noe3eZZVV6T2 D1 -1 PROCESS FOR PRODUCI NG EPOXI DES FROM ALKENES
BACKGRCUND OF THE | NVENTI ON- The present invention relates to a process for
produci ng epoxi des by the direct oxidation of hydrocarbons, preferably
al kenes, with oxygen in the gas phase, in the presence of at |east one
reduci ng agent and a catalyst. The critical-feature of the invention is
that the reaction mxture is passed through at | east one catal ystcontaining
| ayer and through at | east one adsorbent-containing |ayer, in which the
epoxi de is ad =) i ata - cont.al ni | d the
adsor bent - cont: ﬁ&é—#é§£#ég§9iflh rii.se = behi nd t he
other. 5 10 The direct oxidation of ethylene to ethyl ene oxide by nol ecul ar
oxygen is well known, and |s used comercially for the production of
et hyl ene OX|déL$®meu34@- Y ‘ catal yst for the direct
oxi dation process contains netalllc or ionic silver, which is optionally
further nodified with various pronDters and actlvators Most of these
cat al yst g cont I t a
reas sach ag terns iAVoh Teleles Rl £ pfotest 1O PlguUE b S5 Bl ey

pr onoters havexhiénn ap hydhedarbé\nss praferdblyfalkdnes,dvitle okygen iaxthe ghs plmsej in the
ethylene in the presence of suppqrted silver catal ysts was,conp b
Sachtler et a|presr:ﬁcec%§ ay lpastonRetruciag agentedea aﬁfalymmeemab feazlge(%ﬁ@y

|27 - 149 (198 entidr d@%&% the, FLHOA rﬁrx%g’lg Qa %8&@?.@ 1BARCERS {ngr st.he
gas- phase direct oxidation of propylene t opy ene oOxide wt thvel |y
smal | propyl erentaiminge tayeroand &tremgh(ﬁ)t Rast &&md@m%hﬁr@nmmmgrlsye@nuf erh&hrthd to
a 10% propyl ene feed concentration), but propylene oxide selectivities of >

90% wi t HOoxyg&Ro¥ige b%adapribp gw%mcataiw-gommm%w&a@%m adserhgnicpntaining

di oxi de-cat al y (o] ar oxygen in the presence
of hydrogen atg}?'gsrrper tur Ql?érgﬁh'y %\éﬁ Hh(]igﬁ%:g +yst used was a conmerci al
crystalline titani um oxi de wi th predom nantly anatase nodification (P 25,

Degussa; 70% anatase and 30% rutile). 25 30 -2 Al so known are catal ysts

i n whi ch gol d Thardirest xidgtien @épﬂthsé@nq t athylpppdrmdq:bmgn@keptﬂgr oKygfinsisevsléd

titani um oxid t c

i sol osed 1 n. KRt ool s SO0MR BlpthRg SRabkne RERGPALS o
and EP- A%- 0 82%Rask/ The fypidal astdiybt fon tHeQditddoxightadn pmokess lcomtafisGsthBid®r ionic
conversion rates, the above-nentioned processes have the great di sadvantage

that the di sc|sd§%,rd“@sﬁhaqsm@n@léa&nmawdsﬁqdowghyvaww Prametersangi a,célrvamﬁ f

life periods, essi and 50C, 150 tes.
| nor enses 1 n e L ARGR PSSR X Perdlt n6F HAGHSLARAR: b SECHRESE
10 conver si on afeabsuch k! L lexarBpleC BlphAaluddhiun bkide PRI WRIE -silV&d Snd Srohidtdr€
attributed to a subsequent reaction of the products obt ai ned (propyl ene

oxi de and wat d&eye hgentepphied. dasevgs of the dingetianopxidatiogl gf cghydgne imHhe prssenge [0éd

f h f h
cover et n SudtortsdryRt Bapibi VA, BRPISE BT SdeBter. ek B, CARGHS MRy
conver si ons ofScwhe@yAcBﬂeglh&nﬂg,omdlem, 24 det9 (1981).

U.S. Patent 5,623,090 discloses a process for the gas-phase direct oxidation of
propylene to propylene oxide with relatively small propylene conversion rates (0.5 -
25 1% propylene conversion referred to a 10% propylene feed concentration), but
propylene oxide selectivities of > 90% with oxygen as oxidizing agent. This involved
a gold-titanium dioxide-catalyzed gas phase oxidation with molecular oxygen in the
presence of hydrogen at temperatures of 40 - 70°C. The catalyst used was a
commercial crystalline titanium oxide with predominantly anatase modification

30 (P 25, Degussa; 70% anatase and 30% rutile).
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15 A devel opnent of a process in which the deactivation of the catalysts is
prevented or at |east strongly suppressed is therefore desirable. Processes
for the oxidation of alkylenes with oxygen or air with the use of suitable
20 catal ysts and adsorbents for obtaining correspondi ng epoxi des are al so
al ready known and described in, for exanphe, EP-A 1-0 3 72 972, EP-A 1-0
328 280, EP-A 10 336 592, U.S. Patent 4 990 632, EP-Al-0 467 538 and

