PF 0000058159/ He As originally filed Process for preparing isopropanol and
2- but anol fPErgopﬂ@%é%"@spondi ng al kanes 5 Description The invention
relates to a process for preparing isopropanol from propane and 2-butanol
from butane. 10 The hydration of al kenes to alcohols is well known and is
performed on the industrial scale. In industry, two-stage hydration is
practiced, Asojginalyfied 4l kene is reacted with sulfuric acid to give the
al kyl sulfate and this is hydrolyzed in the second step with water to give

the al cohol papded e Rk bp \éﬁﬂ?&ﬁ- b thdLSrd¥pBRGRG alkdAds t he

al kene can ge g%e@ Ff\ébt r(]ag Fo?r%ﬁ%'?dcru e amr{e mhxt urrreg, @ogaexarrspl e

m xtures of the 15 al kene, the correspondi ng al kane and further secondary
consti t ugnt Bes®iptiamlvant ages are the highly corrosive nedium the

contam nation of the product with sulfur- containing odor-form ng substances
whi ch can niﬁes_si tate additional purifjcation stsaﬁs %oﬁd the | oss of the
inert al kandN® raY&NIBRA 151ates &0 1A Prefess ohiPEePaInes'SRefEPaRRl iform pRropane and

di schar ged afuenct fnembetaoki on. A further di sadvantage is that, after

hydrol ysis of the alkyl 20 sulfate to the al cohol, the resulting dilute

sul furig¢.acid has to b oncentrated before it is reysed jn the .
oot or  12as T Padalion Pralkeier b iconolsS Sl o andls perpriad:pr e npstra
car boxyl i ¢ acaleldn indilisky dwoeptaget hyelsdtion is pradticad) 1 whish théelken isl reasted méthf or med

to t he corrggppRASS t@bﬁ@ hed _aNyF Buif85 Q¥8 lthfis af hslbl%lyzaé i@@ﬁé’ seconl NG withOr
i NSt ance, 148  descri bés cidto

US 4, 384, he r t1on of €éthene th acetjc
Ghve or byl et 36 dive: then SRl And b il 3E i, BBvantadeons af s rectss Rt RE by |
acet at e r enslkete byn de ssed inathedormmiof brude tadene mixturasl, for exampte wixtures obthen an

autocl ays akbRg, dfie RoffbdfdnbiMgCamatel sid Binfbh¥éconaaiyaddnstitibmaNblsadithtaljeat hy!
ether. GB 2 232?'?%53}‘9 di scl osés th
9 f

t he twp-stage hydrati of 1-hutene
et on o gfe e el s2heSRE mbdim, dRa i ARTRSEdT ey e Pprofiud Wil ol |
t he pr esenceomainingadghfoymingi stibstanees which sanyeecassitaie additioral puifigation steps,
Eygr olt ysis fﬁﬁd Fﬁl}e;oggtowmé metai aYlﬁanl%' PAGIRAS the trmi;l'etdﬁé, twHidh déks ﬁ&trelﬁétearﬁi ’ge

ydrati on Of, enes, over Sstron Clal C, cal a S or exa 1 O
o aners CtisEhatGAEaNSHEL ol W AinBS S ERhae 1othar, ph@ ygfBhATES nd Sty
het er og@deoaufate fpibetaicangl, the feskiing dilytd sutfuricaadid) haptooke serwentrated diefase it

hydration cgrebsedififOsdBtticktiort &iepgas phase, in the liquid phase or by
bi phasi ¢ neans. Di sadvantages of the one-stage processes are in particular

the | ow conversions and the high requirenments on the purity of the al kene
used. For e¥unagdition, ghe matasiieatipasol elefinge with cearpoxylit @cids randosulsgnyeniresigrade
propyl ene. AfHrBIY5is bl P ksl RNRRE A0 tdecatresFBnding alb8iol 30h 166wy BEthea
process,£or . RE PRI For PRIEPBENDS 4,384 UL dnd Flabidn of ethene with acetic
acid to give ethyl acetate in an autoclave. The subsequent hydrolysis of the ethyl
acetate removed by distillation with water in a molar ratio of 1 : 5 in an autoclave
affords a mixture comprising ethyl acetate, ethanol and diethyl ether. GB 2 238 539
discloses the two-stage hydration of 1-butene by reaction with trifluoroacetic acid to
30 give 2-butyl trifluoroacetate in the presence of a highly acidic ion exchange resin and
subsequent hydrolysis of the ester to give 2-butanol.

In addition, direct one-stage hydration of alkenes over strongly acidic catalysts, for
example ion exchangers, zeolites, heteropolyacids and mineral acids, on

35 heterogeneous supports is performed industrially. Processes for direct hydration can
be performed in the gas phase, in the liquid phase or by biphasic means.
Disadvantages of the one-stage processes are in particular the low conversions and
the high requirements on the purity of the alkene used. For example, propylene has to
be used in the form of polymer-grade propylene.
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tert-butyl ether froman LPG m xture conprising propane, n-butane and

i sobut ane. RhB800QP58199/Keure i s dehydrogenated to a m xture conpri sing
propene, n-butenes and isobutene and subsequently passes through an
etherification zone in which isobutene is etherified with methanol to give
met hyl tert-butyl ether. Propene and n-butenes, which essentially do not
react with GBtaridV A9Adiescrites xpiegess tonorenariag isoaropapel, 2duianot ank Bedy)

hydr at ted d:t@ﬂcbtu by etbiet gomeetrﬂ_P@ enu@umgcdmarr@mmnean%u%nblanawbutane The
respective i.S S r n

al cohol s ha mgz )gyr% o Q%ﬁ@@%ﬁﬁa orr&4 ?% @Hg'rs(?r?ﬁ?ﬁ%geg'%dmn gr[‘%?agré% in
whi ch a st rigapHienshand subsgaperily Haesesothreughageiherigation é‘PrI@a'ﬁé"n' SePNIERY ed t o
an i nt ergred adtRerified eith e@hznob td giveh@ethgb tartisyaginetheg Rrbpdrien andimebutéress,

|t er ecl A GnSh Bty SRVBE etk Wit iy Sona UL AbiebRel %r@

product streamc rres

nenti ons, a%m&ﬁarleﬁ’HF'VeEY rﬁﬁeﬁc%%c“yt M’éht V@teétﬁ’geg"fﬂ/&%r?%ﬁ‘obfa” r epatanal;
concent r at espéuativélyri c acid with internediate formati on of the sul furi c
ester and subsequent hydrolysis of the sulfuric ester to the alcohol. In
addition, vari ousgﬁrocesses for direct hydratlon are described. 20 US

4, 484, otid dv'S #0904 23185 AcHigclosesy ajracess; 9 HT%Q%'FSFPA‘FRHO'%H%V"E%QOTbUPé%ol in
which a sterbomgtogssiran treacorcsppadiegl aléngs, dpwhiehanstreéaso bormprising propade i nt o a

dehydr ogenay Qiong 815l AySEVISTATBRLE T, ) Sikuchidé el B8RRI Uhe

COITpI’I SI ng ropen but ene and unconverte Rane and ISO

nonoxi dat i F?@H?&d'"g olefin; and e Inigrawdiate strealn r‘g PHYRERGERY ‘te,eqtsqr 'P‘?JWCE)Ol lers
(hydrogen) layudationeto mpcm:tmnEsman rcempvisidg 28e loyrrelsponding adlcaiol. f Thenddduengnt oduct

gas straam ghaddig, LAY ﬁBRQ&@%de@é‘;thé Ro- Et%%;é ﬁ%drgﬁ%d“&rpr{)ﬁ&%%ﬁf’cdn%ﬂrétw

dehydr ogenati on zo I nin I ch consists essentially
of propene, SY4 fgﬂ%ﬁ?'aﬂﬁthé?fﬁrm%{%ﬁf%{ t'g% of é‘ﬂ sufiyrs esteryafdau %?ﬂ“?ﬁh'é‘/d's%‘? e

pr opene andofi thelsulfaivcesierctohthie rafobdl. div additon, aaridis prcoassesdha digeet hgdiation
directly togeife@Rfgepancl and tert-butanol. The renaining gas streamis
separated fi rstly into an 30 isobutane streamwhich is recycled into the
dehydr ogenati on zone and secondly into a stream conprising propane and
pr opene20 whil84,484, (8aysdiasds iarpirocesh éorprepaing isapnapaabl aristbdbetanobiniwhithed i on

step. The pétﬁﬁuﬁ?%ab StrbdHH %oﬁﬁ%é&?éfeﬁrbﬁé% érﬁ‘i lé&ﬁhaﬁé‘i%%d’ ﬁﬁé E@ehWrQMﬁoh S

renoved before 8 dration gn% lon 1S startlng
st ream consf¥¥i AQd eL&WAqoEN#te tgl'Y§ é3pr gt &8s, H‘rﬁs 00@8”5'?9 |F§'°%‘?{1 obj ect
of the i nveinohuend angunsandertechpropans aind idobytane dly| renpxidatbesnéans, peapahé ng

i fOD; opanol a@éﬂc@bbhﬁ% 3R eky eW”Fi?él I&P%ﬁllé}gt(h fgﬂﬁd% ﬂ@ﬂl%sreﬁfolvé@el
R B g ot e D
i sopr opanol regyaleq irthai ttben alehydrogenalien zone e She melnaigingl gam stsegn IWhice cendistsl
essentially of propene, isobutene and isobutane is fed into a hydration zone, where
propene and isobutene are hydrated over an acidic ion exchange resin directly to
isopropanol and tert-butanol. The remaining gas stream is separated firstly into an
30 isobutane stream which is recycled into the dehydrogenation zone and secondly into a
stream comprising propane and propene, which is recycled into the propane removal
before the hydration step. The process is thus characterized in that unconverted
propane is removed before the hydration and the hydration is performed with a starting
stream consisting essentially of the Cs- and C,-olefins.
35
It is an object of the invention to provide an economically viable process for preparing
isopropanol and 2-butanol, which does not have the disadvantages of the prior art.

The object is achieved by a process for preparing alkanols (I} selected from the group
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fromthe gro{yg consi sting of propane and n-butane, conprising the steps of:
A) providi n'ﬁ Og;qogrsﬂ??{b'egas streama conprising the alkane (I1); 5 B)
feeding the starting gas streama conprising the alkane (I1) into a

dehydr ogenati on zone and subjecting the fl kane (11) to a dehydrogenation to
the alkene (I1l) to obtain a product gas streamb conprising the al kene
(111) and ¢ANSISHNS Pt isgraPrRRRand 2-butappl from thecomesponding @"@@ﬁgév)s?e'%qt%%m
hydr ogen anitorh ¢ivé groop censdsting @f fjopate bedisbutanepeargsrising the sdpsbf:gas st ream b,
optionally separating product gas streamb into an agueous phase cl, a

phase c2 conprising the alkene (II11) and .the alkane (11), with or wthout
hi gh boi | er® gV '"gésst%%%ga%@%ﬁpp@mng Wﬂ%@ﬁﬁhnd | ow boilers; 15 D)
react i ngs prBruddedias ther etamirly ogast helrepivas@ c@mpusing i thenalinieer(d) (ihta )a and
alkane ~(11) wiohy é?faﬂ@r‘i‘bSn@Sh&is&tgéQtingghﬁgllkSﬁé Ditblarddryarogpaftontia it ai n a

product m xture C rirsing the rrespo n I. es f.th

organi c acid adlepgd Hﬂﬂc‘i’rﬁ'grﬁ é’&ocf&‘!ck&ﬁ% Sream. gﬁ"ﬁ'ﬂ“@n\%@i?{ r@Wn B?%duct

m xture d a gasnstnversed elkanhi(tdh withnpir witkeaut dhighabkiteng téam, hydvdgersanddope| ed
into the dehydlbggeg.g@tion zone if appropriate, and a product mxture e2
conprising the alkyl ester; 25 F) reacting the product m xture e2 conpri sing
the al k ester with water in an ester hydrolysis zone to give a product

m xture f cOhprat deast compressing nbdydt )gaansirealre b, optienailly sapardtitg Wyodu@ gagnovi ng

the al kanol (1 syl g (o 8k $80bSusAHade (d1Vh Hﬂagg‘c@rdémﬁiﬁing?tﬁé dikend (@Ndnai f 30
appropriate, rec %ll ng Ll)he .&{aﬁam.ﬁ a]]cbd |nt.|o the esteriflication zone. The
process accord?’ﬁ% kgne ), i Withe Rf Withows BIgBRUES,i AT @ Hias RRasgs ¢, cgRP(sing
corrosive sul fhydiogemandllow boilees; not abl e i n that, neverthel ess, high
space-tigre yields and conversions are achieved in the esterification step

D wh tarti t ' d 35_.which . ' th | k |
oy £ vert) arFaths pRRET SRR AT 15 I iRse R2r-oT BRBRANESE (TR ARDADERE oq
al kane, inert dd@owithan orgasicen (NGfin anrestecificationzene talelrtaincoproduc misturesef or e

the esterifi calch@RrisihgPthkSchfdshbBhdIRg AR sdier ¢ e digaRrna&d ¥id fne Si nce
the ester hydrola/mﬁ%t 5 Fi' can be perforned with water in stoichionetric
deficiency, it Ungonvarie aE( a3 B1 e to obtain the organic acid (1V) in
concent?&ted formand to recycle it B05/1150PC PF 0000058159/ He 4
directly, Wef hosthofing BRI predite aiiktit d 8Jasisfedmtdiewsish 8bmpfiscatdroalkadee@) D) . I n
the first process art Ag i3 strt,'arat hSod8s stream conprl s ng al kan 1)
sel ected from and | recycled into the dehy ogenatlon zone If appropriate, and a produc

mixture €2 comprising the alkyl ester;

25 F) reacting the product mixture e2 comprising the alkyl ester with water in an ester
hydrolysis zone to give a product mixture f comprising the alkanol (I) and the
organic acid (1V);

G) removing the alkanol (I) and the organic acid (IV) from product mixture f and, if
30 appropriate, recycling the organic acid into the esterification zone.

The process according to the invention dispenses with the use of highly corrosive
sulfuric acid. It is notable in that, nevertheless, high space-time yields and conversions
are achieved in the esterification step D) even when a starting gas stream is used
35  which comprises the alkene (l) only in very dilute form in addition to further components
(unconverted alkane, inert gases). A removal of unreactive secondary components
before the esterification step is performed can therefore be dispensed with. Since the
ester hydrolysis step F) can be performed with water in stoichiometric deficiency, it is
also possible to obtain the organic acid (IV) in concentrated form and to recycle it
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propane and butane is provided. In the case of propane, this stream
conprises P @RXOPBIFYHat | east 80% by vol une of propane, preferably 90% by
vol une of propane. In addition, it generally also conprises butanes
(n-butane, isobutane), butenes, ethane and ethene. Typical conpositions of
t he propane-containing starting gas streamare disclosed in DE-A 102 46 119
and DE- A 10¥restly, s@boutTyithes gbngentratien, iito freresteriigatignsteyD).st arti ng gas stream
a is obtained fromliquefied petroleumgas (LPG. 10 In the case of n-butane

he al k |
350 by vor R leroh s ALY b ARFoAL LB £ SRDHARE pRERE shkcrefirok ot
addition, Rrepayenand buanel !§OPE§UI¢E¢1 é'béh%tcﬁ&%é)f RIOPRNRe, thisr SifRaRe CopPEpRhe,
| sobut are, dupkrileat RAs 8bwdluméaﬁtp@cnﬁne,l&efetfaweo%rmmmqoafrﬁroﬂne irhe

starting ggﬁdﬁ%ﬁeg%ﬁgﬁg ?sgr‘&)rﬁ glﬁga%Sf{h 'bL n% s‘8 utr%nﬂéf-)r atg fLthane

dehydr ogen on z ect e era ogenatlon
In this stad ethere. aWE’&ﬁbW@Wﬁﬂ%erdBﬁﬁ%"ﬁd’Pﬂ agnlmg)staﬁwgaga@eﬁaeam/ere a
dehydr ogenadisasbed i DFeA 10214al19 tant IDERAdSRMErSB5EeMRic0p, the Pedpane-contatiiey ti on,

nydr ogen anaigbhe SARTAT, Allaholt 68 18RRI RiBRlrN LAY Py er o are obtal ned

rese ers r s having | ower
boi | i ng'%oi nts than propene or 1- but ene; high b0| |l ers refer to hydrocarbons
havi ng hi gharhdoadd dfoh-Paamd as tHeadlk4reoiy e etarthgbydseieamFeomeisaggeererally he | ow

boi | er s Obt |%%E’ﬁbd‘ b&%uﬂeomﬂcﬁutgﬁé‘g%@%@?yﬁ%U@ﬁrtngf% H%Iu'fh@{%emé‘&cﬁ} e and

et hene, ut ane Ut enes,
25 but adi erib?e"qrﬁilytqlr‘@ Wtsﬁﬁ@thi’@ﬁy@ﬁ%@%rpé‘?ﬁ%‘ﬁ PiORENS. dSPbiANEcPueRsst aithed
may, for eSgagarezardamset hane, et hane and et hene, propane and propene, and
t he hi boilers C5' hydrocarbons. In addition, if the dehydrogenation is
perfornmed in the presence of an oxygenous gas, denerally carbon oxi des (CQ,
C2), especdNANEpPreggss PaAP)s theagtartingops, skeaCOR] '”&t@rﬁ'f‘%/n%%%ie ddftojger t
gases, are dsdhiydiogechtion dohe gpiclbiscteglate argenianally Glalglic déhydrbgleyationg émtis on.

The pr oduct ‘é"’astﬁé biEALS ot BRol AN HA R PR SRGIGR  deny G ﬁét%ﬁsacs\}reg?m_ -

1 raa enpation ure
the case ofCaf ('.ﬂB H&‘ﬁp%‘?ﬂqﬂﬂn {eREtSSy lé’s%#dﬁ’éll@% By%ﬁwb%"‘fﬁ'?ﬂhﬁmp%ts&f ow
nonoxi dt i \/ﬂ)leﬁs arsd ﬂ\«yl‘rrbdlelm drd eobtimaddringbegiresent ddhext,t lbe beleyd refgeat i on

is perfor ’ﬁﬁjrdc@lrth;ﬂ? é@@@é%\ﬁ& lﬂ:rlllngxﬁ/(ﬁﬁg ’thdn”ﬁ*\ﬁl\)fntel%aére? -blsfenk! Hgﬁ BbilHE Fofer

I nt roduced | a?@%% g I on zon he as stream
fed in, unl'@ °8§§‘3¥:‘H B golling poinis haRPreRaRe QEr?c %féert@dil XPRERe (11)
(propane artﬁédnw boilet ahsta)'ledsn meqsem;tnel d\ahyd:hegemai-ntmaybegamthmni ethane ik

al kane  dehygnagenald oo Cifin | Hoikfd T Phird gﬁ PEnb idWch 83 Qundsy PES
known B05/1150PC PE 000 romt aratjvely

conpr elfehsi RHEAYEr I ithe - ?tapﬁa&ﬁwdgr%ﬁb%‘? sJF?dBY"eEO'Pe’S Obta'” may, for

example, be methane, ethane and ethene, propane and propene, and the high boilers
Cs* hydrocarbons. In addition, if the dehydrogenation is performed in the presence of
an oxygenous gas, generally carbon oxides (CO, CO,), especially CO,, and steam,
with or without a small amount of inert gases, are obtained in the product gas mixture

30 of the dehydrogenation. The product gas stream of the dehydrogenation generally
comprises steam which has already been added to the dehydrogenation gas mixture
and/or — in the case of dehydrogenation in the presence of oxygen (oxidative or
nonoxidative) - is formed in the dehydrogenation. When the dehydrogenation is
performed in the presence of oxygen, inert gases (nitrogen} are introduced into the

35 dehydrogenation zone with the oxygenous gas stream fed in, unless pure oxygen is fed
in. In addition, unconverted alkane (ll) (propane and/or n-butane) is present in the
reaction gas mixture.

The alkane dehydrogenation can in principle be performed in all reactor types known
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in accordance with the invention is also present in "Catalytica(r) Studies
Di vi si on, Fff(p@i‘%ﬁ%@(1355rf’55ﬁydrogenat ion and Alternative Dehydrogenation
Processes” (Study Number 4192 OD, 1993, 430 Ferguson Drive, Mountain View,
California, 94043-5272, 5 USA). The dehydrogenation can be perforned as an
oxi dative or nonoxidative hydrogenation. The dehydrogenation can be

per for med i 650 He prigr|aft: HrcommagBively campyehengive dgasription §Eieaeiop fypes suitRdle
performed ciatadcgtdaned |with theairfviersith Bedisbepretent, inmtG4taigtidadStudies r Rigision;  or
fluidized C ox.daki At ' e prstay g on is
pr ef er abl ybéggétgjr%rrett%rhy%@pg?%@ﬁ rréh&ykhél/rgaﬁ%i ?éékgfbggé(é&%gn, IS, a%l‘:'(dglm t ?éc})?\g* |y
adni xed to NyabereHER Q. 1R8S, ARG f amso'bprryﬁé\ﬂm%w@é lifsia; #4043-3%44st ~ one
reacti orb zod®A).and t he hydrogen and/or 15 hydrocarbon present in the
reaction gas mxture is conbusted at | east partly, which generates at | east

sone of the_heat of dehydrogenation required in the at |east one reaction
zone direct ][RP (#thgfpgep@[quag SRestormsq s an Oﬁqét"feé%[t’l?f‘@x'ﬁ?wﬁH‘é(gwgﬁﬁ%oﬂat i ve
nmet hod conpéheeddéhydeogeoaiiaat care bet ipedoinsed hisothermaly |arasidiabatieallyedila e
formation ofedpyrigpas | 68 deftoRsY EamlyRchilyNntd) fixdd B8ENE5G mduwly ggen in
t he progduct eg'ﬁs 8? thg eraydrdo gnatlon.tylﬁn b’hg oxrdative deh;’/drogg{\ation,
no free'thydiEaganoy fuig "Ra¢He product gas of the dehydrogenation. A
suitable reactor formis the fixed bed tubular or tube bundle reactor. In

2ppr opr i at o el (SENNE AERGY Jeh B??ﬂ?‘?“C??E"é‘*é%fﬂ?@"adefﬂ%"é%" bed i n
PP eacti on MPBEEHIN IS Tk, R ogpen otk PoR disned I8 B8 Racton dasciixire ¢ ube
internal diafnteedshyiregenation abaitledd ore éaation zohet yapdctie bighggerogedat i on

| tornal® t cyeEraltin FRSH 1 Ue bibmoel mARh kpodfiithied SPERSORRrY WMo 0 e
ffom 300 t IASEES ahleapLsdte o i herl of SRDECTPEEIABD SCaBHIB 3RS S5 IRESHAPI no
pressur e i sreagtnoroneidirgctiyrio thedreBctiom ghshaixturd.r equently from 1 to 2 bar, when
a low steam dilution is used, or else from3 to 8 bar when a high steam

diluti [ d di t h t ti i ' STAR
br ovess) orOPpasatyhad h Hiaaetste Retis TR et erBRG METGEARARE A but ane
of Phi |20 psleast intdreadiao foradtiary of dwtrogas, wbighl ig mpaifastateirodie pease(@HSY) are
from 500 t onydéfdnhin the PAAEE a8 of edeyarodeRatiehe th théd RRida APl UrdRAGRIN Y My,

for exanple e spherical or .cylindrical ol low or saolid). "It 1s also
boss: bl t oo BRESEErLR tpulie i hegoasd: Bee ptliS pafiriierblit: br s or ot ube
bundl e reactors al ongsi de one another, of which at |east one is alternately

in the S_taAGSLmt&blléert@ga@r Q(Br'{rp'ibh t@ﬁf(é&@%ﬂ’guﬁ’lﬁapggqmb@ﬁdlb‘lereﬁctgﬂ_hlﬂ the_sed t
nonox! 43| VBaBBlE Wt Gaell, HSHBlndlED SRS B ABeRi o ok
Snanpr oget t 9fidaiios  gatalyst) is disposed as a fixed bed in a reaction tube or in a bundle of
reaction tubes. Customary reaction tube internal diameters are from about 10 to 15 cm.
A typical dehydrogenation tube bundle reactor comprises from about 300 to 1000
reaction tubes. The internal temperature in the reaction tubes typically varies in the
30 range from 300 to 1200°C, preferably in the range from 500 to 1000°C. The working
pressure is customarily from 0.5 to 8 bar, frequently from 1 to 2 bar, when a low steam
dilution is used, or else from 3 to 8bar when a high steam dilution is used
{corresponding to the steam active reforming process (STAR process) or the Linde
process) for the dehydrogenation of propane or butane of Phillips Petroleum Co.
35 Typical gas hourly space velocities (GHSV) are from 500 to 2000 h™, based on
hydrocarbon used. The catalyst geometry may, for example, be spherical or cylindrical
(hollow or solid). It is also possible to operate a plurality of fixed bed tubular reactors or
tube bundle reactors alongside one another, of which at least one is alternately in the
state of regeneration.
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FBD process. r opri atel y, two fluidized beds are operated in parallel, of
whi ch one |Fs’F§ ‘3&55 in the state of regeneration. The working pressure
is typically from1l to 2 bar, the dehydrogenation tenperature generally
from 550 to 600C. The heat required for gthe dehydrogenation can be

I ntroduced into the reaction system by preheating the dehydrogenation
catalyst to the reaction tenperature. The adm xing of a cofeed conprising
oxygen al | oTe ddiexidatNecstalytid, autothetinalizhgdrdgemdtion amery dlévebe edrried oat umelat to 10

be gener at g, 5§ﬁéolu¥ dabatein’ ?%Fd?fedséé%t ?%&Mlnfgth@rshgﬁ’lpfggfeﬁy\gi@ﬂ@ﬂ and/ or

hydr ocarbons_1n“the presence o | conpri sing
hydrogen nfeSP RIRFEES- &PQF?W""‘I?@’ Mﬁ'%gﬁe d begs Srﬂﬁ?ﬁ "’H%F?i"\i@"@@f |°E one'is
aut ot heréral gaheralig i therste oh regenpratibre el workiag ipressurels typicaty frmﬁ 1t tocB/bareact or .

