; e3em Em-@ATB@ CD6DT: EV' @1 PROCESS FOR THE PREPARATI ON OF ALKENE OXI DES
FROM ALKENES 5 BACKGROUND OF THE | NVENTI ON The present invention relates to
.a process for the catalytic partial oxidation of hydrocarbons in the
presence of oxygen and of at |east one reducing agent. This process
conprises passing the reaction m xture thrqugh a catal yst-containing | ayer,
10 and adsorbing the partially oxidized hydrocarbon in a downstream

adsor bent cont ai ni ng Iayer The cat aI ytic gas-phase partl al oxidation of
hydr ocar bons i | 0 i
known and desc SRe R 2544 :

US- A- 5, 623, 090 00413- Al V\D 98/ 00415 Al, V\D98/ 00414 Al,

WO 00/ 59632- Al %827779 WO 99/ 43431- Al. Conpositions that contain,
inter alia, nanoscale gold particles are used as catal ysts therein. 20

Met hods for the selective separation of the partial oxidation products from
the starting materials and the by-products of the above-nentioned parti al
oxi dat i on? are galy @QW OPdTﬁﬁl Ti¥§ hods of purifying al kene oxi des,
such as, tTor emé‘e—p'mpwre—ml'@%@oﬁ—s’o d 25 activated carbons are
known in principle. U S Patent 4, 692 535 d| scl oses, for exanple, the
separation of high nolecul ar wei ght y(propene oxi de? from propene oxide
by contact wi t Rh@Presgnt dyeaiemselates t a-onqssss forpthee retalytic iprtislgoxigafipn of

S B ANt T S LP St TP BALA IR OB A0 SR O ©

inpurities fro ene oxi opene “oxl de an I"de,

treatment w t hp@ekdstorfiris¥apadingathb eedttiol niQney eirougihe @allﬁ%bmemﬁ@sﬁy@t l on
of partial oxidation Broduct s from cat al %tl c gas phase direct oxidation

react i ons0 usi ngndredeertingr thex paéially nexidizee divdrorgrbogeint a4 sownstrenas ;dperbent-

containing layer.

The catalytic gas-phase partial oxidation of hydrocarbons in the presence of
molecular oxygen and a reducing agent is known and described in, for example, DE-
15 Al1-199 59 525, DE-A1-10023 717, US-A-5,623,090, WO-98/00413-A1, WO-
98/00415-A1, WO-98/00414-A1, WO-00/59632-A1, EP-A1-0827779, WO-
99/43431-A1. Compositions that contain, inter alia, nanoscale gold particles are used

as catalysts therein.

20 Methods for the selective separation of the partial oxidation products from the
starting materials and the by-products of the above-mentioned partial oxidation are

not, however, disclosed.

Methods of purifying alkene oxides, such as, for example, propene oxide, on solid

25 activated carbons are known in principle.

U.S. Patent 4,692,535 discloses, for example, the separation of high molecular

weight poly(propene oxide) from propene oxide by contact with activated carbons.
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Partial oxidation using an oxygen-hydrogen mixture as in the present
invention 10 occurs in a tenperature range from 140 to 210C, which is
considerably lower than the tenperature at which partial oxidation wherein
only oxygen, that is to say no additional hydrogen, is enployed (e.g. the
partial oxidation of ethene to ethene oxideg.- T = 210-240C). 15 The | ow
reaction tenperature of 210C in the process according to the present

i nvention using oxygen and hydrogen has the result that virtuaIIy no total

Formed. | nst eall-SPASIHbIE LS LFILS R0 veind BRAT) G0 a2 dReieet B Spadity
present procesgs ¢HHuRIoR 1d ek i hfkeﬁé‘@xﬁ@@&h&?a@ﬁroﬁa@& oxide ahd®Blhtene
product, nany other par oxi dation 20 products, suc for exanpl e,

al dehydes, ket oxnds,,b}aceadngentmtl'escél,d astivated babens.i n | ow concentrations. Such
by- products can | ower the pH value in agueous systens, and hence reduce the
stability of the epoxide. The sel ective separation of partial oxidation

products £rom pEQECANARNSARYGe %glécfrhéeiers]&g o?gaﬁﬁi %&fdahoﬂamcfs ﬁ&ﬁma@aﬁync gas-

hydr ocar bon, oxygen, "hydrogen, s - water, water vapor and
especi al |y, acphasedaett oxjddiionreations asing umdiecaﬂanmnygmxmd g reduicthg @adt is not
al dehydes, is not disclosed in the relevant art. Al the published Patents
and Pat ent AppFlF%&P?‘an relating to the selective oxidation 30 of
hydr ocarbons in the presence of oxygen and a reducing agent achieve only a
| ow hydrocarbon conversion of |ess than 10% Accordingly, when inplenented
-3 industrial | Partial loxidadoprusirgs aeoxypar-hydrogdn Mmixtare ab dn ghe present snwehtion
recycli ngggas The isol ation of verly]_ smal | vol umes of val uabl e products

)

(e.g. 2 % OPCURS/Hy @éeammutmaa&g molAQd @r o anpytichsis @pmij@@awlé lgjvergigan

hoet al denyde,  DRoliRugia LR RN iddHa PARGy SN EectTlRl iy sy e

very conpl ex. Iﬂuiiﬁ@xfxaqlh?dro Jste 1@616131@Wd(29° tiep A Gxidatidn S bdehd tbeetﬂéﬂedﬁideons
of

is decisively determ ned by the costs i sol ati ng the val uabl e product.

SUMVARY OF THETI-NVENT4@XD).

15 The low reaction temperature of << 210°C in the process according to the present
invention using oxygen and hydrogen has the result that virtually no total oxidation
takes place, and therefore, only traces of carbon dioxide are formed. Instead of
carbon dioxide, however, the product spectrum of the present process contains, in
addition to the epoxide as the principal product, many other partial oxidation

20 products, such as, for example, aldehydes, ketones, acids, esters, and ethers, in low
concentrations. Such by-products can lower the pH value in aqueous systems, and

hence reduce the stability of the epoxide.

The selective separation of partial oxidation products from non-condensable starting
25 material gases - such as hydrocarbon, oxygen, hydrogen, diluent gas - water, water
vapor and, especially, acid-reacting by-products, such as carboxylic acids and

aldehydes, is not disclosed in the relevant art.

All the published Patents and Patent Applications relating to the selective oxidation
30 of hydrocarbons in the presence of oxygen and a reducing agent achieve only a low

hydrocarbon conversion of less than 10%. Accordingly, when implemented



10 The object of the present invention is to provide a process for
separating the product fromthe reaction mxture in the preparation of

hydr ocar bon oxi des by the partial oxidation of hydrocarbons in the presence
of oxygen, at |east one reducing agent, and a catalyst. 15 A further object
of the present invention is to provide a pracess in which a high overal
conversion of alkene to al kene oxide is achieved. 1n accordance with the
present invention, this is achieved by a process for the catalytic parti al

oxi dati on of hydroc rbons whi ch conpri ses. passi t he reac ion 20 m
through a cat alfg B?mg]&h 12l the rvg‘oqeavér%gemwaﬁﬂ ehh@ §eeBRYHHO e)‘c‘t"?}t‘@ %n{gﬁ? ses

hydr ocar bons, SHGH oML AiP IS hnRA S GBI BroA8 e £ 20 R0 BF Wl A6
partially oxi di 28 drocarbon N & downstrea sor%gn -contaln ayer.
BRI EF DESCRI PTd)ﬁﬂb)GfoﬂiHErgEI dohfints? bf Fiee(elg. @.ﬂr'eoll% of ght @msﬂstﬂgrcﬁhhydrocarbon
illustrating the partial oxidation of propylene to propyl ene oxide in
accordance wi t Rydrpgeny ox¥gam Watkfe ﬁct:qt@)lﬁehyde ET%EFA]dEEIﬂeDquTﬂCﬂ\F 3id. faar m
hydr ocar b, d t

