WO 2008/122503PCT/EP2008/053423 1 Aqueous hydrogen peroxide solution, process for its
preparation and use thereof The present application claims the benefit of the European Patent
application filed as EP 07105712.9 on April 5, 2007.  The present invention relates to a specific
aqueous hydkggenRarexide solution. In particular, it is related to an aqueoyéil')ygg%gﬁ}nﬁgoxide
solution 5having an apparent pH in a specific range. The present invention also refers to an aqueous
hydrogen peroxide solution having a specific TOC content. The present invention also relates to a
process for the preparation of said hydrogen peroxide solution, as well as to the use of said solution in
a process for the epoxidation of olefins. 10It is known to use hydrogen peroxide in the presence of a
heterogeneous catalyst to convgr&an olef|n méo an (gXlrane Mmor partlcularl to convert propylene into
propyleneOX|de(12e opaey Y- Tes W yATogerperoxiae I thrs Hel
investigations have been done in order to increase ect|V|ty and/or the act|V|ty (conversmn rate)
of the catalyst. The effect of 15the addition of basic, acidic and ionic compounds, either during
preparation of the catalyst or during the reaction, on the selectivity and activity of the catalyst has
notably been studied. As was illustrated in DE 199 36 547, other important parameters are the reaction
temperature and the pHﬂjf thee‘[g catlorgcmtlf{()tgr % %‘%a;d ged in or r to keep the conversion
rate constant. 20The mterna%ona s cation W82 2 BPRi&RI68E8 an aqueous
hydrogen perOX|de%%ﬁ%ﬁ%éfeﬁﬁ%lg&é?’rf)a%ﬁ’r‘fhﬁﬂlémﬁﬂﬁ)ﬁt of alkali metals, alkaline earth
metals, and amines havfﬁlq*@zipb@Bt@Messmhmia‘ﬂ%tﬂwaspsqmﬁﬂ@nlﬁw suitalolenfosthedepoxidation of

olefins in the presengeha hﬁﬁ@f@gﬂﬂe%&@@é@W% MCEALHNIWithis injernationalpatent application,
there 25is still a neﬁ&’vfﬁ% Erllne\zflv dre gﬁn ngQOélq CSIOa%JtIO and rnr&g\gﬁtill%lopagame ers in order to
improve the long term a tlvmy %nd S ctlvm? of the ¢ 0se of the %resent invention is

to provide a new adlEBULHY YIRS HRTEXRIUE §%1|ll‘}ffahhﬂ¥é]f‘%§ﬁﬂ§’@§5fg hegiifed, $tsred, and shipped,
that is suitable for thesepoxidation efsolbefiridnthepresarioe ©f alhpierogentots atalyst and that
30ensures Improvqﬁﬁﬁh@@t%w@htﬁ@ watalyst EﬁW@J@@f@élEﬁi@ﬁx@Hﬁhﬁﬁcﬁ!&Qﬂ%ﬁe 2 oxide and
epichlorohydrin) wi ggtdipg?lqn(g @1% hydrogen peroxide conversion rate or even while improving it.
The present |nvent| therefore relates to an aqueous hydrogen peroxide solution having a hydrogen
peroxide conz:%ntratlon 10T e R A U B W R o B WIiB6A Bever agengsi¥arent pH of from
pHmMax to pHMaxxcagdest thabprenhian oIS nt0 BT 28R phitivaked8i7 60n060879 x [H202)].

One of the essentighfpateires.of thepprasentiinventiopresidess) Qt}%@ﬂ%&ﬁ%ﬂlﬂaﬁ%&? hydrogen
peroxide solution %@!%QJH%U%QE gigngfgﬁr%@ etg[1 b 10;%‘1151 Qflt-bmln n e%‘{'&‘ iéﬁ lt)emg degendant on the
202

hydrogen perOX|de concentratlon resse wel t ‘of the Sofution accordlng to the

following formulas "SHHfALY Y48 ’d@%%ﬁ‘[%@‘ﬂ“ﬁﬁﬂ%&‘a@ the g sk [HpDeifect ofFor example,
for a hydrogel? pert¥idédsoncehbaiornfidR0a{dobnd%chyweightithe dppagent phtaccording to the

invention should benefctiamsl D4 iam 2 reactibhasningdept-supiisingly.begnfound.thatihe apparent
pH of the hydrogen, peraids polliiandas &n 4599&9&8%%%5@95&% %ﬁm IR spudtion, s usec for the

epoxidation of oleflnsaé such’as propylene or allyl chloride) into_oxiranes as pPopy ene oxide or
epichlorohydrin). IFREERIRREFbREATSTIRY IREPRRI U ARTLAt BH of e ettitb A deperididh the
hydrogen peroxidecébheddiration [lazopekere Sseerasetsiby e ihtsoithe solution. The use of a
hydrogen pefoxide solutina ieving ephbdaweiihrn e vatimalpb senge;leadsdama lower selectivity.

The use of & hvdraggamerRAs SPianaIR ARk RheL NN e Spimal Rt erge eads to &

lower selectivity an ower conversion 9ilte of the hydrogen pe oxidh e useo ydrogen

peroxide solution Havi dngﬁa VISR 18 ﬁ’é“ﬁfaé@ﬁﬁﬁ\?é?ﬁﬂbﬁfﬂ?é?é?&%ﬁé% to an
optimal selectivity. 1W%H?@H}’m@¢é@tf@f teingaxytrogevigBroXidésptatiomhaliing such an optimal
apparent pH does matitapait the yidsagancpeaiode Ganvessianraleans @9155 ievesnirREeve it.
pocordingly, 39 a TSt @pRaELARGIRS BUaNder A ASHegYsONIAaRA REIRIdE slilian fiaving 2

0]
hydrogen peroxide cgngg%}eﬂ%h %%JR% er%?h J&S@E}sa}a %, %%lyevﬁ%%)to IOCt|§1 e g}gutgr; gnog a(l)r; ?g?(arent

pH of from pHmin t°6H pHMax; suc
[H202] and wherein theHﬁﬁﬂPé\‘?ﬁ%Pf F@q@ﬁ?é?ithmﬁ’@@w is tqpragéesnd asgeettierdégprovided a

process for the prepasatierdfthe dguesuschydriigendgetpxicedsaktiongsdefinad alxave according to
the anthfaqUlnOﬂeleQHe@ﬁ&Gé&ﬁ%@P&%ﬂgn@%@%&?&ﬁ@%‘f‘%}&é QEking-3aIioN,Gomprising at least

one organic §5)Ivent and at Ie%%te &e%%t\pra%yt one ¢ oun OX|dat|on of the h%%gogenated

working solution to form hydrogen peroxide, ¢) ext raéac %Wh ﬂ pEgRiyuch as propy.



peroxide with an aqueous medium, d) optionally adding a stabilizer to the extracted aqueous hydrogen
peroxide solution, e) concentrating or diluting the aqueous hydrogen peroxide solution to the desired
hydrogen peroxide concentration, and f) optionally, adapting the pH of the aqueous hydrogen peroxide
solution by adding thereto the required amount of acid or base.  In a third aspect, there is provided
the use of an aqueous hydrogen peroxide solutionhaving a hydrogen peroxide concentration
concentration [1- 1202] expressed as % by weight of the solution and an apparent pH of from pH to
pHma, such st B Fhif ey digib 3 ithit impyo & the- by oo THOYST ferthE Sean@tacitire of
propylene exittevdrikepichtordiydrine by reaction between propylene or ally! chloride and hydrogen

peroxide. In @fﬁ@%éﬁﬁﬁ%n%ﬂ@f%@r&ﬁ%"?@&@s @5%@%&96&@%9@@%@!@5&%%9& RERyigNe oxide or
eplchloroh)%drlne bg/ {]eactlon betwe G(r)%[ggn% Eh%()cﬁ’ CT]I_IEyQ el?oélﬁg%éaen n‘irg ‘f_f éﬁ)élg tg\?/gir%nzgg]

aqueous hy rog% eroxide s%‘fu%on having a

expressed &ﬁ%ﬂﬁ}ﬂ%@@@ﬁm gbiah é‘rﬁ”ﬁdﬂ{am ﬁpﬁéﬁ@n{ fibﬂhdflﬁfom pHm.,, to pHmax, such that 3.45
- 0.0377 x [AHL2024pHma% = 3.78,00}0379 x [H202] is used.  The expression "apparent pH- is the
pH measuosg accofding na fusthqdhpased on the CEF1C PEROXYGENS H202 AM-7160 standard
(March 2003 scrlbfnﬁ oterﬁ‘i metric n}eﬁt od for the determinatjon, of the apparenh'pH of a
hydrogen perOX| SIS RN Hh AL RS R HICRERHEY 1L GRUGREHGR dodlf APHRECakBH Sles. - 3 -

In the procéysateegingoiexils imertionded aniebashiyarogéh.péraditiesolitisrrshntbe.obtained
according teeany dagthashknawndotipse:skiled:isheoattriteeferalyothe-Ryeraaenperoxide solution

is Obta'”edﬁ&gﬁ{%'ﬁ%%&%&%eéhéﬂ%m@c@'%Mé%ﬁm@%%%%ﬁs or AO processes (see, for example,
UIImannsSEncycIo edia of Industrial Chemistry, Fi tion, 1989, Volume 3, pages 447-457"). The

expression” im‘g/léﬁt aqou(?ﬁg;zlé %Qé}ss is intended to denote a process for producing an aqueous

hydrogen pafexide3sdhutiofvhishiEdhdists in subjecting a working solution of at least one

alkylanthraquinone- arghgngffat L{SI%S(I:@Q@]t%ﬁ%@@:ﬂéﬂﬁfﬁhﬁ%ﬁ{@ﬂ%ﬁ@@%@%ﬁ@ﬂﬂ% step, in a

