peroxide, (c) extractfion o y roé@n )
peroxide with water, (d) stabilizing of the extracted

BRI AT RStaroaEonal on! n bol cbtmaved by
pggg/fsgy‘ﬁ%ﬁ:gﬁi[ﬁr%géﬁe’%h@ﬁ oV EhOIHAr ARHOSDR1 8L B utli%ﬁsgccording
to the anthraquinone Toop process comprising:

(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)  concentrating the aqueous hydrogen peroxide solution to a
concentration of hydrogen peroxide of at Teast 50% by weight based
on the weight of the hydrogen peroxide solution,

(f)  drying of the working soTution after extraction, and

(9)  regeneration and purification of the working solution,

whereby during the entire process neither alkali or alkaline earth

metals nor amines having a pky of less than 4.5 or compounds forming such
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on the weight of the hydrogen peroxide solution, (f)
drying of the working solution after extraction, and

w@ gdo4izs9ener ati on and purification of the wor kP@IJEP2003/010558

sol ution, 30 whereby during the entire process neither
alkali or alkaline earth netads nor am nes havi ng a
pk6 of less than 4.5 or conpounds form ng such WO
auines 0hgdeg thETPERRES e 108F8ducddaiin rmesuntis thak rbsult in
gﬁgﬁﬁssfare i ntroduced in anmobunts that result in
t < of i) 50 wopm or nore of alkali netals,

kal g rdrh ; jat i f
Phc a1 SO FpRE O nere, B SRE) L FRFRL ST ing PR B ek g
ear t hcombti ahisioas etheresfenn tatatatiroespecotve anptiex fid @kali or

npre of am nes having a pkB of |ess

or ii% SQ.Wfpn1q{ s .

t han #*873he LRELN pEtRlSsAEh AT ALETr o1 ST @Y Ccomseuptx Form; or
ki . .

L1 EL 3% Brh 08, BESUbT B HaOHE B8 e RE a R g, on e

hydr ogemegronaxngl @rofdhatbe dogsuedenipeppai;de sol ution
of %he present invention is particularly suitable for
s &ne regubbeaddiepts hyRBOgGSORETIX( e 5008t ivnefuheseby thaewppm

e f t er o talyst. It is a
é;rter E%@?Rg trhgsﬂﬁgﬂgf&fﬂgg%éﬁﬁg’eeﬁf%(#venti on that a
hydr ogen peroxide solution fulfilling the 15
above-specified requirenents and can safely be

Hgnbyd@woes tpsrexideasell ution pethe paesardsinvenbeomprepsarédcularly
s mc process.. Furt hernore, . surpr.isingl

LB BE BRI hrbBEResS ki Hee SBPTicRbioT Bhabetenan the

prepeqeeds| PnatéRigBhals! Yatlal yaind rse{ £gt éd’rlg?%sr@fgeét—g%H of the

het er ogeneous catalyst in an epoxidatio
roease usrentyiontithat o dydrdgeacperomi ds sBlutnifonafulfilling the

oxi dation process coul d considerably be |nproved
%@i"ﬁ@sﬁeﬁéﬁ &dn GRe r%”ée”gﬁ WsusathyarelgeRe H@néi?r@e stored, and
HAbpdd ,0Ban La8¢ | A GRe
ecgg%m cgrl]l 39 pﬁoggg%%agﬁééj ﬁg’%ﬁdéﬁt%gop 8@ﬁdggggcess. Furthermore,
depctsingl y orthtd agheouschydrogeit pepoxiat séTheiepaeads @B an
time beﬁmeen regeneration cycles in the
improved long term activity and sélectivity of the heterogeneous
catalyst in an epoxidation process. Consequently, the overall economics
of an epoxidation process could considerably be improved using the
inventive aqueous hydrogen peroxide solution, since the solution itself
can be economically produced and Teads to reduced deactivation of the
catalyst so that the operation time between regeneration cycles in the

epoxidation process can be increased.

