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Si1 As originally filed February 22, 2005 BASF

Akt i engesel | schaft B01/0018PCSQA B/ AT/ cca 5 I ntegrated

process for the synthesis of propylene oxide The

present invention relates to,an integrated process for

the synthesis of propylene oxide. |In the process of

the pregent, invention, the starting materials for the
Asmmgynallgr filedhesi s are 10 prepared via at | eadiebruagy 22, 2005

BASH ARgeripePaétafdehydr ogenati on and direct BYHOMBPCSGIB/AT/cca
hydrogen peroxrde and reacted to grve propylene oxi de.

The Pt ocduct Pt upyl ene—oxrdeformsthe basrs of —awde
vari ety of chem cal processes. The worldw de
product i ofntegrated pEpcossdor tha synthesisaf propylengoxide ¢ ons

per annumin 1985, about 15 4.0 mllion netric tons per

annum i n 1993 and has grown continually since.
Propyl ene oxide has hitherto been prepared
The Qir&dﬁmiinnanianehycstthanahﬂegn'atddypfbéms forahe spnthesik of propylene oxide.

I ndi rect . .oxidat roc usin 0 eroxr
In (RGP E R Pafeal YRt e STt Atk JOOBE R R syt are
prepereﬂmnhen,t leti@eﬂwaﬁélﬁvmt)panepddhlyﬂmgemnﬂntdnd disecpsynthasts of hydrogen
R cg g v %drr n process and the
per ﬁf fth treag:H: 5 aer gpyél "of oxygen-cont ai ni ng
coproducts in a process 20 via the indirect oxidation.

bl e
he S50 BT Bk o 0L AP AR e
worlﬂbmdt&pwylmtthmscaqoamﬁowmatmupm@ mﬂlnmmehcttegpr periaonurofin 1985, about

40 Wt]hon P}?gn tlrg)ﬁg B‘%ﬁ@gﬁﬁnﬁn g? tﬁ%m? E(ﬁ%%ﬁgﬁf ﬁlﬁé{@ tP'P(?p?l&e oxide
has itherosribeen tpoe;iaeed prdomadingp Hyntlteheiﬂqmohmrhepmcosa omd via indirect

ons 38 55 Ay et e PR anab 0ot BB o procsses
are, dot exangpl@ethe emstcwterr prattiem pnd phe by-produat poblent or the chlorohydrin
proc%g Z%Pedr @8 q%o&{fé%og of ﬁ’q?récﬁ %&?gﬁﬂé r?k %x?%énd%nmlﬁg c@ér%ducts in a process

via rtheeuehirectgoxﬂamm Hese pmhlej'as |havre imtieaent iyequs ded do td¢§e]0pment of

a0 PoferShR e ik 8 prkPline SHABSIRRE: L1 001 one

oxi de synthesis are discussed, inter alia, in the

S5 B B, 8 6 B o

the ¢tilorohiydrin pranesisiigs emabledohe praspyiesrie betinpved.or exanpl e
in the polynerization of alcohols, and the associ ated

conti nual demand, there continues to be a
In the propylene oxide synthesis by indirect oxidation methods, too, the disadvantageously

large amount of coproducts has been able to be reduced in the propene oxidation, for
example by use of percarboxylic acids which are prepared by means of hydrogen peroxide
in a step preceding the propene oxidation, which improved the economic viability of this

process.

Further advantageous developments in the field of propylene oxide synthesis are discussed,
inter alia, in the documents DE 101 37 543.3, DE 101 35 296.4, DE 101 05 527.7 and DE
100 32 885.7.

Nevertheless, owing to the wide-ranging uses of propylene oxide, for example in the
polymerization of alcohols, and the associated continual demand, there continues to be a

need for a propylene oxide production process which makes it possible for the overall
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nged for a propylene oxide production process which

makes It possible for the overall | | -2 synthesis of

propyl ene oxide, i.e. starting fromthe preparation of

the starting materials through to recycling of the

products other than propyl ene oxi de obtained, to be

made nore economni cal and thus nore conpetitive. 5 It )
synthesisaol piopylene gixidehd.epseging fromy thet preparatipn pbihiegetaging materials

I i I ¥ f more

o (o 1EEvcBRE P 1% bxfucts SinePA RAkne U ARiBo o be made mo
econauiidab andithoy maone compeiitiveed process for the synthesis of

propyl ene oxi de, which conprises at |east the follow ng

steps: 10 15 20 (i) dehydrogenation of propane to give
It isaan shjsst oB4he Present imwemsionsiongroxidel a furtherproprssor the mtegrated

ogen; (ii1) fractionation of the

SW@%&@E’E@%%‘)’YO gi ve at | east one gaseous

hydrogen-rich substream T (2) and a substream T (1)

| S - : : ane: ki ;

We BRI ol B this (A% 1o AEAPRACH7 A8 1Rk RRAITrolosh fbr the, synhesis of
propyhne ogide] wich comprisestat the {ollowig $ePsis rich in

hydr ogen peroxi de and a gaseous substream T (6); (ivV)

fractionation of the substream T (1) to give at |east

on@) pr opardehyimogenatioh of peapanerto(gye anebstreamdadd) comprising at least

propene-ri u ~n{(V) reaction of the at

| east one ﬁgﬂ%@t?@gﬂm&?ﬁ}@a’o&k{’ | substream T (4)l to give

pr Gpy| ene foxitignation of chersubstreamboldi @brie sivet fe 16951 8¢ sgascous
i.e. the ﬁgﬁs%} e I Dard AR nBrisia® at least
shown schermat i gﬁ%l}ss?‘ﬁ&%agﬁ?é@% (FI %}qlﬁl). gﬁgs)g(r)glgg?}ltéa o
i nvent i on fropengend prapapgles an ext ended i nt egr at ed

pr pggss ' ORIAE MR QubsiRamWN ), givi
coﬁ%ﬁi sesosraltIl H.Fglgz(%fn%ﬂgﬁg%l ?grv(\)/lnge gs%{e%s: 30 (a)afn @, giving a
dehydr ogerfabstearnb (T o phicd !Sol'lﬁgvlé hydragpss pereaide Tandoyp gaseous
conpri si ng, Bttrd282P1Y6); Pr opane, propene and hydrogen;

(iv) fractionation of the substream T (1) to give at least one propane-rich
substream T (5) and at least one propene-tich substream T (3);

(v) reaction of the at least one substream T (3) with substream T (4) to give
propylene oxide.

A preferred embodiment of the process, i.e. the essential steps making up the process, is
shown schematically in Figure 1 (Fig. 1).

The present invention further provides an extended integrated process for the synthesis of
propylene oxide, which comprises at least the following steps:

(a) dehydrogenation of propane to give a substream T (0) comprising at least
propane, propene and hydrogen;
(b) fractionation of the substream T (0) to give at least one gaseous

hydrogen-rich substream T (2) and a substream T (1) comprising at least
propene and propane;

{c) fractionation of the substream T (1) to give at least one propane-rich
substream T (5) and at least one propene-rich substream T (3);
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(b) fractionation of the substream T (0) to give at
| east one gaseous hydrogen-rich substream T (2) and a
substream T (1) conprising at |east propene and

propane; 35 (c) fractionati of the substream T (1)
to give at |east one propane rich substream T (5) and
at | east one propene-rich substreamT (3); | -3 5 (d)

se@r at i orsepdratidreofshbsubstream TS} Bifo atrleast the substesamsie(5a) and T
substrea )(5a) and T (5b); (e) synthesis of
hydrogenngg Oxi de using the substream T (2) which is

co(@i ned wynhthesis dfelnsirogene parokisie rusing The( SebstregmyTn@) awhich is

substream T [ r
2 gascous cLrbter Hh 5 el fhersiphibal FGHERARE FABRLARE T o
s u bst r eamwhiclf Bajchtin hydx@gel( porpxidg and & gascoussubktreane To6a);

t one subs r.ean T (4) to give

yl ene T8 atm%)f}ll\]e sﬁ:é%trée\r%rgg @ﬂbgé‘ém of the
ex(@nded iredotion aff el qntrleasesae sulrstredre T () twidssubsioéam T (4) to give
propyl ene _oxi.de, e. the essential steps making up

the proce§§0pyl%n %6% schematically in Figure 2 (Fig.
Step (i) or step (a) of the process of the present

A prsf @Hténgo%ggﬁ{@ rol%%ﬁ e)ﬁ:g%‘a/ rlﬂ&g:fhgéldngﬁc%fs fmlélt %Bﬂ@l@&? of @ropylene
oxidpy iop ethe esmentidlysiepsguaking up the Ipyotesy dn abowem sdienpau@planm Figure 2
(Fig biée process of the present invention can in principle

carried out by all nmethods known to those skilled
in the art for the dehydrogenati on of propane, for

e e r
s SRS AR B BRI SRR i o
proppneels)egm&ea substrbae 7o) o@mmgtg@ai loast propgas prapene And hyglrogen.

m xtures. 25 To achi eve econom cally viable

conversions, based on a single ass in the

The dehuﬂdmgcgewm pbpropasfe lprtbp arsess of the prasergB¥anyion eamiy Rringiple be
cam@&lo%ﬁ : Frl% 5 (@8 éfe"%ﬁﬂ&i W 8R arl tf@lsﬁleadeﬁg gcnatlon of

enera nce the dehydrogen
pronane for wsar@leatca@ecrmkl@g o; FatplyHe crackingeand akio, o P@élgular catalytlc

dChJC?H%‘h%‘?OéI iéo A dbfeﬁ&lcl: ¥r Eﬁh%ﬁce%ﬁﬁﬂ%é}gor dm%en ‘ORainl AR

I's preferably carried out over
catal ysts which are selective for dehydr ogenat i on.

To abhR9€ cAMBIHEHT VidblO borbidfdiorR, Bakd bf alshiidle pass, in the dehydrogenation
of propane, it is necessary to work at relatively high reaction temperatures. These are
generally from 300 to 700°C.

Since the dehydrogenation, i.e. the cleavage of a C-H bond, is generally less favored
kinetically than cracking, i.. the cleavage of a C-C bond, it is preferably carried out over
catalysts which are selective for dehydrogenation. These are usually of such a nature that
they give a good yield of dehydrogenation products in the absence of oxygen in the
abovementioned temperature range. At a space velocity of propane over the catalysts of, for
example, 1000 h™' (i.e. standard liters of propane per liter of catalyst and hour), the yield of
propylenc is generally at least 30 mol% based on the propane used in a single pass. By-
products such as methane, ethylene and ethane are formed in only subordinate amounts.