Thi's react gge%ﬂgiggé‘rfatﬂﬂ‘?%rﬂ{)e@%&géh%‘é M%s%%ado\ésé ﬁ‘?éjﬁeaé-l;g FH&’WBPV of

catalyst b qeous rrom1 b ﬁrabl y
from1l to TROBRAUON GANaPe fintinglged inte therreadlign Aystem By @e "% erably
f1 owed t hr odeflydrogenatidny catelysiato ahé yedmfioh hiempeeduneoThgasdmikimggeiner edfeeduch a

EL eelyflr)e(act g%%rfé |sﬁi§ aé%g%&ﬂaw e réﬂeé%# to satd?ép)éﬁéeobﬁ% aM‘tHeh@ z?ut]égﬂé@rtt% gfgre
Sgelye i B Pl Sy, PYAGOTSHE O airiogon apiBte

in t
reactor corm)@scpnammmnmtrmrwewrw of Dhygepe Hfappropriate, afcoteled odﬂsipysln@gedragemn in a

single shahhy hydificHafly b€ 88fXeqCOr responds to one enbodinment. In a further,
preferred n%odl ment, the dehydrogenation is carried out in a tray reactor

havi ng 3 cat al yst beds 25 I n general, the anmount of the oxygenous gas
added t o t hEhe perxixidativeyeatalytix tamtahérsal slemxectmgmhatimn suprbfesablpgarripdiout ivea anount

gf bfl]tegtn 1 sg Oy r‘éﬁctfnp"rhish@at‘}’(@hc}e@ﬁ aeaabé 8hmBfe éd&eesswel@myd: BEARANE n%lﬁﬁ/efL .
reaction gaé‘r C%$£¥%38§%W3¥5’Pq%my?ﬁ?/g$o%@?ﬂtgﬂgo'ﬁfye§éﬂt1otg$1ﬂ?ger?§|¥2rt 4130 gas
m xt ure and4 end of particutarriropy ¢ 4@ Bt Thencathlgstfimdmand prefecably flowed thweugh radially t ot al
grrgggt t Oof &xamp qﬁ@kéa%ﬂ@n Q§€Iﬁ| geReral 8uétPh May 8B is @Pemm alfiged r OM
preferably qaﬁ@%q@ego Int%g p%:??ﬁ%%/f I‘Rﬁc}'xe%‘@'&g'ﬁ p&c%%gd@ggﬁer%qﬁq{lgﬂn?ﬁh?fhe form
of pur e2bxylyaacereasion preinfthe mnotilar gagsgefneansenfsic cyiridibalagridsr Astheftifumace gases.
Bl o 1§ R B e it e e
) Y u X
used is hi g%%it gurpgc re:lacg {*CEE%H Qﬂ Sﬁﬁygg'g@?'megg [}' fu'%beést %g ‘%
vol ume, norembedimenta e dahydrmlatlm)% pgrried | Quitrdn aAtr@arQacmilfmvlng P roatadyst ed
oxygenous ggsdsi S oxygen of technical-grade purity with an 02 content of

appr ox. %599% by volune. In addition, a nmethod is possible in which air is

fed in‘ds the oxygenous B05/1150PC PF 0000058159/ He 7 gas.
In general, the amount of the oxygenous gas added to the reaction gas mixture is

selected in such a way that the amount of heat required for the dehydrogenation of the
alkane (propane and/or n-butane) is generated by the combustion of the hydrogen
present in the reaction gas mixture and of any hydrocarbons present in the reaction
30 gas mixture and/or of carbon present in the form of coke. In general, the total amount
of oxygen supplied, based on the total amount of propane, is from 0.001 to
0.5 mol/mol, preferably from 0.005 to 0.25 mol/mol, more preferably from 0.05 to
0.25 mol/mol. Oxygen may be used either in the form of pure oxygen or in the form of
oxygenous gas which comprises inert gases. In order to prevent high propane and
35 propene losses in the workup (see below), it may be advantageous when the oxygen
content of the oxygenous gas used is high and is at ieast 50% by volume, preferably at
least 80% by volume, more preferably at least 90% by volume. A particularly preferred
oxygenous gas is oxygen of technical-grade purity with an O, content of approx. 99%
by volume. In addition, a method is possible in which air is fed in as the oxygenous
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The hydrogen conbusted to generate heat is the hydrogen formed in the
catal'ytic PRt ReFAOS8EIMHeogenati on and al so any hydrogen additionally added
to the reaction gas 5 m xture as hydrogenous gas. The anmpunt of hydrogen
present should preferably be such that the nolar H2/02 ratio in the reaction
gas mxture imedi ately after the oxygen is fed inis froml to 10 nol/nol,
preferably 9om 2 to 5 nol/nol. In nultistage reactors, this applies to
every intermediate feed of oxygenous and any hydrogenous gas. The hydrogen

nmbust ' t 10
5o cara ﬁegﬁ’?‘ﬁ!’&” EBmblred 15 GBARH RARR G BB Bimolf B uileBRED1S Y
oxygen, so alfang dehydiggenatiop and rﬂﬁs%ﬁ%lﬂ"i’%’dawpﬁﬁw W@é@éh%‘/iﬂaq'%" B&Yui r ed
apart f rsommixturd astyerogentuxdgashe areurttof diydicger fresene dhould toneferablysiemnce  of

g][‘eh%r gg;ﬁs.@g 'tﬁhj&ﬁ&r?.o&?ﬁ%bé?&tﬁ) m‘MH '%chfd?—l Qa% Jhu\éﬁ}ré/ mé&%ﬁ%fiepﬁ]o%yyont 'O?”
t hese hydr d%z!ﬁ%'ﬁh%%ﬁ“th%%@ %P@ grab dﬁo”@)@ 3 oA MR reflisiage reagiers.
proceeds orthig dpplies toievery ietstraediate Téeal afeiygbnoge aat aoy hydrogénesis gasd  t he

oxi dat i on ﬂ#efﬁsyﬁ?%gre%& 88&185&5&‘@5&& ryﬂéeﬂlﬁeme Héhﬂi'r%%ﬁ&tca{t&z& dds@& gRBGRy Wen

t he react I on n catal yst
may be 1Qr cd¥hratgires ihe eambustion rbine RydiecakrosAng of hydrogeaawih Sxy9sBnes .
Pref er ence that o pemigle rai spersdlingd tonilatiod hiadist udireduired| apairt fredyit.clat arhe/zes

the oxidatiQphodihe ﬁ\ygﬁé}gﬁéh Eteﬁela%dﬂﬂ'tﬁg ﬁré@.’@ﬁéeeoft&?é &r fibfe Hi@élf%h o%]?aﬁ#étnear

oxygen pressures fhan a eactor, |

the feed po¥hen Feleciuely %@&%Hﬁsgﬁ%@m%é’f h&&f&g@%&@*@é@ 'HHB‘? dS’Feﬁ?QEﬁ 85enous
gas may be tiyelcbcarbon. Dhe combostion gfdhades hydrotdrbons? witin @apgem to give @ CO.
embodi nent 4y dAer tlHEeFé‘F@ré%)r ﬁi%ggg? é?mﬁé}eex'té?ﬂ’el%' Q]Eﬁz?uoh%a djseangdi ate

f eedi ng of enous enous,..gas u eac tray of a
tray react ?og'pﬂt'%{' ‘falq:‘?ali'sﬁéfe BY eBtf'nldH% % é‘&’!?érdl ng to the
i nvention, oxygenous 30 gas and hydrogenous gas are fed in upstream of each

tray exceptwhgﬁz tl'fé rre§Et|c;nr|§Y:arrlleB A0/ mErERASH ?ﬁé;fs.talgé th? %iaf?én @at§l9$gfi1 pged

oxi dati on catgeéﬁ ﬁ%esen ownstream o0 poi nt, owed by a
| ayer of tH¥® §’Blryd'b8 {7 Bere thagepe or in 3il rgagtonZ9Res. enhodi nent, no
speci al2®ed oxidation catalyst is present. The dehydrogenation tenperature

i s generall P’referr%e“lg%nfeﬁ téjcﬂ;%gsmb he Bétﬁ%lu\ilﬁ‘ich @ebbﬁ:élﬁéétal?i’éﬂhﬁ%xd&ﬁ% of 35

the tray r bar .
e Gy " (8 TySiogR e Memeits Yhpledheyare LOHRrBATA Ve UheatieS (hap Ghetnar |
and, in hi girmmteanl thepeachor, on padicalar u]part thelfb@dmim'nrfor thep orfgenabs wasr dhe 4000

to 16 000 ho erfblerféseaﬁo@& mfr@dey@hs Sé?er&f VA oheCart AbdZBanishR the
conbust drogen conpr’i Ses 115 PC PF 0000058159/ He 8 oxid
and/ or ﬂpﬁg s selected fromt he group consisting of the oxides and/ or

phosphat es of gerrrani um tin, lead, arsenic, antinony and bisnuth. A further
preferred |n one embodiment of the process according to the invention, there is intermediate
feeding of oxygenous gas and of hydrogenous gas upstream of each tray of a tray
reactor. In a further embodiment of the process according to the invention, oxygenous
30 gas and hydrogenous gas are fed in upstream of each tray except the first tray. In one
embodiment, a layer of a specialized oxidation catalyst is present downstream of every
feed point, followed by a layer of the dehydrogenation catalyst. In a further
embodiment, no specialized oxidation catalyst is present. The dehydrogenation
temperature is generally from 400 to 1100°C; the pressure in the last catalyst bed of
35 the tray reactor is generally from 0.2 to 5 bar, preferably from 1 to 3 bar. The GHSV
(gas hourly space velocity) is generally from 500 to 2000 h”, and, in high-load
operation, even up to 100 000 h™", preferably from 4000 to 16 000 h™'.

A preferred catalyst which selectively catalyzes the combustion of hydrogen comprises
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cat al yst C ga g@ﬁs t he conbustlon of hydrogen conprises a noble netal
of tranS|t|o (6)% bg/ and/ or of the periodic table. 5 The

dehydr ogenati on catal ysts used general | y have a support and an active
conposition. The support general |y consigts of a heat-resistant oxide or

m xed oxi de.  The deh rogenatlon cat al ysts preferablny cog@n a net al

oxi de whi cHPXdessndir Phatss sefestest BOP 1EAPYR icRESIBYNG, Pl HEnPXIRSIPEY Phe,

zi nc oxi de, phakpimtesioh gerneeiums tih,i lead) at<pnili, ariirdeny and kismutim Aiforthed @refemerhesi um

The i xt ur AT S Batchfl, b REBRSRSE of Fydiodbf bolhfkEsia ndie IngHPBR i) as
magnesi um ér%ﬂﬂ“ﬁuﬁf%ﬁ%@aB&OEPWﬁ“%PﬁWﬂ%ﬁSG xi de mi xed oxides. Preferred

supports$ are zirconi um di oxi de and/ or sil | con di oxi de; particular

e et oo T g"e“?‘%%é’“%“t%tg@s‘gf ygsd t| ey chave q'ﬁsﬁ o did Cgcwrgp??se;S
The aotive omoaian: Dk, Sunsiod:aanerHlN o cl heatoustant e ol Bixed B/ or

pal | adi um Ther dehyoragonatidn yatplysisi eﬁerahﬁupomensmaenetahemd@wmfb@@mqtem

cat ?I yStS It GRETRIUPECOHARIIAY of %&@nlgﬂﬁeaisﬂaé Ahc BRIdB, SILAHTUM otara.lél §{"gé"

prerer Yy um an o, cesi um e en I oOn cata

P el o Y N LAY Seie” THAdHBRaT SricR, S Y SR, it SR ™™ ¢ e
| ant hani desmixhdesibierecf, e suppeftetrebhixturesmiag e physick| mlxtuasmmise mamal y, the

dehydr Ogen%ix@d‘l' ;fh%&@d ¥§dre agﬂﬁagﬁ'@%ﬂfﬂ %ﬁmﬂﬁlﬁn Qfxud@ble ziﬂb%ﬁﬁw&mobxlﬂ@'nﬁlxecﬂf oup
[11 and/or onlstlrng

sP rf% agﬁ ﬁ%r |rcn|m Xi Ec @Cp 1
boron, gal I?’iﬂﬁ ? s 88? A AT, 8 F%a@ Oﬂrglf)é 8b|9 YR 25 In
a preferrecpremeﬂmmven mlxm@wg@nanlmldmrmfylwnmmelses at | east one
el enentyspf transition gr oup VIIl, at |east one eI errent of main gr oup I

and/or I, at Ietast one..el e d ou and/or IV and at | east
one ol empnt s S, comtogiiSh, SO HF oy BB AR o0 Bl b
actini des. rBoreFelemenisngll Bansition grebp dYlbgereierably piatindny and/onpabadivmemgrecl osed
by WO 99/ 46§8Rrabl gggaﬁnﬂ@aﬁﬁt?\brm&@ thedtnydd enéf@n%%ia@y%ﬂ@ﬂla \domprigeBnd8d, US

L OF N O Y e i e N v

pref er rdld IBhydrogeRation Gatalysts enayblniber earopiisseans &F imAie Slemments obinaasitien
propane dehytdipgringlubing thé Rantfidhiies ainal a@ﬁhﬁegcw@reehﬂwiahmaﬂmrmim ckrivdd, 3 and

4 of DE-A C mal
al kane deml/'9 rslaialgtanat aehrf FO eﬁ %t%?‘ Satalgst% E%FSBP eam I>{él'rég 03% e@lé?#?rﬁéél%f)%@es as
a heat car rare¥p dh@ndiopp¥r p@erﬁ@y WE5P1L TROPE|qorerdd (ioos d1es597ode @pnsisting of

boron, gallium, silicon, germanium, tin and lead, more preferably tin.

25
In a preferred embodiment, the dehydrogenation catalyst comprises at least one
element of transition group VIII, at least one element of main group | and/or 11, at least
one element of main group Hl and/or IV and at least one element of transition group IlI
including the lanthanides and actinides.

30

For example, all dehydrogenation catalysts which are disclosed by WO 99/46039,
US 4,788,371, EP-A705136, WO 99/29420, US5,220,091, US 5,430,220,
uUs 5,877,369, EP 0117 148, DE-A 199 37 106, DE-A 199 37 105 and
DE-A 199 37 107 may be used in accordance with the invention. Particularly preferred

35 catalysts for the above-described variants of autothermal propane dehydrogenation are
the catalysts according to examples 1, 2, 3 and 4 of DE-A 199 37 107.

Preference is given to carrying out the autothermal alkane dehydrogenation in the
presence of steam. The added steam serves as a heat carrier and supports the
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gasification of organic deposits on the catalysts, which counteracts

car boni zat iRMOQIO0E8E9/dat al ysts and increases the lifetime of the catalysts.
This converts the organic deposits to carbon nonoxi de, carbon di oxide and
in some cases water. 5 The dehydrogenation catal yst may be regenerated in a
manner known per se. For instance, st edn may be added to the reaction gas
m xture or @sgaatlwmmrgmldmpp@siysgmthemwlym dchesbuhterants carbotizationrod thaver t he

I b ' ff.
%ﬁtea dlyl’SLt ?étﬁstiéﬁci’%%gs%se#m%ﬁqw &t tﬁé‘ﬁ Eg ryEts ‘f'ﬁg%ﬁh& ﬁé‘%ﬁ%’ﬁ é:bdé{p%ltso
dehydrogena‘?|CBW°"MQF\9P"th@”P%@ﬁ’é¢%W%W Som?e‘:a@ﬁ?&'laiﬁit is reduced with a 10
hydrogenous gas if appropriate. In the autothermal propane dehydrogenation

W th fe [ I e S [ d i ch
v L Tl GEREBAAL XaEendy XACtoofraRyY Yl oA B8l
propane, f rigstance; steanugay be @F’G‘;Etodhe fpeasen gas W’S%ﬁeﬁ)r@@@wr@@glﬂﬁg%

met hane, etmaniee pgdsat Menatirde Aimb ydsrabacianst bdd atreldvatedl tbiplatre |ab|mliheDf

carbon 15 iBsLite odibg it 85298 Wit WER sRore LRTVAT ol Ord e id DY

vol une of also from voI ume of 't nert gases. 1n the

aut ot her rra|pr9<du nef debygtieasnation.i After\ihe Hew@mtwg tie eatalysl iSaneﬂycqshWéh &ygen,

a gas 10 XthydmdgeRo@Diad in@shratiatd general Iy has the fol |l owi ng conposition:
from5 to 40% 20 by volunme of butane, from 10 to 60% by vol une of 1-butene

and 2- but erle thd autothermal pm:mb)dehmdlmgmembn with Heeding eft dssertjally phrenaxygem.apane,

o f L oxbde,
rom o to SEsmyelel BRI anicn ceATAR, bk meOlontl g IR 0B, |
and al so frhymodurme)ofav!@mne«trbmrﬁatoom% hyevoluqa@épropzaemout@ SVeyneiurne of
dehydr Ogengﬁ%tﬂané% neP'e gfgﬁﬁtar@aéjﬁyd?&%bsfr&ﬂr\?ﬁbe/yb#’leﬁFneaof &sssur e of

from1lto er’a from erature 1 n the

range ftSomdiodds, (ﬁrorm@tp 2¢946cbdu/@tung?a@f siegre gnd tfrormg tm&%@(yafpwofl hydeogeno

subst r eans, 3dh &R 03889, lurd® of B gas&M i s recycled into the autother mal
dehydr ogenati on, corresponding to the cycl e gas nethod described in DE-A

102 11 275 and DE-A 100 28 582. In process part C), product gas streamb is

conpr essed. InTIH\@aGl@méFrﬁﬁlsdlﬂéhéJEerR/H%éﬁétlor&@iﬂw ﬁafeﬂﬁﬁ@rﬂf l%séénti%fl;f SGrTee&yb@n
pressures of 5 - ba preferably to 15 - bar, nore greferably to

20 - 60 bargaSTH'étl’é%M@%‘EP@W“E&Q%@@V ﬁ‘éﬁt"&ijﬁﬁw'agpﬂol]w&ﬁ#'?'y fEﬁm ttadé‘sé Wt h
i nt er mexd atiy EMGhé BE betaAe SFom f10to BEBITBY Qolumet 41 eButefie E@m bRter@e foml ¢ td S

preferably ef cted | uralit stages, for exa three stages. In
e anbod o Byvotme @ raxBaté, Sisskthem Hvabe0B0BHS SN4E- 1D/OTRERAG: g ¢ 0
t he invent Ifﬁﬁn 0]} emvcﬁmﬁe gt dia?ﬁdiﬁzbloklﬂeqﬂmi)oﬁ§2@% by volitBe 6f stea aptia@es to a
pressure i to e or, .t stages to a
P cssur e | P forfieh PRAdlump R hrcrbdien, and dsdompes SRl ety B0TEaRsE of f ect ac
in a plurality of stages and is prefe_rably effected in a plurality of
st ages.25TheWﬁgr9 %t Qév%s%ﬁg geﬁyrbcogue%%tlgn rzorlle proc[uct gas stream b is generally under a

pressure of from 1 to 5 bar, preferabiy from 1.5 to 3 bar, and has a temperature in the

range from 400 to 700°C.

Product gas stream b may be separated into two substreams, in which case one
30 substream is recycled into the autothermal dehydrogenation, corresponding to the
cycle gas method described in DE-A 102 11 275 and DE-A 100 28 582.