Detailed Description of the Invention:

It is the merit of the present inventors to have recognized, contrary to
the teaching of the prior art, that the presence of alkali and alkaline
earth metals above a certain 1imit are detrimental to the activity and
selectivity of the catalyst employed in epoxidation reactions of
olefins. Moreover, the inventors have recognized that - in addition to

alkali and alkaline earth metals - amines having a pky of less than 4.5
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epoxi dation process can be increased. 25 Detail ed
Description of the Invention: It is the nerit of the

WEer@smeR96l nvent ors to have recogni zed, contrarBCT/BP2003€10558

teaching of the prior art, that the presence of alkal

and alkaline earth netals abdve a certain linmt are
detrinental to the activity and 30 selectivity of the
orat aizezrsﬁnoeemiebw@ntm epokhedatiority eandt selest dfityl ef ithe.
Mor eover, i nventqrs have recogni zed that - in

@RI 1110 206 LhATeIar? *gwaraﬁqn&enméne@fqrﬁg%parwdeasﬁmuons

WY B568 foé%dgﬁaét“a?"é‘*“%a@éﬁoﬁn%ﬁ eI PERE o ps sapgfuty

enttry] Ted anbesd oGt the spedifithe in¢ed.abysthe @fr hand, anions
therefore their content in hydrogen peroxide sol uti ons

ket phoasphaka@ri i tepss. diiatoare daequasidy diseel w‘etf isabtdze

idhiePlis SRR ParoRBie (Bt Tonhs JREe 8 B ONIR BNl HHF effect
&M tth@ta%%wmabn@rsm édtawwﬂotfytnéseﬂmh@laﬂcﬁhbbbtaq%st S1nce these

aqueous hydrogen peroxi de sol utions, have no or only
a/réuoys | dret necesprycifor diiet $ieabatizatii oy ianordeel tetengirtey safety of

epo at.ion c Since these anjons ar
gL SR SN R TP oo B B PSS G0 D de
f o] i4n [ e
AL ‘ﬁ@f%@@ﬁ%g‘? ST RSBt dn SYaB1 PI2IRG il biFa least 100
wppaskaded on shabidiight rof &ine dnytisogeh pﬂrokaﬁhnlﬂ@ swjarion.

based on the wei ght of the hydrogen peroxide in the
solution. Contrary to the teaching of the prior art,

C@%E‘ﬁé (}'Bhﬁqeu c‘?ltm tcﬂd‘éhe yd50gen pRb O d?h@?}ﬁgtéf)%ude

fron1 raqui none process

hyﬂre@eﬂ|p¢r@x3ﬂérsd1Utfmhstbbtaﬁﬂ@d”ﬁromfth@|kﬁﬂhraﬁﬁﬂh@hé prodess
am nes having a pkB _below 4.5, nor the use of
WPt é@PﬁWﬂMg‘é}ﬁ]’Cb@Udﬂgd@e tauiti oha) kaliemetals and amines

IO t t t| e bilizin
BiTbh" s Bl T Do ' B9 o A1 Mufiskhaisaine
sﬂﬂ@@ﬁ@rﬁs,fmereeﬂi)éddﬁﬁoﬂnt@fth@'n%"’chﬂscat?&s 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 1is preferred to reduce the amount of these components to
be Tess than 40 wppm, more preferred less than 35 wppm, in order to

further improve the long term activity and selectivity of the catalyst.

So far, 1in the Titerature, the detrimental effect on amines having a pk;
of Tless than 4.5 on the Tong 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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Al t hough an amount of al kali or alkaline earth netals
of less than 50 wppm based on the wei ght of hydrogen

w@erenesde2 i n the solution is acceptable, it iBCI/EP2003/010558

preferred to reduce the anount of these conponents to

be | ess than 40 wpopm nore préﬁerred | ess than 35

wppm in order to 25 further inprove the Iong term
pettiteutarlanereferesst itoineduos Uhheanman’aqusammeSohé\amg a pk; of

5% SEPERET phé 1S, iEbRn g pride Sy aRrn total to Tess
’éﬁérﬁ@fblvw fny p’%@@*eﬁéﬂw\zﬂeéds\é 9@ B30 B X'n%%' R rERLRY ¥§§s than 20

has not been recogn ect of he presenc
wpprs uaid alnshenveferrede‘resmtlmmqunpmcmw@am thdraeight of
or. al kaline earth netals.

ffect of the alk
%%‘&Pg%rp@mﬂd% é”%bezﬁfdﬂﬁws%z PCT/ EP2003/ 010558 10

particularly preferred to reduce the anount of am nes
having a pkB of less than 4.5 in the agueous hydrogen

PspeXatiey detrimentali notieabctioitysdd dd1aet AQ LW he
preferably | ess than 30 wopm nore preferred | ess than