EP- A1-0 646 558. In these references, however, instead of the epoxide being
removed by adsorption, the al kyl ene stream_i urified of inpurities.such
as reaction p °§""’(%r.e§.ata%§,5 léd’ghlﬁl?g Ra&ﬁj‘?&ﬂﬁd‘PBﬁ%qg’o?‘léb%ofth%o“Flég%tant
purified al kyLeRRnsiELRMNEY xR chifers ¥0YE pRfb irdRFANKS SiflcdPmdiie. TRAE tiron
again. US-A 5 1177012 discloses the adsorption of epoxyl butadiene in the
process of t hdisobosethin, dor exaniple, M0OePFV0HG-A1 - WEORMOARM-AH, WB-IMAHENTIAN An
object of the p ent in lon was to provide an inproved process for

pr oduci ng epoi‘ﬁ‘%gé"ﬁ‘?gﬁiﬁﬂél enes in the presence of oxygen and a reducing
agent, wherein the 5 catalyst deactivation is reduced and the yield of
epoxi des was increased. A process for produci ng epoxi des by the oxidation
of al kyl enes im atdidopne sk eetatirelyo kovg eropyehe aconeehsmnngtesg eret atzove-raentimned yst
has now been found, which ensures |ow pr.od ncentrations i.n the gas

space and on PHSesst ANpdihe gieat Hiéa%m@smaéﬁf%@ig PscHBHRGSEs deprigaty & t he
deactivation 8{7erttpr§e.Gﬂjp?éayﬁﬁlf—ﬁ?éjpérfb%%,eﬁss%dm%rxgsﬁ}edan(af5@@9&@9 from 30 to
150 minutes. Increases in the temperature and/or pressure in an effort to increase the
10 conversion rate, further reduce the half-life periods. This is to be attributed to a
subsequent reaction of the products obtained (propylene oxide and water) with the
catalyst (formation of glycols). The so-called active centers of the catalyst that are
essential for the reaction are covered with secondary products, and are thus not
available for further conversions of propylene to propylene oxide.
15
A development of a process in which the deactivation of the catalysts is prevented or

at least strongly suppressed is therefore desirable.

Processes for the oxidation of alkylenes with oxygen or air with the use of suitable
20 catalysts and adsorbents for obtaining corresponding epoxides are also already known
and described in, for example, EP-A1-0 372 972, EP-A1-0 328 280, EP-Al-
0336 592, U.S. Patent 4 990 632, EP-A1-0 467 538 and EP-A1-0 646 558. In these
references, however, instead of the epoxide being removed by adsorption, the
alkylene stream is purified of impurities such as reaction products (e.g. CO, CO; or
25 lower hydrocarbons). The resultant purified alkylene stream may then be recycled,

and used for the reaction again.

US-A 5117 012 discloses the adsorption of epoxylbutadiene in the process of the
oxidation of butadiene.
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The object is achieved by a process for the production of epoxides

conpri sing oxidizing one or-nore hydrocarbons in the presence of oxygen, at
| east one reducing 15 agent, and a catal yst, and passing the reaction

m xture through at | east one catal yst containing |layer and then through at
| east one adsorbent-containing |ayer, in.ghich the epoxide is adsorbed. In
accordance with the present invention, if there is nore than one

catal yst-containing |ayer or nore than one adsorbent-containing |ayer, the
cat al yst -cont gi.ni.ng 2 I d the adsorbent-containing | ayer or

| ayers are 20 2 ety; —one behind the other, such that the
reaction m xture passes through a catal yst-containing |ayer, then through
an adsorbent-containing |ayer. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25 As
used herein, Ahebjht efsthe phestitnovention wando proividechnt impronedeprocdss forquoduding e

always further to the rear.in the flow direction. .If there is only .one

atal vst con sRatidss Nomy BRYIERS indfe Pregich Pk DLtEsn Ad & requats Aisnh aPacrein e, g
the |a S is : l; ain. 30 -4
As useé ereiﬁ?afﬁgﬁégﬁﬁ?#ﬁgégggg?E@%ﬁé§§ﬂﬁﬁg rs?g%gﬁféﬁ¥%%F§ge unsat ur at ed

or saturated hydrocarbons such as, for exanple, olefins or al kanes, which
may al so contain het gro atonms such as, for exa O P, S or hal ofgen