10diluent, tgp§£$e‘%ﬂoss‘a%%‘809cﬁ;m°feﬁ‘é&%@%“&%@%&?@H&”%@ T) E % tetrahydroanthraqumones
uti

The workin eaving the hydrogenation step is then su 0 an oxidation with oxygen, air

or oxygen-enricHeB iR @ Gind habiks %Wﬁﬁl{tﬁé{ﬂkﬁ}l%ﬁﬂﬁ%’@ﬁi’hﬁﬁ‘i%‘%d/or
alkyltetrahydtoaathragainomest Tm&lhydk@gempeiﬂmﬂdb#cnhmdnssthefds“ep&ram;ﬂlﬁm thie working

solution %ymeﬁmcﬁrw&r@@n@ﬁb%@@n&qrmbem@nﬁé%@lr(m@,mf,dﬁ?&%ng%rs%ilg@ &ellng )
recovered in t (0] ¢ C xide soluti € Warkin olution eavmgt e
the Jorm ot ¢ 'i%’%,il ﬁﬂﬂﬁerﬁ dyogena?%n Sﬁ an arm;{ qn.,Fhe warkin ﬂéﬁg Q0

extraction sl%p IS tﬂe‘\ﬁ re ycle I'to recommence the ydrogen

peroxide prIUUEBHTSRIR POTTiS fé}l?ﬁ@ﬁémwahmeé&djﬁi@h@%@%ﬁﬁﬁ’eﬁuéﬁpt@a@ﬁ&@ seoptistample,
9,10-anthrdduincaed subhstitgedia@oditienidtjd drdivgth piiléastotheralky| sidenehainh oiligear or

branched alighatic4ype&mBFsing. atigastone %@9&@9&5&@%@%}{'@ﬁ&@%w@k@h@f)mprlse less
than 9 carb n goms andnpéﬁferablx less than 6 car o .atoms. E amgt)les of such alkey

.«Ii optimal é‘dré%e eads, Lo %owel s ecs ity and a OB AR % O?J#& raguinones
are 252- ethy raguino ylanthraquinone, 2-sec- and 2-tert-BUtAIEGLindhe, 1,3-,

2,3-, 1,4- ahbﬂ@geah?réfrwﬁsnth”?aam%ﬁé aahwdze&@ a%m%ﬁoamymﬂwaamﬁo@i@iraﬁdnﬁxtures of
theses quinonesinhe térmplalkyainthnalydioguinonkadisiniengechto senatethe @, 20dnystiioquinones

correspondingsie.the 240 @W@eg&mw&aa@%aﬁaﬁ%ﬁmﬁ% opfiffal %&%&%@PH&@WOQG”

peroxide solutLon obt%lnﬁd further to o 1 éee lk %Ian yin ?}}?78 ngocess can be used in the epoxidation

reaction withoUt Biidery SHE %) gurbsequen WL TR GYFILLHBI Yelhtment. In another
embodiment, wrﬁeﬂwsdﬁ?élrbrri@da tﬁé‘?&:ﬂﬁﬁ%afd}é@wgr@m@% gbperesidehsdlaten obtatided from the

alkylanthragilinamnehprocesshedr ben fpetheldsubisated:tat{leas]) angsuhseguentpwidication step. The
subsequenlthe- &lution and an apparent pH of from pH,, to pHpe, such that

PHimin = 3.45 — 0.0377 x [H;0,]

pPHpax = 3.76 — 0.0379 x [H,0,] and wherein the apparent pH is lower than 2.60.

In a second aspect, there is provided a process for the preparation of the aqueous

hydrogen peroxide solution as defined above according to the anthraquinone loop process
comprising: a) hydrogenation of a working solution comprising at least one organic
solvent and at least one anthraquinone compounds, b) oxidation of the hydrogenated

working solution to form hydrogen peroxide, c) extraction of the hydrogen



purification step can consist of any method which is well known to those skilled in the art for reducing
the impurity content of an aqueous hydrogen peroxide solution. A distillation step is for example
suitable for use. Another type of purification step which can be employed is a washing operation with
at least one 5organic solvent, as the one described in European patent application EP 0965562. This
document is incorporated herein by reference. The crude aqueous hydrogen peroxide solution
obtained further to the alkylanthraquinone processzéan be used in the epoxidation reaction without any
additional peatfisitioryshep; therefosensadidingl casty@nd fabddiintensivei lopuiificatientates.  The

aqueous hygdregen privdde solition assasding (othe.iruention gensialynas,a.lydroggpaperoxide
concentratl%‘?r&i‘ld%og(]igg(g;re s%jea % tgg d¥\éj%l ht of the sojution of less than 80 %, preferably of less

than 75 %, more preterably of 168s than e ﬁ’)%%‘gdcléencﬁélfgﬂfﬁaél%hée AP 5021 is in
15general G THaS PFi0hARE cAMEMHErEXHRSET0 D7 oK fiafyl Bimedmedditlmt20ees, the even more
than 30 %. Concshiration»ohdt lealst82 %, at least 35 %, at least 38 %, are usual. For example,
hydrogen peroxige goRgantatiensof.araupe Qs ar.o0.%o 0 The apparent pH of the
agueous hl@%{g en a%ggxig%%é)gjtion acco?dgi)néa fegP Z%Ehgsinvgefn%lgn%&gggbsehggﬁgegd %% t(ﬁ{éfgought value
by the addition of a Strofig nér%?%gie&%}fieeﬁ? AR SF R E LR HAT98r bbb rdrTesseitas “rhe
apparent phYoT e RfUBS 5e' et G§e B patesiers BbIgidiacedrding b the sndletition is in many cases
lower than 2,60 pHfter:ldwerthaa7oregid o 2,55; commonly lower than or equal to 2,50 ; for instance
lower than or equlmgo£§27,§5.9‘03‘5|gg{?§p@g nt acidity (or apparent pH) of hydrogen peroxide solutions
is determinfc%% cordin ‘;otthe CEFIC PEROXYGENS H202 AM-7159 standard (March 2003),
describing the tittatiBA BFS EifuteH SRV Ao dBnharBIatRaY e 235 s6aRARY Witk & &bdium
hydroxide SoRitidcuginlsastiindieatddrdroer@pefestdode. The acid concentration of the aqueous
Eygrogen peroxitie S GhutibnspesorHing o ﬁh@iay@&tig@&ge@rmﬁ@eﬁdﬁﬁtﬁeﬁlﬁs@h&i%ﬂ%ﬁ@ ml of the
ydrogen [ ith: t using sodi roxide sojution having a
concentratri)(c%ﬁﬂ())éf.g? W?&W&%ﬁ@%&%ﬂgg g%%%géﬁéjﬂg%lt%%gr %ﬁg}]ti%&gﬂ%gé aé’lﬁ%l%olﬁ) ticted to pH
5.3. The agparé ea&g]ﬁg?'i@, B B0 TS ERTRRSPS oty Brs I  THe stgURBOS Ay drogen
peroxide sGREAEREr divitytotthiéoimiehtioh aguaibedas &4h hppacant adidiconderitration measured by

titration of tigparehl gpt imina i, preferably @tfram:0.15 to 2.5 mmol/1, more preferably of from 0.25

to 1.5 mmol/1, §peclaﬂ34§)f_f5 0.3 10, mmo1l/1. The apparent acidity can also be expressed
P et C%%\lé)%?%

calculated in equ v%’ﬂnegts of mg e aqueous hydrogen peroxide solution according to the
invention usually hag §a§n7§|6“p tERC adilf & centration measured by titration of from 5 to 300 mg/I

HNO3, preferablly of from 10 to 150 mg/I HNO3, more preferably of from 15 to 100 ing/l HNO3,
especially of fomaipraaing/ bR pir Toeragpieaus uvdiogenpeiedesakilpn;l g nvention
also usually co - e odugc egradat the ne shuttle, traces o
diluent) an ?noar%%?c?nggﬁ%es caﬁ%o?s%%d%%%%@n#%ﬁ%é?ﬂb@aféh e%ﬁb%%ti&‘?%‘é@??a% well as
those alredifBHERH M IS AR e drirsmnaiet Sieammsreer Bt dirladmesquinenéds)). The
aqueous hyeltbgen peeorideusolutiomatbydthiusothpdise drganicimnpiritisgsexpressed as TOC (total
organic carbon concentration), defined 15according to ISO standard 8245. Such TOC is in general at
least 0.01 ppm, preferably at least 10 ppm, in particular at least 50 ppm, values of at least 100 ppm
giving good results. The TOC is usually at most 500 ppm, in many cases at most 300 ppm, values of
at most 250 ppm being common. Suitable ranges for the TOC content are from 0.01 to 500 ppm,
preferably from 50 to 20300 ppm, especially from 100 to 250 ppm.  The TOC usually contains
organic compounds such as, for example, dimethyheptanol (DMH), diisobutylcarbinol (DiBC),
2,6-dimethy1-1,4-heptanediol (C9H9002), methyl cyclohexyl acetate, methyl cyclo hexanol, tetrabutyl
urea (TBLT), trioctyophosphate (TOP), and/or