In process part C), product gas stream b is compressed. The compression of product
gas stream b is effected to pressures of 5 - 150 bar, preferably to 15 - 100 bar, more
35 preferably to 20 - 60 bar. The compression can be effected in a plurality of stages with
intermediate cooling stages, for example in three or four stages; it is preferably effected
in a plurality of stages, for example three stages. In one embodiment of the process
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5 coolers, river water or cold water, and cool ants such as ethene, propene
and propand’F 0Gaei0681%8de cool ed to tenperatures in the range from-40C to
-100C by conpressing to pressures up to 20 bar and then deconpressing.
Optionally, product gas streamb is sepiéat ed into an aqueous phase ci, a
10 hydrocar bon phase c2 conprising the kene (111) and the unconverted

al kane (I | Yaccandihg tatlmav@hmeproauangaﬁsiream@ if goinp@gesecindbne@vtbostagesto The

removal st oLl h BEOETRYAN SR thpafd P EAOBRGIrbboes B BRI 955
AN o Ond S M ages™™s

stream b c rrses st ct on
wat er rerm\;E\‘F ’%’Q@ém"bépd%% b, T'?e F%O"BB§§F @I'st? l;pq ?@Ct?%'"r%ﬁ‘lb‘(/%‘%ft $99 om
product gasarstis paefedabldeﬂecteelrm\aadﬂu«ahtyvmmgeeahhe beolaité este thcludecamidexirsi ng,

by ©00l igh BRhed ivERRLEPE GAE WARPPLRRSIOMMSERAUE o, pRideRd il prdifiecan be
SS

per for rred in re coo ges and %g %] |on

st ages. In%@’&ICOO&%M‘HE%‘PP%%WSSH?WBQ?E’O'@o&p tor dpo 'P%C%DPFS%%%Q{% a 20
t enper at ur gressutdsaup tarkPebak podtHzd deco®pPessipgef erably from 40 to 65C. The
condensation can be effected before the conpression and/or in the
conpression_ stages as an intermedi ate coolin I n one enbodi nent of the
process accopt H’F‘ﬁ@y t RO DAY sHeRBh b 3 Reparatefhdnter pBaANYSAUS PhESec Shdidct ed
thr oEgm 0a bgtteeabonfphasat? esmpasigs e @ikehet (ii)andaké ancdrivertd hlkase ]EIE) ][mer at4 gr e
in the ran t to a tenperature o rom to
80C, for %%Jmfﬁ%gg%wmﬁﬁg&%ﬂ@ﬂoﬁgf%&g%b%ﬁ%rswater Thi s condenses out the
maj ority ofTheHemoxalsian within PHICcess sieRE) it offestedigegrraly when rqsiuekeas stieampr oduct

gas streamipcorhpridesestean cHOWevep! 0 RR Ao GRbyIBlkagedtRLt Only d WaRe rémyvad gsded’

hydr ocar bo CY\ﬁspeci ally the C5+ 30 hydrocarbons. This affords a

st eam depl eted ‘product gas streamb. It generally still conprises up to 5%
by vol uPe of steam For virtually full renoval of water from product gas

stream b, atisGhoysibig fifdt epremovaRaiier fidm prRIdaciUja8rstream\e Thaferdevap bowatdecan 35

when the UOLRRIIT by AbA0RHCUARIANIP abiioBRLE Aot oA 48 ©

pure oxygen oOr €’ oX us g prod
streamb caﬁﬁfeaﬁ\ebm@mckéa“%& Bﬁf@ﬂmﬁ@ iR JOgne!- mﬁfﬂjcgﬂ"ﬁérﬁéa%?nw?d §|&Rj>r¢ﬁ”>%t%r es c2

can be obt ajoffflesdichostagess. tegerid rblegrdmbpgas Siftaiml 639 CoolBY f610hAI thiea 11

S SR BRI N RTINS O L DS oL

c2 conprisrn opane "and
condensat i Aienfensagion eag b%@ﬁeqad @%{@esﬂﬂﬁe@nmmssjmmnﬁmrng th9d¢cmgéﬁssemu | ow
boilers. 5 gtéqetsh_g aaaRrédiMeepamyy. dehydrogenation, the hydrocarbon stream c2

may addition
In one embodiment of the process according to the invention, product gas stream b is
25 conducted through a battery of heat exchangers and thus cooled first to a temperature
in the range from 50 to 200°C and then further to a temperature of from 40 to 80°C, for
example 55°C, in a quench tower with water. This condenses out the majority of the
steam, but also some of the high boilers present in product gas stream b. In the case of
propane dehydrogenation, these may be C,* hydrocarbons, especially the Cs'
30 hydrocarbons.

This affords a steam-depleted product gas stream b. It generally still comprises up to
5% by volume of steam. For virtually full removal of water from product gas stream b, a
drying step by means of molecular sieve can be provided.
35

When the autothermal alkane dehydrogenation is performed with feeding of pure
oxygen or with oxygen-enriched air as the oxygenous gas, product gas stream b can
be worked up and the alkane- and alkene-comprising mixtures ¢2 can be obtained also
as described below.
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conprise methane, ethane, ethene and C4 hydrocarbons; it generally conprises
at l'east $aP0008AB1AWHe of et hane and et hene. The tenperature and the
pressure in the renoval step within conpression stage C can al so be

sel ected such that a majority of the ai anes and al kenes present in product
gas streamb are present in gas stream 10 Just like the hydrocarbon
streamc2, this gas stream c3 can be conducted into the esterification zone
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before the condensation step. In the case of nultistage cooling and
conpr essi onn tled bassoddm}belahe dehydragenatibh, aﬂwaeﬂndlamsberef saledted Sih {hhbgeite
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exchange wi' FPQ?"&B‘SI"QHP gapge (Maiply arg )cﬁﬁ‘%@dgftpﬁél{y&isq ¢PraRiiRe Car 284 Ly
using a pl tydtdchsbons. Toothisngnd,i prdutts gad streamobl isngompressee gém@fallyettb |an

sever alaoSt 3 idinAng o S W GATRARA HATRBERATETY indahgh frokne

colum 1's con ense recyc INnto the
B05/ 1150PC “PRQ®8d958159/ He 12 col urm. The condensate IS withdrawn at the
bottom of the colum, and the uncondensed gas whi ch has not condensed in

the upper E‘)ﬁwéﬁpéﬁ t‘hB‘ih u‘oEéiﬂtBbﬁ Eéérﬂgé &Holing 8fd E&ﬁpr%fssnf)ﬁ'gar?& YWndensdBG t he

al kane de ogena |o orrre as an- aut enatron wth
si mul tanem%1 %‘%@BH% Bﬁ"P 8? “WR? FRIPD GRROYES) i the e egse bqnspg“ri‘sﬁc‘?\% M dr ogen

25 phase separation in a phase separator if complete water removal from product gas
stream b has not been effected before the condensation step. In the case of multistage
cooling and compression, all condensate streams obtained can be fed to the phase
separator.

30 Itis also possible to dispense with preceding removal of water from product gas stream
b before the condensation of the C; hydrocarbon phase c¢2. In that case, water
condenses out as an aqueous phase c1 together with the alkane- and alkene-
comprising hydrocarbon phase c2. Aqueous phase and hydrocarbon phase are then
subsequently separated in a phase separator.

35
In general, the product gas stream is cooled by heat exchange with a coolant. The
cooling can be effected in several stages using a plurality of cooling circuits. The
cooling can be effected in several stages in a column, in which case the gas ascending
within the column is withdrawn, cooled, (partly) condensed and recycled into the
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content of product gas streamb. As a consequence, it is possible in the
removal st 0@00581959/‘f|¢1i s is performed - to quite overwhel mingly condense
out the C3 and/or C4 hydrocarbons, and only a very small portion of the C3
and/ or C4 hydrocarbons is 10 dischar geql with the offgas stream c3

conpri sing hydrogen/|l ow boilers. Before %he hydr ocar bon condensation is
per f or med, oshwmibonThig csondenssde ibewithdrawedat therhoford wftthgasolumpeandbthsy gas

scrubbi ng tpceRierbed §as WhRAMAE (oticdRdéHRBL & &b uPePRUS codfsy SirduRadithr atfhe
carbon di mb%ﬁ’p%i?'bescr ubbing may be preceded by a 15 separate conbustion
C

stage in off fBoxi de is oxidized sel ecti vel y to carbon di oxi de.
For the CO2 renoval, the wash |iquid used is generally sodi um hydroxi de

sol ]yt i OB,  \WRéAHR blﬁ?ﬁ‘é’délﬂ)drdbégg%ﬂﬂé Qfﬂ&mfdrhsﬁérkaﬂﬁhfﬁgﬁnaﬁﬂmrﬁdeﬁﬁﬁon
prererence |. Lven O _ustn . CLIlV .l Na
sol ution. |"Hﬁ‘g§ﬁ‘8ﬁ%'?‘%°“8&PmbgS‘f%"ﬁ@?@éﬁ@ﬂﬁﬁa“?@ﬁ%ﬁ‘?%ﬁ"ﬁéc?, Bgvr %gfengas
stream c i SopenpplRroddctigas sirpamds fisea Fenaenuericgnljds pessinlein ibe romowal stapy
3! ngl 3- s; agnlﬁ; it)ﬁ C}ﬁi‘d'iéi Ha&@ecﬁorf?rq@ﬁéidoeﬁvrie}mihglymaérméaeomtothebmﬁiafhda)row bolnI

I OXI de- de e I uc S _Stream Vi n cQn A enerally
2 300 ppm SuEtGRHRRS B ol °4 ehy RIRal PRV B Theboh ki ardoedipatk ey
obt ai né@ i rdischarasd withrite affgns sirea poingthygrogpnidambeilesses general |y from
20 to 60 nol % of al kane (I1), from20 to 60 nol % of alkene (l11l1), fromO to

20 nol % of il f 0_t. l % of. high . hoj .

of propanc s dPe EHeRBEn AR Tselfh & HOthRY, dafon stciChythe roklvedls ©2°°
obt ai ned i rfframhé@rediist igag sieamc brivie geaitsceubbingely ditainag caokrsr dipxiderdsiietasl t o 70
ol % of  prevediee gak WBard bt TheCcambdr/cdRfxider §4xe BErubbihg héy e é@céﬂﬂo%)gfa

Ci- nyarBearBBHES Sraing e 5t RbieRep AR BN RS ARa B Seleb AR Bl e

Bt ned

with feedifioXde.air as the oxygenous gas, product gas streamb can be

wor ked up and the al kane- and al kene- conprising m xture c2 can be obtained
B05/ 1150PC PFE / 13

al so as descri.pe el ow. _First teamis 0 8159/ |
Cenovod by TObERSA tefbvabyhe washBER ks, B Gt skl PREARE ST g i
i f  appr oprrcissiumphysisexide sejutinneemandialiinaiareing solutien; Rieference ésagiven to using

ISu bsgq _lafont EN a@ibéstaaw-n@wcﬂéth%ﬂﬁarﬁihetsb@?maﬁ g‘ehgm,madﬁfga@ b&ruBbing is
owboilin S nt s contactin r Qdu r \Wi an

i nert abso%x?g’ﬁf’"éﬁg"‘%#&ﬁsﬁ%%?%l‘ r?g'gtcﬁ pé?slfgﬂzogpéﬁ%wg?aﬁ]eﬁs '55@31’%%9% n the
i nert absorddeiar by singlsteipge er mulelogs cappgRsiPdr C4  hydrocar bon stream and
the offgas stream c3 conprising hydrogen and | ow boilers (in the case of

monox do. - dbPIARoRRoR dif i sl Fpn PR BT M by R e B ner
gases; 45n taestentafgengfally <plP0Lmen erewear<otePrRNi on, additionally al so propane
and propene) is renoved.

The liquid hydrocarbon condensate stream c2 obtained in the cooling and

condensation step C) comprises generally from 20 to 60 mol% of alkane (II), from 20 to

60 mol% of alkene (llI), from 0 to 20 mol% of low boilers and from 0-to 5 mol% of high
30 Dboilers.

In the case of propane dehydrogenation, the liquid hydrocarbon condensate stream c2

obtained in the cooling and condensation step C) may comprise from 20 to 70 mol% of

propane, from 20 to 60 mol% of propene, from 0 to 10 mol% of methane, from 0 to
35 10 mol% of ethane and ethene, and from 0 to 5 mol% of C," hydrocarbons.

When the autothermal alkane dehydrogenation is performed with feeding of air as the

oxygenous gas, product gas stream b can be worked up and the alkane- and alkene-
comprising mixture c2 can be obtained also as described below. First, steam is
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10 The worku Eroduct gas stream b described can, in the case of the

aut ot her mal? drogenatlon t oo, be perforrred correspondingly with
f eedi ng of pure oxygen and/ or oxygen-enriched air as the oxygenous gas. To
this end, gas streamb is contacted withgan inert absorbent in the
absorptlon stage 15 at 5 - 40 bar, preferably 8 - 20 bar, nore preferably
10 - 15 barfemﬂ)lfﬁfthyMéﬁfﬂﬁ@tlf"hebmoo%ﬁldpfé’ﬂuwwEV%&r%éﬁg compressdy §db |
amount s of dppeptdtenpdsmsiarderam-depidied ipreiuct gadspedrar. Subdeqidntly daikave

absorbent | aden ihd 'Lrﬁeﬁl%%c?rfro MQH&’&%HP&%? B%cﬁ‘\ Q&%%ﬁsﬂtﬁe Q”iWi sing

the remaining gas cons are essent OXI
hydr ogen, |“19@?af3t"@£ag@§uﬁérﬂés @!ewy&wﬁaa%ms abgerge RN 6” degpibing é*?ﬁ)@ﬁ@%e of 20

pr opane sanchndr aiReme digsdived iG4thay theftC alisuniient Y olata®o as addoubeCprapdmntCj n

stream c3, hg?i’o%gt%ob @ﬁ'e@@t‘(@% '&fgggﬁéégﬁ ¥ cgﬁ\grlgthgdrﬁgéﬂ)Eﬁ& w BdleR (n

desorption eased agaln tTromthe
absor bent . th%éﬁﬁe albthe mseRans marogﬁnthe, E'Bﬁ@f‘ﬂt pihane tellyanes nirogamaiashon,
hi gh-boi | i ngorxileptarbon didoxide) wiendrowithoutdiygbn hhe with camithaeut ifedt dasds;aa dreoon

i Xt ure {0 e BEABYE N8y clogdiafoh. AR ASEhaRPLiPhbbie) A8

renalnlng as cons ected by
si npl y 1¥assihsgwarkie ahpeodust gag streaa bydegsrisadcany in @Sﬁasﬁlcgdh%éutﬂﬂ?%@ﬁbd in

col umes. Italkamepdstwdkd@nhﬁbn/mds bé peoHNEE dorrespaniinghc withefdediog of pure
crosscurreng, eﬂ’éﬁd’?‘@i géw bQer%@'t 3héus {4y exanple, tray colums
| e §% cap CEQ/(

wi th bubbl etras or sieve trays, colums wth
structured packings, for exanple fabrlc packi ngs or sheet netal packings
havi ng a spkcthfs ends gas ateambaa cofitated withQih inert ab8OBentdh e alssurptiorsstage

Q/E'h'efgi‘%( ;I) t255048f baﬁgg?f&%ﬁa@szd"*yéﬁ Mo?%‘ﬂ@?%rﬁ@iy‘ﬁ'on% Saqrw@]éﬁﬁgé&tr)s éat@
packi ngs. "‘\qg Ver NYdreGarigns andgals sagll ta&‘/%&”§ ofythg F@%‘F%E‘P@Sdﬁst
sur f ace absabsbéeat amt laff3fisasn tabsarkeriti hoeramdtht® and/od Oy dlyd@chdoss mddarbubbl e

col urms i BB dabdriiting Hele ﬁ%{rﬁn% oAb Sobiifedts fhlso Jﬂaees’x},'eﬁ%ngteangrpo' urm

preferably S an pth on sec rectrfication sectio
i ncrease t HXIY8R: YieQaR Nt 9anes @ 3{9’0‘@4 WP ABE Metgne. Small %‘ﬁlt%@ht in
the BEWY 1%&%9%@@66&%&@6#@4 fiydrocemborer may atsorstill thief presdrit am stréeatc3can

then, be | Nt trhdlefs! dihell BT iRt dflere ' Ladkblpith sageRrl ¢ BRBE. 02

can be fed I nto t air, steam or
pr opane/ pr dpehd r%""f&%‘?@ée re\’ﬁﬂsei’ﬁg?'ﬁﬁ'@@ thteﬁ@sq’@@@h absorbent is contacted

with the stripping gas streamin the rectification section of the absorption

5 col um. Tﬂér? %@b@ﬁlsﬁﬁbhytqrt‘ﬂ g8 lof?%,ft 4? a?‘eh %Q@Q @h%ﬂl’ﬂﬁntnong?lﬁprt lon

of the top e con ense rod he
col um &s r "Pm@ I whighg e Co 2R Cet W%Qﬂ’\/é’m‘tumoé%é%e regnevesyp
absor bent s sigréficantiyphighén sclbjlity thgpotharremaipiny gass cdnsétuiests tbdre exavpd.eThe

aipnatic i argﬂorgcﬁn yake@faet%d BB AAR6ing SR € G HR fRBRbeRH INcaS the
e effected in columns. It is possible to work in cocurrent, countercurrent or
crosscurrent. Suitable absorption columns are, for example, tray columns with bubble-
30 cap trays, valve trays and/or sieve trays, columns with structured packings, for example
fabric packings or sheet metal packings having a specific surface area of from 100 to
1000 m%m?, such as Mellapak® 250 Y, and columns with random packing, for example
with spheres, rings or saddies made of metal, plastic or ceramic as random packings.
However, trickle and spray towers, graphite block absorbers, surface absorbers such
35 as thick-film and thin-film absorbers, and bubble columns with and without internals,
are also useful.

The absorption column preferably has an absorption section and a rectification section.
To increase the enrichment of the C; and/or C, hydrocarbons in the solvent in the
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paraffin di or ethers with bul ky groups, or m xtures of these
sol vent s, @!M@ﬁé?@“ﬁa ar solvent such as 1, 2-dinethyl phthalate may be

added. Suitable absorbents are also esters of benzoic acid and phthalic
acid with straight-chain Cl-C5-al kanol sggsuch as n- butyI benzoat e, nethyl
benzoate, ethyl benzoate, dineth ht hal di et hy| thal ate, and al so
so-cal | ed HB “eéa‘?riierrecmcﬁgo%u'&?f}/a "bl“ﬁﬂﬁ‘eﬁﬁl'“%{ﬂ@% prh)’ SOHEN h’ﬁ‘é’?’r
chlori ne deAlfevativeles aastdpping ayagl cdrk baefed iAtos thet adlimnabsitonetor exampleniokt ur e
of i pheny! iy, g Rilesm or ﬁﬁegﬂféﬁfhﬁﬁhbés' PorliRSlafte Hd @RLS abQTRAR 4 [ On.

for exanple t C|a h sol.vent , m Xt
frequent |y CCORGIRCLUE iSRRG 58, HEePEy B T TeriTend R on ot e GO TP S0s by
wei ght . 5Suidciumre s siripe G hyanoearkbs® o@Dofbihe daden alpsenbentes potiexanidbe top

o s anbdRE Ban r"’g%ﬂaé’"se@ Gk @@3%%%9%ﬁégﬁa“&%%ﬁ@qﬁﬁ?'“g@{%%ﬁgﬂﬁi or
oo Ao sPNast losas

fractions vﬁ{p W fromrefinery streans and conprise, as
mai n conponents, the linear al kanes nentioned. Preferred absorbents are
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fgg 222r1 :ffte dléteréﬂa/é]é&?o EQied rbaﬁc@hérqmetsuamaé b@a@nyl Eh@d@héﬂn Bevat, their

esor pt,lon SOr tl on stage.

| f appr opr I%chmeﬁeﬁlg?t{vea ngftrl@p{faike%gs a’gssb'ﬁ%%ﬁta%ﬁrlbgﬁtrﬂsvﬁunﬁﬁu%?; BN se ca
hydr ocar borandi diptieay hethge dprefasatided inpthandzeatkepicc cempositiondi iot axdagle Ithe one
Peat | ng 1 h e i E MAHTE e o s pep mgﬂ‘g‘ﬁw’ >

| u |
o fectod LR BERERGRS ARG e 25 BLAFENG, BifRbR rentshls e
renmoval2d s tg}éaf@ﬁalneptames, hexanesc deptages, osianeshanoraNgs| deaanas: sUl'ldﬁC%ﬂﬁén only
th r gces gf dd¥Rcandst f?i@éceﬁ%% ﬁaﬂﬂéédahé@rﬂeﬁtadééé}ﬂ%' ﬁéia\de@énéshﬁeﬁtgdédaﬁééb hind t

ydr ocar pons rocarpon, stream

depending o Efcﬂéag? Faa@Hﬁvﬁf‘ ﬁé’ﬂ?eﬁﬁ%’htqb&n?cﬂgmﬂkggrﬁ@é S& E‘ﬁd?%q 4
hydr ocar bo rpomnﬂéanasrmalrbeomo@wttﬁ, the: linearcaikanssseentionsely Peefeired absarbantse

conpressed 4B U, ﬂ?drﬂ@érﬁoﬁéﬂ 'paRRUIaf ﬁféi’ér@ﬁéé RYivENAe &Sy hydiddafbort | Sdpdsialie
l'iquid %ondensate stream c2 conposed of C3 and/or C4 hydrocarbons. 10 Stream

c2 my sd' @S%SH se small anmobunts of C2 hydrocarbons. In addition, an
aqueous condensate stream and in sonme cases further amounts of the offgas

stream For the desorption of the C; and/or C, hydrocarbons, the laden absorbent is heated
and/or decompressed to a lower pressure. Alternatively, the desorption can also be
effected by stripping, typically with steam, or in a combination of decompression,
30 heating and stripping in one or more process steps. For example, the desorption can
be performed in two stages, in which case the second desorption stage is performed at
a lower pressure than the first desorption stage and the desorption gas of the second
stage is recycled into the absorption stage. The absorbent regenerated in the
desorption stage is recycled into the absorption stage. If appropriate, a portion of this
35 absorbent stream which may comprise C," hydrocarbons is discharged, worked up and
recycled, or discarded.