ORPXIARHIAN 6Rc | BE t1SpERS OresaNCe eafs al kidn antnesp pespebiady

0 eroxi de in the solution.
@@?@Vﬁhgg; ﬂghgy%htgﬁﬂﬁg'activity and selectivity
of the epOX|dation catal yst is the presence of alkyl

am nes, especially secondary and tertiary alKkyl
Arathes . surprigiog heasustirgft the rigverdoust iofesthigat onsnioridiat

BB SBSET Dab it fotics BRIHA-S Aftlsnsartdnt Anopas dpanat cally
FdtRick OfHa: qéﬁngéﬁﬁ'é%t§0ﬁ ?”5hd5§d RV ontqe ox1géﬁ}on
It east

epoxi dation ™ cataly he a on oOf at
oty s, tbbe@idm‘amnngf eatpk&s_ztf 160 whpm lofalsdsed. bavevigna pk, of at

LB e po JBPSnptie Tote teil BRav iy ool schedrianiiat the
BRI b LU eSS S8 g o
present lidOempipm ofhebagepubawidnogen piBxatie adol1lerRmt cdntlrins in
éﬁai%?é% at Teast 100 wppm of bases having a pk; of at least 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 solution in
an amount of at most 3000 wppm in total, more preferred from 150 to 2000
wppm, particularly preferred 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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correspondi ng protonated conpounds in total based on
the wei ght of 20 hydrogen peroxi de. These bases may be

we@paohe289nt r oduced during the process for prepeCHEPIN3/010558

of the hydrogen peroxi de or may be added to the
hydr ogen” peroxide solution atllany stage between
roduction of the solution and final use 25 in the
beresi are peatenabhy Slettadaesn argarricedreinabland amides having

Biart Bf 5ehdcs . SOBBN BT ROT BE RS FoNES r eRepf e least
. . i l_ar I f

L PA R B B RS g i

1200 wppm based on the total weight of hydrogen

genoxide. WO 20%%8028962 PCT/ EP2003/ 010558 11 Such )
fadés? AEt il pBragyrytage atitdn Aresanbhydregenaprneuidasalution

hdes: havi f. . '
B E P be R En incite BRR, Srebya 2R bfoupgs, rgse
sirath1 hicingxattians rere prafenats] y anp&rihi Wi 8xdphoBPIRIreLE @fions 1ike
S It is a particular advantage of the present hydrogen
yheriagehalr .uhydivgen mhosphatensdikadregenpphasphate, npytophosphate,
Hﬁﬁgkestabilizing amounts. These stabilizing anions
are preferably any kind of oxophosphorous anions |ike
ort hophosphat e, hydrogen phosphate, di hydrogen
hosphat e, pyrophosphate, nitrate. 10 These
Bi $tiapii hig iagi @nions ororcoompoundss thatatcan ati sdoskadei &t ¢he

AP PP BRI 80! SRR SRS o

f -
sumrigtystorysh ApEn, B 58t N 458, 0001, -

KO0 wppsOOmanepprefESrédR8d 0800 hpweingist wfefbyidogem - 600 wppm,
ergxid% Thus, t?ehgﬁdrogen per oxi de sol ution of the

t%ﬁ@ et EhenneihloTehidioga PRrgHd8el ectivity and

activity of a catalyst in the epoxidation reaction

Wi t hout conpromising safety when handling, storing,
End, sithiephydrogen epe?20x tded soagnom efoxhe presunst i®@ntion 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 avoid 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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Anot her advant age of the hydrogen peroxide sol ution of

the present invention is that it can be easily
w@e@dozsae2 i n an economi ¢ way enploying the wePCFKP29051010558

ant hr aqui none process, whereby additional purification

25 steps are not necessary and2are preferably not

appl i ed when conducting the process of the present

cancentriadrionsTheovmIthe reiquts epecifibdradcbedingr beehe mfesent

t he present invention conpared to the known

HY&MF1®%%ti ons of the anthraquinone process is that

the process has to be carefully controlled to avoid

introduction of alkali netals, alkaline earth 30

Aethaligh many nesidigions o fathk Bnofirdga$sorieprocés®, tddkchieve this

conpounds that may form during the anthraqui none

ROy BeNE L31e SANGRIyakile.i iy iSheanti epkardyipneterred: te use a

LA PIBEEES, S50 BB obBc 84 aen compounas,
EOAPF rEheakibrikA Hig HVET drh erA: a’tbﬁw'oi %ﬁépeﬁi)f W ethoBE QRN rhfﬂ khPi or

the present invention. gh many variations o

dke 1 ane eaekfuinabale compateds thet aarei &vdheharthraquinone process of
equirenment are conceivable, it is particul arl