sat ur at edg)hydr ocar Egd Eqsuc Cbﬁ]p relre@gé}g e régél nES oy%?‘lgé%%fsb%gmﬁeghvena
al so 5 cont ai noxidtione 1aawr§vélydaeﬁm1ed (1% tl@«wmloef,lsolthtm@thd:’valﬁamé pfoduegen
atons. The organic conponent to be oxidized may be acyclic, nonocyclic,

bi cyclic or polycycllc and may be nonool efinic, diolefinic or

pol yol ef i ni c. A1SE. £ arhons haV|ng two or nore doubl e bonds,
t he doubl e bonts=ir ¥=or non-conjugated. The hydrocarbons
fromwhich the oxidation products are preferably fornmed are those
hydrocarbons that yield oxidation products whose partial pressure is
sufficieb@ly | ohe Qée@tsofttbe preagritdnyestion ag togirovide arerse forfspmtlm&ﬂ@mr@d%t

conti nuously. ref rence. i s ven. to unsat rat turat hy.dr oc ons
v mo ey Fath B dion e in Re IR Fn 085 bRiaRE bR BaRih’
and nost pref ebﬁﬁhﬁ’od mydﬂ&a%ﬂk?wmé%rés@ﬁ&bﬁ?o aerameaatdmert@ducmgoageﬂteand
propane, isobutane, isobutylene, 1-butene, 2- bu ene, ci s-2-butene,

trans-2-buteneaC&aB$butad|ene pent ene, pentane, l-hexene hexenes, hexane,
hexadi ene, cycl ohexene, benzene.

15 A further object of the present invention is to provide a process in which a high

overall conversion of alkene to alkene oxide is achieved.

In accordance with the present invention, this is achieved by a process for the
catalytic partial oxidation of hydrocarbons which comprises passing the reaction
20 mixture through a catalyst-containing layer, wherein the reaction mixture comprises
hydrocarbons, oxygen and at least one reducing agent, and adsorbing the partially

oxidized hydrocarbon in a downstream adsorbent-containing layer.

BRIEF DESCRIPTION OF THE FIGURE
25
The Figure is a flow diagram illustrating the partial oxidation of propylene to

propylene oxide in accordance with the present invention.



20 The oxygen can be used in a wide variety of fornms. For exanple, oxygen
suitable for the present invention can be present in the formof nolecul ar
oxygen, air, and/or nitrogen oxide. Ml ecul ar oxygen is preferred. Hydrogen
is a particularly suitable conpound to be used as the reducing agent in the
25 present invention. Any known hydrogen s@urce can be used, such as, for
exanpl e, pure hydrogen, cracker hydrogen, synthesis gas, or hydrogen from
t he dehydrogenati on of hydrocarbons and al cohols. In another enbodi nent of
t he i nventi on, vdrQg al so be produced in situ in an upstream
TALLED DESC I : .
reactor by, fo Fre—dehyd enati on of propane or isobutane or of
al cohol s such as isobutanol. The 30 hydrogen may al so be introduced into
the reaction systemin the formof a conpl exbonded speci es such as, for
exanpl e a cat aThs tterny dydpearbonnpd @xed hereh, lis vadelistoiod nast mepmag ainsaturated pr
necessary startin terial, gases descri bed above, a di]uent gas ma
optionally al s$Rt¥ tegzl@ﬁfm |s9eh 36, &%) eXample, Plefinsnor glkapes, i‘%E&UH?—%’g%@%S
such as g {1 0gedylHoldMhioflsAABh aFEMBARPIC NP & S ldiGeencASRO TR
or 5 simlar, predomnantly inert 'gases. "It i's also possible to use
m xtures of theordpsent bete ionatizedomayp brnacydic, Timmoaykdict binyclid of pehytyclic, and
conponents is often advaptage %i%ffor tran rtation of the heat that is
liberated in tﬁ’é‘ygié‘?%’éf’ 1810081 {W%WRQQ%‘)’BH-, and fromthe point of view
of safety. If the process according to the invention is carried out in the
gas phase, gaseous diluent conponents are preferably used, such as, for 10
exanpl e, nitrogete chsd dftindrarathons hawhg ene oamdre dqubleobaidsythe \datisle beagerhaygnd
car bon di oxi de, AIt_houtgh wat er vapor and_carbon di oxide are not totally
inert, they frBeuoniugptedage nanseriugated dhe cdregarhans, Fremc BikighatheoR¥idation
vol .% of total_r t| i1l i Al i f
hydr ocar bon, ok2§/°8 ggtg a% e@rl? %?%%19 gg%ge? %é g%jes g ﬂ’gflﬁ-gegrﬁ%%r @é&a%@lcgg%,%%%ﬂﬂg ggﬁtfy,

a diluent gas ehofegdtistpresstiets gafficRAtPisy bo antocanabledemavaled thd prodict ome
limts. The range from1 to 30 nol% particularly preferably fromS to 25
nmol % oxygen i &exEapivst epanbinyoupded Preferenss ds s gBen hiqir yeatupsed  #nds egtuggied

oxygen used (o I i r I 1T r.O
content is typﬂ%%f)%{)%;segﬁﬂrlgg %rﬁg{naltenﬁ %@ﬁ%%@g‘g pt?%tg%b%wéﬁ) 0%?%%% bon
contentsi1sn thatoh@N@ad fraém frefeabBP intdhdé carapdrinds|saeh Vs ethene, ethane, propene,

propane, isobutane, isobutylene, 1-butene, 2-butene, cis-2-butene, trans-2-butene,
1,3-butadiene, pentene, pentane, 1-hexene, hexenes, hexane, hexadiene, cyclohexene,

benzene.

20 The oxygen can be used in a wide variety of forms. For example, oxygen suitable for
the present invention can be present in the form of molecular oxygen, air, and/or

nitrogen oxide. Molecular oxygen is preferred.

Hydrogen is a particularly suitable compound to be used as the reducing agent in the
25 present invention. Any known hydrogen source can be used, such as, for example,
pure hydrogen, cracker hydrogen, synthesis gas, or hydrogen from the dehy-
drogenation of hydrocarbons and alcohols. In another embodiment of the invention,
the hydrogen can also be produced in situ in an upstream reactor by, for example,
dehydrogenation of propane or isobutane or of alcohols such as isobutanol. The
30 hydrogen may also be introduced into the reaction system in the form of a complex-

bonded species such as, for example a catalyst-hydrogen complex.