mpl e, N
atoms. The or §alPEest dopBrRanEnesPRHdessbY hepexidation detlkrgyespia’ the yrEpserce o
monocylic, bi h%n@%r@ﬂd@y%?hpméa B SBas W REdOBAA. ich hat& ol C OF
pol yolefinic. I’ the case o rocar bong aving two or nore doubl e bonds,
t he doubl e bopdugir@seattranays fre tleopasugmice ndnwh theneataipstulgya tlesd adsblpstion of
hydr ocar bons fraom whi ch oxidati on products are preferably fornmed are those
hydr ocatbons PIRabCtyT8Isgredusesathe SAeagiivatio Ricths AL 394 IcERasss, Wesyield ¢
sufficiently %ﬁ5 .80 as to enabl e permanent renoval of the product fromthe
catal yst. Preflerred hydrocarbons include unsaturated and saturated
hydr ocarbons having 2 to 20 carbon atons, preferably from2 to 12 carbon
atonms. Most preferably, these include conmpounds such as, for_ exanple,
ethyl ene, et hih Objseb sy Petievedpby gaPrecess siob tha msoducsen afy eroxides ramamising
butene-2, cis - r -2, - i , ane,
L hexene, hexSHAZiE e ot nd ASRERN i prsBite B R UFen, RELENES rodill
accordanrge W 4dent, had praasatyit, dndvesiih®the fehdiopraxess thdygk anleakton? datdlge
nunber of catal yst-containing |ayers, preferably from2 to 20, and nopst
preferably frepataning layer apd dhanathyenghcas deast ansadjoseat-sontaimingalayers de vhighber

of adsorbent - | N S, f f . . t.
referanl’y 11O pok Rt 18U BYELS 1n BLOLELED iy SR BrbschPinkEny Bl O REL i mars,
these |ayers @af oaé canbedciniainigahied0d dhdrd GhARBHRE hdsotbedit-bekthinehg! AGerpter .

catalyst-containing layer or layers and the adsorbent-containing layer or layers are
20 arranged alternately, one behind the other, such that the reaction mixture passes

through a catalyst-containing layer, then through an adsorbent-containing layer.

DETAILED DESCRIPTION OF THE INVENTION

25 As used herein, the phrase "behind" or "one behind the other" is meant here always

further to the rear in the flow direction.

If there is only one catalyst containing layer the reaction mixture after leaving part
through the layers is preferably led back to pass through the layer again.
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25 The catal yst-containing |layers and the adsorbent-containing | ayers nay
be arranged in one or nore reactors such as, for exanple one or nore
serially connected reactors. In a preferred enbodi mrent of the process of
the invention, there are arranged behind each catal yst-contai ning reactor a
plurality of, preferably 2 to 10, and nostgq preferably 30 2 to 5,

adsor bent-containing reactors arranged in parallel, which may be used
alternately for adsorption and desorption of the reaction product.
Preferably there i -5 one | asy catalyst-.containing reactor after i ch
there are no aﬁfsﬁegehﬁrg@oﬁl?eﬁ‘?i?’nl Xdé%F@{%’I";s.lsAmfiE@%qﬁ’Betoom Yde wrsatigaied or

i nvention consj 1 t I [ - I nj t he
al kylene is o%?t?}ag%‘ljr '? ¥<§/r9§aé§]€1{e§,r %%Q%Plrﬁge}f %ﬁ@%%ﬁ%@% (rég{r%]hgg.’ 8&19?}(1)55%{’2‘ lgér‘)mr e
preferably freomthinletd0Uonsnshchas,tfof exampie,afl o0 R S o2hdlogenlomt. Thecorganic num
possi bl e al kyl ene conversion, is converted in _each catal yst-containin
layer. It is CASPRRSAt ¥EGhds &b pidized may bsaeydis, @pawéqc,g

( g
isydicsrpabgEeicout
of the reacti Lxture | - i-pi ng |Iayer which the
reacti on%rri xt %ﬁ%%&%ﬁﬂ%’%ﬁg ’ﬁ@%{lggﬁt@oﬁg&ﬁ%gwl ectivity inprovenent and
prol ongation of the service life of the catalyst may thereby occur. The

maxi mum possi bl e conversion may be pre-determ ned by, for exanple, the
t her modynani ¢ ledkg Fassrofupdrongebass hguingstinot eimere geublp dopds sthatdophlgehanidsn

may be used in i variety of .for 15 such for .ex | e, NDI | ar
oxvgen, arr amipesil iy B cRhef A Rod el o Ria AR PR IR
reduci ng agentoxidadbn bftﬁlu@ﬂs%ﬁ@?&feiriblﬁﬁri&ﬂ akd ot By drbQ@EBorRARMOEId DxVdatieh May
take up an oxygen atom or release a hé_dr_ogen atom Exanples of such 20
corrpow(cjl@ |nc|pcmﬂéwt§o1vm§9nax§labnr¢zﬁuépslswy w?élﬁ,lowap%tpmh em@fmntigxm\r;ésu s
gas. rogen car ban .nongxi areppreferred reducin ent.s. _An own
source of hydrogggeh PhE °Q£‘°&. eI%aS%lyfth P%{%r%c{ égcgrﬂfarﬁ%veﬁﬁu 'urgg%atgigﬂgl es
include pure RyEFRGPRYdrédasdiB haling 20GeN, cashont 168k, SpréfReatdy froxd? @OEN chdbemn 25
t he dehydrogenati on of hydrocarbons and al cohols. In anot her enbodi nent of

t he present i atamg iMest nreferdblyd rtheperinglude sbmpoiyelspyuchiase fori exagipie; dthylene,
react or connect,ed upstream by, far .exanple, the dehydrpgenation.of prqpane
o sobut ane. IS BORUFE: SEHGaS o SUBEL, BRBYY ISRt bgooey St

i ntroduged i ntt@ngm@erreeze}ctll,psutaaaaﬁ@mpaﬁteaess:g t4e; DONAQEhS PREXGRs,S Qfﬁk!aﬁé?’

