Process for preparing ethyl tert-butyl ether from
technical m xtures of C4 hydrocarbons The invention
relates to a process for preparing ethyl tert-butyl
ether (ETBE) fromtechnical m xtures of C4
hydr ocar bons whi ch conprise at |east 1-butene,
I sobut ene, n-butane and 2-butenes. 1-Butene,
i sobut ene, 2-butenes and their, subsequent products are
obtained in |arge amounts fromtechnical C4 cuts, for
exanple the C4 cut from steanctrackers or FCC units.
These ntxtures conS|s essentlall but adi ene tEe
cess HOK 4 g ethyl te utyle Fom ”%mcgl;m;xmres of C, hydrocarbons
2- butenes and al so the saturated hydr ocar bons
I sobut ane and n-butane. Oning to the |ow boiling point
Tuq': fifvenémcefitofto ttherotesg fedpeparsiganiyy] ttérebuty] gher (ETBE) from technical

ar at cto a.distillative s di.fficult
RN AR BT o P Bt ERRE B h P o d Sy g outane and
znh@ﬁegore usual |y obtained by a conbi nati on of
chem cal reactions and physical separating operations.
The first step, which is common to all workup
l—tﬁﬂ%ér%msgtatftg%éy Egtta % rtlléehrest{bg Y Opr%uctsh&e %’ta?x{edt i lglfge amounts
fibot sdhigesd Qr cith) efoe elemph:— hreu@e cu:tofnsmnueatmackerts drSFCC units. These

nﬁ%/tg%q%?clpl %t%ﬁsrgl?l\éfg ’gté 12?11(%: t é%&lgﬁ&gg@%&% I-butene, and the two
23Rtped, imel sot @mls‘aﬂl%éd BYERBES oMb hcandeSbAdAd. Owing to the low

concentrati on .of EYOXIﬁHte|y 2000 ppm by mass. What
beibinminest i diffsenchs oAb ingredionty dnd dheibdew rﬁemr@ttcel factors, a distillative
. l4 0
v&%&ghg fﬁtgult %ma{ u&%gtﬁom chgmgé [ %u?%}%gg}@% r £ airﬁbtg% )Se’ue therefore usually
obtaled ane canbindtalificAaricalcespiohs &gl physicalsgfaraiig operations.

i sobut ene, 1-butene and 2-butenes (cis and trans). It

is possible to obtain the corresponding alkyl

The rﬂrstbé’ﬂépy Lo B R! c A BE)o farllo%fﬂﬁb Svaﬁ'ht)ftts Uirseﬁecfu@nﬂy the removal of the
particular ethyl tert-butyl ether (ET BE) net hyl

ety loGithel b@@ch@e (W@Et)hereby 7 eest inadket fra buéédhﬁlllt? emethere is in-house

cgnsggtgp 8e“n\24 I8 1 f)ailce(t:lp hal ov@% y ex‘tra%w%ooqteg(;crgétgln & T,tlllta{I ﬁn Otherwise, it is

hythagenmmaeleawbs ta limysﬁtr oatd3 o wi txtaureed(xalkaf)ﬁdenattenﬂ dt) approximately
s the linear butene he sat ur

onpn
&@HPRS’& Y BSrrs %Eﬁﬁl@é?ﬁemdq%h FRESBLE & f{ggmﬂip Qn F Gy (80 eg}fzd raffinate I
opﬁyﬁggﬁnﬁﬁe&ia&%}) heficBYind h@cﬁh&d & 1R sard:Red RAMRLBohN hDutane and

i sobu e and 1-butene and a m xture of two 2-butenes
isabefare, berngrises the plefins isobutend, dthiutdng id A-buteagrs(cis bad treesle
can be obtained in high purity fromthe 1-butenic
fraction and contains only small anmounts of isobutene.

ItTiRipsssilfe RECRSIBARY corfdsPERiidy Bk ERA-bufy] ¢ERE (ADBB) Rb@hthis mixture, in
degree as a conononer_in etgﬁlene onnerlzatlo
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fractions c risin but ne 1 refor v
gt e or Rl R RSB PS, e 2o i 1B picure can be
séphBled ﬁttﬁéi‘%ﬁ'd@ttﬁaﬂ‘érf O ahOiBtd 195Reme Qhd N-bRHEARS & mixture of two
or the reaction of isobutéene with al cohols, for

| 2&@% andhebhtans | In urtlesr agidlation stepyi, Vebuttne conrbeeadbimnadi inghigh purity

ertiary.but et her,s, vari oy cess .t echnol.o .
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particul arly useful for achieving high |sogutene

isobyos conisinativpear Hadesited-al ipjcehiwseifirasgs ohirbuishotiersfore restrict the
is the reaction of isobutene with nethanol to give

nmet hyl tert-butyl ether (MIBE), which finds a great

degree of use mainly as a fuel additive. OMng to the

ever greater avallablllty of et hanol from renewabl e

—— — p—




EP O 071 032 |i kew se descri bes a two-stage process
for preparing ETBE in which the ETBE fornmed in the
first stage is renoved fromthe reaction m xture
between the first and second stage. A di sadvant age of
all of these processes is the |arge anmounts whi ch have
to be conducted into the second reaction step. It is
therefore an object of the invention to provide an

i nproved process for preparing ETBE as a fue

additive. Description of the invention It has now been
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high yield and with a w_| evel of conplexity when, in
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give ETBE, after the first stage, after the renoval of

the ETBE prepared, the remaining hydrocarbon streamis

Foi tlet regepar at edbiyneadivethi didoaibiso fori extaoipde fredietiolon ethanol, to give the

