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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
s Wit fhRF ; 14QNgr A F) ener at |
PSR PR AR TR RACIH B GROETET BARRENG 5.
&: dHydirogen Reroxéds’ §1bmen’ ¢ ecidlopedia bef Brdesee al
@%@g%ﬁ‘%géﬁescg?gﬁ cr ﬂgfeaglef f6(%'r gg.t bﬁ?gﬁlv%hl Ib\}eliﬁfsléim\/%)une 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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PCT/ EP2003/ 010558 Crude hydrogen peroxide sol utions or
concentrated hydrogen peroxide solutions obtained

wo camiozdse2 ant hr aqui none process contain a pl urBCT/Ep200$/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 3 PCT/ EP2003/ 010558

wabenessse, the solutions are particul arly usePCi/EP2003/010558

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&%@ s%?&@i%n% Eg{repgfétgtr r{ei%gﬁ@% ng | ar ge anounts

kali nmetal or a i ne € al ions into the
reaction mxture. Said neutralization WD 2004/ 028962

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 PCT/ EP2003/ 010558 resulted in an increase in
activity and selectivity to the desired olefin oxide

WO pooa/oksaszh process. The experinents in EP-A 7BGT/BER)3/010558

however, show that in a contigious 5 process the
activity is considerably reduced if the catalyst is
neuﬁg %lzed prior to or during the reaction.

$or'8, a1 tINFEeasgghe aCkty 1ty cand: eatecthieityatalthet desired

Frroh $Qd8T Y bRk ﬂeocg%?x' dation reacti Sgtgf |Hr]1 ZEP-A

neutral or acidic sa 'e experi nment al
757 043 confirm that by addition of neutral or acidic
alts the selectivity is increased 10 but the activity
PRy Theiisc 2 EPoﬁpgﬁﬂeaM o howayeaddshoiwothatf 118 dbas®tinuous

T8bary S8 Lely Y a8 areRcERLY SaMWcast s Brireccataayst 1s

ﬁe@&ﬁﬂﬁ@d%ﬂdo?hﬁ) oAt AIrYBY t'hé MR A ?I’]é”eﬁﬁr‘g Opwrsn gis suggested

Addi tionally, the experitents were onl
Uﬂo@?@ﬁtbbherﬁ@ﬁé}xstepﬁﬂnr t@loreduying hithy épdﬁﬁaafﬁdncréga%gon with a

tal yst. acti ty after 4 hours which 15 is
rleﬂgt‘;ag Q8 ¥dabI 21 orThanexnedimanta i dasaote £8-A b O%r b(ynﬁ rm

h d
870 0 PO DB s

byt ebeneet ofity isohedmseducesiabdmphied 18! B 'aHdiﬁ)ioBSof a base. But
les are run in ba

reas he examp
Elgﬁg 72?? @‘ﬂ; RBAL% 53&110% eéa@ﬂerslrwream dnhysc:atan ystr yisfioreabed with
u i f|r at. the presence
theal L DTS b R PiAIE G0 The (R 9 s iedbit & 1oy form.

Addttaloyat] s et e teixpéitiiehts febd@ht tr% e n
S dlscovered tﬁat even if nonybasrgﬁzg ﬁ%ﬂ% 5utrﬁ6ertmﬂess
iﬁéﬁ9¥n§ Quh agdrrapatie dﬁOPrﬁnxcahaéy$tnmchnvn¢ytaﬁheou$ hours, which

he activi nd 25 select|V|ty
1§B§€§ga%%ﬁ§t%%%ﬁ @ﬁgv @"?Pﬁgm”$ﬂﬁ§? RMP&eseachi ng of
EP-A 712 852 does not lead to a reaction systemthat
can be economcally enployed in a continuous