HESPLIdea s 6 OBty SRIORRS Fosirat i 2nicko résenérate the

WTRERS 1sal Ly dnt &8 S%BO(fggab‘y ¢ 84 £nG IR NC AEPE N i ndnP oxi de.

dry the working solution’n above step (f) w thout

Rrsifagakdlyk adtyiog isakckmrduched dgrwatemed\apocainion uitd yatiat.

are in the anthraqui none process of the prior art

comonly enpl oyed for drying, and to regenerate the 10

rKi kope i : - ' ' '
RS 8 POASOBY W SSRglnips 5 P RE LR, A
alregere papaxiati sl uit o &hatums pahtiisuldrig usedeesis eoxtiigtion
present invention _provides the inventive hydrogen
FEEEX B W HIoUE | P TONHIY Festpapid dabeli-iptensdve purafication

[ LO ' ' t l.Qyi St = an
FR0K. b or ETudE TR, kRS sEIR QK| BRaTR Todtne
pnodeoget DRs prbstats dhueht foh ehi dengshd awedtmf wiRhOBE SRy
of the present invention can be used directly w thout
Bigher purhErcapien fSteps.i on steps. 20 It is preferred to
concentrate the hydrogen peroxide solution to a

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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hydr ogen peroxi de concentration of nore than 50% by
wei ght, preferably nore than 60% by wei ght, nost

w@e@heraoerl from 60 to 70% by wei ght, based onPCTIEP2003/010558

total weight of the hydrogen peroxide solution. The

i nventors have recogni zed that such concentrated
hydr ogen peroxi de solutions are 25 particularly useful
sl \teﬂi‘g lfp@ﬁtbmoﬂontheealﬂﬁﬁn1$pn@[lenehegndf ting heterogeneous

LAPBYE o Sk e sah R B b Dotaci on of the

present invention can be enpl oyed in any epoxidation
reacti on using hydrogen peroxide known in the art. It

Boe iTnveuatriohcwl 1dr how peeden atbdt tn umee tdetapt 84€Ntreference to the
E @r ogen per i de solution in a continuous

% OWEY iSSATR1SScess conducted in the presence of a
wat er - m sci bl e sol vent and a het erogeneous cat al yst.
Preferably, the WO 2004/028962 PCT/ EP2003/010558 13
Exdmpéas: i s nethanol, the olefin is propene, and the
het erogeneous catalyst is a titaniumsilicalite
catal yst. The invention will now be explained in nore

qle i th reference to the 5 follow ng exanples.
a es: Exanple 1: 10 Preparation of an aqueous

PyebaogeTonper i duedb UiydpBgerC BOF gkt a@ doQutfh aloPa®RY to the

invention In a trial plant for the | oop process
a'thﬁ@ﬂ‘éllh”g’eﬂb“tnhe ant hr aqui none process for the

S P oI et g L5t
gt SRR Y o v

c@np.rasmgjitb@rﬂthpadlydn@gwatmnwomaﬁon 2ex13wab’ewml drying, and
ant hr aqui non 2-1sohexyl tetr

hARNE5H 1lqpa?qd‘f°ﬁ€m9 Fﬂ%@%m&’%@%@#fouPelJea\%H 2 Ahvis
¥l %&ﬁm@ﬁé CJGO§9 gh'log%’L ZIQBE}%QI gr%ghgiﬁ@anmem%ﬁ 19 mo1/1