CFRTBO e sl BTG BRE a5 AR acveopen
Thé tdapkitiud sORMIRBEistitlRt®NlHAE b&h folRINo ke ipAdic6RNYUSH @dor achieving high
into the second etherification stage. The present
isphyieng sBersHBF-ef ore provi des a process for preparing

ethyl tert-butyl ether (ETBE) fromtechnical m xtures

of C4 hydrocarbons | which conprise at |east 1-butene,
The dlolitseiady med uhameanapcoc2sshisttbe esactiahalf acbetehe @dthbyiethanol to give

t he ro ess ste a).rea cting portions of th
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ﬁ% Vet AP ROSRBLRY Of ctRihoREHA EnGAbR M8 mierid, \aee demand for
renovi ng the unconverted C4 hydrocarbons Il

EffB@rﬁS éeleafdfiﬂluemalwfm@wg@ a) by a thermal separati ng

process to obtain a fraction Il conprising ETBE, c)
distillatively separating the C4 hydrocarbons Il into
ER Of (4898 atetdily agnoqess firrgpratiudigabbbiutenddoligoneramd alkyl tert-butyl ether
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et hanol VI in the presence of an acidic catal yst

Teplg of thieBHements @) elernenialifpmn (dxedatine sfatecd)t Ebe Baducts and the unconverted
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hrough reaction step d), whi why the reac
Lbnwppdﬁﬁégnatep d) can be deS|gned on a relatlvely
small scale or, with the sanme size in conparison to
conventi onal processes, higher conversions can be
DET Zvedd. deAcritieh b ies-sagy pRtag @oroﬁre}ﬁd’l\ﬁlgrﬁlﬂ}ll)‘t{@i b@fl dile@s in which, in a
2-butenes and n-butanes in ste is that the

fist siees rf@o%%éﬁf‘?aﬁiefidﬁﬂbﬁlc?%b‘gﬁéﬁ rifprmagdeig rgmoyed from the product
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secand frecticdbiametimgbichfrerhdiging isobesse aexgmndeaa@dtvmmah@hol
invention is that, as a result of the reduced vol une
streamin stages d) and e), a distinctly smaller

UBMDIN 1381 48R BROY prot &S 1@%%' i8 al fiisilrB&toR rzHﬁeo Eheh%hten@ @§ntent of the
to be used in stage e). a result of the possibility

Stmmgshydgmblrb@etmm lis r@dncedt fqraszxtampE bavearinert talgiwomethel tert-butyl

etivl\i @ﬁ%@gh an prle \Zﬁtn{g:q £ E% ey 2 ga etggrggr%lgglg%emgue of the starting

materials. The process according to the invention wll
be descri bed by way of exanple hereinafter, w thout
any intention that the invention, its scope of
protecti on being evident fron1the clainms and the



The inventive process for preparing ETBE from
technical m xtures of C4 hydrocarbons | which conprise
at | east 1-butene, isobutene, n-butane and 2-butenes
has the process steps of a) reacting portions of the

i sobutene present in the technical m xture with

et hanol to give ETBE in the presence of an acidic
catalyst, Db) renmoving the uncenverted C4 hydrocarbons
H fromthe effluent of stage a) by thermal separation

processes to obtain a fraction Il conprising
| TBE,. C isthllatively.separating.the .
R e o Pl B R PR Bt i

cbeasted.1- but ene and i sobutene, and a virtually
i sobutene-free fraction V containing at | east
2-but enes and n-butane, d) reacting the isobutene
r [ : ' it le V] _in.t esenc
e heu P ey b ReEAROE ro bl e AR S RS e o
famednvdne ot Gdghydrcovacd Gos NElrkactivomiktne ftfvkstent Mt and second
stage d) to obtain a fraction VII conprising ETBE
stage. . .
ocess step a) Process step a) is preferably carried
out in such a way that the conversion of isobutene in
process step a) is greater than 50% preferably
quhéaa!f/él?ta&qﬁfﬁllm%esg pefeessenisithe laygecpnemamtsrwhiblaha®09gbe conducted into
b 0% a nost pref erabl .
S Ryt M SOLRLerl e A PP R r LBV o0 imoproved
prioseds Ubrgmepaciap ERBEcnntihelddétive.f or exanpl e, by the
nunber of reactors used in step a) or by sel ection of
suitabl e reaction conditions which the person skilled
DestrifiRndf thC@Pefifder M ne easily by sinple prelimnary
experinments. The etherification of the isobutene is
It day poweuiound thah sapiisinglat BTHE eeh beprepirehiroieteetniahnlixture of Cy
Lghly pure anol , . pure et hanol or o
BRI e bt Pl iR P eriire, Sgsbutencs. in high
yipldr artdywili atlbe letddafabnipsaty WwiRpOmt Be tivh-slubYed¥ass oPisobutene with
t hanol . i% E eferably _greater than 90% nore
bl dp abis, BGPEArEr: HIafobsT@artas "PRepPboashy FAFaprepared, the
rehRiffig 8Y@8¢LForl ﬁtf’é@mgg%lrsﬂeg%@d Wﬂi&hla‘ﬁ@ﬁ i ope["frh&t%nogomprising at
greater than or equal to 99% by mass may, for exanple,
legsd Zphenenandin-bukine asdrinters fredtionetoeprisisg freftercatildyisobutene, with or

0 nor.e. pref erabl. el ow 1% by. mass

wREAR GBI (Ia R, B R R By s TR H A Bt seee.

can be dried by azeotropic distillation and/or
Tmen‘orane proceﬁses The et hanol used is nore preferab