SEHJRT Hwt EBrA ﬁrlac&es?s teatheg thadr mgeer femang dg S%xﬁ'ﬁ@tion
Pg@%gggga?{/@ Bﬁ%’ﬁ&g eneo %cgi{l‘g ag:ﬁmﬁgﬁ{sgnce} of a non-basic
o i oeaetu IRy B B a?‘ﬁ*eg’sﬁ%ﬂéd%ﬁ%ﬁﬁ%s"éﬁé’fwﬁira@atch
ORRYSE T Orb@ddé nvithea athomedpeatan yst ts1dOOUFBRtGhel Kour . 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 5 PCT/ EP2003/ 010558 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

sel ectivity conpared to highly purified hydrogen
per oxi de WD 2004/ 028962 6 PCT/EP2003/ 010558 sol uti ons

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

r&sB¢ld&oi Bie seacdiieninase wiamhatad togmmpmﬂ"rd@xwﬁeh aftEioebdbony1
constant by increase of

ersion.is k
ﬁ“@g%f‘%%gi {%ﬁﬂ}é}r}% []?21[) YrepeNa it Qs boiled: F thel witregrn atom, Tong
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 be BEFf/EP2003/010558

handl ed, -stored, and shipped, and that is suitable for
the epoxidation of olefin in fhe presence of a
het er ogeneous catal yst and ensures inproved |ong term
activity and selectivity of the catal yst. WO
41028962 7 hi & htfer gf the Present |nvention:
i hFS—object-Ha5 been attained by an
aqueous hydrogen peroxide solution 5 conprising: i)
| ess than 50 wppm al kali netals, alkaline earth netals
Biis ebifsitnaas baen taibaiwetl by ancaquieous hydsdeat patexide soTution
&ﬁgizﬁﬁ]the al kali or alkaline earth netals are
"% n cationic or conplex form ii) less than 50
pm s sapp i I . 5 or _the
?g corresg%ﬂﬁﬁggﬁ%wg?gﬁgfﬁgtgghpgﬁﬁﬂén?%”?%@gPFa @
iii) cambfieatsiond Ghergfmiartiodas, drrespERoidahéthal 8@%alkali or
di ssociate to form anions in total, whereby the wppm
are BHSEHTEN PR {R%J?Eaﬁt Ay PRESANG gh CpbTaNcde: calpTEixi Sorm:

isnventd ide _sol utjon can be
Tt ol ey R 6 {ppR . AR PR S P! o138 et s or the
hydr agene gpandxiigl eretunatéd romss@tsi oot ; t ARy

ant hraqui none | oop process conprising: (a)
1H37(Sjr Fden@dstoA0GbMPRM a8 RS gr seimpoiingds tlatpcasidigsariate 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
s 08I thePUCER? GO/ DIITSEEedni memoahisi bigptt Mesult 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
Foral U pPE e, 8F IR LLIRRRL 2 |iafind PR B ek s o
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

5 e RO o o prn

estryi ted andesedient thd spedifribdd imeed. aby Sthe @t‘rfér‘ hand, anions
therefore their content in hydrogen peroxide sol uti ons

ket phasphaka@ri i teptes, daiatoare dxequesidy dfsed| w‘etf isabtdze

led to .be bel t fi
5B TR s B SEhAE P e B A AER TR EGE errect
&M tth@ta%%wmabn@rsm édtawwﬂotfytnéseﬁmh@laﬂcﬁhbbbtaq%st S1nce these
aqueous hydrogen peroxi de sol utions, have no or only

a/réuoys |dret hecesbdryctfor dmet $iabatiiatiioy ianordeel beteingitey safety of
epoxi dat.i on ¢ Since these anjons ar
SRS SEToPST L TPhg BT PR ader 808 Barcide
f 0 i4n | e
Sk, ‘ﬁ@f%@%ﬁ%g‘? STraEhtIgn SR PR iBuRls bfFap dgast 100
wppaskeadedi on $habidiight rod &l lytisogeh pﬂrokaﬁhnlﬂ@ sefarion.

