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PF 0000053998/ Kg -1 "as originally filed" 5 Continuous
recircul ation of the olefin which has not been reacted
in the oxidation of olefins by hydroperoxides, by

ent scrubbing The invention relates to a
g?§§§§@g¥%? he continuous recirculation of the olefin
10 whi ch has not been reacted in the oxidation of
oleflns by nmeans of hydroperoxides to give oxiranes, in

a@dm’ iqja]])?fi]sed?‘rstly absorbed fromthe offgas
st oxi dation in a solvent conprising

hydr ocarbons, preferably tetradecane, subsequently
desorbed therefrom possibly freed of aliphatics, and

r P SS

be enpl oyed particularly 15 advantageously for the

reci e&.uhaIdug '?eﬁf‘ch WIAGorPHOMRE BfefiSwhich hak St Bédhna el 97 thd

propene. oxi e invention alsg relates to an
apparEidationpf plefing bymydreparoxides, bymeans of solyenisceubhingq
out. It is known that in the oxidation of olefins by
neans of hydroperoxides tO0 give 20 oxiranes, t(ne
selectivity of oxirane formation decreases

SiTg8iifiien@bh | lafRdo t Broc8ieor Ye bHRBbIARcRcHIaEONdRkMe olefin
reactlons |ncreases as the oleflg?@?nver3|on r

ba/hichhas nopbegneagied w the gridatipn.e wbwewequ *@@%Pemmdes
dﬁ‘ﬁ@i\k%ilﬁhés ih helsich teAelefians fasty abesireicirainl the aifgas stream

dust.ri al  scal t heref or eferabl rried out

t SRS IE IR G oF oh BTtttk J5focgRoRt! pRRbly
| sartadtdang, kdtﬁeqlmnﬂymiee@fbedl ¢liérefrémp potsitdy rfeeedtofoaliphatics, and

! %irgﬁléte%nt% aﬁtl'lg a%%h rpcrk#~I al "ﬁ% Iﬁogésgscs?hr\fe %Pﬂﬂéd 8&111cularly
maotvamt@eomkp fos ﬂwgrdcheuleu@f iof thm prapepgared BO the preparatlon of

SE; O@Jeﬂ@hkﬂlg ‘rﬁé’ﬁlv‘eﬁﬁm{jﬁ%& ‘ﬂﬁ?%é td g &thé BY nﬁéan& 88 which the

ogen per oxi used as roper o e in

opratass wn begagiedaubt ed of f and the olefin is absorbed
fromthe gas mxture in a Iqu|d absor ption medi um has
been proposed, In this. process, suffi E ent ano nt of .
ait isrnowngthat ins thepadation afileling b meaps p ydiRpetoxides 1o give

f @m&tdsome%lecﬁhgnw&hﬁnl FSriRIoR Ql%bﬂeh@@ :"slg(uERaBﬂp aﬂd ehe level
g 1) .. In a preferred enbodime hl? &L pL.oC S
ué anﬁ%ﬂralﬂscss oreprispe ﬁ%crfassw ql éfbf?‘b"r‘f 30 FiSes. TS be

prableetdeachidvi mm@ha@m@nvmﬁ bxivele95% dpspiee thigphese w@actitms are,
h gpelma‘fly ongafa}lsmﬁlsxs“?nal sc er 51]:3 grglﬁfefe@lgpyaga?ﬁgygutt (ﬂﬁy to an olefin

conversion of about 85 — 95%.

Isolating the unreacted olefin from the reaction process and then recirculating it to
the oxidation process is also known.

Thus, a process in which a gas mixture comprising the olefin and oxygen
originating from the decomposition reaction of the hydrogen peroxide used as
hydroperoxide in the oxidation is separated off and the olefin is absorbed from the
gas mixture in a liquid absorption medium has been proposed. In this process, a
sufficient amount of an inert gas is added to the oxygen to prevent formation of
flammable gas compositions (EP-B 0 719 768 B1). In a preferred embodiment, this
process is used for recovering propene from the reaction of propene with hydrogen
peroxide to give propene oxide. The inert gas used is preferably methane and the

liquid absorption medium used is a mixture comprising isopropanol and water.
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liquid absorption nediumused is a m xture conpri sing
i sopropanol and water. PF 0000053998/ Kg -2 Hydrocarbons
such as heptane and octane and al so net hanol and

a l's be used, but |ess advantageously, in
Efg&gﬁéégg@? However, a di sadvantage of the
abovenentloned process is that-a further gas, in 5
particul ar nethane, in addition to the offgas stream

hBEydicRalbend Qekhi RtHRplaie af®biiie WP alsd BetHal6] SAsRERnk @B also

re is |nten ed to prevent the formation of
B ?fges‘étliﬁaisﬂi VAnkeeePhsly B S @15 ure as a result of

the oxygen content. The low solubility of the olefin in

MR & B flliaftogs SPLROARR e icBed Fndberss SR FARF 3 in

[ partisulaemﬂmae,mntaﬂdmmﬂ te mha/eﬁgasmtneamrlms tovbe ded hmv ehcacolumn

\évlﬁégeﬁr o ARE SBko 101£ P ?igeagu iso/?n[ d%c? *‘lt/ %[?1 ation of

wat er con reduces he <of
i explbsive ingxipres pathe |gas Mixturetrss resdisefihe weﬂgan CORLEM. I ar ge
anounts of solvent have to be used in order to be able
to recover the olefin fromthe offgas stream by
abborlow calubiy |ef itk alefisbjiecvator-comaininge septopanaleitt iabe a