RfeRTSTS ByCURARGPIOrerPRe Viseh a pErcetidariPicB Hgssthy) rt@rf-mwéer (ETBE)
fr&th Ramlca R G e n0g; - i i

preferably in gaﬁg%%%ﬁ??i??%g%ggﬁﬁ%%ﬁgﬁgggﬂ%gé%?mﬁgsg?hnmm’n
buignefaad aiiujents, oharactodsd by tdprbyesswes,ofnor e pref er abl y

f .0.05 to 1%.by. nass and st preferahly. from.Q.0 ,
) SRS R R v R EaRRh ef fe B SR kel pdenol in the
gbxesé¢hct of asicdic edthianad gwBipTBH as at least fromO0.1 to
1% by .mass of denaturing agent. 6 For the reaction of
B)i BN Ee WoEdvaTIeh Ro hedroeashensi 1HI frm Wiet ¢fflnenttindrstige ebby a thermal
o] - but r 10 rocess variants
h§¥§“%§%2*%2%2§@%2@f%%¥3@?§fPﬁéﬁ%n Eéﬁgyclopedia of
¢) | ddulativelyl sefivetingsthieyC, Birddaebode NS i ,a RAMn W t@¥por®ing at least 1-
Sgns under thhygﬁiert:bu yl, ether, and |jterature
cPUERF AL 8obuisenand 2 mitually isphydang-frepy framdiom VErempiising at least
KohbuneEnd @as tagget rochem e (1980), 33(6), 271 to 275;
DE 26 29 769; DE 28 53 769). In principle, al
d) pregetingsthe isgbatenrpreadit én WacthinnlVt Weh etmhelxXV] iof the lpk@ence of an acidic
' i&%ﬁg&kpgygngFeacting the i sobutene with al cohols as
process step a)? Preference is given to processes in
which the reaction is effected in the |iquid phase
over an acidic ion exchange resin. The reactors used,
in which the ethanol is reacted with the isobutene up
to close to the thernmodynam c equilibrium may be



In a preferred enbodi nent, the conversion of the

i sobutene is carried out in at |east two stages, in
whi ch case the first stage is operated as an adi abatic
fixed bed reactor with recycling (loop reactor) and
the follow ng stages as fixed bed stages w t hout
recycling and/or as a reactive distillation. The ratio
of recycled amount to fresh fegd (C4 hydrocarbons and
ethanol) is preferably from0.5 to 20 t/t, nore
preferably from1l to 5 t/t and nost preferably from?2
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t ofrdOCVIIdvenpisegATHEE.i n the fixed bed stages is
preferably from5 to 50 bast (bara), preferentially
from7.5 to 20 bara and nore preferably from8 to 13
R ArtichE oGl Gyl ]FiQN IO@?Sgtagéor@l’l%ft(? BABLYe RS @00di "€ result of the
tenperature of from3 % an out 1 et
aﬂ@ﬁp@@ﬂ acmpeal of the @ﬁblﬁﬂl% @111(7 G ugands |f18)1rp |tlE§f maaﬂtrlnylmxtme in step ¢), a
grat d at _from 10, t
R ARG e B ot B ebi 8 BaOR: Sebdbebich is why the
r@ﬂd}r(@} ngirodats ded)tlcaBEe Bk dhe® oh & rdMitREBMEAINCch Y oﬁ Qvit@ie same size in
side of the ether, it is preferred when using a
CHNPRNEPR t & 69NVERERIEbIOGessesp dichele COmEIionss Camfbet ehieved. A further
r h ct | n rate
HESRRELE L PhoDCo! IIDPEALNE S, BT P 21 hac me g
caqlﬂhﬂreitionioﬂ iopaeiet inGtep.d) [srboﬂfeqm&&ﬁgl_sﬂm%he@)whuﬂﬁﬁ\Aﬁﬁﬂ&ﬁhe conversion
E&g hence IS iven(%o using a reactor system which
IPORMER INPERERT LR Bnnect ed in series of which the
first reactor is operated as a | oop reactor and the
two reactors downstream are operated in straight pass.
A furthenadyantaggod Macareenrss asdoedingitogheiimabittop, is Pragfae mabult of the reduced
VBIWG%B‘C;IH 6?1‘?‘ gta%e%acﬁta%{i € %Zhggrgcﬁ]?rr %rg%rgg&pt\ﬁgr Be’r:rcg)g,of;r example in the
vﬂﬁxaﬂbkﬁ matmby&mdmmangﬁg.ln one reactor of one of the
reactor systens, process step a) can be carried out
further in the other reactor system without
Alsnd gegulpbi @d& ?&sf ?fypépﬁﬁﬁé bﬁ@s‘tﬂ%ﬁblt a\ﬁ" Lalidlev iR rRsItenal source is
the t hr oug In"the case of usé of reactor systemns
tigrele étﬂé)?fedtf@rrtéé preparetion sf ETHle, whaclctanrreplaceetho pEFRE bdsed on fossil
réﬁﬁiéﬁﬂ ly at a tenperature of from 30 to 80C,
preferably from40 to 75C, and a pressure of from5 to
20 bara, preferably from7 to 15 bara, the tenperature
the reactors preferably falling fromthe first to

Th 84St S Qe BBV R Hlso BRREbRb i 7 phexample hercinaier,

with618 Uh Rt oh ¢@6 Y inRERIAT
: en‘per}gt &t OOf i rr11n3 rﬁ{og gsb%c)égg'@f’ Igrﬁégtdérméi&hg evident from the claims

andethg entiteudesciaiftionr benr@%ridted #BE 0. m ca\alms nhah&’dmsl are also part of the
bara. The

e ed at .fro
afett P ahE BBl i Pt R R el el are specified in
ths tteqd belpwi 8ll preefettall Posdibie PurdngtOlythoSuithin PHeaE %@@ §ha11 also be part
éﬁ m2:1 to 1:1 and nore preferably from1.2:1 t :
ofcghg disclgsyrg |Ca$tpwé1f;;h¢ BIRSHB ARESREP Vit @mﬁ@n@a@aﬁ ob éetter clarity,
hﬁ&ﬁﬁﬁ£§§abﬂm9% step a), a lower ethanol excess
may be ébant ‘in conparison to process step d).
In a preferred enbodlnent, the addition of the ethano
to the isobutene is carried out in the esence of an ,
T EvE BRATS 400 T StaIr L g (shbicalmBEes lgnayrocatbons T which
cdhﬁﬂ@& bt0BasB { B0Rnd, SsobBlch, %dbtﬁéﬂe afd %%ufe‘ﬁ@sc ds¥fe process steps of
distillation. More preferably, e acl d-cat ?yze
a)etReqting ipegionpnf ithe oeyer) pnesntar thiegechnirtal immixtate Wwithstthanol to give
t t case preferably at |east
oﬁg?éﬁgﬁééges ngﬁ?lm¥ﬁ%&$ %’reactlon stage is
carried out as the reactive distillation. In the fixed
bed reactor(s), a reaction m xture which is close to
the thernodynamic equilibriumwth regard to its
I sobut ene, ethanol and ETBE concentration is first