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

i.0 t t t| e bilizin
BRh0 Rl BelBEA"F oo ' B8 of a1 Plickh Siellfhside.
SU10ERES, fmereeméddﬁﬁoﬂnt@fth@'r@&bﬂscati@nﬁ'a‘lQ@%B %bﬂumg
anount of alkali or alkaline earth metals of |ess t
&oons 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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wppm based on the wei ght of hydrogen peroxide in the
solution is acceptable, it is preferred to reduce the

w@prmynesdef these conponents to be | ess than 4PCTHPP2UP3/010558

nore preferred |l ess than 35 wopm in order to 25

further inprove the |ong ternﬂ&ctivity and selectivity

of the catalyst. So far, in the literature, the
aélttriicnbafﬂaﬂ prea’Ffeemd &0 redupeshhaanongt eofpRBinesf hiwdsg a pk, of

19 e B b e RO MGDoREmebactie Sebiiph i Lo to Tess
Théh 2bfeph, %re‘ﬁ@ﬁabﬁéﬁﬁ%&c‘é‘ha‘?{ ?@?@@ al’ﬁ[(ogﬁspr'esfeﬁ’ 1£@§ ®han 20

pronounced than t fect o

wpptt, hamkmaks .prefiermedotess thar 30 WPpAO WHs6@8M62he wei ght of
F’CT/EPZOOS/OlOSSSH_iI§ ﬁgrtlcularly preferred to reduce
HE ORI ST ORkde i Wih-a pkB of less than 4.5 in

t he agqueous hydrogen peroxide solution in total to
l ess than 40 wppm preferably less than 30 wppm nore

pspdcea 1led détarsimehbedn t8 0chewagti i By Anbos] ept BAHEH T & thess
than 10 wppm _based on the wei ght of 5 hydrogen

BRPILptON petal¥st gisuthe rresense cofari kyldeninasenespecial 1y

RN Y I I V] of the epoxidation
%§$§?§@%%bé'¥%g%%§§§@§@exﬁﬁ%ﬁrkyl am nes, especially
secondary and tertiary alkyl am nes. 10 Another
surprising result of the inventors' investigations is
Aregher urpBiRNg afeisiiés qfaizhehgnaerﬁjoBs behwestigat tdmsves that

SR AR by Ll PRl 45 0% eash e leanatically

Fét%lcgdﬂiet 1 g’risl; Qbritack PRl PP sWRR®;¢ft\08f ec?leh@qdé@ %’f@] on

| east 4.5 éven inprove the |on
aa:’ttaﬂyst y thendidgdt st bUiaty ledstt hed wpmmmfdbaseenhmhgl y 9k, of at

Th di t ferred enbodi nent of th
Brseh> BHTLATPEAE ERb 1900 0608 A0FAY HgeAnhSRbRFda ity of the

%(gix%é %n?@é“tta%giiB*rH?s gé{:&ﬁd‘?ﬁ‘g j.‘b éepq‘%tf?rjr%(a WRFRint of the

ses havi ng a
mnnseabrmmmdmhmgnprtheoaqu6©dscnympogﬂmdﬁerX1d@t§ﬂ1utﬁbﬁedoﬁha1ns in

e wei ght_of 20 hydrogen peroxide.
a dition at least 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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These bases may be either introduced during the
process for preparation of the hydrogen peroxide or

worago4ozsdexided to the hydrogen peroxi de sol utiPCI/EP20851§10558

st age between production of the solution and final use
25 in the epoxidation reacti oAl Such bases are
greferably present in the hydrogen peroxide sol ution
h basesnatmipreferab] yoel eGGO0TRUporganitodrines ravkdeamides having

f f 0 to 200 ticularly
Bisks & b RS 280 GTSOBYHRH eSSt 1Pl pEtadeast

iy ar e R P 88709806 TR T R Bbee red.

Such bases are preferably selected from organi c am nes

nd am de ving a pkB of at |least 4.5, organic
ﬁfydﬁomaaﬁi %ﬁ@r haéi)/.aﬂ*@a% kB hef presenie dyerogenspergpigmisalution

r I
7, SRR 5o, 2 850 AN TE LG BRSS! e
pieabaki ziengsaﬂmhs Cm‘e pi‘@ﬁeratﬁﬂl yoasy &and st @k@ﬁﬁ@@éhdrﬁui h@iions 1ike
usual stabilizing anobunts. These stabilizing anions