t Ethd\QMt € i fhid ?ﬂégé’s‘éeﬁorl%r ?ﬁﬁ&s bEéEEl onrtﬁé Bé’s%hgﬂ&l iR JDecessary

ed In ox1 dat [efins to oxiranes
mm @ﬁe rﬁﬁk’@ﬁt dyxtuggs; waigh have adﬂatpr saateny §f (fam c30-6 mel% to

an7RNesI%. IASs ihidto walte Real heduced themsolastybyf (HEaREinOih the
whi ch rmre effective r covgh‘y of the ol efin fro

ofPRpangql; Fopthisprasong relative cAmqunLs Pfise Vﬁaglgavsﬁ%tﬂ? ysed in

t beleptodiscestie @f retdver fHel cdéfidfrbm ti€ofTgasateamng abhaptibmi s
object is achieved by firstly separating the olefin

whi ch has not been reacted in the oxidation of an

o[tefsi an objeve avfsthef pﬂeyejn ape¢mionde pmvxcy;i ue ifdpeovedi pawess for

%85%"%3}%3 E)P%BIIS%F% hi: &h%f gﬁ&%oﬁtog Sletins rt8 '&frﬁ%s o&/ﬁﬂzgsmakes do

bon prefera
t e«uuhaultethanédltlonal antradusGompof mmnptt@as jnto Ithecahsettbﬁhg)lumn and by

OXI %ﬁ{ HPThiN rﬂ&%%fﬁ%ﬁ@r@@%r & ithe Yleth 'tRin ke (t)lzgésrk?ream can

I on process rese i nvent1 on accordrngly
pboa¢hieed @@eesblﬁmﬂwm@@mfthwuerart ecircul ation of
the olefin mhlch has not been reacted in the oxidation

of ol efins by 30 neans of hydr xi de to gi
oV Bvesfound thag this obisst 1 #ehiqyed g’b’fé‘é‘éy senagatie e lefin which

dusd nEt Heea reaetéﬂatri @8 ,oxidutioh (ﬁ@ﬂmeﬁ:ebytdi@nsbemdn(dphokmte to

élﬁivlg) ér(%q Slaﬁg til%g tt:rllqtemot e folfpg 'stream ; q?o tIlg 0§fg§§ Siream by
absorption in a hydrocarbon, preferably tetradecane, in an absorption plant,
liberating it therefrom by desorption and recirculating it to the oxidation process.

The present invention accordingly provides a process for the continuous
recirculation of the olefin which has not been reacted in the oxidation of olefins by
means of hydroperoxide to give oxiranes and is present in the offgas stream formed
during the oxidation, which comprises the steps (i) to (iii)

(1) separating the olefin from the offgas stream by absorption in a
hydrocarbon,

(il)  desorbing the olefin from the hydrocarbon,

(iii)  recirculating the olefin obtained in step (ii) to the oxidation process.
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hydrocarbon, 35 (ii) desorbing the olefin fromthe
hydr ocarbon, (iii) recirculating the olefin obtained in
step (ii) to the oxidation process. s PF 0000053998/ Kg

ﬁ@g?gn%g@gcar bon obtained in step (ii) after
esorption of the olefin is preferably recirculated to

step (i). The oxidation of ol3efins by neans of
hydr operoxi des to give oxiranes is known 5 and can be

CHiid httoutbord wbidiedin FRIpQY ifte SdeddptRInhGithe DMEHMR preferably
|nd.u;gr|3{0r§r ogess are described, for exanple, in VWO
IR REebarate off the oxiranes formed in the
oxidation fromthe reaction mxtures, it is possible

to use.. for ex I distil.lation co S.. [ f.f
Pb Bfiga i of HRER: By oy of Re SR R B e i RS
Tinelsmn defogeriedsiut b3 keowh wagtodso ipeh methodnasbart mdusstialf process
sk | %th ich originates fromthe
egggn%%g? ’ifgﬁl re c?’?%wp@mg&ﬂydroperoxi de used. To
obtain better regulation of the distillation, it is

oS sQIARIt offné! Efirs%u}%g ToenRRSA %l&e B)Eiﬁ%t?&rg{%rh th }éa@ﬂgrfn%iﬁgres, it

Since these are ew se taken o the to
ci| Rispible thasefipygaamplee distillption iwelumns. Hepgyrotigasieams are

Osbififed ldt the &Bebﬁ‘ftﬁl{ @olifndsO iRk STELAS Sitfedmbs 0216296 Rprise
addi ti (zcalﬁmgas |ntgwﬁhe absorption plant to. avoid
eWprastqd, Olafing apd & sl AEOpRlo OB sexygen (il riglpates from the
| decomipbsifion rebctioe bR Eiechydrberoiide asal. Tonsbtais aditasregulation of
a&s;rﬁ%ﬁl on medi um have, an excel | ent go taol vent Since th
cap ltion, AU 15| QUStORAry 19, use loert gases, preierally murogen. Since these
Cferlﬁmbiwtaheﬁimfg at otip atopt ofv eley cslomink, drouffgss efeams further
absorptipon nedi um. The novel . process is fherefore...
cxsai s rasen: e JREeIPER % IRREE Btrmaliu kg al plgifonal gas
hintlr the abbaptor phonireseid explosiha mixtures yu thecproadss of ¢he present
aﬁg&&%tned, 25 unsaturated and aromati c hydrocarbons

ich may al so be substituted by aliphatic radicals.
The hydrocarbons can al so be used in the form of

