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BO1/ 0018PCSG | B/ AT/cca 5 Integrated process for the synthesis of przopfyﬁgam
oxi de The present invention relates to an integrated process for the
synthesjs of propylene oxide. In the pgocess of the present invention, the
starting materials for the propylene synthesis are 10 prepared via at | east
t he steps, propane hydr ogenati on and direct synthesis of hydrogen er oxi de
and react gqlﬁgbpagﬁbfﬂﬁgfene oxi de. The product pro IeneF‘EBW%Z?&(ﬁ)é t he
basi s of BAM Abktengesddlsghadt chenical processes. The %i’ﬂamwﬁémwaon
capacity_was about 2.9 mllion netric tons per annumin 1985, about 15 4.0
mllion metric tons per annumin 1993 and has grown continual ly since.
Propytene oxide has fitbs@itéPpRRes for ehesyeiheifsiqfoplRht ¥xidé t he chlorohydrin
process and via indirect oxidation processes using hydroperoxides. The

S€ 0 SES are C exanpre Te—wastewat er

great di e—t-wo—proce —are—fo -

probl em and the by-product problemin the chlorohydrin process and the
product i %e%fresleﬁ’tr A0cRAURIaesAb AHG @és@'fBBt_h@%Pﬁt‘B@éiQBP fc{f)y&n@ lRffess 20
via the indirect oxidation. These proble have, 1 n fecent yga Sled to

devel opnéhthegirocess pEhsRreseat invertions the stagting patgrials for theRsppylenrcsynibesis are

synthesi prepaftd Hx AWt ) Q&% propee ddhyfbgehatihl Aid dieech rsﬂﬂld@sﬁé en hya}bgent he
propyl ene Ochge a ntg%:lzl s.via t1 e chl,orohydrin process has enabl ed the
econoni c&OF G5 >r{?‘f)arc 1§ BIEPIORYIERE PHEC- b opyl ene oxi de synt hesis by indirect
oxi dation nethods, too, the disadvantageously |arge anount of coproducts
has been I i e | | . use of
per car bosg oy BbehRALTRIe Brhd et QRS A AR of piod HRRs The R
st e(f) pr ecedidwade predpetinmeripaciii Was ahont 2:\@hndhon metrisviens péreingumrionio8S\vababt | ity
of t1kS 43PmALGE ARfric BHS pASnnBAUANHEDER RastrYGh Q&Efﬁiﬁtaﬁ?r ket Fopyiglehide

propyl ene oxi de s¥nt hesis are discussed, .inter alia, 1n the docunments DE

101 37 5hss Buthesto paen prepsepsl predppminggily gty Hip7chiorphydi procgss 39d gaa; indiregh
Never t helogatioR protgsst® ubiig hytietperfox it "Uhd/sREt SbadiafRieLORhed G pidceéssexanpl e
in the pol ?ﬁrrerl zatli on of al cg)hol SHA and .t he assgc{):fi Et ed. conti.nual dﬁ%d’
there cofff nleSaple,dhe, Wasigwgter protlerp agd, fhe RE PIQHUSE PIOPIAR, & flﬁn&&?ré? W whi ch
makes it ppmssi &idethé producdonvé tafgd aodnts-bBoRGfER-containing coproducts in a process

20 via the indirect oxidation. These problems have in recent years led to development of

alternative processes in the area of propylene oxide synthesis.

For example, close integration of chlorine production into the propylene oxide synthesis via
the chlorohydrin process has enabled the economics to be improved.
25
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

30  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.

35
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



-2 synthesis of propylene oxide, i.e. starting fromthe preparation of the
starting materials through to recycling of the products other than 23 FEB 2007
propyl ene oxi de obtained, to be nmade nore econonical and thus nore
conpetitive. 5 It is an object of the present invention to provide a further
process for the integrated synthesis of propyl ene oxide. W have found that
this object is achieved by an integrated process for the synthesis of

propy! ensynthesie of piopensonpideses Harting fsam tthe preplabasionref e egarting Gn4téerjals

dehydr oggpaLbRh REyal; etp?ocglué?otﬁerstﬁmfﬂog?x%héf okidk bR & BOmAlke hitpsSt
propane, propene and hydrogen; (1i) fractionation of the substream T (0) to

gi ve at [cgopqmiglandshusgnare opeEl¥h-rich substream T (2) and a substream T
(1) conprising at |least 15 propene and propane; (iii) synthesis of hydrogen
per oxide ,usin he, substream T.(2),. giving. substream T (4) ,which is,rich
o byhr odbi AR dken & ARt ot sbibtiof i giudser RRBET Ererys Foratl BIAEh o

t he substsyathesisTof frppylengoxide.at | east one propane-rich 20 substream T (5)
and at | east one propene-rich substream T (3); (v) reaction of the at |east

one substream T (3) with substreamT (4) to give propylene oxide. A
pr ef er r edVe hiawrl fovadt theif thih ebjeetoiseachieved by anhiptegsaiedhprasesssfosghe spkhesds ab t he

process, HrSpylere ox i %ﬂ?ﬂ £ hdhst the FOIRWiRe dtebEl - 1) . The present
i nventi orﬁ?pgr%ﬁer prO\I}i&gles nsextenage%ei nt eglr%t gg process for the synthesis
of PpPopyl ene oxide, which conprises at |east the following steps: 30 (a)
dehydrogenati g of prmg/aﬁagb@atuinwﬁf B%d piR8 M shb&tfanC PPy doshpiint atll@ast
pr opane, propene and Q%) rogen,; Iébé‘::ifacr)%dti o%ati on of the substﬂr}gam T (0) to
give at |east one gas¥OREE: RIARPRGEML BN Cubst ream T (2) and a substream T
(1)( conpri si ndiipt | ealactiopatigrernd thodsybstrpaneT @B foc )giver attleashadrieogasgbud he
substream T (1) to gi | £8s i e . (D) at
| east one propene-ri c%%g%eﬁﬁ%a%b%%ﬁﬂg?%? q:ééﬁ%%%bﬂﬁ C%mp]:ls‘n% at%]dgt
15 propene and propane;
(iii) synthesis of hydrogen peroxide using the substream T (2), giving a
substream T (4) which is rich in hydrogen peroxide and a gaseous
substream T (6);

(iv) fractionation of the substream T (1) to give at least one propane-tich
20 substream T (5) and at least one propene-rich 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
25  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:

30 (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;

35 (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);



-3 (d) separation of the substream T (5) into at | east the substreans T (5a)
and T (5b); "(e) synthesis of hydrogen peroxide using the substream 7§ 308 7007
which is conbined with at |east the substream T (5a), giving a substream T
(4) " 5 which is rich in hydrogen peroxi de and a gaseous substream T (6a);

(f) recirculation of the substream T (76%) to step (a); (g) reaction of the
at | east one substream T (3) with substream T (4) to give propylene oxide.
10 A preferred)enbodi sepaation of the sebstrendei(S) hite gt khadh@subsassnd D(54)had T

synt hesi s of propyl er@ oxide, i.e. the essential steps making up the
process, is shown sch n)atlcally in Figure 2 (Fig. 2). C Step (i) or step
(a) of the pri{®ess ofsynthesisrafsbydrogen petoixisie vuingrths ewbstesagd flo@nwhichnisof 15
propane to give a su | and
hydrogen. The dehydr (t)b% %\@%ﬁoﬁﬂg%é‘?%ggﬁeﬂb%ﬁﬁpﬁz %ﬁfngpé"@lﬁoetr&?ﬂéglggﬁ

i nvertion can in pri rﬂ%iuﬁhés mé\é(ﬂl’qgé’élP@ﬁ?ﬁldﬁﬁnﬁlalgaﬁ%’tlﬁéﬁswﬁ#@\%%ﬂb t hose

skilled in thg‘)art f QecitdiatdA WOEBEREAOT (64) to@(e@@@ne for exanple steam
cracki ng or &hal ytic crackl n al so,

