e3emﬁt&&.$(@1fb*6*T*NX WO 03/ 014099 PCT/ EP02/ 08133 -1 A process for the
preparatlon QV@éBﬁﬁh@§9on of al kene oxi des from al kenes phg/EFRARL3
‘invention provi process for the catalytic partial oxidation of

hydr ocarbons in the presence of oxygen and at | east one reducing agent, 5
characterised in that the reaction mxture is passed through a |ayer which
contains a catalyst and a domnstreanr1%yer whi ch cont ai ns an aqueous
absorption agent in which the partlally OX|d|sed hydrocarbons are absorbed
quantitati velAyprotiss forthed pte ' dlkbnesr ocar bons
in the presence of 10 nDIecuIar oxygen and a redu0|ng agent is known.

(DE- Al- 199 59 525, DE-Al-100 23 717, US-B-5 623 090, WD 98/004I 3- A1,
WO 98/ 00415- i 0 2 VY
Ve 95790435 e HOAPLARAEn HrovHQ RORIERZ ke EARATH Sriduion of

appl i cation agdroedrborende thet erdsetcef of o)tygepuamb%sleaﬁt 08e preducing pa@m,l ce).

Conposi t| ons which _ caontain, inter alja, nanoscale artl cl es, 15
used as Scat acharpeterisodiin Hops thereagtion mtwe s pass }5’5‘?@?‘ Rygrwhigh P?%ff‘ms a

oxi dation pr %?tﬂlé'gts ald 9”&&%&%&}?}% t@hl@@%oﬁ&%”%%{u&ﬁ@dﬁ%r&tl&{ qgunag by
partial oxida n 1n the presence” of uci ng agents t1oned above,
however, ar e whidh tiie pattialedxidid@d Wpdrooatboriscure hvsertmdrqubntitativedyn of al kene

oxi des, such as adsorption, absorption, condensation etc., are known in

principle. To purify al kene oxides such as, for exanple, propene oxide,

solid adsor ptian - 5 o it xgpl e,
may be used?%&@%?@%iag%ﬁg‘?}gﬁg&é@lh g)rn gia%pP%rb%ﬁg {sle%gr%{elg%lﬁgof hi gh
nol ecul @ weingdlécul@! ok pEroReNE redtialg JagéntdsknowpgDE-A1+ 196 59y5250ﬂi1EaA11 10t h

active carbon. WO 03/ 014099 ' PCIT/ EP02/08133 -2 US-B-4,187, 28
US- B- 5, 352, 863 HAAJUBB-A1623 099 WO98{10443-dde Wﬁe‘?%@da#a%li 6?40098/()/%1#0%

organi ¢ cont r S gﬂg Pt ene
oxi de, by trﬁpmﬁm ‘Lﬁfn@i :Agrﬁsg?:f?ﬁg car%%%ﬂgg Af’ﬁ | ve §dS0r ption of
the partial gxdigeldi PnthRrMesent applicatioh %E)&Efeﬁerﬁasmdléﬁcﬂefoﬂlﬂﬁeepﬁrpﬁgdsdﬁt usn
reactions with nol ecul ar oxygen and a reducing agent, however, is not
descri bed. Lipatent Bt@ctheheCCgew@dtqne@W@Mtlnkaalila/@a@@pdﬁ geldanrtiglespanet i al

oxi dat i fnopr %‘gé{fas ca?alysts

Methods for the selective separation of partial oxidation products from the reactants
and secondary products produced by partial oxidation in the presence of reducing

agents, as mentioned above, however, are not disclosed.

20
Methods for the purification of alkene oxides, such as adsorption, absorption,
condensation etc., are known in principle.
To purify alkene oxides such as, for example, propene oxide, solid adsorption agents
25 such as active carbon or zeolites, for example, may be used.

US-B-4,692,535 discloses, for example, the separation of high molecular weight

poly(propene oxide) from propene oxide by contact with active carbon.
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"~ 10 m xtures consisting of non-condensabl e gases such as hydrocarbons,
oxygen, hydr ggens/dishoent gas and, on the other hand, waPET/ERU2IE8138apour
-and in particular acidic secondary products such as, inter alia, carboxylic
aci ds and/or al dehydes, is not described. 15 In comrercial processes for

t he synthesis of ethylene oxide fromefhene and nol ecul ar oxygen w t hout
the use of a reducing agent, the preferred process paraneters include
tenperatures well above 200C and reacti on pressures >15 bar. Ethene oxi de,

as the parti &IS-Bxd, tit 38 Us-Befizi2,8Q7sansk BBriecled 730 R 8 Aiscdoss dhe senagation 4085 %
Al nost exclusivel y car.bon di oxi de. and. wat er..are produced as.virt t he
20 only secoXtaY PEYhy KAy té%f alkebs HESH Y e%ssprﬁgﬁ'ngrroz(fdeérasndvﬁ%%nn%hi gh

t enper at ur es ogjad by GEMMERSHM 5id e EPbéie preferred total oxidation of

et hene. The epoxide, together with carbon dioxide, is separated fromthe
feed exclusively by absorption in water. 25 In the case of ethene direct

oxidatiqn, therefore, apart.from.the xi de.and rbon. di.gxi.de, hardly any
ot her parti aqu’? SS%FHY% égsorgg,tbqnoggllﬂ%ngﬁgﬁ%ﬂgg,n Pm@Ftsarfi %ﬁtﬁx‘i‘%gﬂw@ e
ketones, aci dfect&¥idhidn actibhé with MbleGllaCOUleth BEd FRERRIdgYagefi U6GetereispH Of
the absorption water, are produced and thus greatly |ower the stab|1|ty of

t he epoxi de nntdemtebed. 30 WO 03/ 014099 -3 PCT/ EP02/ 08133 The sel ective
absorption of epoxides, such as propene oxide, arising fromcatal ytic gas
phase direct oxidation reactions with nol ecul ar oxygen and a reduci ng agent

I's not descrifhedyiso & sélgﬁivgtarﬁ?g%uﬁgtgtqtivé)é’é Fftlon Of ARt QRid4ibR pfdtucts of

oxygen/ hydrogen m xture 1s per In the tenperature range from 140 to
210C, v ch insixtulhess comsiftinigow€ rnanhendérnseble e gases atuoh easf bydipaarbord, @sigdat i on

descri bed above wherg only oxygen _and ng additional reducing, agent, ,such as
hydrogen, i s hydwgen, diluepesas sds o the; Sheri angewaler reates V@?Wﬁ’%ﬂ?&‘%ﬁlﬂc ess

usi g 0xygen otk &b RANG bASHAASRER TEARRY LIA! cb el s LR itendadk At  on

t akes pl ace ere nl'y traces of carbon oxl de are forned. Instead
of carbon di et d&ciibel ef ore, the product m xture contains, apart from an
epoxi de as the main product, many other partial oxidation products such as
al dehydes, ketones, acids, esters, ethers, in |ow 15 concentrations. These

second prqdu I Lt h i o) : e the
tabi 118y of WRonnGRy SR for B, SnAGHES Y RhE TR Bl S EHEE )
102, 7725-7736ledhldMuckyen Wiboet the Wesofancadukingetgent,ati pPrefighedt ptcasly of
the Ring Opening of Propylene Oxide). Therefore there is a bias towards

t hi nki ng t hatpasapaterptinadude tgmperagires well boys e keandoreagtiondpressyess grid ey

et ol B G SR RSB A BroghE8) iy Sl 1
85 %. Almost exclusively carbon dioxide and water are produced as virtually the
20 only secondary products using the extreme process parameters with high
temperatures and high pressures, due to the preferred total oxidation of ethene. The
epoxide, together with carbon dioxide, is separated from the feed exclusively by

absorption in water.