”Flﬁ'ﬁﬁé'hﬁﬁﬁ' Mhi rhsr caftons lﬁeé ds NgbsBFRDA e diBHE RAveOAn ekdBlient
hydr ocarbons preferably have nore than 10 carbon_ 6K atons
i $plvame ¢apReibyifar odefinsy o0e thakcibei Brogesseman Peysipigd out using

t mhpeaeRNesAd] AMenE 8f RBrption medium. The novel process is therefore

extremely advantageous for industrial use.

The term hydrocarbons encompasses aliphatic, cyclic, alicyclic, saturated,
unsaturated and aromatic hydrocarbons which may also be substituted by aliphatic
radicals. The hydrocarbons can also be used in the form of mixtures in the process
of the present invention. The hydrocarbons preferably have more than 10 carbon
atoms in the molecule.

Preference is given to using tetradecane as hydrocarbon.

For the present purposes, the term tetradecane encompasses a mixture of long-
chain hydrocarbons of the formula C,Hz,.2, where n is an integer from 10 to 20,
preferably from 13 to 15. The component tetradecane of the formula C,4H30 should
be present in this mixture in a proportion of preferably at least 10% by weight,
more preferably at least 30% by weight, in particular at least 50% by weight,
wherein the sum of all components present in the mixture is 100% by weight.
Accordingly, it is not necessary for the tetradecane used in the process of the
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For the present purposes, the termtetradecane
enconpasses a m xture of |ong- chain hydrocarbons of
the formula C H2n+2, where n is an integer from10 to

2 bI y from13 to 15. The conponent
&P%@Qggﬁé §f the fornul a Cl4H30 shoul d 35 be present
inthis mxture in a proportign of preferably at | east

10% by weight, nore preferably at |east 30% by wei ght,

ek irvelticd toaﬁavle %%hl&@‘ﬁ@yhﬁglﬁ@hﬁ@;ghc nﬁﬁhwl%bgg/ﬁtged&«am for
e.mx e IS 0
d

o a le% Egone i1 gett gﬂltgl cmslf:qllle )gctglie cpﬂ'gsl%ndmg to
tfht: rca@ieedaﬁ@ctm&sémg%akheoﬁr Parls @hﬁh@t?&t@ﬁ%&%&ﬂ&siﬂg be
obre i Tl 9t Bhadant B FubR S daﬁxémréonsa@wh may
odds@ibee tranchddher rabranichel, ofong-chaie, «zlyd:hc or tdlicydie, nlilmtawmed
PR o ki RS gk S e oo P Bl

addltl on to the tetradecane are further saturated

%! Wn%r Iﬂﬁmm%oﬁll xtlai?e bflf%pt? l.«'ﬂr tetradecane or a

ong-chain cyc or a
Lh@é@wmremuxtwmmmmstraﬂecweo wead for ﬁpmmtm prsfesaipas a

al':o?ﬁné’goﬁ'i 8 %/dm 200 %‘950‘@3 TFhirk i @feraﬁgﬁfrﬁhdiﬂﬁﬁ‘f @RFCO Such a

dr oCtarbon m xture, artl C lar t radecane or

hixsreceahasonr M@I?W@%Mﬂ%@l aySedt efEsRAlE 2 w&gep'eﬁ solvent
iBf FRNthe oRIfRIsakby ihakfi dHd&Rin b ﬁleﬂﬁ’si Bt h Sﬁér@ﬁ'i'des in

E}gSOC nor e pr f erabl frongf 270

hl}f’dT‘ h BFOPRY%r ?Fﬁ i RF ub¥ fg,tprhygmgﬂres comprising

extradurehy displyp iHio gdRutagsalswehient CapRED toya padticuldrextent.

ol efins used I n olefin oxidation by neans of

hydr operoxi des, in particular for propene. Tetradecene

oTo legdy amatho prm:iesst off te jresent iisventjon, t the rofiffes streandicsigiraying

t hj t 0 rd, ' -
oL F BUREL RS oX RGN br 67 BASHC I AoRERE' ChSlom, which

i mw atsode,a ctdmdnmtme\fs' asplneamr off ¢pffgasatreams, is tlmmadvantageously

p&d}ﬁ e&% agppe% V\-ﬂé ?JohPﬁ‘ tcPFO Bak E}e?érhﬁlﬁgfbn?ﬁ t&é'b&?rﬂ)z means

tlon

p1> # spmpsﬁssfrr, sitseauendy rceawa tolpgefpwély femahiadatu byyneans of

CRIIR WASCEhd Pedatooﬁﬁiﬁéﬁ i pfaﬁPfGrzthE %uéﬂ)s@@'f separating off the
preferablyfromSto ar, by neans of a

Ressor, subsequently cool ed to preferably from5 to
35C by means of coI d water and fed to an absorption

ESEE abtplirt offtsf e s Krtastss "B o tlop, piras and

ammsmteamrdeampabﬁtapparaﬂud Bnd products from such a plant are always the
gas scparated off by selective absorption and the tailgas mixture. In addition, the
regenerated absorption medium is obtained, and this is recirculated to the
absorption apparatus.