25 vol % of tri I'S used.
Zﬂsbhm)ﬁydnﬂg\aqmnone sanelpo 12 h@loP 2 eiaohetyIwestrizun at
hydroanthraquinone in a solvent mixture comprising 75 vol% of Co/Cyy
alkyl substituted aryl compounds, and 25 vol% of tris(2-ethyl hexyT)
phosphate is used. In the hydrogenation step, a loop reactor was run at
a 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. Thereafter, the
combined working solution is oxidized using the Laporte oxidation as
described in UlTmann, supra, page 14. Thereafter, the hydrogen peroxide
is extracted using deionized water. To the extraction water, 50 ppm H,PO,
and 20 ppm HNO;, both based on the weight of the hydrogen peroxide were
added. The concentration of the extracted aqueous hydrogen peroxide
solution was 41%. The working solution was dried by water evaporation in

vacuum, and thereafter recycled to the hydrogenation step. The crude
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a hydrogen pressure of 0.35 MPa and a tenperature of
58C. Pal ladium black (0.5:1 g/1) was used as

whyanozpemt i on catal yst. The hydrogen per oxi deCT/EP2003/010558

equi val ent in the hydrogenation was 13.0 g/l. After

t he hydrogenation, a part of tlde hydrogenated working

25 solution is regenerated using active alum num

bydrogen Treeoridet eoluttibie was ostiabmnEizedonkingg2 o bpr i sod ins

oxi di ze si ng the orte oxidatjon as described in

O cpkAhatE et 5, EAS et GHE P dnicpder Rer 01y de cipenconcent rated

PENR¥ [ t using deioni zed water. To the
ext@ggwg% @a/att%)gré\ﬂ%gg%p%ﬁl—lst and 20 ppm HNO3, both

basedTlon hiybeogeri garoxitde thecdnypatoiganodehexdodeat wrr 8bB8ned in
dded. The concentration of the extracted aqueous

dr Baevagetotde bgwdmnoth%@tadmjghﬁeqmmismgution, and
LR 287 R VadBhtac AR TR7 S BB e, movic

Boudes ¥6IRMO4/ 028962 PCT/ EP2003/ 010558 14 hydrogen
peroxi de sol ution was stabilized using 200 ppm sodi um

pyr ophosphat e based on the wei ght of hydrogen peroxi de

ncent rate i n_vacuum by wat er_ eyaporation. The
%Eg%%eﬁér%@gego@%@gﬁi’? ?ﬁ@%‘?ﬂ cof ftJfI‘?egé,ol ution
T ﬂ?f@%ehnper%x‘idﬁ SoNY oWeshtasndtt *8m RASHS 0D 4 h@onc/elg‘érated

tota ght of the solution, and contalined 250 ngy

2 E2 hphregph gterexi g0 conpekrd#do2 as tinditcatedirid Bibleyl kg

H2O2 .sodi | es to 5 a Conparat i ve

Exan‘p&@%loqagr&: %ﬁlggﬁh@emdﬂ%%ﬁ”a oRTHESsBAINPom PK; of Tess
aj r  Lih 8 <CO t§ at h n.

P ST b8 PR L gy WlkoREN

atidt iroraal diygunal dfabDO mpbml (1006 svppm ddnmion daviinesxdmpVe %) |, abased

kB, of less than 4.5 are added as indicated in Table
gr} %hﬁr‘#ﬁ@a?r&fe,ycH'r?ﬁ%ip&rP@deadded in an amount of 500

100 A 300D RID ek R B by L Peibes: T
icittaal yis ts 1vbca 1609 | poyesk was ahapek AnBd &m- Hiteuditdsaé HY a silica
silicalite powder was shaped i nto 2mm extrudates using
$0lsppjkggder 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 Tength of 4 m. The equipment
further comprises three containers of Tiquids and relevant pumps and a
Tiquid separation vessel. The three containers for 1iquids contained
methanol, the hydrogen peroxide solution, and propene. The reaction
temperature is controlled via an aqueous cooling Tiquid circulating in a
cooling jacket, whereby the cooling Tiquid temperature is controlled 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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so] as binder in accordance with Exanple-5 in EP-A 1
183 387. Epoxidation is carried out continuously in a

wo eag2soe t ube of 20 300 mm vol une, a di amet epCDEPO3/010558

mm and a length of 4 m The e%uipnent further

conprises three containers of 15 qui ds and rel evant

punps and a |liquid separation vessel. The three
permdidaeranversioni puitdsratdon aiThedseTeet hdhplof hixdrogen peroxide
hydr ogen peroxj.de sol uti.o and propene. The reaction
Wiﬁggﬁwﬁe£9 ?Oc‘?ﬂ‘?ﬁ FBf‘FUéégéﬁl-a an aqueous cool i ng

l'i qui ‘ﬁh&'r‘,@%ﬂ‘%t yale) gWerfi1'%5r£)‘?8|i,n9 j acket, whereby the
cooling liquid tenmperature I's controlled by a

thernostat. The reaction pressure was 27 bar absol ute.