25 preferably from20 to 85 nol %, are preferably used. The nol ar anmount of
.reduci ng agent (especially of hydrogen), relative to the total nunber of
nol es of hydrocarbon, oxygen, reducing agent and diluent gas, can be varied

within wide limts. Typical , reducing agent contents are greater than 0.1
nol % preferably from2 to 80 nol% particularly preferably from3 to 70
nol % 30 -6 As catalysts there are advantageously used conpositions

cont ai ning noble netal particles having a dianeter of |ess than 51 nmon a
support material containing titaniumand/or silicon. 5 Gold and/or silver
are preferably used as the noble netal particles. The gold particles
preferably haye g.dianmeter in the range of fromO0,3. to 10 nm .preferably of
From 0.9 1o olhandiian garbr chreliely BRERerasiping marsil 2atss, dFokils sove =
silver partic I iohANFalfo Bk HIBL, Hxahiplds ST LADIE Bluehi’ 2Ompike 50
nm preferabl ?ﬂg?lﬂfg?%%{ag.mglfg %anmgand parxtar@u%sar IS;L/l prefer gbl ofrn ruom 0.5
to 1 S nm 10 gddessactassenitrogeh, sliwa} apys timathaeo carbom tmixide, sarbor hemakidy or hose
support materials described in, for exanple, Dg-Al-199 59 525 and DE: Al-100
23 717, the deuRilasRiedempentininey 225%s- Hds alse PPssel)e pobssimitygs phthsdesreided | n
particul ar, tEk UBRO L5 4iBY e84 d Ot fafiabedulof,gani ¢
hybrid materi gkf‘e srtC ?h@g%{?%ltszuppora ?dlﬁgﬁ néaﬂt gdre?ta?éﬁpglﬁeﬁ%f???@én ganlagﬁuﬁof;ogani C
hybri d mat eri aagsportatiom of the lxaofat of libdrated e sienéxotirarmind boidatiere rdaptior; ahd y
organically nodified gl asses, which are preferably fornmed in sol-gel .
processes by #@EhthegrophRfaeY of salstys licha peersst aesarding g therigverionds garied
precursor 20 0 i - 1 r

br i dgi ng. o ganoibya s Hhsd MALALE Ak WRRnia? ahe ol Pl Usg Wl as, or
prepar atipon akgarflplechix®geh, Helidy, afdonametian®and\13dnady, Sdier WipoAind Qarbds

717, the disclosures of which are herein incorgprated by reference. 25 Very
particul arly graids r&Hhenghr wates yyAROF tanda cuPPR| diokidei g Bolc éntelbntingt, thege

si |l i conhydr og i i.nGco t i i - .
metvork ean baeat el hay? BRRER) Gitef AR odrRbERERNE (F 2kl ob G ARl ERhon

si | ane precur%ﬁgcﬁﬁﬁaﬂuﬂds as described in DE-A1-199 59 525, the disclosure
of which is herein incorporated by reference. 30 _7_ For the generation
of gold particles on the support materials there are suitable the processes

di scl os in, £far anple, U S Patent, 5,623, 090 WO 98/.00413- .

w08 00415 A1 1O SHBo Rl e PhaPHERABOR, Sgher g8 8sea, fespecially
W99/ 43431- Al hytitveesh &d, optbedlypfa dicah gad of leddebmcydle @ ebmpEsLidty can be
reference. Suitable 5 process include processes such as, for exanple,

deposi ti on- pr &éfigd withinowidedigptseci pi tati on, inpregnation in solution,

i nci pi ent wetness, colloid processes, sputtering, CVD (Chem cal Vapor
Deposition), PVD (Physical Vapor Deposition) and m croenul sion. The nethods
i nci pi ent et regSandeofrorfiNt tol IPMOB A drGtulardyfrefer 1N HOMAL 110125 Xho AR GLENAE ON
of the support materials with noble netal precursors 10 and then imedi ate
dryi ng B spr ayeferabiyusedii sed bed technol ogy as disclosed in DE-Al1-199 59
525 and DE- Al1-100 23 717, the disclosures of which are herein incorporated
by reference, are particularly advantageous. The support materials may al so
contai n anmountgy ekceld OMBY@bcdBSR| basdd BiMolty diPused (bn Eombhie basik), e¢lpfeferisiyem
according to | UPAC (1985), such as vanadi um niobi um and tantal um
preferably taremaleyed. Thehydioourbos coptentf isrtapicsily grepien thanf ¥ omiYr angpless than
preferably zirgani\y from grou ptef erabl e: from.group, 15, ..

b of er abl y ancodBrbe BERCEPRR Rt il e BB enrlee B3Fan Parialery um
and met glss of (éferiBlyl ffomPIe{oes PRloY. e Prefethtly Udkd. THE idla o bakéducing
(pronoters) are frequently 20 present in the form of oxides. The

nobl e- met al - c ;agerti (aspegially wp bsdrogemsrelasive el thregtotad numbert ofmntes off hyédmcasbonysed

t t t 10C f bl i.n th f 80.t 250C, . )
Sttt v Sapen et psdhand diiett sy SHa6e VBRGL Batpide finiss, Fypical
tenperatures, r§&1.ﬂﬂi‘x|f% ﬁ?éﬁé BEntRAI AHE gféa?eﬁ thdh @.:thg&l% ﬂr@ﬁﬁﬁll)t abhPDSo 39 1R61€4,9Y

carrier. Wth ski rocess nmanhagenent,
particularly preferably from 3 to 70 mol%.
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steam can be used, for exanple, for working up the product. The oxidation
reaction i s advantageously carried out at el evated reaction pressures.

. Reaction pressures > 1 bar, particularly preferably from2 to 50 bar, are
preferred. 30 _g_ The catalyst | oad can be varied within wide limts.
Catal yst loads of fromO0.5 to 100 liters qf the above-nentioned feed or
cycle gas per m of catalyst and per hour are preferably used, and catal yst
| oads of from2 to 50 litres of gas per m of catalyst and per hour are
nost preferably used. 5 In the catalytlc oxi dation of hydrocarbons in the
presence of hy\r easaliists whererare adyaniageansly ysef resanpesitionp contaning digpleemetdl t h

possi bl & 1o cOREIROI SSPPELE i BARTIST) v g oBhord il Lebusifae

the direct oxijgkhirRand/Or §ill€or esence of oxygen and of a reducing agent from
the reaction mxture, even in the presence of water and/or water vapor and
of acidreacting by- products by selectlve adsorption on suitable adsorbents

wi t hout deco t he a t| 0 odu They ef

Risorbents. | neutendlSivet g sHRgb DR aR FRCEIS el nElen scasd Rigtes
oxi di zed hydr @eFERBRSaVt b MRt etBeBARP Sfigk 0¥ Fron€¥ SN0l 10 drHeprEfe?.ﬁﬂﬁ%fr@lfn ot er
and/ or water vapor and of acid-reacting by-products. The

adsor bent - cont@iinny ah@immmy Ptﬁtferlahll)'t ® tf@nariyO dond aumt The stleerc patinkes of

t he adsorbed pardi oXi roduct bents

br'ef or abl - us BiFTERM ke & Yarieler BF BH0ek ol i 03 1A ot mre g o EPmAS.
the case of Z@&hOBﬁﬁandeaﬁf&ﬂﬁ%&ﬁefe&b@jéf%&@ pdisophobi ¢ zeol i tes having
pore sizes in the range from0.'3 100 nm nore preferably from3.1 to SO
nm suchH025 as Wesalith DAZ F20 (Degussa AG and Wesalith DAY F20 (Degussa

AG . Organical nmodi fied zeol [tes such as, .for zeolites nodified
0y i yiatt omnipbre Bian e ad ERtalyst USRI TR AIS \RECISRPR] JHosh cppo pregels

advant ageous| ¥e0&ineg e, %\Pt&rarrig?e fDMFﬂbbYS@d% bad PRLX1110605P! Ai7el the ON
zeolites which are relatively 30 hydrophobic. Tn various processes, such

as, for exanpldisclosues sfivéridhanrederon nenpeatad byeefeheancgelnapifti@ilay thet catalyst i t
may therefore be advant ageous tfo B{ ovi de,
support materials are preferably organic-inorganic hybrid materials (hybrid support

15 materials, ormosils).