Since dehydrogenation of propane proceeds with an increase in volume, the conversion can

in principle be increased by reducing the partial pressurc of the products. This can be
achieved in a simple manner by, for example, carrying out the dehydrogenation under
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they gjve a good yield of dehydrogenation products in

t he absence of oxygen in the 30 abovenenti oned

tenperature range. At a space velocity of propane over

the catalysts of, for exanple, 1000 h"1 (i.e. standard

liters of propane per liter of catalyst and hour), the

yield of propylene is generally at |east 30 nol % based
reducad pressursrangéon avithsigtrodyetian of peseriiailydaert diluens gases,ag tg pyyposes
of th@j:g&%épmgnuﬂ RELENR A a SirRREd ?ﬂc?t &Neﬂ??ad 'Fu?tﬁblydlluent gases

nate anounts. 35 Si'nce dehydrqgenation of

Smtablecfpaﬂw dehydregenatiop phpRane e a8 éxamp vdﬂ@xré\h angenoble gases such
asH? n can in principle be increased by reducing

‘he part| al pressure of the products. This can be

achieved in a sinple manner by, for exanple, carrying
Dituflh B EF UK AR ELP e ARG alvafagy bF RUREE BBSRENN of the
catalgsis esed, Bince thee stpan geasts withfany rarhonedspntits hpjah fareiRd according to
the éﬁrfc?@ﬁ'to? &%?aﬁﬁ@a{tﬁ;nerffuﬂ ernftfRé,! stlirh WaR tealid be Fééf)ﬁ:ﬁ@ﬂ partly or

ase surtabl e Tor the dehydrogeration of
compiptnpafremaﬁie product apiape-eAccoptinglyNwhgn ¢tadBhiselsga 98 slilgrinin the

I
prop?rﬁeeﬁegﬁh%gﬂ&ﬂ)ﬁ o tH rHEésQ%f“Mlé reSERANVERIA! / dad Y frated off

nt a reduced carboni zation of t
fromghe progyetsstigamdl (O3 |bb{cﬁ§>f Ph@ﬂglﬁé‘éﬁfl?f!?até@% with any car bon
deposits being forned according to the principle of
coal (gasn fication. Furthernore, steam can eas b,%
In the elohydrogenatian of propane WGHeN G} & SfeR (i 158 pﬁans'aiﬁcé/ow le to use all
dehﬁhdgeHﬁtﬁm é&zﬁgitg IAGNY to YIRS sRARA T ik A6 86t B ;ﬂirbd}é@ nFoﬂ ¢&kample,

propahe dehydrogenation in the praqcess
catalyste getvieh argvaxidic o nature ahcoTRPTISE FRFORINM BHifle a?qfamltlmﬂum oxide

or ceﬂﬂg&y E&mﬁﬁﬁlﬁgm {EadiQOhe *aubstil@ran%am@lrﬁatalcegdﬁaﬁmm afepodifed on at

hydr ogenati on of gneln step (1) or step (a),
least,qne,ggncprﬁllbpmﬁgg %PBO%B%@P%‘PS@ to use all dehydrogenation
catal ysts known to those skilled in the art for this

pur pose. For anpl 5 cata ich are oxi
The ﬁahmr%gea%orb%@w%cw}g TG B Gpoy s i aia. be used
for tH%E ] B¥Poselof Gl preyent SnveRtiGH: lworgy/mosg €asy4,788371, EP-A 705 136, WO
st a

su nti al l e I a u
99128420, Bh 3028 1g@§ ety 8 s A T 9569k 169 g o
199 dehysrpa PR 19987 ¢at.al ysts described in the fol | ow ng
documents can, inter alia, be used 20 for the purposes
of the present i nvention: WD 99/46039, US 4,788, 371,

Inp ﬁﬁmﬂal; 77 aQEJnZ:QAB;Qts dd&‘crﬂlcazﬁ)tm&ambﬁs of mlsmy 107 can

be uf% 20 epg Fogenaion ca?aﬁjrséngE?r?ig%ugg i 10 W99 5% by fweight of
znc&ﬁﬁmdﬁlcﬂﬁaatmmm Ta 6y by swedgtt cofi dedinum vkideesitiogri divxule and/or

o A Do P VR T St ot e seon

mait\group, ghd thifd or eighth transition group of the Periodic Table of the Elements,
lanthanum and/or tin, with the proviso that the sum of the percentages by weight is 100.

To carry out the dehydrogenation of propane in the process of the present invention, it is int
principle possible to use all reactor types and process variants known to those skilled in the
art for this purpose, for example those which are described in the documents cited in the

previous section in respect of the dehydrogenation catalysis.

For example, the propane used in the dehydrogenation of propane can be oxidized
homogeneously to propene in the presence of molecular oxygen at elevated temperature as
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zirconiumdi oxide, fromO to 60% by wei ght of alum num

oxi de, 'silicon dioxide and/or titanium dioxide and

fromO0.1 to 10% by wei ght of at |east one el enment of

the first or second main group, the third or eighth

transition group of the Periodic Table of the Elenents,

| ant hanum and/or tin, with the proviso that the sum of
desctibed fre iSeh798;383.borvibe glrposes othe BEentipng ther gxygan spwige can be
. d | On e rocess of the
elthegﬁ)ggcegn@%%\%%ﬁﬁ %t‘rélﬂ,fe (ﬂ&?géﬁ ar{qug'%[?ﬁ%s?pl e possible to use

all reactor types and process variants known to those

: . : . ‘ _
The BftekqgBled Sy ARyl o) B aSn BN R RopsnP i BIARR) BedcfiBasin DE
195 30edfi ours alse drei employed &xgpibe tpreffane Kighyigenatigendeteofic propane is
com RS 3 pRpetie ol A pRAGHTE cFair o n B AR oni e i ufFina fined-bed
or flhidined ded seasioy contaprirgeai@dystn t he presence of nol ecul ar
oxygen at el evated tenperature as -5 described in US
3,798, 283. For the purposes of the invention, the
For theyparnosss of dhe daventien, ibiis plsp pessikle 3@ \wgBYErbPropans e pgopene by
n i r habyZafkans of
hom%&?/%éﬁ%gr aofggﬁrattli%gé{s%%egli%%g% éﬂ%e%p ?’gper_l Hﬁjgg%a‘r%?bedyi n
mol@mlar px @M i@ mEehANal0gnys bethe Prrcsyredesehedan DI Mhhel 7.
dehydrogenati on. Here, the propane is converted into

propene in the presence of air or an oxygen-containi ng
In pringiples alljoxydetiyidgeagnaion progessesuVRIch<gn becHsed fog e purposes of the

invenAOH @AM bP FarRHaN Sh -at Tt diterdabidtP $&Selontdifing RuLRitically active
It 1s also possible to convert ﬁr_opa i.nto riigene bg/ h
substancpotes gaamplest Jixgdrbrd reastar r gy EH ﬁsﬁdcfs%*‘é ty Jib ffus regctor, the
o bRipehY VAR cathlytiba yesuivakuliiamge isédlindeach case
proﬁr%‘g%%:r aﬁg‘?‘ggﬁgﬁ{% tﬁe Cesgmdescri begui n DE i98m37

. [ 1€ pro
via maction) steps knpawn §p thosgpiill %E‘h%r ogenati on processes
whi ch can be used for the purposes of the invention
an be carried out in at |east one reaction vessel

C
A feharaponiRyitk 4 the delydroeenaton, of PEORATRJp Mt ProGesy of the present
invedtiaAmt ehet Oléad hreocdse @8 thétheds éinfilarlitetireted b éds rpeauesnrihe feed

In thjs reactor, the ropane is.converted into pr
ProRApey e IR OEioF YL PY et i rolEned i PloRe AT st one
reackRFTOmMpYikidgab RAbt o soittdscacalgywbetio t hose skilled in the
art. further possibility for the dehydrogenation of
propane in the process of the present 20 invention is
In pﬁE_@ipIa, pidpaiclddn tﬁ%rlmfmﬁgr virtuakby bmdplg&_lyﬁdlgdmgbmtei . propene in the
this process, the.feed pr n . 0
e o 6 Aokt SR SR AL pBrodot s
mixh@e omprising namedcead propyie s theaproperes formed tegitherbwish secondary
catal yst .bed. 1n princi
cond Mol Fley S Gec YARLEY e ARG FARRSAAMAL, 00 and O,
TheXichygrogeration of fprepaie leanl be garriedi @n with af WithoutPwy X ygen-containing
gas gseg(yfg&fgenatl on forns a product gas

The partial heterogeneously catalyzed dehydrogenation of propane generally proceeds
endothermically, i.e. the heat/energy required to set the reaction temperature required is
introduced into the reaction gas before and/or during the catalytic dehydrogenation.

Owing to the relatively high reaction temperature required for the propane dehydrogenation,
formation of small amounts of high-boiling high molecular weight organic compounds,

sometimes even carbon, can occur and these may deposit on the catalyst surface. To
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m xture conprising unreacted propane and the propene

fornmed’ together with secondary constituents such as

hydrogen, water, further cracking products of propane,

CO and CQ2. The dehydrogenation of propane can be

carried out with or without an oxygen-containing gas

as cofeed. 30 The partial heterogeneously catalyzed
minighidey Gr cﬁg’eldatﬂma rurrfavqa;atdpaaffeorgpwmﬁ Ipﬁemédihe starting material
propSR A6 FitGel With hyde o dogdn'ia e ?Hc‘é&e&gﬁhc RoHehe BiehtfonS §6 that any

e reactlon tenperature required Is |ntroduce I nto
carbothormed can mlamy dgma@dan@nrémgd@ thergincipde efgoal hydregenation.
dehydrogenation. 35 Owing to the relatively high
reaction tenperature required for the_propane
A comgirgibnsiye dasariprion of cﬁaﬁw tynes and gindes ohapriaion which are suitable in

pnncﬁ%lg I??thﬂlt ldblgjgi:%&gu g e 1%1'1:9}51‘00&% Gt EHeCprSs‘éprhUé‘ﬂﬁ)n is given

I Mes car n occur t hese may

in  Shatalytica®it tydies sdi}ma@e, Dxydgive nDﬁlilszdéosﬁnaﬁ%u ams) h.ﬁétemam’e
Dchﬁ%&é&ﬁﬁﬁ?@lﬁo&g&‘gnﬁﬁzﬁ%'m @mnemerl@% 11309 Eek@lsbh Morive, Mountain

propane ca I'ufed Wi th hydrogen in the
View, (GadidergiagP4043e5 5 2e Vend. i nvent| on, so that any carbon
formed can be largely elimnated according to the

principle of coal hydrogenation, 5 A conp {_ ensi ve,
A sugfable fP15 PHiFagir fRraapol) O AKRRs(a) Al theRfReesy P gpé%?%ﬂ"““‘m 182

ﬁxed\’ﬂ%c?%‘lb@ r&chH o SR dDtub® Fdabedr) %ths Othe lch@lyst i 1s present as a fixed bed
g enat| on of propane mb? fﬂééj b
in & e 0P 7 6 ORIl gFin s+ Ft PR aRERon & pigpase can be
carriEll \éhﬁinotﬂe abRene@bf Yeyden it dwhae ﬁﬂia’blﬁba@dlﬁst%x&ﬁﬂﬁtﬂiﬂs\we employed,
Dehydr ogenati on Processes,  Study. No, .4192 g) 3315 f
Wlth4139'°d‘F'é1P§L%fo9|x3{§°P\Pé cofsdin (Thereasfjanfubes, £an rhca“’ y a gas, for
?n?' drbtarbol)-sBeiias meftfind) teid Blrheinf the Bpak sugraaiding fherreaction
step or step (a) of 't he process of the present
tubeq; ‘nvention is a fixed-bed tube reactor or

shel | -and-tube reactor. In this, the catalyst is
in .area

sent as fixed bed 1on tube.or.in .
In a pisferrest sypoRdEmER| Qhihe mate%n@caeﬁéaﬁegxﬁﬁmﬂf gpp¥enc oxide, all
or sdth® Bﬁﬂﬁ ga8dbR Qg})ﬁwaﬁi 'El(dﬁpftbml stept bﬁ) abhstenlaanodfo preguperenergy and
or, sui table cataly ornmul.ations. ar ,
the Pty 530 UeHAE 1 PP o yATERC Ot PE Bre POl B eating of
the rfeaddRS tateR ibguddtiohed by a gas, for exanple a
hydr ocar bon such as net hane, being burnt in the space
surrounding the reaction tubes. In a preferred

It is e@mwgearsttompplyhhlsnnmgzgt ﬁ:imnbfplcata:@mﬂy b the Hizstspowtt 2s30% of the

oul BSRS890 SRV e i

reacom tperature hyymerand of the reuhentgypat:ldmraiei instbel indireetihating.
propane dehydrogenation, for exanple for indirect
heating of the reaction tubes in question.
Since the catalyst is generally, depending on the space velocity of the gas and the

conversion, deactivated more or less rapidly by carbonization, it is advantageous to generate
it at regular intervals. The substream T (6) from step (iii) can be used for regeneration in the
process of the present invention. Further regeneration methods which can be used according
to the present invention are described in WO 98/55430 and the prior art cited therein.