for exanple, a catalyst-hydrogen conpl ex. -6 In addition to the
essenti al | y nbexseneycysichekénegbenzene,ietd. gases descri bed above, optional use
may al so be made of a diluent gas such as, for exanple, nitrogen, helium
argon, methane, carbon dioxide, or simlar, for the nost part inertly
behavi ng gasegy aMoxddnce il thé B%m%k&e&&a&%%ﬂa&;g&aﬁ% dRYgcuHitbhP 81
used. The addition of 5 an inert conponent isS often beneficial for the
transport of tchielyseeantaihing layerd, pbeferablydratnRitn @0t amd most prefendbdy foimdaita dh

reactio and for safety. purposes. If the process .according to.the

vent | oR | caRpsBeerititinEn BHE. gad prizee, PRFOFS ofr 1F B PUSIE (REBous
di | ution compQRASELEIySHER 2S%0 J0Tan8XANR! Fefelibly GIGD 3 BEHH UlkoBEAUIntARAHaNe
and optionally, watér vapor and carbon ‘di oxi de. Water vapor and carbon

di oxi de are, l1€yesdrfistdesclibed above,cthesel loyars yre areaniged lnitn fatteopating imanhery ena

positive effect .ig sma|l concentrations (< 2 vol. %of the total gas
ehind the other.

strean).
25 The catalyst-containing layers and the adsorbent-containing layers may be arranged
in one or more reactors such as, for example one or more serially connected reactors.
In a preferred embodiment of the process of the invention, there are arranged behind
each catalyst-containing reactor a plurality of, preferably 2 to 10, and most preferably
30 2 to 5, adsorbent-containing reactors arranged in parallel, which may be used

alternately for adsorption and desorption of the reaction product. Preferably there is



The relative nolar ratios of hydrocarbon, oxygen, reducing agent (in
particul ar hydrogen), and optionally, a diluent gas are variable within
wide limts. 15 Oxygen is preferably used in an amount of up to 30 nol %
preferably within the range of 1 to 30 nol % nost preferably of 5 to 25
nmol % (based on the total gas stream). 2Qs5lt is preferred to use an excess
of hydrocarbon, with respect to the anmount of oxygen used (on a nolar

basi s). The hydrocarbon content is typically greater than 1 nol and |ess
than than 96 nol % (based on the total nunber of noles of the total gas
stream Pref ePhredashyatabsaepisiningnteacios after whichy terpearst ng agdsarbentwonining o
and nost prefeﬁagp% of from20 to 85 nol % are used. The nol ar reduci ng
agent portion 5 particul ar hydrogen portion), based on the total
nunber of moles of hydrocarbon, oxygen, reducing agent and diluent gas, may
be varied wthin a w de range. Typical reduci ngf agent contents are greater
than 0.1 nol % feptues el thppyesertonyention cgusistpin the dhamgtea@r @ataéysitqoytaim@gn 3

br ocoss B 1 nEoB BEATAAIR/E RPN BorkPlst P Eiehls S BOROS) QU b o

an oxidic 5UpP£&'férabl§Lﬂrérﬁbl| € F9¥Rla8d most_fré@ Jb@fetb%@_yd 28% 30%8 ofeihd| mediminy st
i nclude the elements cobalt, ruthenium iridium nickel, pal | adi um

pl ati num coppemblsmﬂwéqneamwgr@io@, isvicomverfod dnmhg:atﬁﬂ)éi-eomtémmmm nati$ ons
of said prec | s 0 f. metal lic.
e et |1 o Mersgbeved oG Frses Boduths SRebent of e FRGIoDuRRERt 2 ray

al so 5 consi SEheOIds%eﬂﬁém@imﬂgflﬁfeﬁ- chﬁrﬁiea}ehét?onoﬁn)&ﬁf@ f16W$ Arbligh BERTRAY S-
Preferred support materials are,” for exanple, titanium oxi de and m xtures

of titahmdum ot&led@@camﬂy ghprioyemensand gsolosgattonoaftthé yenvs:edrfe ofigke cathlyst may, f or
exanpl e, DE-Al-199 59 5 DE Al -100 23 717, the di S%Fosurd%s of gf’% are
herein incorp é‘i B r et PEREEHm RYSS ‘if’é?‘}’%trlsﬂ?gtm% FTRTAGE TR Tal so

contai n ot here)@zﬁﬁﬁg Vit thePRodyrafRd bquighenor 1 nert conmponents for dilution
of the catal yst he oxi dation reactl on I s advantageously carried out at

i ncreased reaction pressures. Reaction pressures of greater than 1 bar are

preferred, an from2 to /0 ba are parti .15 cul arl refe red
catal yst | oadi h@o?%%ﬁnﬁé“ %bj? f‘gd PRERGTI, IyegHon M3y §u5¥dr IW@%%%’E‘PS

| oads inpsthe ganggs Oiforferx " %619 111}800)1}' as afrt Hdr 9/ ﬁr(ﬁﬁa@ 'Mﬁlec

reaction mxture) per * ¢ata yst and hour are usegé and particu
preferably cabaygﬁanspmﬁﬂ&dof from2 to 50 | gas 20 per ml of catalyst and
hour are sel ected.
Suitable reducing agents for the present invention include those compounds which
may take up an oxygen atom, or release a hydrogen atom. Examples of such

20 compounds include compounds such as hydrogen, carbon monoxide or synthesis gas.