25degradation products of alkylated aromatic solvents such as Solvesso 150, i.e. corresponding to the
product compounds oxidized on their alkyl chain.  In a preferred embodiment, the TOC contains at
least diisobutycarbinol (DiBC), methyl cyclohexyl acetate, tetrabutyl urea (TBU), and/or

trioctyophosphatgéd/2as organic compound. For example, the hydrogep30psiaside; sglution
according to the invention may be doped with DiIBC, methyl cyclohexyl acetate, TBLT and/or TOP in

an amount of from 30 to 200 ppm by weight of solution, preferably of from 50 to 150 ppm, an amount
of about 100 ppm being common. As explained above’ the aqueous hydrogen peroxide solution may
also 35contain metal cations such as alkali metals or alkaline earth metals, for instance sodium, and/or

anions such a5 PRoSDeS MRSl oW GENISEHIP Al o e earh metas

are usually present in an amo%gt of from 1 to 200 ppm, Preferabl of fr .30 ppm, based on the
[

weight of the solutioh 1 He AhiSh e SR GLIRE AP BI8LEN T BRI B RS B0%E BIO%pm, of
preferably of from 100 ¥6:Baabbpriabhsen s fireowdipttlef thessaittion! Saméxarriplecofdh aqueous
hydrogen peroxideksolutiaik eicadiding iontie) jnyetionis anagee sushythiogen paraxide solution
having a hydragensapsxide coneeniialion CHATLS! Fam B8iin 42 96hY wgidhb an apparent pH
comprised in the rarzllgel%fﬂr%p)ﬂmjlﬁ to pH "lax Qleflr;;d ccording to_fhe‘l‘,r,\ventlon namely
respectively of frof8 0216 187 and of FOM 781 WP RS ETE ARRERT o f LHRFL 50 to 220 ppm, a
content of alkaline &A@ alk&livie BdRnINERID Dot 2046 BOqssMpaAt dnsehiiden coitént of from 100 to
300 ppm.  The agueoushydregen:peroxidessolution of the:isventignsmaalsecanrtain additives,
amengst which stabiizares Suct Sabilzers maneshesen i aesk AlagRNAr acid, benzolc
acid, deICO|I?6: aciglngfAt}j fg_(()}(T g@alts chosen 1E(r m n_iﬂat , gh,osghate, }oyrophos hate, stannate,
benzoate, salicylafe, GiethyIBNS tHamine paAta (Memyle 3@'%?9 UPRERLELS End mixtures thereof The
salts may be ammafiliftshafkanrdrasiarsattsT bapeciany arhriomiammioe SudivfiesshetiThe stabilizer is
preferably chosen $ranisniteic abids el as phenitiacia, €issedivanpyiiophesghatenaimaniven nitrate,
sodium nitrate, sodiuanSiaaRale.A0d R0 IER ieteofi e SaNlizehis mars preferably chosen
from nitric acid, phg%engt?ﬁja&[oé diglg,aodl.umn &yr%ggsahate, and 8)(r{{;lllxl%r_eséég_(‘arueof. The stabilizer is
usually added in amoint of from 1010 200 ppm., prételably o0 8°Es0 BHMTDATIEE of 100 ppm
being common. THE3® dinsikengreothoee asears R itAe SHERIHOBItAR. §016HaMPRSTHE present
invention also relatesdo égphydess:fostheipeaparation of thichadsdons bydmwganperoxide solution of
the invention accorgingdenthe:SNHY 39UIRANENORRIALLSSHuTNR IRIOGESHACERAEING 1Q:fhg invention

comprises the follq%}ngegt%%% nto tgg #%/grroo enation of a \évl%r%ipogrsolutlon comgpés#] at least one
organic solvent 30and at least one anthragainone corhpound. ' * By BXIFAdH 6" égﬂffarogenated

working solution t@f6PfHdIRGYER PGk ide, c) extraction of the hydrogen peroxide with an
aqueous medium, d) opfienalhn addingraistabilizerfoitHetexiraciedeaquetushydsagen peroxide

solution, 35e) concenirating: fomaauaousiydiadsn Resaxide solutien 1oithe desifgd;hygrogen peroxide

ncentration, and,,_ _. , o -
concentration, a dcham of linear or branched aliphatic type comprising at least one carbon atom.

These alkyl chains usually comprise less than 9 carbon atomns and preferably less
than 6 carbon atoms. Examples of such alkylanthraquinones are

25 2-ethylanthraquinone, 2-isopropylanthraguinone, 2-sec- and
2-tert-butylanthraquinone, 1,3-, 2,3-, 1,4- and 2,7-dimethylanthraquinone, and
2~180- and 2-tert-amylanthraquinone, and mixtures of theses quinones.

The term “alkyanthrahydroguinones” is intended to denote the
9,10-hydroquinones correspending to the 9,10-alkyanthraquinones specified

30 above.

The crude aqueous hydrogen peroxide solution obtained further to the
alkylanthraquinone process can be used in the epoxidation reaction without
undergoing any subsequent washing and/or purification treatment.

In another embodiment, which is preferred, the crude aqueous hydrogen

35  peroxide solution obtained from the alkylanthraguinone process can be further

subjected to at least one subsequent purification step. The subsequent



-7 f) optionally, adapting the pH of the aqueous hydrogen peroxide solution. A survey of the
well-known anthraquinone process and its numereous modifications is given in the "Ullmann's
Encyclopedia of Industrial Chemistry", Fifth Edition, 1989, Volume 3, pages 447-457. For each of the
distinct procegs)2st@npszdfxe Ullmann reference discloses numerous differepi-passihilities;»; The
hydrogen peroxide concentration of the solution obtained from the process of the present invention
can be adapted, by concentration or dilution operation, before to be used for the epoxidation of olefins,
The pH of the solution obtained from the process of th%present invention 10can be adapted, if
necessary, by adding thereto the required amount of acid or base. Typical acids are strong mineral

acids such as phospheriaasid@pe oL ais aeid, Atvpical hase 15,204 hydigide, n.The hydrogen

peroxide solution of the r_e]§qr1t invention is particularly sujtable for use in a process for the
epoxidation of olefins i %He‘%‘r}e@sélﬁé’@ﬁ%”f et SYEHESUSTL AR SITEASEPIREEREISr the epoxidation
of olefins is preferatfpéhdacitdiiiatine e defeevimmvatdiaristiblessolvertheP teferably, the solvent is
methanol. Preferabjysithe feteragencousicatadystlisaizealife basedeaiabst imongreterably a
titanium silicalife based cat@lys known a3 E&'c'riﬂ_é&eiﬁ%%gﬁ&}?ﬁ%‘?ﬁ t}t)\% I}rtgnd the hydrogen
peroxide may be p%(%rg%gd 1.€o tmuou;s.ZOor batCh\Iél € mo e._IIgls., eferably performed
continuously. Advantagesusly” the oXirane pralesd s 1erdVed fisHifife reaction medium by
depressurization and/or Bl Stigpitieind alpase oasssnpoukan b thieaseetiofraccdntinuous process,
at least some of thelkgtidiphasedeapingthe reactorisindvantageausty-tecireulateduprgferably using a
loop reactor. 25A typicabmetaddoniheepaxidation.of plsfins. (especially. of propylene into propylene
oxide) in the Péesenggﬁofa Qéigrg en peroxide and a heterogeneous catalyst is disclosed in the
International paten? appﬁlca lon"WO 99/48882 of SOLVAY SA, the content of which is enclosed
herewith by reference. THIS IHEdBlieatOPPFaTae SAy EOpravsesdifgrimha inaentinng
1,2-epoxypropane fydatgdctionhyétogarparopiienaand:aipeokidg eompesng in the presence of a
zeolite-based catalystapdrarsolveitdbmbichithespi, of the teaetipn wedivms comprising propylene, the
peroxide compoundze Ie&atgpll%ts,st@g l, -Q7Qo>§¥1proﬁpcﬁgne forme gnd the solvent is from 4.8 to 6.5.
Another typical method for'the epoxidation of 0 BANS He TR Pra %E%BS‘?@%V&rggé%Béﬂﬁxide and a
heterogeneotis catSeiasenseibaBa (7 tHePmtkiHationE Pateht Spplicamoncavo 00488838 of SOLVAY
SA, the content of Whitheiszemclosedhher@with Dyreferences dhis ipateslt applicaliopsrelates to a
continuous procesg:fer 19apUfRCIENG a6 eRMXie, RLeosdiNgI8.Which RB RIS isfeastad. in a reactor

in the liquid phaseﬂwwoa} dg@g/g)gldeecg%%ggund In the presence of a zeolite-based catalyst and in the

presence of a solvent, and a gaseous conipound is introduced continuously into the reactor at a flow
rate which is sufficient t6 SmPRREN RES dBpiesrieslseRensrotdesaluinTcrersidiagvered with the
gaseous comfounthatitharpointay tehadiuitddaves:the gaachiue sy ahprefenied eiabediment of such
process, the reactoiis:AlaeR:; tyRefe86t0r fRnexample/a- bubbig-siphen loop-type reactor. 10Another
tpical method for the epgxidation pfalefins I the presence oliydroden peroxide and.a
heterogeneous catalyst is disclosed in the EUropean patent application EP L f99348'8f SOLVAY SA,

the content of whichG&ERIGEEd RePaiwitresss fersteikes 2ifls paradeuppiieatireietdses a process
comprising reacting.=n ebefincahdihydroenopenoxride bthefprésence afveecatalystandlan 15 organic
diluent to forps an gxjrane, wherein the hydrogen peroxide is an aqueous hydrogen peroxide solution
obtained by extraction, Wil th a%%%?t%”até?gﬁf JPure V\}/)%t_%rﬁ ohz 6?%8{&%%”%%’ ]f om ltl?t? gg(lgatlon_ of at least
one alkyanthrahydroquinone; ‘withgut a subsequent washing, purific lon treatment or combination