In the absorption plant, it is possible to use packed columns, tray columns and
bubble columns and in special cases Venturi scrubbers, preferably operating in
countercurrent. In the overall plant, the absorption and desorption apparatuses are

connected to form a continuously operating unit.

The offgas stream from the oxidation process is firstly fed into the absorption
apparatus, preferably in the lower part, while the hydrocarbon is fed into the upper
part. This results in pronounced countercurrent flow of the streams. Further
introduction of additional inert gas, as is necessary in the process disclosed in the
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25 downstream desorption apparatus. End products from
such a plant are always the gas separated off by
sel ective absorption and the tailgas mxture. In
agdit | e regenerated absorption nmediumis
ogggyhgg?ggﬁa this is recirculated to the absorption
apparatus. 30 In the absorptison plant, it is possible
to use packed colums, tray colums and bubble col ums
apmtorl m sleem AleceBE9SsiMRNhY fc{ffg?a@ rsu’tehmrzasea@y iebmml@l Qbmponents
era [ ercurren n e overa
BShrths PosespeTayy oty pich drels hefuTatioh sBah xpgve
fmnnmphwmnnlnuously operating unit. 35 The offgas
stream fromthe oxidation process is firstly fed into

the absorption apparatus, preferably in the | ower
plihe preskirt ef tfhmem 1y tlr U2 dab guefesblye fon3 do tthbary ppeailing in the

PRI RgAARY A PHETSHRERS FPUE SIEHP Sy o

goffgasagiraag, neqwtstarla}r tha urreactadoelefin, i thel bydrdcdrbon, hwehlplt is
0?@%3%&29% e, P Qr tﬁtt indofubMOlgal CCRRAREN Th e?lcqe;tvege the

tream al rea ont alns co onents rom:t
p@hﬁ@ﬁ%@n appAKs &b the tﬁp ©of thgeolumm BHs preéarably cm@rlses mtrogen

,gehlaaa splalPAMBXKRS OF lo¥ein, For DS %rop'éné_ he N S8dédsin the
om2 to 10 bar, preferablyfromSto bar,

p??@%ttqrtmacq% the absor ption apparatus increases the
soI ubi | i ty of the soluble constituents of the offgas
rea articyl.ar_ the unreac in the .
DbE 0 e BiPoincal ihe e by EettieatoRumahe pation, the
psupe:auom s:ot:urb loatsiiizsthe oat@t:l ih wehith expdosiveennaares lveth oxygen can
ti,0 anat us e I | S, .
o Rt o BRA sk ion B e Gl BoRR i xpidhi Smixtures
athamﬁms tmf:ombseﬁumrﬂlfotus 'Elmamlptohlbﬂﬁ pseia, fdr axbinpld, He passgd to
Iﬂlc['r{éﬁl iofXi dation process. Due to the proportion of

inert gases in the offgas streamfromthe oxidation,
the separation occurs outside the range in which

eXRY Qﬁﬁi{ﬁadgnﬁ{yﬁf&ﬁrb%toﬁta?d@ﬂ% fheQifttotoftfie LIRS passed to the

Addi t i onal roduction of_ further gases to form
néFersionstags. Hisee aredero nostblerwve obealsyiag out e desqiptian; these

TheSviftidg/ dé;hlv@lcﬁﬂﬁn@@n@ chbieé beREP tHRm 8eRdSEE thela@ailability of
I NCi neratl 0 The ol efin-1aden hydrocarbon obtai ned at

t AETHBERURR Bt he col umn is passed to the 20
desorption stage. There are two possible ways of

i ¥efn %eraHon p?etql%lsr’t%rl?rtlr{eo&bouth%%eC) is available, the desorption is
preferably carried out in a distillation column at a pressure of from 1 to 3 bar. In
this case, the olefin is freed of hydrocarbons in the column and separated off in
liquid form via the top of the column, brought to a higher pressure level as liquid
by means of a conventional pump and fed either directly to the reaction stage or to
a further purification stage. The hydrocarbon freed of olefin is obtained at the
bottom and this is cooled and subsequently recirculated to the absorption column.

If no refrigeration plant is available, it is useful to carry out the desorption as a
single-stage expansion vaporization, also known as flash evaporation, at a pressure
of from 1 to 3 bar and a temperature of from 50 to 100°C, preferably from 70 to
90°C. In this case, the olefin is separated off in gaseous form and cooled in a
downstream heat exchanger, for example to about 35°C or to room temperature.
The cooled gas stream is compressed to a pressure of about 11 to 12 bar by means

of a compressor, so that it can be liquefied using normal river water as coolant.
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are virtually equival ent and the choice between them
depends on the availability of a refrigeration plant.
If a refrigeration plant using brine (about -35C) is

j he desorption is 25 preferably carried out
ﬁﬁggkﬁﬁéﬁPWkﬁtlon colum at a pressure of from1 to 3
bar. In this case, the olefiig-is freed of hydrocarbons
in the columm and separated off in liquid formvia the