Hydrogen and carbon monoxide are preferred reducing agents.

Any known source of hydrogen may be utilized in the present invention. Some
examples include pure hydrogen, cracker hydrogen, synthesis gas or hydrogen from

25 the dehydrogenation of hydrocarbons and alcohols. In another embodiment of the
present invention, the hydrogen may also be produced in situ in a reactor connected
upstream by, for example, the dehydrogenation of propane or isobutane, or alcohols
such as isobutanol. The hydrogen may also be introduced into the reaction system as
a complex-bonded species such as, for example, a catalyst-hydrogen complex.

30



During the catalytic oxidation of hydrocarbons in the presence of hydrogen,
water is obtained, as a rule, as a conpanion product to the correspondi ng
sel ective oxidation product. 25 The continuous separation of the parti al

oxi dation products fromthe reaction m xture, which are obtained during the
direct oxidation in the presence of oxygeg.and . a reducing agent, is
surprisingly also possible in the presence of water and/or water vapor and
acidly reacting by-products, by selective adsorption on suitable adsorbents
30 wit hout deco sition of the adsorption products., _g_ Therefore,
suitabl e adsoFrbgH&ém&r‘@ theresserdialy negessay| stading 1matsipl gaseindeseribade abeisabl e

of adsor bi ng c o al I chi r A e i t1qQp en in
t he presence gfﬁ&m’}é‘i‘ éllﬁyerllg lgllrsg\j.\'gt@{&je\rlgg%r&g% tg’éél Eﬁé;& Pga@?:gr%gﬁ’ﬁ% glr?%%%\({:lt S.
The adsor bent aelivni aigarg methyape, didsdn dibxidéeorSinitar] forthdm@bstipatttinértle bahyving
secondary reactions of the 5 adsorbed partial oxidation products. Suitable
exanmpl es of a8aes-Bdhitares pEthgdeert eympanenispiescribed gnayalsp beysedoho pdditionef i t es

_ e . . el
v et br rett ar e B e ARAC O he @i o RS Rhoro i Wt Mo R i et
content (e.g. d¥éssald bxothivhid Oxatib\FedcdiOn | 4xIMFdPEGHES Purpdses.i IF tBé FPocess

possi bl e, however, to use nolecul ar sieves or other substances on which the
epoxi de may pResPetiag ity the inng¢sbemeas camied qut om thiigak phaserdl i prefemesd &l usgyai n

d d, b £ hi.ng. - Th .ding to th
et on ser gRbol Bl AhoShentE St foF BEBP R0 R0 8E HRRK, frebB. $PBans e
correspondi ngad §giRstly Rigécvaperamt deebisdiokide EWalek @BFor 4pd @ayHoaoxd8dare,

butylene (e.g. butene-1, butene-2), with propylene being particularly
preferréd. Depémidiedly, mot tdemplgidy cimenss butafrgyentlyubavg, a tiesitiyeoeféert inasmalk

car i ed out_af { IDSIANE S0l % e’ 8MPasYhrelghf™ 20 10 400 G preferably of

The relative molar ratios of hydrocarbon, oxygen, reducing agent (in particular
hydrogen), and optionally, a diluent gas are variable within wide limits.

15
Oxygen is preferably used in an amount of up to 30 mol %, preferably within the
range of 1 to 30 mol %, most preferably of 5 to 25 mol % (based on the total gas

stream).

20 It is preferred to use an excess of hydrocarbon, with respect to the amount of oxygen
used (on a molar basis). The hydrocarbon content is typically greater than 1 mol %
and less than than 96 mol % (based on the total number of moles of the total gas
stream. Preferred hydrocarbon contents in the range of from 5 to 90 mol %, and most
preferably of from 20 to 85 mol %, are used. The molar reducing agent portion (in

25 particular hydrogen portion), based on the total number of moles of hydrocarbon,
oxygen, reducing agent and diluent gas, may be varied within a wide range. Typical
reducing agent contents are greater than 0.1 mol %, preferably from 2 to 80 mol %,

and most preferably from 3 to 70 mol %.