) |
thereof. Another tyBiEATIREHSEIEH I8 L6 kit Eﬁ%f‘.ﬁ% thE Hteddficd Bt seriifogen peroxide
and a heterogenedfishtafiEisidiscluse thintthretinteriadibmeat patarit ap plidedien W:-02/00634 of

SOLVAY SA, the canient piavbich isenclesrthhgrawithoywrefere s thisBalant appjication relates to

a continuouSyy  efectrode. The acid concentration of the aqueous hydrogen peroxide solutions

according to the invention is determined after dissolution of 10 ml of the
hydrogen peroxide sample with 200 ml of water and by using sodium hydroxide
solution having a concentration of 0.01 mol/l and a combined glass pH electrode,
the titration being conducted to pH 5.3. The apparent acidity is expressed in

35 millimol of sodium hydroxide/l. The aqueous hydrogen peroxide solution

according to the invention usually has an apparent acid concentration measured



process for manufacturing an oxirane by reacting an olefin with a peroxide compound in the presence
of a catalyst, a solvent and water in a plant comprising 25at least one reactor containing the catalyst
and at least two distillation columns, according to which : - the olefin, the solvent, the peroxide

compound anggheowaigiare introduced into the reactor, - an epoxidation fthenlgfindscarried out to
form the oxirane, 30- a medium comprising the oxirane formed, the unconverted olefin, the solvent, the

unconsumed peroxide compound, the water and possibly by-products is removed from the reactor, -
the medium is introduced into a distillation column (A);” “- a mixture containing the majority of the
oxirane formed and unconverted 35olefin, solvent, water and possibly by-products is collected at the

top of column (A). ihamedee FIfOAHESdiLe R seRdanser e climndle s, of fgnconverted
olefin, the mixture epe!gt@d_l gnco(w rteg lefin |§ collected in liquid form,  the é mixture is
st el

. iqui
introduced into a s&Cof R Lotuin (BY 8% RIRGTA S PESIORNT Ak Whisn Y bohBEted at the

bottom of column (B)Paffi8veeyclan 4kt thexmarwt calndlatash ioxisana!based mebiiNGis collected at
the top of column (Bhe aqudurtherdypicatnathodiforciha epaxidationeof alefins ivuthy presence of

hydrogen pewideﬁ%)@ﬁﬁ@@@@&w&%ﬁl%L%QL%BLP&&Q&@JB%%EE@@&‘Ona' 10patent application
WO 02/00635 of SQ VAY, he caqntent of which i with by reference. This patent

s enclosed her
application discloses a'p gé%%é fof Sﬁe&%c%?}rﬁﬁlgéﬁ%g#ﬁgga{é% j aRCGTEHR RN AP eroxide
compound in the pf&¥Brce ot P catalyst shaearser/eneidrarmdadptiforteddididarranged in series, each
of which contains a portifir efjleewcatadysteageasding sauibichf tibmadinstparionefithe olefin, the

solvent and the peraxide,compaund e traduree INta-3 sl ISAGIo%. alleRexidation of the first

portion of the18lefir} IS car;ig | ou theC[eln in order to form a first portion of the oxirane, a medium
Yaces. o dzluent

comprising the first portion o ox%aaﬁe Orrat ',C't’l%ms%f%;rftﬁattﬁ%l?%%ﬁ%?f@@%‘f&%béh@?where
appropriate, the urfeorstiffetdyerasitelbanpotmitedemosad fdhs tistreadesivedtiiermbdium is
introduced into a distillationctalembiyihetinajatitynefsthe oxirane formed and of the unconverted olefin is

collected at the top of theyeqlyep 25l FEdELdeRlslRd I eYTANe A GanLARig. where

appropriate, the uncansymed peroxiile compaund Is collected at the hotiom of e golumn, the
medium depleted in Oxirane ahd another portion or the oletin Ahd BFHSHARY ARBYHEF portion of the
peroxide conlgou n?&?@iﬁ%r%ﬁ&d*ﬁ‘?@@p Sdbdedquent f¥adton Zowen dpexdatidmphithe other portion
of the olefin is canigefeuttherdininlOrgentinfoinianothde podbppet, theexicanelcand - the other portion
of the oxirane thus1igsmed isveallestRtbesults. The TOC is usually at most 500 ppm, in many
cases at most 300 ppm, values of at most 250 ppm being common. Suitable
ranges for the TOC content are from 0.01 to 500 ppm, preferably from 50 to
20 300 ppm, especially from 100 to 250 ppm.
The TOC usually contains organic compounds such as, for example,
dimethyheptanol (DMH), diisobutylcarbinel (DiBC),
2,6-dimethyl-1,4-heptanediol (CsH200:), methyl cyclohexyl acetate, methyl
cyclo hexanol, tetrabutyl urea (TBU), trioctyophosphate (TOP), and/or
25 degradation products of alkylated aromatic solvents such as Solvesso 150, i.e.
corresponding to the product compounds oxidized on their alkyl chain,
In a preferred embodiment, the TOC contains at least diisobutycarbinol
(DIBC), methyl cyclohexyl acetate, tetrabuty! urea (TBU), and/or
trioctyophosphate (TOF) as organic compound. For example, the hydrogen
30 peroxide solution according to the invention may be doped with DiBC, methyl
cyclohexyl acetate, TBU and/or TOP in an amount of from 30 to 200 ppm by
weight of solution, preferably of from 50 to 150 ppin, an amount of about
100 ppm being common.
As explained above, the agqueous hydrogen peroxide solution may also
35  contain metal cations such as alkali metals or alkaline earth metals, for instance

sodium, and/or anions such as phosphates, nitrates, ete, in low contents. The



Another useful method for the epoxidation of olefins in the presence of hydrogen peroxide and a
heterogeneous catalyst is disclosed in the International 35patent application WO 02/092586 of
SOLVAY SA, the content of which is enclosed herewith by reference. In this process, the epoxidation

reaction is - §h-6epgueted in a reactor containing a liquid phase, in the pggsepegafivatar, one or
more organic solvents, a catalyst and one or more compounds for increasing the selectivity of the

catalyst towards epoxidation reactions, chosen from mineral or organic bases, mixtures of a salt and of
its conjugate acid or base, salts, and Smixtures thered®,in which : - if the process is performed in
batchwi e mode, the liquid phase present in the reactor when the reaction starts - if the process is

performed continuoysiy, el i idAaes (bl Atk fed caniinyousiy g e igagtpr L.0hasiave
a total organic solvg(?é conten%o 0.1 a/kg @’ld of ot more than {5?8 {gg. The hydrogen

f at leas .
peroxide solution of the'presEntin é’rﬁ% I8 e Seciany tsdtitsr ihs wels e U BP8pylene oxide
(or 1,2-epoxypropaht) Byt @aTsaniie areisio pylename tyidrogeilge i dent ean also be used for
the 15manufacturepeéfepichlerahydrinbyoresttion betwesnallyl-ehiodde.ans hydrogen peroxide. It has
indeed surprisingly beem@%@to% %QR@J&%ﬁi#o@&{*b%ﬁ&%’&é’gﬁﬂt%%@%@g%ﬁg%i%}{% has an impact
uti

on the selectivity when this on is uﬁjeg‘for the epoxidation of these olefins (€specially propylene
into propylene oxidd) THAS TGRABF BEE AT ST T AP RISRLBI 15 18 Y8R H&SEnds on 20the
hydrogen peroxide‘é8feerbafid AP0y enpressdd ad e FectshweighrrefaeoEotationisThe use of a
hydrogen peroxideisatutianshavifigra i Joweirthanddimapliroakplt rangeileadsde aslawer selectivity.
The use of a hydrogep.peroxide solutiop haying 4,5 higher #13p the opiimal pHIange leads to a
tower selectiyi a@o% I%\betr cpversion ratg of tlhg% %o%en e[,omde: The use of a 25hydrogen
peroxide solution hAYRG AN dptimfAl pH SCESTHIRGAEHHE BPE<EI RGBT FR e TorPBads to an
optimal selectivity. fhAcRfiflor N the fiEPBEORTARY &l Hiroeripabeiae solution having such an optimal
apparent pH does not inipaisdhe-hydydgerpesoxide conversirrsiie anthean.e\wdn mpeeye it. The