The reactive distillation colum above the catal yst
packi ng preferably has a region of pure distillative
separation, nore preferably with fromb5 to 20, in
particular with from7 to 10 theoretical plates. The
catal yst zone can be estimated with a distillative
action of from1l to 5 theoretical plates per neter of
packi ng height. The separationszone bel ow the catal yst
may preferably include from12 to 36, in particular
from20 to 30 theoretical plates. The height of the

atal yst zone/reactive.zone can determ.ned b
o e AR R S o e a B 6OR FE FrBRRG 6! page o by therma
desdpartion BRIEIENS 0B AN LSRR I e BIRYRNILsQhi 455 Bk
is preferably selected at such a |l evel that an
c] sestilaielyceimemtiag dhe 6F hydosaons Hl 98%a Pretar Bblopntaining at least

fror t.0 1959 r rab from7b to % . ..
pas e e TRt AR, BL A BHELR RRehER feid {gbntaining o teas
r eabuienes ahidst-blthat i on, 1 s achieved. The hydraulic
dLoadig& %n.the_catalythc ackin% of the colum is o
r EAERORG FOOYIRNT GOBSEY 1 devion A ¥ Bt isihanelr Biirp g prgsence of acidic
90 ands k¢ Pref es@bly from35 to 75% of its flood
poi nt” | oadi ng. Hydraulic |loading of a distillation
el otegroningsthe ndemseiteddCat Iy dnsarbotih &' Tl i oo then st dE p@pel d) to obtain a
on.t he um Ccro ction by the ascendi ng vapor
st?@%ﬁ?gﬁ%uwwnggﬁigifng liquid stream The upper
loading limt indicates the maxi mnum | oadi ng by vapor
and reflux liquid, above which the separating action
Progessstepdng to entrai nment or accunul ation of the
FNeI] h C ' t The. | ower .
Pl e Pah B e R I Ao A0y SRl B8 Rong Bfigp ¥ bobutene i
prabise Istepteg is gprareatihangS 86t proferdblit bisater thaal 108 SeSfe@MiAly greater than

D irre ar. flow or e yi of the colum - for )
B e e C ety e Vb P! el bOCHEReIbet 8y magnitude
oftthe bbisehern MErdrlnenst BS blitbiled, Ror SdbhpleYBR tEMISER & reactors used
. Verlag far Grundstoffindustrie). At the flood point,
Ingske 2 REHY SYeGtie8 b suifablerrstction sandifions wiieh tapetson shiled in the art can

WelB N 1. . ' t of liquid
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that there is phase inversion in the colum (J.

T}g?e%ﬁgﬁgﬁgd&%ﬁ%%%&gé%g %%@r\égc? Kgé grp Qc? -cz{tnaltyzegorgfcggrrl The ethanol used
mé&psé Hghiyssirgk@iahss Fllﬁe @MRno! & dtRanefknih\Mek |s§1§}1 13Rbhts of impurities.

The reactive distillation colum is preferably

Thspariy g6 thei ¢thenobpsadx rapartedbin Vb mananf athsol in preferably greater than
9RAT hb & ' b/g re greater than 0.6 an
PECEbE By ok 0086 U0 I sl DR 0 1§ of @i tham 9%
Ethéveoh which has10 pliity (fepetérchiebmeq@hes 99% 6 slakd hal] 7 example, be
.inclu al | process technol ogy neasures in which
biggtinol. | The [SgRieBd PRscE PERCTAYE TEKPY P BcPygRsS, mote preferably below 1%
bySiBd hRReAMEkbly blokes%8ACHALS THESSL | g ds i
_}g_chi'eved gﬂj par}{i cal ar él):f?icgn ogﬂt hgé %gc |1ncth;;Jé1 b?ndrgd by azeotropic
digiBlatipmandiovmesnetrang frogesseal so possi bl e in the inventive
process to spatially separate these regi ons w thout
di spensing with the advantages of a reactive

Tidi @lidnbl 88608 mdré peIIQatily AeLRSrel BHaBB The RE1ahGAREH V€ most preferably
distillation colum may be designed as a distillation

ethagplivichinehEBRE 2 @ depatiringcagsni areferebli s sondentcation of from 0 to 5%
' I opera i b S .o

by R Arbrelefy £ 3005 o M SRR i o R R1% g mass and
mgsépetarabdy fostd.01 @t0.29% by elassin CefthaiyNpariase prdfehdt i8 gidn to using
ﬂ%ﬁ rqga{ on rixture nd @thanol. The catal yst used
CURBRRIAH Baset frtdEPrn@ ) o 1 Ydwamass Af fenalmpe pesabt i ve
~distillation colum present is preferably a solid

substance which is soluble neither in the feedstock

m xture nor in the product m xture and has acidic
sites on its surface. The catalyst should not rel ease



condensates or cooligoners of aromatic vinyl

conpounds. Exanples of aromatic vinyl conpounds for

preparing the cooligonmers are: styrene, vinyltoluene,

vi nyl napht hal ene, vinyl et hyl benzene, nethyl styrene,

vi nyl chl or obenzene, vinyl xyl ene and di vi nyl benzene. In
particul ar, the cooligoners which are fornmed by

reaction of styrene with divinyl benzene are used as a
precursor for the preparation of ion exchange resins

with sulfonic acid groups. The resins may be prepared

in gel form macroporous formor sponge form The

properties of these resins, in particular specific

FSMhE 38R ti8K %ﬁlsoﬂﬁérfésdﬂtdy alc%o@sb lebilelodatly SWB! thithehoPlo give methyl tert-butyl
shrinkage, and exchange capacity can be varie J)%

et tagousfpredses yariepahats oaen pleodess. (cf nUlihann? mEmyt]lopema of Industrial