In one process variant, the desorption step is performed by decompressing and/or
heating the laden absorbent. In a further process variant, stripping is effected
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c3 may be obtained. The aqueous condensate streamis obtained generally when
the di ssolRfe@PU9R88H%R@ desorbed by stripping with steam 15 The
conpression can in turn be effected in one or nore stages. |In general,
conpression is effected overall froma pgessure in the range from1l to 29
bar, preferably from1 to 10 bar, to a pressure in the range from12 to 30
bar. Each agidiiphaliysyibrbteamge is fol l owed by a cooling stage in which the gas
streamis cooled to a tenperature in the range from 15 to 80C, preferably

from15 to i . ' re i to a
tenper at ur 1SrerRRE QB non Bd BB ETBRF R gl SyPofipeg L0 2
condensat e % the-lipher gasceansttiants cesnesialy etitherlewnboiiag ihydrerarbens. Ay Sl ke

hydr ocasboprédentinthé C; andybAS hyiRe@rodr streanfggndingson tBS typeef ednoovat.descri bed
absorption stage can also be perforned as follows: The absorbent used in the

absorption colum is the sane organic _acid which is reacted wth the
cor r espondipseauesty the deseroed Ce And/ps Mistocadern stieam may be gealed; ip which

pgssi EI e tlQ:asdiitSrp_ey”laedmmdllytmccabmé%&diemcwddoadndﬁsﬂ_rrmh'r oompiespion Bhagyes. ]
absor bent : t t he
organic aci%qs(eéﬁaéﬁé pg?%“?%@?%ﬁ%e %%%}?{gé%gﬁ#g é,??:fatr;\?' ﬁdéér)\'lb‘ﬁ 'wd?;?%f"g’g?. ate
after f19rt nefeanL&ei Ay &g/ ermprisepsaals appuniseol b dlydiasarbogsr B afdition 13 t he
esteri fi catdqusoresndenisate abrsarn matin fsem@ aasesl funihep atnbentslus thiepbifgs stealrum may
[n this casg he, bBoRIMRNTho 38LSbIsTRNUE A A% bBERYGI0ebER Wikn the
downst r eam of e ester Fay rol'ysi's zone. |In that case, this organic acid is
not recycl eigsalyedigpges 3r¢ depered Ry sEiRPEIWINSIRA™N zone but rather into the
absorption stage and fromthere, |aden with the C3 and/or C4 hydrocarbons,
into t e ri.fd ki N e e 1.3 .hj r S can
but doglgJ ngltr%hlgéﬂgﬁf%%@@ %@fﬁ%rtﬁenﬁ.%%gﬁgﬁé%gbi@é%m%b@@ée t quﬁﬁ’a@%ne el’ast a
conpr essi orfoBIPressisy sy etierded overafh oM <2 rewsyee IBdRe rargspHOPE oS08 RAI59/ He
16 per f or reeferdbty fremammbel0 bér, tthen prdeane thetmgdrange rfedm di2 ios 30 diar.pEadhor ned

wi th T eedi g, ofoc Rl QXUORNANNGLY 2ol stdle RYARSTE JAL HLEATE cbdé 1o

resul ting drogenation gas, m . : case of propane
dehydrogena?c‘i‘%'?ﬁ’,er Ksdn mesrags%ﬂw%woo@, PrefesainomplSIB &9eC- PuhseadeERYand | ow
boi | er 20 artde dompréssedagas ofixturebist ervded tal e&h yemperetied iobrfronesseit ital d0yCof

but ane, 1 - =P e o) 0 | S |Jectly
into the esdt? gﬁrel f"’cé’ﬁ"gﬁ‘ggng? \?\ndﬁioﬂ'ﬁp arag%()ngi ﬁb%grr%\%a?tregﬁ [b ﬁ%&(r}g%gggddé/' or 4
hydr ocar borf8Mo¥eR Troph thec figdd i And/Ak Cgrrygfﬂcé" g gfreafhdh 3 POa%R SRRt r eam
b conpri sesappadum. si nce the dehydrogenati on has been carried out with

f eedi ng of oxygen and/or with feeding of steam a renoval of steam alone -
for 10 exanpl e cond I on_as descri bed above under - may be

suf fi ci“ent, rﬂi’%{ﬁ'é’esqrﬁgai%hﬁ?{aﬁ% slagr el Pe eprgmes %%n‘a')c “C4 hydrocar bons,

hydrogen and | ow boilers nay be reacted in gaseous or liquid formwth the
organi ¢ acifhe sHAErHRREGRAGH tHAf abisBRRBA column is the same organic acid which is reacted
with the corresponding alkene in the esterification zone. In that case, it is possible to
dispense with the above-described desorption step. The absorbent laden with C;
30 and/or C, hydrocarbons, i.e. in this case the organic acid (e.g. formic acid or acetic
acid), can then, if appropriate after further heating and/or compression, be conducted
directly into the esterification zone. The absorbent feed used into the absorption
column may in this case be the organic acid removed from the removal step (G)
downstream of the ester hydrolysis zone. In that case, this organic acid is not recycled
35 directly into the esterification zone but rather into the absorption stage and from there,
laden with the C; and/or C4 hydrocarbons, into the esterification zone.

The removal step within process part C) can but does not have to be performed. As
described above, though, at least a compression of product gas stream b is always
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oxi des and further inert gases (atnospheric nitrogen) also do not
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by distill atj ol I t he wor kup steps which follow The al kanes
pr esent in%ét)?rgg?nﬂ %ﬁ%%llg%g{r'&éz, by their 10 nature, do not react in the

esterification stage D) and | eave the esterification stage D) together with
t he al kene Aipasiveamt sfdhe redidual gas etrédm @3tdanralsobe sesta the iestetiticationstepof
operation ¢fy the esterification stage D) in honogeneous |iquid phase, or as
an additional streamd2 in the case of operation of the esterification
stage BP in gas-liquid

The hydrocarbon phase ¢2 can be fed to the esterification stage D) directly or after

further pressure increase. The aqueous condensate stream c¢1 can be discharged from

the process or conducted into the ester hydrolysis stage (process part F)).

30 In a process stage D), product gas stream b or - if the separation step is performed in
process stage C) - the phase c2 comprising the alkane (ll) and the alkene (Ill) and, if
appropriate, residual gas stream c3, or, if the absorption step is performed with the
organic acid as described above, the organic acid laden with C; and/or C,
hydrocarbons, is reacted with an organic acid (IV) in an esterification zone to obtain a

35 product gas mixture d comprising the corresponding alkyl ester (V) (isopropyl! ester
and/or 2-butyl ester) of the organic acid (IV) and unconverted alkane (II).

The esterification can be performed in the liquid phase or biphasically {with regard to
the reactants) as a gas/liquid reaction.
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node. This streammay, in addition to al kane and al kene, al so conprise snal |
amounts 1BFA000RBEIHE forned and water, and the | ow boilers already
present in streamc2. The esterification stage D) is operated in gas-Iliquid
node, it may conprise two zones, a reagjion zone and a rescrubbing zone.
The aim of the reaction zone is a maxi num conversion of the acid with the
al kene. In the rescrubbing zone, addition of water 20 largely frees gas

stream d2 gheastelifitRphds generdiiy Serfdrmedt @qirevir® Bf oA IO 00badtaharat apl ant

parts me”tér%@?r)%@déiés)f Odn§56?c¥§d 8dy n‘%‘?ﬁ}KQW%%c achae b‘é?% r‘aélk&gé Pletn D be

performed in reactors |n
In princi pli amoHBisghhi-cSthatol Pahmolen ef aﬂ(R@adlf@f@FﬁbéM i H@lcatorf@mﬁ PHESHe 25

conduct gd ipheferablyan afrfuntsesfaUr ¥ 8iol, rdie fbfembiyn1.or-@ss Mol peholef afkenence i s
given 10 COREGELNfoR &l HioBh dind l(g&f'i’é Pea)fét%ttﬂgﬂgﬁhé BoeddBhdifl Ytarl dster. In

appropri at Pervediare
al kene- contaéﬁlﬁpfhgm%ﬁuéﬁﬁ‘i’ sm%ﬁ@w&ﬁawongntg iP(asgNt ip RJushgasstipan e apdigs ing- 5

mor e pref esebam c2-candéddt & §ié alkPastdromheeaesn bd hembaaitbyadistillewnet dieetly inel eased

can be e obilp! A8 Ufln 16y HHEDARReHELER 95 sl APGNEE Mo hed?

external circul g heat
of readfi omatyre, qﬁ)@fﬁtr@@f»‘t i §‘9a¢~°§@f ifigatien sfrge DiRed dRave F?rﬁﬁtte"t'ﬁat'Pﬁéta@PrQ)ul ation

rate al | owsoddieerasinathe dlleneenmdovverta ipf thk eestenifitdtRonriaasticam & an ke eaheusft ed
viriuanly Bpeflish e bLEriaiby Hage tIn ANSIdbGEILER Bk 0Dy

performed i

is the t ub@qdawora@é@f?@m q%nﬁmm%ﬁeﬂ@pﬁ@aow&@e wtﬁrt!'ﬁatm gaes B} Boasiayidzs
control | ed nmafen®his atrearhendy, in atidivhito alkané ahd akehdalsadamprist strad-aormiuhisd

floati q_% b%?i{l}]r?sttem&}n vanhma%l Eﬁcﬁ‘ﬂ{? d&{?%ule@é%ﬁé&ﬁ?ﬁe@éﬁ?ﬁé’% ahf@Etors in a

batter e resc b|n Z0 renoves aci d residues.

I n apparat us ternms, this zone corresponds to an absorption col um which can
be desi gned heeq@aa‘nabailoyi stagecD) BUpeialed AGH3FiqROAO0E 1ERAyeorhPrisecied zonbed
apparatus qf, b@ﬁo?ngi g%d'e‘?} cFJEBBmfg' g ?ﬁéjafn’?ﬁf:fh%rre?%tr&ﬂ io’ﬁteq Q%&.Mﬁﬁd may

be trays, ‘struot ur ¢ ngs or
scrubbi ng wanrsipg of stB Aside Wi Jbs, aﬂ'ﬁ’&? im %Wﬁﬂtbbﬁ‘ﬂ e aP@@P'@il?é Watergas
stream202 ilargely Sdepyas streafed2abl cid residud@spPhis alfowse cpiredien plublenve<inlothgm A

typi cal r anmount of acid to be renoved
to achi evetp'la%lﬁ‘gl"t %t(r:%m 52) |H%E|gd‘rﬁg%§év ?eo%m 1 kg/kg to 20 kg/kg. The

scrubbi ng wat er Iaden wth acid residues can be used in process stage F)
for ester HydresterificationSanttatpeefomaed imipeddrdseactonrin ftiakk inode oaindlujizesi ar e

actdi ¢ i on @yChARGAN SR, th&%rgﬂfgb@' s YRPSReACERASECOLuct bR e

pol ystyrene Cro benzene have
di ffere@nt SOPERT I EQ FsCoUNiEreyIresn ’nl&‘ﬂ | A$P iNs crpsaciirenbt Vgg@ﬁenc,q, I8 r%‘ﬁ%‘r@us
gel -t ype ardnmenting o plotityc et adtglysisbedd ini 8 balttery, ffoaspropriaté avitheinteehediaegat i ve

radical s, ffél‘-fdl@ffrmé &cid rE!t'rlefrogﬂlethg kae'nHQBhl;aﬁnngt Qre%?n W&g cb % di #5@1 ?gjr% fic

rings of the rene xampl e,
Anbgrl yst fgha og >-15 Jyore preferably 2-3 dlﬁereynt reaction zones ¥rE)e heat of reaction P

released can be removed by internal heat exchange surfaces. A method with an

30 external circulation system, in which a heat exchanger for removing the heat of reaction
is mounted, is also possible. The adjustment of the circulation rate allows the axial
temperature profile in the reactor to be adjusted virtually as desired. Alternatively, the
esterification can also be performed in bubble columns or jet loop reactors. A particular
embodiment is the tubular reactor in fluidized bed mode, which is operated in a

35 controlled manner at the fluidization point of the catalyst (so-called floating bed
method), with external heat exchanger and two reactors in a battery.

In the rescrubbing zone, addition of water removes acid residues. In apparatus terms,
this zone corresponds to an absorption column which can be designed separately as a
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15 40, 46, 48, 70, 119, 139 Lewatit K1131, K1221, K1461, K2420, K2629,
K2649, Pur §IF Q005894 1e CT175, CT275, Diai on RCP145H. Particul ar preference
is given to those catalysts which conprise a high content of acidic groups,
for exanple Anmberlyst 35, 36, 40, 49, 9 Lewatit K2649, Purolite CT275.
The catal ysts nmentioned here are typica obtainable in dry or in aqueous
form Bot h dedicatedapparatlstaiiintegrated intadhe i Qﬂd regctemh & hediternals died My g

c?t al %'slt s, ttﬂab@ aicRired §a<§ld;1rﬁjglcﬁqsﬁbdau pYUEIiHS) Thidd anfouinb 6f mg%mbbu@owater isA group
Oor catalys e C.

sul f onat gd %138 %%'ﬁ'géhﬁg %m(%?n’é%* %%'b 3‘%‘@}3 nﬁggggééﬁrdgﬁs <%"§LP\06ﬁ§r?a%ferl é(l S are
formed, f oﬂ@l&hnwemorqure@jablmati ngnpeltymgahra@ afr /et ©f scrubping wate e

napht haBen%anunﬁBﬁ AR ELHE reridV@a o a6RIBed &i108Hn whaah id idabe tanhgedroens@ikgon of
e ar omat g 20 (R THeAkorBfs W 1560 Ay 2 UL Sah HLRUER biBbedd’

organic mat ria or ex ars €r anaer o condi t'i ons.
cor r espondistagerRderasiar hwwlysisen sul fonat ed. A further group of organi c
het er ogeneous catal ysts derives fromionic |iquids which are adsorbed onto

suitable  SRBOE! nOBIGLHBLS dobAich Baahs! BF: RRIKITbh Col o FBBRES

resins, é cata 'such as
aci di c et ssresialydhesq eerIsed & syitengted peyshwene P@Slml‘ﬁg “ﬂ'@l diyigy! lmzane oxi de

cat al ysts iTnebs datalystspmay ihavé aliffesart fpate diradtureer amdisinttiter isadrgwa ibetwsEnum

t t at t |

el udes. ¢ AREteBbrch, SRR MR Ao R, R ioHdliBIctor GBbANESde™ ©°
exanpl e of redipRjstier e@mﬁlﬁlmﬁﬁlﬂfsfbﬁ’ﬂﬂ? ctokg Boﬂﬁedoﬂo tﬂ“ﬁrﬁj@?‘@%‘i rings et Hei d
Such i nsol olystyseriel Suftablercatalysis dfhisis eypcare sfoniekdmple Ainberyst 05,816M36t139 ar ge
o £ B AT oo s A iRl i 40, POk,
have been &UﬁgnﬁdWOFﬁ@a@l Bisdon RGRIABHe Pagicylap FUPfefﬁﬂcﬁl issgiven do dkeseyed
from het ercapysysawhids compsisd tashigtheorteht ofvduidid gesups Atbs exirapleoimberlyisn 85 t

support matg@risgl 4of oo @WP'I@PE%L#’&%HQ%W l%“%t@%st@%%n\ﬁ%&p hif! fn. The

sui tabl e zeorlte cata sts 1 nclu 0ose 0
faujasite, YRiclispiinabieingny o i agaqus formm Batl farms are suitableon the sasscofpr
000005&1)59/thiewé&r—cbmammgl catalygbds, ttheowateo i<t displacse byt wasHing withuthe, orgdrec acitli o of

the Si/A QI VPEotr I&Eﬁa%%we‘é?é o“thIa'& |d1c2‘8ﬁ'e'xl:ﬁ‘an§fa rH&ﬁé’P@rn}e% denh’%blf’clnafe?ir the

catal ytic ac e ze
accor di ng tR?VFH@qnﬁ%ﬁfquﬁ{'CaPégWB@é CRICRhSHA Baterials fie l@mﬁgtf\ﬂéé’ﬁﬁ'ﬁp %nd
500, in partyi sulfoaatingepopamlic acomati280farnekampid npprehalesdloy dnthracee, tinderd 100.

The 5 I nor %Hﬂuﬁorﬁ%ﬁﬂcbﬁéaﬁi ﬁ)e dgﬁ@& o'ﬁeéfethéra‘?or%éﬁﬁlfsc%' éu)ﬁﬂércéu‘(?\é@éseﬁ'rggg%l gl ly,

I.e. the mat eria cl ne erature
prefer 25 y from Gﬁ,feﬁarQB”'éﬁ‘ﬂP” @0@’@3"'?%3%51 efqrfff’@ﬁ‘tﬁ%ﬁ SEGATE Wiflek ANagiobie pe
ef f ect ed undadititrendge ceoespondinglrysiduses &ltmabétmonéiédmwmthps peoupaf otdang

PUr pose ar &qH @@hu@%&ﬁ tseéé}%é "ﬁloh-)’ iohie llucﬁ{)qs W'%T‘ Gyre %HL-&BQ& GrRFhdgpR  the

free heteropol yac elr acl di ¢ so e sa or._acrdic 1onic
| i qui ds. Prsé‘P@g’EH@éer!aés ] 9@?’1 gy tatbe ramaTicgon ﬁx?r}?@gﬁr’%%%(%”t%tfe KeySlyeneous

cat al ysts. dfe afsera eelies of inorganic catalysts such as acidic metal oxide catalysts or acidic
30 zeolites. The acidic metal oxide catalysts include in particular sulfated zirconium oxide
and zirconium tungstate and/or titanium tungstate systems. This group of catalysts also
includes the water-insoluble acidic salts of the heteropolyacids, for example of tungsto-

or molybdophosphoric acid or of tungstosilicic acid. Such insoluble salts form from
these acids with metal cations with large ionic radii, for example K', Rb*, Cs™, NH," or

35 Ag". In these salts, typically 10 - 90 mol%, in particular 40 - 85 moi%, of the acidic sites
have been exchanged for cations. A further group of catalysts is derived from
heteropolyacids or salts thereof, which are adsorbed on an inert support material, for
example silica gel, alumina or activated carbon. The suitable zeolite catalysts include
those of the beta-zeolite, the faujasite, the mordenite and the ZSM-5 zeolite structure
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heterogeneous cat al é@ts are acidic ion exchange resins, the acidic K, Cs or
anmoni um e het eropol yaci ds, and bet a- zeoI Ites and fauj asites.
Parti cul ar preference is given to ion exchange resins. Preferred organic
acids (1V) are formc acid and acetic aggd, which react with propene to
gi ve isopropyl formate and isopropyl acetate resgectlvel , and with butenes

(1- 20 but dyre- ¥hadditian e dhrezedlite gjfughure -the fajip of (Al atomes Gheypegulugidathg e
respect i velzgolite Biro¢toRas Sruelaifif te catalytitoactiony &fahe 2bolite IRuithisle 2golitéesfor the

unconver t e Bl nge bl HANERARRioPIA Bosl Wk ASe b S IR Bilube PP fpduC

m xture d enation
zone i f apPO8p BQ"&CU|qfontWﬁ§“ 8rand %‘PQ)GD‘étm(?ﬁt )W%f?@bﬂ’ '?)9“”25“ ﬁh@“éé@%gﬂﬁ cation

is genersal liyorgdario rptaBssedescbdc horecara tgpisallyt actiauired (theroagly, i isi. tige materaine

and/ or Létr%gzeélcﬂ'[e(a étote‘?rliﬁe%t[]r Bét&ggﬁtso”h?f& Hobe @Zp%%%lk]%degﬂeéd"égaéw |

ester can be co ned w ds strea
rescrubbl nng 09dne in process part D and they can be fed together to
dehydrogenati on zone B. 30 In general, product mxture d is deconpressed

from & pr s dichlt bAIRS cah oAl dberdduaRF niifo ,ﬁt)e&ea&grgs.hnst.ttcrer ange

from2 t ers suc car bon
oxi des 18nd Alabysts @éé@% PHFROSE e Mingiabagids: %P%'@tveswua? gcidy ‘é'r‘r‘tS\V‘@daCt"éﬁg%’t her

w th the priophaeehatecbpolyacidduinaikeir ddidic galsbletsataor adidic @mariigeidsg t he al kane
(1) is preferably recycled into the al kane dehydrogenation. 35 The gas
may al so conprise |ow boilers such as

stream el rising the al kane (1|1

et hane, et Wég@rer}ﬁ‘ﬁt’?ﬁﬁ@' tocea?t%tﬁﬂné)%‘i %@gregﬁacq ofdieterggeneous satalysiss Brafgreibgen.

I n gener alheterbgenenps catalystsane beidicdésrsexsihhhgeresinist thedcidiyldy ©genamimeniutrhe
above- dgscrg ual
aas st ream ol CLE Rl Tt B R BBRSEE PR ehEs
effected ird éB'QBeXC 'Eﬂﬁ’teﬁ'é gas streamel, a substream can be renoved and
di scharged fromthe process in order to prevent accurul ati on of secondary

conponent s.p; téhéd% id 5448 @Pau%ero E'a%féﬂ St a%%“wcﬂ r@a peeage for
kane/ a er e

recovering .a sen el n. recoye g@ orrred as
an 5 absor pPi % tﬁo%’@g@ﬁ’ﬁg‘ﬁﬁna" éSOQrWHﬁF%tﬁ? @BS?‘&’? ﬁmgr wif Pﬁtelnﬁﬁa(ﬂl on.
Hydr oge® prbetswmtand 2Rbdthee)3d gva 2yl frevateand 2+tbety] adedate easpeplivly. by pressure
Swi ng adsorpti on. Both the recovered al kane/al kene and the recovered
hydr ogen mai be rec PES into the dehydrogenation s, als ossrble to
7 schar g (HENERES P08 F) A RS 8163TB 1 CRLIPHR G das uneginverad e fla Trpeanes o
stage for raadven-bugne) lsanemateklefremoprodyctr ogeurepd exfethe esterifeation, 4@l isn or der
Lo achi eve Belddin® iRt REHAIPEhH HERGHRE FRANRrEoARA A 4Bfl the
f i

ester/ tur r an n case O ECO ressi on,
STerT | B ot Ssificstion ds Gprerally r‘srpmhs&:ﬁdn ieBIRAPI Y 9B% SERAT T mEAMPHRE Such a

separat i on proanezandéd Incbutane and to obtain a product mixture e2 comprising the alkyl ester
(V). Gas stream e1 can be combined with gas stream d2 of the rescrubbing zone in
process part D and they can be fed together to dehydrogenation zone B.

30 In general, product mixture d is decompressed from a pressure in the range from 20 to
60 bar to a pressure in the range from 2 to 10 bar. Any low boilers such as ethane,
ethene, methane, carbon oxides and inert gases present in product mixture d are
removed together with the propane and/or n-butane. The gas stream 1 comprising the
alkane (11) is preferably recycled into the alkane dehydrogenation.