Mass flow of the feeding punBs were adjusted to
result in a propene concent rlabl®d of 38 w-% a

EF%E}E'EFEO“ f- n centratio 487yt =% —antd =g
ydrogen EA?rdE)g éll‘e f g¢ed coHédént rati o%ﬂn&ﬁh% wt-Cg%OZ THet0. to PO
react or| wamg/ARenaied |i aostewiraGoh! oW eprs at orpoggde. [%]

to

The cooling jacket tenperature was|adjusted C

and totlal mass flow was O[W54%Rg/ h. | Prddilct put put and
propefe—oxt-de—concentrati-ep—were—determned by_gas

hr omatlogr aphy, and the hyd%gen WD 2689/ 02896%5 91
BPCTTEPAQE3p8 10558 15 peroxjie CoNyer Siggim by g5 90

titratijon. The sel ectlivity of hydrpgen peroxi dé” wj|th

4 espect|Ltio2%0 was callcul at . The [eswgBs afe given in g9
Table 1 5 Table 1 kExanple Additipn H202 Runni ng

TH202 SH202 to PO [nug/ kg H#02] copcedddtatijon B4 ne([i] 90
[~

r /1 1 1 Lo laYa Vi ~l, NaVilleY ~N o Y| 2 Na 20 70 754
4

g

5 4 UMl 88 0 g0 ©3 60 285626 00 40 Na|20: 72

di butyl| 4432088 26 72 am ne 135

C2 methyl amine 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 pKs
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 Tong
running time of the experiment if the alkali metal concentration is
beTow 50 wppm, based on the weight of hydrogen peroxide. When looking to
the comparative examples, it becomes evident that if the claimed 1imits

for alkali metal ions and amines having a pks below 4.5 are exceeded, the




C2 methyl am ne 60 1193 22 81 100 C3 170 60 1007 89
79 In Table 2, the pkB values for nitrogen-contai ning
whawes2ese gi ven. Table 2 Bases pkB ammoni a BCT/6P2003/010558

met hyl amne 3.36 dibutyl amne 2.75 10 As is

evi dent fromthe experinental Yesults summarized in
Tabl e 1, high hydrogen conversions and selectivities
conveysiomiantwdineds fibe seleotiyity wiithe datakystf dtdvatically drops
eégeanent if the alkali netal concentration is below
B¥WipHT- based on the weight of hydrogen peroxi de.
When | ooking to 15 the conparative exanples, it
becones evident that if the clained limts for alkal
nmetal 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 catalyst
dramatically drops over tine. WO 2004/ 028962

PCT/ EP2003/ 010558 17 CLAIMs: 1. An aqueous hydrogen
per oxi de sol ution conprising: i) less than 50 wppm

al kali netals, alkaline earth nmetals or 5

conmbi nations thereof in total, irrespective whether
the alkali or alkaline earth netals are present in
cationic or conplex form ii) less than 50 wppm of

am nes having a pkB of less than 4.5 or the
correspondi ng protonated conpounds in total; and
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10 iii) at least 100 wppm ani ons or conpounds that can

di ssociate to formanions in total, whereby the wpm
wae@4bze9el on the wei ght of hydrogen peroxi de. PCREP20h&010558

aqueous hydrogen peroxide solution of claim1, wherein

the 15 anount of conponents d group i) in total is

| ess than 40 wopm preferably | ess than 35 wppm based

on the weight of hydrogen [(eABMG:de. 3. The aqueous

hydr ogen peroxi de solution of any of the preceding 20

cl aims, wherein the anmobunt of conponents of group ii)

N t okl | . y..less than

55 o adufous' B9ddgdf bef Byt By i) Colfi e S e
prefer)yed lessstharas0 Mppwppikahasedadn  al kel wei &hdfetals or
hydr ogen peroxi de. 25 4. The aqueous hydrogen peroxi de

sol ution ofoRAayatgons Hdepeeic dai Fgal cliairaspeciiee ehatherethe

Cortiary o B T AUITIRE e B g a B 888 bent i cationic or
PCT/ EP2003¢dnb08%&0or8 5. The aqueous hydrogen peroxi de

solution of any of the preceding clains, further
conpr i ngleSSv{hEm 50 eeppm afd @miesnhafingas exk; ledviews dhan 4.5 or

kB of at | 4.5 or. th di t ted
Compounds 111 por&isnyiling R terreSstgoum S fafal ogod
peroxidg. & 145& a00SHWA J?M@ﬁ@%ncﬁlgfogﬁdsd%hﬁ"c‘éh'd’ﬂ:sBéiate to
f co of group

claim5, wherein the anmpbunt o onent s
iv) in tot&rmi gni®@60inyppbalat nost, preferably from