Genyar ogenat | A 1 1t HESHPBSU M Acleadoge e sk {Horth sussdart )46 &% ng

m xtures. To achieve ;ﬁopyiammadid y viabl e conversions, based on a single
pass, in the dehydrogenation of propane, it is necessary to work at
relatively high reaction tenperatures. These are generally from 300 to
700G.0 25A mefeSied conbiodimets lof dho gemsdddantegratesd pltolqessctbeetmgmtlm‘sisaof Qrépsensd, i s

general | xmhésﬁe ftﬂé’%s@{i’tlagkétéb%tﬁlﬁlﬁhgmgtﬂﬂé r§deRE KL @H wh- s‘é‘h\ﬁg ar eﬁ%ﬁ%ct i ve

C- C bond, I's preferably carrie ver ‘catar ysts
for dehyﬁﬁ%é@natlon These are usually of such a nature that they give a
goqg yi el d of dehydrogenation products in the absence of oxygen in the 30

abovenentioned te era t a space velocit ane over

oot al yet SeBr) FoReh P Pragtn oh e preSdat CreaRaR camPrises SR BERRR b or
| i t ers of pophud tpivesanshblatreany ;T (Oheopidinig mfleasppmpyhce@eopeae gmiRydibgen. at | east
30 nol % based on the propane used in a single pass. By- products such as

met hane, ethylene and ethane are formed in only subordi nate amounts. 35
Si nce defelddydngenaionodt propuenia the preesssofithe preaenti ingentias el m pohaple bet he

g?“;’ﬁres' Q:I}gﬁcg‘{agt bSFhI rin@fHoH%)‘i‘mB@n BChE&SadNLY id BflUgk B (HaCddhFhlolgBlatiBh &S Ur €
ppropaue, for example steam cracking or catalytic cracking and also, in particular, catalytic

20  dehydrogenation in the presence or absence of oxygen or oxygen-containing mixtures.

To achieve economically viable conversions, based on a single 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.e. 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

30 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
propylene 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.

35  Since dehydrogenation of propane proceeds with an increase in volume, the conversion can
in principle be increased by reducing the partial pressure of the products. This can be
achieved in a simple manner by, for example, carrying out the dehydrogenation under



achieved in a sinple manner by, for exanple, carrying out the

dehydr ogenat i on under 23FEB7007 _4_reduced pressure and/or with 723 FES 7007
i ntroduction of essentially inert diluent gases. For the purposes of the
present . invention, steamis such a prefgrred inert diluent gas. Further

di l uent gases suitable for the dehydrogenation of propane are, for exanple,

Co2, N2 a bl e gases suc as, He, and lution wth steam

gener al | ﬁe‘g‘\%‘ggmﬁ?ﬁ’é‘ﬂ Phut WHF%@E% er“é‘ﬁ@l‘, Byricdiusaheases. ifgn therpuppses

cat al é-St of lﬂlseeﬁnesait ﬁm:mbsl gé@?m Elﬁ:thd pre‘ﬁ:crfdd sy dikemogasd Bpabdrt diluest gwesf or med
accordin i e 0 al gasifi.cation r st eam

oot 1y baulbie loRnarftdRoRyfin G RonedE ) g PIRe o Na R0 ATQlE GRS
Accor di ngk Ve, Nhend daream is used as diluent in the 10 propane dehydrogenation
in the process of the present invention, it can be separated off fromthe
product stream T (0) by, for exanple, condensat ion., I n the dehydrogenation
of propak¥lutian gfl&psteaql generally gives)the furthes afyansgeref rsiuced paghapization of ke a| |
dehydr ogepaki® mse@tsﬂaésthé sf@&ﬁi’%a&t@ v@hﬂpﬁﬁl Stbdd 8&bdsiis bbﬁg%;mé@accbmlﬁg to

pur pose. For .ex npl e, s which are oxidic. in nature nprise
chr omi umx P! d?fovoaé xé%@esvoreaﬁfgwsf@ ey bes seRgrale P@‘é’é/t Sone
subst ant caipletolp ifiomn ot piodua mxtmicamwﬁingﬁepﬂsent el s &'Sed hedidlieno e the

gene oxidi.c, s ori. can be used. .The enatl S

dosct bedrdbang HEnTHPRERn TR RERES o/ e APl IR, L6 St B RedbBhep o 1
pur poses fofn thh ergluessdreami "ﬁ%@)rhy,ﬁorexﬂﬁpﬁ%@ﬁi@ﬂ@,noms 4,788,371, EP-A 705 136,
WD 99/29420, US 5,220,901, US 5,430,220, US 5,877, 469 EP-A 117 146, DE 199
37 106, DE 199 37 105, and DE 199 37 107. In partlcul ar, the

dehly dr og&nteidshydragenajion of peanepe estep f) PhEeR ntilien mncnée possitigolwse alan 25

be USEd dJﬁ}@?@cﬁ&t@oxﬁ@ﬁM%t@%B@h't@ﬂh&s@tskllbéatlﬁ tH@HRVfbﬁttﬁ'Q B4B. lJQrE e 9% by
wei coni um di.oxi de 0 to 60% by wei aumnumolde

si | .Jc%n a?tswﬁtaéwlaﬂaﬁr&rw#aﬁ.nam RIS F ‘PIBW'G)O&‘ GRYETA B SO at

| east oner edtﬂgrﬁ@tombnmhg af lerasttonersubﬁmmﬂy ndBleMmeran efp. plahﬁuffnhdépﬂ)sméd @i ght h
t he. Peri odic |e.,of the Elenents, | anthanum and/ or

b
Hﬁ,nSI ¥ ﬁaft%’é%#gw%%ﬂﬁgiwﬁgﬂgﬁmﬁ 'f] efihe per cent ages by wei ght is 100. 30

To carry out the dehydrogenati on of propane in the process of the present

| nventio 'd%wycﬁoééﬁﬂn&{ baﬂélbr% ‘?ig&%é& E—I ﬁ’letf&ld{flﬂg%' hmﬁ&ﬁ? ol n‘it¥1p$r°a, agqsaar 0Cess

variants to those s xanpl e
t hos0 mf@rﬁhap@p@%@f ithsepresent inysntiens OR3P S 4n78t8|sﬁ§/ 1, EP A 705 136 WO

99/29420, US 5,220,901, US 5,430,220, US 5,877,469, EP-A 117 146, DE 199 37 106, DE
199 37 105, and DE 199 37 107.

In particular, the dehydrogenation catalysts described in the examples of DE 199 37 107 can
25  be used. These are dehydrogenation catalysts comprising from 10 to 99.9% by weight of
(_ zirconium dioxide, from O to 60% by weight of aluminum oxide, silicon dioxide and/or
titanium dioxide and from 0.1 to 10% by weight of at least one element of the first or second
main group, the third 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.
30
To carry out the dehydrogenation of propane in the process of the present invention, it is in
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 catalysts.