S | 0N erelns in their
cﬁﬁ%&ﬁ O 1}65\66& 1>c/>nacI g gﬁlf,é §9f Qng 01&1”?%\ é\aet 1H tert butyl ether, and literature

cﬁddyﬂhem‘:‘{ﬂjeidalﬂyﬁbﬁﬂl)@d},ﬁé typelal er&Rl & K'oHI‘éeElc@laé q%etlochemw (1980),
under the following trade nanes: Duolite Duol

3856 27 MNibe s it 2057 76l 18,83 769, Inmprinsinle, fﬂé prqzaesﬁgs)aze sultable within
t
B RodT {7 RBEO o Rt i e s e By SR ks BldBess sep o)
Prfeaérer ab gy./eﬂ t@modes3estia whith tHe/ @action ipaffedt@linahe fliGOMRN phase over an
9 The particle size of the resin is
a%?%f%%%%P?QFF%ﬁ%o 3 mmto 15 mm in particular from
0.5 Mmto 1.0 nm The particle size distribution can
be selected relatively narrowy or w dely. For
T zaepioes upagn %Miméln@é qteagiohds whactedveitly then lebuttme up to close to the
R i BT R OREE ST b e € B Bt Mg gt reacors,
adm:ham: fl}abcﬂabed sdabtyrsf Elﬁmﬁa&hoﬂ réa@to’:is ,&t€Q/They iy Palobé@teiabith or without
[.qm (gOell or preferablyfrom05t055
P%? /I%ac S SPRPETEPIa P AL OBHAB B DS Cambid kg (the
capacity data in nol/kg each relate to the ion
exchange resin dried to constant weight in a warm
Inr nreisgeh ewbeEmantathe Cﬁmrermmhe jsob@B®) is chmied heat in at least two stages,

r a any reactive tillation esen

i 0L L0 Rt Qb P RUnERE W KF afpBine iy B2 B SR isPting Gloop
rearsm)i andil thé &ﬂﬁ)lvxﬁlﬁ.‘g ﬁage@a@tfﬁcrea belinstddhe widaat ﬂe&ﬁ;hng and/or as a reactive
dd[ ?él on. co EC{(he cat al st may either

1FH 8@? at By 1349 P ée%%l ARgun E?r %ﬁ%ﬁe@a&ygm%(opys g ethanol) is
EREG B&H 0l ok

PSRl B9 g2y 1 il piiethy KRR PRI Ef anG%osgﬁéﬁﬁéqqgﬂ&mz to 3t
Thsrreatiers saablotd prssat¢cast tdmpenatunesdofi mefd&bfy R2dm ]9)2@) 160°Q 2preferentially

I st e . unconv
o ot onany P Bt AT RO R oo 59 bpes o)
praf)srebyaltyh &onmb.5 e PAr edrd @Rd PHdE §sERSblyl B6m X @RS &aRY The circulation
dlStIé%atlonS or. fractionations. V%enigrocess step a)
TeRGHRI RigEEDY hasat inlpé iemnsratime i feam 3prte 836 asd ep omletctampexature of
I n S
frcyprfglrSf@ (;n? r;]l??]% gﬁ% H{)Iﬁfé&?{ e}f gj}%élr%/‘tg@g{ H?Lln ?’0 % 13 lpa?a CSOH e e (t)hermodynamlc
eqydibainat leetwmlpetbe)nodanbutmesmdmthfa%Soxbetexdpesax&fesle (j)rélﬂohhnantly to the

rocess .ste b carried out in
s QrRE R4Rh b ische AR Sbfie SHPS PREHFON teotitimie opeiaie the fist of he
rezﬂi’ccﬁﬁ ef @ibhdt tbaperduRUNRAreFioh hae ﬁfah@l?é f Hb@ Sr o] t
25 to 50, pre?erably fron1%0 toy4 > e m%ﬁéﬁ&ounmnof
the, gquikbriymg P9$'1'é‘ﬁfér boprycdsh siehe), rr@gﬂl@&m qfreft:ﬂaeceh@tgﬁn/etldo lﬁinlg a reactor
v PR BR R R EPT i PRt of Fich GF f! FaoeSlis oberated as o
loqip“ esstor eandf thfe r@m i’eabt@rslambﬁd%@ampﬁ&f Sepdtddy i QML 8&’557 It may be
bara, a preferred top tenperature of from30 to 7
adyapageaiseVhsad PYrality proferably tHoof these reacior eYstamseate Ipgisenin process
tenperature of from 105 to 125C, nore preferably from
110 to 120C. The thernal ‘separation process is
preferably carried out in such a way that the bottom
product obtalned 'S a fractlon conpr|3|ng essentlally

— — p—



The top product from process step b) which is obtained
at the top of the distillation colum or reactive
~distillation colum is preferably transferred into an

extraction colum into which an extractant for exanple
water, is fed in countercurrent via a feed di sposed at
the top. The extractant can be withdrawn via the
outlet at the bottomof the cobum. At the top of the
colum, the product obtained fromthe extraction is

t he strean1conposed of hydrocarbons H unconverted in
riate, uct can be

fetg C? Iesrc])?%atpr 0 %61 £ bepgt)r Wogf, é%re mg ec&taf stg ge, 1n one reactor of one

anrief eaabt yysbﬁis(} Prdce&GstUE) dahl bRMaREH I RE FihreHr GOREMtherTRECtor system

extraction colum preferably has from5 to 20

prherernirtpar 9t the ormce (elbeit Bith helvingtof dal thyobghme). IiTthe case of use of
ess e r ably carr.i

lﬁge?&wl g%tsﬂaefh@r lééhslﬁ(%sg& O?f ][h%e Q%acgoﬁ BQ brgricggrs ars; Qperate ge/ preferably at a

témpmratmet(rf OnbHr s 8T pexfértlele titonn 40 no pﬂ’@@ essd 8tR@shk of from 5 to

ried out at a tenperature of from 30
293? “Boc %@?\pﬁ%@? ©nivi %413 (referererayee iy theseactorpprefeagtily fabling from the
B6 aft laﬁtreac@freffﬁé ?&tz%w"@)tw%gtrea'frPOIt A€ cORa HS%H‘?%r %rege%bly have an