30 The catalyst used in the catalyst-containing layer in the process of the present

invention preferably comprises a metal catalyst on an oxidic support. Suitable metals



20 tenperatures of nore than about 220 C, |arge amounts of carbon dioxide
are fornmed in addition to the partial oxidation products. An advantage of

t he process according to the invention is the increase in the yield of
product by the use of adsorbent-containing |layers. The adsorbent |owers the
epoxi de 25 concentration in the gas spaceyand on the catal yst, and thereby
reduces the deacti vation of the catalyst. Thus, the yield of epoxide is
increased. The fol |l ow ng exanples further illustrate details for the
process of this invention. z§ I nyent, forth in the

foregoi ng di st Beysed 2§ §henexet st ﬂl?ﬁ?led&dtvl@oﬁ%mfﬁa r°° ﬂt’s‘b‘lﬂﬁ“fu”&’r ridiype py
these exanpl eﬁlcﬂgle-qh? hﬁﬁlin ) tclaﬁ?é?r Fll\\%rl and E 1tl’rJ def Eéxﬂgd%xleﬁé Aegknown
i oce e

vari ations of tIO ow ng p ure can used.
Unl ess ot her \ACsmbimtnemh ofoskeid petioas atdtale areadleo gegitdesTheebsdessofundtatlid and

per cent ages are .percentages by we)éﬁ? -10 EXAMPLES Exanple 1: Production
of the above- SSHIMeARG damantysre suiiabls @s:sugperg, Imtaé%lwéh%agwm ey Rl

titani unz oxi d )/

dei oni sengd wat gorn@%g885%1@%?%%2?&%&%%%%SSO lveé(1 in Oé)réwi?rrg? §l€‘i%9 oni sed
water, were agdedalir apwfereeximplQotitahiinpexidetarl Wiktorest of titanguri dxfides &fd mi n.
I n order to precipitate the gald hydroxide, the pH value was adjusted to 8

with a silicon oxides. Such catalysts are described in, for example, DE-A1-199 59 525, DE-

A1-100 23 717, the disclosures of which are herein incorporated by reference.

10 The catalyst-containing layer may also contain other catalysts on a small scale or

inert components for dilution of the catalyst.

The oxidation reaction is advantageously carried out at increased reaction pressures.
Reaction pressures of greater than 1 bar are preferred, and from 2 to 50 bar are parti-

15 cularly preferred.

The catalyst loading may be varied within wide limits. Preferably catalyst loads in the
range of from 0.5 to 100 | gas (total gas stream, i.e. reaction mixture) per ml of cata-
lyst and hour are used, and particularly preferably catalyst loads of from 2 to 50 1 gas

20 per ml of catalyst and hour are selected.

During the catalytic oxidation of hydrocarbons in the presence of hydrogen, water is
obtained, as a rule, as a companion product to the corresponding selective oxidation
product.
25

The continuous separation of the partial oxidation products from the reaction
mixture, which are obtained during the direct oxidation in the presence of oxygen and
a reducing agent, is surprisingly also possible in the presence of water and/or water
vapor and acidly reacting by-products, by selective adsorption on suitable adsorbents

30 without decomposition of the adsorption products.



10 0.5 nol ar Na2CQ03 sol ution; the pale yell ow suspensi on di scol ored. The
suspension was stirred for .3 h at roomtenperature, the solid separated and
washed 4 tinmes with 25 m of dem neralised water. For drying, the solid was
held for 2 h at 150 C and then for 1 h at 200 C, and the dried catal yst was
then calcined in air for 2 h at 250 C andgf.or 5 h at 400 C. 15 A catal yst
with 0.5 w %of gold was obtai ned. Characterisation with TEM (transition
el ectron m croscopy) produced nano-scale gold particles with nmean particle
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the 25 tenperat was cont y means of an ol l thernostat.
The reactors pesencsopplateedndvot vatee aapor and acidly. resdtmgthygrodwdte (Thalaisarbass by

a set of four mass, flow control]|ers (hydrocarbon, oxygen, hydrogen,
ni trogen). FofoRtHBINgdayer Pust at\ihe sane tigresnot Eiate any eqopflarny Feqqtions ©fdhey of

a catal yst copsi.st fi 0: ﬂgﬁo LC gold in the formof small particles
(2 to 10§nrr) gﬁ%g%lﬂbgﬁ%éﬁggg?{?t nlﬁhémtk'di oxi de (Al 5585) 30 support, and 2 g

of zeolite (Wessalith DAZ F20 from Degussa) as an adsorbent. In the first
reactor, the catalyst was introduced in one |layer, foll owed by one | ayer of

I
-11 zeolite (eBikgMs pxamplesefradsenpents inclyde. fax expBpleezgalitts- Hivdrophpbis zegftes

catal yst and I YA i lp Sk § ced
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5 The starting material gases were added to the reactor from above. The

st andar 40 cat aPyBAZ B fraasDegussaf ltgaalsp pogsillgs howeves, to mse pnlecwdar gigyes or
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are given in vol. %under standard conditions. The reaction gases were

anal yzed quantitatively by gas chromatography. The gas-chromat ographic
separation of.the individual reagtion products.was_perf d by .a _conmbj ned
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and butylene (e.g. butene-1, butene-2), with propylene being particularly preferred.

Depending on the choice of catalyst used, the process may be carried out at
temperatures in the range of from 20 to 400 °C, preferably of from 20 to 200 °C. At
20 temperatures of more than about 220 °C, large amounts of carbon dioxide are formed

in addition to the partial oxidation products.