35
The gas stream el comprising the alkane (lI) may also comprise low boilers such as
ethane, ethene, methane, carbon oxides and inert gases, and also hydrogen. In
general, it comprises low boilers with or without hydrogen when the above-described
(optional) removal of low boilers and hydrogen (residual gas stream ¢3) has not already
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ratio between 0.2 and 1.5, typically between 10 and 20 theoretical plates
are requi r &8 000906815%H¢0ssi bl e here to use either tray colums, for exanple
bubbl e-cap tray columms, and colums wi th random packi ng or col umms with
structured packing. The product m xture may al so be deconpressed froma
pressure in the range from 20 to 60 bar to a pressure of generally from?2
to 45 bar, been edretadliesepdah Foone hergapalream 20, @ substipag @qnege feraovesanght |

from25 to diszhBged Fbe dhd epoBes! iMNde? 1Br prRvBht aictemulatién dsfc gagunelasi on may
be worked R R3ndRSCThRCCRFLON Hal BL IRefiflkd! BSsdit 81 f5coss! diahe 1HOSSI b @

to performvarious vari an evarlants are able in
that the CSe%QYﬁﬁ'@ﬂtét'ha@e{ﬁﬂﬁe@BaWGS%[Hdthﬁf%be regYeRe FAV R PEHRIMAdyaS &)y a
very 25 5snmaibsoption bt addorgtiobpase nesmtbran® peperativd drgegtifieason. Hydrogbe ph?.sbttbm

ef f1 uentl_ he(lﬁmdéﬁﬁ%wgﬁgﬁb% %&5&%@ e Hﬁﬁeé%pwés%rfgﬁthﬁ)&ds&gﬁo&%mu nt of

mass) . se vari an
if any, C3 rewaretsicaﬁsa%'kae% gk dhe rﬁ@%t@geawﬁge%t% be) re&brae yIntoyiEh t he
C3 corrponerdestydrbgenauoh it Braktepbssiie 1l dischargecibe eatieanaant @ trive thepioaeds | |

descri bed tb? 8%1 to tFéﬁrcﬁ:@ngtQ @fclr r%gvgﬁﬁélmalk%eér r&Pr rB F'e?s%naﬁgﬂétrlex' ty in

st ages é} n-one var ant gas stream ent er the
decorrpr ssion is fed to a first colum Kl. The pressure in this colum is
equal to orinordey tskhclyeid Yetter weparatiamnbétveen pikessfatkaneontthe ohe @dnd tine Hra The

col unn K1 i deBLGhARKY ohifio BHE i ¥ icabe 3P HhicoBedmpiosefont QNG

col um, an eva‘g enser he
feed is pr MB??‘f'ﬁﬁt'mrf@"tﬂﬂthﬁ?M Re ?,’Hleﬁlrrﬁor $Yrh 7 SERATAIY w%ﬁﬁre ’br esent
after the rdicbetpees Sizoand $.5f fygictity béteese ¢0add @0l thenretical plates gre esquired. of t he

col um &2 i I S cal

pressurgs a{f'é" @O@lihﬁnﬁtbgﬁ:b@g@ﬂ’gw? hﬁ% wreﬁxgc? suﬂrb?e gé%ﬁ?le gnd 1.5
bar for K2.andgoluams r‘t’aﬂ apgm pagki %?fecqtﬁnfi'@lw‘ B%P?,C'tﬁ?ﬂ 0000058159/ He 21
is from10 to 40 bar preferably from?25 to 32 bar, and, in K2, from1l to 5

bar, prefergfyl Modﬂic.rt %Bct@:reSd trﬁhfalwbe d@@&n;@r‘é&éé&ﬂ Qrﬁaa'vpetsmwtnb réhge $roh kewi se

fed to col um r eamns colu

aw s
correspond 2(00t°§’r1@atﬁ %P’eéﬁﬁreégrgeﬁ%'ah%{éﬂm %tt?r‘ﬁ*@rr f8F eXp ‘é?f o1 t‘j’r‘toﬁ?zé"’r" as
descri [28d abowea specificvasiachsem 2hdo 3apbair Bhe siredrhe eb andozPhpresentiaiter K& i s

preferably Jaeexmplddior 'n{a@/%a' wo Jk@& Bp wee%t%é b@BW"l%ﬁrtQQWo oRfmn¥K Cahdk2.

conpressor is optionally use further variant” I'b, the procedure is as
descri bed under vari ant Ia except that t he pressure of columm K2 here is
hi gher (typt sglossibleutesqerfoom verampvariankloi=thBOwdrkup. K variab® Bareaofablé im

general, - NAaiPHB O ESmbBndis iitopdiRTarkd pidpofld) B2 o8 cbrabiy, fdrfyma 33nf © 32

bar, 2 gty AR 4 aBOPAR 2 HDHRIE eI Redaegh i qﬁoa iy
vari ant | c,{ctrasppnds dolatreaims edk (idve soamipéed appebar 1®ar1|09ﬂtppna bw\nntdss), hEhe 15
di ff erence Jghtabd CofC A6 "SfantsLTPaRAL BRE &f vd)Cshah Wiodi? &5 ihighercd for
exanpl hydrocarbons get into the subsequent steps F) and G). When the C3 components are

not removed sharply, as corresponds to the variant 1l described beiow, this can entail a

30 higher level of process complexity in stages F) and G).

in one variant la, the gas stream e1 present after the decompression is fed to a first
column K1. The pressure in this column is equal to or only slightly lower than the
pressure of the feed stream. The column K1 is preferably the pure rectifying section of
35 a conventional column, i.e. it does not have an evaporator but has a condenser, and
the feed is preferably at the bottom of the column. The liquid stream e2 present after
the decompression is fed to the second column K2. The pressure of the column K2 is
significantly below the pressure of the column K1. Typical pressures are, for example,
30 bar for K1 (all pressures absolute} and 1.5 bar for K2. In general, the pressure in K1
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approx. 40C eneral this tenperature is from30 to 50C, preferably
from37 to FA@S@O 5§W%sult the top draw stream of colum K2 still
conprises | arge proportions of al kyl esters and consequently cannot be
recycled directly to the dehydrogenatiogy This streamis therefore
conpressed to the pressure of colum K1 and sent to colum K1. 20 In this

vari ant, ongfomH& te 4R bar. avefeaplydrenhes KuBdiba. and, ibKELhe A de Sbar. Prrfe@Peam el
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variant I1, U'?"r?é %rwb%ve fpgh%[saﬁjégiqfﬁb%(ﬁb&ﬁ?}eln hisr canee the lonagraunef theat
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bottom effl ; K2 (for exanple approx. 1-2% by mass), such
that the bg?ﬁ@?essf?fns%@ﬁ%rfaﬁ gggfhs limted to approx. 100-110C and i ncreased

material requirements on evaporator and bottom part of the colum K2 do not
resul t. Then priadisarnariant Ibhmeqnbwdmrém aéldeseripenh anddrl variamtde) &cepbthdOtHear ,
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colum, or alternatively toget the treatnment of streamd in a common
colum. This can be foll owed by f| ne purification by adsorption,
absor pt i on,In gasurtrer uaniant lorthe gtratedure iplasi Hescaibedrundst ageant |05\hmlﬁiéPC PF

0000058159/ dferdrise EEQ &g{aeh E\‘;ﬁFF‘at@rg & ;iggmm@hg H&v'fo?%&s 7g

EFS?S'?EL”%pESmBFEtLQW gty I ioEiPRI A a0 80 401 Prole sl %hdup

further befddF@. Ad a ezauitetBe itap dmmcblxeta&tbﬂcnh.mrpl@sﬂb&nﬂrage laFge prioporions of
distillatiofffedith dtcf&fn Qi&ﬁﬂyi r?rE:'t? e récbied dHecR B The ee}%}?ﬁédeﬁﬁaﬁ&i @l'h sca” be

df
rermvedfromSthea't.'I e. 1'sopro aceta e.

T om o o Aeam\s thergfbte.comprpesedibing Broscig Ol camiuk b Bhd sREJoSoMiKbot ¢ orm
pr oduct20andn tthes yatiad, only thet top drawestiehimcalt ¢adumn &t agperesidralsab diyé sﬂfeam re1( V),

for exanpl GnuSOR 6P Used 46t r idtRed BpOBHANES 88cribBE dible. Y Géter hisd, 4
par amet er s A" ?‘PSHF?Em(!QSIé f%’f" g; ‘ﬁi" %@bﬁ'g qu%ﬁbi%roﬁégi%géwﬁ aﬁ&d"??— BP’(S‘pMO
acet at e ar & karlyeferadsiione 103 toubbaro 2 bar (all pressures absolute) and a
reflux ratio of fromO to 3. The renoval of the organic acid positively

i nfl uences th reacti.on.equilibriumin SIS react or of process
clage &b Mhaduliel SAEST 1A RbGIa b Shdesutunt Gickr Yy I axo St IO Tt he
addi ti onal mamé?&:@)mmmsﬁpropenqah@pmpee@)me Ceanited in the bethom lkeffluent

i sopr ?pyl %{Feth@t é‘olumﬁtkfa(ﬂir' éﬂﬁﬂ%l@ &L Y25/oecﬂﬂ}cﬁﬁss)o’§déﬁ {hat ttﬁ@ boatom f

signi fi Cantt?%gerggjﬁ%f%prng c{%: ngrg)j S1t qﬂ)ﬁﬁ'ﬁ'ﬁc an% mcreasecp ma?ena[ %uurements on or

exanpl e of
evaporator and bottom part of the column K2 do not result. The pressure in the column

30 K1 is generally from 10 to 40 bar, preferably from 25 to 35 bar; the pressure in the
column K2 is generally from 2.5 to 7 bar, preferably from 4 to 6 bar.

It is optionally also possible to treat recycle stream d2 in the same way if it still
comprises relatively large amounts of ester. Here too, preference is given to distillative

35 purification of the stream. This can be done in a separate column, or alternatively
together with the treatment of stream d in a common column. This can be followed by
fine purification by adsorption, absorption, gas scrubbing or catalytic purification
stages.
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and (5) described below, are reduced. As a result of the renoval of the
organi ¢ acifd 0Q00058'$84%¢ i bed before the hydrol ysis stage F) is perforned,
addition stage D) and hydrolysis stage F) are additionally decoupled. 20 In
a process step F), the product mixture g conprising the alkyl ester (V) is
reacted w_th water in an ester hydrol SIS zone to give a product m xture f
conpri si ng ThR@reduehmixture @ compsising Sisudlky! esied (\br(consitiing wssgntialitiofithe atYlgani ¢
acid (1V). ebteravydrecsibe digagie dad (1)) eor exbiplealf iddpropybadetare\vdd dcetiagidloduct

mxture fand Lo RLgapl fpnﬁeq'bdetf&g\é}rem BRI Fthen B BGRSRTl V) 19

general ly recycle cation con ucted
as an absordd tloi’]rﬁolb’”!ﬂaéhfa%@éﬂ'ﬁtap@r(“@tE’@@X@fﬂp'era@ﬁﬂﬁ/ﬂﬁﬁa cankeyemengd fPWane

from gas pfﬂﬁ?éalkylfﬂestérn(\@ hioB egdragie .isdpresil atetaiex The @rfariaacidql\Weforrextidglel Nt o a

stream ol | SOORL)AWnloh 80 Boh BARLGPARPIRIGS) b B ARl (!)

and the al K er'ca | ation
fromthe als oﬂhgtaﬂwhﬁstglz (Mnter reéeryeﬁeéaonrﬁm aPﬁ'@teesgﬁérbeh%@'B? 8p dhe foRe.

Dependi ng @roduee apd asad@med hurlhier into tphecest letat! FY. IExafmiesbef sulableestocégsom
product i ;Btatﬁrﬁetérsqx tﬁé ’EPE& f'tr?et %éﬁa%tlo?n“%;oéceﬁé( a%eé’&c[ %ﬁgr%gﬂe&te‘té Iéca"f‘é' a0N Wi th

use of nzene é‘ e or diisopropyl
et her i1|q t tﬁ’ées(?bl@eo lth °i %QBF anmswembﬁ@m A0d g eefluxgatia phires P 1953 nhean
extract ant rémoval exfathiel ergaditi acili pesitil@lyoinfludicesctiei eeaationl)eqailibriliy metHer ane

processes Q@?Joé@l%%%étb:oﬂ g%ce\éé%r e R@r FRALIGY a héh@r {léu{. b&rﬁﬁelr o3 be

perfornmed el r heterogen uitabl e
cat al ysts feﬁﬁblﬁﬂé""ééf'%?d‘ljimp?'&ﬁeguﬁrﬁf@ that ﬁB‘Plrﬁ‘acfﬂ @’E’taﬁ@ %fé‘?é’@i h®ed
catal ysts, isdprapgyl acetatel S stresmredl)i aretdreatysSieduddd. Cming o trmaﬂgmsﬁxranﬂ?rsafa&err ed

het er OQ%HGQ@CIeB;gr@/ﬁ%SQAD QaP%QOQ%Q@F@rE%JE‘efogéxar?@E%lf )(ﬁ%tépgﬂFé?ué &9, 8x¢hange

resins. Pre
het er opol ya’@ ds) d Wb%‘gP@PWh?fﬁ Eﬂdy§¢‘§ Asom deultrPie ¢oMeYa) of Hie drganic st or or
as a reacti(ig dbsstived béforen theb hgdrblysis. stégec Eiriis matfoomed)faddiiant siagea iy arelact i ve

distillati &Qggwggﬁ%%éga%ggdggwpldgco uwoidgeference is given to performng the

ester hydr onet |c anount of water. This allows the
organic acid (IV) to be recovered essentially in concentrated formand it
does n@0 néed procdze stemERnhe ptoeidctamixtdre re2hmmpisingrtge iatkyl estere()ds eshctetk 0 t he

10 estor | FLamNAR [ uAEidPhybRAEohY # Gy 3 pfocbemiib bbbl G@IRa

performed in se
accordi ng t® 'ﬁﬂ&opﬁw,-ﬁf‘?’@m WJF%‘OW%@FJP%OE%“@&?H (). iRy apreress Iﬁﬁﬂge @sf"l@r (V)
I's react ed alanbl (pkseemonedifrorspredudtyrixiuire § iasd rtiea otganict acid) (Vg isirquoeetedt

mxture f i C@g@ﬁ.b%cﬁw (VD% Qel@aR rédybioa'ifd MedadbicBidslabt)D), 1ot & <Y/

ester (V) an arate |n at I east
di stil 28t | GRNEYAtehAS aeat?ﬁ%r@?@dnionthgabﬁ%@tm ﬁtagaﬁﬂp gpIoviRackane %J'Fﬁﬂ-‘«*u on
wi th a di vifidngasyetidseeBl uim. I n the case of the heterogeneously cat alyzed
ester hydrolysis, the ester hydrolysis
In this stage, product mixture f can be separated into a stream g1 comprising the acid
and a stream g2 comprising the alkanol (I) and the alkyl ester (V). The alkyl ester can
30 be removed by distillation from the alkanol stream g2 and recycled into the ester
hydrolysis zone. Depending on the phase equilibria, the alkanol (I) can be removed
from product mixture f by simple distillation or by azeotropic rectification with use of
azeotroping agents (for example benzene, cyclohexane or diisopropyl ether in the case
of isopropanol), by extractive distillation using an extractant (for example ionic liquids or
35 acetic acid) and by membrane processes (pervaporation or vapor permeation).

The esterification can be performed either under homogeneous or heterogeneous

catalysis. Suitable catalysts for the ester hydrolysis are in principle the above-described
catalysts, which are also used in the esterification reaction. Preferred heterogeneous
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20 reactor can be configured as a fixed bed reactor, trickle bed reactor,
f1ui di zed FEPOOPRIBIOIMHGr suspension reactor. In the case of the fluidized
bed reactor, the catalyst can be operated in a controlled manner at the

f1 ui di zati on point (so-called floating §gd nethod). In the case of the
honpgeneousl y catal yzed ester hydrolysis, the reactor can, for exanple, be
confi gur ed caiglystssarerier gxehane resies: direferred hipmogeneus GRSt ERsYHEC asider 25
hydr ol ysi s ot ReteRIpbytigsl honogeneously, the catalyst is generally renoved
together wth the organic acid in process step G, generally via the bottom
draw streamof the first distillation colum. In this case, the catalyst

can be rermdhedsksihyprlysifezanegean ke confignradsas adgaqterdon &k 8 reative sisilationcat i on

stage Dp, aolminha comibirlayish of eatteeand@acthe distiayan eturmisalédpossiblesr
hydrol ysis reactor. The catal yst can be renoved thermally in an 30

evaporator or in a multistage distillation colum, and also in phase
separ at or, Fesfeense is gyerciorpanioapingthe estenbyckolysis 4ith @ %WSW'Q”F@?%WOUN
separ at i onof Wh&an Thie amtheWMeaadqw)qabalryedveaaj észentidlly iesbegentrateat i on i s

£Ih8! sl el cdnBentPRSP LAY furihr BLBREE RErathdidh AEPHeA! ©

used for t @dp

removal of e ca hi's process vari ant, et er opol yac

sul furill a@ﬁ@“&ﬁ@oﬁﬁéﬁ &l arly suitable. 35 For exanple inafirst specific
enbodi ment of the process according to the invention, the organic acid used

bt i ned. Lo ’@8@) 7. SRR 35BS G 0 B ihos Bl S5 Coy B
acet at e- coHﬁFﬁ“‘él e progess asrording ko e lngem'eacﬂ"ednwur%emw@'ﬁg the, '5)§|t er
hydr ol ysi s estea¢¥)ds réaztegi with @ater odarc éster bydnolgsi$ reagtapito givea prodynt opstame! 1,

aceti ¢ 15aC'cgmg|'|s°19§ﬂféD%i(ar%?§ %@o?ﬂ%ﬂlc%cf V), Walkglésfbrﬁg tﬁvatepré?mﬁ

m xture f i's Into a stream g1
essenti al | W@Hﬁ’s lssfheﬁgsqpﬁraé%ﬂ’? @t deasy Qaﬁﬁt“z‘?t@f‘ r AR © ds!”nﬁerfeé‘or!fr opy!
acetate, iappEpoaetorqundtioaivth a dividing wakkaolugh. i s separated in a second
distillation colum (2) into a streamhi conprising i sopr opyl acetate and
| sopropanol, and a s}ream h2 essenti al | I St

)é/con5|§{yln | SO %a‘ and
wat er, and "sthe5a%8 91 the betengengoysiy catalyzed egtes dydrg |Se:é|'l'5f § teﬁ NEroIYPIS; s
vari angoi s redobovncannbé-icguofigurdd akra fixexp bed freactoratiickie bed heaciarp dividizedrbeaf t he

product m ¥ééb‘i& Jr sbé'ééhsﬁm%é&@ﬂrg{he%%@é 'o?%HeWEudufe’ijSt?éH aeabﬁbv o c& V\g&t' &naci d
and a stream nprisin pro cet 1.SOp can be
conbi ned wi tﬁﬂd” t8 89'%[0"1%‘3(!?@{)‘%?/’& tag Z‘ﬁ'dzﬁﬂo'f Hﬁog‘t ﬁ‘b’cal e %‘"9

di stillati oretlwd)unmheg d¢3secatthdboreagenepesly vatalyzed estdehywdgslsmhevraactorcampri ses
the hydrokysig ﬂbfé %b%ﬁfu%}?ﬁ%d L9g éiir’é& 'tér{k%é BrS ub{igr (e]al:to?aw B ufdeshgned as

a reactive I'ation east e co section
bei ng &gui BM yﬁhst'ﬁ Rerigyrae rhomé’ﬂﬁ (ye epﬁ%‘ﬁﬁ’ﬁ'g? 9?”96"[’4 CWP@"QW@’
hydr ol ysi s withtthé peganicoacidl owpretessastepiG)f penerallysitia tHeabottom dawustreai pf the

substream Gfst fiGiistioh SN 1A ARisRsE OME Ut Skt (AR Ha9Rnfved before the organic

acid is recycled into the esterification stage D), and the catalyst removed can be
recycled into the ester hydrolysis reactor. The catalyst can be removed thermally in an

30 evaporator or in a multistage distillation column, and also in a phase separator, or else
by combination of phase separation and thermal separation. When the same
homogeneous catalyst as for the esterification is used for the ester hydrolysis, it is
possible to dispense with separate removal of the catalyst. For this process variant,
heteropolyacids or sulfuric acid are particularly suitable.

35
For exampie, in a first specific embodiment of the process according to the invention,
the organic acid used is acetic acid and an isopropyl acetate-comprising product
mixture e2 is obtained, and,
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20 reactor conprising.the hydrolysis catalyst and recycled into the
distillatidh a&1Pie  The process paraneters for the additional

hydrol ysis reactor are, for exanple, a pressure of from2 to 10 bar and a
tenperature of from60 to 130C. The addpjional hydrolysis reactor entails
the foll ow ng advantages: since the reaction 25 conversion in th

hydr ol ysi s It 888 tFr the jsapecpybacatatg-cpmprising pradugimixure 188 is Eaactedamth ‘@@fﬁf i bri um
stream f | ;ainvéstéruaidrolysid réabtr n@gmela)proelqw thixturé dirompesiag teemrdpanol, atétie acetic
acid renoyaly |sBpr%b‘§,\hdcle{$?é ér?d" %, (1), a further hydrolysis conversion

becomes possib can npl'emented in the additional hydrolysis
reactor. As a consequence of the additional hydr ol ysi s conversion, the
recycl esst rireatep G)v\/ﬁtcxeluct:me(tmeam $eparated v o fissk disbliaion caluenr=(13 inte@ aratiedin ar e

reduced, a |§}91 Yo %cé@: Lbe aﬁ@%’ %t?éanf,\,&éfcoﬁgﬁ? ﬁ’@%’bﬁbﬁ F’?‘HM g of the
appar at us Eﬁ escr i her (4),

i sopropanol %@' 9'@8 UP8M49% 1S sfqufaée Fb?nsg‘c'qug ! Pt'%co %HR%) obt ai n
a stream i finteha clreamonis1 sompesiagrisopabpy acktates apdopypropared atmed anstréasn ri@cycl ed

35 into thegg tgil)' Em.ai SéfS.sgﬁagé |a¢,a%terT hidVGikeim B 68 GBycled Mid BRM 92

can be reane azeotr , comprising two di'stillation
col urmd O( r &slarifieaiion sope Tais,\ariaatis § OW? 'g'éréc}nd (2) and third colum (3))

and a phase separator (5), using an azeotroping agent, for exanple benzene

or diisopr Ciﬁésp@&nﬁ@framﬁ\f‘qhé Eéq%‘?étﬁ)ql cﬁ?héb(o@@&‘ rﬁﬁtu\“é‘? td Q@treé‘rﬁ g@rcohé’ iRy YSi s

reactor (10 ether is_obtain I n t

B! 115000 ebreniBh0 b AeSS 468 S8 Sctidam f2 OB, ISQRaPYL REBEfRe HARPHBENT used
i n the wat endrwatevaiani lse poemb@edbiijgh adi addifiorap ydelyser stephdoethiseendy theol ysi s

IZSt gegﬁ@;?‘?ﬁ’stlﬂéﬁbﬁr é’élbﬁﬁnaﬁ acaﬂrﬁéséﬁruﬁ)p% Wit R éadboreégtopaﬁhlch éonl%ﬁée%r ﬁ'l@ y from

£200. pr ot by CAEhse.b be,deiliEn e (1T &S ik dFoaR HecR, BRCBE hanger
as the catdtilatton cohiney by wntubef atseastione gokimui sdeliombeing equipped Wit tgysoor

Ieéggfzp :t s'tr%ctﬂ?‘é&e é(%ldg%@grwﬁﬁﬁ’ ddﬁ\pzurkrg{}ﬁg'm%wé@ cgﬁys@&“&dwrﬁ%sﬁh gl?thvc\ala Cer
per m)lg ofdcﬁ‘?'&% f)cgll‘mﬁc(éfl \é“bf&e Qh},ee Streamy |Q%eﬁar{g 1@"8?&8@%% 9B e ester
hydr ol ¥9i s remtmmmrprlsmgahe Ihydirglysie dakedybt aeacec)nclednntbltbatdlsm@atbed:ormde(ﬂ The

resul ting plfrféd‘eh%eﬁ %Shn%fétérs%mﬁé Sa@!artloﬁﬁr hyRIFG RS Efeaétblomé foP e2Q¥pley arei ght
of |sopropano

t of, . ac from30 to 70%by
wei ght of PA&HYF eo?{ﬁonh%gqi(?ga '["8°I§ ‘%ﬁ'\?é%é “of water. Stream
gl, which is generally 15 obtai ned as the bottom draw stream of the first

col um (1) ,Tr@Oama‘ﬂoaQnshydrays.@x@uapdreentalfsrtﬁénf&femﬂi a&%%é@ésmahwiheocfeaaw ic

d ; ht of |
acet at €oandoranPD fones ufoide gRAte! (pgogg%ﬁgerp ) Rl B 0% kR OPY
general |y cloutibrigd, sitsartds viewaltir ahihe taagtion eﬁunltblﬂemf As stresdt ofthe (aq_gtlc aC|d
compr i ses, (b bva R MRkfatiohr AR (110 a7 BHHBY RIS cBhvdrSeR LRBUheS pablE, T Om

é,? r ggmBg;A) %&)Aﬁﬁmﬁebg |mplementse%n %’e agdltloaﬂna(ii hydro[n3|s reactor Rsbg c\c’;ﬁée%r&tengg ofNa ter.

the additional hydrolysis conversion, the recycle streams (water = stream h3; isopropyl
30 acetate = stream i1) are reduced, and correspondingly also the capital cost and energy
demand of the apparatus (2), (3), {4) and (5) described below.