@?té‘OBW@PEﬁ%ﬁJI W%ﬁg@em hesphatex opitydprgsnoplosahetens pyiidpbosphate,
RL ﬁhosphate hydr ogen phosphate, dihydrogen
phosphat e, pyrophosphate, nitrate. 10 These
stabi | izing anions, or conpounds that can dissociate
in the hydrogen perOX|de solution to produce these
Hieabi $tiapii higiagi amions aroe compefietsalbhyt wapsdissociatanin the

f 000 ,wp bl Q0 - 1000
W%HM%%@?B‘%PE@W 6 &Ogéger ggﬁas 111giRg Sping, are

Op t y ,
oy AR R AR C ! A2t 3000 iopl 28]y 100
Hi0éseppm, i mrenprefiereed 208s- 800 gippmel st i prietfuresdd 200 - 600 wppm,
act|V|t¥ of a catal A?I n the epoxi dation reaction

RASEARN themsrght é\y 2081 pedddenandl i ng, stori ng,

and shi pping the 20 hydrogen peroxi de sol ution.

Anot her advant age of the hydrogen peroxide sol ution of

THus , prhes kydrogem\panbk e séﬂuthaﬁ oft tieaprésemeasileyition ensures

' duced in an econom C npl oyi ng the well -known
f&rﬁ)ﬁh?@&@&ﬁh\ﬁﬁé Wb@é&@ﬂtm ébgﬂtaamh ﬂﬁn’%he pReXitlatan oeaction

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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25 steps are not necessary and are preferably not
appl i ed when conducting the process of the present

WO pwemnrdoen. The only requirenment for the procPGHFEPR{003/010558

the present invention conpared to the known
modi fi cations of the anthragd€none process is that

the process has to be carefully controlled to avoid
conceothatt oo abbvelthal Timiks apsecifikd addcoed ar th tBe present
metals, ami nes having a pkB of |ess than 4.5, or
HYRPblds that may form during the anthraqui none
process such am nes during the preparation of the

hydr ogen peroxi de solution in anounts that woul d
Kecsoligh imany\Qa? 984/0he 836 BhdGht IO PR 1PRRRss 1D achieve this
concentrations above the Iimts specified according to
tafe i pemesiEnare canesivaie. A tisoRRJR 1 ewldy 1V aredernedstofuse a

.ant i n rocess, i ieve.this. 5 .
H4LE 4 O B R S BRreT FiTE bl arityogen compounds,
B ahgrinedwdrk 11§ S UMK A be0é Witk M@ tHolt using alkali or
essentially free of organic nitrogen conmpounds, "to

alikp 1 11ee etk inata s coupaunds ithatbree s tidp rithraguinone process of
HPLBR L BB T R
WARTRE |6 1 @FRINCY® S tERT (AT bﬂ( g)ge%tsi'?\g dEh 5&%%"%%%15%? o*fde.

wor king solution in step reating wth active

Riediatabd;, okiydag 1isPcerfiduchéd Yoy it neyapsratoiod uirt edcioyn.
wat er evaporation in vacuum Thus, the process of the
present invention provides the inventive hydrogen

PRS0 eP%’ée%%i o thQ?ﬁreEéntpfi‘ﬁ\t/érﬁLﬂbt’j‘rHr}ﬂvlrb%@f Phe | Hvent&ve
epoxi dat I on reactions wthout e oyl ng cost- an
hyalpogeri peemsideesq@uitidri ¢hdt dy pattepslarThusefal chugisoxidation
hydr ogen peroxi de _sol uti on obtained fromthe process
FRCE RSO ETORE ¢ eNtNG ROTanamsk Takert THtensdye youRii f it on

f h | . j . Lt i ferred
S0t ST R4 FATEAhAbERR sO0yh by | GrRIGIE A che

fnodeoget DRs Prbstetc ONRARidrRthPbeolisdPterddtan WHekoWRY any
ht, preferably nore than 60% by wei ght, nost

we
Bﬁég@ﬁﬁ@ﬁifk@ﬁi@05¢@x1096by wei ght, based on the
total weight of the hydrogen peroxide solution. The
i nventors have recogni zed that such concentrated