25 In the case of ethene direct oxidation, therefore, apart from the epoxide and carbon
dioxide, hardly any other partially oxidised hydrocarbons such as, inter alia,
aldehydes, ketones, acids, esters or ethers, which could permanently reduce the pH
of the absorption water, are produced and thus greatly lower the stability of the
epoxide in water.

30



"in the presence of oxygen and a reduci ng agent achieve only a small
hydr ocar bon GoRvRN§I4eG0f | ess than 10 % All the procespes/gp@/manskor med,
on an industrial scale, 25 with very large anounts of circulating gas. The
isolation of very small volunmes of useful products (e.g. 2 vol. % of
hydr ocar bon oxide) from|large anounts of gas (e.g. 98 vol.% of gas
consi sting of hydrocarbon, hydrogen, '03}<ygen, wat er, acet al dehyde,
propi onal dehyde, acetone, acetic acid, formaldehyde, etc.) is very costly.
The econoni c Tk ablettiteyatsbrptioe of @pexitiesy sudxadpiopene pride; ssismg fiws caiabdid i s
therefore 30 determned critjcally. on the costs of useful g(i}?cduct .
i sol ation. 295 Dggspslirgalayddationpeactieps withanalscular W@%@P&étr 38Rt Bsent
invention is bhgpigyg sion of a process for the continuous synthesis of
epoxi des by partial catal ytic gas phase oxidation of hydrocarbons in the
presence of oxygen and a reduci ng agent and subsequent conti nuous
guantitative isolation of the parti.al oxidation product by ah(de)sorption
i n/ fromwat eOn te gthsr hignd,gRrial oxylation & l%‘raé‘s@ﬁ’lge‘il/ﬁi’fgﬁgqnoﬁl’%getlgBel)}g? si on
of 2 process i ind'fiilbrull Ahed Bofl 1508Y 18R X KiR Ik RiREE e

& MGt ep ¢ on o

Anot her obje resent invention is tthe provisi a process in
whi ch the 10 t@iapdratatd Yorophfliab akidiyioh Odatiiyd abovebeheobalyedxgien and no
quantitatively and as_continuously as possible. According to the invention,
thi s object iaddisionalacdugingagantypesheasdydwgen.neusedt al ytic partial oxidation of
hydr ocarbons in the presence of oxygen and at |east one reducing 15 agent,
characterised in that the reaction mxture is passed through a |ayer which
contai nfy a catral st réRtoR ERPAETEEIN ABBOPE! inOthel PY6BEss Wik ok PFEnAbME avat er
in which the partially oxidi sed hydrocarbons are absorbed. The expression
hydr ocar bon iredusingsagsthiomdartschatearuallyswt totad oridaten sheuplacehdtbetefate ookyr bons

such as ol efins or_ al kangs .whi ch. ma | so ,cant ai n heteropatons such .as N, O
58 or hal odBRe SR GRRAC enpBib fries S Bader diuls Baye GeomeRd
monocyclic, hieygli p | Gn RPCkilEYs BRe FRAP BERfubt) infanydbiBbebdrRhic OF
pol yol ef i ni c%lgé&+ ﬁs?ﬁgsbgé%pg?%%?gcér o%s W th ?wo or rmrycejé doubl e bonds,
t he doubl e bexittationyprloducts nguchahe chldehydesn-leomjesgatidd, ebtgds; oatbergoms lbwom
whi ch t hose oxidation products are fornmed vvh{?ch rHaev partial pressures |ow

enough For t Kengngatiens TBeseceanRreAYCt earolpag: tThad4eaps PYpLamsAnd
preferably oxidi i at t r f 2 20,
preferably 2’&(1185’ %gg%eyg{é(%l}rf%%n&g%l g%\goggée%%eg \S(rj% e?lﬁ glgﬁ’lqggg%\rﬂ??égﬁl %ér@’

et hene, et han®g80pr(2peras-71820 paNeacleardMigretio B esimmntaKineto end RrodutkSt0d/ ¢X14099
-5 PCT/ EPO2/ 08133 but ene, 2-butene, cis-2-butene, trans-2-bute

€. ..
1, 3- but adi endhe Béng Opeing 9 FrepydeneOxide). Therefore there is a bias towards thinking

that absorption in water in the presence of acidic secondary products cannot be

20 performed on an industrial scale.

Furthermore, all published applications for the selective oxidation of hydrocarbons
in the presence of oxygen and a reducing agent achieve only a small hydrocarbon
conversion of less than 10 %. All the processes are performed, on an industrial scale,
25 with very large amounts of circulating gas. The isolation of very small volumes of
useful products (e.g. 2 vol.% of hydrocarbon oxide) from large amounts of gas (e.g.
98 vol.% of gas consisting of hydrocarbon, hydrogen, oxygen, water, acetaldehyde,
propionaldehyde, acetone, acetic acid, formaldehyde, etc.) is very costly. The
economic viability of the selective oxidation processes described is therefore

30 determined critically on the costs of useful product isolation.




"hexene, hexenes, hexane, hexadiene, cyclohexene, benzene. The oxygen may be
used in a w ?O\@ydlqbygof forns, e.g. nolecul ar oxygen, aCT/BP@EER138
nitrogen oxi de. Mol ecul ar oxygen is preferred. Hydrogen in particular is
suitable as a reducing agent. Any known source of hydrogen nmay be used such
as e.g. pure a hydrogen, cracker hydrogen, synthesis gas or hydrogen from
t he dehydrogenati on of hydrocarbons ant al cohols. In another 10 enbodi nent
of the invention, hydrogen nmay also be produced in situ in an upstream
reactor, e.gThbybjcebofitheydessgeimacntion isfthgproyision of a peepsst fan thegrontingditsol s
such as isobutapol. The hydrogen. al.so be intrqduced.. nto t.he reaction
systemas a & ‘?Sé%(gfb?%lé%{s éﬁgéﬁtl@g‘?ﬁﬁl My %P§1§%t}%%frlgr§%%ca%b8§% %@% 15 A
di | uent gas $HGENRSoMbkygeleRd NRldubily AEM0shd SEREARA: coRITROs duaxitdiie
carbon nonoxi de or sim’ar gases which are largely inert nmay also

optional | y bésolsied of thesphaifialionidation proslueishyeab(deasorpleercindam geatass descri bed
above. gxtures of the inert conponents described may al so be used.