t Qitable Ch@p ﬁc@éd#gn“are JOfRUSmHIE) Piston IRhipassOfsS UTe: h?d/r@l:arbon

as IL ui d means of a conyention

i e g Seni P Sgbo By el (<eemeions
ptblfruhfalcaéﬂn CIfl pRipa@eis Uded o ytufog ahid)pntbpf)i‘t@ﬁds abowt! 6 iby weight.
ﬁf‘sb the 3 bottgmtan this I,s &Oc%laﬁgd gqng1 absorption

sientho Ressbrecben BER B8hanebr oo SRR B g soserp
nsragee fThe giguefiddogas iraah chs tlewdicl fad bﬂherlchrecti;y tosthE weaction stage
car t he. r on as a single-stage expansion
v%rt8rai1§§{1?rovﬁnrg$tz°% Eﬁ‘{%wn as flash evaporation, at a
pressure of from1l to 3 bar andatenperature of from

5&1 4 grleié%gﬁ enﬁ{oﬁfrﬁérﬁ‘%k fﬂr?«??sg Of fh@ 1r?v%n§91f thd @leﬁﬁ] Hssac‘ééﬁﬁngly

I S separa e (P&SGOUS orm and coal e
i absarbed @hva Proseinmot dem 3xe Abagard a fesppesatargif dram 549 3atC and

3;% afdted! Bff" BOH%JIS YB&A &k W Bressuld &f G8Gth ed t8 %Sb&t ﬁteﬁﬁ‘ ﬂo§ of a

ressed ressure of about 11 to 1 {1 ﬁge
oflisall @tﬂﬂp‘?‘é%@@ror igogaseRus formcia pEeshyre hfrem Ldg and a

NRAPREanire 68 fronPBio FPCHYThédnt of AhRvapRRG&R3998/ Kg -6
Sui tabl e conpressors are, for exanple, piston

conpressors. The hydrocarbon remaining after the
VEPP fuirthet émbocﬁhﬁﬁt it i‘s Iidsi;lble(:ta@pemtei thé absongtiinnslarg imtte form of

fi
ggfg(?:’fetﬁitc S{l] IQPHBE 1§| gﬁaﬁl g&l ) gllﬁre% y%:ﬂ'?ﬁé"gletﬁ t&'ﬁeﬁ_geéﬁrc‘ated off
hyahmot be desvrbesl 10(3315&1!115|fmm fﬂmﬁatheebydnmagmn (mmlj:pressurlzatlon of

' &%‘ tﬂ'a%s Gk q{lﬁ g&ﬁ? tlieglﬁh ?hf?sgagﬁltaliw epliljrltg l&%fdpﬁge, for

eam can
r mmulo.n astcag@tercurrettto eatrpgionh @ppyaiup f ptcmci/eén Vﬁtfbg@)wﬂsﬂem

h&[‘ﬁF 4?0[“9‘%1‘9%%* fl&ré#’yp tHRhyBFdRa®oR afd tﬂehﬁ;uwmenhl on,
I n

In 1s accor absorbed at a pressure of
from3 to 6 bar and a tenperature of from5 to 35C and

tl%g %k;ﬁfnatvﬂﬁcipfsfpréi'&rdb'l)ﬂ btdint@® ﬁﬁnae\surﬁty BF @6 fld5te93%h, Eanothied. be
0 ar

to a distillat Lo

EESUDES i Gph Whey TP GRS 1 FsHCisn YA hifiapdforide.

tenperature of from 70 to 90C by nmeans of flash

eva or.at.i In a further nt ASH t:

SePatia e s R R AL RS ¢ Pl B RvElon'i€ that

the olefin can be recirculated to the oxidation process in the amount in which it is
separated off from the offgas stream from the oxidation. This makes possible an
economically extremely advantageous process which can be operated

continuously.

In a preferred embodiment of the process of the present invention, the offgas
stream further comprises other components, for example saturated hydrocarbons,
in addition to the olefins. The saturated hydrocarbons may already have been

present in the feed olefin.

Propene is preferably used as olefin in the oxidation stage. This preferably contains
propane as saturated hydrocarbon. Preference is given to using fractions which

comprise propene and propane in a volume ratio of from about 97:3 to 95:5. Such
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15 an extraction plant. This is of particular interest
when the olefin to be separated off cannot be desorbed
in gaseous form fromthe hydrocarbon on

ion of the apparatus, but instead forns a
[T qg&@ﬁk@gg@‘ Sui tabl e plants conprise, for exanple, a
countercurrent extraction apparatus provided with
downstream rectification colums for working up the
huﬂmﬁarakwmls@mdeﬁh@ td htéHRnié igrate” %ﬁothe Plefirérte iviiveh to
“%ﬁgreferabl obtained.in a ur|t of at (?ast 95% can
t

BroPege-R RISy Wbt Preparelive pY pRRPFIS @RS on steps to
t he oxidation by t he hydroperoxi de. A particul arI y

“MARMREHAH ofBFE o BbodilRaPERe Biockls o ie Bleetithvengiop the
t hﬁgasx Btream d'mrprtbleesmvcmdrh ef apropmte imto vropdnei oxide therefore

SHAREtkde ¥ QAR BbBRo AR LA,

extrenely advant ageous process which can be operat ed

cant.i I

A LAY e Bk LS U SRR 0B h0Propene an

f DiopARY but gleprinesbgases. e partispligbnidineen, 2pdp serl r%moent of oxygen.

saturated hydrocarbons, in addition to the ol efins.