In a further embodiment of the present invention, the dehydrogenation of propane can be
carried out in a moving bed reactor. The moving catalyst bed can be accommodated in, for
example, a radial flow reactor. In this, the catalyst slowly moves from the top downward,
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I{ is advantageous to apply this indirect form of
heating only to the first about 20-30% of the 25
I ength of the fixed catalyst bed and to heat the
remaining length of the bed 40 the required reaction
tenperature by means of the tradiant heat |iberated in
the indirect heating. Since the catalyst is generally,
whild épercaition gan minaire flawe radialtyc Singe dle 10D tHiA PracRss are operated
r
pucul3RIRLAT it RSRCAGERRE (TR ol AR RElohs Rfppertod i seres
regul ar intervals. The substrean1 T (6) fromstep U||)
r [ I e
The SRLRE Rfthe, Blony RUBRE (ch Wnbdled 05 (o kARARE Racldhtomperature
upsteam dfetha seattardyoindinaet heabng Hélqohlé@@m possibiata bept alafégas mixture

MR S S e el i
presénveartadded Oxmﬂo(eh@&ie@g@n@mf@mﬂdﬁ dpahrintegiated proygsss and the

extefi®d i ?&%{;ﬁ%ﬁi Hfd?:eﬁ \ﬂllé1 %nﬂfégg.a&e@‘opﬂenér Bﬁd%\é&:d}lﬂmg to the present

cata can accommo for exa
inventah, al 1sfadaav1tams @n use il phsame of thesabstropat Te(ﬁbw ”9 (ﬁft)vf&m step

) AP ISP ok e SRR oo o

dehysiregspaéomofestep@-at ed pseudoadi abatically it is

advant ageous to enploy a plurality of reactors

connected in series. The m xture entering each reactor
Furthermoine theousea arpburahity of seastore gnablesdases difierenses i the dempprature of

the 1é I(tu}é‘%[tﬁv@ﬁ{:fe%topﬁllét A8 r@etor BaAHtH Be al/&de@and m h total

I'T kewise possi e to heat as mxture enterin
convessiensoto be aghievede Jrhanethe rcatalyst Brd theumavigg b reactor, it is

pass @%%Eérﬁ?atﬁfn B sk Rudnilyt RREsedd f'ﬂﬁ:e Snd?ﬁtlcﬁﬂ Gﬁ‘dh@)émgl?y@t in a

autothernmal o eratlon) oth |n g ﬁlnte at ed BE]@'@ E d
movipgbediEactesiscaraedil Vﬁ@%@%ﬂéaorﬁﬂwea ¥ dher B auste
cataBfst RIAARBPEE 2O MieFAIBF Aqe&RY idd ﬁarh&ﬂalpitﬁtli@ Bid of fhi¢dast r€udtor, and

It 1s advant ag e%lés to use all, or song. of the substr

passgd (tg) atoleast Qngasu FW%(%%S“&YG“?‘F iStep- m«:rhrgg?qeﬁqjlqnh éhe c:glpalyst is

retufrRfl k& e g mgﬁwat@a&mom paticilarthe beg@nting bemedirst reactor.
operation of the propane dehydrogenation of step (a).
Furthernore, the use of a plurality of reactors enables

The! {36z biisey emrysed ﬂeH}hﬁageﬁm 6t proparef cartidxk outeincd floidized bed,

the STaD QISKel S dorgbel Shers, K Set 39%%53? SYLP B, id ewise
a pESibleewag of\/&ﬂjnﬁgh euﬂﬂicadah?ﬂrdgemﬂmmﬂ pﬁ)paﬁdﬁﬁ)rrthmpu@dsmj of the

react or passed t ener upsegqu
presFilditintioe 3 B BREE Torii6{ PERGG A4 viof TXCal. Baypged. 1 is
advifshebaant gperdts twe ﬂanﬁiddybcda picle byt sadetin ¢hmdl¢hydmgantmn so that one

of et S, Senerrlly B A lyafet (ENBURHE “rcRbAlekon o the flpidiced beds
cant inea prefeéd embodimmnt €ake orggrand prpcess é@F the Sa*pthcglasqf propylene

0x1cf " ge cgﬁ'lseﬁ%.ﬁ q}smrgelgg NG ﬁlte'aﬂlnT S(?F @mﬁﬁgtgﬁ iif) EPRE ﬁéﬁtrh&lﬂjed for the

ur ned I NI
dehydraggnation iis igtzgduced) map the seastign RYFEE bY the, élequfggenaﬂon catalyst

bclrfgeﬁr%fl@e{tcd 1Pend %a%ﬁ@rg fi&ﬁﬁéiﬁﬂul’e CRt &|prdreded %mﬂéﬂﬁmlﬂ Jjfi 18 present

ropane carried out In fluidize

t
mve@pen,awhﬂﬁtlas cihaleR hcscaa&kwttt&dmms C%HE?TFHGE% proaguped by burning
all ok 28rie Bf thé suBstdehin T 28 eom shep (lihkew se

In a further embodiment of the present invention, the introduction of an oxygen-containing
cofeed makes it possible to dispense with the preheater or intermediate heaters or the
indirect heating via the reactor surfaces and to gencrate all or part of the necessary heat
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a, possi bl e way of carrying out the dehydrogenation of
propane for the purposes of the 25 present invention.
In this process, the propane does not have to be

diluted. It is advantageoug;to operate two fluidized
beds side by side in the dehydrogenation, so that one
of them can generally be in the state of regeneration.

direcTlyein thpe reactar i systeo¥ by eenibustion of chydeagen andfor hysdrecarbons in the
prestpf{cg tcﬁ rﬁ&ch‘fMgEﬁ?% se(t,h E.lbg Ib &ng%?ttﬁéjs g&gﬁﬁq‘ 1;6%?1 ferH'ﬁStcp (e)

'ene” oxl darried out u
of ttsumemmdad (Iﬁ?gr&qu presesspfof itlm ynthiekie of prapyleag @mdsas,ﬂma further

sep: 1, 10 AL CEE G Slok o ASIGRD LD SR el
autoﬂmnnﬂmpwmon iofmhet wpmqhwogmt@n moavflblpr E@Pmﬁiﬂ‘ien% hydrogen-
contgiﬁunltgn:%dé%g %’/addlﬂgﬁd]%#rﬂjtiﬁdﬂ{ eheating can al so be

neans e energy produced by burning
all or some of the substream T (6) fromstep (iii). 35

Carr#ﬁllgraogg e Mﬁdﬁ@@ﬂiﬁt ﬁﬁant: hE aRFHSeRt o RVa‘iBIHcP Eessmi'ﬁty for the

uctil o an ox contalnln cof eed es
purpossssifishepresend iivsation tnam maﬁé)rmomsevnemr INOTE SHERSSYIYg eatalyst
bedsrk‘ﬁf’t%%ﬁ%vlﬁéh gﬁereaétf(‘)q eﬁta@?ﬁef&%ﬁfy‘ S/ taRidlN or R 8 Oln %eneral such a

ces an or part of the ces g
tray [feqgtor-ig opetatsét uS}ng # fixpd cpialyist bed. dpdhe simplest &%’u $hg Predypatalyst

bch‘é(-? d%ﬂﬁlﬂlgﬁn Qkéﬂe{fpﬁﬁ‘ﬁ&@ Ractdt dr P theRINBRIRPEMHsF concentric mesh

ar oxyge In such an enbodi nent, the substream

cylmﬂe(seéanefsh #qe reagtor asKresprRnch & ene BRY. dA dquoGedErsgYishouy oxygen
as ca%%&f fRSrehStion i rﬁﬁﬁﬂﬁ'@ Rsdubjeiedrb Qﬂ}éhﬁéihﬁat@ hbdiRigl o itd Wapfrom one
ur

h t , t
cata.lyéhlg&glﬁrgg@; g@extd:,(qtalxsé rbgcf i;; tC létt%ygre%q{r, &@e o ogqalg/y Bassmg it over heat

‘exclﬁﬂg&téﬂﬁ%al l}ea&ﬂedyahbﬂﬁ ifhot REsRr R RANFusElag YoheapAatbeheated by

appropriate, a hydrogen- containing cofeed
mea@%%“ﬁécﬁ'éihﬁqoérgéﬁqsy m xed in. Carrying out the

dehydrogenation of propane in a tray reactor is another
possibility for the  purposes qf en vent j.on.
In a,preqedyrerisiis, SFY e brip HTLEL ABREny e PR L e dehifoEenabiSn catalys
used; ®f fﬁie%@‘glrd&rﬂm@ résbﬂ(ithti?llib Whattidh d@? disemliﬁ hleo cgﬂﬁrll deposited on the
refera radia or. a ner a
SCpuelage eler BySrogto st fing Xwﬁgprg¥wex€e@9§%ﬁgsff1s@fl Yilir added
to tHcffcidﬁx%n srht. The @eattdfeedctivg dibertedl iy shis wagddsoanakes it possible
i n a.shaf furn ce reactor or in the

toomﬁﬁﬁnlgerpfaﬁék%w%ﬁ%'f’ﬁ a H\Eegﬂ ¥ylinders. One shaft

furnace reactor corresponds to one tray. In a procedure

It is hlg)g%%%x {rgg Irt]l.m%f ﬁél g’t%dnﬁ 813] ﬁlc:Pg'caugctﬁé 8{1 th%ﬁch%ltxltn%lﬁlon to carry
out lﬁzpc(am avlg?thdadelhydnogdneumenf prapaleysﬂtoﬂwnaﬂy tie thisapurpose, an
reactor.. for exa C e
o5t B B 08 i i 508 fope
dehydrogangtiont irbatslest ane dedsiion permendthe Hydragenipiesenton theseastion gas
nnx!éﬁ]e % g £ EAYS %?H&gf% gf(Y&@Pgar? of 1t hesks&P YRk of dehydrofgcnatlon

ng on rogenati on catal yst™ 20 used
dertthelnHWr@@mlb@lﬁguiﬁrléé@ﬂcmﬁwntmée peEef.on gas, possibly
al so carbon deposited on the

The dehydrogenation of propane is preferably carried out in the circulation mode described
in DE 102 11 275.4,

To operate the propane dehydrogenation step (a) autothermally in the novel extended
integrated process for the synthesis of propyleme oxide, all or some of the gaseous,
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catal yst surface and/or hydrogen formed during the

propane dehydrogenati on and/ or added to the reaction

gas is burnt. The heat of reaction liberated in this

way al so makes it possible .0 operate the propane

dehydr ogenati on autothermally. 25 It is al so possible,

in a further enbodi nent of the process of the Present
hydrogenspentaining: sibsteany T (@) obtatned (in)step,{e) is rerarculated to step (a) and
bumfi€hydr ogenati on of propane, autothermally. For this

pur pose, an oxygen-containing gas is additionally

m xed into the reaction m xture of the propane

Regﬁlggﬁr(% [HRAERAGH 9P ok Pechl addB@Sia QIRIERRTT (6aY nERELit PoSsiblaao control

"ogen present Th the reaction gas Irg@xt re |sé§.urnt,
the raagtion derepesaturey ihstepetidt Abdhe sgmeiae:n eif‘i%?ﬁ‘;‘ﬂth t thg ¢ propane
ﬂﬁ&g@l ' i ; tihe @ arfiGuntiof hyd@gem added
d?ht € ré‘g%fﬁggrﬁélgghr)}gggﬁfgﬁggﬁd%we ehydgogenati on o? 8
via sybeiprareT (@)preferably carried out in the circul ation
node described in DE 102 11 275.4. 35 To operate the
propane dehydrogenation step, (a) autothernall in the

The rwanlity eoft ko dsovided £y the dehydrogenation f nrepang, fhy RraRsre, Shich is

gend?hOR By RBMbAKIALof Bl hyBfogsR Pecseht fnhBe g88OY Sas mikture and possibly
hydr ogen-contai ni ng substream T %gﬁgr obtained in. s
b

K en,
hydrogarbpas pessent cia e dgagtionsgapmEyea ¢Athen PRESERH 1oy g form of
carbbf! QeERYNE régulawei@nh@mwt\ﬂf@xygab&mmﬂggaﬁ Gddedrraklesreaction

it possible to control 5 the reaction tenperature in
8as GYMWPe(a) . At the sane tine, the selectivity of the
propane dehydrogenation in step (a) can be controlled

by regul ati ng the amount of _hydrogen adde Vi a
Addifipgal pxygen rrl%@égsqd qq-ﬁ‘eg?q Ja%ﬂ? t‘:ﬁrﬂ"ﬁ'? a, “ﬁ?%v‘?’%"éaﬂ oS Oxygen-
conthitghl@Ryels e edaittark with eapaps. t o propene, which is 10
generated by conbustion of the hydrogen present in the
reaction gas m xture and possi bly hydrocarbons present _
In al %teféi*&df@lﬂﬁidﬁlﬁéhtqﬁsthmimdmtien,aﬁtﬂﬁmnaﬂyribtmdmedaﬂmhcuian oxygen is
e formof carbon deposits, is regulated via the
Elrf?”g]fsmgn-cont ai ning gas added to the reaction
gas m xture. 15 Additional oxygen introduced can be fed

[ i ther. as, no] ecul ar en or. - t al.nin .
in agfhefiergtersy GRnRPERCoL PR} ot O gL BhAldAR gos n
questioafie theadbsrdandT (&) fronf thethydioger peroaide symitiesis mrstdpl ().

i ntroduced nol ecul ar oxygen is enployed for this

purpose. In a further preferred enbodi ment of the .
Thepiness gRabes mdetitei maylting eombysion gasas gemirally dave pm additional diluent

effeglu escL :tlglgs 'ggsﬁﬁqrj}g gﬁésj ?ﬁgﬁ?&@g%"“}% Sﬁ&ly&éé) '&ﬁ)’?ﬁoé&igﬁ&g €fhe hydrogen

e .
burnt to generate heat can be the hydrogen formed in the hydrocarbon dehydrogenation or
additional hydrogen added to the reaction gas mixture, for example via the hydrogen-

containing substream T (6a) from step (e) in the novel extended integrated process for the

cny

synthesis of propylene oxide.