35 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



previ ous section in respect of the dehydrogenation catal ysts. 35 For
exanpl e, the propane used in the dehydrogenati on of propane can be p%ifdBzegi
honobgeneously to propene in the presence of nolecul ar oxygen at el evated
tenperature as 2 3 FEB 2007 -5 described in US 3,798, 283. For the purposes
of the invention, the oxygen source can be either pure oxygen or a m xture
of oxygen and inert gas. The heteroefeneously catal yzed oxydehydrogenati on of
propane to propene described in DE 195 30 454 can al so be enployed for the
propane dehydrogenation. Here, the propane is converted into propene in the
pr esencedeséritgidiin B ZaiP8c38pgEor- tb@nmaows nfthgiinstentien, ithe exygexsuirdsemn ber
fIU|d|zegﬂ@ rgg HBrﬁﬂﬁhﬁ gg;ghx&&tagor the purposes of the

i nvention, I SO p055| e convert %ropane into propene by
honogeneously and/or het er o eneously cat al yzed oxydehydrogenati on by neans
of  nol ebhs heteregepemlyi Qﬁtaéymgnnbdehadfag@gmoitmomm tpproperssdegershediinBE i n DE
198 37 5{bA.3ql 45hnca9rat§8%e@n?ploﬁh|foﬂlﬁ¥ ?ﬁ}ﬁéﬁ&y’ &Q?&}%géngﬂorp r}%@stﬁ@ﬁrome(;f] can be

used for the purposes of i nventj on can” be carried out in at |east one
react i orFORELSd| It PEIDSNS, i’h@e@&séﬂﬁ?t"f é‘éPFS‘F’ %ﬁ%&oﬂtslﬂ%t‘%‘ﬁ%e g ’“‘élx I e a.

fi xed- bet MedgddBedqtactorfcotfafiizeehtdlad. reactor. In this reactor, the propane
i's converted into propene over the catalytically active substance used in

each e Vvia react%lgn.ste s kno ?ose skilled in the art, A further
possi b|| o Jhe RIFPYSRROlHas IRYFRIEIh 45 #iFe B‘PSS{]? f‘otﬁéﬂ’év‘-‘rrtrPf?le’é‘eﬁ?tBQé@?"Bt’Ythe present
i nvent i dmmc%eﬁdmeslsaaﬁd/bebre‘t'efo@érmeﬁﬁcmlyzmwxmy&nogtdaﬁbn badeghgof 1N this
process, propa gen is

ver ¢ oI B R SalRESts e Bt FeRriiRIT T S P aet one
sGO.J_l tabl e catalyst bed. In principle, propane can be partly or virtually
conpl et dh;pndeibtedalbggﬂehﬁﬁogmammmemwsnvmhecanmasam)et}mfpuapcdeh(yﬁ:thogenat ion

catal yst.. Partial, deh ogenat.i for ]? conpri si ng
unr eact e1 v%1r18n can be be gﬁfedr’] A5 rgtlgaﬁ‘,eo eorre%% tvgssg chontang %Fla 1calla act1

const i t wabstance sfoc¢xaa$ldwﬁx<ﬂlg@d reauidraT a fhlummdebedcrcmr huthrromtlmt s of pr opane,
CO and 10 e 96 8L Q08 rb he YvePhf 9?5‘12%&?151 PRy ERbEthiRd Qb iUkl O

W t hout ygen-contal ni as as partial het erogeneousl y
cat al yzéasedewartwesrmﬂ%woro sﬁpﬂsﬂéedgeﬂeraatl y proceeds endothernic ally,
i.e. the heat/energy required to set the reaction tenperature required is
i nt r oduct durthet possibdity éarché dehydrgeintioo o€ pmpatiedn thuproeays vhide padseatyt i c

dehydr Oglg\ri]glttlon is the Oleflex™ process or methods similar thereto. In this process, the feed

propane, admixed with pure or recycled hydrogen, is converted into propene in at least

one reactor comprising at least one suitable catalyst bed.

In principle, propane can be partly or virtually completely dehydrogenated to propene in the
presence of a dehydrogenation catalyst. Partial dehydrogenation forms a product gas mixture
( comprising unreacted propane and the propene formed together with secondary constituents
such as hydrogen, water, further cracking products of propane, CO and COs. The
dehydrogenation of propane can be carried out with or without an oxygen-containing gas as

cofeed.

The partial heterogeneously catalyzed dehydrogenation of propane generally proceeds
endothermic ally, 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



OMng to the relatively high reaction tenperature required for the propane
dehydrogenation, ‘formation of small anounts of high-boiling high nd EE8 2007
wei ght organi c conpounds, sonetines even carbon, can occur and these may
deposit on the catal yst surface. To 2 3.FEB 2007 -6 minimze or avoid this
unfavor abl e acconpanyi ng phenomenon, the starting material propane can be
diluted with hydrogen in the process of the present invention, so that any
carbon f GHRERIZe 47 Bv0id dhise npfagprakien a¢cOmPABYISE dplisgomenemh ether staging| Watsriak oal
hydr ogengtdgafe can Beeqtfﬁaabﬁm iy eteﬁpﬂiepﬁrb@uas of tﬁ@ﬁ&%&ﬁ lﬁoe%én 20mapgigs of
operation \Q/n gh are s ablle i Igg@ﬂcm the éllg atlon of
propane FAHPPRIoMIEdLaL e A CP’%&‘% ‘PRt "Céﬁ't‘%o?tlca(r)
St udi es Division, Oxydative Dehydrogenation and AI ter nat [ ve Dehydrogenat i on

P 0, F W,
Pr00es9eSy oSblelll AR R ok (PR SRR RS RISl B ()
or step pa)xmpl‘e fohélepkbﬁtstgemlon o€ propeseeint the prasassi erthq: present ﬁmmdgm sdivabe
react or S0GHalyiidAB- tS’ﬂB&eﬁe%"vi%'ion ! rbighagre t ﬁ%hﬁ g%ﬁaﬁbn regﬁ a{f‘v?e a

fixed be in a‘reaction tub 1N a |ontu )
dehydr ogB‘?BWI@EeQﬂIObrpdﬁ%t-‘ﬁeﬁsc§ﬁ14¥eN°cﬁ}?3 &P, 0lLf93; ﬁ39,h56r85%§@n@§"@>f Wﬂ?‘ﬁ@n or,
when sui ta&k.ecAFbmidy shodnsr arsanrs are enployed, 15 with introduction of
oxygen as cofeed. The reaction tubes can be heated by a gas, for exanple a
hydr tarbon such as nethane, bei ng burnt in the space surrounding the

react i onA 4uitable.fotn oft rqaceol édjrrsteb (anbostéprm)tof dtie prioeess if elgy presaht iveswasisfaor t he
synt hesi | ene oxi a 0, S, subst T (6)
from steg %‘F ti%@éreaggor%rs od‘t“PS %accgorelrstne % an&gj%tslglaS gsleéP th§/S %gur‘t&g%@used
in G he ptmpmaenctehgbdromgemdmndle off pactionaniyise Tho dehyitdgengtiohefipiopgneodan behe

reaction d form
of et ouHeful i BL3BLenel of biykdh AOURE) SARMNScdyARBIbbiiba: P ShpRba. OF

cat at¥st “‘Héclln&ﬁé“‘tt’@nhéfa@xitg% ase%twﬂ nidie| BAgHan Brbes rffen theghaated: b ar gaguifored
react i onet e hdiydiRain Haai 8s Bettiane, Beidh Bivat i@k sphdeadualolflding thehRadtival r ect

heati ng.  Si nce the catalyst is generally, dependi ng on the space velocity of
t he gas s the converS|on deactivated nore or less rapidly by
car boni zat i on, i's advantageous to generate 30 it at regular intervals.

The subsgy gﬁﬁfem@m}; BRI {oldetar R BroEss 18P fhe Ot RIS BIOBLIEAD ok ifl 1

process resent 1 nvention re ener can be
used®&ccor shmgo tho gabeoug Subsream Tn(éhfromrsttar enhe@cbq bardt ionpro@nasynsay3mdand

the pri ofheadnbrgyl daf e384 &l the propane dehydrogenation, for example for indirect heating of
the reaction tubes in question.