The saturated hydrocar bons nay Ireaay have been

pr'é‘%rPfoqu'F ofthe pesentdpyantign, téso gepWhichihas peetyfggedipf propene
peSpadé eifsld@pmateﬂh@ffoatl that fop Nofs g @bsofftich @p@fran@%ﬁ the

c aln tur ted hydrocarbon, Prefere
EY% on, refEraRly ‘efadeciisn dadeh v PRBRRE PELPIOPEISCH SoRad
pbﬁ‘raatlﬁhottomafohewtﬁumatl o of fromabout 97:3 to 95:5.
Such PF 0000053998/ Kg -7 mixtures are also referred to

as "chem cal grade" propene. Preference is given to

uki thy spbsegesnt deforptivrsstep) the sixtaretdfprepeap andipropanafs separated

P F ?r&ﬁ E‘r?h&ﬁih o gaéep ﬁo‘?ﬁrﬁdlﬁ ety a¥odaFtithSh B%ﬁjﬁ%{@ %‘f‘ ”ffflﬁfr{‘ﬁbout 1

resent "I nventi on

sta 2ban Ufsrrtgmrtehé Uesoabose Sessnibed epbogigrcats: Atohysirogrshen i cooled
OXAPRcIbRAEA B fe aBUTPidEaSeel" OPENE as ol efin and

propane as saturated hydrocarbon. As indicated above,
the of fgas streamthen conprises not only the propene

amre rdduRIABRAeH colpsiSink RS Iov@&iﬁﬁg cbﬂﬁp@ﬁnﬁ ];)‘rbb@fe and propane

nitro dasrmll anou of ox

oFaL slscdenily be spEaeid IR ER EPBROM P@PF‘@;“a%“%ﬁ"@ﬁ“%ﬁ’sa =

beslittel r @ deqthibpd, 0 fnexample, in Ullmann's Encyclopedia of Industrial
Chemistry, 5™ Edition, Volume A22, page 214. The separation can be carried out

in a column at a pressure of from about 15 to 25 bar. The separation can also be
carried out using thermally coupled columns, and these are, for example, operated
at a pressure of about 15 or 25 bar. The propene is taken off at the top of the C;
splitter configured as a column, and the propane is taken off at the bottom.

Accordingly, another embodiment of the process of the present invention provides
for the propene/propane mixture obtained after separation from the hydrocarbon to
be separated into propene and propane in a Cs splitter.

The propene which has been separated off can then be returned to the oxidation by
the hydroperoxide. The propane can be used as energy source for steam generation.

Examples of olefins which can be separated off by means of the process of the

present invention from offgas streams which are formed in the oxidation of these
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and propane is separated off at the top of the
absorption apparatus and the hydrocarbon, preferably
tetradecane, | aden with propene and propane is

SER&SRH ff at the bottomof the colum. 15 In the
sﬁ%sequ%%?giggsorpti on step, the m xture of propene and

propane is separated either-8n liquid or gaseous form
fromthe hydrocarbon at a pressure of fromabout 1 to
3olefifis g mMgameNsf Bydrbpgoxide\ie-gdes did b@ﬁcspﬁilitﬁﬁl% Rithses dBehe
hydr ocarbon is.cooled and recirculated to the

a 8}”['3‘{5%““%(}“38%. 20 The resulting stream conpri sing

the | ow boiling conmponents propene and propane can

S q I a [ e e [0

SHRERI S, PouRaR 5 R, ROAUERE (RIS BbAcRls Befyicne,
eheaepése hekadiehds rhepienes Encipndso gadobuten, kmmiethylpentene, nonenes,
OsitbSte” Yers Eqj.t. ] o] u 55%% 4. Th
separ%%er_owd%ebgé%%c@??ngg Igu{éﬁ: ' a ‘gopﬁ#n ag(;{ %Uaprc{pcne’
ppagbuiadiensss, fpobyisabtanes, 1 Bopenes tgenenesthgerawiphr hnalen, dmalyl
a e i i | , _
SR efgg‘f'zFé‘é@?%‘%%&?%ﬁP?%l&%%% e U
abrntanes sinyfcysbohgxane, YHIOsitane fanyleyalehesenes styrene. chelopgne,
Oéydlchﬁta@?t:ne,ts p :Z'iriylrﬁ?rbé‘rﬁfﬁeit, % l-ifl@ﬁltef\s té!raggﬂlxmﬂcn%_n dmlbﬂh@'lstyrene,
pro ne 1S,.1aKe o) a e (0] om CCO I N , .
a%?ﬁ%n’en&%m nfﬂmny 2605e %’FE@QQ@C"-B‘F’ fﬁ%loii? §%‘Hg“3/’ stilbene,
[ %l‘pﬁqsﬁyltﬁna(?e@v ivi@gin fAF béth?ammﬁ lvﬁ]{qynigapﬁ fiaotides t allye bhalidcs,
obt al, n after arat.i,on,.f.r.o t he car pon