Addition of the inert conponent is often beneficial with regard to
transport of pgdaﬁie? ®Bjec6H tE prRbRaRES bR id ik @&@fﬁ&h 8f Mpfocd® iRt & Rikh
reaction and froma safety point of view If the process according to the

i nvention i s t@erdonversibniof atkiere ggsogivade, gaseous dil uent conponents such as
e.g. nitrogen, helium argon, nethane and possibly water vapour and carbon
di oxi de are preferably used. Although water vapour and carbon di oxi de are
not conpl et ely. uherk.: 0, g . It f :
concentrati oﬁ&sél O?H;ég ohﬁc? g}f )[lgef Iglrae%%ttl eﬁtrlgtc}ags? fhgr? rggsggs(gg pﬁ?%‘g%(r}igl“g}tl?}{/téheml ar
rati os Wf hyganiybaidiseddygdestarboadanibagsdgedts quantipaivelycandaas doptnagsly) and
optionally a diluent gas can be varied between wide limts. 30 Oxygen is
preferably ud88o§s#Plehe range 1-30 nol % particularly preferably 5-25 nol %
(with reference to the feed gas or the circulating gas.) WO 03/014099 -6
PCT/ EP02/ 08133 An excess of hydrocarbon, with respect to the oxygen used
(on a nol ar hagbaling te ther @ivertidy, this odikct Thectigwddogyan ppoceso fisrethe reatalyic i s
typically greater than 1 nmol % and | ess than 96 nol % Hydr?car bon .
concent r at i oP8rtiahoxidatiomefgrydsgcamhons &y ts pyessnepfmxyeenasdey legshane ceduging,

pref er y 20 r ed. . r j fr i 0g: agent
(i part ot detihn ShosFaiielt i MaFhe UGl bRl RARK M dlan £ e} Wi

nunber of nolcestais dvatilRe ande dowasthegubsopdos laygr abiehiconaths daterdmivhiphs, can
be varied between wide |imts. Typical reducing agent concentrations are

gr eat er t han tie narfipilygxigised bydipgapbansgee #hspdedparticul arly preferably 3-70
mol %

The expression hydrocarbon is understood to mean unsaturated or saturated
20 hydrocarbons such as olefins or alkanes which may also contain heteroatoms such as
N, O, P, S or halogens. The organic component to be oxidised may be acyclic,
monocyclic, bicyclic or polycyclic and may be monoolefinic, diolefinic or

polyolefinic.

25 In the case of hydrocarbons with two or more double bonds, the double bonds may
be conjugated or non-conjugated. Hydrocarbons from which those oxidation
products are formed which have partial pressures low enough for the product to be
constantly removed from the catalyst are preferably oxidised. Unsaturated and
saturated hydrocarbons with 2 to 20, preferably 2 to 12 hydrocarbon atoms are

30 preferred, in particular ethene, ethane, propene, propane, isobutane, isobutylene, 1-



"10 Conpositions which contain noble netal particles with a dianmeter |ess
than 10 nm oRyd RUPARGHS mMaterial which contains netal oxpdg/ErE/gE1BEcoN

.oxi de are advantageously used as catal ysts. 15 Gold and/or silver are
preferably used as noble netal particles. The gold particles preferably
have a diameter in the range 0.3 to 10 nm preferably 0.9 to 9 nm and
particularly preferably 1.0 to 8 nm The silver particles preferably have a
diameter in the range 0.5 to 50 nm preferably 0.5 to 20 nm and

parti cul ar | y bpteaé,c2-histeye, xi62 thutehs, mans-2butthe 3 buiadieseimsotenesrpeniang| ks

menti oned i n_ DE- Al}é199 59 525 and,.DE- Al-1 00 23b717 inter alia, my be used
as catal yst SEHPGr 1exGRese Rexane, hegpdient, CYSIAR*GAMPE4 i d naterials in the
context of the invention are organically 25 nodified gl asses which are
preferably produced in a sol-gel process via the hydrolysis and

condensat i on Theamdygem snayf bes asadbinea pride wasgety afofoposinelg. mottculanoaygen, air

non- hydrol ysabl e term nal, .and/ or bridgi ng organic groups in the network.
These mex er | #oxRirogsRoxAeMplseylanorgen d’freﬁggeéﬁ sclosed, inter alia, in
DE- A1- 199 59 525, DE-Al-100 23 717, which are herewith included in the
present application as 30 reference material for the purposes of US patent
practice. N Aol 140 Particillar RCELIERDNR/ 384 38dikingy epertatteygbhaivipsotice| &fs on

t he support materials,  the rogesses di sclosed in dqcynents US-A-5 623 090,
WO 98/ 00413- Aydrogen gBy hoAsel sueh ae8oRyd xq@gm,cre\ﬁk;r&y BAYRESIS £as o

EP- Al- 0827779, ﬁlQ%elW%‘t%g/ a3y Arog@hRionlbf FNfocarbfid af§ alcohols. In another

deposition-precipitation, coprecipitation, "I npregnation in a solution,

incipi et 5 waibodhsent oftHedhdenionclegisamen wpudlsebs poducddin Gith énauc apstreampor
deposition), PVD (physical vapor deposition) and m.cr oerrulaji q}rﬁl‘i The net hods
of incipi ent roastaress; byohe slshydraganatiomof BrOPRAE 04 BAWHANS AT; Aephofs such as

i ti th t i i t: 10
| moa at el y LBy e offFbgkl flap dhd BeIAMETE o MEIHIRA SR8 L 25"

appl i cati ons colphk-HiRed Bpdes, c. P AalysdBy@3gdildonaslek.ar e particul arly
advant ageous. The support materials nmay al so contain, as pronoters,
proportions of nmetals from 15 group 5 of the Periodic System according to

| UPAC (1985) gﬁ@sﬁsgaysggﬁ%g}ags%@jgg B mggg%oﬁla%&w@ czr%gmsﬂggu%r on

preferably yt up prefer zirconrum Tromyg

preferably Fenofjdxie & Sittilal gascvaiich aky Mégfﬂm i¥eay falsoropgionstpy BSused in
preferably alum nium boron, thalliumand netals from %oup 14, preferably

ger mani um andcadflitiom tor thepsssentied dreactarr gdses algsayibse HbONE-a xigFescak dheu ero
andor ONCS R A0 L GRLE D i A9 A, SR BARBI ) ot
conmposi ti ons RGEMIM RithtRgdriol tMBPért OF thémelebdis€deldised in this exothermic
20 oxidation reaction and from a safety point of view. If the process according to the
invention is performed in the gas phase, gaseous diluent components such as e.g.

nitrogen, helium, argon, methane and possibly water vapour and carbon dioxide are

preferably used. Although water vapour and carbon dioxide are not completely inert,

they often have a positive effect at low concentrations (<2 vol.%) of all the reaction

25 gases.