It is advantageous to apply this indirect form of heating only to the first about 20-30% of the
25  length of the fixed catalyst bed and to heat the remaining length of the bed to the required
(. reaction temperature by means of the radiant heat liberated in the indirect heating.

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

30 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
35 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,



In a further enbodi nent of the present invention, the dehydrogenation of
propane .can be 35 carried out in a noving bed reactor. The noving cggq@gqmm
bed can be accommpdated in, for exanple, a radial flowreactor. In this,
the catalyst slowy noves fromthe top dgownward, 2 3 FEB 2001 _7 while the
reaction gas mxture flows radially. Since the reactors in this process are
operated pseudoadi abatically it is advantageous to enploy a plurality of

r eact or s vdbleribe reagtipmaasanizgare flopsaradially.uyiaccethe apactys dndits pProerss ore enemtéd
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propyl ene oxide, be carried out using the substream T (6) fromstep (iii).
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a possible 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
Q advantageous to operate two fluidized beds side by side in the dehydrogenation, so that one
of them can generally be in the state of regeneration. The regeneration of the fluidized beds
can, in a preferred embodiment of the integrated process for the synthesis of propylene
oxide, be carried out using the substream T (6) from step (iii). The heat required for the
30 dehydrogenation is introduced into the reaction system by the dehydrogenation catalyst
being preheated to the reaction temperature. In a preferred embodiment of the present
invention, preheating can also be carried out by means of the energy produced by burning

all or some of the substream T (6) from step (iii).

35 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 generate all or part of the necessary heat
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it possi %“Squlobﬁi’ﬂ’ SHOR gRSeSy opane dehydrogenation autothermally. 25 It is
al so possible, in a further enbodi nent of the process of the present
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25 It is also possible, in a further embodiment of the process of the present invention, to carry
(, out step (a), viz. the dehydrogenation of propane, autothermally. For this purpose, an
oxygen-containing gas is additionally mixed into the reaction mixture of the propane
dehydrogenation in at least one reaction zone and the hydrogen present in the reaction gas
mixture is burnt, thus generating at least part of the necessary heat of dehydrogenation

30 directly in the reaction mixture in the reaction zone or zones.

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

35 To operate the propane dehydrogenation step (a) autothermally in the novel extended
integrated process for the synthesis of propylene oxide, all or some of the gaseous,



The dehydrogenati on of propane is preferably carried out in the circulation
node described in DE 102 11 275.4. 35 To operate the propane 3 EEB 2007
dehydrogenation step (a) autothernmally in the novel extended integr;teé !
process for the synthesis of propylene gxide, all or sone of the gaseous,
23FEB2007 -9 hydrogen-containi ng substféam T (6a) obtained in step (e) is
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hydr ocar bon dehydrogenation or additional hydrogen added to the reaction
gas mxture, for exanple via the hydrogen- contain substream T (6a) from
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propyl engygXin 3% JNR BRRUGE With ¥ATAeN added is basically such that the
nolar ratio of /027in the reaction gas mixture directly after the feed

point is fromO to 10 nol/nol. This applies both in the
In a preferred embodiment of the invention, additionally introduced molecular oxygen is

employed for this purpose.

20
In a further preferred embodiment of the present invention, the oxygen-containing gas in
question is the substream T (6a) from the hydrogen peroxide synthesis in step ().

The inert gases and the resulting combustion gases generally have an additional diluent
25 effect and thus promote the heterogeneously catalyzed dehydrogenation. The hydrogen
( 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
synthesis of propylene oxide.
30
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
35  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



case of nultistage reactors and for the internedi ate introduction of
hydrogen and oxygen. The hydrogen conbustion in question occurs 23 FEB 2007
catalytically, with the dehydrogenation 35 catal yst used generally al so
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and 25 US-A 5, 563 314. The dehydrogenation of propane is preferably carried
out in tAeprpfesrsdrratalyst veichnselecthvely catalyrasalticade ofhydewgen geuerally compfisas
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countering carbonjzation of t ecata3/ s and enabling the operating life
germanium, tin, lead, arsenic, antimony and bismuth.

20
A more preferred catalyst which catalyzes the combustion of hydrogen comprises at least
one noble metal of transition group VII of the Periodic Table of the Elements. Examples of
such catalysts are described, for example, in the following documents:
US-A 4,788,371, US-A 4,886,928, US-A 5,430,209, US-A 5,530,171, US-A 5,527,979 and
25  US-A 5,563,314,

The dehydrogenation of propane is preferably carried out in the presence 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

30  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

35  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).



30 of the catalyst to be increased. The organic deposits are in this case
converted into carbon nonoxide and carbon di oxi de. For the purposes)@ffEghes
present invention, the dehydrogenated of propane is preferably carried out
in tray, processes, with |argely autothenmal and therefore cost-effective
operation 35 being nmade possible in the extended integrated process for the
synthesi s of propylene oxide by conbustion of the hydrogen introduced via
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In principle, all or some of substream T (0) is transferred via suitable means known to those

skilled in the art, for example lines in the form of pipes, to step (ii) or, in the case of the
extended integrated process for the synthesis of propylene oxide, to step (b).

(,- Furthermore, it is also possible for substream T (0) to be fed to a separation apparatus in an
intermediate step following step (i} or step (a). In this, any by-products which have been
formed in the propane dehydrogenation and may be present in T (0) can be separated off.

30  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
35  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



propene and propane. The fractionation of the substream T (0) can, for the
pur poses of the invention, in principle 35 be carried out by all nethdd&B 2007
which are known to those skilled in the art and are technically possible in
the present case and using the apparat Liées whi ch are suitable for the
respectlve 2 3 F EB 2007 -12 method. "For exanple, the fractionation can be
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t he sepamethiodn Fof c¢Xample, fthe drastiation aranTbg @urried autelpy madans of the egppatajuscan be
carried gutrib éillmb]@rm@g?ggztlhe preferably cool ed substream T (0) into

cont act wit a prefera hydr ophobi ¢ organi c sol vent in which the
constituents propane and propene present in T (1) are preferentially

absor bedThy Hﬁﬂ&f&%ﬁoﬂ EI300(1) fr@ﬂb sub§iedalnf TGOS 1:105:@3@@9/09 rstepqsﬁ¢abtl be @eftﬁétp&htng

with an jn rt nd/o en- con poses
of 1t pbbuinetitn sBh ey i STt T O) OfyS ERttach il tapEBbD ¢ he
constit ubyttrephmbupmgema rsdlvpnmpe:vtﬁctptteanensutumtér popand amdoygoperegavsenenh. T {he
substrea |ses at | east hydrogen represents the tail gas
fromthe@ekéfg])glsdo%rly&gﬁ% e absorption can be carried out either in colums
or in rotary absorbers. These can be operated in cocurrent or in

count er cgfElen: SHdrANE 59&{ PLUESy Aliopid P it PRk Sgas o GRI UTTS,
(ool g %‘m’é%’ B

col uims contai ni ng struc contalning ~ran
packig. OXNEeREORIGEINg Bas ok f Qtrf ¢ @pm@do badreseniginygption prebaably mdemdas
surface o3ReR! AB6Ws ¥ ABasthd NHohkithédtsN pRESME D/IGS pAfpend Hirdbehd M RREPEDBes and
al so rotary colums, plate 20 scrubbers, crossed spray scrubbers and rotary
scr ubber $CA¥E 4| so p055|ble In pr|n0|ple all absorption nmedia which are
kndwn to those skilled in the art and appear suitable for this purpose can
be used f r n l Qn e | gjven to
using r eTa i l\l/lgeslﬁry nongef%(%'r 8%%1 %&so%\ieéts hy\})i\ﬁ)% TBYE e“?s @1 t%ﬁgas ﬁom {he

ext drsnal absoypidnakhe ahgorpbion caybocgrsied eutgrithat inptedurines Qrengotamsab@Oﬁ)eesL Ehms)

al so. ar Ol be BYAIACA! BRNECRUGH i Spurtt Atk En shidk 1@%t&gﬁot BBnBRT AF! 1

distillation et hers aV|ng Yy .groups on the ox atom Xt ures of
two or nOVERN. ¥ clsmpsn FRluMER GoBHarNG SHUEES nacking an(hfptums satayipiigs or
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20  scrubbers, crossed spray scrubbers and rotary scrubbers are also possible.