In a further column (4), isopropancl can be removed as the distillate from stream h1 so
as to obtain a stream i1 which consists essentially of isopropyl acetate and is recycled
35 into the ester hydrolysis reactor (10). The water present in stream g2 can be removed
by azeotropic distillation, comprising two distillation columns (referred to hereinafter as
the second (2) and third column (3)) and a phase separator (5), using an azeotroping
agent, for example benzene or diisopropyl ether, and recycled as stream h3 into the
ester hydrolysis reactor (10). When diisopropyl ether is obtained as a by-product in the
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general ly ngg he bottom draw stream of the second colum (2),

conpri ses, 0?000 %ﬂsﬁf’ from60 to 90% by wei ght of isopropyl acetate and
from5 to 30% by wei ght of isopropanol and fromO to 5% by wei ght of acetic
acid, and stream h2, vvhi ch is gener al | y5 obt ai ned as the top draw stream of
the second col umn (g ses for 25 exapple, from 30 to 60%. b éWEI ght

of isopropyf® teg cladsgl 'SHh@ QtFSpTQ%WtV\ﬁe&hW Ui wWalgreremaval 1 GRRfeEolo 30%
by wei ght afisosopd ef@nol . 1 n addition, stream h2 may al so conprise up to
50% by wei ght of the azeotroping agent and traces of acetic aci d The stream

h3 obt t he bot d t f the third 30
b ef or abl'y T PSS MVaEHIBy S BrRIIeg; Dol S AP BT Bh T8 Sar
gener al by qiréfarablydirora totfebaropndia dempembaerobiromsd tbrﬂlsﬂéc,cmbiembls( ti()m 80

ggﬁfg' ;gg/ , gaqéo@mhr@ncé isogw& tbcwogriéf’( .rbme\ﬁ?és@h&e Bifadléié’WnCH%Il\al Sgh@tr%ang lr om
In additi orfyt%\fsrt qgtﬁ'fqﬁé?a ’”c%ne'gc?’?@@" d(%@%%&/ 14 ! &t 9 'g'ﬁﬁlfropl ng
agent and tusaden;sbfchwtatmccdeimleucy Basasbon istprophi agetdts, mefecabt inyardurds ofed 35
gfe]E gre b|0t LRI @V@Yﬁ 8lg %Fbpﬁva?erfwrtrh&é difisoprbi) a%%ig%&é”?r@@er&@”@ nﬁﬁ‘ﬁto\m' aht
Dt Cacerite Adieainatie spet Yoy H; rekpliot i et Barbr n iealfabauaiey “ahlch

is generally obtained as the top draw streamof the fourth colum (4)
conprises prRf @salhy pﬁidubﬁﬁaﬁ&ur@&%&ﬁ%br%é aBf edmp lésﬁtﬁ}ﬁ@&ﬂ%% Bé[(;vgl fi bf on,

t 2 | ht C PF
SHCNER 8 o S R R o
phase separigtpoopyl Bstaterandifegm Grtais%: byeweightof water. Bireaintdl, atiwhtis genasallyan
gfegtn r gn@ n%ﬁ@& a$ wg&r&a dedve sﬁ@&ﬁr@tmmsﬂb@mm @%Wﬁ{ﬁm@@&éﬁe%}ﬁplén

|
oo am: (3 158 100 B VTR of ARG ook 4L LRV S5y afhibioelfe FBR AR Ly
wei ght of |5§/9;de¥9}9ht@t@DE't0@y| aogiate end sl taeTecfiit weighi efoprrspransl- Sir@él'ft races
of azgot rlo RN OvHAEIE geﬁ@n@il@rcﬁﬁemé‘d a@hﬁéetobSdrawt ?@éaufagoga firsf corsminO(
secona col u eas 0
I sopropyl g{p&?é ?f X?B'n%o %&4(&8‘3; ? Wﬁt%f |soq;?%%ai%}a$yfr%&%q 8@ wei ght
of i sorﬁoopebYO‘Nelﬂlﬁichflwnmel @m!)lﬂ%ﬂb‘s}' tQ/\/@O‘éH@V welgatz@fowat@mSi@aagbht\shlcfwd al so
traces of apbiafly abtathed Haghd bbtEdm arivEeadnd bf tha%e@:ﬁmahjmry Mp}@eg Go30

t heoreti cal e (o) t. f fr The
second col um%;n?%)’ ﬁﬂ@'% t8§8|/‘pﬁf @Elﬁﬁ Sfir?p& %%?é{cign Ifurgg} bgl"ﬂgfggggand S
oper at ed atiseprepasek @f‘@ M & Endte By tweighthefr acetineadichi ang étﬁ‘?flmﬁ‘?( 3yhiety

general |y fdepsially to@talr’édtmmeefo Cithw [Htridh@SofaRd desolP eslaind2Rtcot @;%m%surre of

t heor et2ibalXgMaRs fomy a5 14 %%tﬂévr SRNG SR SR IA ¥ b 18R AP ubRRLR o |,
a second speaterand Bﬂ'ﬁo’cﬂ i@e?ﬂ%@nf waightaf deapsepanet dn apdiion. strep@ hahnaltalssh, t he
organi ¢ acjothpris€ dp ite 56% byivigt otithendestfodisd@jenphd frata®di ecéavid.si ng

product mxture e2 is
The stream h3 obtained as the bottom draw stream of the third column (3) comprises
30 preferably at least 95% by weight of water, and stream h4, which is generally obtained
as the top draw stream of the third column (3), comprises, for example, from 5 to 15%
by weight of isopropyl acetate, from 15 to 50% by weight of water and from 30 to 70%
by weight of isopropanol. In addition, stream h4 may also comprise up to 5% by weight
of azeotroping agent and traces of acetic acid. Stream i1, which is generally obtained
35 as the bottom draw stream of a further (fourth) column (4) comprises preferably at least
90% by weight of isopropy! acetate, up to 5% by weight of acetic acid and up to 5% by
weight of isopropanol, and stream i2, which is generally obtained as the top draw
stream of the fourth column (4), comprises preferably at least 98% by weight of
isopropanol. In addition, stream i2 may also comprise up to 2% by weight of isopropyl
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obtained, and, in step F), the isopropyl formate-conprising product m xture
e2 is reactpé:dOQHOPﬁab%’?'é‘? in 25 an ester hydrolysis reactor (10) to give a
product mxture f conprising isopropanol, formc acid, isopropyl formate
and water, and, in step G, product mxbgre f is separated in a first

distillation colum (1) into a stream gl conprising formc acid and water,
and a st r e@6pigte AWhYRGES0haZelOpINg AP WIAMAtE’- 30 i sopropanol and water, and
stream g2 is separated in a second distillation colum (2) into a stream g4

conpri sing scﬁgrsp@]agé sfeaé re(s),\ﬂmbe{og w SRR AR0And ABCith BbEISE o8 3N

essentially consistl ng | soggo anol ang St ream 8I ar erar egcl ed into the
esterifi cat3BAroPiNghagent {gensenel arg; seratelsd il AL AAEQUFRNASE AT aLQIATE (10) .
g3 is génemhhsy The Eguedusaphasaés buttadured rasreflux etantrer thirds edumins(3jleandr aw
stream In c.%%'ri&éﬂ?reféﬁ?dl ht lﬁgs(Ej} 7??5/‘} %@w&@ﬂ}?‘ﬁ%%ﬁb%@ﬁ \QéiHhtCoff'i’éUp%dyﬂaée&étS,am gl

dth ly 't d b duct K to th
eater |11 oatPol? S5heY WEIGh CheaRPIRRERol A aRoSH Bt AZ59HHBIG, 4t | "G Sows ¢ he
| ow f or mi ¢ phasel isnetreducsdr & rafiu théhe sechndt eturvad®) and comprisessireferablyyat ol ysi s
The eatar Tty o Labkeil o OpfRpyhcelatbh 10908 degR Ly o O o 30 10
bar . JBor BYatsigter BapeRaslanidom S 5% b wRlon el Z50FoNRe ARartS. EU AR

pr ef er abl y tfacesroBaretit ecid20C. Preference is given to working in the presence
of acidic ion exchanger as the catalyst. Water is used generally in a

st oi chi onetyi c. deficie based on. i sqpropyl,. 5 formt referab I.n

aount s of TrediGolsRrt 1§ has Baferal e db § 30 nehratis Biafis Tt PPERIs At |

appr opri at @ressateeof tram @6d0 bhbamddedsdcand coluot (Edasi generally Jrom B dd Lk

][n' Xt Urlgsz Qﬁ%@étﬁ)c%ﬁﬁlaté‘scl{ndqfé% fafod &t £ PrebEurk &f %g?or’p dtms tngytﬁg.tﬂw‘ t_hirﬁ ?Bruﬁﬁﬁf nol ,
rom 0 0 Wel 0 C Cl rom 0 |

| sopr opyl f@r'ﬁﬁ ene "ﬂggf‘?&" f1rtgﬂ\%gh?%glfﬁg/yﬁéﬁsv@ddﬁt°p§?a?%?te¥P%&gfﬁr T whi ch

i s gener al 10/5 tso2 hamdtle frurihelupan 4o hagl genersliv feemdgfio 7@ sheoretical plafeaand i 1) ,

conprises gpeeitéd hta preBdurk Bf Rofifs tof1@bagxanpl e, from 80 to 95% by wei ght of
formc acid and from5 to 20% by wei ght of water. Stream g2, which is

generally obtained as 15 the top draw streamof the first colum (1),

conpri €8s, In @rseeuthppesificiamiadivent of H@oprogess\asreHingde thesipyerdigyl the rgamice, up
to 10% by wRidbéedrls foBhieracknend raMsdstopy féfMatextomprsiad oreduct amaiePen® .
Stream g4, o‘ﬁ@iﬁ LR generally obtained as the top draw stream of the second
colum (2), CO |s%’s a mxture of, for exanple, from70 to 90% by wei ght
of isopropyl formate, up to 15% by weight of water and from5 to 15% by

wei ght 20 af siepd)/ DB dstPropyblorfar-@hprgRgeréducy mddurehs it egacthcRwitis waRAMm or

o oxt &0 o Oty dbhaEIg ol @Qﬁ@”&?& PRosED pldre £RGRTY R BRFIOPR 1, °

al so conpr ife@EiGacidsisppiopyirimate @7d watlet, @ndos by wei ght .

in step G), product mixture f is separated in a first distillation column (1) into a stream
g1 comprising formic acid and water, and a stream g2 comprising isopropyl formate,

30 isopropanol and water, and stream g2 is separated in a second distillation column (2)
into a stream g4 comprising isopropyl formate, water and isopropanol, and a stream g3
essentially consisting of isopropanol and stream g1 are recycled into the esterification
zone, and stream g4 into the ester hydrolysis reactor (10). g3 is generally obtained as
the bottom draw stream or gaseous side draw stream. In addition, water can be

35 removed from formic acid in stream g1, and thus only the concentrated formic acid can
be conducted back into the esterification zone, which achieves higher space-time
yields and allows the low-formic acid water stream to be conducted back into the ester
hydrolysis reactor. This variant is shown in Figure 2.
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25 The first coI u }5&1) has generally from 30 to 60 theoretical plates and
I S operat edFAR 448ire of from0.5 to 3 bar. The second col urm (2) has
general ly from 30 to 60 theoretical plates and is operated at a pressure of
fromO0.5 to 1 bar. In a third specific gpbodi ment of the process according

to the invention, in step F), the 30 isopropyl formate- conpr|5|n pr oduct
m xture e2Tihg ?%QVCP%OWFFh'SV\BQ@meﬁ ganecalycal anpigeerg s¢fsfremadtior 19 88 to

]gl ve a pr qul:méramyﬁtdm @ tb scisrpands & tgmperajure piirerh 50ftori50eC, aerefdrably somregpy |
ormate an % to a
di vi di ng wg di sﬁ%?%??%%@sﬁ%qo }‘rg'}ﬁé R]qukgéggﬁEé%Padﬁdlé?) %ﬁ(e ?g s ik wal |
and separ atcétﬁlﬂshtWaWé? g aprely v ias pieighiometiic g@l@cantgpsegl,aﬁrb;sop@py
di stil | &t e fortratapreiérabdnioraraourgs iob pmof|to fooy madl ef water goer amude of Goppgnol |
and 2 81 oiahe ARG Wardr2hn 3dBe0ludbliy dkhhicBbbeessent 2l Ty
0 I'so anol', and 't

consi sting e bottomstreamgi Is recycled into the
esterification zone and streamg4 into the ester hydrolysis reactor (10).
The conposiRroduct ofixtufeef semprises, i exgr&pleBﬂmen(SW%%Fbp@@(gﬁﬁﬁflﬁ%r’dpam, and

g4 obt ai ”eqrorrﬁé)foei@%BPWé ﬁhhsf RAE 2%, br mtébet?%)@@@bﬁ’\‘;ve ﬁr&ﬂ/l Rrmbio

separat > ha’s g nera I'y Trom 10 to 30
t heor et |%cala"5 @Fb@tquk Mé"efiﬂ%g“ﬁ?ﬁéry colum and from 30 to 60 theoreti cal

plates in the main colum, and is operated at a pressure of fromO0.5 to 3

bar. This ‘Gﬁfe'aﬁ’!‘ 1 'v?m&ﬂ nbfbﬂljz 0Bt r?ed3as fhe HRMBEdraw! étre'aﬁ\ & tﬁ@flpa‘?%éfumne to

f st d
O P, P Race ganA Al AL B, T SO EPIAC BN B 0 Sabe b ot oL foriscn 2
m xt ur e f oracedarsyfrars 5o 209eby weight of water. rBiteaemegd ughigh Bageneely obtaned as

distillyatiqRy drﬁﬁ%hemr&fka@ @retdcdlmﬁn Qéélhﬁﬂs%g'f@r ékéma@m&%b%go%qqﬁt her
with a 10 hon c{ieousc

eactve ti‘on
col um may W9 dWERPY E%E%?eeé’rﬂ [%/1§?pt?yeWPﬁhhT{l§7’a[% I v %‘P %‘getl?lyve
di still ati oveigiirof sepppanar S'eelamrgdewhhbnsgemeﬂ;sobtalnhétaertbgmpedraw streatral ysi s.

ZQSW{)Fg‘CtS't \rbﬁ éiﬁlé %&édnldaédllﬂﬂn %9, %Hﬁ‘l g?% QQﬁ‘Wukééf ??ibﬁfﬁﬁlé’ frévh gy §0%f6}f 15
D e AT BB B O te o Bt BY Ve Zo A Sk R 50 9IS Wi ¢
cat al yt&0c slfnmpmpaedl Sireaki ggsgeneraliyratotheptap kdraysstream as gasesus sidesd@amw. | n
gdd;t Es?ge ?{B@QWQR& 's@ébrfréi‘;%dld’rﬁn (E)abéﬂ\é(s% pfé'fer%ﬁ/% %‘ eif@rﬂ%ﬂ'a‘ﬁ |aMat Qél%adsﬁt f g?
Che procesARa) BprisPres et ekt bl o diaRete R e RAT B R RE oot or
is reactedbyiweightater in a prelinminary ester hydrolysis reactor to give a
product mxture f conprising the al kanol (1), the organi c acid (I1V), the

?: ;( y[an E ﬁ; hé\{?(?hco {1? P@? ggﬁ%ﬁ'ﬁ’a Pom q:\léctto 661t?1(eour<ret?ca§ plafesrg) &S %pglfatetdha aal kanol
pressure of from 0.5 to 3 bar. The second column (2) has generally from 30 to 60

theoretical plates and is operated at a pressure of from 0.5 to 1 bar.

In a third specific embodiment of the process according to the invention, in step F), the

30 isopropyl formate-comprising product mixture €2 is reacted with water in an ester
hydrolysis reactor (10) to give a product mixture f comprising isopropanol, formic acid,
isopropyl formate and water, and,

in step G), product mixture f is conducted into a dividing wall distiliation column (1) on
35 one side of the dividing wall and separated into a stream g1 comprising formic acid and
water, a distillate stream g4 comprising isopropyl formate, water and isopropanol, and
a side stream g3 on the far side of the dividing wall essentially consisting of
isopropano!, and the bottom stream g1 is recycled into the esterification zone and
stream g4 into the ester hydrolysis reactor (10). The composition of the streams g1, g3
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25 stream f3 which is conposed of the organic acid (IV) and is recycled into
the esteriffiQAOPH! 5241, are obtained from product gas mixture f in a
reactive distillation colum, and product mxture f2 is separated in a
downstream (further) distillation coluggp into a streamgl conposed of the
al kanol (1) and the al kyl ester (V) and small anmounts of water, and a
stream g2 eofgdseained isheretaralindie game asin thensage A «onpedion cbdye seRRMAt 0 t he
Iezster hydlr@bw_ﬁwin%. Ii}?élﬁividﬂfgaﬁﬂr@inn i(ﬂthas?dbﬁefaﬁ??thﬁ)ﬁimihleb:ﬁibélrplawé wm.
or exanp A iLfic . - r o the
vent  on, s pauftinsREdlini 3R ighF a6 60 rEBiRuctl ped PR e SBERR hIR 0 o
i s react ed oRptateditaciressure af fsera 0iSiorblpay. ERjs wariany i opsiir Figgied.or to give a
product sm xture f conprising 35 isopropanol, acetic acid, isopropyl acetate
and water, uct.. m ; Lal onsL,Stil | e} |,
I sopr opyl gg?:oé"[é é{?g %H%%ﬁ%ﬁogg%uﬁ}%%}%%} ,°?_a%%é'?‘¥‘?}rg'é§"%n h?‘%%@@%ﬂ“ﬁ ally
consi st i ng sBRUIREERYSY BcPne arg heotAme REWEST B19P IR Gdisastivgadistiiation eadumn; i o
reacti }/_e diwidh tade e ﬁmdéwrmogﬂéd bgrabtert m;@gmysfis? is'lsinmm@ysdtmy héﬁaaatbbgay
esterificatj n : - :
product m )gt'sﬁgaet%? 2‘3} ge%gp%arﬁ?eﬁyé;%dggqlgI_%{?@né@%‘sﬁ?ﬁ%&(l??gtlhﬁi gﬂtart‘ )s?t ream
gl esdEnt ihgmogerenysicatalydl isreqoyeigdo b iactivesdipiiligfion coluep Mmay heeresedad
anmount s of upetr@am by andeimisdnyeeavtgy?2 essentially consisting of isopropanol.
Stream gl can be recycled into 5 the ester hydrolysis reactor (10) or
preferably _into the reactive distillation colum (1). This variant is shown
in Fi gure 4hepieggtine distilatign ecan bnesiermessindee fomogpnaousngy BetefqgsRe® 'St o 20%
by wei ght @htalysiso pThep aceattive fdistittatidh coluRDVimay verhpiide obstamaty interaald, (for o][n 10
t o 80%4Ry ' ' p n 0 ° ' o]
wat er i1l§ r\ggérﬁgﬁ ﬂjurc ELﬂ;(gdr b?%g%éyénedgﬁﬁ’%ﬁ] | s??\fﬁsa&%ﬁ}ggggﬁjr%&@yﬁ%n
si mul t aneo®$! Presepainathey 1oy 8t Lataivtisaimarnalgyn fok HOREIRE 8sesatalylio SIEGHIRS e,
from 30 t o padRinds ommindbmn peickings orgsaa slispendioh 1 lonadbidiohpadd@wrivgdatien ghtheof
| sopr opyl gﬁf‘a‘]\/‘)’%‘i fn @;HanHPvédg.‘%e%q/%iEW amefse@\t&?' 5’fsid@%tF‘éanﬁBﬂthberH&l?)grc%'ldné(n bt ai ned
as a top raw stream and a streamt I ch consists preferably to an
extent of &°SRlgst 90% by 15 weight of acetic acid, may additionally al so
conpri 20 i sopropyl acetate and isopropanol, and is generally obtained as

t he bottom - I ' il ?ﬁ@é i ; j ve
I nternal s rlrlglbﬁ%/élégérr‘r?gnmhgd& 8%}%@{(:6@@['48\%8 ﬂgér)'nggﬁc}{?g’ th'%erﬁ eed.léé |°,§%h%§l?§.ﬁ%én,
further seﬁéﬁ&t“’r FRpciac Wit water ing Helipipayesiterfiyarelysis Kmactosdo v & RradNet bot t om
of the col unirtureTheori@isihgi the pikahelr(Bpthe degdricadit ¢Vi),ehe bikghestemy) anthevateezact i on
col umm has HANChHld HiafR 3 dohoBled B fechiaiith (Fl:RLSRe 31 bSicPBRY! 3h64 at 2
ressure of fromf to 6 bar. Inaddition to thé fee ? ter ﬁ@ e added
gbove #d  SHERBWS MEIGhe ic £PBRCSEShE! the, Preanis acick gVi 1fndy isa fqayelRd z'gWetWGt sel f.
25 Stream gisterifitatioh Zomegareeobthingd dinmaipnesichgas mextuept dr awesttive adistititianhe
distillati Qi Ui plofile MARRE!BCR: sdpafaiéd 3 Bowhdifdlin QuhRerd Werhiote! ot
or tsopr Op%gﬁjmnairr]\to a rst%gm gl c%mposed of the alkanol (1) and the alkyl ester (V} and small
amounts of water, and a stream g2 composed of the alkanol {I), stream g1 being

30 recycled into the ester hydrolysis zone, preferably into the reactive distillation column.