Organic-inorganic hybrid materials within the scope of the present invention are
typically organically modified glasses, which are preferably formed in sol-gel
processes by means of hydrolysis and condensation reactions of soluble precursor
20 compounds and contain non-hydrolysable terminal and/or bridging organic groups in
the network. Such materials and their preparation are disclosed, inter alia, in DE-A1-
199 59 525, DE-A1-100 23 717, the disclosures of which are herein incorporated by

reference.

25 Very particularly preferred hybrid support materials having a content of free silicon-
hydrogen units incorporated and/or intercalated in the sol-gel network can be
prepared particularly advantageously from titanium and silane precursor compounds
as described in DE-A1-199 59 525, the disclosure of which is herein incorporated by
reference.

30



Le A 33 658-Foreignn Countries -9 downstream of the adsorbent-containing

| ayer a further |ayer suitable for the adsorption of water, consisting of,
for exanple, 3A nolecular sieves. After a certain tine, the adsorbed
reacti on product (hydrocarbon oxide) must be S renoved fromthe adsorbent
again. The adsorption and subsequent desorption can be carried out
according to known processes, such as pressure-change

adsor ption/ desorption, tenperature-change adsorption/desorption, or
desorption by freatnment with mafer va@or. 0 The adsorp i?g of hydraqcar bon
oxi de is pronmot¥dhsyeensratien of ggldpaticiss o8 thndreport malsriag erpaeulinks thand

I s reduced by ' : r: 1,0fY d THhen. 1AQNveh
hydr ocar bon oxﬁgégf%g‘g%g%péagfgaggéﬁ?& pf%(r})aoﬁ%ﬁ%?ﬁg’ m??’iﬂgﬁpglgqbygésur e
of approxi mat ed8/00413 A1, tWO3ER/06414-Ahe WObGHSREI2LA e BP-ATi0827D19 handr &WO-
carbon oxi de then advantageously takes_ place at reduced Pressure. For

econom ¢ r easof¥4343 1cHhyihe disslospigs of phichqare denst ineerporaied bieredrerres Suitablon

comt essi o, PP edcifluds BrebEREChER, TEcnuiple ReahiuBRRIBER 75

30 bar, parti cpiesipititid, eiaprBhatioal 70 scluéibn,baficipiesit maﬁ@d@,atﬂoYlomgdoceSgeape
t he adsorption is reduced %@an. i ncrease in_tenperature, adsorbe .
hydr ocar bon oxsidéterns QVEo(GeemiedoY sy Bopasiion). VBT (Phigical o¥enoy Repositioa)

bed. In order to intain.coml e hydr. rbon oxide | ecLivit t he
Demmer ot ur o1 ot BRARERL i TR ChB e iREBIRE et Ssol nf npishiiort Hd <
shoul d not exceffibid@a oP ifpREMoN JHOBE suppért At@RR VhithGshlél aikftpRecudors

partial oxidation products is preferably fed back into . the reactor to be
reacted &@ai n, awhtheonimmediatet dyinguby Isprayperr fluidised ited techriolegy, ag drsclosed in

DE-A1-199 59 525 and DE-A1-100 23 717, the disclosures of which are herein

incorporated by reference, are particularly advantageous.

The support materials may also contain amounts of promoter metals from group 5 of
15 the periodic system according to IUPAC (1985), such as vanadium, niobium and
tantalum, preferably tantalum; from group 3, preferably yttrium; from group 4,
preferably zirconium; from group 8, preferably Fe; from group 15, preferably
antimony; from group 13, preferably aluminium, boron, thallium; and metals of
group 14, preferably germanium. The additional metals (promoters) are frequently

20 present in the form of oxides.

The noble-metal-containing compositions according to the invention can be used at
temperatures > 10°C, preferably in the range from 80 to 250°C, particularly prefera-
bly in the range from 120 to 215°C. At the high temperatures, steam can be produced
25 in coupled installations as energy carrier. With skillful process management, the

steam can be used, for example, for working up the product.

The oxidation reaction is advantageously carried out at elevated reaction pressures.
Reaction pressures > 1 bar, particularly preferably from 2 to 50 bar, are preferred.
30



exanpl e, drying. That stream of gas consists essentially of unconverted
hydr ocar bon, 30 reduci ng agent, oxygen and, optionally, a diluent gas. As a
result of this cyclic procedure with regular separation of the reaction
products, substantially increased - 10 overall conversions can be

achi eved. The concentration of the reactiog_products in the

adsor bent-contai ning | ayer considerably reduces the outlay in terns of

wor ki ng up. 5 A flow diagram of a process for the oxidation of propylene to

propyl ene oxi in accordance wth the_present. invention usin WO
adsorbers is ?ﬁ%‘éﬁ“ﬁéﬁte‘ﬂa‘?ﬁmﬁ ke Ve IQE“B“ I"Yfg? h\émf—fi' é:([}’r”é?'“flgé‘if g‘f %’85‘17%’51”( or
cycle gas str Lo (fh3toh r (HR) ter
t he reactor 2e§ﬁ2p§9fﬁgm%X| gtloﬁ og%%%g ovgrkt e‘§5?§ﬁ§§%M?§§§§?%%%gﬁﬁ
partial |y oxi dirg préferebigtused) and xatatyst loeds/offjornPetor alitrasr of 2aspereml dOcatalyst
downstreamto the adsorbers 3 and_ 4, which ad(de)sorb the propyl ene oxide
(PO) from t he andPer hoy arg soshraeierably wsedpyl ene oxide (PO 5 is renoved as

t he prodtgct, non-converted gas 6 and 7 (primarily propyl ene (C3H6),

hydr ogen (HZ) and oxygen (02)) are recircul ated back to the reactor 2. 15

I n accordance withB datdyty 6sidatior BY @Riodirbohdén ks prdsertle- SORYdrbFIN) Gvdtery BRI S
(i.e. the adsorbers) are advantageously operated Iin an alternating nmanner

with each ot hegeneighy tfpangdans ¢ Ripdice copRled Veithe theneqrresponding selgetivgr pradagion ¢
is preferred tc&g&ucgne adsorber (or adsorbent-containing layer) is in the
"l oadi ng" process step, the second adsorber (i.e. adsorbent-containing
layer) is in the "regeneration” process step and the third 20 adsor ber
(i.e. adsorbent-containing |layer), where present, and also any further
adsor berd pr esanprisingly( #rig)possiblente cantiapensly sepsiaie dbe pagtiah oximighion products

Phe agsor ber -1 i ActRe QiFsaRidsfion i s prées B Seer g A Ron e oo
advant ageous| ythé r@aEoh MiRked) dvbe i teosre@ihcd bPWakP lah@Ot wtdr GRpor2énd ¥ dci@ t he

| oadi ng procedure, the mass transfer zone advantageously migrates from
bottom t o top Teactinge bacsoduses, bryselectiveieadsorndigot ososwitabie sadserbents without
advant ageousl y, noni tO{.ed g@d recotrded 9¥ an anal ytical device (e.g. GC

devi ce). When SECPTRPEUAREIGAASHPUIOR ProdYctSched, adsorption can be changed
over to fshe adsorber that is on 30 stand-by. The previously | oaded adsor ber
is changed over to regeneration. -11 The change-over from "l oadi ng" to
"regener at i on"Thextfore, piudtgele fdsorhsntsnjrickidecall trotidsithatnate capable of adserbiEg7- GC

(FI'D: Flane | oni i ons,. Det ect or), measyy e t (anal.ysis) or within

bar L1 cul ar ti e PO BBt o Ry g o T BOR R e Rismatn Hie Pigfencpeof

adsorber can twer MdA&swAter S aRd oPB§-redclhg B?@F&Hu@ts. TRE AR EHNt-B8ht&hing
i on,

adsorbers can be by pressure-change ad(de)sorp t enper at ure change
ad( de) sor pt i onlayerrmist nasaniiatef andt eensecutive reactions of the adsorbed partial oxidation

20 products.