ate

In principle, all absorption media which are known to those skilled in the art and appear

suitable for this purpose can be used. For the purposes of the present invention, preference is

given to using relatively nonpolar organic solvents which preferably have no externally

25 acting polar groups, e.g. aliphatic (e.g. C3-Ciz-alkanes), also aromatic hydrocarbons such as

(-- middle oil fractions from paraffin distillation, or ethers having bulky groups on the oxygen

atom. Mixtures of two or more of the solvents mentioned are also useful. Further solvents or

solvent mixtures which can be used as absorption media in the process of the present
invention are listed in DE 100 28 582.1.

30
A solvent mixture which is preferably used as absorption medium for the purposes of the
present invention comprises biphenyl and diphenyl 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®).

35

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).



present invention conprises biphenyl and di phenyl ether, preferably having
the azeotropic conposition, in particular a mxture of about 25% by g&;iEg%m
of bi phenyl and about 75% by weight of diphenyl ether (Diphyl(r)). %
However, for the purposes of the present invention, substreamT (0) is
preferably fractionated by condensat i"dn 't o give the substreans T (1) and T
(2). 2007 2 3 FEB 13- Thus, in the process of the present invention, the C3
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the procBY8e G Al BPEEL SR Spifgblyme than 90% preferably nore than
95% particularly preferably nore than 99% of the C3 conponents present in
T (0) ar e 510 ) he

abovenen llngshggé ?’ jtflgsgﬁela%lngt{_ n&ﬁ@?ﬁgﬁ;@[ﬁﬁ@gg@g}doﬁ?&ﬁﬂqgtsgé %@} o éﬁgsqb?'eam T
(1) ,1Ghi Brefasennsr issgiyemtto| vrgelly semplte sapdamsaiton pf dhreke emepgrenisasweh 4ss
passed vt,@g&wm%gpdnb%eﬁﬂg%bgﬁsﬁagﬁq(%_l |led in the art to step (iv) or

step (c) 0 The ‘gaseous substream T (2) I ch remai ns conprises hydrogen as
mai n conponent and possibly also a variable proportion of C3 conponents and

pogsi bl yInf et Ricegasals présont ibhtioROmERTY haeos, RORrM PG i BF596:3
conponent s .pr,esent .in T an contr ed vi the condjtions in step
(1 or et uBUERY ProferBbnl sk BEL0TE, SOBE st pisfe S8 (o) pE PouieR 58
(2) M4 a bff aesutistream Tt d ) blyoseans ki tHeedbovemedtionad frattiorstiep methddy in stap (ieornovel
extendedst&ﬁ, ess for the synthesis of propylene oxide, T (2) is conbined

with a su eam T (Sa) and conveyed via lines known to those skilled in
the art to step (e). In the integrated process for the synthesis of

propyl enguiik &R T (D WRR VbtnptidEs bf @A the(@) components propene and propane, is
passed via suitable lines known to those skilled in the art to step (iv) or step (c).
20
The gaseous substream T (2) which remains comprises hydrogen as main component and
possibly also a variable proportion of C3 components and possibly further gaseous, low-
boiling components. The proportion of C; components present in T (2) can be controlled via
the conditions 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 step (iii). In the novel extended process for
the synthesis of propylene oxide, T (2) is combined 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)
30 from step (ii) can have a ratio of hydrogen to C3; 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
35  propane-rich substream T (5) and at least one propene-rich substream T (3).
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or step (g) via suitable lines.

In the process of the present invention, the propane-rich substream T (5) from step (iv) can
25  be recirculated to step (i).

P

It is also possible for the propane-rich substream T (5) to be worked up by further methods
known to those skilled in the art before it is fed into step (i), e.g. it can be enriched in the
propane present therein before being fed into step (i).

30
Accordingly, the present invention also provides a process of 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
35 substream T (5) produced in step (c) is transferred via suitable lines to step (d).



whi ch the propane-rich substream T (5) is fed to step (i). In the extended

i ntegrated process for the synthesis of propyl ene oxide, the propan?-SrFiEcmay
35 substream T (5) produced in step (c) is transferred via suitable”lines go
step (d). 2 3 FEB 2007 15 In step (d), _the substream T (5) is separated
into at | east the substreans T (5a) and>ST (5b). I'n a preferred enbodi nent
of the present invention, the substream T (5) is purified to separate off
by- pr odudn step (@sthetsubstreanhd! (3)dm sépargpedoinens lemt tieaubdtrdams dl (Siapladdl T 5b)sSIn
purificati . ' A .. n ki | in
Phe art poripReledbod BRI e Bt infiaolhl S5, SE 3 IR Rlepul ' 7,
separ at i 6ff tyfprogects utﬂgmtéamdgitips)to iPtopeng befort s divyded) Thissunifigaticn/ean bebl e t o
those Skirigd oul By bid aeRidds ilbwhiib hARSBAGE in fRlarHATRL Byl eyl 3isANath Means
of a multiway val've. Separation wth sinultaneous purification, for exanple
by neans CbRPSAIRIONIIeASssH, is also 10 possible. Basically, in step (d), T
(5) is separated into two substreans T (5a) and T (5b) which nay conprise

i dentical, or different apmounts,of. propane. 15 Subsiream.TI (5 S cor di ng
o the: pTEESSHErGD SR dieoooiratcs 1o Brealien g by allaethoavpilarie B i et hooe
ski |l | ed im thehartafdr. thisulpatposgniof dxamplec &y, divisicaap by opeamst of abmuftiway valdeagai n
and is t i -\ en- M)l (2). from step
(b and SroaRE b bleheoi? puRHELREE Tor BRIANIE 9™ bE o s 47 21 CF
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associ at §pdpdh@i TSRS cA)Yif | dppRiphiafel BE [HAFRE: again and is then combined with the

hydrogen-containing substream T (2) from step (b) and transferred to step (e).

20
Step (iii) or step (e) of the process of the present invention comprises the synthesis of
hydrogen peroxide.

In step (iii) the hydrogen-containing substream T (2) is reacted with introduced oxygen (X
('2 5 inFig. 1), for example in the form of air, giving a substream T (4) which is rich in hydrogen
peroxide and a gaseous substream T (6).

In step (e) of the extended integrated process for the synthesis of propylene oxide, the
propane-containing substream T (5a), which has been combined with the hydrogen-

30  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
35  of air. This avoids the accumulation and the associated purging of any interfering gases.