The relative molar ratios of hydrocarbon, oxygen, reducing agent (in particular

hydrogen) and optionally a diluent gas can be varied between wide limits.

30 Oxygen is preferably used in the range 1-30 mol%, particularly preferably 5-25

mol%. (with reference to the feed gas or the circulating gas.)



‘tenperatures >10C, preferably in the range 80-230C, particularly preferably
i.n the 25 ra@gé(ﬁ%ﬂfgégc- At the higher tenperatures, stpanyERR/G13&NEr gy
.carrier, my be proéuced in a coupled plant. Wth skilful process
managenent, the steam can be used, for exanple, to work up the product. The
oxi dation reaction is advantageously perforned at el evated reaction
pressures. 30 Reaction pressures of >1"bar, particularly preferably 2-30
bar are preferred. WO 03/014099 g PCT/ EP02/ 08133 The catal yst | oadi ng
can be varied between wide limts. Catalyst |oadings of 0.5-100 1 of gas

Lsea. urtn_cAmpers pbRAimeRbgR SHibtrsats S ik Sitaek sed fotla Mdlalbsss Rno
being parti CBh?%%lg%s%%@ﬁgﬂr&%@ﬁ Roncentrtidig t lyWredidi@nsint aotdsl sad

oxi dati on of ns in the presence of hydrogén, water is generally
produced as #esprtbatu®b moldfl Hednaicarhon renctmespomdihegrange of threferabky 8api on

Bt oduct & pr od0eeRleAisy B TBEET0H A% Ba e HE rEaABsaBoer PRIBER tnd a
reduci ng age f : J ] - S ; It Ry t esence
of acidic seg%dﬁagl%a%gggﬁ tswl})lgal? sfg% g%:d??@}adna%@%ﬁ%g%qmﬁﬁ %drtrtswdt“ﬁgog{l
deconposi t i omumbet bf npledofChyddocaeont wkydear rqiuonhgcagenioind tihsmt ghs aaptheon

products. 15 Water is used as.the preferred absorption agent. In sg}r?:é
cases, the abgvepbeiicemyade limls. Tyrieal dedicang28eah poRorRERNARS @FE Zregier dlny) e,

i ncrease the AN | st all (el bon (sol ution
pronoter) or 0%@%1%%@3%}?%ﬁgppcﬁé’ékf%{tlgﬁlag?bﬁ%g%g%ﬁg Sg{?i dati on products
wi th wateer, possibly catal ysed by acidic or basic secondary products

(stabilisers). Suitable additives to performthe function of "solution
pronot er" ar &omppsiionamhich ¢qntain inghls elalipaeles wahpoHemstse fhess Shanp b pm

al cohol s, ket gnes t QUi . i tQ40 d nction
of "stabili seoﬁls'%1 grggofo@gﬂéﬁgm%&b%@géﬁs g&g%g&ﬁ?ﬁ fa{e?lrd g{/lfsc'?fel%;ﬂgrg tsnlaél ts.

I n sone Casesad{;ﬁftﬁ@aﬁélpgsédf’@cpﬁi]}fsfs,e. g. a constant 7-9 results in a clear
increase in stability of the epoxide in aqueous nmediumin the presence of
reaction-typi cal secondary products such as al dehydes and/ or carboxylic 30

aci ds. 15 Gold and/or silver are preferably used as noble metal particles. The gold particles

preferably have a diameter in the range 0.3 to 10 nm, preferably 0.9 to 9 nm and
particularly preferably 1.0 to 8 nm. The silver particles preferably have a diameter in

the range 0.5 to 50 nm, preferably 0.5 to 20 nm and particularly preferably 0.5 to 15

nm.
20
The hybrid support materials mentioned in DE-A1-199 59 525 and DE-A1-100 23
717, inter alia, may be used as catalyst support materials.
Organic-inorganic hybrid materials in the context of the invention are organically
25 modified glasses which are preferably produced in a sol-gel process via the

hydrolysis and condensation reactions of soluble precursor compounds and contain
non-hydrolysable terminal and/or bridging organic groups in the network. These
materials and the preparation thereof is disclosed, inter alia, in DE-A1-199 59 525,
DE-A1-100 23 717, which are herewith included in the present application as

30 reference material for the purposes of US patent practice.



"WO 03/ 014099 -9 PCT/ EP02/ 0813 Hydrocarbon oxi de absorption in water is
f-avoured by iperBaRiI4090 Pressures decreasi ng tenper at ur espangEpeedigisd by
-heating and/or |lowering the pressure. Hydrocarbon oxi de absorption

advant ageously takes place at the reaction press re 5 (e.g. at 5-30 bar).
Subsequent hydrocarbon oxi de desorpti QP t hen advant ageously takes pl ace
under reduced pressure. For econom c t'easons, a conprom se has to be nade
bet ween easi er hydrocarbon oxi de desorption at | ow pressures and the costs
of subsequeniloggenetatenzolk pauicles fom tles suppertdimatesiabsn diee Ipeeogessh dgedesehtinon nd

chart "of an deamans s B2s B0 SROY 0 ST R0 oSrr bR A L WEE 00T op ne

oxi de in the \qr QLR IBBE2 RY FPIARMS 2 Y AEEWOM/A3£P0A] RHOHFtaBIR( SiRhsRr pt on
infromwater is shown in figure 1. (Fig. 1. PO absorpti on/desorptr on

in/fromwat dgpositonHpeapitdtiang ¢dpeecﬁm@dpn,2 iinpraghetioredat ar solgtiens a‘rmplent
heat - exchanger, 4 is absor ber, s a r ser. is a
heat - exéhangé‘feineés’l"s"l{oﬁg p&%‘?ﬁsreﬁ’efp“t?“fl% Ps)ﬁ \gelr‘?n&lﬁ'f‘r]eﬁ?poé: P, On)lOp %3
storage tank c&llvdip&& §1rﬁo rminshalsibihe renoval of second pr oducts.
20 During th atal ytic partia oxrdatron of propene with an

oxygen/ hydrogen mxtu a a reaction mxture is obtained consisting, for

exanpl e, of pr.opene oxide, .1 vol.% rop onal dehyde
acet al dehyde Ihg, 5 WSpits BF BereAs Wegidgn {Rlyent npesa LSRE S taiBESY o o6

propyl ene gl gleonatliy REOPERBoR* ififerf \b§11vhéﬂlé‘aMeYalq#_féaﬁx‘sBﬁt Ia4@! hend
continuously I leate ance wth figure 1. he organic parti al
oxi datii@n pr denetiatdly drjimgr bacti spraygas Shidsat bee tedimoquee dreqdaseldseditinvel y
in water. The entire reaction gas stream at the reaction pressure is
advant ageouslapplﬁa%ﬁlg’éfd PEoM 152 Bt dom Fﬁréﬁgllpoarp’aﬂé r BBY 8% PAFICHAY a 1
ge nunber of aﬁlr%&%%gﬁ%h' |l e water runs in counterflow fromtop to bottom 30
WO 03/ 014099 ~ 2/ 0813 -10 The gas stream depleted in parti al
oxidation products is preferably recycled to reactor for repeat ed reaction,