QB afiort. o b AR ShRuaE S bhiege. ST 58D St Weobol,
Theemrigpéoenediosh dabopbrtenedialparmentedolsf foctalienolse ntrislecenols,
r t . ' ' t r i de .
ARG Srbl SHGSRIE Mool Ml SBBRIA i
ganidy sich @s aciylia apide metfacnilie facids crotdnid a@émnble?os@ph' rV_élué@L‘etiC
Ofdid by %ﬁﬁ%a Ofaugh&iﬂ%cﬁﬁ%s Yieik N&id, PHESIER adi@,ygﬁlhhe@ acid,
fromo gas streans | C are?ormsdlnt e oxl datl1 on

oRatprglly ecepuriog (oaBbABY Kg -8 ol efins by means of
hydr operoxi de to give the correspondi ng oxiranes are

the follow ng . conpounds: ethene, propene, 1-buytene, .

2Hydropproxides d%ﬂ?lbﬁ@} bedeshferi e igp e aji; tbéﬁvﬁ@&er,ondes

5whﬁy1§edri]r€|5knohﬁ>fﬁﬁﬁ @lﬁkﬁﬁnimhﬁﬂbg@gfa suRbRNRS éedé'tibﬁ it @8 lefin.

tpinet entene, nonenes, dodecene, .tridecene

¢ BRHHRIEY ohstch BIspRRseatles are FrL by divdropsoidk fishsbylbgazene
hydroperoxide. Hydrogen peroxide can also be used as hydroperoxide, for example

as an aqueous solution.

The offgas streams can also originate from oxidation processes in which the
reaction of the olefin with the hydroperoxide is catalyzed, for example by means of
heterogeneous catalysts.

In a particularly preferred embodiment of the process of the present invention,
propene is separated off from an offgas stream obtained in the oxidation of propene
by means of hydrogen peroxide to give propene oxide. Tetradecane is preferably
used as hydrocarbon for this separation.

The invention likewise provides an apparatus for carrying out the process of the
present invention, which comprises at least one reactor for preparing the oxirane, at
least one absorption and desorption unit for separating off the olefin and a C;

splitter.
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pol ybut adi enes, pol yi sobut enes, isoprenes, terpenes,
geraniol, linalool, linalyl acetate,

nmet hyl enecycl opr opane, cycl opent ene, cycl ohexene,

n cl o- heptene, vinylcycl ohexane,
vﬁ%@?§§$§gﬁgﬁ vi nyl cycl ohexene, styrene, cycl ooctene

10 cycl ooct adi ene, vi nyl nor h@ene, i ndene,

t et rahydr oi ndene, nethyl styrene, dicycl opentadi ene,

di vi nyl bezene, cycl ododecene, cycl ododecatri ene,

stil bene, diphenyl butadi ene, vitam n A, beta-carotene,
vinylidene fluoride, allyl halides, crotyl chloride,
NEhd dlovy |diapRdrag isHewn dnCRigofesblit:ade? iadicmt ldwe Qiopene can be
nethaléﬁl a%ﬁOhflh butenolsf bg’tenedio%st

cIFEPpEhtERBtT S Iothe REfrP{BY DO by A0G40HK Of & tetiadpennt sfrgp Jrom
1in offgad siredne doghesl 0i dr, emixidatipet (oridation)sofe popand to propene

a . t t carhb lic. acj h ClVH |
oD 1y PO IR B P R Gingl TG AR fe 2
vihopisdbetecoverpmihdn awefsigematian phinf mtavgilabdé.ds such as
oleic acid, linoleic acid, palmtic acid, naturally
occurring fats and oils. 20 Hydroperoxi des which can be
used for the oxidation are all the hydroperoxides
WisCOr REFerdtl At AOM: HRSRARELT art and are suitable for
reaction wth the olefin.” Exanples of such
hydr oper oxi des are tert-butyl hydroperoxi de and
ep@yﬁpgnzeng hygﬂ%@ﬁ&@@dﬂMmﬁMdrogen per oxi de can al so
be used as hydroperoxi de, for exanple as an aqueous
solution. 25 The offgas streans can also originate from
oxi dati on pBocesadsorptiondmich the reaction of the
olefin with the pydroperoxjde is catalyzed, for exanple
by neans of het érogeneous 8P Y¥ts. 30 In a

particul arly preWerred enbHdatreanbanger t he process of the
present inventiog, propen? h§m§eparated of f from an

of fgas stream obtained in R&"BXi dati on of propene by
means of hydroge® peroxi deTewadgcane pr opene oxi de.
Tetradecane is pyfeferably ocarbon for this
separation. 35 TLe inventig#ﬁﬁ%ﬁ%a?géQ%rovides an
apparatus for carrying out the process of the present

i nvention, ghi chpeiipiis@st at | east one reactor for
preparing the oxirane, at | east one absorption and
desorption unit Mor separ atPRBTSFI the ol efin and a C3
splitter. PF 0008053998/ KgveSsel for flash evaporation

W Heat exchanger

D C3 splitter
P Propane (and high boilers)
c3” “Chemical grade” propene
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The flow di agrans shown in Figures 1 and 2 indicate how

propene can be recovered according to the present

i nvention by neans of a tetradecane scrub from5 an

0 formed in the epoxidation (oxidation) of

p?%%@%géﬁgggngpene oxi de. Figure 1 shows the recovery

W thout using a refrigeratiomgplant and figure 2 shows

the recovery when a refrigeration plant is avail able.