2 3 FEB 200? -16 If desired, not only oxygen or air but al so hydrogen can
be introduced into step (iii) or step (e) by nmeans of a suitable faciFEg e
(Zin Fig. | and Fig. 2). Essentially all processes for synthesizing

hydr ogen peroxi de which are known to tﬂi 5 skilled in the art can be used
in step (iii) or step (e). In a preferted enbodi nent of the processes of the
present invention, hydrogen peroxide is prepared by direct synthesis from
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operate | bed a ove. operation thus
nmekes i t5%§%$ﬂ®¢%geﬁll§3ﬂé‘ﬁ%lww o em%e%@ega%enﬂﬁnt he direct synthesis
of hydrogen peroxide. 35 An exanple of a possible nethod of preparing

hydr ogen, per.oxide .in t rocess of .the S nvention is the progcedure
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.3 FEB Z(g&)ch of the direct synthesis of hydrogen peroxide increases in proportion to the hydrogen
concentration, this embodiment of the invention makes it possible to make the reactor

dimensions smaller and thus also decrease the operating costs.
In step (e) of the novel extended process for the synthesis of propylene oxide, the amount of
25  oxygen and hydrogen in the feed is adjusted so that the ratio in the substream T (6a) from
( this step is optimal for use in the propane dehydrogenation of step (a).

Accordingly, in the novel extended process for the synthesis of propylene oxide, the
substream T (6a) from step (e} is recirculated to step (a) and thus makes it possible for the
30 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.

35 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



-17 carried out batchwi se. WO 92/04277, too, describes a process which can
be used.for the purposes of the present invention and conprises reagtapmgy;
hydrogen.wi th oxygen in a tube reactor charged with an aqueous catalyst
suspensjon to give hydrogen peroxide. further possible way of preparing
hydr ogen peroxi de for the purposes of “the present invention is the 5
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filters wever focess TOr ‘preparing hydrogen peroxide sol utions
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Preference T's reactor cons ron (up reac in
whi ch t H@dn@autwaﬁ:r and/or C-Cs-alkanols as reaction medium. The shaped catalyst bodies arc

preferably ordered catalyst packing (monoliths) and/or beds, or shaped bodies made up of
meshes, for example metal meshes. In this preferred process, it is possible to use oxygen in
.25 the form of air.

In this process, the reaction is generally carried out in a flooded reactor. Water and/or C;-
Cs-alkanols, preferably water and/or methanol, serve as reaction medium. The reaction gas,
which may comprise not only hydrogen and oxygen but also inert gases such as nitrogen or
30 noble gases, generally has an O,:H; ratio in the range from 1:100 to 100:1. It 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
35 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



35 gas and reaction nmedium are preferably passed through the reactor in
cocurrent fromthe bottom upward. Hydrogen can be introduced into theFEB 2007
reactor via one or nore internmediate feed points downstream of the feed

poi nt for the oxygen or air. The two- pgﬁse out put from 23FEB2007 -18 the
reactor can be taken off at the upper d of the reactor and separated in a
suitable separation vessel to give a substream T (4) which is rich in
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type in which substream T (4) conprises at | east hydrogen peroxide and
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(iii), wynthesisonpr@@es a m xture of hydrogen and oxygen, is burnt in a
further step (vi) to generate energy and the energy is utilized in step
(i). This variant is particularly preferred when the substreamT (6) from
st ed5(i i ¥ pperoppiete seét)icas de “Smkftdimmgmm@ltﬁy mpthodey kpowmtcotkospetiilind in &part. han 4%
of oxygen in hydrogen. The energy produced in step (vi) can be used in step
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and/ or fOFCOFlBEiNehe: ingentipn 4lpR PEOMIARS A Progessceh &‘Fy%’?éfe‘g%’%cﬂﬁ’ﬁg tyre® phishane
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20  All or some of the gas phase T(6) can be burnt, either after compression in a suitable
compressor or else directly, in a further step (vi) to generate energy and the energy can be
utilized in the step (i).

Accordingly, the present invention also provides a process as described above in which all

25 or some of the gaseous substream T (6) from step (iii), which comprises a mixture of

( hydrogen and oxygen, is burnt in a further step (vi) to generate energy and the energy is
utilized in step (i).

This variant is particularly preferred when the substream T (6) from step (iii) comprises less
30  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 catatyst or catalysts used in
the propane dehydrogenation.

35



-19 Accordingly, the present invention also provides a process as descri bed
above in which the energy is utilized in step (i) for the follow ng?3FEB 7007
purposes, either individually or in conbination wth one another: 5 (aa)
heati ng the apparatuses used in the de ?drogenation of propane; (bb)
regeneration of the catalyst or catal ysfs used in the propane
dehydrogenation. In a further enbodi nent of the present invention, substream
T (6) carhcerdighy, tha preseny inventien alsomeIvidesdy eess [ay dessribee gbeye inywhigh theg
count er  aferb4lidlized intdtep ??fdr 1O HESpUMGSE) ciBYr iB8Ruall} of EcdisiRatRin
conplete . C|rcuhat|on of T (6), a substreantof T (6) is transferred from
time to PifongAneY ﬂtlnuously during the process for utilization in step
(i1). This procedure is preferably chosen mhenever the gaseous substream T

(6) nt gaj_ns nor 5% f a 15 particularly

pr ef gfabfala?rmre E?‘I ?la apgfﬁatlpsl%g %da}glt%? eh?/’ ogenagl E %?P e’n Accordi ngly,
t he pres@iﬂvt) |nverﬂg¢m1atms@f the wahe@r@am)@@eesdmthtwmeddmdmgwm.type in
which all or sone of the gaseous substream T (6) fromstep (iii) which
contains_nore than, 1% of a m xture of hydrogen and oxygen is recircul ated
to step 3 futhepempodigent ok the presgpigayention. sbstrepm {6 sambereciriated ithesy t he
synt hesi ghelfly oF gutly & stepiiiisle, all or sone of the gaseous substream T (6)
from step (|||) can be recirculated to step (i). The advantage of this

pro ure is that the gaseous substream T (6) which, in this enbodi nent,
conpr i se¥o C3untes actidsulitige bh giertvcdrhpditdanchitl? niay adtuliin QBe cadel of edmpleem

1: 100 1 0. J00, Gl 290P8 SSH 0L £ R9505LALLAG WG GRLR Yok H3sflibusier (1)

for dehydrogenatt on propane. gen T onl rred essentially
Gaur ni eringf the girdcesy fcsowélzatﬁort Inestep Ghnitys poepdne is prefeddpim shosed whentver

cat al yst gsu r n n Vindes rocess

as descr f%e%&@g&vgﬁlfs %ﬁ C&H%Sp ﬁé%aﬁhah Pg%eﬁlgggé% ﬁg%bgg@eg%@ (6)

f r orhst epArticylany pee qr@z!vqupéha@dl%@ qrraixtyre pf hydregen @k oxy8eR-T (3) from step
(iv) or step (c) is reacted i n a further step (v) or step (g) with the
substrea 4) fromste or . st e (,e) to give,propyl ene oxi
Covever . APTEUgRY: HioaEs dbvertioR olporBrtres rarcten ot (e APRLEPGHRHE HeBent
i nvent i owhmhmllacbmmemf thetgaseoud: sitsdesth e (@) fyon step (filyrwiieh caitaips fiore thant he
step (@) ol .tHi gam T es the conmponents
o opane, LB adh xguﬁggﬁﬁ%‘jr 88@h AN RET kit ‘éﬁ%z(t b of 23FEB2007?
20
In a further embodiment of the integrated process for the synthesis of propylene oxide, all or
some of the gaseous substream T (6) from step (iii) can be recirculated to step (i). The
advantage of this procedure is that the gaseous substream T (6) which, in this embodiment,
comprises Cs residues together with H, and O, in an H»:0; ratio of from 1:100 to 100:1 can
25  be used for regenerating the catalyst used in step (i) for dehydrogenation of propane. The
(A regeneration is carried out essentially by burning off all or some of the organic components
deposited on the catalyst surface.