for exanple using a blower, optionally after purificatiagn, flr in
Thi s gas Zt r ddifh S@BTF@H ﬁ@@ﬁo%&rﬂﬁoaqqné%fasﬁi}”%’@%%5 ?Eortl?@d%’inﬁ@ Saé%‘ﬁt ,
oxygen o] n Y, u g
oxY9en A1 OB S 0R, SR P PR NSO LB

slightly i ncmﬁﬂﬁ@ﬁ indtaniureXRbRasirom 3 ThRfdritak yﬁhuﬁrx flo@s gipid) ptdferably
conpressor in_sonme cases, be reduced by adding small amounts of water

vapour . Substzizaeniamj jromgiosn e dreferably fodvear giavnst 5 arciereblycmtiaway, BYmyusi ng

the-reacti on GBadct ortyroalsk alptE ThoREy S EeR, i B8, E¥pbLEcei ng

costs isol at ippsfer@blyt %e@rnﬁfﬁdﬁpﬁrﬂf Rem. grm% aaﬁ@apptewamsalsuarnm sndashvaediageous| y
operated in counterflow, i.e. the 15 gas m xture flows fromthe bottomto

the toptnd thédonaagnesiumwsdion caleigm. (e addisions mefalspromsiers)Tare sregueniber f | ow
absorption pr 0cess ttakes plface continuously and preferably at the reaction
pressure. A Rod& of! lbep%’rlg Wi n which the absor ber pressure is 3-20 bar
and the absorption tenperature is 15-50 is particularly preferred. As a
cool ing nedium cooling water or brine, for exanple is 20 used at, for

exanpl e, 20CThe noblenmetal-Eordgining qoneooplrtlooeg@onfbdg tavtheTineentionsen darisethatd wi t h

propene oxi deenqggat?&egegl 098 rpreﬁerab?))/( hld t 1%Irgrglgep§0 %QE particularly preferably in the

25 range 120-210°C. At the higher temperatures, steam, as an energy carrier, may be
produced in a coupled plant. With skilful process management, the steam can be

used, for example, to work up the product.

The oxidation reaction is advantageously performed at elevated reaction pressures.

30 Reaction pressures of >1 bar, particularly preferably 2-30 bar are preferred.




"passes, for exanple, into a reservoir which is under the reaction pressure

and w'acts asyg @xp@apsoon vessel for.a punp which feeds pog/Epoweniss of the
25 against a pressure retainer into a region in which the system pressure

(0.5-10 bar) is lower than in the reactor and absorber. Here, the

| ow boi | i ng conponents such as propene oxi de, acetal dehyde, propional dehyde
and acetone, partly desorb. desorption®process is preferably increased
still further by heating the |aden m xture in a heat-exchanger. Here,

t enper at ur es Tae ca@lysbloading can be yarfieddgt@eancwidelimmitso faialyst lvadivgdpehé-10%i de
takes place in.many. cases direct.ly in the enrichment,section ve e
desor ber coIﬁﬁﬁgas&%ﬁf@@fﬁfﬂ@g@hngﬁ%ﬁfﬁ?ﬁﬁpggﬁ%?%%wfgBWh FSH*%$QBHS%£ne

oxi de from ot cAmig 1¥adisasfid-s0 PaT kdsqher 9N FTahiaBt PErdebie being lpaRRuiadlya
downstream preci sion distillation section. 5 The heat of reaction produced
during parti grefecablyathosem. i s advant ageously used in plant section

Desorption, for exanple when operating the reactor as a circul ar evaporator
for the “desorption colum. Particularly preferably, propene is oxidised to

propene oxid itﬂgee&@@ oF AR AL BLidhOor BERYIRER RN &[@Ere@aﬁeaﬁt@a}ogbﬁ,c

properties o present 1 nvention are explalined in the exanpl és uUsing
test reacti ommterlis genally prddind@bSs a produxaopipisl RER/IEPOTGPoddingsaediver e
used in the test for continuous absorption of catalytically prepaned crude
propene oxid@xghﬂogégﬂﬁﬁary products in water with subsequent 5 desorption
(test procedure) A netal tubular reactor wwth 15 mminternal dianeter and
100 cm |l ong was used and the tenperature was kept constant wth an oil

t her nosttat .  Buepristrégty,otontimsiops Gepaidiibn of the partial oxidation products produced

during direct oxidation in the presence of oxygen and a reducing agent from the
reaction mixture is successful even in the presence of acidic secondary products by
selective absorption in water without decomposition or the production of further
products of these absorption products.

15

Water is used as the preferred absorption agent.

In some cases, the absorption agent may also contain additives which, for example,
increase the solubility of the partially oxidised hydrocarbon (solution promoter) or
20 inhibit further reaction of the partial oxidation products with water, possibly

catalysed by acidic or basic secondary products (stabilisers).

Suitable additives to perform the function of "solution promoter" are, inter alia,
functionalised hydrocarbons such as lower alcohols, ketones and ethers.

25
Suitable additives to perform the function of "stabilisers" are, for example, bases,
acids, buffer systems or salts. In some cases increasing the pH to e.g. a constant 7-9
results in a clear increase in stability of the epoxide in aqueous medium in the
presence of reaction-typical secondary products such as aldehydes and/or carboxylic

30 acids.



‘wWth a set of four mass fl ow regul ators (hydrocarbon, oxygen, hydro
ni trogen) 10 v(,@rmp(hgfoP@act ant gases. - A gas stream for peptqyEpEI0E%
reactions, always called the standard gas conposition in the foll ow
chosen: HZ/ 02/ C3H6 : 60 / 10 / 30 vol.% For reaction, 60 g of

itens wth an active substance content_of 20 % (2x2 15 nm extrudate
initially introduced at 165C and 3 bar? - The active substance |oadin
1 gas/ (g active substance x h). Propene, for exanple, was used as a
hydr ocar bon. Hideocarboal gxsde phsochtioni ivi water ishizmoursd by iperegsargepi@ssurdseand,
hydr ocar bon, was 400 g propene oxide/ (kg active, suybstance x h). The
reaction gas 8¢TESHME RENDCRAFUES %pg%egéyglg@%nﬁ@rio%gmg_t BITSEr a
passed into a downstream counterfl ow 20 absorber (nmetal tube, 20 mm
internal diameter and 100 cmlong; filled with 3x3 netting wire rin
under the sy$iydmdarbeasaxide abbimion( 8BangLdvuslyl ekesdplhcooan thepeaatiobgiress
agai nst the gas stream The water den wi th .qrganics sed, into a