Ereisent inventi?n azl@@ig%@%%%gsp&q&a?ﬁmﬁ%{n§{ﬂ&f@%ﬁ%fs§%gr%9>@ﬁ&%@f§&s Ryffcfaction i
etween propylene a drogen pergxide, wherein an aqueous hydfogen peroxide solution according
to the invention is &géldp %Sﬁ%g’elf)%éc({éﬂﬁefﬁv&ﬁ%ﬁ’i@?ﬁ?ﬁ@?ﬁlfﬁé@%ﬁ‘b&&i{f it 500 iting the scope
thereto. Exarhples BSpHiifiagtiiemietits by oripw ke nidasaie hrsres weidiadais abediding to a method
based on the CEFIGRER@XY:G EMSyEI2QR0 AlbTL60 standard-{Maseko2 008 .salts Before taking the

pH readings, the sqlifins weretharmastatised k22060 1 Meind 8- neAsHrementgell with a double
envelope and a reqrg%atln 5w teépat . Theﬁ_measu.rem t]cell is cor%ggs d of .borosilicate glass,
inse

has a volume of 150'in Zgin% IS itted with A mufiecke & Cover sk tive i6h 0t The electrode, the

temperature probePHPIEMtIOGEN TR THENH Hibeet NEaiS eder SoPHBMIIETROHM. The
combined glass electrootes wWhichiwdbauset isansAcguatpoder MluscirammMiamROHMA6,02057.000),
10particularly suiteghfapfast REldNGasEEMeNSIAReRY. caaductingsaltionsrihe.glactrode is
equipped with a Pt qla%o%tegaﬁeeé%% Sens _rfar;]g S goféred Tgro_lél%qéjﬁint E]La{{)hgﬁatgtm, avoiding
contamination of the reference compartment. lﬂwe glassSe ectrode was cafibrated with respectively 75
mL of the two fOIIO\;\ﬁH@)EHﬂff\é‘"r]'é‘?ﬂl?ﬁéﬁg ppm being common. Those amounts are those based on

the weight of the solution.

25 The present invention also relates to a process for the preparation of the
aqueous hydrogen peroxide solution of the invention according to the
anthraquinone loop process. The process according to the invention comprises
the following steps :

a) hydrogenation of a working solution comprising at least one organic solvent

30 and at least one anthraquinone compound,

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

¢) extraction of the hydrogen peroxide with an aqueous medium,

d) optionally adding a stabilizer to the extracted aqueous hydrogen peroxide
solation,

35  e) concentrating the aqueous hydrogen peroxide solution to the desired hydrogen

peroxide concentration, and



15- buffer at pH 1.68 (20C), containing potassium tetraoxalate - buffer at pH 4.00 (20C), containing
potassium hydrogen phthalate. 75 mL of the sample were then placed in the clean, dry measuring
cell. The cover was replaced and the air space was flushed with nitrogen (free from carbon dioxide).

The electrodgwasimmpagsed in the sample solution which was 20then agﬁ%eiq L aNG.appaLent pH of
the sample was read directly from the meter when the reading stabilizes. The resolution of the pH

meter is 0.01 pH unit, with temperature compensation and with slope control. Examples 1t0 5 :
comparison with a pH lower thampHmin For examples’T and 2, an installation according to Figure 1
has been used : 25A liquid flow called the "shuttle" was introduced via a pipe (2) into the bottom of a

reactor (1) containi h be onsistin 5% tltanlu SI|I allte dispersed in a
[%9 O %(;{“ﬁig ﬁiggg’ﬁgq{]e ?d(ﬁ: %‘ne aquen % %?I%)Ppe f
Wi pid

silica matrix (65 % by ined by a process o isHow ¢ comprised
propylene, hydrogen perdxidéc bYTéHe SRideramg st Bﬂ/‘ﬁ%‘ﬁu’@%l&dwm@ﬁ%ﬁol The liquid
flow circulated in 30thdifeactos in ghe:r@ll@@i&OWﬁfﬂhﬁ@ié{ﬁJWﬁd@;@cf%ﬁdgdhﬁﬂﬁMmmTeactlon

medium was depresseizadiby, means afiaalva ¢S 4Inissdepressiizatian wasielowed by the
a0 O 2 gpoedupsmRAIL SN AONELEL (N5 ARG AL A 9% oY
ene oxi

consisting of the produced prop e, unconverte ene, nitrogen used for the stripping

and traces of methanol, %Téﬁ“ﬂh%g‘frﬁ?b‘?ﬁﬁi‘éSﬁjﬁﬁ??@)‘%h%@ep?ﬁ@‘é@? W@mﬁhfbobh%e leaving the
top of the column viriscpertly heayekedtime thereactor sdartid. pipecf¥eamatipartlydildkda removed via the

overflow pipe (8). Thekk&) beibiian waﬁ@ﬂﬂﬁ@h@em;&@ﬁéﬁi%@ﬂéﬁﬂ@n via the pipe (9), and methanol
was added via the pipe (), Ehe ﬁ‘i‘é&&?ﬂ%&%% QJ!‘;‘?%QEQ@%‘; £d, 1Nt g@%{%% s ;2? via a pump

(11). This saturator was fed WI'[ ene un ressure v low me Its outlet
5were collecttd, orf the DHEHE 5555336%ébﬂ%ﬁ@%‘ﬁ‘ﬁﬁﬁ%@&l%ﬁ“ﬁ?ﬁﬁﬁ@ﬁ@t‘PfaTOP@fPthrough the pipe
(14) via a depressmatlaﬁmaﬂ/é%%)lfambog\ thiacothetihandhthedhatietharwasdddrinto the reactor
(1) via the pipe (2).nitrid hednethanaliflave ﬁ@t@@ﬁﬁlm@fwéate of nitrogen used for the stripping were

adjusted to maintain a cegstant.residence time in.the P %Q H&e flow rate of 10the QY rflow liquid was
about 106120 g/h. The shgt?énjtélr%u%%oné eed vflaisO tpl %t ”?lvelgbfdse%rém?c%nversnon and

the PO/C3f SG|€C'[IVW%F %&f&@t@@iggﬁl%ﬁv@e EW@QW%RBH%?’?H%@@&EE%‘F%%@W 15The
degree of conversispiaPatecFEORRsicAechateg drofivttie rb)0ddntet shdduties flosicrattes.  TC(%) =
100 x (1-1202 usedsnduabl in drcprvertedFLOYin-mabibld )02iuspeinrngl/he solvewith unconverted

ol concnRlibg OB DRl aoavalon Lb%bqlié%vxségf Ealiglla(R) Calculation

of the PO/C2f selectlwfté/ /C%fs %), = gron?ecw roducts)for,”,i ﬁnéCOI‘ldltIOI‘lS of
examples 1 and 2 Rl gIIE\I./ a ti ﬁrguf. Bll]éci “FA}SIQ@ cataiyst known ag S 1. The'reaction

between the olefin and the hydrogen peroxide may be performed in continuous

20 orbatchwise mode. Itis preferably performed continuously. Advantageousiy,
the oxirane produced is removed from the reaction medium by depressurization
and/or by stripping using a gaseous compound. In the case of a continuouns
process, at least some of the liquid phase leaving the reactor is advantageously
recirculated, preferably using a loop reactor,

25 A typical method for the epoxidation of olefins (especially of propylene
into propylene oxide) in the presence of hydrogen peroxide and a heterogeneous
catalyst is disclosed in the International patent application WO 99/48882 of
SOLVAY SA, the content of which is enclosed herewith by reference. This
patent application relates to a process for manufacturing 1,2-epoxypropane by

306 reaction between propylene and a peroxide compound in the presence of a
zeolite-based catalyst and a solvent, in which the pH of the reaction medium
comprising propylene, the peroxide compound, the catalyst, the
1,2-epoxypropane formed and the solvent is from 4.8 t0 6.5,

Another typical method for the epoxidation of olefins in the presence of

35 hydrogen peroxide and a heterogeneous catalyst is disciosed in the International
patent application WO 99/48883 of SOLVAY SA, the content of which is



| Example 1 (comparative) Example 2 (according to inv.) 1 TS-1 used (2) 1.58 1.58 T" reactor (C) 67
55 Conc. of fed.0, solution (% by weight) 39 39 pH of fed H202 solution 1.68 1.99 Flow rate of 1-4202
solution (g/h) 15.5 15.2 11,02 feed rate (mol/h) 0.178 0.174 . CH30II feed rate (ml/h) 275 251 Pe feed

rate at the safiiaiQizid»NiB) 86 95 | Saturator "1 (C) 77 71 Saturator pressyeban 8 4z

10

I5

25

30

35

-8 -

enclosed herewith by reference. This patent application relates to a continuous

process for manufacturing an epoxide, according to which an olefin is reacted, in

a reactor in the liquid phase, with a peroxide compound in the presence of a

zeolite-based catalyst and in the presence of a solvent, and a gaseous compound

1s introduced continuously into the reactor at a flow rate which is sufficient to
entrain at least some of the epoxide produced, which is recovered with the
gaseous compound at the point at which it leaves the reactor. In a preferred

embodiment of such process, the reactor is a loop-type reactor, for example a

bubble-siphon loop-type reactor,

Another typical method for the epoxidation of olefins in the presence of
hydrogen peroxide and a heterogeneous catalyst is disclosed in the European
patent application EP 1122249 of SOLVAY SA, the content of which is enclosed
herewith by reference. This patent application discloses a process comprising
reacting an olefin and hydrogen peroxide in the presence of a catalyst and an
organic diluent to form an oxirane, wherein the hydrogen peroxide is an aqueous
hydrogen peroxide solution obtained by extraction, with substantially pure water,
of a mixture derived from the oxidation of at least one alkyanthrahydroquinone,
without a subsequent washing, purification treatment or combination thereof.