. process step b) or a) 1s prefterably from
igetettmpentuiapl frofr Phtd30PCtand Gn2Bitlandmpererepefromatl o 45°C, and are

I a enri ched extractant
péggg&gh%ewme?%%%E%Fg%ﬁngoFﬁ% T&xtraction colum can be
separated by distillation and the ethanol thus

gbtalned mhen wat er has been used as extractant, if

E)B?%aér‘?%‘i et gihpien! tg r‘%ﬁ’ht@ne BARVIRE VS BEPCRRAEEDt B if eeferably from 5:1 to

r rdiqn A

Oy by e TR S R aM AP el Sigee @ reacivly low
C@rpztersmmaM polafterer canebmaatptef it precasncepvdy & édwat dthmmol excess may be
aév ta dr ocar bon. strean1obta|5ed fromstep b) or 1) is

&pd ﬁ 8 BYUREPT [ RiPT S ThYst ep c). The distillative

separatlon is carried out in such a way as to obtain a
fractlon IV containing at | east 1-butene and isobutene
h{ tié’be siFsctpontimante the additiopaiIthe ¢thasiolite the-ifelatenkriactiriod out in the
N e A o ot LD oo AL LSRG SEE L Hied out es
rq@ﬂe\feedxsmaham | Motegrgsfetahhn thb%ﬂyoatn%&sd ath]dnﬁmh@n in step a) is carried out

| ess than. 0.1% by mass Qqf isobutene.
F LT B Yok R e BR0SY A SR Ry e e
reattidnedile 19 9%y JBES the FUcBvPEBHIRRBR! ¥ 1B x8@%Ed ge%ct%r/(%) a reaction
by mass of the 2-butenes originally present in the

WW&@&%@M@@ @&l wbm@dh@@lgsqmmlm vidth cegaod tcsttfepOb,l)tene ethanol

i ! .8y,

o RSB R BTt BB AR Wi cchnical

hytiretaionahixwee §ei|néreaitan(ﬂn Thfalorb@smrdﬂ tael iblitehd is preferably more than
par.at us use ustopari | r.the separation of such

9@5 SEMHOE Hi ﬁ?ﬁ de@stHH %Veacgﬁé%aa?ru solmy nfthy nextigep peaction stage,

WB@e difsdter batioanrele 1“56@%543 ANBhi R4 ¢Qlnd mr M p'l;éf@zﬁgllyoﬁrocess step
V may be used as an alkylatirw agent. In particular,

a)j is neHyrmiRg e teagtor §b’ﬁ¢m |Vﬂ7gclrrmsehnealreafcmrs tc«tnrmected in series, preferably

of: Ns b t 1 go
SRR bR o PR EETS LTI TbraPrea FBh g e end the o
davmstbdng Reabtoacini @ﬁlg\lﬁt 9@6 e@lﬁ Hd$ B GeacBive diotillBa ML @sactoR@ffluent of the
OC¥8E process of OXENO A efinchem e GrbH, as descri bed
lajt I935¢0TD QoIgGeted in fepepbeyrogdirtedppiefthe reaetivei distijlatiem
to carrying out the separation in a superfractionation
colum. The feed to this colum is preferably in the
Dbméing laltie prpgsefegthebidopuiene isheactedweih difnbbtoqdivd fhe corresponding tert-

arrow hoilin oi nt of the
it in 8 et lirean Py & 1 BEPBHuhEs fom 40 (o 140°C
preferably carried out in a colum having preferably
nore than 100, preferentially nore than 125, nore
preferably having 150 or nore theoretical plates and
nost preferably having 150 to 200 theoretical plates.



Just like the etherification in step a), the
etherification of the isobutene is carried out as an
aci d-catal yzed reaction. The ethanol used nay be

hi ghly pure ethanol, pure ethanol or ethanol which has
smal | amounts of inpurities. The purity of the ethano
used, reported in % by mass of ethanol, is preferably
greater than 90% nore prefergbly greater than 95% and
nost preferably equal to or greater than 99% Ethano
having a purity of greater than or equal to 99% by

RO EAEI 0 G e OMTEAT TSRO o8 0 © B GiEPRBryIe bregion of the

codmBYn WASEh tHYOERAIPY 6 %[s@g’:ieﬁ el %thgrn{o EApIBSSe ofBRL column may be
preferably bel ow 0.5% by mass. In the inventive

sighiBesadls | higherhalhebeeaciive atistdpgion scolwnuse pobdaraltlur @drated at pressures,

e CETC 1 I,

ingpancent frai Osurofo firtam. 0 to 5% by mass, preferentially
from0.005 to 1% by nmss, nore preferabl y fromO0.05 to -
1% by mass and nost preferably from0.01 to 0.2% by

WHBS $rockdd Yhe P&t e Qi hanol
e L L e R

miRhee ggmpofingishanale idenatesorddd wi DIE ETBE 0R2 EMEMUBE, fed together with

ext u ances fr n1be|n oduced into the
gl BChe gl o R TR 4 Fe%&h? RSt e lgraobhited in excess. In
thd prgpedotdre Uk ahixtird ot BARAcH RoBhdke, BERY] 258 r}ilkﬁﬁ é’e’re present in
et her, various process variants have been devel ope
eqpidipriumy g el sinEqeiibrivpe dihis tefctionduisturd il inGhéuriedtinty, the reactive
didanl ion, 2004, WIley & Sons, under Methyl
' erf&ﬁutﬁﬁﬁether and literature cited t here; Cbenaus,
Frltz Droste, Wl helm Erdoel & Kohle, Erdgas,