expansi on redeBvaf 5130Fb96}n$‘-'fk?é?°éle’t‘thgq‘f?9@mﬂ”eo Qgéigﬁorf’m‘gtsnh@é'laméﬁ
vas heat ed 1 haks pidle 3§§eﬁ%¢uéaeﬁg,rr@§s&%.s%ﬁee%§m&efea

pressilre, 2 eam o essure retention
hel d at 100C{ad@ batwdenteasivmshydibarminarxidel@Boptivh anpw pickduess anidtthe SosBs
wire rings). The reflux ratio was, for exanple, 5-20. The | ow bqili
fraction conShRSCAVRNtoEAS jcAMPFESEIONa A pPigpwie kpisace pb%‘ﬁ?eé‘naﬁo’&‘éﬂ?%,a

acetone, acetal dek @ﬁ)}gg)da&ticggaterryepgg%}g;%gp%%%ig%s | um, condenst

h%glef,<
was condensedTHPYHEOLT 03/ 014099 -1
PCT/ EPOgY 0813~ The reaction gases were anal ysed by gas chromatograp
downstream of the reactor (sanple 1) and above the absorber head (s
(a conbi ned R How chameothard ovérall whicess fondheaartiphexidatiatheopighenchiogirop
colums). The ter | aden with.organics anal v.sed strea t
reservoir (sé’ﬁ'\tlﬁel%)theaﬁ’éesﬁqcet fl OpYEd &fd m@roge%e‘%@} 6?5% og%lal%f)iogé
using gas cl liﬁ/ﬁ%hp%t%myshé&h@i fifiAR . g9 UMPO abbohRiofARERPlien B frdhsy
storage vessel were al so anal ysed using gas chromatography with F)D
5). (FID = Flamm | oni sation-Detektor [= flame ionisation detector];
War me- Lej t f ahi gkej t s- Det ekt.or [ = heat conductivity detec
nr enar a’_t-Jl on [#ﬁ%%’ fe}?a%l 8“{;_231& fﬁgeo%@@CtPf’r’;s‘tsl%/Hia}ﬁ'gx‘ﬂ}a\ééﬁr t¥ ol TP
catal ytical | y@agdd ¥8s Rr&RRIo%; 7705 SeMtid& e, 8 iFBlSddsdibef; 9N tifd drtidhi
silicon and titanium containing

section, 10 is a storage tank and 11 is fresh water and/or the removal of second

products.
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20 During the catalytic partial oxidation of propene with an oxygen/hydrogen mixture a
reaction mixture is obtained consisting, for example, of 1.5 vol.% propene oxide, 0.1
vol.% propionaldehyde, 0.1 vol.% acetaldehyde, 0.1 vol.% acetone, 0.02 vol.%
acetic acid and 0.05 vol.% propylene glycol. The propene oxide can be virtually
quantitatively and continuously isolated in accordance with figure 1.

25

The organic partial oxidation products in the reaction gas stream are absorl

quantitatively in water. The entire reaction gas stream, at the reaction pressure

ped

, is

advantageously passed from the bottom through an absorber column with a large

number of plates, while water runs in counterflow from top to bottom.

30




‘organi c-inorgani c hybrid material with free silane hydrogen units ich has
been coated vw?l*m I4§9§)arti cles (0.04 w.% using the inpayEpd/08EBBESS
method. Then the’l inely powdered catalyst material is converted {nto an
extrudate. 184.29 g of nethyltrinethoxysilane ( 1.3 S nol) and 25.24 g of
triethoxysilane (153.6 mml) were initially introduced. 44.79 g of

p-tol uenesul fonic acid {0.1 N) are add€d and then 17.14 g of
tetrapropoxytitanium dissolved in 40 g of ethanol, ;are 20 al so added.
After an ageiThg gaestrean afeple®dhin ptahenl geddanias predsistsdis tprgferablysteaycleb® te of

hexane each tine afgd t hen dricﬁig f?r 2 hat RT a for 8t.ho;ﬂ1rs toq’tlgcln
air. 10.1 g &F°H| B reRspted dpachione fT X ABIR VIS A A% T PPHPT ySafger 50. 16 %
strength sol lﬁhﬁﬁge%t%uﬁggcﬁlﬁnffg H2Qisl Bad et RARObonsi¥id Nubdthrtidlf0of I eéaetcant

wet ness), drre a streamof air, then for 8 h at 120C upder air

catalytically active organic-inorgani c hypri terial pre ared.inhls way
cont ai néd 0. Glowgr wiflbmogegparts, \Whapty by 1§ @“egltgéitr—tg?rﬁdf ABYRYSFINZRINGIG ddat e
gd in

PCT/ EPO2/ 081%ﬁﬁ1§%)aingre9%eg]01§§g(?&i &'gﬁd%ﬁfng 3k ?iéﬂ%l? re;qglg%i@ﬁ?ﬁ il co\@%%&e&; i

accordance wi € ca preparation descri above, re intensively
m xed W th 5 igséhe sises, dereduced by adtiing ahal( hevasts bf wBeyeapouB00 nz/g, B0 wt. %
Si02 in water) and 1.0 g of Si02 powder (U trasil VN3, Degussa) for
g of sodiumsilicate solution (Aldrieh) were added to the plastic nm

obt ai ned, th 1LX1 L A | nt i . i r 7 :

nmoul ded in a§u§]§t€1&tﬁl§el\rﬁ%[%8ée otgj{r}ﬁ? f&?n%@l\lssl{i%gg%gw %ﬁge‘jse? rbgﬁudsgﬂ %thgglrrée g
way wer g fir shodd beebdrationSwiih abgulgrosephatipe biithe raetivh prodocts.o€ork@ntratmgat
120C and finally conditioned at 400C for 4 h under an atnosphere of
ni trogen. Thdheresaption pradnsts by Absapigiuinawater eeagy Hyers the FRCISELB CPHMEY t o
| at er al pressune. TI}S é:gnﬂgtigor}led 2x2 mm noul ded itens were used as|a
catalyst in tlﬁoéaboélso h~.%e 5 epoxi dati on of propene with nol ecul ar | oxygen
in the presence of hydrogen. Exanple 1 The reaction gas (analysis a

reactor outlet; before the adsorber; sanple 1 ) contained 20 1.5 vol.

propene oxi délhe2abSomptipn Tolareis adiantageessly gipenmeseidedBIeyI1Iq ol ShesTeasti® udi ng
acet al dehyde, propjong dehyde,.. aceton ceti i . qutlet.
The reattion Sjg@'\%ge ﬁ’?g‘@ ot fhe ﬁ ﬂtém}lg[gctﬁ? on %}(gfshs? 3%’%%% g&ﬂgrﬁ %gﬁtgﬁl g’gl ow

rings (3 x 3 nm. The pressure of the non-absorbed gas is allowed t return
t o at nospher i confisuqusbysandrpreferabihet the aehctipn prassubsdrpede efriperasion ia e

oxi dat | on pr JHBEPLBIT BISOH 48 T baad b SRREREN S EERS Fsd hi s of
detection at r#g?ﬁ%éaﬁﬂ#ﬁeferr@ﬂﬁé@%%BHﬁ. BRARKPESS thel Whtel BEbERNAGNS@RIPR, &

gani ¢ conpou ocee virtually quantitatively. 30
20 used at, for example, 20°C in counterflow to the process medium.