As adsorbents there are preferably used zeolites, or molecular sieves, and/or activated
carbons. In the case of zeolites, preference is given to hydrophobic zeolites having
pore sizes in the range from 0.3 to 100 nm, more preferably from 3.1 to 50 nm, such
25 as Wesalith DAZ F20 (Degussa AG) and Wesalith DAY F20 (Degussa AQG).
Organically modified zeolites such as, for example, zeolites modified by silylation or

treatment with fluoroorganic materials, can likewise advantageously be used.

Water is frequently adsorbed only incompletely on zeolites which are relatively
30 hydrophobic. In various processes, such as, for example, pressure-change or

temperature-change ad(de)sorption, it may therefore be advantageous to provide



Regeneration Qf fhe a %or her bed by means of steam advant ageously conprises
the 10 wor ki n&ﬁeféég@gﬂ!ﬁm%‘ﬂﬁée adsorber bed with steam flushing with
~an inert gas such as, for exanple, nitrogen, drying, and, optionally,
cooling. The desorption of hydrocarbon oxide is preferably carried out

usi ng superheated steamat a tenperature igu the range from380 to 150C, at
normal pressure or at el evated apparatus pfessures. Treatment of the
adsorbers with steam advant ageously takes place counter currently to 15 the
hydr ocar bon oxi de-contai ning reaction gas, fromtop to bottom Such a
procedur e ensuoesistrérn ¢fhéheuppsarbosicontdbung daydr ay efurthemdayes suitablaafdryther ee
of hydrocarbon oxi de. nmeans .of the_treat with steam the adsorber
bed |5 heat od METRIGEALKEET GPES A Ieror SROBPEr A RACRBTSAES 11 om 70 €0
150C and the adsorbed hydrocarbon oxide is desorbed. The hydrocarbon oxide
is transported with the stream 20 of steamto the base of the adsorber,
where it | eavesfiérhe cedsinrtirae, theaadstrbed egantion giredymit (ydrGeartem oatdep st behe
st eam hydr ocar bon oxjide m xture takes place in the regenerate cool ers. 25
Ther e i s used T8@oveeiremdhe adpomeat 88801 or exanpl e, cooling water or brine
at, for exanple, 20C, counter currently to the operating nmedium The
condensed and cool ed regenerate preferably flows by gravity to the sunp 30
cont ai ner, fr orhenid®bptioh dnd subsamyrdddsgrptidancndie earfiedput acddadinyytdrkmoanbon

oxi de separation. -12 After treatnment with steam the adsorber |ayer is
hot and npi st .Pre¢esssse WigBe apf PERSSHrerghangg @dsArPiiRyYdssoRlions wMpsTaturechnge | s

I the syst em RGRR A ReePafear b htbiiol 'y e Bl WIS B UE, ° Y 00D T e

conposi tiipon. The oxygen content is nonitored by, for exanple, an
oxygen-neasuring device. Drying and cooling of the adsorber layer is
t her ef or e advahicagdsomsion elahydreeprben oxide s Aiemegted; b increpsiigspreasyeas aml/orf or

exanple, nitroghfk, (EQherfGPACHLis rERRE By hidig Mh8r a reduction in pressure.

The adsorption of hydrocarbon oxide is advantageously carried out at the reaction
15 pressure of approximately from 1 to 30 bar. The subsequent desorption of hydro-

carbon oxide then advantageously takes place at reduced pressure. For economic

reasons, a compromise must be found between the ready desorption of hydrocarbon

oxide at low pressures and the costs of the subsequent gas compression. A pressure

difference between adsorption and desorption of < 30 bar, particularly preferably of
20 < 25 bar, is preferably used.

Since the adsorption is reduced by an increase in temperature, adsorbed hydrocarbon -
oxide can also be desorbed by heating of the loaded adsorber bed. In order to
maintain complete hydrocarbon oxide selectivity, the temperature in the adsorber

25 during the "regeneration" process step should not exceed 200°C, preferably 180°C.

The stream of gas depleted of partial oxidation products is preferably fed back into
the reactor to be reacted again, optionally after further purification such as, for
example, drying. That stream of gas consists essentially of unconverted hydrocarbon,
30 reducing agent, oxygen and, optionally, a diluent gas. As a result of this cyclic - e

procedure with regular separation of the reaction products, substantially increased



10 with inert gas takes place in a closed circuit. To that end, the
adsorber is first flushed with nitrogen (approximately three tines the
.volume of the adsorber). The nitrogen displaces the steam and at the sane
time strips residual anobunts of hydrocarbon oxide fromthe contact water
adhering to the 15 absorber. Drying of themgdsorber |ayer preferably takes
pl ace in a closed pi pe systemby neans of inert gas (e.g. nitrogen). The
stream of nitrogen gas, for exanple, is conveyed over the adsorber bed from
bottomto top by nmeans of a fan. The stream of nitrogepn is 20 heated in the
st eam heat ed h¥%ralesVERYRNS 425 be 2ebifyed-af b gonaqnirafion aﬂ&«s, TepgiongIaAAts In

from 100 10 134 A0k BA%k sty FRPEBRSALANE reaithl B2 YRRy Il L0uEaeled

to the cooling I'imt tenperature by evaporation nd there
desorbs adsorbgd water. After |eaving the adsorber, the warm noist stream
of nitrogen is condensed and cool ed by neans of, for exanple, two series
connect ed heat exchangers. The 25 water/sol vent condensate that forns is

passed | 0 the AUIRENANEL0AS AP BTbAS LPERFLANLS dripidle ddidhe ©f

t he adsorber yI'ng operattonis € cool'ihg

operation takegcptdafié Nt @O pedsyntt MveMtond 1¥ihd IwoPadRbRE is GHaRRked akhd he
30 heater is switched off. At the beginning of the coolin the | ower | ayer

of the adsor beFIBERE.dIncthe|Figureufietl strepras Upfssroytleygas stecany) i(propheae 46:Had
dried by the hegated s am, of - ni traogen di spl.aced duri.ng. cool i ng. At
the same 1 e, BATEHRIFLLAd et G HE faplob i THEE (s st dRath St or
As soon as thetha@aRhRelaybathoptift) 6:dizéPreabiicRiBuredQsving R reabtdr2 moves
regenerated 5 adsorber can be | oaded again. The process according to the

inventiol0is udewingrgami toutharaddgorpensfie abHy whinh akde)sorbrige premdene @pdoBDrne)
to propene r | ene) oxide., 10 The prqcess .gc i_ng to the invention is
al sg sgi tabl(g gg% '?‘ﬁ RO X0 etﬂfgﬁ’)g?:%ﬁ %ﬁg%ﬁﬁgéh\g rFV‘Gh’?‘gai) Rod¥fien
the invention } S i - 'g?ﬂ%@é i inguid qt S
stable to oxi dgﬁ %ﬂ@;ﬁg@%@ﬁe&&a ?Qﬁgé%rggtpa y cﬁ(gglg{@,’ Ihguggcagﬂénﬂgldgg%%q, a
pol yal cohol , a((®y)) aretrdvdrcnlacediach trethatreadtdr\2dr ocar bon, a silicone oil.