An advantage of the process according to the invention is the increase in the yield of
product by the use of adsorbent-containing layers. The adsorbent lowers the epoxide
25 concentration in the gas space and on the catalyst, and thereby reduces the deacti-

vation of the catalyst. Thus, the yield of epoxide is increased.

The following examples further illustrate details for the process of this invention.
The invention, which is set forth in the foregoing disclosure, is not to be limited
30 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



15 flanme ionization dector) WD: Connection one behind the other of:
HP-plot Q 0.32 mminner bore, 30 mlong, 20 um |l ayer thickness HP-pl ot

nol ecul ar sieve 5 A, 0.32 mnminner bore, 30 mlong, 12 um 20 | ayer

t hi ckness. (W.D means heat conductivity detector) The reaction was carried
out for a period of two hours. ThereafterLg.in the reactor systemwth the
alternating |layers of catalyst and adsorbent, 60% nore propyl ene oxi de was
found on the zeolite layers during the thernogravinetric analysis than in

25 the two-I| ayer sys As, anti ci pat ed ropyl ene oxide no nger gppear ed
2t the ourl et BorusiheURlse (BphikenaRtoRb RpPH o A GEPHES el s e ol
agai n on the pai&iiiesafe JddGentaPBY dkiphe- 30 Al though the invention has been
described in detall in tthe foregoling Tor the purpose of illustration, it is
to be understood that such detail is solely for that purpose and that -
12 variations can be nmade therein by those skilled in the art w thout
departing fromthe spirit and scope of the invention except as it may be

limted by the clains. -13 WHAT IS CLAIMED IS: 1. A process for the
production of epoxi des conprising




5 ( 1) oxidizing (a) one or nore hydrocarbons in the presence of (b)
oxygen, (c) at |east one reducing agent, 10 and (d) a catalyst, and 15 (2)
passing the reaction mxture through an arrangement conprising at |east one
catal yst-containing |ayer and at | east one adsorbentcontaining | ayer which
adsorbs the epoxide, wherein, if there isjgere than one catal yst-containing
| ayer or nore than one adsorbentcontaining |ayer, the catal yst-containing
| ayers and t he adsorbent 20 containing |ayers are arranged alternately one
behind the other._ 2. The process of claim1l for the production of epoxides
conprising ( EXAMBLES| ng 25 (a) one or nore hydrocarbons in the presence
of (b) oxygen, (c) at |east one reducing agent, and 30 (b) a catal yst,
-14 and (2) passing the reaction m xture through an arrangenent conpri sing
at | east two (Esamdpiell: containing |ayer and at |east one adsorbent s
containing |layer which adsorbs the epoxide, wherein, if there is nore than
one cat al yst - dopdustian aftheapaye-gentioned catalst: AMETK¥Sor bent cont ai ni ng | ayer,
t he cat aISyst -containing | ayers and the adsorbent
In order to suspend 10 g of titanium oxide hydrate (BET surface of 380 mz/g, 12%
water) in 0.3 1 of deionised water, 100 mg of H(AuCls) x H,O, dissolved in 100 ml of
deionised water, were added dropwise at room temperature with stirring within 60
min. In order to precipitate the gold hydroxide, the pH value was adjusted to 8 with a
10 0.5 molar Na;COj solution; the pale yellow suspension discolored. The suspension
was stirred for 3 h at room temperature, the solid separated and washed 4 times with
25 ml of demineralised water. For drying, the solid was held for 2 h at 150 °C and
then for 1 h at 200 °C, and the dried catalyst was then calcined in air for 2 h at
250 °C and for 5 h at 400 °C.
15
A catalyst with 0.5 wt % of gold was obtained. Characterisation with TEM (transition
electron microscopy) produced nano-scale gold particles with mean particle

diameters of approx. 1 - 6 nm.

20 Example 2:
Comparison of the process according to the invention with the prior art using the

catalyst of Example 1:

Two metal tube reactors of 10 mm inner bore and 20 cm long were used, the
25 temperature of which was controlled by means of an oil thermostat. The reactors
were supplied with reaction (i.e. starting material) gases by a set of four mass flow
controllers (hydrocarbon, oxygen, hydrogen, nitrogen). For the reaction, two reactors
were each filled with 500 mg of a catalyst consisting of 0.5% metallic gold in the
form of small particles (2 to 10 nm) supported on a titanium dioxide (Al 5585)
30 support, and 2 g of zeolite (Wessalith DAZ F20 from Degussa) as an adsorbent. In

the first reactor, the catalyst was introduced in one layer, followed by one layer of



containing layers are arranged alternately one behind the other. 10 3. The
process of Claiml1l, wherein the arrangenent through which the reaction

m xture passes conprises a plurality of adsorbent-containing |ayers
arranged in parallel behind each catal yst-containing |ayer, which may be
used alternately for adsorbing and desor pil?g the reaction product. 15 4.
The process of CQaiml, wherein there are from2 to 10 adsorbent-contai ni ng
| ayers arranged in parallel behind each catal yst-containing layer. 5. The
process of Claim1, wherein there are from2 to 5 adsor bent-cgnt aj ni ng

| ayers arrangéePlith (BIPRATISEn e¥emPIfd- dadhe seroaf ysaclel tearmPRy Phyatklyspend.
The process ofe (@l \mdd il §ltd. £ Haks PR gdll@:;] sp¢! ?.gt?;/ig?gﬁce{l% médfq%%k’on

in the reaction mxture Ooccurs in-each o e ca containing layers.