The water enriched with propene oxide and other partial oxidation products then
passes, for example, into a reservoir which is under the reaction pressure and which
acts as a expansion vessel for a pump which feeds the contents of the reservoir
25 against a pressure retainer into a region in which the system pressure (0.5-10 bar) is
lower than in the reactor and absorber. Here, the low-boiling components such as
propene oxide, acetaldehyde, propionaldehyde and acetone, partly desorb. The
desorption process is preferably increased still further by heating the laden water
mixture in a heat-exchanger. Here, temperatures of 60 to 150°C are suitable.
30 Concentration of the propene oxide takes place in many cases directly in [the

enrichment section above the desorber column.




‘WO 03/014099 ' PCT/ EP02/ 0813~ -15 The water |aden with partial oxid
products is W@t@%1t4@9§950 i n a heatexchanger and deconpr eeTEEPO2N(81 31
.desorption colum (the desorption colum had a tenperature of 100C

| ateral entry point). Wth a reflux ratio of 1 : 10, a tenperature

is produced at the head of the columm. The container, cooled to 5 5
contains 70 vol. % organi ¢c conpounds aﬁé 30 vol . @6mater The orgaxii

conpounds, for their part, consist of >94 vol. % propene oxide, 2 vo
propi onal dehyde, 1 vol. @6aceta|dehyde and traces of acetone and

b di b f th d
acetal denyde SIS SR ORPERPBBRYCOTCAS TEaxae B BRI ubEhRidle

Overal |, >95 Ya%m/9,Qtf)wﬁﬁl%aﬁég&qﬂ@n@?éhﬂﬁﬁnoééﬂﬁbﬂ.n the reaction gas can be

isolated in g single pass anple 2 15 Exanple 2 is simlar to exa
but the reflux ratio in the desorption colum is 1: 15 Wth a reflu

of 1 : 15, a_tenperature of 4 roduc the ad of '

The contoai nerthe(bﬁ't‘fl cg‘dechog@rocgla?d g‘l“'ﬁ%g %t@(ﬂx‘ 18}1@)%{?1: VAN REENS gggh
vol . % wat er n [ tas Of cifhiat
pr ope(;]e oxXi dgﬂﬁg S\%F)ﬁ/? fg)sr pi onafkggxagﬁ é\\tlﬁ\ﬁ/oc{pe%?g%é}tlg%%thof}ﬁ a%ld tr

acet one and humamﬂdiﬁmﬂwthephaseobﬁmthe col um cont ai ns no propene
or acetal dehyde or propional dehyde. Only traces of glycol and carbo
acids are detectable. 25 Overall, 94 vol.% of the propene oxide fou

the reaction a i nal a /101409
2, 58D ISR P SRR Bt RS 10

exanpl e1ql, bubmhhmgsyﬂkﬁﬂv@mmﬁsure for reactor and absorber is 5 bar.

Wth a reflux ratio of 1 : 10, a tenperature of 37C is produced at |
of the desorber colum. The container, cooled to 5C, contains 90 vo
organi c conp

or A" ¢ oM BOHSHY YRpere b Bl oy TR, AR Puc apIHRS: ORI
acet al dehyde eaﬁlﬁphﬁagﬁgt&fre&&lcﬁﬁetone and but anedi one. The base of {
colum contai ns no propene oxi de or acetal dehyde or propional dehyde
traces of glycol and carboxylic acids are detectable. Overall, 93 vo
t he propene oxide found in the reaction gas can be isolated in a 15
pass.
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"Exanpl e 4 Exanple 4 proceeds in the sang way as exanple 1 but the unreacted
feed gas, aftywp Ehignggabsorber, is returned to the reacpQr/BEO2Ig81ABDI ower .
.The reaction gas, after passage through the absorber, downstream of the
head of the desorber, has the follow ng conposition: 58 % Hz, 8.5 % Q2,
27.5 % C3H6, 0.2 water, 0.005 %proper‘ig oxi de, 0.001 % acet al dehyde. This
gas was returned to the 25 reactor usifig a bl ower. The reaction gas
(analysis at the reactor outlet; before the absorber; sanple 1 ) contained
1.4 vol . % pr xamplesxi de, 2.1 vol.% water and 0.0S vol . % secondary products
(i ncludi ng acet al dehyde, propional dehyde, acetone, acetic acid) at the 30
reactor outlet. WO 03/01 4099 - PCT/ EP0O2/08133 -17 Clains 1. A process for
the catal yti @rpadduralusedifl@id R3t fir ndmR6as ABSHTption L atil AFQNGDrepakedy gen
and at | east one reducing agent, characterised in that the reaction S

m xture i s passde propengoxidd sapdr sednindary oprtodupts in cwiater ywithasebsequent
downstream | ayer whi ch cont ai ns._an aqueous absorption agent in which the
partial Iy oxiHSUPYORIESHREAEARTE) oy ¢ absorbed quantitatively. 2. A process
according to claiml1, characterised in that the reaction gas is 10 recycled
to the reaction after absorption of the partially oxidised hydrocarbons. 3.
A process accdoneiah¢ubutarceatanwitiol5 dym miema clj@néterandi 190tchatong vas uped and  of

the partially, oxidi sed hydrocarbon is.perfa dint resence of .naon 15
condensabl e A% EMNSTAIRE FEASKEPHEMSLRY Wﬁ@cﬁ“o‘@jLﬁ%nﬂ‘? g Eﬁ%%@%@r Vs BF%%S‘ to
claiml to 3,.:ghar j ' u | e j i's
used integr al"ﬂg‘{1 gS?tIC%foof[uﬁgﬁvs\% ?lﬁfvglg%ﬁ%{bgsf Q?ggolf gg&goﬁggggﬁ%&a%% g{rﬁtdggl?)a, of

absor pti®n i fomeiecreaaiant gaseor At ganstteaomfovapeforniziy Sxidatipn oeesionscdways ng t o
one of clains 1@@0 4 gharact erised in thfil water is used as the absorption
agent. 6. A ebekibs shpdaydganeomppsiig igAheiolopng Wag choseRhar act eri sed i n
that the pH Mal constant in the range 4-9 using bases
and/ or buffeﬁizs/ﬁﬁ/te%.évgbq,&%r%gtgglé%accordi ng to one of clainms 1 to 5,
characterised in that the absorbed partial oxidation products are separated
into lights and heavies using a desorptjon colum.