Ry 45 agefie RRIPXb tRnehtHat @ Sie 3iyRirogen 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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25 particularly useful in the epoxidation reaction
since they further inprove the long termactivity and

w@edoeo2d99i ty of the catal yst. The hydrogen perPXI/EPR2003/010558

solution of the present invention can be enployed in
any epoxi dation reaction usind3nydrogen peroxide known
inthe art. It 30 is particularly preferred to use the
5P bt 1hyietbanen , pheog]efdnsis propeme, i andatieo hetenogaseous
tion process con t he presence of a
V\g*togeﬁry-gﬁ‘n%sc@b bta%%éfﬂ?@ﬁa‘g%cﬁt&v geneous cat al yst.
Preferably, the WO 2004/028962 13 PCT/EP2003/010558
solvent is nmethanol, the olefin is propene, and the
hige émg@rﬁ@ousiﬂcadwalbgsexpﬂ giredt in aorendesialii eakhtreference to the
%ah st i nvention will now be explained in nore
Rt &V ”%ﬁVHWP erence to the 5 follow ng exanpl es.
Exanples. Exanple 1: 10 Preparation of an aqueous
hydr ogen peroxi de sol ution according to the present
Exanpieson In a trial plant for the | oop process
according to the anthraqui none process for the
preparation of hydrogen peroxide conprising the steps
ation, oxidation, extraction, drying, and 15
reggneratlon a wor ki ng solutlon conprlsed of 0.11

PrdpakraRicet bFlan aqﬁémn@ﬁhydﬁéﬁéh gé%d&Qdénﬁohbti%heﬁébﬂrd1ng to the

t et r a- hydr oant hr aqui none, 2-1 sohex
BRRSENBAUIVABRON and 0. 12 nDI/I 2-isohexyl tetra-

hyd t.h t t
U1 oe B b Bl Bt o 2B aoBiraiess weCathpBinithe ang
t h |
ARy Hriche fropede Tohyine W“}Ef’*%%‘é”?@@??@’?@%gsﬁﬂﬁﬁ’e
@Omwmmibh@ﬁéssar’rb'dbcﬁgena’eﬁ)nNRamalamcm tatmat’a‘tamr ed®fing, and
| adi um was used

FoPBtarian b obkis seltTon condercsden Opbt aei de 2-cthy!
{@r?dg'rﬁ%ﬁ%g% Ingt ?g ﬁn(ﬁgﬂ L%?Wt 't?ﬁa"‘ﬂgcgjogngnn@{qhw(ﬁfe? Eﬂlyr’ﬁla mo1/1
2-isohexyl anthraquinone, and 0.12 mol/1 2-isohexyl tetra-
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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25 solution is regenerated using active al um num
oxi de. Thereafter, the conbined working solution is

w@xoodiozsoe2 usi ng t he Laporte oxidation as descPCDEP20031010558

U | mann, supra, page 14. Thereafter, the hydrogen
peroxide is extracted using déioni zed water. To the
extraction water, 50 ppm H3PO4 and 20 ppm HNCB3, both
hydredenrperneidse sghtt1 ofi wakestapdt tgenupieyox00d epmvesod 3O
adde concentration.of the extracted aqueous

g% shyﬁf

%a%wha%erw PN EBe weiight REshvaitogenTReraidARi g concentrated

| er evaporation in vacuum
a}é{:her ewaet%?\rg\gay?reﬁg%bb t he hydrogenati on step. The
cr udeThDh OO 28961 Mbﬁ%&@@ﬁi1@ﬂ:0@t’5$hé4sohuﬂfdhg§lﬂta1 ned 1in

er oxi de sol ution was stabilized usi 200 pm sodi um
%Vrsoldﬁbéi@ﬁaff?e W a5 askf Pﬁethﬁet@W1 WTQ%Wd@fo@ ) %ﬂéﬂbWYUeand

o d At 2R R RGN R L2 Bk GO TR ant 50 movic

bt afmeddium. 5 this way was 43 wt-% based on the
total weight of the solution, and contained 250 ng/ kg
H202 phosphates, 20 ng/ kg H202 nitrate, and 30 ng/ kg