The amount of hydrogen added is basically such that the molar ratio of H»/O; in the reaction
gas mixture directly after the feed point is from 0 to 10 mol/mol. This applies both in the
case of multistage reactors and for the intermediate introduction of hydrogen and oxygen.
The hydrogen combustion in question occurs catalytically, with the dehydrogenation
catalyst used generally also catalyzing the combustion of the hydrocarbons and the
combustion of hydrogen in the presence of oxygen, so that in principle no specific oxidation
catalyst different from this is necessary. However, it is of course also possible to employ
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The inert gases and the resulting combusti on gases

generally have an additional diluent 25 effect and

thus pronote the heterogeneously catal yzed

dehydrogenati on. The hydrogem burnt to generate heat

can be the hydrogen forned in the hydrocarbon

dehydrogenation or additional hydrogen added to the
one oremote axdajims aatakysts: g heseoselastinely catalyze the compustioneni-hydrogen to

s T (Ga) A _
oxygBf L e Bnce B I EG0Rbohsl R KRR Elioh B hilfob s with
oxygpn dpyloemeCOxi axd HpRk ogersuirie aply fay sitbordinate raeqit; which has a
. _.hasi S t.he: Y i . Th
signifiga Ristie feSs ol he abfielBY BFlebdlilyOoP tnc! BiiRube of Mopene. The
dehyfirogema@ionocatalystoand g oxidaion cawhist aee peaferably presentciasdifferent
i stage reactors and for the internediate

rﬁméﬁ%é&%ﬁction of hydrogen and oxygen. The hydrogen

conmbustion in question occurs catalytically, with the

elydr I EG6R! the loxitpGbn Aa0S¢sRIchy HR! t in onl
hlﬂ%a?%?fg%ﬁgﬁ¥2§a¥%%%usﬁﬁon é?'thenhygﬁgzgrbonsﬁgﬁg f%é) y one
reactinsrons: in arplarlityaf reastian izanasis ipald apken HMECHxygen, so

that in principle no specific oxidation catalyst

different fromthis is necessary. However, it is_ of
The eaialyst wdidb spleeiively satalyzesmpcopxigadon of fydeogsh inahp gpesence of
hydrG&Bin% $¢ ﬁrcfeTElﬁz Focafldah placed v@lﬁ&l@hﬁé&ﬁ?gaﬁp&@ﬂ%ﬁx@ﬂ afhigher

pAY)

ydrogen'to. o en in the presence of, hydrotﬁar bons..

than 4t oghe|places Ha the) Bergtari inPEHCHH L ther weweY it the fepd paipt for the
oxy#ﬂ—cﬁ%i%egﬁ@éygﬁﬂ@oﬂfﬁ@ng aifd/bOh b genah BB diteidudédEat one or

extent: as a significant positive effect on the
moreRAMNE PRANGEAISEi vity of the formation of propene. The 5
dehydr ogenati on catal yst and the oxidation catal yst are
preferably present in different reaction zones. |In the .
A prs&gr@ddaataéywwsﬁ%la%Wngaat?elwﬁs i aSo.of Btroarn eaiosilieomprises
0xid6PBr PRosphAsE Biledted Hidhy tHeNGoup @asdidting ofahe oxldes and phosphates of
j reaction zo Ln all reaction zones.

| uralj f nes, .or
ge 1%@%&‘@@1 %?"‘WEWDE%P@?‘?WBWW catal yzes the
oxi dation of hydrogen in the presence of hydrocarbons
is preferably |ocated i | aces at whi ch the ox .
A gk Biefrieg vy 00 corneofe Bl Gt inepesh Seaises o teas
one hdtde et OO tranditiomn gwoup GlTaof thePérivalio/ Tatiladf the Eleréns. fExadples of
poi nt for .the en-cont aj. ni as. -cont ai ni ng
such331af et b st Plrd Jererai i PR dolMaRE o s
US-Aok 28889 InUS-Ard, 886c028c BISt Ar5,430, 200 118F A Sc530a174] YStA WG2G1P79 and

tj.vely catal yzes the use of hydrogen generally
US-%?H%{E%P%I&S oxi des or phosphates sel ected fromthe group

consi sting of the oxides and phosphates of germani um
The tdicﬁydrl)&%%tioéro?ep%&ne E}Qtﬁéfgr%lya&grigi §HEJﬁlhth62[9'esence of steam. The
steam added serves as heat transfer medium and aids the gasification of organic deposits on
the catalysts, thus countering carbonization of the catalysts and enabling the operating life
of the catalyst to be increased. The organic deposits are in this case converted into carbon

monoxide and carbon dioxide.

For the purposes of the present invention, the dehydrogenated of propane is preferably
carried out in tray processes, with largely autothermal and therefore cost-effective operation
being made possible in the extended integrated process for the synthesis of propylene oxide
by combustion of the hydrogen introduced via the substream T (6a).
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A.nore preferred catal yst which catalyzes'the

conbustion of hydrogen conprises at |east one noble

nmetal of transition group VIII of the Periodic Table of

the El enments. Exanpl es of Egh catal ysts are

descri bed, for exanpl e, in the fol | ow ng docunents:

US-A 4,788,371, US-A 4,886,928, US-A 5,430,209, ?
In the psawss ofl theUigvant®ns the, @rbityselithe psopage Aeed isgn prngiplerpyy critical.
The ]?:%E 98041 bOTref oifeLRAGED ﬂo@aﬂéﬁﬁ]ﬁ%@bﬁﬂ@ﬁédmﬁikeﬁﬁ&mbﬂal by-

esence of steam” The t eam added serves as hea
prodegtawhichrhane ap signifvantinflyencs ondhadehydrogpeationpreneshni ¢
deposits on the catal ysts, thus countering
car boni zation of the catal ysts and enabling the |
The propans dehydiogeration can alsp ge cawigd put cqn@nﬁ@Sier@@é‘ase The
organl c deposits are in this case converted into carbon

nonoxi de and carbon di oxi de. For the purposes%fon% t he £ th
In a preéeress embpdimentonf, the ReopaRmelydrrasaatian igrsiopr @pafiibe ptocess of the

preséft %B@énﬁehyme%bgﬁe%ﬁl qUi0) ipRoducBd iR IS SRHeSompHised at @daﬁﬁbﬁbpenc

aut ot her nal erefore cost - ffectlveoeratl g_@
group

propaas aad rﬁé@gﬁbsgpﬁh@moﬁestﬂ@ Sefe [ CATRHPG BaYS
consfsﬁhg tdf%smtﬁ SfdtBaref cmwﬂmeom(ﬂ énd I00¢ @ﬁﬁ)ét&hdﬂi’dlmﬂy or as

évro gen i ntroduced wat@a) substream T (6a). - 11
letPWStOﬁ DPOBEEEASES from ﬂi“ﬁﬁ@‘l‘?r Y-pIRdudtial ity of the
propane feed is in principle not critical. The propane

used can, be fresh or recycled e . and ma th
In the PrRsepsef ¢ aarqSFlaﬁavensyn ﬁ PRORDE 0 H%W&"%l& substream T (0) is
in the 'rzﬁ{glefffcﬁ@[)tl tbflf()l pﬁ&ﬁﬂ)l? Iﬂrdima 5de IsyFmggmy pmferatﬁlgcfﬁ?m 1.050 2.0.

an o enation o,be carried.o

The Fin dhAgEEey o propaccmAeearL (D)3s B o6 Faree st fefdnn, sferadly
froni@gt@!Gdeiﬂcﬂﬁmyﬁiemaﬂwab@n lilh step (i) of the process

of the present invention, the substream T (0)

produced in this step conprises at |east propene,
In aPiogabe opeatiby disigeoxygen rdshenfeml; é.c. 2ddijionally introtlhead oxygen or

ris ases f.rom t 1 f
circflge0 Ao op dtinane: e Ry papfiR b (gl T (6a). the
hydlbﬁ@h 10l ptopEnk Yatio isgseferablyt fromm .40 200 -or nore gases from
is group, as by-products. In the process of the

present invention, the ratio of propane to propene in
In psndiples elbon an(e(k)f substréiam T @ is smapsferedwiaGuitatlo means known to those

efera om I rab r
5 B 2t SR ko O AU b Rl o e
extendddsntemd'lpro@ss for thfnsmsmaxﬁ @EOHy! 0®1d60t015tt3> )

preferably fromO0.3 to 1.3, particularly preferably

about 1.1. In a node of operation using oxygen as
Furtherfneeg) it is atso podsiblei fonsubisrednn T (00 teckeifed iy @sapasation apparatus in an

ve been

mtcl‘?ﬂecrd?a)\:tll, gﬁeeﬁ qol@(?ﬁmg <8P @} ?P;l@% (hﬂrhz‘ﬂ')ﬁ aﬂy{"lﬁye Bﬂ(ﬂﬁ@t@ Qihlclé h?i e
fonned uptlmp@wpdphxﬂmgerpﬁ@n anbpRy PPW‘G iy Ty(@) %ﬁnd)e sgparated off.

Step (ii) or step (b) comprises the fractionation of substream T (0) to give at least one
gaseous hydrogen-rich substream T (2) and a liquid substream T (1) comprising at least

propene and propane.