Accordingly, the present invention also provides a process as described above in which all
30  or part of the gaseous substream T (6) from step (iii) is recirculated fo step (i).

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.

35 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 (). In this case, the substream T (6a)
comprises the components propane, oxygen and hydrogen in a molar ratio C3:0.:H; of



-20 1:0.01-1:0-2, preferably in a nolar ratio C3:02: H2 of 1:0.03-0.3:0-0.6
and . particularly preferably in a nolar ratio C3:02: H2 of 1:0.04-0. :pgg{gﬂjﬂ’;
The reaction of the propane-rich substream T (3) with the substream 4
which i,s rich in 5 hydrogen peroxide t give propyl ene oxi de can be carried
out by means of all methods known to those skilled in the art. For the

f th h [
or cf or abllip Vg 0-SBRleaIY o bmelRt i sero s O LOASIT LAY 28 EyhRhs o

hydr ogen pagéailyds afnficlan rafid C3 ity €610.04(00:0i0.t he presence of a catalyst to
form propyl ene oxi de. Possi bl e nmethods of carrying out the epoxidation in

question and preferred epoxidation catalysts are described, inter alia, in
DE 101 39h2%éactipn DE tHeOdropmesizdh Gibs@Eani 00(33 vidBie Substidim1D {4)58hidlr s Geh DE 101

37 5 3 | yst
ar ¢ 2l DOeEE phkidine el frorhledsBiuc oh B AR U3 Sy MBhT' 0B methods
Ti - zeol i k@@wmn/ﬁhﬁge &W@d\!ﬂlth@%ﬂ MEL structure or an Ml I NMEL mixed structure,

Ti-containing zeolite catalysts designated as TS-1, TS-2, TS-3, and aI so Ti
zeol i tes_hayi mewor K structure i sonorphous with ( -zeoljte.

a
Furt her et |P§r90éaﬁa9f§bﬁ§r°@ﬂé 1Rt dhe regptinningsigp (Bé%%‘%lbl(g) ihprsterably Ehear
zeol i teSe paxaation off Ginstopéhe fr@llh substigine, T 05 BPehehfls b8 hydroghle pdfdkide3f8s0. 1

and ted th rein., 25 Accordingly, the
pres ‘%R?gfﬁ?‘}’g‘e(“if‘%@‘eﬁﬁfﬁ oL BRI R Kidnt  oned type | n
whi ch the reaction in step (v) is the epoxidation of the propene from

S“bs”eaﬁb tﬁ@m%l}{?ds ?ﬁxﬁﬁ%%wﬂ%@@ x@ﬂt%'iﬁ Je@tg(gl ﬁH&)ﬁ;é éx‘l&a o the

prgfence O a Ca ene

or deont _ Felelyeis aendest e aujpicalizoin BB 2964, rﬁ%lﬁiﬁéW&ﬁeD%leQe?)SZS%g‘h?

| east 80WE My1e454ARL, OR101 82843 8and DEafd1 gy 4.y at |east preferably 95%
The propyl ene oxide can be separated off fromthe mxture formed in the

react?on in step (v) or step (g) by all methods known to those skilled in
the art #pexidadon ichtaBRRr ahichahe. pheiculdfyWrekesblyustdr fohethe Repeeftdfothe

mvent | ofvaPeoTE o RO i as s THL SRR il atbrudfe FebiRenRe
-21 Ti-containing zeolite catalysts designated as TS-1, TS-2 TS-3, and also Ti zeolites havmg a
framework structure isomorphous with -zeolite.
20
Further details regarding the catalysts which can be used, in particular zeolites, may be
found in, for example, DE 100 10 139.2, DE 197 23 950.1 and DE 102 32 406.9 and the
prior art cited therein.

.25  Accordingly, the present invention also provides a process of the abovementioned type in

( which the reaction in step (v) 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.

30 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

35  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.



The m xture obtained in addition to propylene oxide in step (v) or step (9Q)
can be recirculated wholly or partly as substream T (7) conpri sing gt ElBeﬁ@t
propane and propene to step (i) or step (a) 5 Accordingly, the pre; rﬁ i
i nvention al so provides a process of the above-described type in which all
or part of a substream T (7) conprisinglat | east propane and propene and
having a ratio of propane to propene of less than 1 which cones from step
(v) or stTap dilure Sobtiifed rif deﬁitﬂﬂm td fpratgséﬂeedxlaétxﬁrstap f(w tdaemewqgkcmp bet ep,

Step £ Tl R palin§ Rt TG G i Blorkon SafPRBrisl

known tostepGiger skpld)ed in the art, for exanple disti I I atl on rectification

or nenbrane separation. Tables 1 and 2 below illustrate possi bl e enbodi nment s
of the process of the present 15 invention, with Table 1 relating to the

i nt edr at AGcqrdmEbs shepresentiiBvestignralsochrewides e arospss af the epove-daseaibad fype i

rel ati ngwhi%htaﬁﬂeorgjﬂt%fi%@bét?éaﬁgﬂ‘ Y 9%«; t %H% viggla!l y 1N
Fig. 2 3 00 22 Q(}e&nﬂj lély-goﬁﬂgohl% éﬁ : (;gg Vpp
0 o 0 "' raHonolHPFqpane r‘ﬁ’rﬁf@ewe@f’ r?ﬂq:‘rrg &nes &OW BtZPt(IV? 01 St%P £)oia - m
CD 0 O recitediated, KAdesiredr after Ch Adther wé&kQJpOstQpJ\ltoAsinl\(l)Aodktdﬁ f)NoNejse 10-~ 00

OO(nnOc 0 oD 0 NNNOO OO0 O0 NO0) 00) ~c
N N JC '3"‘2“%.‘@‘.’43’?0 Sr%’?[fq") OB
10
The work-up step in question can be carried out by methods known to those skilled in the
art, for example distillation, rectification or membrane separation.

Tables 1 and 2 below illustrate possible embodiments of the process of the present

15 invention, with Table 1 relating to the integrated process which is shown schematically in
Fig. 1 and Table 2 relating to the extended mtegrated process which is shown schematically
in Fig. 2.
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STABLE 1
o
FStream No. T0) ) Q) 0) T(4) T6)
Product Propane Feed Propane, Propene | Propane, Propene Hydrogen Propene H20:» Propane
Compound Molec. Mass kg/h % (W) kgth % (w) kgh | % (w) kg/h % (W) kg/h % (W) kgth % {w) kg/h % (W)
H: 2,02 1142 1,3% 1142 | 100,0%
0 32,00
EPropane 4410 | 24975 | 1000% | 58274 | 67,6% | 58274 | 68,5% 1314,46 5,2% 56960 | 951%
ropens 42,08 26760 1 31,1% | 26760 | 315% 23833 | 94.8% 2927 4,9%
~Propane oxide 58,08
Propane diol 76,10
Hy0 18,02 537 | 2,7%
H:0, 34,02 10265 | 973%
FTotal 24975 | 100,0% | 86176 | 100,0% | 85034 | 100,0% 1142 | 100,0% | 25147 | 100,0% | 19802 | 100,0% | 59887 | 100,0%
o= .
ZSkream No. T(6) T(7) X Y
Product 0; Recirculation Propane Fresh O; Product
-vo%auoc_,a Molec. Mass kg/h % (W) kgth % (W) kg/h % (W) kg/h % (W)
Hy 202] 11071 01% 1711 0.2%
TQp 32,00 | 860943 | 99,9% 104695 | 99.8%
Propane 44 10 1314 1 100,0%
{Pfopene 42,08
1 P®pane oxide 58,08 31250\ 716%
T Proparnie diol 76,10 2155 | 4,9%
CH;0 18,02 10230 | 234%
Hy0; 34,02
CTotal 862050 | 100,0% | 1314 | 100,0% | 104866 | 100,0% { 43635 | 100,0%
© &)
<
o
S
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Stream No T(0) T(1). T(2) T(3) T(4i) T(5)