Another typical method for the epoxidation of olefins in the presence of
hydrogen peroxide and a heterogeneous catalyst is disclosed in the International
patent application WO 02/00634 of SOLVAY SA, the content of which is
enclosed herewith by reference. This patent application relates to a continuous
process for manufacturing an oxirane by reacting an olefin with a peroxide
compound in the presence of a catalyst, a solvent and water in a plant comprising
at Jeast one reactor containing the catalvst and at least two distillation columns,
according tc which :

— the olefin, the solvent, the peroxide compound and the water are introduced
into the reactor,

- an epoxidation of the olefin is carried cut to form the oxirane,

- a medium comprising the oxirane formed, the unconverted olefin, the solvent,
the unconsumed peroxide compound, the water and possibly by-products is
removed from the reactor,

— the medium is introduced into a distillation column (A),

— a mixture containing the majority of the oxirane formed and unconverted
olefin, solvent, water and possibly by-products is collected at the top of

column (A),



6.5 Pe conc, at the reactor inlet (mol/kg) 1.36 1.57 Plant residence time (h) 4 4 , Residence time on

catalyst (min) 5.55.5 - 13 -

As examples 1 and 2 were conducted at two different temperatures,

respectively 67 and 55C, a further example (example 5) was calculated on the basis of example 2 and
of the resultsyphe¥ampless3 and 4. Examples 3 and 4 have been performeg ip,gbihhle; sjiphon reactor
as 5disclosed in patent application WO 99/48883, by reaction between propylene and hydrogen
peroxide in the presence of methanol and of catalyst TS-1 used in the form of beads 0.5 mm in
diameter. They have been carried out at 55 and 68 C dnd at 1.33 bar, with a continuous feed of
hydrogen peroxide at a flow rate of 0.57 mol/h, using a 1039 wt %1-1,02 solution. The propylene flow

rate was 250 IN/. T IRHIRL IO GOMNRIRI NI NG A CMRIRIAN lapR.WAR2-0 - 25 molikg. The

amount of catalyst used was 15 g of.beads containing 5.25 g o
examples 3 and 4 afté‘P%\OPJﬁHﬁﬁig%éﬁ%

The results obtained for
& 0of 6 h are given in Table 2. 15Table 2 Example No. Epoxidation

temperature PO/C3f Sulaeiiity (Zpkftst 6 hietaey (W) Dédieascbborvdrisibnwod F¥d).(1) (%) 55 78 81 4

— the liquid mixture is introduced into a second distillation column (B),

5 — amixture of solvent and water is collected at the bottom of column (B) and is

recycled into the reactor, and

— an oxirane-based medium is collected at the top of column (B).

A further typical method for the epoxidation of olefins in the presence of

10

i5

20

25

30

hydrogen peroxide and a heterogeneous catalyst is disclosed in the Intemational

patent application WO 02/00635 of SOLVAY SA, the content of which is

enclosed herewith by reference. This patent application discloses a process for
manufacturing oxirane by reacting an olefin with a peroxide compound in the
presence of a catalyst and a solvent in at least two reactors arranged in series,
each of which contains a portion of the catalyst, according to which :

— a first portion of the olefin, the solvent and the peroxide compound are
introduced into a first reactor,

— an epoxidation of the first portion of the olefin is carried out therein in order
to form a first portion of the oxirane,

~ a medium comprising the first portion of oxirane formed, the solvent, the
unconverted olefin and, where appropriate, the unconsumed peroxide
compound is removed from this reactd},;

— the medium 1s introduced into a distiliation column,

— the majority of the oxirane formed and of the unconverted olefin is collected
at the top of the column,

~ the medium depleted in oxirane and containing, where appropriate, the
unconsumed peroxide compound is coliected at the bottom of the column,

- the medium depleted in oxirane and another portion of the olefin and
optionally another portion of the peroxide compound are introduced into a
subsequent reactor,

— an epoxidation of the other portion of the olefin is carried out therein in order
to form another portion of the oxirane, and

— the other portion of the oxirane thus formed is collected.

Another useful method for the epoxidation of olefins in the presence of
hydrogen peroxide and a heterogeneous catalyst is disclosed in the International
patent application WO 02/092586 of SOLVAY SA, the content of which is

enclosed herewith by reference. In this process, the epoxidation reaction is



68 74 84.8 The results obtained for examples 1 and 2 after a running time of 24 h, as well as the
result calculated for example 5, are summarized in Table 3. Table 3 Example No. tH20)] (weight
Apparent pH Epoxidation temperature PO/C3f selectivity Degree of conversion %) (2) after of H20)

(1) 24 houksd%hé%okdsfcomparative) 39 1.68 67 85.5 96.6 POT/EP2008/053423
-10 -

conducted in a reactor containing a liquid phase, in the presence of water, one or

more organic solvents, a catalyst and one or more compounds for increasing the

selectivity of the catalyst towards epoxidation reactions, chosen from mineral or

organic bases, mixtures of a salt and of its conjugate acid or base, salts, and

5 mixtures thereof, in which :

— if the process is performed in batchwise mode, the liquid phase present in the
reactor when the reaction starts

— if the process is performed continuously, all of the liquid phases that are fed
continuously into the reactor

10 has/have a total organic solvent content of at least 0.1 g/kg and of not more than

675 g/kg. '

The hydrogen peroxide selution of the present invention is especially
useful for the manufacture of propylene oxide (or 1,2-epoxypropane) by reaction
between propylene and hydrogen peroxide. It can also be used for the

15 manufacture of epichlorohydrin by reaction between allyl chloride and hydrogen
peroxide. It has indeed surprisingly been found that the apparent pH of the
hydrogen peroxide solution has an impact on the selectivity when this solution is
used for the epoxidation of these olefins {especially propylene into propylene
oxide). It has further been found that the apparent pH of the solution depends on

20 the hydrogen peroxide concentration {H:0:] expressed as % by weight of the
solution. The use of a hydrogen peroxide solution having a pH lower than the
optimal pH range leads to a lower selectivity. The use of a hydrogen peroxide
solution having a pH higher than the optimal pH range leads to a lower
selectivity and a lower conversion rate of the hydrogen peroxide, The use of a

25 hydrogen peroxide solution having an optimal pH according to the present
invention therefore leads to an optimal selectivity. In addition, the fact of using a
hydrogen peroxide solution having such an optimal apparent pH does not impair
the hydrogen peroxide conversion rate and can even improve it,

The present invention also relates to a process for the manufacture of

30 propylene oxide by reaction between propylene and hydrogen peroxide, wherein
an aqueous hydrogen peroxide solution according to the invention is used.

The present invention is further illustrated below without limiting the
scope thereto.

Examples
35 pH measurements




2 (according to 39 1.9955 91.6 90.3 the invention) 5 (calculated, 39 1.9968 87.6 94 according to the
invention) For an aqueous hydrogen peroxide solution having a hydrogen peroxide
20concentration [H902] of 39 %, the optimal apparent pH of the hydrogen peroxide solution should be

of from 1.99 tq g &9s/1224%ample 5 is conducted according to the inventionandleags o g selectivity of
87.6 % after 24 hours. Comparative example 1 (apparent pH lower than pHifii* defined according to

the present invention) shows a lower selectlwty 25after 24 hours, namely 85.5 %. Examples 6 to 10 :
comparison with a pH higher than pH",a -11-

The pH measurements were done according to a method based on the
CEFIC PEROXYGENS Ho0Op AM-7160 standard (March 2003).
Before taking the pH readings, the solutions were thermostatised at 20.0°C
= 0.1°C using a measurement cell with a double envelope and a recirculating
5 water bath. The measurement cell is composed of borosilicate glass, has a
volume of 150 mL and is fitted with a multi-necked cover (for the insertion of
the electrode, the temperature probe and the nitrogen flow).
The pH meter was a model 827 from METROHM. The combined glass
electrode which was used is an Aguatrode Plus from METRCHM (6.02057.0003,
16 particularly suited for fast pH measurements in poorly conducting solutions, The
electrode is equipped with a Pt 1000 temperature sensor and has a fixed ground-
joint diaphragm, avoiding contamination of the reference compartment. The
glass electrode was calibrated with respectively 75 mL of the two following
buffer solutions :
15 - buffer at pit 1.68 (20°C), containing potassium tetraoxalate
- buffer at pH 4.00 (20°C), containing potassium hydrogen phthalate.
75 mk, of the sample were then placed in the clean, dry measuring cell.
The cover was replaced and the air space was flushed with nitrogen (free from
carbon dioxide). The electrode was immersed in the sample solution which was
20 then agitated. The apparent pH of the sample was read directly from the meter
when the reading stabilizes. The resolution of the pH meter is 0.01 pH unit, with
temperature compensation and with slope control,

Examples 1 to 5 ; comparison with a pH lower than pH i,

For examples 1 and 2, an instaliation according to Figure 1 has been used :

25 Aliquid flow called the “shuttle” was introduced via a pipe (2) into the bottom
of a reactor (1) containing TS-1 in the form of beads consisting of 35 % titanium
silicalite dispersed in a silica matrix (65 % by weight) and obtained by a process
of sol-gel type. This flow comprised propylene, hydrogen peroxide, water,
propylene oxide and its byproducts and methanol. The Hquid flow circulated in

30 the reactor in the direction of the arrows, On leaving the reactor, the reaction
mediumn was depressurized by means of a valve (3). This depressurization was
followed by the sparging of a gaseous compound using a flow meter (4) in a
stripping column (5). A gas mainly consisting of the produced propylene oxide,
unconverted propylene, nitrogen used for the stripping and traces of methanol,