Pet 198 33(6), 271 to 275; DE 26 29 769;
i tsg %f;{n?é@%}twﬁ StlaffR cpien. Bore Rhg\hmBY be exssey thasyis needed for

thelﬁlllr&ﬁi%ﬂsﬁg ot e 1‘5@&1@& QAL pistR. BLGRNR! Be BfEnd Lé'x%é'%plsffould be such
for use as process step d) within the context o
thas p selipient Amewtiod atham éf eeesnt Eritke arievieapetod edrgigignd C, hydrocarbons
es in ich the reaction is effected in the
wHXIPSESS whi ch th ff d h
['iqui d phase over an acidic ion exchange resin. The
reactors used, in which the ethanol is reacted W th

Thth 4so?ut ne u tg. hose to the thernodynam
sqfﬁ? P ﬁ? YD SISHOFAEN £9 18R 15¢ Prf?@&?bb/e Sff?%%@c pelpw the reactive
padkind) @ réfeRBily € d1@ 3Cth O3S moRd bﬁé@é}%l? fdnx 84, b6 qgéo‘?é'&‘ép Eféltes below the
circul ati on reactorsj. They may be operate
lf%WY%%ﬁkmﬁartlal recycling, and the recycle stream may
optionally be cooled. In step d), particular
preference is given to using a reactor system which
Ophasallywe/here getettagiol dontepafr ihe bRt fe¥€ e B8 teac8ALHBIBation column is
Pregerence is given to operatln? the two reactors in

belgy the GHEPYY Permiggble A opdditinpg! pianghepmbeaddsd. In addition, ethanol
fecRIFREA BE b'ﬂ'f&%edciﬂa 3‘1 Eéﬁﬁ}a?e'sdetvﬁe ]a@Ql@t r{PBietfl@feQQ W g3l 1i1on column above

tenperatures of from 30 t nore prefera
thetce sy @P@Jb‘é@w @thflldohatﬁlﬁlt@lmﬁﬁ) @llqiﬁldeils}nﬂ&m wbevd (& in the reglon of the

reagtr \%f fong IXfeFaég/ ind P%?eg?ﬂ%yo%l;%ma T(rl)veeI .%)rng %jéf ! o e Iélg o[f ﬁéhanol can
be bffe:t‘tdéﬁ) dMI@{mn@Iee b klebreflob BleVR@ine bh &Rl 11%9%’4 ?e@@tlve packings.

and _ether at |ow tenperature is predom nantly on
The perlitional ethanad rpdition should by s@ﬁlethntem thn ptaclriengsasfehm)feaut*s‘ea zone, the

t he fi
eth@ol &oRleHl ﬂl lt ey llﬁjld A% 105r > I;ab?f ﬁfeﬁ 3 t %‘si"i S%uaﬁ 39 el)gy by mass,

reactors at enper
prefehentiatih grehiet ﬂ’l@ﬂ\/bf] quaEbeZ%l’b? hBX ahd)hfoﬂ:t Préerably dI8 2 to 3% by mass.

equi | ibrium position). The nolar ratio of ethanol to

i sobutene in the feed to process step d) is preferably

in the range from25:1 to 1:1, nore preferably from

15:1 to 3:1 and nore preferably in the range from 10:1

to 5:1. The catal ysts used may preferably be those as

descri bed for process step a), the inventive process



used. In the reactive distillation colum, the

catal yst may either be integrated in the packing, for

exanpl e KataMax(r) (as described in EP 0 428 265),

Kat aPak (as described in EP 0 396 650 or DE 298

07007.3 Ul) or polynerized onto shaped bodies (as

described in US 5, 244,929). The reaction of the

i sobutene with ethanol to give9ETBE is effected in the
reactive distillation in the tenperature range from 10

to 140C, preferably from30 to 70C, nore preferably
Thecad 8 ntad eBAG(iherhereattitnezdng ehiges 0@ Brspé of e depletion, sufficient
%olugn inE@pich the catalyst is disposed. The bottom

TRIBEI &Y tHA81GE 2 Fs8bl unm may be signi fi cant |y

higher). In particular, the ETBE is prepared by

reaction with ethanol in a manner as described in DE
Hoireactivesistiliation helumeabbiotheofatatedt hanldhg pheffdratl$ GasiteRgion of pure

.Q..0l:ve MIBE. The C4 rocarbon m xtuyre. conprisin
Oltlsg%%ul?'eeﬁ?a?agofl’eﬁmieni’%g%l%&' ﬁi‘?{?r‘g%%ﬂ é? Eo&ge% r W%@ Hrom 7 to 10
tédrefeal platheTiel hanat zék Rhekekalhitd Wigth HBHIBXCESSton &F from 1 to0 5
the prereactors, a mxture forns in which isobutene,

theomedical Pl meTBEStes b Hepkiag dipighbrihenseparatidnr tayal Yejow tthe catalyst may
i.hiord [ cti My Xt hS  i,pt.,roduced . i nt .
b LR L2, P P3E T SR R 230 SOUCSRHET S, e netent of
thee attlystezagiebtactivatorencanoba dete®iyed OpRihse prRNTEn &Y "aBeliments as a
needed, for the full. conversion of the

t han i
PR AE G hutiion oyl SEHE: A SEHBN ieRisdsbly selcted a
s6d0M lReDBasSHCRoBRRE Bnwiidibh 6F 80k Wﬁa%&gﬁg@qum 5% to 95% and

present for the azeotrope of etha
e PEERIER S fEo TP ¢ 9P Br tresed @t therisdbiutene torterxartiy edhenhe reactive

ddfg.ehangl.gontent in the colum feed is below the
maxi num perm ssi bl e val ue, additional ethanol nmay be

added to the colum feed. In addition, ethanol feeding
Tgaé_$e ef fected ¥ja awﬁeparate device at the top of