For example, in a fourth specific embodiment of the process according to the invention,
in step F), the isopropyl acetate-comprising product mixture e2 is reacted with water in
a preliminary ester hydrolysis reactor to give a product mixture f comprising

35 isopropanol, acetic acid, isopropy! acetate and water, a product mixture f2 essentially
consisting of isopropanol, isopropyl acetate and small amounts of water, and a stream
3 essentially consisting of acetic acid, are obtained from product gas mixture f in a
reactive distillation column (1), and stream f3 is recycled into the esterification zone,
and,
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90% by wei ght of isopropyl acetate. Stream g2, which is generally obtained
as the bot Fo‘?ﬁQ@PﬁW%("r’%am or gaseous side draw stream of the distillation
colum (2), consists preferably to an extent of at |east 98% by wei ght of

i sopropanol . In addition, it may al so 3ggconprise isopropyl acetate,
generally in anounts of up to 1 %by weight. The distillation colum (2)
has generally from 10 to 50 theoretical plates and is operated at a pressure
of from 0. Gd step @), bAdductixt @6 2 (s sepdrasdd/ Bi & disBIRGOO ColUHM) (2F mna Gtresmugdst r eam

o the'r oacL Ll LA ANoSALUTR, ) EABPMEE FRIUATRR G e

advant age erogeneousl y cat

reactive dia®dig steganbe2 |e§setrwaty ?%'Sﬁﬂ%thsoB'Pp@%ﬂl a$‘§7%€tm oA capde r@%Y‘tﬁﬁYf”Wer e can
be reduged tha@estet hpdrplysisirgadiar (10) eaptederabig dntbithe a¢dcyiverdistillation xoluptrofigct i ve
bed prot eCt‘l’h@er%ﬂms%ﬁ%ﬁﬁ )ﬁsﬁ |4sons BO5/ 1150PC PF 0000058159/ He 30 Thus,
inafifth specitic e of the process according to the invention, in
step F), the | sopropyl acetate conprising product mxture e2 is fed vmth
wat er di remrbtyuctnhmme fi agith \cengbriséd, | foataxampteg! fom § ltp 200d by pwedghtcof

mxture 2, (%?itnbal S q@qglggt% B? “%frﬁqtéﬁ%%ﬁtpaaﬁﬂ romS‘FU)fooﬁ’d"l/ Wﬁé@b?o@nd

smal | armun 2 essent| a’I nsi st 1'ng acetic
acid, d% dtﬂpatnvéacqt@temnsrf@autto A% by weighs of watepis fﬁ%%teﬁ’%er Igiteq 192FtME on

col um (1) ,distitiatiohit cobamn {13 and simaliankeukly aeparatbd ires estiehmciatwhoch com@riseand, in
step O, prf&dé}&tnpm >frtoH{§o 028d°/3b %ﬁrﬁbﬁﬂobﬁg llaﬁ& 'njolnatd f&“rd@obg%ngtn%f into a

stream gl essentla eé /g | SOPr opano g
smal | anouriePrepyl ﬁﬁﬁt andlqp t&n@ o by, t"‘ie%‘ﬁ?b‘ﬁ U513 §B‘i‘1ﬁ %ﬁr!e{/a" &H?\"ﬁq FHyd P
| sopr opanoldrawmstieah; &aha giredrs {3 whigh Icenblstatpceferlablq to ea@xteneoltatdeast Bav mn

col “rm 1(51) -we tS ¥ 84 depat aén& ddtiohs Egra‘?sos-ﬁemb‘?issolﬁﬁﬁiﬂ}/l' Refte SdriFams

f2, correspon ent| a to t t h upstream ester
hydr oI yS| S '?%’a%q%@P |, ang iy EPZ'VPEWGF@% b grawyStRAM ogeneous cat al yst

for ester hydrolysis, it is |ikew se possible to use a hom)geneous

catalyst. TRYSs rdatich Ebicihh, ﬁ]@%télﬁtiﬁa@/@ft% RBinakl mhy'Be %r"%ﬁ%ﬁ PeW9 O

the invention i n e et at e- yct . m xture
e Y nt ot s foer 5 addioa. firies Sepraira: 'Pm&wgﬁw&ﬂ piaERt At th, o,
pr oduct20m »andrie thebattae of thel dojurcronBiestieedids priefargip belpantbe reaatinh lzoaeoihet s of

wat er and '§9@bﬁ%un§?ﬁ5@§%ne@f@fr@msﬁé ?@@bftﬁecﬁéﬁc%ﬂbla?% n&%“éﬁe?%t‘eﬂgat@‘

acetic acid and cata I ne ro uct xture
05T n the VBRI LMot 16 Beh DnSauiap e focihh waleraey bp 8060 aboweran
esteri fi cathetow merteactlanatpnezt'andralsuleqo ti®) reaptiodzone itselkt ure f2 is separated in
a distil I ation colum (2) into a streamgl essentially consisting of

consi stithg S B Blsitis Seneinl SYABanAY e (60 FEw e PhS SRR sEE
distill at | da) comprises, Tdri axaugld, drom 1@ te BOWrbY weighgofrisopgop8®@! @he froat 20 tost can
be renoved dopomy SidigRol iSofrbs HRblaYe. | Stredin §¥ARAICATIE 'geRbrafly 'Bldined &9 he
bottom draw stream or gaseous side draw stream of the distillation column (2}, consists
preferably to an extent of at least 98% by weight of isopropanol. In addition, it may also
30 comprise isopropy! acetate, generally in amounts of up to 1% by weight. The distillation
column (2) has generally from 10 to 50 theoretical plates and is operated at a pressure
of from 0.01 to 1 bar.

The ester hydrolysis reactor (10) connected upstream of the reactive distillation column

35 (1) can also be dispensed with. The advantage of the preliminary reactor in the
heterogeneously catalyzed reactive distillation is that the amount of catalyst in the
column here can be reduced, and the preliminary reactor additionally acts as a
protective bed protecting from catalyst poisons.
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distillation colum and in a phase separator, or the conbination of phase
separ at or ad9000Re8 1R¥He enoval . The concentrated cat al yst streamis recycl ed
into the rectifying section of the reaction colum, and the concentrated
acetic acid is recycled back into the ggterification stage. 35 The

conposi tion of streams f2, and g2 corresponds essentially to the method
with het erlbysniac ity spasifis %ﬂ@!"m «f ithee pipeass agogrdiggto tQ?r"é‘é@rW‘@'B in $tePf er abl y
consi sti ng Rf theaguprdpyl acdtate-camprisiagpiddiet wixtdre €208ddaywirewglat divéctigattalayst .

805/ 1150PC rgfcnggocgaﬁgwcgmm%l B oS RO Bhodrklay SORYER G

I nternal s for | on are rese reaction
zone are cd3apRePanphisoprapyl aceiaingnd smaii@ﬁwntsmy@termn%ﬁ SHP?’B\R? egsRatal t i ng
of defi sed coasistilgnot dcetieexacid, r‘aréddbthheﬁ frami poductamixdwbued innther reaktive it is

possi bl e f ' cdiaq.@%g in an

ext er nal vggssﬁei%dgrbg)ﬂ{nﬁﬁg’ ot e c?ﬁ '%gﬂélé%m@ﬂhle)é&eﬂ &3'? g\(jz\naJr‘lé Sa%g f a stream
fromthe colum by neans of a side draw, passing it through the vessel and
conduct i ng in stepaBk protuct mixeure &2 isnsepaithed inr 2 distillation colurmmm{2h o gatreamldly from

30 to 100 y&@&’rﬁtﬁw %aﬁ%ﬁlnptcﬁﬁs@gpén%l qg@ﬁr@ﬁﬁ%c@fa d@aa@rsﬁ%ﬁ%n?oﬁfts bf %91 to 6

bar. In _addition reac on zone.
10 In t'Qe fHHra Riream G2 psgeRfially ﬁ?'F?'%}ﬁ‘chff'erPr%EbéQ PHERR SIS JBXGEBY above,
pr ef er ence thes reaglivedistillatiorscolgmmdt)eThis nagdre js dhowinrin Figorehi onetri ¢ defi ci ency

based on 1 S OMoHER R reamSHE8, Uf'ehlt d o RAHBRALLs NI Ab e by 1 1t e

reaction col | S Bven i On Of agqueous- of gani ¢ azeot r opes
(such as |§’H§‘r%§ﬁ"ﬂpe\ﬁ§ﬂ ydrolysis 5edidnol - 15 i sopropyl acetate-water). In the

case of isopropyl formate too, the ester hydrolysis can be perforned as a

reactivg d'lﬁtdfdhlhaﬁ ngrfhé W’sé %f %ﬁﬁ’et%\ﬁob@r?é&us&!a@éwm&aééferr ﬁﬁﬁélgée it Dk 1n a

sevent h spemﬁh b"{ﬁ) 0cess according to t nvention, the
i sopr opyl 'Péoé'ﬁ‘?rﬁrhpg\oﬁﬁn‘iﬂl@(?ﬁ Yshi xture e2 is reacted with water in an

ester hydrol ysis reactor (10) to give a product mxture f conprising

i sopr OpamlThuEOlrnrH §| Cé cific 'eﬁ%ﬂﬂ'@ﬁil of MeBt B@es%‘%cm%grto tﬁé‘%v@ntﬂfnqq‘é

m xture f2 ent1 al consi stin SO | SO for and
T e 1 £)ebedspronyl soataREPEIPTERS Brodut TS ap is 8 wilfWalas BIP 2 LAEINGD ¢ ai aod
f r om praédudlistitaticnucadurhin rf1)aamce aqiroduet dinisturd f2aessentiallyl comsistig of esndropatﬂcnl,eam f3
is recycl e%mataqnm?s SAEd édoqe&;srew Zeo8ie, 3Rda s&r@aﬁqtfs@s@mawéﬁ#ﬁ%&m gture

f2 is separate I on co % fally
consi sti ng 3Fl§ §ﬂ€@8ﬁﬂ??oh°’5‘?ﬂf"?9%?%ﬂy?t %*@e‘gﬁ‘a“ ﬁﬂﬁtﬂﬁ eg g}ﬁ ially
30 consi st iraggctive distitadioo galioin (1hand istre@atedghtoitke egtesfidatioh zmteoal'ldhe ester
hydrol ysis reactor (10) or preferably in the reactive distillation colum
(1) -HHSS Vu? g{e%né), Ip?ocJulc%( %Y)\(Atlﬁ'g ff llqsog\é?)alrar%ed in a distillation column (2) into a stream g1
essentially consisting of isopropyl acetate water and isopropanol, and a stream g2
essentially consisting of isopropanol, and stream g1 is recycled into the reactive

distillation column. This variant is shown in Figure 6.

30 The catalyst can be removed from stream f3 thermally in an evaporator or a multistage
distillation column and in a phase separator, or the combination of phase separator and
thermal removal. The concentrated catalyst stream is recycled into the rectifying
section of the reaction column, and the concentrated acetic acid is recycled back into
the esterification stage.

35
The composition of streams f2, g1 and g2 corresponds essentially to the method with
heterogeneously catalyzed reactive distillation. Stream 3, preferably consisting of
acetic acid, may comprise up to 50% by weight of catalyst.
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Figure 4. Product mxture f, which conprises, for exanple, from5 to 15% by
wei ght of  FIS00M9E thedne| from5 to 50% by weight of fornic acid, from 20
to 70% by wei ght of |sopropyl formate and from1l to 15% by wei ght of water,
is converted further in the reactive d?gti | lation colum (1) and

si mul taneously separated into a stream whi ch conprises, for_ exanple,
from 10 t o IBUW tepclian egumn{1)i eespyeplinnabintesals forstistiiatiancarg gvesepl Rigfpely of

i sopropyl fopédemt B thededdliol @66s atd dolghh aps dordéxahipte tisipney wsﬁ twhidhnalloand a

505/ 1150PC BF 00R05 a0 HeslhneS BT SR o SARE) B80! RerETPIE: 7om

60 to 85% Db ter
nmay addlmmas!bly f@bﬁﬁfmegereﬁgemwps paditiaraly 4a be @a“ﬁj’@n'ﬁraé]P eHBt ¥§ssed as

t he top 5dr aasiigdienhe SolGinh SRMedns siftiraling ff @esteanl from tHel cilunetbpmenheof op

cecoe ot o ot O SRSV OB, 4 SR RSB e

i sopr opanolre%ﬁﬁ'ﬁnfqobm% ag Se%gﬂmﬁﬁorﬁéﬂogﬁtf@fthﬁg@ﬂ?%ﬂqtegf 8nenis eperaisad am g2,
which is genessatd yf frbinal ned e, Irhadditért ethdr ed 92, eaaterotangbs @dded o e dr aw
streamin t?&ti%r bR@l ng section of the distillation colum (2), consists
preferably an ‘extent of at |east 99% by weight of isopropanol. In
additiof, it may al so conprise isopropyl formate, generally in anmounts of
up to 1% byinwes éhirth, Tiltte add Sixth spédifinproodssnvariaGs) désesbert abova, Ipyeféreoce 0 t o 30

theoreti cal \}ElﬁatB?él Watélsln%@gﬁ)t Iﬁ%t(ﬁéhl?mﬁhgﬁéﬁ{)&ﬁ hggéﬂ’ Bh |5%p;05p5/'3a(aeté)t@ 15

In the sevegn vari.an

preferred t%"‘i?sé‘%t%'@eiso VRTted efytuafly i tHil iyt 'eAIOR| colymp; 31'%&6‘?)’955?331?

i sopropyl flommaibe. of Sapeeusvatganid azeatopeer(swdh us risepdpanof-whley, |snpmbano1eact I on
col um, 4 th||§0 g tSteliifle If)or mation of aqueous- organic azeotropes (for
exanpl e |sop -wat er, “i sopropanol -i sopropyl formate- water). 20 In the
reaction colum (1) t he cat alytic internals nmay be arranged either bel ow or
above the fledtle dase adsopropyl foumdiddoo,sibpaesien hydrolpsieraaal ise pafoineedpaesent at
the top an dis preferably bel ow the
reaction zgﬁaeétnetdm"a?@gg?mﬁﬁ%%ﬁmﬁ9@%%%&%3&F from30 to 80 theoretical
plates and is operated at a 25 pressure of froml to 6 bar. The ester

hydr ol 0 s Theacinar s¢veaih snmifie(arrdnbdlmmﬁ 1oé e wbeedseacceaitg tedhelirsentidnatheon

L, (D) it e i e s e
wal | colu S"Fhr@aF {'/ t‘bﬁ“’?@ I?FP t"F'ﬁtf"ffd FHNRIES; IFORTOPANG, ‘é%l?rﬁ?'gs whi ch

fol |l ows. Bﬁfp’ramtsmate and water, and a product mixture f2 essentially consisting of
isopropancl and isopropy! formate, and a stream 3 essentially consisting of formic acid
25 and water, are obtained from product mixture f in a reactive distillation column (1), and

stream {3 is recycled into the esterification zone, and,

in step G}, product mixture 12 is separated in a distillation column (2) into a stream g1
essentially consisting of isopropanol and isopropyl formate and a stream g2 essentially

30 consisting of isopropanol, and stream g1 is recycled into the ester hydrolysis reactor
(10) or preferably in the reactive distillation column (1). This variant is likewise shown in
Figure 4.

Product mixture f, which comprises, for example, from 5 to 15% by weight of
35 isopropanol, from 5 to 50% by weight of formic acid, from 20 to 70% by weight of
isopropyl formate and from 1 to 15% by weight of water, is converted further in the
reactive distillation column (1) and simultaneously separated into a stream f2 which
comprises, for example, from 10 to 50% by weight of isopropanol and from 30 to 80%
by weight of isopropyl formate and is generally obtained as the top draw stream, and a
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PF 0000058159/ He 33 Exanple 1 Wth the aid of the comrercial sinulation
progr am Asfen®09958thd/Meit egr at ed overal | process for the production of

i sopropanol from propane was cal cul ated by way of exanple. In this exanple,
t he process conprises stages Ato N Thﬁfe are showmn with 5 the acconpanyi ng
streams in Figures 7 and B. The cal cul ated conpositions of the individual
streans carstieamtfadicts eapprisas, forpxamplanicon Bip 86Poby waigbtipflormwa aci angsed on
a st eafl_y- S i 586204 by inghfr@mﬁteg ﬁné)l"lﬁdd?tﬁ';ﬁhgy _@cﬁmﬁrrisgsiimwtf@rme and s

vapor -1 i qui -1 g quilibria. propane-rich gaseous
stream (4) Qg'?ﬁei O%ﬂgﬂ‘tgﬁgsﬁrbeo%ggjé&ggﬁgadﬁ'ogenati on reactor A. This is
conposed of the recycle stream (16) fromthe top of the rectification colum
G V\hi(%l Sirga @ﬂ&vrﬁﬁﬁg@bh?hiiWotﬂﬁiﬁ@@Q@the&b_ﬁ didwesttepelof ke dfs!iHSHihnI@bmnﬁrcl:e (1),
wat er A 0 [

| eaving r eggg SP %?gggé@%’g Qfﬁg‘gﬁ%@sﬂ?ﬂﬂé hcg%gggéq’%%%#ﬁ %%’n%lfeﬁésné%g g’n st age
B to obt ai rP05n b Rightsof deprierangl and grom 680 9355 byTweighl efdiserrogdfogeataam (7)
is fed todtstmaﬁogp,r\eﬁiemmgsr&alej ébtainettiisCthe ibottos draangireass od ghseold sier . The
conpr esse S [ e t . ee
substreans .d?%"& gﬁ%{é Ems EHreesatt ?éc:ﬁ_gn P QQ%[%S@%@&@%?@E?}’O%% gB& nr%fe%ﬁlﬂ?e

l'i qui d 19r op?&‘n@de’grﬂfl ableast Al% by weight elaisprropgnal.gniasisition: & may; ds FOAPHSeact or
F. Al so ohéapraysd formate) gemdrabeinsnsunts of ugtd $%ary welgieo Tise flistikzion @umn n t he

abeor bent R0 AIRrelloRt RO FRLoRLARERES A U AedM Y psETR R "

esterificatd-bl 1B¥ctor F. The absorbent used is the acetic acid-rich stream
(22) recycled fromthe bottomdraw of the rectification colum I, whichis
suppl engnt ' e cef ‘ , Sty :

di schaﬁg)edqgstmq{;%]’egfsh %%bc@ﬁ?&c%ls?%ggarﬁt?%%?rggg%gg ?éér"s%r{ﬁ%@%ié Ep ?%%g ;soglgsaer ation
step, recycYalerins apafodn staichiamgtrie e Y dAsed emiscrpyfprmate gingg,water is

esteri fi catdoaverteiagteily Fullyad théCebetionasetimrl 1€ preleftsafie fondatiorogfe agquenuppl i ed

wWith strea ) (0) S t. 1 K e Il J I opyl
acet at e. FE)Hr% g{rﬁ% agg@gotffe %t ?f%r]n?x%rﬁ@gl 'gc r%ﬁb;ﬁ%fetr 135(?&)?@ gﬁdi 'g%%ar)%gﬂ)ﬁﬁ)%%et ate

i s assumed.Waf#fé two exit streams fromthe esterification reactor F, the
gaseou0 stream (14) and the liquid stream (15), are fed to the

rectificati 3 0 : t.e ) i Gis
conduct ed ilﬁp g&? héeaﬁg?? °§‘Eﬂf‘ﬁéﬁ%?§‘§@%§@%€%ﬂgfogre %%lﬁ?g ?'ﬁ%r I%?‘Oﬂ'ingr bottom
dr aw st r earAPPY&}he fsee; 'tqrf’@dtygf‘éf‘mh‘?fy?ﬁpéfa\}'gg dnterpgisimay be Preseai)ithe & 3 thi s
stream (17)in thatbettorld) thansblunve Theo fdealt isoprefbrably betowe s readfign aomk. (B of

the rectifi ' e |

hydr ol ysi s rrgggigﬁo%rowﬁﬁﬁétghgég& ?Pf"h%f‘gf’%ﬁ%a‘?@%@%r ké'%aig]@peﬁgtréhgt\c? 100G,
20% of 235 RessuEpYfifrom &P bal.s converted to isopropanol at an assumed
selectivity of 100% The exit stream (21) fromthe ester hydrol ysis reactor
His fed t { £ j ; g aci d=rjch
bot £ om dr ay ik IYRBSRABaeAID) borrRicpSRLATRY e redihaCRHdich el ]

colum E. Af) £&R likgyse Readise@nseds witheThe dwvpstees GAIUBK) (Fhfnd the reaction

column (1) can also be combined to give a reactive dividing wall column.

30
The invention is illustrated in detail by the examples which follows.
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I, an offgas stream (231) conposed of gases uncondensi bl e under these
condltlonsp NS PF 0000058159/ He 34 and the remaining top draw
stream (23), are conducted into the stripping colum K. In the stripping
colums K and L and the phase separatorgdl a heteroazeotropic rectification
stage with benzene as the azeotroping agent is perforned. In each case at

t he upper EX@PAR 1t he two colums K and L, an of fgas stream conposed of
gases 5 unamitrdehrsaiblot the demnichesesirpolation paysam Aspeatios odr intsdratednovedlil and

311). The tsoe o afraﬂah%l &%Ehaend@ %%Emr&??rﬁrﬁ%' &é%)caenet ﬁﬂw\raa,e& into

the phase e separ urd phase
(26) is fe@x‘%\ﬁnpﬁ tmibisrexagwpte: E1R18 essfqogpﬁls%ﬁtgg%A(tQ% Tp ?rﬁeﬁhoﬁ@ Wi eam
(28) tost hehd apcarfipdnigingsstraapisi ingFigodes it akd Sarlthe ¢diculdtedvenmipositions phtiee ( 29)

to the top ||'9I|V|&L§%ﬁ’5§é£ﬁ1?@éﬁ'ge ?%ewm)nlrthe tQBIeb?Itle lelﬁjefti%w C%%U[%&ISI?%E‘S%Q é)n o the

essentially % F’? | S recf cle

ester hydr @I §/t§?‘§y ?té@c?‘l}#“bﬂuml'ﬁ'@d%'o‘?ﬁ 18 El?so\ of eé‘éH'ie('?A'P}S gF vares- 'é‘t"?’laﬁ'ﬂl ng

col um K i diguitididuitiphtibeequdlitriaf i cati on col utm N. The bottom draw stream (32)
of the colum N, which conprises essentially isopropyl acetate, is recycled
to the ester hydrol%/rils reactor H. At rectlflcatlon Eol um

op of t
N, t he 18esiA BIPBRSsECH Basaque StFrpmal) |'%f38HPéP%QE°W?rJg’ ydregenainn &pactfiAag. 7%
mass of i sd’pnrsapa:nmbos%ﬁl tbe tedyelesiveamdd 6 piyer rihes topnad the esstifidation ndumndfﬁl,al

stages A - il %etn'tlé’lg SQB%ar[?hﬁnﬂHeG@&?s 6f5frersﬁ$rr6Bja‘r\§?ﬁj) Q4teF 38 dhd

BO5/ 1150PC PF I St scr t| on A
Dehydr ogen V4T 43@ VerogaEaiion a5 SuXugs 1) ah BOU EIag deee 9%*5@55 Sooled

sel ectivityn istmlgegnmﬂ'(er@oh@@%\@ cGodensatiprastdge dhtbeotdaini avnadgienge coldehsbigr ; end
tenmper %Uf ‘é B8 (6o THE %&Eﬁt%“stﬁéaﬂg?z |s%ﬁ tgﬁ@%@egﬁo#%gpfhmrﬁ?ﬁar ator;

40 b E Ab t
theo?et | calcompéﬁsggr&’ Q%Vr ?E%P@ﬁs‘?‘g Ea?iﬁﬁﬁ?&Fate‘dege pB‘?%?p%er?é’ator

conver si on:D §84hree kelxdtieamsy Thegas isseamdpy) isdee tathe: atisdiptizn Gokewt Ff theat i on
col um; 5 bgfig &%Bérhheoafxrﬁf ofHenplrigh es?peaf'rﬁydrzxtor el Ssteichtibh Fed&ksr PY M) ysi s

r eact or; 5 ar ate versi o se ectl V]t f or
o o OBMEiRsH INe-phAar SRRt Sy AEOUS SERaAR). i sy ARPEUPN Sl

r ef | ux 20at ik prépabie and propene are preferably dissolved in an absorbent and fed together with
the absorbent as stream (12) to the esterification reactor F. The absorbent used is the
acetic acid-rich stream (22) recycled from the bottom draw of the rectification column |,
which is supplemented with fresh acetic acid (34). The gas stream (13) can be
discharged as offgas or else, if appropriate after an additional separation step, recycled

25 Dback into the dehydrogenation reactor A. In the esterification reactor F, at 40 bar and
110°C, 90% of the propene supplied with streams (12) and (10) is reacted with acetic
acid to give isopropyl acetate. For the calculation, a selectivity of 100% for isopropyl
acetate is assumed. The two exit streams from the esterification reactor F, the gaseous
stream (14) and the liquid stream (15), are fed to the rectification column G. The

30 gaseous top draw stream (16) of column G is conducted into the propane
dehydrogenation reactor A, and the liquid bottom draw stream (17) into the ester
hydrolysis reactor H. In addition to this stream (17), water (18) and the two bottom draw
streams (30) and (32} of the rectification columns L and N respectively are fed to the
ester hydrolysis reactor H. In the ester hydrolysis reactor H, at 5 bar and 100°C, 20% of

35 isopropyl acetate is converted to isopropanol at an assumed selectivity of 100%. The
exit stream (21) from the ester hydrolysis reactor H is fed to the downstream
rectification column |. The acetic acid-rich bottom draw stream (22) of the column | is
recycled into the absorption column E. At the top condenser of the rectification column
I, an offgas stream {231) composed of gases uncondensible under these conditions,
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Strippin X ar; 35 theoretical plates L Stripping colum; 1 bar;
heoreti g:ﬁ&ﬁég?%g;]g/ Phase separator; 1 bar; 40C N Rectification col um;
a

r; 60 theoretical plates, reflux ratio: 6.6 B05/1150PC ON MN NV WN
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0
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fresh benzene (27) together as stream (28) to the top of the stripping column K, and
the lower liquid phase (29) to the top of the stripping column L. The bottom draw

10  stream (30) essentially comprising water from the stripping column L is recycled to the
ester hydrolysis reactor H. The bottom draw stream (24) of the stripping column K is
fed to the rectification column N. The bottom draw stream (32) of the column N, which
comprises essentially isopropyl acetate, is recycled to the ester hydrolysis reactor H. At
the top of the rectification column N, the desired product stream (33) is obtained with a

15  content of 99.7% mass of isopropanol.