_ 30 ' WD 33/9132099
PCT/ EP02/ 08139r reastign, 60 $ppawuided dlegisdiitly ar geliyeasulstenceceenient PELP se %% t hat

Co D s AR BEE b iBEAhY MdBEPH Fost! FRF AN e WY Eflstance
loading was 10 1 gas/(g active substance x h). Propene, for example, was used as a
hydrocarbon. The catalyst productivity, when using propene as the hydrocarbon, was
400 g propene oxide/(kg active substance x h). The reaction gas stream was then
cooled to 35°C using a heat-exchanger and passed into a downstream counterflow

20 absorber (metal tube, 20 mm internal diameter and 100 cm long; filled with 3x3
netting wire rings) under the system pressure. Water (800 g/h) flowed from top to
bottom against the gas stream. The water laden with organics passed into;an
expansion reservoir. From there the mixture passed into a heat-exchanger, v;vas
heated there to 95°C and the pressure was decreased to atmospheric press1§ire,

25 downstream of a pressure retention valve, in the desorber held at 100°C (20 mhm

internal diameter; 100 cm long; filled with 3x3 netting wire rings).

The reflux ratio was, for example, 5-20. The low-boiling fraction consisting of, iﬁter
alia, propene oxide, propionaldehyde, acetone, acetaldehyde, passed to the head of

30 the column, condensed and was condensed in the storage vessel cooled to 5°C.
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184.29 g of methyltrimethoxysilane (1.35 mol) and 25.24 g of triethoxysilane
(153.6 mmol) were initially introduced. 44.79 g of p-toluenesulfonic acid (0.1 N) are
added and then 17.14 g of tetrapropoxytitanium, dissolved in 40 g of ethanol, gare
20 also added. After an ageing period of 12 h, the gel was washed twice using 200 ml of

hexane each time and then dried for 2 h at RT and for 8 hours at 120°C in air.

10.1 g of dried sol-gel material were impregnated with 5 g of a 0.16 % strength
solution of HAuCl, x H,O in methanol, with stirring (incipient wetness), dried at RT
25 in a stream of air, then for 8 h at 120°C under air and then conditioned for 5 h at
400°C under an atmosphere of nitrogen. The catalytically active organic-inorganic

hybrid material prepared in this way contained 0.04 wt.% of gold.
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1 catalyst preparation described above, were intensively mixed with 5 g of silicon
5 dioxide sol (Levasil, Bayer, 300 m%/g, 30 wt.% SiO, in water) and 1.0 g of SiO,
powder (Ultrasil VN3, Degussa) for 2 h. 2 g of sodium silicate solution (Aldrich)
were added to the plastic material obtained, the mixture was intensively
homogenised for 5 min and then moulded in an extruder to form 2 mm strands. The
strands prepared in this way were first dried for 8 h at room temperature and then for
10 5 h at 120°C and finally conditioned at 400°C for 4 h under an atmosphere of

nitrogen. The mechanically stable moulded items had a high resistance to lateral

pressure€.

The conditioned 2x2 mm moulded items were used as a catalyst in the gas phase

15 epoxidation of propene with molecular oxygen in the presence of hydrogen.

Example 1

The reaction gas (analysis at reactor outlet; before the adsorber; sample 1) contained

20 1.5 vol.% propene oxide, 2.5 vol.% water and 0.05 vol.% secondary products
(including acetaldehyde, propionaldehyde, acetone, acetic acid) at the reactor outlet.
The reaction gas was passed, at the reaction pressure (3 bar), from below into a
counterflow absorber which was completely filled with netting wire rings (3 x 3
mm). The pressure of the non-absorbed gas is allowed to return to atmospheric

25 pressure at the head of the absorber and is analysed by gas chromatography. The
concentrations of propene oxide and the partial oxidation products produced as
secondary products were below the limits of detection at this point. The absorption
process for the condensable organic compounds had proceeded virtually
quantitatively.
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vS10%&' ()-  base of the column contains no propene oxide or acetaldehyde or propionaldehyde.

Only traces of glycol are detectable.
10
Overall, >95 vol.% of the propene oxide found in the reaction gas can be isolated in

a single pass.

Example 2
15

Example 2 is similar to example 1, but the reflux ratio in the desorption column is

1:15.

With a reflux ratio of 1 : 15, a temperature of 40°C is produced at the head of the
20 column. The container, cooled to 5°C, contains 78 vol.% organic compounds and 22
vol.% water. The organic compounds, for their part, consist of 94 vol.% propene
oxide, 2 vol.% propionaldehyde, 1 vol.% acetaldehyde and traces of acetone and
butanedione. The base of the column contains no propene oxide or acetaldehyde or
propionaldehyde. Only traces of glycol and carboxylic acids are detectable.
25
Overall, 94 vol.% of the propene oxide found in the reaction gas can be isolated in a

single pass.
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Example 3 proceeds in the same way as example 1, but the system pressure for

reactor and absorber is 5 bar.

With a reflux ratio of 1 : 10, a temperature of 37°C is produced at the head of the
desorber column. The container, cooled to 5°C, contains 90 vol.% organic
compounds and 10 vol.% water. The organic compounds, for their part, consist of 92
vol.% propene oxide, 2 vol.% propionaldehyde, 1.1 vol.% acetaldehyde and traces of
10 acetone and butanedione. The base of the column contains no propene oxide or
acetaldehyde or propionaldehyde. Only traces of glycol and carboxylic acids are

detectable.

Overall, 93 vol.% of the propene oxide found in the reaction gas can be isolated in a

15 single pass.

Example 4

Example 4 proceeds in the same way as example | but the unreacted feed gas, after

20 the absorber, is returned to the reactor using a blower.

The reaction gas, after passage through the absorber, downstream of the head of the
desorber, has the following composition: 58 % H,, 8.5 % O3, 27.5 % C3Hs, 0.2 %
water, 0.005 % propene oxide, 0.001 % acetaldehyde. This gas was returned to the

25 reactor using a blower.

The reaction gas (analysis at the reactor outlet; before the absorber; sample 1)
contained 1.4 vol.% propene oxide, 2.1 vol.% water and 0.05 vol.% secondary
products (including acetaldehyde, propionaldehyde, acetone, acetic acid) at the

30 reactor outlet.
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oxidised hydrocarbons are absorbed quantitatively.

2. A process according to claim 1, characterised in that the reaction gas is

10 recycled to the reaction after absorption of the partially oxidised
hydrocarbons.

3. A process according to claim 1 or 2, characterised in that absorption of the

partially oxidised hydrocarbon is performed in the presence of non-

15 condensable gases such as oxygen and hydrogen.

4, A process according to claim 1 to 3, characterised in that the heat produced
during reaction is used integrally during the working up procedure consisting,

inter alia, of absorption in water and desorption from water.

20
S. A process according to one of claims 1 to 4, characterised in that water is
used as the absorption agent.
6. A process according to one of claims 1 to 4, characterised in that the pH of
25 the water is held constant in the range 4-9 using bases and/or buffer systems.
7. A process according to one of claims 1 to 5, characterised in that the

absorbed partial oxidation products are separated into lights and heavies
using a desorption column.
30
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