A efins, for exanple, are selectively converted in the |iquid phase to
epoxi des using 15 the described catal ysts both in the presence of organic

hydr oper pxi desy{ RAOHIABL with {HiCprRiens GRLifh, ¥ darde&%empc%%iﬂg S}Q%efré pheté e

presence of oxygen and hydrogen. The characteristic properti
present invent adsorters) drt ladgamtageedsly ropetated ol hmwailtamatng mpnasr ythnesah sothdr,
test reacti Onsbar:tliglﬁazl)(f) lwlhg}/g t?lg,reearxf(:’j1 Hg‘lseeosr r];'xgrret arZiEs'\grbicxl'sl. ﬂslg ri)laéfgned that one adsorber
(or adsorbent-containing layer) is in the "loading" process step, the second adsorber
(i.e. adsorbent-containing layer) is in the "regeneration" process step and the third
20 adsorber (i.e. adsorbent-containing layer), where present, and also any further
adsorbers present, is (are) in the "stand-by" process step. The product-containing gas
stream is fed, for example, by means of a fan, over the adsorber in the "loading"
position. The product-containing gas stream advantageously flows through the
adsorber from bottom to top.
25
During the loading procedure, the mass transfer zone advantageously migrates from
bottom to top in the adsorber layer. The product concentration is advantageously
monitored and recorded by an analytical device (e.g. GC device). When a limit

concentration is reached, adsorption can be changed over to the adsorber that is on

30 stand-by. The previously loaded adsorber is changed over to regeneration.



" 20 details for the process of this invention. The invention, which is set
forth in the foregoing disclosure, is not to be linited either in spirit or
~scope by these exanples. Those skilled in the art will readily understand
that known variations of the conditions of the follow ng procedures can be
used. Unl ess otherw se noted, all terrperat Hes are degrees Cel sius and all
percent ages are percentages by wei ght . 14 EXAMPLES Specification for
testing the adsorption of catal yticall Yprepar ed crude propene oxi de on
suitabl e solid adsorbers (test specification): 5 A tubular netal reactor
havi ng an i nsi Tke dhaugetover foml Uoating'htb dregerregitiont ftaldd macendsr exsamtple,tdither

t enper at ure of Wmch S contr b s of. an oil ernostat. The
reactor was sufp éﬂcq\ﬁﬁ’t H‘%Pﬁrgﬂg}wgﬂa gﬁnaxg%slggls%o%hﬁccg}r) Aneaspreient o
massf | ow regu' gagqgrﬁs)(&y\g mﬁ?,rammarwaﬁ&wm&r SRR %gmaﬁaer')- For the
reaction, 0 cat 2x2 mm see catalyst préparation

speci fi catl on bel ow) was |ntroduced at 160C and 3 bar. The standard
catalyst load was 5 liters _of gas/(g cat. x h). Propene was used as the

hydr ocar bon. THegeasralign't of the adsp wawé epffl?ﬁ?eﬁb SErEral, wys-o §of (ggample,

hydr ocar bon wa 0 . t )
stream was subgegquegﬁt Bfgése ng}gr y§ n%gl?)greé:gén a‘%@rou@ﬁgﬁ {cf%%ream
adsor ber (net abhahﬁehd(ﬂe)soﬁﬁoﬁmﬂb}&hdﬁisdﬁ'@ﬁmer and 30 cmlength; filled
wi th adsorber fixed bed). For the purposes of desorption, the |oaded
adsorber was reduced to a pressure of 100 nmbar and the desorbed materi al
was col | ected f ¢

oxi dati on reac?‘?% ?a%gn%(gstﬂesﬁ ('(rl)éé:’gbrreiTT %Eeirb( égﬁs Y Sq{an%%‘;%u g(rn?s d {"ns‘}?fsé‘ée t he
st andar digas coapgsg stepiof tré@asing tieseRorbet babwih seal, ﬂﬁﬁﬁﬁwlitﬂan 1P gd3/shéh

vol . % The reaction gases were anal yzed quantitati vel y by gas )

chr omat ogr aphya%p@ﬂ'r@@mpé‘hdm@@ﬁﬁbt fiing, ond; Hptigaaldy, b@qohnSegGi\eaﬁl@ngpt@n phe

conbi ned F>D1 W R RHOL ik s peRtly FRESTRh AT bRl Hetrcf s boa ot

through: 25 Fnp fey %80%‘%5@‘@ citmzﬁr rédsidé ot ele®aied BprfiPatiiy preginfds.
t hi ckness 0. 25 pm  Series connection of HP- Pl ot Q 1inside di arreter

0. 32 mm | engt Aréament otfﬁ;eeﬂdsoﬂmexslmﬁssieaﬂ agvantiizePhsdy takes*placd enmicacursndy &

i nsi de di t 30 .t hick 12 p, F10, i
lame. i o pat | i ThBroeaimen oK Bk gt FoM Podsparos, Such a frgoetur
Cat al yst prepaggukédnthih! 'tl?e Eﬁﬁéﬂ?lo@t hidoPBer ABH& teRfnst PRBIE RReabf Pd8EarBon

powdered catal ytically active
oxide. By means of the treatment with steam, the adsorber bed is heated to a

temperature in the range of, for example, from 70 to 150°C and the adsorbed
hydrocarbon oxide is desorbed. The hydrocarbon oxide is transported with the stream

20 of steam to the base of the adsorber, where it leaves the adsorber via the regenerate

pipe.

Condensation of the steam/hydrocarbon oxide mixture takes place in the regenerate

coolers.
25
There is used as the cooling medium, for example, cooling water or brine at, for
example, 20°C, countercurrently to the operating medium.
The condensed and cooled regenerate preferably flows by gravity to the sump
30 container, from where it is conveyed by means of a pump to the hydrocarbon oxide -

separation.



5 organic-inorganic hybrid material consisting of a silicon- and
.titani um containing, organic-inorganic hybrid material having free sil ane

~ hydrogen units, which has been provided with gold particles (0.04 w.% by
means of incipient wetness. The finely powdered catalyst nmaterial was then
converted into extrudates. 10 184.29 g of. jget hyl tri met hoxysilane (1.35 nol)
and 25.24 g of triethoxysilane (153.6 mmol) were placed in a vessel. 44.79
g of p-toluenesulfonic acid (0.1 n) were added, and 17.14 g of
tetrapropoxytitani um dissolved in 40 g of ethanol, were then added
thereto. After an ageing time of 12 hours, the gel was washed tw ce using

200 m of hexgye ﬁghgn i a ﬂﬁ;ﬁ at
120C in 15 air. {gﬁéﬁ’n lmté'lrl e ’gg%-ggsoﬁ'wﬁé%yg?w&va\gas nfgrg%rfehdtrl%g?éifgomt hg g
of a 0.16 % smhdltcbolmg)r)yhl@aﬁ of air,HRéreiis theetiskathat expMsWe Sdsi mhixiturgs (Nilllhcfdvrpi ent
wetness), dried at RT in a streamof air, and then tenpered for hour s at

120C in air ardrehaimpg) oXyeRp GPateR) inthe sysiam shewld ﬂ?ff?fp’ier‘?ﬁgéﬁoa}tq#m’s%@iaé
Th |
cont aned’ 0 o1edoraskledes BBt Gon ICReEn BREN s WRREOLA 1S RLERBICHS |

hybrid nat erl &bcygcﬁﬂﬂﬁé@ﬁhgddviae.cor ding to the above catal yst preparation,
were m xed intensively for 2 hours wwth 5 g of silicon dioxide sol
(Levasil, Bayer, 300 n2/g, 30 wt.% Si02 in water) and 1.0 g of Si 02 powder

(LJltrasil VNg, erg@%?#)?\is&)ofmé of tﬁ)J acﬁ'BHJep a@t # ﬁl@zte?c%é %dyﬂtgé%ﬁﬁ%% Lirel)o Y\%r €

added to the r Nass, eni ze

i ntensively f areabs 6fﬁi¢i‘teghs€d) s@dlﬂas‘, h’(ﬁfbxfaﬁxlplﬁ?ﬂlttd}bﬁ) F?orfmbﬂdihifcltdﬁbﬁ§ flushiap
ext rudi ng machi ne. The extrudates so produced were dried first for 8

hours at!Vr comWilhipert gesitakesplace Marclessd cBchiburs at - 16 120C, and were then
tenpered for 4 hours under a nitrogen atnosphere at 400C. The nmechanically
st abl e nol ded body has high resistance to |ateral pressure. The tenpered

2x2 mm nol ded ThogheshdMBicardssder i@ Firgahahadvith Rittden ¢arotiant] piHeediheathe on
of propene using nol ecul ar ox gren in the presence of hydrogen.
volume of the adsorber). The nitrogen dlsplaces the steam and at the same time strips
residual amounts of hydrocarbon oxide from the contact water adhering to the

15 absorber.