7. The proces iltaﬁatﬂgv?lldj’brfb,oﬂl\éh@ilflsmeélﬁte (eRdniply Siccordingawhthe aprasens invedtibs). ni ng
| ayer 25 conprises a netal catal yst on a netal oxide support, said netal
catal yst is sdheceagtors were hroeghy toa tempsratiurstof 88 °6f cobal t, rut heni um
iridium _nickel, palladium platinum copper, silver, gold and m xtures

t her eof éorrprisi ng 2, or nore of said netals. 30 8. The process of Caim

1, wherein thgpadeefiRe Matérihl ggagesad;%fer BERY ©OfheaeRitB floRY @boveMHel §i8fdard
hydr ophobi ¢ zeolites. -15 9. The process of Caiml, wherein said
hydr ocar bon ceatplysts bsad awasaB Keolke gasi 0.(g Tat ‘hhpcBropylshe Wasi sel@tedivhe"sandasdi d

al kene is selected frgm,the group 5.cqnsi,st.ing of. et e,. propene.and

butene. 11 TRGSFERREe AGSHERH grreanat pirotses Bt ALk FARRRTATY Rgent

conpri ses hydsQeged for IOyt of the dXidaRioHrédctbss: N1918Y 0, A8HZ= 14195 /

process of Claim1, wherein said oxiedatli on step isNéar}?zl ed ou%}iﬁat

t enper atlQr es &6f/ 620he amdOfits @re given in vol. % under standard conditions. The reaction gases

. AL AS. A@. ASL. Ay. Af L. AS, AS9. A&S6. Af . Af . ALSr 6. A@ A~@ . ASr' 4nyu'~KNQ )
were analyzed quantitatively by gas chromatography. e gas-chromatographic
separation of the individual reaction products was performed by a combined
FID/WLD method in which three capillary columns were passed through FID:
HP-Innowax®, 0.32 mm inner bore, 60 m long, 0.25 um layer thickness. (FID means

15 flame ionization dector)

WLD: Connection one behind the other of:
HP-plot® Q, 0.32 mm inner bore, 30 m long, 20 pm layer thickness
HP-plot® molecular sieve 5 A, 0.32 mm inner bore, 30 m long, 12 pm

20 layer thickness. (WLD means heat conductivity detector)

The reaction was carried out for a period of two hours. Thereafter, in the reactor
system with the alternating layers of catalyst and adsorbent, 60% more propylene
oxide was found on the zeolite layers during the thermogravimetric analysis than in

25 the two-layer system.

As anticipated, propylene oxide no longer appeared at the outlet of the reactor. The

adsorbed propylene oxide was liberated again on the raising of the temperature.

30 Although the invention has been described in detail in the foregoing for the purpose of

illustration, it is to be understood that such detail is solely for that purpose and that
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(a) one or more hydrocarbons in the presence of

(b)  oxygen,

(c) atleast one reducing agent,

10 and

(d)  acatalyst,
and

15 (2)  passing the reaction mixture through an arrangement comprising at
least one catalyst-containing layer and at least one adsorbent-
containing layer which adsorbs the epoxide, wherein, if there is more
than one catalyst-containing layer or more than one adsorbent-
containing layer, the catalyst-containing layers and the adsorbent-

20 containing layers are arranged alternately one behind the other.
2. The process of claim 1 for the production of epoxides comprising

(1) oxidizing
25
(a) one or more hydrocarbons in the presence of
(b)  oxygen,
©) at least one reducing agent,
and

30 (b) a catalyst,
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15 4. The process of Claim 1, wherein there are from 2 to 10 adsorbent-containing

layers arranged in parallel behind each catalyst-containing layer.

5. The process of Claim 1, wherein there are from 2 to 5 adsorbent-containing
layers arranged in parallel behind each catalyst-containing layer.
20
6. The process of Claim 1, wherein only partial oxidation of the hydrocarbon in

the reaction mixture occurs in each of the catalyst-containing layers.

7. The process of Claim 1, wherein the catalyst in each catalyst-containing layer

25 comprises a metal catalyst on a metal oxide support, said metal catalyst is
selected from the group consisting of cobalt, ruthenium, iridium, nickel,

palladium, platinum, copper, silver, gold and mixtures thereof comprising 2

or more of said metals.

30 8. The process of Claim 1, wherein the adsorbent in the adsorbent containing

layer comprises hydrophobic zeolites.
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11.  The process according of Claim 1, wherein said reducing agent comprises

hydrogen, carbon monoxide, or a mixture thereof.

10 12.  The process of Claim 1, wherein said oxidation step is carried out at

temperatures of 20 to 400 °C.