The fractionation of the substream T (0) can, for the purposes of the invention, in principle
be carried out by all methods which are known to those skilled in the art and are technically
possible in the present case and using the apparatuses which are suitable for the respective
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In principle, all or sone of substream T (0) Is

transferred via suitable means known to those skilled

in the art, for exanple lines in the formof pipes, to

step (ii) or, in the case pﬁ the extended integrated

process for the synthesis of “propyl ene oxide, to step

(b). Furthernore, it is also possible for substream T
methp@) Foo ehampled theo fmctimptiontdan rbeappaedtans iynmgans of the apparatus

I r i followng step (i) or step (a). In
d““?ﬁ%@Pq§§§@%§§§§§guCts whi ch have been fornmed in the

propane dehydrogenati on and may be present in T (0) can

R PR CP1Q) 5 ShBebL Ao, B0 MO i

by timnging)dbe queferablly capetedr substreas I é@minto( ogntagidwith| pgpieerably
BRI GRS, OB ot bop B R Hopf presem i T 1)

are preferentigdlypabsptbeds of the invention, in principle 3S be
carried out by all nethods which are known to those
skilled in the art and are technically possible in the

Subspqeané esarpiéan, aedificeliony andier ppssiblysuipptgWith nainert gas and/or an
oxyéﬂgbﬁaﬁé gﬁs, Boﬂ?fcfretﬁp‘fagéd&’& of lthe 'ﬁés@ﬂtginvgxﬁ{oneﬁi@%?%tﬁyé molecular

nation can carried out by neans of
oxygeppatews st lerst dhe weastitnente proang sandgpropenerjpiesent; fe T (1) to be
recovGP@ration of T (1) from substreamT (0) in step (ii)
r step (b) can be carried out 5 by bringing the
preferably cooled substream T (0) into contact with a

The ROGHRAAPTY2N%Hi AP RORpAsRr Aa8AsE hyAtogBA trepresetl He faligas from the
co_nst | tuents propane an_d propene, pr ?Sen in T 12 %r e
absoppiione Tamahsarntipn £88 be parged ST rfolyaaLeripirgiaty absorbers. These

can bEGpklatddiafn BsLudRAl BF i QoeitBicMreAt ISARAKIE Abkdrptiam colieids are, for
gas and/or an 10 oxygen-contai nin as, but for the .

exarBRlf p R SOBIMISH SOJHMES SRS AVGIISS) Brckingh A 0lugeny sqntaining

rand Y B Ring IOfOsurse] uﬁ@r@@tlan& Rer @@%@\bérﬂ,egﬁaﬁié@ ib_il_:ﬁﬁ%s@ﬂbdrs, surface

ropen rese [ . recavere e

absoBBTcE Al Bim aRYoEhe S dpeh i Blon BESORUEE kg gy colums, plate

scrublihd, @RRBddSsprAiescnetitegamdiroany idmebbetsarabBoppssiia. The
absorption can be carried out either in colums or in
rotary absorbers. These can be operated in cocurrent or

In ptificipley Bl @bsoiptiem medfuwhizh| e &hown po ithose shillednia the art dndrappear

. e, tray col.umms ol.ums _ containing. struct. .
suitsBR YT M pitiORe 8 o, RO P PO PR il Weterence s
giveraonsing teldtbklye noupblaporgyec sbbwertsswhigh guefembhy bave no externally

. absorbers, surface. absokbgrs .su thick. fi
st PSP pRUF By Gt i £ o atiftie lgfparbons such as
middie bilnfrtiopd from pazaffinalistilatios,, oretless bavisg bulky sroupslverthe oxygen

and. rotary scr ubber r ] catd § R
s RS RIS PR oA s T or
solvemt mbeuras twhichi capbeansed sasi absbiptionomedihiis thampetsss ohithepresent
invel{i&fare TRled i PEPHOPRSSE. LT the present invention,

preterence 1 s
A solvent mixture which is preferably used as absorption medium for the purposes of the
present invention comprises biphenyl and dipheny] ether, preferably having the azeotropic
composition, in particular a mixture of about 25% by weight of biphenyl and about 75% by
weight of diphenyl ether (Diphyl®).

However, for the purposes of the present invention, substream T (0) is preferably
fractionated by condensation to give the substreams T (1) and T (2).
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given to using relatively nonpol ar organi c solvents

whi ch preferably have no externally 25 acting polar

groups, e.g. aliphatic (e.g. C8-Cl8 -al kanes), also

aromati ¢ hydrocarbons such_gg_mddle oil fractions

fromparaffin distillation, or ethers having bul ky

groups on the oxygen atom M xtures of two or nore
Thus, fretteqiroens of theprésontaidventionathe & s postenents-f theshbstream ’t (0) can
be uﬁxghﬁspﬁsﬁﬂg omgé?ké’daﬂ)'i é‘{a&ﬁcpgcg §1‘§@ gfﬁceﬁ gﬁ%@ggﬁsgr &fample surface
condenaeemn condensers| wigh digedt pr mlﬁ_llrwmob% 1. 30 A sol vent

m xture which is preferably used as absorption nmedi um

for the purposes of the present invention conprises
Prefereptecingiveartd usingneseydr remesﬂlellpar&@babpa} eprglanggrstiRdhe process of

! ied out

the FEQR] iJBhfion, TR b Aplih wREA e helt cRtELA|cin ®o cami
usmg\mﬂymalrowat@rphmllefétlm PedigRy| (r)). 35 However, for

the purposes of the present invention, substreamT (O)

IS preferabl* fractionated by condensatlgn to give th
Thuss jbe tsabsireanT ( ) epagber whejly ar pajtlygegdensg tlﬁe“‘iPr (egs Step ()
Prcf&’z: nee regvﬁﬁec vﬁ‘tﬂﬂlwtcbﬂﬁbleté RendehsSRIP N et €,0éorhpitents such as

can whol |y or partly condensed by,
PYOWWWWPWN Bt %&8&5% dfyers, for exanple
surface condensers or condensers vvith direct or
indirect air cooling Pr eferen i S, give usi ng
In'thnresessmsf dhggRient AtEMigo At iy R o plerqtly (fiRrS than 95%,
part@ﬁl@ﬂ?%?ef@rfablyt rﬂ@rcﬂh%?@% bR cinpohnsnth lpr@emaﬁd‘ (0) are separated

off qggﬁkﬁrggmtv’mﬁw ) by, mear\g,é{ti zl;e Chan S0 deftl&%ltlcar e eqdﬂsn?rllj step (i1) or

step (PUs, the substream T (0) can be wholly or partly
condensed in step (ii) or step (b). 10 Preference is
given to virtually conpl ete condensati on of the C3
SubgREAROTE(Y Swhithhcasprises apeemst aied Cproopmpoaems @sapehe iand tprepane, is

passPRYBPRIE TAEY KAWL GOt BIEgP Ry O P ARD RRAeB &,

partlcul arIy preferably nore than 99% of the C3

o SRR Sl 52 ey SEEL 5, B oponc

poss’ﬂ!lg@ﬂﬂoom dtriable rpeodpuaten bh (Stwm[(omer)ts and possiiply(foyther gaseous, low-

Subst T
bOllng Sg{p@ﬁ%pgs Jﬁﬁ)&éﬁ%oﬂdﬁngof ?g@ néﬁisen@tprésggtziéélt {/ﬁ gﬁg’ge co 10116(1 via
the d:onldﬁmnk o s¥ap (id) orhsdepe(t3 KThd gas phaset llnequasttontle campyed as/;ubéwemn T

) 3 78e{ Ehawf P36 SAREPHINE URTE SERTHT. Irhe WOt 0xfeRERI fHRcess for

ses nydrogen
the synthesis of propylene ox1de, T (2) is combmed with a substream T (5a) and conveyed

via lines known to those skilled in the art to step (e).

In the integrated process for the synthesis of propylene oxide, the gaseous substream T (2)
from step (i) can have a ratio of hydrogen to C; components in the range of at least 90-
95:10-5, preferably at least 99:1 and particularly preferably at least 99.9:0.1.

The liquid substream T (1) which is produced in step (ii) or step (b) and comprises at least
propene and propane is fractionated in a further step (iv) or step (c) to give at least one
propane-rich substream T (5) and at least one propene-rich substream T (3).




10

15

20

25

30

35

possi bl y also a variable proportion of C3:conponents
and possibly further gaseous, |ow boiling conponents.
The proportion of C3 conponents present in T (2) can be
controlled via the conditigps in step (ii) or step

(b). The gas phase in question is conveyed as substream
T 25 (2) via lines known to those skilled in the art to

The fratonqiion 9f the substesamcl 6) cax be sarsigd prbeyall mediods thich are known
to méé&b@k??eﬁ' i t@é rf?np Q! Bt is Eréf&h?l'yscaﬁﬁﬁ%di% thérhdal faethods

stream nveyed “via l[rnes known"to those

such ik distilatig rmttﬁoaaomep (e). In the integrated

process for the synthesis of propylene OXIde t he

gaseous substream T (2) 30 fromstep (ii)_can have a
In prineiple, ab¥ diblyliatiogamocesses3uisale frdhe Fagtipnatien P%\Wﬁ éulaﬂmam T(DHto

§ I tRaft d

give aiﬁﬁaggglgplggb%%e earngk?ﬁ; Qﬂé;g??bégg 9: ng E1%%'?%@(5 liquid

substream T (1) which is produced in step (ii) or step

The fiReudh3fof QP [lkc?iel%r ?(fd ; tnﬁ@%&e inRh® ?ﬁi&@ss&tﬁ‘ Qhepf)l%@ﬂ $nvefition basically

ract | onat ed r step or step gi ve
compriseh elslstonsm'eent psrtqowbwawee kncaw wbgser skilipd in tlefsgn gwlojargtnecessary
to s e#pﬁl%&t mithre E’ﬁ)ﬁﬁ‘?@oﬁﬁl%stﬂﬁtﬁ@ﬁﬁﬁt@%@ﬁs{ Sie propénelfich fractlon and at
ractionatr o t

e _substream T (1) cap be carr
leastoone pRppend-righ: fragten. \iloweven: for Khe MHIPOsES P HcPrepsnt |1%%FHPH“ the

subsg@ﬁn qf gl %ﬁ@ﬁre?é}hlﬂ THHCROPRed By tectiSicionl Bl ¥ pﬁ)’}%ﬁé -6i6h Qubistream

met h o such as distillation and/o

and p qEepaOF ich; WRSITERN. in Jhisrpgrss, thg| SrgNERY Pragcpefption of the liquid
nnxtﬁfeOS&:%?Sec?ss&&ﬁa‘l bll)je niaQ¢ trahfer b@Wek® Waf)cbro.:{hdolﬁolhﬁg? liquid flowing in

su streamT propane-ric §trea and
COUTMETBRTERIEN Eh reificasionif camivghih Th ane,ob o FREUTCALOR SoldHias which
consﬁs‘i %S‘steht‘?aﬂ@t Afa0bwat feptifien tolininkiand RIOPAPEridens drtea pomieases at the
resent inventjon basically conprises all

UPPeééﬁ‘é{tPPﬁ‘éfrfbe FAPELivESP re known to those skilled in

the art and are necessary 10 to separate m xtures by
fractional

distillation into,at ast .0 RI PP -1 1. Ch.
In ey GeD A B @TEN ESLET OBt b NG Prolitarty 3L RS 0% piicularly
refé'ﬂ@MﬁVa@ Neast 95% bﬁtmtﬁrapaﬁf Ppredent ?ET (]d? esmp?raéeﬂédnﬁtm the, subkteeam T
refera rac ate
) iRaiepicd BapBACH ShiieureaS SR HmutRr COTh BBl e fngr sep )
or stBp QPenesiitable lrigbst ream In this process, the enrichnent
or separation of the liquid mxture occurs essentially
by mass transfer between vapor and boiling |liquid _
In tHel protesg of thelfresentimventian, thengropaifeericheaubitrdanali (Ghfrom step (iv) can
j out one or nore rectification colums which

carrj e
be reggﬁgiaggtggtggﬁh ally of tubular separation colums and

also vaporizers and a condenser at the upper end (top)

th
It i 1s ém%?l%lﬁsfghﬁ'p 6%“%‘% rg:g'}oub%)tfkeabp %S@?rgg% PB Sja%ﬁﬁ@r%ethods
knownltdi thoat akillyd iR theparebefomit 15 fad mteas@ﬂp @5%62. df cathbe enriched in the

e T R

propene-rich substream T (3) is passed to the further
AccSldfib§ Vthe pRisertt BRerdtibh MAp¥idedldl froédsH @S the above-described type in

which the propane-rich substream T (5} is fed to step (i).