SRR 90 T RBRRE e BBl e B be <ol ut i on
T Alvaeshehr SaRofX&Rb Ut oh Sob%g’i‘ﬁe‘%mff“% ?Qq_ zfﬂlgefl f'%y@('S&%ﬂ'Erated

per oxi de concentration as I ndicated In
Pdi hydnogen yperakide conmenhratiionsasanddizatedriineabiaving a

e 0 i ol & a1
%& M ALhd F<RIREC1 DFurbsGre 1§mr9(ﬂ11f1 is
the wel ght e

rogen per oxi de. CATtitanium sl e

adtedl yrstanv\mmmh'pdﬂbﬁém wppm a0 100€xppm| @monThen éxamphe W), based
SI| Ca|ltﬁ \Aﬁé was shaped into 2nmm extrudates using
dreived It At Ay r&gﬂ@&er@fﬂd@ccor dance with Exanple-5

|n EFx A itadfim §§l1caﬁ&%xh9t%t1:y9€ h}agf&ﬁ)gé&%dﬂnﬂb%mes The

conti nuousl In a reactiron

at@namafseﬂmﬂ 188 powlerands ashape@tint®f2mh- &Rtrifftes using a silica
equi pment  further conprises three containers of

$9 qasd@néﬁﬂ e pesarABNGsUNDEN AXxampde $ iiquiRt PsépH?BaBBZ)n
Vesseépoxmaetmnr% cgpme%' o%r %or];tqrnuousqlslll 1dﬁ¢’ ac%lgc ion OJcube 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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The reaction tenperature is controlled via an aqueous

w@omkiozgy6d i quid circulating in a 25 cooling j aRRKEEP2003/010558

whereby the cooling liquid tenperature is controlled

by a thernpstat. The reactionSpressure was 27 bar
absolute. Mass flow of the feeding punps were
pelfusdedcanversionl by ititeatjonpdhe sedeceititatdfohydfogeBSeroxide

W% a nethanal feed. cqncentration of 48.7 w-% and
HjﬂyﬁPﬂﬂgﬁ P%Zﬁo&?ﬁéa}%gég%gncentration of 8 w-% The
react ofe WaS BRELA L 5 fl ow operation node.
The co&?inguﬁgcéet%ﬁgﬁgéﬁg?ﬂﬂgqahs adjusted to 35C

and total mass flow was 0.35 kg/h. Product output and

propene oxide concentration were determ ned by gas
chr omat ogr aphy, and the.hydﬂégghlwo 2004/ 028962 15

VI ] Vo W WV WA W oY =l ol e} + 1

d 2[0037 : penoxide nversiof by titrati-on:
ﬁzntaéﬁpggl ect iA\kﬁilﬁF@%gf h)drogerhlzdéeroxi je"f{‘“%*i‘% re%@ét t35}0: to PO
PO was |cal[mgikat B@,] Thecomsmntisiane| 9i Yam i n Tg’%*]e 1. 57197
Tabl e 1 Addition ﬁQOZ Runni ng CH202 SH202 tpo
Exanpl e[ ng/ kg H202] concentwtatidon t{me [hi][/]
Y- hf—2-606499594—3Na 25707549590 4L 05609889489
pPSIRI B P 20] di but 64 95 91
3 Na 25 70 754 95 90
4 Li 25 60 988 94 89
5 - 60 2356 94 90
C1 Na 20; dibutyl 43 2083 26 72
amine 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




4320832672 ami ne 135 C2net hyl am ne 6011932281 100
C31706010078979 In Table 2, the pkB val ues for

W@ Rar028962 cont ai ni ng bases are given. Tabl e 2 BarEBIRB010558
ammoni a4. 76 net hyl am ne3. 36 di butyl am ne2.75 10 As
is evident fromthe experinmentl#l results sumarized 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 16 PCT/ EP2003/ 010558
conversion as well as the selectivity of the catalyst
dramatically drops over tine. WO 2004/028962 17
CLAI Ms: PCT/ EP2003/ 010558 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
t he
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al kali or alkaline earth netals are present in
cationic or conplex form ii) less than 50 wppm of