Drying of the adsorber layer preferably takes place in a closed pipe system by means
of inert gas (e.g. nitrogen). The stream of nitrogen gas, for example, is conveyed over
the adsorber bed from bottom to top by means of a fan. The stream of nitrogen is
20 heated in the steam-heated heat exchanger to a temperature in the range, for example,
from 100 to 130°C and heats the adsorber layer, which was initially cooled to the
cooling limit temperature by evaporation of water, and thereby desorbs adsorbed
water. After leaving the adsorber, the warm, moist stream of nitrogen is condensed
and cooled by means of, for example, two series connected heat exchangers. The
25 water/solvent condensate that forms is passed into the sump container. As soon as the
temperature in the middle of the adsorber bed rises, the drying operation is

terminated.

The cooling operation takes place analogously to the drying operation, except that the
30 heater is switched off. At the beginning of the cooling, the lower layer of the adsorber
bed is cooled, while the upper layer is still heated and dried by the heated stream of



Exanple 1 The total reaction gas conposition at reactor outlet (analysis at
the reactor outlet; 10 upstream of the adsorber) contained 1.5 vol. %
propene oxide, 2.5 vol.%water, 0.15 vol.% by-products (inter alia

acet al dehyde, propi onal dehyde, acetone, acetic acid). The reaction gas or
m xture was passed through an adsorber fill®d with S g of DAY F20
(Degussa). The propene oxi de gas concentrati on downstream of the adsorber
was neasured by GC in dependence on tinme. 15 The propene oxide capacity of

DAY F20 was appsoxinmate 0. f pro xide/ (k Y X..h Ti

Propene oxi dep@gﬁ’égﬂgﬂwg‘%g}lﬂg& %8018'%9@@339921'4% u‘?@?f\/\%é‘f%‘&sa COE sr&g]:q he
adsor ber) 00103*831-t§9u%;?e‘§a3so}9er21a r0.341.05 1.45 6 1.46 30 -17 The
adsor bed epoxi de can be desorbed to the extent of 90% by | owering the

pressure to 100 nbar. Five cycles of "loading of the adsorbent” and

"regeneration f the adsorhent” re garried out. Fr yele 2 the PO

desorpt1 on 1 at 8588 Seghe;adsotbsr e Eoojed e Tou deinpl, G0Cx e fully, fegSnerated

(anal ysisgat t . Upstream of the adsorber) contained 1.5
520 ABERELRte Bibl hent

vol . % propene oxl Yowater, 0.1 S vol.% by-products (inter alia
acet al dehyde, propi onal dehyde, acetone, acetic acid). The reaction gas or
m xture 10 was_passed thro,gjgg an _adsorber filled with_ 5 of DAZ F

20
(Degussa) . TheThe BpRcREs ¥eryiangtosthenvantion s used m@wwgﬁfapbkyﬁer Suidizing
db i i . id it f DAZ
F50 vao appr oxPiomrad (bréffRans ENSSpaR plobgiend]igfl. PNE, 0¥ 05 SRR D

Propene oxi de concentration in the gas phase [vol.% downstream of the
adsor ber 0020 1020. 42.51.431.46 25 The, adsorbed epoxi de _can be desorbed to
the exteh? of 3hoMPCIsHWRSCOTIING e (heclWERlON o PlRY spugble Hop dhe yoyidatiogs of

out - From eyl D GUEFRIRTE 48 Hund FARECHRER o Blvellfy R AR GRttod HPHR R4 ! o0
phase, an inert liquid that is stable to oxidation and to heat is preferably chosen, such
as an alcohol, a polyalcohol, a polyether, a halogenated hydrocarbon, a silicone oil.
Olefins, for example, are selectively converted in the liquid phase to epoxides using
15 the described catalysts both in the presence of organic hydroperoxides (ROOH) and

in the presence of hydrogen peroxide or in the presence of oxygen and hydrogen.

The characteristic properties of the present invention are illustrated in the following
Examples by means of test reactions. The following examples further illustrate

20 details for the process of this invention. The invention, which is set forth in the
foregoing disclosure, is not to be limited either in spirit or scope by these examples.
Those skilled in the art will readily understand that known variations of the
conditions of the following procedures can be used. Unless otherwise noted, all
temperatures are degrees Celsius and all percentages are percentages by weight.

25



5 10 15 20 Exanple 3 The reaction gas or mxture (analysis at the reactor
-outl et; upstream of the adsorber) contained 1.5 vol.% propene oxide, 2.5

. vol.%water, 0.15 vol.% secondary products (inter olio acetal dehyde,
propi onal dehyde, acetone, acetic acid). The reaction gas was passed through
an adsorber filled with 5 g of activated_gacbon (Degussa). The propene

oxi de gas concentrati on downstream of the adsorber was neasured by GC in
dependence on tine. The propene oxide capacity of activated carbon was
approxi mately 200 of propene oxide/ (kg activated carbon x h). Tinme [h]

Pr opene oxideﬁégﬂﬁgkéﬁation In the gas phase [vol.% downstream of the
adsor ber 0010202. 503040. 551. 461. 4571. 45 25 The adsorbed epoxi de can be
desorbed to the extent of 95% by | owering the pressure to 100 nbar. Five
cycles of "I oggedifcafontfoeteatisdthecidborption of eagotienBtyreshred ciubie pabens beide "
were carried out. Fromc cIe 2, the PO desorption rate was > 95% Al though
t he i nvent i onoBauitaide splideadserbemsteshspeaification)y t he foregoi ng for the purpose
of 30 illkustration, it is to be understood that such detail is solely for

t hat purpose and that -19 variations can be made therein by those skilled
in the art w thaibulaepasltreddof hoingd B¢ iider dihmafeél of ¢0 pemaindtHRngAVE B0 @i
except as it may be limted by the clains. -20 WVHAT 1S CLAIMED I S: 1. A
process for tR@Esaedthe |t@nmﬁtweapf whichavasoeenitolleg dyoneansrisan eibtharmestaly 5

Wher b the r dRecrate R RpEied t?‘%ﬁgl%(“ﬁa‘e% SRR B sElht B et
oxygen and (3)fo¥ rdg@mbdrs PRRIrbcuehim, '89 Ridrogétt] nlogdeR). FRAFSRE Bdalord, Neg of

partially oxidized hydrocar bon in a ovvns ream adsor bent - cont ai ni ng Tayer.
10 catalyst (2x2 mm; see catalyst preparation specification below) was introduced at

160°C and 3 bar. The standard catalyst load was 5 liters of gas/(g cat. x h). Propene
was used as the hydrocarbon. The catalyst productivity when propene was used as the
hydrocarbon was 200 g of propene oxide/(kg cat. x h). The reaction gas stream was
subsequently passed under system pressure through a downstream adsorber (metal
15 tube, 10 mm inside diameter and 30 cm length; filled with adsorber fixed bed). For
the purposes of desorption, the loaded adsorber was reduced to a pressure of

100 mbar and the desorbed material was collected by means of a cold trap (-40°C).