In the extended integrated process for the synthesis of propylene oxide, the propane-rich
substream T (5) produced in step (c) is transferred via suitable lines to step (d).
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In the process of the present invention, the
propane-rich substream T (5) fromstep (iv) can 25 be
recirculated to step (i). 30 It is also possible for
t he propane-rich substreanll (5) to be worked up by
further nethods known to t %se skilled in the art
before it is fed into step (i), e.g. it can be enriched
In stép(d) ke sybsapand’ (5) mparateﬂentelanldastfthc sutisreargs T éda)iandd (5b). In

e Ry A B PUREY hfdopae

off bykprodluctmwesnm @ addition to proparter done Tit (sa:}lvudgdf s purifigatign can be

caméé/ﬁlllth Sﬁ]@%%%h%g gﬁ@t?rg ﬁdeﬂ%gegg&fl&fwgﬁg rg’[gggrne A Il}rﬁtfsege g. distillation

or abtsoiptibn peoresses.5) produced in step (c) is transferred via
suitable lines to step (d). In step (d), the substream
T (5) is separated into at | east the substreans T

(5a)
The separafiof 56)he substranpT €5)is K:eluhed bbby akk methsids apailaglectodhese skilled

e

Separaticnswith \simieaneBhg 9upﬁcattonc o1 orample: bwemewr of é@tlﬂﬁ}toﬂbys also
ssﬁ)lé met hods known to those skilled in the art for this
po purpose, e.g. distillation 5 or absorption processes.
The separation of the substream T (5) is carried out
| dhgt r'hich ma
Bl PO AT P B B Lo e o ™
compuidetidentic jtferenSupeunis ¢dOMYEh si mul t aneous
purification, for exanple by neans of d| stl I | ati on IS
also 10 pOSSIb|e Basically, in step

Subsirsprar Bit(8) isnaesording s ths presens invensan, rﬁﬁlaw#ate@ &9 Sighi@h via lines

Yo theS M NeGnipstent i cal or different anounts of
knmgi‘ri‘oopane 15 Substream T (5b) is, according to the

present invention, recirculated to step (a) via lines
ubs!fﬁgiﬂnTt @a} B&‘? Gif Hp?iﬂte' 'betlﬁ]mmzﬂta agp affll BS hiepatdombinéd @ith the

can, if g puri fi aln an IStpﬁ?
hydregporoRsEn e P Em E@r w&ﬁtee Yaﬁ‘@fe’gﬁ QR 1 (2
fromstep(b) and transferred to step(e) Step(lll)

or_step e&e of the rocegih of the E ent inventi esis of
Stepcliitp T 6B ©hE! Y6 PHESHS Obhe Fipafil JBHFTHER sy ey
h d_[()géﬂ hfide hydr ogen- cont ai ni ng substream T (2) is
reacted with introduced oxygen (X 25 in Fig. 1), for
exanple in the formof air, giving a substreamT (4)
In stéﬁ'(ﬁi) théhydréfeni- dfbr‘l)a&ﬂllhggﬁblstreﬁﬁf DXl reavtkdawith smondnced oxygen (X

i 5SS v e S0B 5im}oBFe HI O8 5 os

peroxide and a gaseous substream T (6).

In step (¢) of the extended integrated process for the synthesis of propylene oxide, the
propanc-containing substream T (Sa), which has been combined with the hydrogen-
containing substream T (2) with an introduced oxygen-containing gas, e.g. air or molecular
oxygen (X in Fig. 2) to give a substream T (4) which is rich in hydrogen peroxide and a
gaseous substream T (6a).

In a preferred embodiment of the extended integrated process, oxygen is introduced in place
of air. This avoids the accumulation and the associated purging of any interfering gases.
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pr opane-cont ai ni ng substream T (5a), which has been
conbi ned wth the hydrogen 30 containing substream T
(2) with an introduced oxygen-containing gas, e.g. air
or nol ecular oxygen (X in f£9g. 2) to give a substream
T (4) which is rich in hydrogen peroxide and a gaseous
substream T (6a). In a preferred enbodi nent of the
If desivet ematenilyi oxyggn & 8t byt alse dydrogeny gambe intodeceddnioesten (@ii) or step
T 20 ccurul ation and the
@)bﬁé@%@‘gﬁgaﬁﬁﬂggrﬁﬁygrﬁ‘ é h%?e? er?ng gases. -16 If
desired, not only oxygen or air but al so hydrogen can

Esserﬁﬁllgrh%l gﬂ)%g%amf{ﬁ[ W@ﬁnﬁ Hrarogén g&gﬁlde(ﬁhlcﬁyarér%ﬁﬁnotfo those

skilleggs thetaratanmpbeatsed i siepedidled SfQE’r(e)synt hesi zi ng hydr ogen
per oxi de which are known to those 5 skilled in the art
can be used in step (iii) or step ( In a referred L
In a profeoutid reerhodisnent 106 thy proeessessolothe (pres p@l@getmon» ydpgsroperoxide is

prepa?%(gﬁ)gﬁﬁ%é E?ﬁtﬁ&&%ﬁoftnﬁhe chﬁﬁﬂfseﬁopt}ﬁe ‘?h Gds GIMAE PRSdrE i velfTbn, it

oses of present
is possiblentoi bse, all tmethedspfy's brfgmb sythesis 1of hydrggn Respxidg,drom the
elem81t§ Fhich ¥ By HoshUGNQORMPSE oxi de fromthe 10
nment s I C are known by those skilled in the art.

In the extended integrated process for the synthesis of

In thg E?Eéﬁh&[“?nt?%r'aa% pﬂb@@ss Usf tlﬂzf s#r][lﬁesmCQfTB féns Usdd, aBéTRisd of the

h hat
comtisth apoeasts” P Aahand ook 4 i (b aiodhe S Boachibves o

reduati%ﬁcrnl M mlasﬁﬂtr@f BkygdeReinhiHer ﬁ&@trbrpﬂﬁmkeﬂefhﬁe Sl'byﬂfdgeﬁllﬁaroxlde
bel ow t he | ower exp] o

jve | t 0, 9
syntfwy to thelow theclowegiexg OP‘F{é%“%‘éf(’é% h »fo %@’ o bé)eég us *ﬂ%fasmg the
safet of ﬂﬁn;ﬁ'o@éi.g eﬁhé’ prdpdne( ﬁﬂl):d |v$a Tf'(5§) i thaf £sfagadbbibffarfof die direct
the djr nt.hesi 0 eroxide in this
synthesip gih ngno? TPHEe [THih Q{RPEFEHBYGHA‘QQOQ at ed
advantage is that an incr ease in the hydr ogen
concentratjo tio.of n to hydr f .
A fuglipt pogag A an @edisaB g8 aSireast To PP e gOtnRRESh i o of
oxyg8R &s By ddrbgml yf eltd 1adr dbbee thi medd p@s‘ﬁmﬂdlﬂﬁﬁhsshwﬁy ISinkcothe rspace-time
xi.de i ncr,ease or ntothe n
yield i Be 4itFen DOMESE F LyiieRb R PR cepae o PUHCRRR o, tpe pydrogen
concértrafios s thid enibodinmmne df hthe rigvankion maireﬁrernspromlslestnallnhlefr then teactor
t hus al as 0 atr In step (e) of
dmef‘ﬂ@“%%@f‘)"fé&‘f &W&@EOH %Sggﬁ? oR° %H‘g Wt hesi s of
In ste:;f @pyf tha@movelieteznded proressifot the fsynthésioefyprepylemeoxigel theyemount of

oryf BT PRug A B B BE i Wb phlitgn T g0 fom

this stépeis pptipahfor dehipdhopepand drrhydlfogsm@pn(oé)itcpré@cor di ngl y,

in the novel extended process for the synthesis of

propyl ene oxide, the substream T (6a) fromstep (e)
Accardioghyc ih ahe chavel smpdc(daprcmsr faruthe nemthesis t ofp peppylsne %ﬁies the

subsﬁ'&tﬁ‘% t'l‘?‘@ frf)ll%cstte %‘Ttl  feeh Ia.i)lﬁi@:d @%9@@@@ 4rd tREs RIAREPH §bssible for the

direct synthesis of propane to be operated autothermally, as described above.

This mode of operation thus makes it possible to dispense with circulated gas in the direct
synthesis of hydrogen peroxide.

An example of a possible method of preparing hydrogen peroxide in the process of the
present invention is the procedure disclosed in US 4,009,252, in which hydrogen peroxide is
formed from hydrogen and oxygen over palladium-containing catalysts. This reaction is
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This npde of operation:thus makes it possible to

di spense with circulated gas in the direct synthesis

of hydrogen peroxide. 35 An exanpl e of a possible

nmet hod of preparing hydrogggYperoxide in the process of

the present invention is the procedure disclosed in US

4,009, 252, in which hydrogen peroxide is fornmed from
carriddy dutcigpbrhveised WOy 920425 tog aleberibies mprmﬂsauwhurtgcan be used for the

f
purnB G 1B, BB A Do FeRRREISh WS g e
reactbocharged withiap eseeousfcatalst pus@samon itmgernthydmgan geroxide. A further

poss1?: Ie C{)‘ cr?fepé'ﬁé g&iﬁ%ﬂ g&%gfcfé £8f fh@ éasnof1 the ém‘?nvcntlon is the

n aqueous yst suspension
contigions prgmss:)@mprqmrmgllrydrogm mmrwmpbgsdqu@bqﬂay U3-A 5 500 202

and %i’eﬁaﬁ'% %ﬁ”&ﬂeeoﬂﬁ{l% % H05 Bi' RRSERs {wetrhﬁ stationary,

resent™ i'nvention r1s |nuou process
pulvqrubpmataiythlydtlwémquefﬁm}wlde Whl ch is described in US-A
5,500,202 and EP-A 0 579 109 and conprises reacting
H202 gas m xtures over a stationary, pulverul ent
A furthergproesss kno‘an frane Rieeprisis carty f95 preparing, hydioger pergrisies¥kich can be

used GO %Irﬁé% hﬁ%en@ﬁveﬁ%n g&%ﬁbwldﬂmﬂmgmﬁ 238 aﬁld US-A

per oxi use or the ur osesg
4 33@2@%dmhls nm@m& an reactign gad PEyaen;te faym hydrogenapeserd fhﬁd?mcd out

over ﬁlﬁlum%ﬁ%ﬁ%ﬁﬁg ﬁitgllyg.tg‘ i ogaﬁﬁes%ﬁsenfshff sbﬁ@ﬁtt ffRture® &hich may also

xygen to eroxide is carrige
compyige veaieruHSch Ht3e%9ra9ﬂgi%&catba$ 9 simlar progessn; v éb&\fr‘éﬁ(ﬁgysb?"m‘:h has

WEdt Hi'tﬁéb‘ﬁ ortiteeh &b his@ns SFARRVAEE caBbEfilterslS- A
bcenj@d?? l.80 des bes a ‘gl m | ar prsocess in which the

cat al yst whi ch has been | eached fromthe support is

Howk#&0ie ﬁ&e@é’f &@b&@xiﬁéfsbﬁlﬁoﬁé {vthShas bBen developed
Howeve

t he cess a h r
by ttwp@pm@wﬁwdnagew@ﬁ i 6874 e ' Heriafiary pugifrably usea
for tht Figpdseadl the plaeat ilvestiom s @r@ceﬁﬁﬁllé@@ thé safe preparation of

hy&aééé@%é‘ixﬁééféhr?%%ﬁneaffr?nﬁlaﬁly Fasenoeraide a8 ATl 2 s By weight

In I:lﬁ’é’ ﬁﬁ)%é@t hodrofén aﬁW@Rp@naIB&émtﬂmlﬁmhuﬁslp melheatalpgs @omprising
ont e of at east 2.

ro er oxi de %
pallagiiy 40 e Bonpeieat. ot i Sacion, bERE pafiictl il oy fllbed caralyst
bodi€Piht wado h!@dlur Qy-e)'g aﬂahalswstrsmormnechmmgThqa shidpedicatal yasbodies are
act.ive,co b i '
prefesghly og h(ﬂb"&'] aﬁ%;]ﬁaﬁé& b&8ief tHade up of
meskKek; ﬁBeﬁ:hhﬂBohaalaﬁesheadn ithim prﬁekmmlnrod’dfse it isapssiibleatipalsy oxygen in
od| gs are preferably ordered catal yst packing

the 13 PHBALAFt hs) and/or beds, or shaped bodi es nmade up of
meshes, for exanple net al meshes. In this preferred

i o] BESEY iR B (e o b Ehoboy e s .
C;-atkanols epteferbly water fahdfod ecthapak seve ayegagtiommedivm. @"Ile reaction gas,
whlcggm%é a(ﬂ'ﬁ[?ljxs% not gﬁﬁflﬁfd éz}{ra‘ggtgtﬁ?%&rﬁft UsoTRerDgaNRY sucheds\ttrogen or
noble gases, generally has an O,:H; ratio in the range from 1:100 to 100:1. 1t is possible to
circulate the reaction gas. Reaction gas and reaction medium can be conveyed in cocurrent
or in countercurrent relative to one another, preferably in cocurrent, with the liquid phase
forming the continuous phase and the reaction gas forming the discontinuous phase.
Preference is given to a vertical reactor construction (upright reactor) in which the reaction
gas and reaction medium are preferably passed through the reactor in cocurrent from the
bottom upward. Hydrogen can be introduced into the reactor via one or more intermediate

feed points downstream of the feed point for the oxygen or air. The two-phase output from
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whi ch may conprise not only hydrogen and oxygen but

al so inert gases such as nitrogen or 30 nobl e gases,
generally has an Q2: H2 ratio in the range from 1: 100
to 100:1. It is possible tplggirculate t he reaction
gas. Reaction gas and reaction nmedi um can be conveyed
in cocurrent or in countercurrent relative to on