150 tq 2000 pm nore preferably from200 to 1500 10
wppm Vﬂ}%@ y &ﬁgf"éqpﬁ'bﬁ'iﬁ Pgéﬁf[ 880 ow@ﬂ%@ Xp purrRger dpakiexide.
the total weight of hydrogen peroxide. 7. The aqueous
hydr ogen peroxi de solution of any of clains 5 and 6,

fher eihe aqueednasmalrofergporgxide)soduticrebecdiadnfr ofherein the
organi c am nes
amount of components of group i) in total is Tless than 40 wppm,
preferably Tess 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
Tess than 40 wppm, preferably less than 30 wppm, more preferred
Tess 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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15 and am des having a pkB of at |east 4.5, organic
hydr oxyl am nes havi ng a pkBof at |east 4.5, anmmonia

wa@pa4ksdsDxyl am ne, preferably ammonia. 8. ThRCHHP®O¥E10558

hydr ogen peroxi de sol ution of any of the preceding 20
cl ai ms, wherein the concentratlfn of hydrogen peroxide
is nmore than 50% by wei ght, preferably nore than 60%
by weilghtaguesss hygiragee rpeedxfdeoso @ o of0&hyb Y fWEHed Preceding

based on. the_.total weight of the hydrogen peroxide
solutFgﬁFSZSﬁg%hﬂ"§P838§§”$br the preparation of the

hydr ogen P&t opdade 198! WignC8r ‘Bfasef%v%& %L@gggf $tBeast 4.5 or

according to the anthraquli none T oop

conpr i si ngthe)cohyebponeimat prstondted wempounds S8l thta®based on the
conprising an organic solvent or mxture of organic

sol vents aWe ¥kedloMyatRIENIErasidese ant hr aqui none

conmpounds, b) oxidation of the hydrogenated worKki ng
solution to form hydrogen peroxide, W 2004/ 028962

BCT/ ERZD Q3085 hfdroyen Gerexideasdiu@fo® o fNYHiRISN wherein the
peroxide with water, d) stabilizing of the extracted

aqueodBOURY deTo gempanenbxiadegrasipl int)i an, takp1 ciondeet wapm g most,

the a [ ergxide solution tp a

conceﬁ]}{bﬁgr ?%WEF‘?"%%P g@ezoﬁ?g%%]’d@o'?ﬁ pg?&?ré‘giﬁf fsem,49) to 1500
vel Qhipprhangst BrefdiabWPIrBal 300 o220 ApaH PsOF A LR tota
solution, f) drying of the working solution after

ext r aeaiignh, ofahsdragenrpayenedeat i on and purification of

the working solution, 10 whereby during the entire

process neither alkali or alkaline earth netals nor

ani nepnayidiisanpirs idkh i §38

form ng sﬁch gn?ﬁﬁgg@i?&ﬁ%agﬁéﬁgygyggg?ar .ﬁ?ﬂgﬁﬁ%édamj6’

i n angheresn thieabasessof tgroup depumresseifected from organic amines
and amides having a pk, of at least 4.5, organic hydroxylamines

having a pk; of at Teast 4.5, ammonia and hydroxylamine, preferably

ammonia.

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 according to the anthraquinone Toop process
comprising:

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,
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i) 50 wopmor nore of alkali netals, alkaline earth
metals or 15 conbinations thereof in total,

WO pe0edpsa6t | ve whet her the al kali or al kal i ne BPEr/EP2003/010558

netals are present in cationic or conplex form or
ii) 50 wppmor nore of amineslBaving a pkB of less
than 4.5 or the corresponding protonated conmpounds in
t ot al ¢) 20 extrabeionesiihydrnageagpEronsddwdtiogabeper oxi de

sol uti,on, r.epy. t he pm are based on the weight of
hydr off&n pé%%ﬁﬁ%.”glﬁ t%@xﬁr@@@gsawow AT egenwprtoxii de
the working,is@kspion is free of organic nitrogen
compounds, glg - 'drying of the working solution in

step &) i scanoadtGtda thétdtpl@buslﬂhb/dlﬂ)g@hk{férbxﬂdeh@bhﬁhioﬁeto a
e

earth metal conpounds, and regeneration of t _
wor ki ng s oFQICEBI athors o0& phyglropen @erexide oft pbatdasy 4G5 by weight