35  left the stripping column (5) via the pipe (6). The liquid phase leaving the top of
the column was partly recycled into the reactor via the pipe (7) and partly



-14 -  The four tests of examples 6 to 9 have been carried out using the same installation as the
one used for examples 1 and 2. The conditions of examples 6 to 9 are given in the Table 4. Since Pe
(propylene) is less soluble in a medium with a low methanol 5content, the pressure and temperature in

the saturator wereagiusigd to keep the Pe concentration more or less congtahtplahlgs4.,5Example 6
(comp.( Example 7 (acc, to inv." Example 8 Example 9 TS-1 used (g) 1.58 1.58 .1.58 1.58 'I' reactor
(C) 56 55 55 Conc, of the fed H202 solution (% by weizqht) 9.8 39 9.8 38.7 pH of fed 11202 solution
5.26 1.99 Flow rate of H,01 solution (OW -12-

removed via the overflow pipe (8). The H.O, solution was added to the recycled
fraction via the pipe (9), and methanol was added via the pipe (10). The mixture
thus obtained then passed into a saturator (12} via a pump {11). This saturator
was fed with propylene under pressure via a flow meter (13), and at its outlet
5 were collected, on the one hand, a gaseous phase of undissolved propylene that
left through the pipe (14) via a depressurization valve (15), and on the other
hand, the shuttle that was fed into the reactor (1) via the pipe (2).
The methanol flow rate and the flow rate of nitrogen used for the stripping
were adjusted to maintain a constant residence time in the plant. The flow rate of
10 the overflow liquid was about 106-120 g/h. The shuttle circulation speed was
5 Vh.
The H»0, degree of conversion and the PO/Caf selectivity were estimated
as follows :
{1} Calculation of the degree of conversion
15 The degree of conversion of the H,O, was calculated from the H,0; inlet
and outlet flow rates,
TC(%) = 100 x (H205 used in mol/h - unconverted H>Gs in mol/h) / HaOy
used in mol/h
with unconverted HoO» = H2O; cone. of the overflow liquid in mol/kg x
20 overflow liquid flow rate in kg/h.
{(2) Calculation of the PO/C,f selectivity
PO/Csf sel. (%} = 100 x POtormed/ (PO + by-products pmmed
The conditions of examples 1 and 2 are given in the Table 1.

Table 1
Example 1 Example 2
(comparative) {according to inv.)

T5-1 used {g) 1.58 1.58

T° reactor (°C) &7 55
Cone. of fed H-0, solution (% by weight) 39 39

pH of fed H,0, solution 1.68 1.99
Flow rate of H>O solution (g/h) 15,5 15,2
H:0, feed rate (mol/h) 0.178 0.174
CHOMH feed rate (mi/h) 275 251

Pe feed rate at the saturator {LN/h) 86 95
Saturator T° (°C) 77 71
Saturator pressure {bar) 3 6.5

Pe conc, at the reactor inlet (mol/ke} 1.36 1.57
Plant residence time (h) 4 4
Residence time on catalyst (min) 5.5 5.5




60.9 15.2 59.8 15.1 11202 teed rate (moUh) 0.172 0.174 0.169 0.173 CH3011 feed rate (m1/1) 130
251 130 230 Pe feed rate at the saturator (1/10 49 47 21 16 Saturator IT (C.) 26 64 58 65 Saturator
pressure (bar) 9.2 4.5 8 2.6 Pe concentration at the reactor inlet (mol/kg) 0.47 0.69 0.22 0.27
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As examples 1 and 2 were conducted at two different temperatures,
respectively 67 and 55°C, a further example (example 5) was calculated on the
basis of example 2 and of the results of examples 3 and 4.

Examples 3 and 4 have been performed in a bubble siphon reactor as
disclosed in patent application WO 99/48883, by reaction between propylene and
hydrogen peroxide in the presence of methanol and of catalyst TS-1 used in the
form of beads (.5 mm in diameter.

They have been carried out at 55 and 68 °C and at 1.33 bar, with a
continnous feed of hydrogen peroxide at a flow rate of 0.57 mol/h, using a
39 wt % H>O, solution. The propylene flow rate was 250 IN/h. The inital H>Ch
conversion in the zero-conversion loop was 2.0 - 2.5 mol/kg. The amount of
catalyst used was 15 g of beads containing 5.25 g of TS-1.

The results obtained for examples 3 and 4 after a running time of 6 h are

given in Table 2.

Table 2
Example No. | Epoxidation PO/CA Setectivity (2) Degree of conversion
temperature after 6 hours (%) of H.O- (1) (%)
3 55 78 81
4 68 74 84.8

The results obtained for examples | and 2 after a running time of 24 h, as

well as the result calculated for example 5, are summarized in Table 3.

Table 3
Example No. (H:0-] | Apparent | Epoxidation PO/CLT Degree of
(weight pH temperature selectivity Conversion
) (2} after of HO, (1)
24 hours (%) (%)
1 (comparative) 39 1.68 67 83.5 96.6
2 (according to 39 1.99 35 91.6 90.3
the invention)
5 (caiculated, 30 1.99 68 87.6 G4
according to the
{ invention)

For an aqueous hydrogen peroxide solution having a hydrogen peroxide
concentration [HoOz] of 39 %, the optimal apparent pH of the hydrogen peroxide
solution should be of from 1.99 o0 2.19.

Example 5 is conducted according to the invention and leads to a
selectivity of 87.6 % after 24 hours. Comparative example I (apparent pH lower
than pH, defined according to the present invention) shows a lower selectivity
after 24 hours, namely 85.5 %.

Examples 6 to 10 : comparison with a pH higher than pHyex



Plant residence time th) 4 4 4 4 Residence time on catalyst (min) 5.55.55.55.5
H902 solution used in the example 6 has been prepared by dilution from a 39 wt % solution having an
apparent pH equal to 3.80. 10As examples 6 and 7 were conducted at two different methanol feed
rates, respeciivebick3@ang 251 ml/h, a further example (example 10) was galgpiatadan.43e basis of
example 7 and of the results obtained for examples 8 and 9, for which the pH was not measured.

The results obtained for examples 8 and 9 after a running time of 24 h are 15given in Table 5. Table 5
Example No. CH3OH feed PO/CL1f. Selectivity (2) De“g]réé of conversion of rate (ml/h) after 24 hours

(%) 11202(1) (%) 8 130 79.4 84.7 9 230 83.9 76.4

The four tests of examples 6 to 9 have been carried out using the same

Y
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The 10 wt %

installation as the one used for examples 1 and 2. The conditions of examples 6

to 9 are given in the Table 4,

Since Pe {propylene) is less soluble in a medium with a low methanol

content, the pressure and temperature in the saturator were adjusted to keep the

Pe concentration more or less constant.

Table 4
Example 6 | Example 7 Example 8 | Example 9
(comp.) {acc. o mv,)
T5-1 used (g) 1,58 1.58 1.38 1.58
T reactor (°C) 56 535 55 55
Conc. of the fed H,0, 9.8 39 9.8 387
solution (% by weight)
pH of fed H,O, solution 5.26 1.99 - -
Flow rate of H.{)» solution 60.9 152 59.8 15.1
{g/h)
H,(); feed rate (mol/h) 0.172 0.174 £.169 0,173
CH:OH feed rate (mi/h) 130 251 138 236
Pe feed rate at the saturator 49 47 21 16
/h)
Saturator T° (°C) 26 64 58 65
Saturator pressuse {bar) 9.2 4.5 8 2.6
Pe concentration at the (1.47 6.09 0.22 0.27
reactor inlet {mol/kg)
Plant residence time (h) 4 4 4 4
Residence time on catalyst 5.5 3.5 3.5 5.5
(min)

The 10 wt % H:O» solution used in the example 6 has been prepared by

dilution from a 3% wt % solution having an apparent pH equal to 3.80.

As examples 6 and 7 were conducted at two different methanol feed rates,

respectively 130 and 251 mi/h, a further example (example 10) was calculated on

the basis of example 7 and of the results obtained for examples 8 and 9, for

which the pH was not measured.

The results obtained for examples 8 and 9 after a ronning time of 24 h are

given in Table 5.
Table 5
Fxample No. | CHsOM feed | POJ/Caf Selectivity (2) | Degree of conversion of
rate {mt/h) after 24 hours (%) H-05 (1) (%)
8 130 79.4 84.7
9 230 83.0 704

'The results obtained for examples 6 and 7 after a ranning time of 24 h, as

well as the result calculated for example 10, are summarized in table 6 below.




The results obtained for examples 6 and 7 after a miming time of 24 h, as well as the result calculated
for example 10, are summa -ized in table 6 below. - 15 - Table 6 Example No, [1-12021 (weight %)
Apparent p1-1 MeO11 Flow rate PO/C4 Selectivity (2) after 24 hours Degree of conversion of 1-1202(1)

(ml/h) (%) ( % & 4spmpacative) 9.8 5.26 130 82.7 70.7 1 7 (according to 3%,4.99,250 89,9 5

-15-
Table 6
Exampie No, 061 | Apparent | MeQH POSCaT Degree of
{weight pH Flow Selectivity (2) conversion
'y rate after 24 hours of .0, (1)
{ml/h) {%0) (T
6 (comparative) 9.8 5.26 130 82,7 78.7
7 (according to 39 1.99 250 89.9 86.2
the invention)
10 (calculated, 39 1.99 130 854 94.5
according to the
mvention)

For an aqueous hydrogen peroxide solution having a hydrogen peroxide
concentration [H>0s] of 39 %, the optimal apparent pH of the hydrogen peroxide
solution should be of from 1.99 to 2.19. For a hydrogen peroxide concentration

S [Ha0:] of 9.8 %, the optimal apparent pH of the hydrogen peroxide solution
should be between 3.09 and 3.29.