wa@pionessobavi ng a pkB of less than 4.5 or the PCI/EP2003/010558

correspondi ng protonated conpounds in total; and 10
iii) at least 100 mppn1an|ons]dr conmpounds that can
di ssociate to formanions in total, whereby the wpm
are based on the wei ght of IfyAIMigen peroxide. 2. The
aqueous hydrogen peroxide solution of claim1, wherein
the 15 anount of conponents of group i) in total is
ess wWapm based
IEL)n t hll—i\eﬁ]\&/\bgug(ﬂJ ?&Poﬁgﬁ gfe%ﬁmeé?%ﬁﬁgoﬁ r&%ﬂpi’;ﬁs Wgtqueous

hydr ogen pbafssxthbjn Solwﬁpmoaiﬂ ktafh artads, bealanec&McAdnetd®s or
cl ai ms, wherein the anount of conEonents of group i1)
in total |eoMPaBationanthepeqhim tabres eirapsnectéves whatirer3the

o of er rea TReL ot i A A ER ALY AT ERe D eationic or

hydrogen pesmptederorgd 4. The aqueous hydrogen peroxi de
solutlon of any of the preceding clains, wherein the

ani ne$lar e18§él neaofwmmqfr |amaneys hawiognalaky ofabess than 4.5 or
tertiary alk am_nes /028962, 18

PCT/ Epzoog‘? 16 %é”s?SBO”dﬂHS HQ 8 éh%PBkj@? pBrigtake and

sol uti@n oft aBystofod %pﬁrﬁﬁ%ﬁﬁ %S c&n*p%gfﬁs tﬁﬁgtﬁﬁrdmsomate to

conprising: iv) at least 100 wp ases vin
pkB of at Tarasisanions or totdle correspondlng protonated

conpo total based op th 5 wei ght of hydrogen
per ox%% b%&h?h‘@pg'qﬁ% 8s aﬂoé@nW%&éx@%@ngeﬂlmomde
claimb5, wherein the anount of conponents of group

iv) in total is 3000 wopm at nost, preferably from
450 tThe280@onp pipdrogere pprefide addut oot 20Q@+k 9, 1 ein the

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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10 wopm nost preferably from 300 to 1200 wppm based
on the total weight of hydrogen peroxide. 7. The

waeowenesehydr ogen peroxi de sol ution of any of PCHER®0H010558

and 6, wherein the bases of group iv) are sel ected
fromorgani c amnes 15 and anildes having a pkB of at
| east 4.5, organic hydroxylam nes having a pkBof at

beast The Biquestsohydraged peydxixey balutrien ofr efieio@bthe preceding
anmoni gueous. hydrogen peroxi de sol ution of

any oFﬂFﬂg agggarﬁﬁmW?@T 9ai ns, wherein the S0 b
agr;ﬁ?ngﬁg?gf%ETqm@r tﬂgﬁkgéigﬁVﬁ@%%Dﬂf 6ﬁg@t cast ™4 5 or

preferred thearmﬁﬂeﬂpon&’ﬁf@ protoraigt c@@ﬁﬁﬁd@ﬂntﬂﬂ:aq Oﬁa@ed on the

wei ght of é% hy droaen per oxi de sol ution. 25
process fofetdné @ dyArQEENAEreKidene hydr ogen perOX|de
solution of any of clainms 1-8 according to the

ant hraqui none | oop process conprising: a)

By dr oQien atjieousohydrogen enax el 5’61'u‘ﬁﬁ‘or?%'?’pé1a3inn® @dﬂer(‘jein the
organic solvent or mxture of organic solvents an

one oRMGWBEeOBGOmERANENES At Birasiguinone todapoisnds00 mppm at most,

by o 3pav ki a8 0e R E5eaRo aG pesrapb o sron st 1500
C) exiiprct he¥t phefirdhPOFRoPEDOXFE201 n@ faged oY) the - ttal

stabilizing of the extracted aqueous h gen per oxi
sol ut ¥eight 9T hydcagenrparionide.he aqueous hydr ogen
peroxi de solution to a 5 concentration of hydrogen
peroxi de of at |east 50% by weight based on the

yei ghtheoty Gétﬁxshb{ﬂfr‘%@@rp ?6%@%1%‘8 ot by naf bt dcﬁ)é']dﬁ‘sg 5°hnd 6,

t he morklng solution after extraction
r egendrexeiiorthanbagasr of igrap dn) afret ttﬂe‘wédklfmm SﬁbuM@@m nes
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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10 whereby during the entire process neither alkali or
al kaline earth netals nor am nes having a pkB of |ess