For carrying out the oxidation reactions, a gas stream, hereinafter always referred to

20 as the standard gas composition, was chosen: it comprised C3Hg/H»/O,: 60/30/10 %
vol.%. The reaction gases were analyzed quantitatively by gas chromatography
upstream and downstream of the adsorber. Separation of the individual reaction
products by gas chromatography was carried out by a combined FID/WLD method,
in which three capillary columns are passed through:

25
FID: HP-Innowax, inside diameter 0.32 mm, length 60 m, layer thickness 0.25 pm.
WLD: Series connection of
HP-Plot Q, inside diameter 0.32 mm, length 30 m, layer thickness 20 pm
HP Plot 5 A molecular sieve, inside diameter 0.32 mm, length 30 m, layer
30 thickness 12 pm. -

(F10 is flame ionization detector; WLD is heat conductivity detector)



2. The process of Claiml, additionally conprising: 15 (c) feeding the
reaction gas back into the reaction in step (a) after the partially
oxi di zed hydrocarbon is adsorbed. 3. The process of aim1l, wherein (b)
the adsorption of the partially oxidized hydrocarbon is carried out in the
presence of non-condensabl e gases. 20 4._1?@ process of Claim1, wherein

t he adsorbent of the adsorbent-containing Fayer conprises zeolites and/or
activated carbons. S. The process of Caim4, wherein the adsorbents
conpri se hydrophobic 25 zeolites and/or zeolites nodified organically by
silylation and/or by treatnment with fluoroorganic conpounds. 6. The process

of daimi1l, wggrﬁin t he adsorbent, after the adsorption of the partially
oxi di sed hydr repagati generated by nmeans of desorption. 30 -21 7.
The process of Caim®6, wherein desorption is carried out by neans of

pressur e- change desorption, tenperature-change desorption or by steam

treat nent. This Example first describes the preparation of a powdered catalytically active
.Af _. AsS9. ALnS. ALSr, AA. A A9y. A9Sr. AQa. A" f. A& AS . A&@ Af . A& ALy. Ad@ , .
A& . A@OAS| . AFSEIrinPEEEC. byhrid matezial consisting of @ silicon- and titaniim-containing,

organic-inorganic hybrid material having free silane hydrogen units, which has been
provided with gold particles (0.04 wt.%) by means of incipient wetness. The finely

powdered catalyst material was then converted into extrudates.

10 184.29 g of methyltrimethoxysilane (1.35 mol) and 25.24 g of triethoxysilane
(153.6 mmol) were placed in a vessel. 44.79 g of p-toluenesulfonic acid (0.1 n) were
added, and 17.14 g of tetrapropoxytitanium, dissolved in 40 g of ethanol, were then
added thereto. After an ageing time of 12 hours, the gel was washed twice using
200 m] of hexane each time, and dried for 2 hours at RT and for 8 hours at 120°C in

15 air.

10.1 g of dried sol-gel material was impregnated with 5 g of a 0.16 % solution of
HAuCly x H>O in methanol, with stirring (incipient wetness), dried at RT in a stream
of air, and then tempered for 8 hours at 120°C in air and then for 5 hours at 400°C
20 under a nitrogen atmosphere. The catalytically active organic-inorganic hybrid

material so prepared contained 0.04 wt.% gold.

Extrudate formation

25 8.5 g of organic-inorganic hybrid material, synthesised according to the above
catalyst preparation, were mixed intensively for 2 hours with 5 g of silicon dioxide
sol (Levasil, Bayer, 300 mz/g, 30 wt.% SiO; in water) and 1.0 g of SiO, powder
(Ultrasil VN3, Degussa). 2 g of sodium silicate solution (Aldrich) were added to the
resulting plastic mass, and the mixture was homogenized intensively for 5 minutes

30 and then formed into 2 mm extrudates in an extruding machine. The extrudates so -

produced were dried first for 8 hours at room temperature and then for 5 hours at
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adsorber was measured by GC in dependence on time.

15
The propene oxide capacity of DAY F20 was approximately 200 g of propene
oxide/(kg DAY x h).
Time [h] Propene oxide concentration in the gas phase [vol.%] (downstream of
20 the adsorber)
0 0
1 0
2 0
2.5 0.1
25 2.7 0.2
3 0.3
4 1.0
5 1.45
6 1.46

30
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10 The reaction gas or mixture (analysis at the reactor outlet; upstream of the adsorber)
contained 1.5 vol.% propene oxide, 2.5 vol.% water, 0.15 vol.% by-products (inter
alia acetaldehyde, propionaldehyde, acetone, acetic acid). The reaction gas or mixture
10 was passed through an adsorber filled with 5 g of DAZ F20 (Degussa). The propene
oxide gas concentration downstream of the adsorber was measured by GC in

dependence on time.

The propene oxide capacity of DAZ F20 was approximately 100 g of propene
15 oxide/(kg DAZ x h).

Time [h] Propene oxide concentration in the gas phase [vol.%] downstream of

the adsorber

0 0
20 1 0
2 0.4
2.5 1.4
3 1.46
25 The adsorbed epoxide can be desorbed to the extent of 84% by lowering the pressure

to 100 mbar. Five cycles of "loading of the adsorbent" and "regeneration of the

adsorbent" were carried out. From cycle 2, the PO desorption rate was > 95%.
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10 The propene oxide capacity of activated carbon was approximately 200 g of propene

oxide/(kg activated carbon x h).

Time [h] Propene oxide concentration in the gas phase [vol.%] downstream of

the adsorber

15 0 0
1 0
2 0
2.5 0
3 0
20 4 0.5
5 1.4
6 1.45
7 1.45
25 The adsorbed epoxide can be desorbed to the extent of 95% by lowering the pressure

to 100 mbar. Five cycles of "loading of the adsorbent" and "regeneration of the

adsorbent" were carried out. From cycle 2, the PO desorption rate was > 95%.

Although the invention has been described in detail in the foregoing for the purpose of
30 illustration, it is to be understood that such detail is solely for that purpose and that
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WHAT IS CLAIMED IS:
1. A process for the catalytic partial oxidation of hydrocarbons, comprising
5 (a) passing the reaction mixture through a catalyst-containing layer,

wherein the reaction mixture comprises (1) one or more hydrocarbons,

(2) oxygen and (3) at least one reducing agent;

and
10 (b)  adsorbing the partially oxidized hydrocarbon in a downstream
adsorbent-containing layer.
2. The process of Claim 1, additionally comprising:
15 (c) feeding the reaction gas back into the reaction in step (a) after the
partially oxidized hydrocarbon is adsorbed.
3. The process of Claim 1, wherein (b) the adsorption of the partially oxidized

hydrocarbon is carried out in the presence of non-condensable gases.

20
4. The process of Claim 1, wherein the adsorbent of the adsorbent-containing
layer comprises zeolites and/or activated carbons.
5. The process of Claim 4, wherein the adsorbents comprnise hydrophobic
25 zeolites and/or zeolites modified organically by silylation and/or by treatment

with fluoroorganic compounds.

6. The process of Claim 1, wherein the adsorbent, after the adsorption of the

partially oxidised hydrocarbon, is regenerated by means of desorption.
30
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