10 List of reference nunerals for the figures Figure 1:

éﬁ s fr n1ox§$ ti n 15.20. 25 B Absorption unit V

sor ﬂgﬂﬂ%‘“mR Colutm T Tetradecane

Inert gases (N2), 02 C Desorption unit V Conpressor E

Vessel for IashA_ IE rat&_n W Heat exchanger D C3

splitter r opan ne" Bign boilers) C3" "Chem ca

gr ade" propene PV 00000539@8Mmiggess@0 Fi gure 2: A Off gas

from oxi dati on BﬁpsorptionH%&h&cy%ﬁgppressor W

T Tetradecane
K Column
)| Inert gases (N3), O

C Desorption unit

S Cooling brine (-35°C)
W Heat exchanger
H High boilers
K Column
D C3 splitter
P propane

c3” “Chemical grade” propene



10

15

20

25

30

35

Heat exchanger 5T Tetradecane K Columm Il nert gases
(N2), 02 10 CDesorption unit S Cooling brine (-35C) W
Heat exchanger HHi gh boilers K Col unm 15DC3 splitter

p ""Chem cal grade" propene PF 0000053998/ Kg
ﬁ@@@@ﬁ%ﬁg 1. A process for the continuous

recircul ation of the olefin-which has not been reacted
in the oxidation of olefins by neans of hydroperoxide

t Wedilaigh: > oxiranes and is present in the offgas stream
formed during the oxidation, which conprises the steps
(i) to (iii) (i) separating the olefin fromthe offgas
st.r earmkptocadss forfihé oontinnoas rdﬁkdil@@@f dothe oledin(whikh has not been

d bj I f f d b Qi) . .
oot rcliraet g Preeh it e Y Peal, o hyfiopibyiderfo sive
oxi dat oxiranps anés;sspreﬁentAn pheooﬁg& siecan] formed durning Itk oxidlation,
wher ei DhiH%omMpBsQGAE BRPs @Phkif)ed af ter

(i) separating the olefin from the offgas stream by absorption in a
hydrocarbon,

(i1) desorbing the olefin from the hydrocarbon,

(ii1) recirculating the olefin obtained in step (ii) to the oxidation process.

2. A process as claimed in claim 1, wherein the hydrocarbon obtained after
desorption of the olefin in step (ii) is recirculated to step (i).

3 A process as claimed in claim 1 or 2, wherein the hydrocarbon used is
tetradecane.
4. A process as claimed in any of claims 1 to 3, wherein the olefin is absorbed

at a pressure of from 3 to 6 bar and a temperature of from 5 to 35°C and
separated off either in liquid form in a distillation column at a pressure of
from 1 to 3 bar or in gaseous form at a pressure of from 1 to 3 bar and a
temperature of from 70 to 90°C in a flash evaporation.

5. A process as claimed in any of claims | to 4, wherein the offgas stream

comprises inert gases and a small amount of oxygen.

6. A process as claimed in claim 5, wherein the offgas stream comprises
nitrogen.
7. A process as claimed in any of claims 1 to 6, wherein the offgas stream

comprises a mixture of propene and propane.

8. A process as claimed in claim 7, wherein the propene/propane mixture
obtained after separation from the hydrocarbon is separated into propene

and propane in a C; splitter.




desorption of the olefin in step (ii) is recircul ated

to step (i). 15 3. A process as clained in claim1 or

2, wherein the hydrocarbon used is tetradecane. 4. A
|laimed in any of clains 1 to 3, wherein the

g‘?‘i@?’?ﬁ?@%{&or bed 20 at a pressure of from3 to 6 bar

and a tenperature of from 5-1»-35C and separated off

either inliquid formin a distillation colum at a

P9.eSSUAR ap?aratfuﬁ @6 JartydngSolral procesk orgds eontinuods wecaiculation of
pressuy 0 bar and, a

0122545 e B e S s SR Gl b Pl

cl ai medf hpdrapsroriie cloaging dkitanesd andvie ipedsantt ine thef bffgas stream

stream._compri.ses. inent. ga n I f

oy gonorBSTRUFE T B8k Hf e e PRl BHRHELs 8 leasy one
of f gasreattoefion prepairigsthe oxiiane.ozfelaast 3Me 7absgrpppn @od gleserption
clai Mot e3Pl IePthlBickint a% QARG N Lhe of f gas
stream conprises~a mxture of propene and propane. 8.

A process as clained in claim7, wherein the

propene/ propane m xture 35 obtained after separation
fromthe hydrocarbon is separated into propene and
propane in a C3 splitter. PF 0000053998/ Kg -12 9. An
apparatus for carrying out a process for the continuous
recirculation of the olefin which has not been reacted
in the oxidation of olefins by neans of hydroperoxide
to give oxiranes and is present in the offgas stream
formed during the oxidation, wherein the apparatus
conprises at |east one 5 reactor for preparing the

oxi rane, at |east one absorption and desorption unit

for separating off the olefin and a C3 splitter.