K
3
7
r N
00
00 0
00

ONO)

ONO)

00

0
0
0
O
M

Table 1 below once again summarizes the individual stages A - N. The composition of
the streams is reproduced by Table 2.
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Stage |Description

A Dehydrogenation reactor; 2.5 bar; 590°C; propane conversion: 35%;
selectivity for propene: 95%

Cooling and condensation stage; 2.4 bar; end temperature 60°C

Compression stage; end pressure 40 bar

Absorption column; 40 bar; absorbent feed at 40°C; 30 theoretical plates

B
C
D Phase separator; 40 bar; 60°C
E
F

Esterification reactor; 40 bar; 110°C; propene conversion: 80%,; selectivity for
isopropyl acetate: 100 %

G Rectification column; 5 bar; 13 theoretical plates, reflux ratio: 0.6

H Ester hydrolysis reactor; 5 bar, 100°C; isopropyl acetate conversion: 20%;
selectivity for isopropanol: 100%

I Rectification column; 1 bar; 21 theoretical plates, reflux ratio: 0.5

K Stripping column; 1 bar; 35 theoretical plates

L Stripping column; 1 bar; 3 theoretical plates

M Phase separator; 1 bar; 40°C

N Rectification column; 7 bar; 60 theoretical plates, reflux ratio: 6.6
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The efflue GRERT e, e are
anal yzed s@%ﬁ‘ern%ad@nbérséad& 'g‘%ﬁg‘% a%%%tef:%n?/%%@%w@y 3%%%?592%;
acetate is98Htained with a sel ectl vity of over 96% BO05/1150PC PF
0000058159/ He 40 Clainms 1. A process for preparing al kanols (1) sel ected

fromthe group consisting of

B05/1150PC



i sopropanol_and 2-butanol fromthe corresponding al kanes (I1) selected from
the 5 grOLFd:QQﬂQQf’%ﬁgH@'eof propane and n-butane, conprising the steps of: A
providing a starting gas streama conprising the alkane (11); B) feeding the
starting gas streama conprising the al ggne (11) into a 10 dehydrogenation
zone and subjecting the al kane (I1) to a dehydrogenation to the al kene

(rrr) to olftidims a product gas streamb conprising the alkene (I111) and

unconverted al kane (11), with or without high boilers, steam hydrogen and

separat i ng pr odulocRes JBE PR SRR (b tica #m S GRS cofiiieg 1Y
cogpri si ng !to he isgqp ol and 2-putang! o the R%rfrg%emliji?g %06?’9?15 pb\ﬁf%%&&fonhit@n

boil ers5 and a gyam qunastingdf propamerdrel miputhyel rcoggrising thd stepdofi | ers; 20 D)
reacting product gas streamb or the phase c2 conprising alkene (111) and
al kane (I'1) wth an organic a(_:idagl\p in an esterjficati zone to obtain a
product mi xturéd & NG SErN9 cﬁtreérs“p?o?ﬂﬂ‘ﬁf@'%tﬂfllaﬁ‘ég?ﬁﬁ;(\/) of the

organi c acid and the unconverted al kane (11); 25 E) renoving from product

mxture d a gafsgstﬁ@eam & GlinG QYT SRESM AR odth e Jaide (15 mesue! ed
into the dehydrogenati on zone 5 appropriate, an roc?u t mxture e2
conpri si¥ng the al k{Ehyglpggnation zppe, Fﬁ’ ﬁgbl?ﬁlélgdr'% pe Hﬁ)&rptﬁ éewr%f?ﬁ??rbi ng
the al kyl ester w tdtheaslkend {illjaio obddin espredudtyghiscitrgamsb zomeprising thevalkenegr oduct

mxture f conprisi 9 th ahénehed !ad<ana3§ii),t RRh 6O WRhEuRigH bdiléls, S@amenDVing
t he al kanol (I) an he OI’ﬁ@IC acid (I fromproduct mxture f and, if
appropri ate, recyclydgoema [Bﬁ‘at?ﬁ"ersaci d into the esterification zone. 35 2.

The process according to claim1, wherein the dehydrogenation in step B) is

perforngd in thy p%??@a@?ﬁorﬂﬁre@ﬁ)ﬂ%ﬁbdu@t 8I§%tré?ér90cﬁ 1S9 'SbR&tiRG pRddicM 1.
wherein the dehydr ogen tion s ormed. in 40 th péesenc.e. of stEam

BO5/ 1150EP | B/ XS/ dSFS BECHD Aip®easeuseus phasp clyaPhase £8 LOMRERIRY e dkens ci ai m
1, wherein step F) (ill} aperheatkade i(il), aitheaxowithoet highstdiletsaenda gas pinase & The

process according 8mpli@hghydrodbteaki BwIohersk) is perfornmed at |east partly
in 5 an ester hydrolysis preréactor and at |east partly in a reactive

distillation colum. 6. The process according to claim1l, wherein water is
used i 0st ep F)D) n reactisg praducbgas straaml bfardhe pbgse dDcampriging plkere §8) ator di ng

to claim1, whereighg (1Y 4R Sgheic URRA(VS irRaRtdsterfiGatidn zone to obtain a
product mixture d comprising the corresponding alkyl ester (V) of the
organic acid and the unconverted alkane (11);

25 E) removing from product mixture d a gas stream el which comprises an
alkane (Il) and is recycled into the dehydrogenation zone if appropriate, and
a product mixture e2 comprising the alkyl ester;

F) reacting the product mixture e2 comprising the alkyl ester with water in an
30 ester hydrolysis zone to give a product mixture f comprising the alkanol (I)
and the organic acid (IV);

G} removing the alkanol {I) and the organic acid (IV) from product mixture f
and, if appropriate, recycling the organic acid into the esterification zone.

35
2. The process according to claim 1, wherein the dehydrogenation in step B) is
performed in the presence of oxygen.
3.  The process according to claim 1, wherein the dehydrogenation is performed in
40 the presence of steam.
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and an isopropyl acetate-conprising product mxture e2 is obtained, and, in
step F), tRE &@B?%W(H%cet ate-conprising product nixture e2 is reacted with
water in an ester hydrolysis reactor to give a product m xture f conprising
15 isopropanol, acetic acid, isopropyl ggetate and water, and, in step G,
product mxture f is separated in a first distillation colum into a stream
gi essenti & |y Therigpeassagcordingcis elainadi wharain stept Flelgnpajtoredin iasieagtive
i sopropyl acefgrtimtiohgeRfpanol and water, and streamg2 is separated in a
second 20 distillation colum into a streamhi conprising isopropyl acetate
and i sopropanol and a stream h2 essentially consisting of i soPro anol and
wat er, and Sst r dBfhRacess gcearding lte glaim i g whereinester F 15 Rerfardad 2b least Bartivrine
pr ocess 5accor dian@sted hgdiraiysis prerelieoeant dtheasd pgainirca axictivaidistilation aslehc aci d
25 and an isopropyl acetate-conprising product m xture e2 is obtained, and,
in step F), the isopropyl acetate-conprising product m xture e2 is reacted
with wateinTiR RSERSS AGRATING Spsclpighdh grhareingvater 4s prssdulbt stePxbli &
conpri sing i seichicettic defivigncg. aci d, isopropyl acetate and water, and, 30
in step G, product mxture f is separated in a first distillation colum
into a stream _gl essentially consisting of, acetic acid ,and a stream g2
conpri Png % soghemrpcess @searding to Saimob afnsirein e Regadic, acith ysed jseahatig Pcldg
recycl ed i nto tahe andsopropyl aaitatewcompeising paotitict Mixture ed i ebthihed, amtlep H), stream
g2 is separated in a second distillation colum into a stream hl conprising
i sopropyl acetate and isopropanol, and a stream h2 essentjally consisting
of isopropanol TA®PviE: 81 ISAR@PYIERRSIate SOPENSRg GrsIOSBEYE RS IBoreagted vityy ¢ her
step I), isopreateroin as estromeliolgsis aealkitst td Ighkeea fproduct t mixtum Hi comprising ur t her
colum g0 as t i i i i ! entially of isopropyl
acet at e1%and is%ogc@?rglda?e}{cggtﬁ hmébé?pg'ra%ﬁtyag%ﬁ??‘?“?‘zﬁtt or. 5 9. The process
according to claim1l, wherein the organic acid used is formc acid and an
i sopropyl for mit step @yporoduct rixtuedis separated frea 83t distiltatibacolechn idto@ streast ep F)
t he i sopropyl f9r o CL il i ; ] ter
in an ester hygﬁo%@tsaﬁnsaq' ;Haaf:]‘t”"lgir' SP%IE’%ES %C‘%ﬁdéguqbt% tr?n@t%r g@@ﬁ@%ﬁoﬁbﬁ iWalo
i sopropanol , T GFRPALe: JEPRIOPANG, AL YRG0 ARE L BIreaRY Seaitrseraialed i & speend
pr oduct20m xt ur distillatenselemaniach streaan hi cempdsisg isbp@pylaTetatd amhisoprioparol, st ream
gi conprising f ' i i S j r opyl
ARGE SGradfl Ao 8B&kn . a}ﬁ%onsst%?g%%f g%gb:??mm&?an{&%éﬂ, 2ht $tream P

formate, isopropano separated in a 15 second

nd ter,.
distillation c WW'?&W@%?FW@H%“@QZ%%H sing i sopropyl formate, water

8. The process according to claim 7, wherein the organic acid used is acetic acid
25 and an isopropyl acetate-comprising product mixture e2 is obtained, and,

in step F), the isopropyl acetate-comprising product mixture e2 is reacted with
water in an ester hydrolysis reactor to give a product mixture f comprising
isopropanol, acetic acid, isopropyl acetate and water, and,

30
in step G), product mixture f is separated in a first distillation column into a stream
g1 essentially consisting of acetic acid and a stream g2 comprising isopropyl
acetate, isopropanol and water, and stream g1 is recycled into the esterification
zone, and,

35

in a further step H), stream g2 is separated in a second distillation column into a
stream h1 comprising isopropyl acetate and isopropanol, and a stream h2
essentially consisting of isopropanol and water, and,
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and i sopr opanol and a stream g3 essentially consisting of isopropanol, and
stream gl drte? Q@@;’%ﬁ@é"‘? nto the esterification zone, and streamg4 into the
ester hydrolysis reactor. 20 10. The process according to claim9, wherein
water is additionally renoved from forghc acid in streamgl and

concentrated formc acid is recycled into the esterlflcatlon zone. 11. The
process accor dith@ fughen siepnli 'SWPh'St’I‘?@OU?%éﬁl%d%ﬂaée {rerystream &t @ aci d
25 and, in stepurifer colnenn soad RYtaih @r steae id awhie sonsistspessenttdllyraf idoprapye? i s

react ed with vatgar. iy :@?e&qﬂeﬂrnntglfﬁéé’%éfrsﬂyﬁrcﬂ ?EtfoPO gi ve a product m xture

f conmprising isopropanol orm c acl I'sopro ormate and water, and, in
step G, product gas mxture f is conducted |nto a dividing wall
distill&i® 3Jheqobeess awooring i demof, witeeeidithé drgamionaditl used isslepaicadcitl | nt o

a stream g1 CORESLdiod RIdfh el renﬁ OIS midulicptis bb@iRasddeam o4

conpri sing isopropyl ormat e, wat I sopr opanol , a side stream g3
on the far side of the dividing wall essentially consisting of isopropanol,
and t he bott omirsistepalR), ¢He isspropgicipahatd-contpoising erediice mixtueae2 enreaoted witid

stream g4 into | fig fs ﬁreéaa/rdﬁ,garwgéze redclof $FGWRY 2 drédudi A8 CESMARSRY di Ng

to claim1, wherein the mx risi t eesqe/, react
water i19 a prel'§RreRANQ &gm&aq‘fﬁmr% MalsANG WA 8%e a product mxture f
conprising the al kanol (1), the organic acid (1V), the al kyl ester (V) and

BO5/1150PC PF QQQQ SBHEEC ﬁ‘nxtl‘ﬂ%tiefs \gﬁaﬁt@dﬁ“%dh'r%{ df§'t|ﬂ%¥tl%ecofl3nr?q}{f9%sed of

t he al kanol (1) an (? ter a streamf3 . which is
conmposed of thet 'E?taa‘algl cc%{ﬁf? rméf’n& \dsa” N &9, ﬂrﬂfﬁlﬁﬂé ggsF@PP'I‘Fi'%tl on
zone, are obt aiisguopyl dmrpnte,dwoprqpamlualm fwaitgr, andr sieeam @@ igi sapardted iiora

col umm, ygand pr ogldehy WistildtioR cB%nﬁrﬁlnﬁaeQ%Eréérﬁdgd ébrﬁpr@ﬂﬂﬁ‘ébﬁrﬁﬁﬂ‘fgmidié t\b&b

distillation colu 1 stin anol
(15" and the ol Boardeangiand i Sighra G Sfkelaly paRIRES ¢ oRpcRir &

al kanol (1), sttreaamgyarebrecyded by theezstérificatianhzones ard singain gHyMDsthstet 13
The process acqyjgetiids f@ctet.ai m 12, wherein the organic acid used is acetic
acid 10 and, in step F), the |sopropyl acet at e-conpri sing product mxture
e2 is reacted wth water in a prelimnary ester hydrolysis reactor to give
a produd niOxt uffe procesmpedosding to siajm & avhergin aadari is aaiditidnallysrepospd lfroacet at e

and water, a prf@ﬂHEtaC|d“|ﬁ<ts‘ﬂ"e§mf &1 e BércRhirite8 OBRhiS L AdKY i®fredy2RRr PRAMY and
i sopropyl acet at wat er and a streamf3 essentially consisting of

acetic acid, ar ?%fg-'?ﬁ\*%e@nﬁrom product 15 mixture f in a reactive
distillation colum, and streamf3 is recycled into the esterification

zone, and, {{n S‘ﬁféop@:essoé&éklﬁﬁg 9 Mhid €, WRereh HERAGAiEHciliMs8d H fornlc! &fd on

col um ﬂ nto a St r |n step F), the isopropyl formate-comprising product mixture e2 is reacted
with water in an ester hydrolysis reactor to give a product mixture f comprising
isopropanol, formic acid, isopropyl formate and water, and,

in step G), product gas mixture f is conducted into a dividing wall distillation
30 column on one side of the dividing wall and separated into a stream g1

comprising formic acid and water, a distillate stream g4 comprising isopropyl

formate, water and isopropanol, and a side stream g3 on the far side of the

dividing wall essentially consisting of isopropanol, and the bottom stream g1 is

recycled into the esterification zone and stream g4 into the ester hydrolysis
35 reactor.

12. The process according to claim 1, wherein the mixture e2 comprising the ester is

reacted with water in a preliminary ester hydrolysis reactor to give a product
mixture f comprising the alkanol (1), the organic acid (IV), the alkyl ester (V) and

B05/1150PC



| essentially consisting of isopropanol and isopropyl acetate and water,
gnd a 20 s&':ré%ﬂoa@%%gtial |y (F:)ongi sting of isgprg%anol . 14. The process
according to claim1l, wherein the organic acid used is acetic acid and, in
step F), the isopropyl acetate-conprisigg product mxture e2 is fed with
water directly into a reactive distillation colum and a product m xture f2

: d
25 essenti al | y Walpisabdia proguct;naixtyre Fasrinpesed qf demalsage! (BEeddhe alibestst er
and a stream f(¥) ass eatdradridya stoeesn £3 whigh &f congeised oathedyrganie acib{id) aed i r om

Pecyel ed i nto tagcest Pud I baitcatn 2bfé, art Aegiod Ao Brogdelinbblieth 2 5
f2 is separat ed®pFivg ddﬁtiﬁ?thnl %?il{"afh a@ﬁlﬂﬂ‘i”m’q mpdurg féﬂsr\ﬁ?ﬁfat inegg‘é‘ﬁ?sf EakY
consi stisng of ifediperajistiiationarwtinirs mpy @ pirbara gétessentiatiyl cowsisting ohtie alkanst leam g2
essentially CONgiqShb Ak P%stélsﬁl?ra‘ﬁﬁ%‘é%n aRlq SHeaRPP GdmbSsddcithé sﬁtahat(q, the

reactive distillation ¢olum. '35 15 ~The process according to claim1,
wherein the or GiRE GLPEIN ge(%clg@mgq:@pie@teé@y%oﬁaﬁgpn?.n step F), the isopropyl
acet ate-conprising product mixture e2 is fed with water directly into a

Consi Sting of | o piebokSRND il O MFbrdi Hel6rGalie acRARGALS Aot acd |
cosent i Py cor@itbit REPd: HEcboroRd egoRImOT RSB IgaHE Rt 2% St o
BO5/ 1150PC PF 0008881 59 aHweliMinanbesiemiytirélysisnrgactatiotgive A taroduct Mixtare: he
reactive distild@idi@mgCRbyPardld ab&ifey 8¢i€disopfpl hE&QaRShRd ividieatd prodiene,
and, in step §,. rog%ct n} {ure .fﬁyls se aratfd in_a dllstlilatlg\g\vgfol um
‘nto a stream e L essnial Gonasing SiisomShanc eod BaprPYtassta and walet, “and
i sopropanol , amhdoa sttearaddnegserdishecnrnisisting ot epaticsadic gire oblainggdrfrgraumatductind

streamq@ is reaaxkkIr€d ih fPeactitt® distifitfohVéisths! and 3irb&R 1895 UBEclekSintd Bk
process accordin tf.o claim1l erein, in step F), the isopropyl formate- 10
conpri si ng pr odtie IR A%RCeY's reacted with water in an ester hydrol ysis

reactor to give a product mxture f conprising isopropanol, formc acid,
i sopropyl fornghetepr@f PedRE mbdiié 2 iPEaskialed Th Al distRafich &8FRRtIME ! tream

consi sting of isopro | and. isopropyl forpate. and stream f 3
essentially con%1i ?ﬁeﬁﬁé@fc%'ﬂﬁ%"ﬁ'g?%rgéﬂb"' ﬁgp,fopgpgceg%tpaﬁqqg\ﬁatﬂ, (?r'ﬁdpﬂ' oduct
m xtur 20f i n a steeant 92/essgntially|coasisting af idograpanalnd 15 streamf3 is recycl ed
into the esterification zone, and in step G, product mxture f2 is

separ at ed i1r11a tillation consi sting

of i sopropanol '&'}?Zpriog%%r%Wrﬁféﬁm?i@nigwﬁg%ﬁtﬁg%%gc g@ég@%@ ?éa%lfyz((;c I sting
of isopropanol ,anghin stepdanihgiisopropy ayetatedcampurisingherogeci dnixiuee e2ds widswith | at i on
col um. BOS5/ 115Q46r directly into a reactive distillation column and a product mixture f2
25 essentially consisting of isopropanol and isopropyl acetate and water, and a
stream f3 essentially consisting of acetic acid, are obtained from product mixture
e2 in the reactive distillation column, and stream 3 is recycled into the

esterification zone, and,

30 in step G), product mixture f2 is separated in a distillation column into a stream
g1 essentially consisting of isopropanol and isopropyl acetate and water, and a
stream g2 essentially consisting of isopropanol, and stream g1 is recycled into
the reactive distillation column.

35 15. The process according to claim 1, wherein the organic acid used is acetic acid
and, in step F), the isopropyl acetate-comprising product mixture e2 is fed with
water directly into a reactive distillation column and a product mixture f2
essentially consisting of isopropanol, water and isopropyl acetate, and a stream
13 essentially consisting of acetic acid and the homogeneous catalyst, are

B05/1150PC
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obtained from product mixture e2 in the reactive distillation column and recycled
into the esterification zone, and,

in step G), product mixture {2 is separated in a distillation column into a stream
g1 essentially consisting of isopropyl acetate, water and isopropanol, and a
stream g2 essentially consisting of isopropanol, and stream g1 is recycled into
the reactive distillation column.

The process according to claim 1, wherein, in step F), the isopropyl formate-
comprising product mixture e2 is reacted with water in an ester hydrolysis reactor
to give a product mixture f comprising isopropanol, formic acid, isopropyl formate
and water, and a product mixture f2 essentially consisting of isopropanol and
isopropyl formate, and a stream f3 essentially consisting of formic acid and
water, are obtained from product mixture f in a reactive distillation column, and
stream 13 is recycled into the esterification zone, and

in step G), product mixture f2 is separated in a distillation column into a stream
g1 essentially consisting of isopropanol and isopropyl formate and a stream g2
essentially consisting of isopropanol, and stream g1 is recycled into the reactive
distillation column.
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