DPegduct Propane Feed Propane, Propene | Propane, Propene Hydrogen Propene H.0; Propane

w%:ﬁoc:a Molec. Mass kg/h % (W) kg/h % (w) kg/h % (w) | kg/h % (W) kg/h % (W) kg/h % (W) ka/h % (w)
2 O 2,02 975 0.4% 975 | 100,0%

.z O 32,00

FPropane 4410 | 24975 | 100,0% | 230381 | 89,4% ! 230381 | 89,8% 1314 4,8% 229067 | 100,0%

T-Propepe 42,08 23833 93% | 23833 9,3% 23833 | 86,4%

{Frdpane oxide 58,08

H-Prdganediol 76,10

\%\oﬂ 18,02 2452 1,0% 2452 1,0% 2452 8,9% 537 2.7%

THDL 34,02 19265 | 97,3%

mmu@m,_\ 24975 | 100,0% | 257641 | 100,0% | 256667 | 100,0% 975! 100,0% | 27600 | 100,0% | 19802 | 100,0% | 229067 | 100,0%
=z

1. Stream No. T(5a) T{5b) T(6a) 1(7) X Y Z

T Repdct Propane Propane Recirculation] O, Recirculation | Propane Recirculation Fresh Oz Product Hydrogen

¥ Cempound Molec. Mass kg/h % (W) ka/h % (w) kg/h % (w) kg/h % (w) kg/h % (w) kg/h %{w) | kgh % (w)

I 2,02 107 00% 335 | 100%

{&~ 32,00 21781  0.9% 20778 | 1000%

¥ Progan 4410 | 229067 0| 100,0% | 229067 | 99,0% 1314 | 100,0%

C FRopen 42,08

Rfbpane oxide 58,08 31250 | 67,8%

FRwpane diol 76,10 2155 | 4.7%

THA 18,02 12683 | 275%

T HOF 34,02

Totat 229067 0,0% 0| 100,0% | 231352 | 100,0% 1314 | 100,0% | 20778 | 100,0% | 46088 | 100,0% 335 | 100,0%
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Fig. 1

Step (i)

Step (ii)

Step (iii)

Step (iv)

Step (v)

Step (vi)

T(0), T(1), T(2), T(3)
T(4), T(5), T(6), T(7)
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dehydrogenation of propane

condensation

synthesis of hydrogen peroxide

fractionation

synthesis of propylene oxide

combustion

substreams

air or oxygen

propylene oxide

hydrogen
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o 0.2 3 FEB 2007 -24 List of refereq%g nunerals Fig. 15 Step (i)

dehydr ogenati on of propane Step (ii) Condensation 10 Step (iii) synthesis
of hydrogen peroxide Step (iv) fractionation C Step (v) synthesis of

propyl ene oxide 15 Step (vi) conbustion T(O, T(1), T(2), T(3) substreans
T(4), T(BE-2T(6), T(7) 20 X air or oxygen Y propyl ene oxi de

Step (a) dehydrogenation of propane
5 Step(b) condensation
Step (c) fractionation
Step (d) separation
10
Step (e) synthesis of hydrogen peroxide
( " Step () recirculation
15  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)
20
X oxygen
Y propylene oxide
25 2 hydrogen



(? 5 Z hydrogen 23FEB7001 -25 Fig, 2 Step (a) dehydrogenati on of propane
Step (b) condensatien Step (c) fractionation Step (d) separation 1? §E§|?ﬁﬂ?
ée) .synt hesi s of hydrogen peroxide Step (f) recirculation 15 Ste §
ynt hesi s of propylene oxide T(O, T(I1), T(2), T(3) substreans T(4),
T(5b),
-26 Cainms as enclosed to | PER February 22, 2005 BASF

T(5a),

23FEB2001
Akt i eng@ﬁﬁimhsfénéﬁyéﬂ)%ﬁmkw AT/eca W claim 5 ]Feﬁﬁpar&@g

synt hesi's of propyl ene oxide, which conprises” at | east

process_for

#QSE

T(5),

T(6a), T(7) 20 X oxygen Y propylene oxide -)5 Z hydrogen

0at ed

t he

%ﬂgqsalﬂscééﬁﬁydrogenatlon of propane t BY/UUIRCSGHIYATAwRT (0)

conpri si ng at

frasti onation of the substream T (1) to give at
1.

foll ow
the su
(2) and
10
15
20
( 2.
3.
30
4,
35 5.

C

| east 10 propane, propene and hydrogen; (b) fractionation of
mT (0) to give at | east one gaseous hydrogen- rich substream T

streamT (1) conprising at |east propene and propane; (c)

An integrated process for the synthesis of propylene oxide, which comprises at least

the following steps:

(@)

(b)

(©)

(d

(e)

®
€:9]

dehydrogenation of propane to give a substream T (0) comprising at least
propane, propene and hydrogen;

fractionation of the substream T (0) to give at least one gaseous hydrogen-
rich substream T (2) and a substream T (1) comprising at Jeast propene and
propane;

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);

separation of the substream T (5) into at least the substreams T (5a) 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 gascous substream T (6a);

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

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

The process as claimed in claim 1, wherein the propane-rich substream T (5b) is fed

to step (a).

The process as claimed in claim 1 or 2, wherein substream T (4) comprises at least

hydrogen peroxide and water.

The process as claimed in any of claims 1 to 3, wherein the reaction in 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.

The process as claimed in any of claims 1 to 4, wherein a substream T (7)

comprising at least propane and/or propene is obtained from step (g) and is wholly

or partly recirculated to step (a).

| east one propane-rich

5



15 substream T (5) and at | east one propene-rich substreamT (3); (d)
separation of the substream T (5) into at |east the substreans T (5a)3&@f 007
¥5b); (e) synthesis of hydrogen peroxb e using the substream T (2) which is
conbined with at |east the substream T (5a), giving a substream T (4) which
is rich in 20 hydrogen peroxide and a gaseous substream T (6a); (f) at

| east partial recirculation of the substream T (6a) to step (a); (Q)

reacti of) of THeepaicedseastclamed sidbaiy @aroldim(s3) i 5 whehsi reatibsiredt) Tt @)gi ve

propyl ene oxide.. C 2. .Th rocess . as claipged in claiml, wherein the

br opane- 11 or ORI Aeait pSBHe 4bduipche dhd Taying 2)7aflo OF iopielo Pripensof o) i g
in claim1l desszhamileisaibtrisabiomesiep [8)(ahd isoifpappsapsiatet aftez s furthiy sodgep

per oxi de an 08 RIRSES laimed in any of clainms 1 to 3,
wherein theq#%ggﬁﬁg%%?ﬁégygp (g?’ls ?ﬁ%%cgpoxidation of the propene from
substream T (3) by neans of hydrogen peroxide fromsubstreamT (4) in the
presence of a catalyst to give propylene oxide. 35 5. The process as cl ai ned
in any of clains 1 to 4, wherein a substream T (7) conprising at |east
propane and/or propene is obtained fromstep (g) and is wholly or partly
recirculated to step (a). 2 3 FEB 2007 -27 6. The process as clained in any
of clainme 1 to 5 wherein a substream T (7) conprising at |east propane and
propene and having a ratio of propane to propene of |ess than 1 is obtained
fromstep (g) and is, if appropriate after a further work-up step, wholly
or partly recirculated to step (c). C C

C