[ ] ' . .o h f.claim10,
aher o1 n-ari5ag e thE e dft btk BvdiosET SeePkicRoRo Tl Ton,
vacuum \WQIrRAAg/F28R6 %oHGF{gEE’@IQ@%r%a%é@ ex@factfon, TRRd

process of any of clainms 9 to 11, erein no_further
puri f9kat i krgeberathen exdrpurt Etcaidoe afstin dooigey solution,
peroxi de solution is carried out. 5 13. The process
of any of clainms 9 to 12, wherein at |east one base

havi %e@el@)k%uﬁfnga‘;]:hé %%‘iré‘p?oé’ﬁgggﬁé‘iitthgp%ﬁ%w %? A&dhhe eartn

or alkaline earth netals is a n an anou

r esulndtags inoragmineastaving awpiyof diess utanbasesr afombbends

correspondi n rotonated,conﬁounds in total based on
&ﬁdﬁ %k

the Wi BHEY SHCH AN Bre AUBHId keI @rP¢esshare iTRBroduge’ gusamounts
10 hyﬁfa@gﬁéku@grﬁ%b@tﬁlg%gldﬁ“ on. 14. The process of

claim 13, wherein ases are selected from organic
am nel andlawpmiesr mavengl alkkB nétas, | B&alik 2arth metals or

g:ngrgm g ah (rjn 10 rfa ligrqg r%ﬁgreré%vw gco%aﬁk?ngries?)tec’éﬁgsvahedft'hgf the
alkali or alkaline earth metals are present in cationic or
complex form; or
11) 50 wppm or more of amines having a pk, of less than 4.5 or
the corresponding protonated compounds in total:
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,
drying of the working solution in step f) 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.

11.  The process of claim 10, wherein

drying is conducted by water evaporation in vacuum.
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15 hydroxyl am ne, preferably amonia. 15. The process
of any of clains 12 and 13, wherein the base is added

we@paoheesosuri ng the preparation of the hydrogenP@EEP20031€10558

solution or at any stage between preparation and
final use of the hydrogen 20 @&roxide sol ution. 16.
Use of the aqueous hydrogen peroxide solution of any
62. cl Bherprocess ahangfoft kéatmsuBotes 1hy dihepein perfucichker

lution obtainable by the process of any of clains _
3?1g #"3% fﬁ E%“I@Bo%% 33? ?/%(%P%)‘ftegl HueRus (}Qéf‘%ﬁn REOXdele solution

cIainy;ermn%{gug the epoxidation is conducted in a
water msclble solvent and in presence of a

het er ogeneous catal yst, preferably as fixed bed in a

ntipuous flow reactor._ 30 18. Use of claim 17,
i\;ger ef 1 PRecass| Vet i fhatgndIto {Re whpegimat dleast one base

pr opeﬂf\mﬂgda f:pﬁe otf’eéfter] RIENA0HS, 1§ RO %8%31?11@9 GRS 4T S1kaTine
silicalit at al yst .
earth metals is added in an amount resulting in at least 100 wppm
of such bases or the corresponding protonated compounds in total
based on the weight of hydrogen peroxide in the final aqueous

hydrogen peroxide solution.

14.  The process of claim 13, wherein the bases are selected from
organic amines and amides having a pk, of at Teast 4.5, organic
hydroxylamines having a pk; of at least 4.5, ammonia and

hydroxylamine, preferably ammonia.

15.  The process of any of claims 12 and 13, wherein the base is added
either during the preparation of the hydrogen peroxide solution or
at any stage between preparation and final use of the hydrogen

peroxide solution.

16.  Use of the aqueous hydrogen peroxide 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.

17.  Use of claim 15, wherein the epoxidation is conducted in a water
miscible solvent and in presence of a heterogeneous catalyst,

preferably as fixed bed in a continuous flow reactor.

18.  Use of claim 17, wherein the solvent is methanol, the olefin is
propene and the heterogeneous catalyst is a titanium silicalite

catalyst.