The results of Table 6 show that, when the pH is above pHyay, a selectivity

decrease is observed after 24 hours (from 85.4 to 82.7 %) as well as a

considerable decrease in the degree of conversion of HyO; (from 94.5 to 70.7 %).



86.2 the invention) 10 (calculated, 39 1.99 130 85.4 94.5 according to the 1 invention)

For an aqueous hydrogen peroxide solution having a hydrogen peroxide concentration [14202] of 39
c7c, the optimal apparent pH of the hydrogen peroxitfe solution should be of from 1.99 to 2.19. For a
hydrogen peroxide concentration 5[11202] of 9.8 'l, the optimal apparent pH of the hydrogen peroxide
solution should be between 3.09 and 3.29.  The results of Table 6 show that, when the pH is above
pHrna, a selectivity decrease is observed after 24 hours (from 85.4 to 82.7 c7c) as well as a
considerable decrease in the degree of conversion.gf H20? (from 94.5 to 70.7 %). 16 CLAIMS 1-
Aqueous hydrogen peroxide solution having a hydrogen peroxide concentration IT12021 expressed as

% by weight df-the;ssluioniancngrapiparet: pk laf/frorm iplimigetospldmigsaeitthat [H,0,]

expressed as % by weight of the solution and an apparent pH of from pHu t¢ pHinaw such that
pHpie = 3.45 - 0.6377 x {HyO,]
pHpax = 3.76 - 0.0379 x [H,0,] and wherein the apparent pH is lower than 2.60.

2 ~ Aqueous hydrogen peroxide solution according to claim 1, having a TOC content of from
0.01 to 500 ppm, preferably of from 100 to 250 ppm based on the weight of the solution.

3 — Aquecus hydrogen peroxide solution according to claim 1 or 2, having an acid
concentration measured by titration of from 0.1 to § mmol/l.

4 — Aqueous hydrogen peroxide solution according to claim 2 or 3, wherein the TOC contains
at least one organic compound chosen from dimethyltheptanol, diisobutylcarbinol, 2,6-dimethyl-1,4-
heptanediol, methyl cyclohexyl acetate, methyl cyclo hexanol, tetrabutyl urea, trioctylophosphate,
and/or degradation products of alkylated aromatic solvents.

5 — Aqueous hydrogen peroxide solution according to any one of claims 1 to 4, containing
alkaline and alkaline earth metals in an amount of from 1 to 200 ppm, preferably from 20 to 30 ppm,
based on the weight of the solution.

6 — Aqueous hydrogen peroxide solution according to any one of claims 1 to 5, containing
anions in an amount of from 50 to 200 ppm, preferably from 100 to 150 ppm, based on the weight of
the solution.

7~ Agueous hydrogen peroxide solution according to any one of claims 1 to 6, containing at
least one stabilizer chosen from the group consisting of nitric acid, phosphoric acid, benzoic acid,
dipicolinic acid (DPA), from salts chosen from nitrate, phosphate, pyrophosphate, stannate, benzoate,
salicylate, diethylene triamine penta (methylene phosphonate), and mixtures thereof, preferably from
nitric acid, phosphoric acid, di-sodium pyrophosphate, ammonium nitrate, sodium nitrate, sodium

stannate, and mixtures thereof,



pHr'" =3.45 - 0.0377 x [H2021 pH,," = 3.76 -0.0379 x [L2021 and wherein the apparent pH is lower
than 2.60. 2 - Agueous hydrogen peroxide solution according to claim I, having a TOC content of
from 0.01 to 500 ppm, preferably of from 100 to 250 Bpm based on the weight of the solution. 3-
Aqueous hydrogen peroxide solution according to claim | or 2, having an acid concentration measured
by titration of3mﬁﬂ@@9q‘bh5¢ﬁ@t§?@3ﬂqrp>ddeAMqué@l@édmb@émpéﬁlfﬁi@éﬂng%Mé&iﬂdhm to claim 2
or 3, whaneirethgHIO4L jcanddin shatalebistont: crgapivoripeuh drehagden fromadidrethigtheptanol,
diisobutylgagainel a&H-dimethyl-1,4- heptanediol, methyl cyclohexyl acetate, methyl cyclo hexanol,
tetrabutyl urea, trioctylophosphate, and/or degradation products of alkylated aromatic solvents. 5-

Aqueous hydpogeaReEOKidesolUionARGRINIRY i8carinone afcliapsdaed containing Alkaline and

a'gimegﬁgléﬂ Slalsin @&@éﬂf?&ﬁﬁnoéﬁﬁ%l?gr%)g% %nggpégﬁg%}% ord%%&%’s&f’@tlgas‘fg r‘:\g mﬁ

wel XI utl | |
Equ r&-lmg fis) é}i % C}L#]Teg X g;% 5} mvez 101 frgsi%ecj—%ré:?o ri%ré)mez%flg.

5, contalnlﬁg anion eferab in- based on
the weight oftha!dBittion! © 2 77 %aggo(i?gﬁ%%fd%‘ﬁ %%9(%@ @8113%?105‘885?8%& @%Wone of claims |
to 6, conthfiiifgaitaaginlsné Eeabit er dHosernifom anegretpéohstngbnifiioaeid, phosphoric acid,
benzoic acid, dipicolinic acid (DPA), from salts chosen from nitrate, phosphate, pyrophosphate,
stannate, benZbatePsuiieyfatdhaiathyieine aiabsiruprentay tioaenyieissighedpioradta)y aneldhixtures
thereof, greferably fromdutzic deidpihesphordepidiadbsodinmipypophosphate, ammonium nitrate,
sodium nitrate, sodium stannate, and mixtures thereof. 17 8- Aqueous hydrogen peroxide solution
according tydngeoneobtiaimsibieciywhersip:thegappare ntpbhisradiubted by théeaddition of a strong
mineral acigyiprgierakiy:aitpis.agid and/or phosphoric acid. 9 - Aqueous hydrogen peroxide solution
according to any one of claims 1 to 8, having a hydrogen peroxide concentration of from 38 to 42% by
weight, an appakerdmit aompriseddrtirikasgeRhifo mrpHninlepiRpaxdefined according to the
invention, namely respectively of from 2.02 to 1.87 and of from 2.31 to 2.17, a TOC content of from
150 to 230:Rp#0:ieh ey &b adkalinexand.alkaling.earthmmatals of from 20 to 30 ppm, and an anion
content of from 100 to 300 ppm.  10- A process for the preparation of the aqueous hydrogen
peroxide sepsiamiof.amy one.of clainsided-accoigdinsutiniis.aaihaguinonaieap process comprising:
a) hydrogenation of a working solution comprising at least one organic solvent and at least one
anthraqujneRe£9aiRe WRdsut OxidatiRe.LR e Rashatedwerdn thsalulienHaifess hydiogen
peroxide, %g&gﬂ%{;&p of the hydrogen peroxide with an aqueous medium, d) optionally adding a
stabilizer to the extracted aqueous hydrogen peroxide solution, e) concentrating or diluting the
aqueous, iydieasn nagriteRclion e Jar desiterufbeasapesmidenanartialion, fod  optionaly
adapting the Blreéi rtnoe aqueoys | aSrogen peroxide solution by adding thereto the required amount of
acid or basé? " t'flse of an agueous hydrogen peroxide solution having a hydrogen peroxide

concentration, concentration [H20 ressed eight of th solution and an apparent pH of
from pHmin trll)?p max]Esan It[ﬁmfs gj]/&%gi"sp erﬁjﬁ%ﬁ’ X ﬁﬁ\% E’ﬁ rﬁa =3, %mxb%é%en 1?3%2] for the
manufaCtHEBRHRERYIE e OXide ot Spit RtorSHN AR by Rkt BRARBEANPORSASHE & aityPchioride
and hydrbgenspéréiide. 12 - Process for the manufacture of propylene oxide or epichlorohydrine by
reaction between propylene or allyl chloride and hydrogen peroxide, wherein an aqueous hydrogen
peroxide solutiontauirg dhydBgesg&ndiide concentration concentration [H202] expressed as % by

weight of the solution and an apparent pH of from pHmin to pHmax such that  pHmin = 3.45 -
0.0377 x [H202] pHmax =7%.76-0.0378%111202]

for the manufacture of propylene oxide or epichlorohydrine by reaction between propylene or allyl
chloride and hydrogen peroxide.

12 — Process for the manufacture of propylene oxide or epichlorohydrine by reaction between
propylene or allyi chloride and hydrogen peroxide, wherein an aqueous hydrogen peroxide solution
having a hydrogen peroxide concentration concentration [H,O,] expressed as % by weight of the
solution and an apparent pH of from pHy, to pHiay, such that

pHuin = 3.45 — 0.0377 x [F,0]
PHiyae = 3.76 — 0.0379 x [H;05]

is used.