€, .
the reansorean, bpitakiearafblay thenuppes pnderft the ipadior #nd sapgiaed phaguitable
sepa{a%m\%gseg he gg&ma' QaHSnPheds IRhtidSidheRChidbgdP peroxide and a
ormng the =i scontl nuous ase. Preference Ts given
gaseous sabstemam T §6) arda®abr construction (upright reactor) in
whi ch the reaction 35 gas and reacti on nedium are
pr ef er abl yﬁ:ﬁassed t hrough the reactor in cocurre({%, from.. .
For the purpoststafthe prsent invaptipn Jbe sythesiseof ydrogsn Perpxide: g stapdiii) is
i | ydR) nfoRy S Rinak e abdveare BRIIAGSe range (O:H
cam%%\;\a}rg}{s rtggdﬁgﬁq?ﬁg eegépgi _%aeynfor t heaoggengic}?r air. Eg; bz
> 20: loashused, bydrpgan-pereride welutions havingan HeOy sRBKNGAOVS 2% by
weighpﬁre% egend of the reactor and separated in a
sul tabl e separation vessel to give a substream T (4)
which is rich in hydrogen peroxide and a gaseous

The SHBSTRERM (47 wBith QS rich( RRhydrogéiP pefoRflePLERNIRS @ fledsehydrogen
present invéention, the synthesjs of hr%/dro Sn perdOX'aJdehl d
perokide SApwAIES. [SUbsEEa, & (4)cHa Jbriaes qamRrise Aden giids. alcohols an
SHEKA End taloeSenHOMS ahl rensplensior ehe Apdre roxide
furm%gg@lgﬁ% 0: %ﬁsare used,n hydr oge%—rpergxi de sol uti %%nspe

synthesisi o8- €8- H202 cont ent above 2.5% by weight are
obt ai ned. 10 The substream T (4) which is rich in

gt B B 5 9 KA B BT 4 an

hal i des, acids, alcohols and further organic

conmponents and al so sensgitizers an ronoters £or .the. .
Ao EBoatF purBipbae SRR prosGOr il ARETpRibld piin which
subs@84ih an@) adrprisks ad)cadt Afdivgenpedsride apd fwatarher by nmet hods

known to those skilled in the art. Accordingly, the

i nvention al so provides a process of the _ _

All 8Devifie GE ¢ igae Phhsep®(6) rcantbec burns udier after cdmprepsion in a suitable

com§20BE 256 Sk 3 LS LGB e 1 o e

utilizddtig thecswepptipssi on in a suitable conpressor or el se
directly, in a further step (vi) to generate energy and
the energy can be utilized in the step (i). ) )

Accddingly]ithgpresertt fieventios elso pronidest a procedssas desaibied @boye in which all

roc as _descr | | Lehal L. Rixture of
or P8 Gaibe SR TR TP p e il iR ooMiprRBfR ixure o
hydrogerpands esygenniskburneinod fimjler stppn(vinie gengrpémendrgy pid Hhe gngTgy is
..a f.urther, step (vi) to generate energy and the energy
ut1117re§ mlﬁ{epl%l)Zed in step (i). This variant is particularly
preferred when the substream T (6) fromstep (iii)

ThisSAHRA( iggﬁnf @&ﬂ ppe DR a4 substEaROP 16) forR X &1H) @bmprises less
N€ss than i 0 01y oxygen in haldr %gen. i
than 4% of hydrogen in oxygen or less than 4% of Oxygen in hydrogen.

The energy produced in step (vi} can be used in step (i} for heating the apparatuses used for
the dehydrogenation of propane and/or for regeneration of the catalyst or catalysts used in
the propane dehydrogenation.
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The engergy produced in step (vi) can be used in step

(i) for heating the apparatuses used for the

dehydr ogenati on of propane and/or for regeneration of

the catalyst or catalysts uggd in the propane

dehydrogenation. 35 -19 Accordingly, the present

i nvention also provides a process as described above in
Accarflingly, thieepresent inypniian i proyides arpragespay fgscribsd qhgye in which the

cner%?ﬂs uﬁYY'z&gm%%Hpoc?ﬁl%ﬁ thc%fl&?fnﬁ gﬂﬂio‘éééj Hﬁhérﬁmﬁ’&ldhﬂlly ohr in combination

nation "with one anot aa) heatingt
Wlﬂl@pgamihfm;es used in the dehydrogenatl on of propane;
(bb) regeneration of the catal yst or catalysts used in
t he propane dehydrogenation. |n a further enbodi ment of
(aa) t he phesatiagthe apparysenused in thedebydrogenagipn of propane;

(bby " €Ci 1 &#Eﬂr&%ﬁﬁtﬂ@&atal%l% leXtaBystsRAE Invthé Qr@ﬁ@déﬂyﬂtdgenalfbn

To counter accumul ation of inert conpounds
occur in the case of conplete recirculation of T (6)

Ina ﬁmhéi-l@ﬁt)&ﬁﬁghpéf tﬁc BsehtSntdnida] fibE@chnt TAB) &dnB feBirduldted either
or conti nuously ring the process for utilization in

WhOléI@'icPi(fﬂymsFW@ubrocedure i s preferably chosen whenever
t he gaseous substream T (6) cont ains nore than 0.5%

preferably nore {han 0.7% rticularly prefe
To ceynier m«mmi%orbp} inegy cepRIngs W@E‘e SFInO%HE “b e "6t domplete

rccn@tﬂﬁlﬁ’élﬁbﬂ?:c(ﬂ){ ﬁ%ﬁﬁ%ﬁ'&&ﬁ@ (6)Y eRhifoRte@from tlh’ﬁ@Vd dm& 0&1 contmuously
process o e. abovepent i
duridgofhe PBpcesh o GHLERHRD BLtiet f g:ﬂvﬁ’(%é?fiw feéiﬁx chosgn whenever

the g\tyesdas. @ﬂmxems m)ecbﬁtams thipeOthan 015%,U lefdﬂibljﬂyﬂbﬁg&mn 0.7%,

'S reC|rc d to st i 20 |n a
partip iy BIeTG B JPFE (Rarch s g1 it oL hitrog VB t he

synthe3|s of propylene oxide, all or sonme of the
substream.T fromste iii).can be . .
Acoqlginent she, PESety FLiign (1% proRies b dodebt bt 1§ Aoy Fientioned type in
whidhr AC€disnge HSthe paseoul eu}g;aﬁaﬁu’ﬁ (GUbah rs&:gr(m)'l%vl?&) c?ﬁl:amh more than
oget her

19 G ToEre SR BV GoREhead oRERe s Farstied SYBED. 108 0% 00: 1

can 25 be used f or r egener at i ng the -catal yst used in

.or ahion

in FsfBp ot o & R PEAT P keSS HREPRBex] BFpropyienc e, all o
somaloltf t?as 2ase0Rs ;sﬁbsnieamoT dén fronc step @iid ias bedmpmmlatedi t@ isteph@). The

cat a sur r i

o o e i 0L e deRSonS subitall ERGNenich s Qbogimens,
comprisesrCynasituasftogdtbergeitteHy and G sn are HinOE rét) of from lstQ%to 100:1 can
LS. e

be u%?d hgr I'F%CIICJ('EI \?)gctgcl‘r: %éf?@sf 1?%? iff F3;t e(é\)(){o??%hﬂﬂ@é%nu” e The
regeferption isstaenped @t ewselnha]]y by burmng off all or some of the orgamc componcnts
deposited on the catalyst surface.

Accordingly, the present invention also provides a process as described above in which all
or part of the gaseous substrearn T (6) from step (iii) is recirculated to step (1)

The substream T (3) from step (iv) or step (c) is reacted in a further step (v) or step (g} with
the substream T (4) from step (ii) or step (e} to give propylene oxide.

However, the gas phase T (6a) from step (e) of the process of the present invention can also
be recirculated directly in a further step (f) to the step (a). In this case, the substream T (6a)
comprises the components propane, oxygen and hydrogen in a molar ratio C3:O2:Ha of
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the substream T (4) fromstep (ii) or step (e) to give
propyl ene oxide. 35 However, the gas phase T (6a) from
step (e) of the process of the present invention can
also be recirculated direchhy in a further step (f) to
the step (a). In this case, the substreamT (6a)

conprises the conponents propane OXé en and h dr ogen
1:0.01nl:6-2;mpireferabbyt im 2 ala2rage ©f: 0.2 qf -0 and particularly

t )@aH2  of
preféfﬁlﬁ§§g§@oga16&b@% p?g?tq(ghlﬂ@grdl)y preferably in a
mol ar ratio C3:02: H2 of 1:0.04-0.2:0-0.4. The reaction

The Rtf Bﬁ(%l'feoﬂoﬂﬁ%é \M&wh subdtRatd £38) Jith :ﬂie Wbﬁ@eaﬂ‘? (4) which is rich in

ream Is richin éro en pero aqg
hydrogﬁngp@renér: dp;glmwerqpyleaé axigde ean %PW@ yHreans 4 salh methods

knoviH to tHBdey dlﬁﬂ%%.to those skilled in the art. For the
purposes of the present invention, the reaction in step

(v) or step (g) is preferably the epoxidation of the
For tlﬁE ?H@%@csféf PRR preseds idveAaidn! thedeadtion TR 3RH (G’)f orfswi:f(g}]i%lpreferably the

10 substrearn sence

cporadatianyaf the d?fﬂléﬁﬂﬁ] figpr8 pybEFraL i ' G0 Byimeans 9 Bidibed erdxid? from

subsffséﬁmd@ B thE Pres¥h@Df a\¢htalyRtooa ipftaiyleas okidequest i on and
pref erred epoxi dation catalysts are described, inter

alia, in DE 101 35 296.4, DE 101 05 528.5, DE 100 32
Poss§ilé et od-éEof1 40P e, epdridddibn 3 Prétich and Bﬂiarﬂdﬁllclﬂmdatmn

O RO R TN

DE 101-52010.2, 9E ey 3Nng43.5end/BE 101 IEI96st ruct ure or an
MFI/MEL mi xed structure, Ti-containing zeolite

catal ysts designated as TS-1, TS-2, TS-3, and also Ti
Epoxi@@idd eswlymsi Rich afer §ﬂﬁwﬁiraﬂyslbre£®cﬁbhy aised dion rthé quuspases lof the

Zeo t her .d rdin .
el L bt 1 B oM SPRCBP o MR Rl ed structure,
Ti- cf)ﬁtgmihg feolifequatatysangidsignaiol ad @S- 1,0 812,91' 3, od aé@?qumog@s having a
an rior art cited therein
&Dgﬂ'}':gfrﬁéﬁoywr&f?éls glsﬁeﬁ?o |§1)vent| on al so provides a
process of t he abovenentioned type in which the
Furt%nea ! I dirgq,nﬁlfa( V%z}l&%s Wchepﬂ?( b? %%édg rrig %{ Jﬁgarrgzg(eleﬂéﬁ‘ €may be
fourfdrmnfmmmpmmﬁ 104 19 1392 BE pE 28056 1 omdDE 1031 37s406:%and the

ene oxide. 30 In the process of the present
pno?#%‘rﬁ?qo%'%;%yrl‘he degree of conversion into propyl ene

oxide is at |least 80% preferably at |east 85%

b t 4§ pRO%ss 3 hePiipR¥helfoned type in
Accgﬁﬁoée)?gg%&)kéée@e%g&ﬁ@hcﬁﬁfél%?;ﬁgm tp?}e rr? xture forned yPe

whi¢ththerreaationdn stap @D d% theygpoxidation of the propene from substream T (3) by
means of hydrogen peroxide from substream T (4) in the presence of a catalyst to give

propylene oxide.