WO ban/028962 or conpounds form ng such am nes dupCTEP100&010558

process are introduced in anpunts that result in
amounts of i) 50 wppmor norel8f alkali netals,
al kaline earth netals or 15 conbinations thereof in

tot al ¢) i r r edpectioneofhgtinegent peroxadik atith aiatet kal i ne
earth petals are present in cationic or conplex form
or ii§)s0 Wﬂj bzrmﬁoqfetE? S #Eednaakends Aygrmess pensxdde
than 4.5 ogy1kh& correspondi ng protonated conmpounds in
total; 20 in the 'resulting aqueous hydrogen peroxide

sol utepn, wdneerinattine thepguiesus hasR@n oferoRedav8bBitioffto a
hydrogen peroxi de. 10. The process of claim9, wherein
t he wor ki ngPns8nknataen iof hydsegest pergydde cofnat riegeh 50% by weight

compounds, < [ rking solution i .
step f) i sbac%adp unc;E ,é:é(d Vﬁ%ﬁ&ﬁ%ﬁﬁ@o&?w%% eaFQﬁitﬂ AR
ear t hfyret adryd agrRFUOKRES woRtithg §CIRAER Akt eQtrddtSon, and
wor ki ng solution in step g) is done by treating wt
acti v@ al utAgroenagsipriand3ouri ficathien mfotles sooking soTutioy,
wherein drying is conducted by water evaporation in
vacuum WD 2004/ 028962 20 PCT/ EP2003/ 010558 12. The

pr ocegfereby iy thé @n‘ﬂ?reglche]s%’ né"!hcﬁéfeiaglr(ggieg)wéﬁ%ﬁ ine earth

purification of the extracted aqueous hy
per oxteda@ls olout animes itgving ra pki ofitless than AlBeoprampemnds
of any of claims 9 to 12, wherein at |east one base
havi N3 Ak SUBH NG UETng ENGUprAGRRS @i Atradygediiikaamounts
or auﬁ%&hqgu1§a{tgmaﬁ&$“§=is added in an anount
0

resulting 1n at | east wppm of such bases or the
cor r eBpondingpppr ot et eck adkglcuneisalisn 1khRine bas@dmdFals or

the wei ght of hydrogen peroxide in the final aqueous
combinagtions” thereof in total, irrespective whether 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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10 hydrogen peroxide solution. 14. The process of _
claim 13, wherein the bases are selected from organic

wa@pionessdend amni des having a pkB of at | east 4.BCT/EP2003/010558

organi c hydroxyl am nes having a pkBof at |east 4.5,
amoni a and 15 hydroxylanine,%ﬁreferably ammoni a. 15.

The process of any of clains 12 and 13, wherein the

base The pidesss ef tahgrofded dimg 9 heo Memhemimn%dfurth@*

hydr ogen. per.oxi de. splution or, at any stage between _
pr epa8%1ifgﬁagﬁa 'l %E? et Bacted; Weﬁ%ryhé@@?geﬁop%f&xg% gelution
sol ut & of the aqueous hydrogen peroxide
so|ut?§235%ﬁ§%y§§f claims 1-8 and of the aqueous

hydrogen peroxi de solution obtainable by the process
any_of clains_9-15 for the epoxidation of olefins.
% 17TheuBEOGRSSohiaRy 10f, cliidise? o he. abeseimast Jdeask one base

d i t 1,SGi Pl v | resenc .
of o T8 R 4R 10 % 3\ ALhGI Bl A)Ind B Raf BEGH ke tne
in a earthimtads 9 audaeantar andt1lesuPsenddfin Cdtal Bagdk’ 100 wppm
wherein the solvent is nethanol, the olefin is

pr ope‘hfe_séiﬁlﬁj hages st bie gerraspendiagapreionatedacenpoandsrin total
si 1T cgldeti®on GRE AHSht of nydrogen 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.