In the process of the present invention, the degree of conversion into propylene oxide is at
least 80%, preferably at least 85%, particularly at least preferably 95%.

The propylene oxide can be separated off from the mixture formed in the reaction in step (v)
or step (g) by all methods known to those skilled in the art and can, if appropriate, be
worked up further. Separation methods and work-up processes which are preferred for the
purposes of the invention are described in DE 198 35 907.1 and DE 100 01 401.1.




10

15

of step (g) by all nethods known to those skilled in
the art and can, if appropriate, be 35 worked up
further. Separation nmethods and work-up processes which
are preferred for the purp?§gs of the invention are
descri bed in DE 198 35 907 and DE 100 01 401.1. -21
The m xture obtained in addition to propylene oxide in
The shixpuré vobtained tie padditjonc &n poepylenecoxidelint $ep Wiblor ystepr (g) can be

o By R TP e AR oen

step(iher giepsBnt i nvention al so provides a process of the
above-described type in which all or part of a
substream T (7) conprising at |east propane and
Accandingiin ehe presetvinvention alsax proviges pr;mmeﬁswf hepabopedescaibed type in

e i
whichEApr AP s B FEARE 27 ol EFedel BroBlinirdprb b ad having o
ratiot of gregan¢ity popstcepl {eay thor lewbishi @mt}Sefmmcﬁtr:at(éB or Step (g) is

tl. t t
recﬂhfaf‘e‘a %’ dEﬁreﬁ ﬁ?@g(é \f?érrtlﬁhlrrevgbl;kﬁtlﬂ %aephet h&?e(ll‘%g kstébo (a§ 8P else is
recntchb@d thﬂcclﬂy EUSWm(lt’}m‘ stepr(c). f or exarrpl e distill atl on

rectification or nmenbrane separation. Tables 1 and 2

bel ow il lustrate possible enbodi nents of the process,_of
The twask pipessemin quEstiomeambd epiriedyputbyrasthedy kn@WB(o Hipse skillpd in the
ar, fo?(:fé%ﬁﬁrlk %F&uﬂﬁf?&?%écu%b@dﬁ brimSHisRe &gﬁﬁﬁBhJ cally in Fig.

I an e 2 réelating to the extended integrated

process which is shown schematically in Fig. 2. -22
Tabffgsf aﬂfi ﬁgv? rlﬂﬁstﬂiﬂé"%@d:ﬁe Félﬁb(;dll%el‘?l%e{ﬁf tie) ro@ésﬁ;pof ithd present
inventian, wrrl( Ijitl)lle-rl( p;}atmg(tg)thg tp(tgateq-@\é%ceswlnc}l 1? slg sc-:ll-':(err?a’tlcally in

Fig. 1 and Table 2 relating to the extended integrated process which is shown schematically

in Fig. 2.



10

15

20

25

20 X Y. 25 Z dehydrogenation of propane condensation
synthesi s of hydrogen peroxide fractionation synthesis
of propyl ene oxi de conbustion substreans air or
oxygen propyl ene oxide hyggyogen -23 Fig 2 Step (a) 5
Step (b) Step (c) Step (d 10 Step (e) Step (f) 15
Step (9) T(O, T(1), T(2), T(3) T(4), T(5), T(5a),

List of reffigrence M@@edals T(7) 20 X Y 25 Z dehydrogenati on of

pr opane
Fig. 1
Step (i) dehydrogenation of propane
Step (ii) condensation
Step (iii) synthesis of hydrogen peroxide
Step (iv) fractionation
Step (v) synthesis of propylene oxide
Step (vi) combustion
T(O), T(1), T(2), T(3) substreams

T(4), T(5), T(6), T(7)

X

Y

air or oxygen

propylene oxide

hydrogen




10

15

20

25

condensation tfractionation separation synthesis of
hydr ogen peroxide recirculation synthesis of propyl ene
oxi de substreanms oxygen propylene oxide hydrogen -24
W claim 1. An integrated pyocess for the synthesis of
propyl ene oxide, which:conprises at |east the
follow ng steps: 5 (i) dehydrogenation of propane to
Fig. 2Jive a substream T (0) conprising at |east propane
propene and hydrogen; (ii) fractionation of the
substream T (0) to give at |east one gaseous hydrogen-
Step fd)ch substream T (2) adehydrogemsion@4RTopape) conpri si ng
at | east propene and 10 propane; (iii) synthesis of
hydr ogen peroxi de using the substream T (2), giving a
Step éhjbstream T (4) whi chedndensplon i n hydr ogen per oxi de and
a gaseous substream T (6); (iv) fractionation of the
substream T (1) to give at | east one propane-rich
Step &)bstream T (5) and atfradi@satiae propene-rich substream
T (3); 15 (v) reaction of the at |east one substream T
(3) with substream T (4) tq give propylene oxide. 2.
Step A i nt egrat ed process ¥OAAHAR synt hesis of propyl ene
oxi de, which conprises at |least the follow ng steps:
20 (a) dehydrogenation of propane to give .a substreamT
Step(®) conprising at Ieas%Yn‘Q%’@;Sﬁﬁﬁ‘?mE?‘b%g%‘dﬁnd hydr ogen;
(b) fractionation of the substream T (0) to give at
| east one gaseous hydrogen-

Step (f) recirculation

Step (g) synthesis of propylene oxide
T(0), T(1), T(2), T(3) substreams

T(4), T(5), T(5a), T(5b),

T(6a), T(7)

X oxygen

Y propylene oxide

Z hydrogen




10

15

20

25

30

35

rich substream T (2) and a substream T (1) conprising
at | east propene and 25 propane; (c) fractionation of
the substream T (1) to give at |east one propane-rich
substream T (5) and at | east, one propene-rich substream
T (3); (d) separation of th® substream T (5) into at

| east the substreans T (5a) and T (5b); 30 (e)

We ciymt hesi s of hydrogen peroxide using the substream T

(2) which is combined with at |east the substream T

(5a), giving a substream T (4) which is rich in )

hyA érgegrated poodesefonititt syngesis @f propykent oside, Whichapmpgisgs at least
atthl ?@ t .garttCisal recircul ation of the substream T (6a)

t 0§ E’“{l §%P%) reaction of the at |east one substream

T (3) with substream T (4) to give 35 propyl ene oxide.

D pr URSERRTOE Dbl ' g aSpBlyeafi T 0) EOFRERg t feast

st ep (ipropame, popgne(aayl. hydrogénpr ocess as claimed in any

of ..cl ai . 3 ' e | i}
5 @@ast@?é?%g)g nOfpt\gEr; g)&lﬁ%lle% a%lﬁg l{g\)é{oeg % %b(eé}.t Ap o%@gs:h)gfsmgen
cl ai medidhnsubsiyeand To2hiand a Subssream T by edmprising atdaest psepene and
in st egbrﬁgneor step (g) is the epoxidation of the

propen om substream T .83) by means of hydrogen

petiio)i ceynthesisnof hpdrogesaparomidg nying thersybstrpaask (e £iyingsa substream
cataly ' ' GEaHs@&am T (6);

cl oy moct (43 HbH 8 RS, BOGrpBirde fng £ ghicBe TR T (

( 70iv)confpadtionatipn af the asbstimeshandarkel/give i olest eofies propane-rich
obt ai negiptom $i \ak 1638t (ﬁfe?::i?())ﬂeﬂé—rﬁﬁ‘guﬂ)s‘éremoﬂ'l?}% OrA

partly recircul ated to step or_step.(a). . )
pr ot es sreagtion| of thechtilpashepe snbstfeamnE () pythsSubspeanT, (4) to give

substr }gg?]ég,)id&on'pri sing at |east propane and
propene a aving a ratio of propane to propene of

less than | is obtained fromstep (v) or step (g) and

| S Aniihte 2RARIAGRBEARS Forahd S¥ntifesisWtgieFylRr dcidd) widlegomprises at least
whol | r partly recirculated to step (iv) or step (c).

20thg following SEPS™ as claimed in claim1 or any of clains
3to 7, wherein all or sone of the gaseous substream T

6) fromstep (iji), which conprises hydr and . .
OxRben. GHRRBGRTHon 9F BEOPRIE GBIV o bp R (o L qtegiine at least
ener gy prdfade)propere $14 hylreien| i zed in step (i). 9. A
5[ &%?i:@gq%iﬁ)%é%gggg ﬂgensp.l :v.t%elta?b %‘ (Oy\,%e rgfe‘vlt:nat tltt,]aest ohe rggééohgc' hydrogen-

rich substream T (2) and a substream T (1) comprising at least propene and

propane;

(c) fractionation of the substream T (1) to give at least one propane-rich
substream T (5) and at least one propene-rich substream T (3);

(d)  separation of the substream T (5) into at least the substreams T (Sa) and T
(5b);

(¢)  synthesis of hydrogen peroxide using the substream T (2) which is combined
with at least the substream T (5a), giving a substream T (4) which is rich in
hydrogen peroxide and a gaseous substream T (6a);

() at least partial recirculation of the substream T (6a) to step (a);

(g)  reaction of the at least one substream T (3) with substream T (4) to give

propylene oxide.
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10.

11.

12.

25 follow ng purposes, either individually or in

conbi nation with one another: (aa) heating the

apparatuses used in the dehydrogenation of propane;

(bb) regeneration of the cg&g[yst or catalysts used in

t he propane dehydrogenati on?™ 30 10. A process as

claimed in claim1 or any of clains 3 to 7, wherein al

0 1[ AQﬂbctesoﬁsztl!ahncc%asmmsl osybwhereintheTpropinesh swhstzeamni(@) or T
0 .1 in.. [ e from0.001:1 to 1000:1 which

co 1%@8%?%9%85?f$ﬂ§&83 recirculated to step (iii).

11. A process as clained in claiml or any of clains 3

to,7. wherein. . O Of it .
RSB R S RRAR oty (30 s
A pasidydmgas petoxideendiwaterl ai m 2 or any of clainms 3 to
7, wherein T (5b) is transferred to step (a).
A process as claimed in any of claims 1 to 4, wherein the reaction in step (v) or step
(g) is the epoxidation of the propene from substream T (3) by means of hydrogen
peroxide from substream T (4) in the presence of a catalyst to give propylene oxide.

A process as claimed in any of claims 1 to 5, wherein a substream T (7) comprising
at least propane and/or propene is obtained from step (v) or step (g) and is wholly or
partly recirculated to step (i) or step (a).

A process as claimed in any of claims 1 to 6, wherein a substream T (7) comprising
at least propane and propene and having a ratio of propane to propene of less than 1
is obtained from step (v) or step (g) and is, if appropriate after a further work-up
step, wholly or partly recirculated to step (iv) or step (c).

A process as claimed in claim 1 or any of claims 3 to 7, wherein all or some of the
gaseous substream T (6) from step (iii), which comprises hydrogen and oxygen, is
burnt in a further step (vi) to generate energy and the epergy is utilized in step (i).

A process as claimed in claim 8, wherein the energy is utilized in step (1) for the
following purposes, either individually or in combination with one another:

(aa) heating the apparatuses used in the dehydrogenation of propane;
(bb) regeneration of the catalyst or catalysts used in the propane dehydrogenation.

A process as claimed in claim 1 or any of claims 3 to 7, wherein all or part of the
gaseous substream T (6) having a ratio of Hz to Oz in the range from 0.001:1 to
1000:1 which comes from step (iii) is recirculated to step (iii).

A process as claimed in claim 1 or any of claims 3 to 7, wherein all or part of the
gaseous substream T (6) from step (iii) is recirculated to step (i).

A process as claimed in claim 2 or any of claims 3 to 7, wherein T (5b) is transferred
to step (a).