h&YPERILT PEERE ST FraY o R gtafribapeven inprefesiblinfiomelds to 110%,
pRE MY Eohni 9% do DR dnki MG rQErably Borh 39 G5l S 4 B Lfoint Toading.
above or in the region of 'the réactive zone,
Hyteph¢ kasripeiod atdissiliptéasi eoturot istunderstmdtto wearz tiremiform flow demand on

it ' f_.ethanol can be effect .for .
ufdhihonals Lerd] 0908l S0y EP0.08, SRR stoan T
upper patling lmsawitlicees tha elexigem 1ddaemeAsldiapbionad ke RN/, above which the

addi.tion.sh ﬂ%d be such that the ethanol content in
SPRES qaaflané‘ SEVIR P HAUBHENTh @S asFunHetioneslc theyeefimsnlaquid by the

desndiel 8loabldngmea ; i
S 0T ANl S g R DGR o i

thewerarggingrastierbialls pr eshtapses owB%s thyirremis floRr @fearpatihy of thh@olumn — for
iveqdistillation colum has a regiop of pur e
oA 0o 3L NALLOMRRL U585 0 O SLPUTS renstecic
p.ridbeViBeDarnaheyVaay fog GhirdBlo&iddstde). Atthdasdd s8h@%he shear stresses
thaﬁgng from7 to 10 theoretical plates The ca %%¥$t_ o
YR JIPhEecat fhike diguistara seiBreet thatithe vati@miount off liquidin entrained
with HR s tW@ekGH SRl at TBLEL 0L Racking hei ghty :
The sggﬁ)a}r ation zorr10 b(zrl tggtvt{%ﬁé 1{}3;}21% ly?s%m?rré)l/n tpl)lf: gglélnggFWackOW1ak,
SHiwddyrgaif r orn12Kblond®, imit parddenishar FillkofpeR0 uad 3Packungen fiir
Qretical plates. .The height of the catalyst
G%%n%??%%@??ﬁgnioﬁﬁoééﬂaEsﬁﬂ%ﬂ%yﬁined by sinple
prelimnary experinents dependi ng upon the desired

| sobut ene conversion. The anount of catalyst is
Ther eeetivepfigtiltasioe cobennis Blefatdy lopumtedt wigh rafluxestiotddss than 1.5, in
aSeputene in the to oduct of ss fhan 2000
P ppmpagyva{rbaglgge?%%ﬁév)afe rFag?ret&%IEP&r Trglsjlgsst tﬁ%ﬁhﬁ%%e jeater than 0.7
andddss ¢head.1.The feed to the reactive distillation colum

may be above or below the catal yst zone. The feed to

the reactive distillation colum is preferably bel ow

the reactive packing, preferably from3 to 13, nore

preferably from4 to 10 theoretical plates bel ow the
reacti ve packing. The reactive distillation colum is



The reactive distillation colum is preferably
operated with reflux ratios of from0.2 to 4, in
particular with those which are fromo0.4 to 2,
preferably from0.5 to |I. Wien a reactive distillation
colum is used as the last step in stage d), step d)
and also step e), nanely the renoval of the ETBE from
t he unconverted hydrocarbons, ¢@n take place at | east
partly therein. It is then possible in sone cases to
di spense with a further step e). The generic term
reactive distillation includes all process technol ogy
measures in which distillation and reaction are

Tdar gqnedc dertm seavtive aimdiwsdw includes B preast QE&nGﬁgﬁ rhd8ekes in which

@ Is achieved b Fartlcular design of th
d@%l QNG ST o288 Wnfareh. P FHERORD or Becsssion dsaibed, tis is

athieuaty Sdr8QuIR0ESiA! 3
Houaryy plhsaRaRSIdEe 0pSRELL | JoAERONALE R Eg posibie in e
IREABYS Drocels 40 spatiatly @qparalmthmee@pxwesbow drspamn,cr \t/]lﬂethe advantages of
gﬁﬁ§%ﬁglﬂaﬁ%]llatlon colum is designed as a

“d Elon colum with one or nore externa
reactor(s) which contain(s) the catalyst and is/are

operated in._a bypass stream 20 Process step e) \Wen
Ih GIIRETSH VeFiat §{"f Tereftviesstidaiamaelyman mewbe flestgned as a distillation column
vBthh&lel I r proce
e B e O D O AR LA A BB n = bypass
Smwmemmpweapmdcssgpwln WhICh the product from process
step d) is separated into the ETBE-contai ning bottom
stream and a stream whi ch conprises the unconverted
Thy A5 pasd¥enss k3 Rk eS BistillRn dohind lathine S&RALAL bR, hydrocarbon
i.s effected as per process step e) in the reactive
dxtte i £thagal col urm. The separation can be ef fect ed,
for exanple, by feeding the effluent fromthe reactor
of process step d) into a distillation colum. The
Thotaiamstoaed beh ég thefped bed ttblgea ah@ird Qi reacsipe AatiDiticA@dludan present is

or the ta The ttom product

pERTATRE T S il Bisp bl aiitcs i S EaEE Hig sopin the produc

mbaiR d$eSade eB& RliRatThoe, ThEcatMRt El{onQiJ&)tt rdédie Ql%/ ac1chc substances
turned partly as reflux into the colum. The ot’h

tOptg? PiOgHC iR s Undsg reaetiqer qoaditionss beqause) this Thelegd tauyipld rh@sses
preferably nore than 20, preferentially nore than 25,
more preferably from30 to 50 theoretical plates. The
Theddtiyky phthe oatalysts dsamef&thbl}gsetmteﬂ Bechntachiedy falwk @@%ﬁdltlon of ethanol
u>mohh§ed grﬁﬁerablﬁ Igf an or equal to 1.
SPSbIRTeT fgdePdioh gon H?I?S Yt dareht C%t%JY%e Rhawd@tleaa tq Hpgar butenes.

M&r&véz@ the Gatallkte stONEQRIAL LOPoERAN H@c G188 QM) slightl catalyze the
agal nst cool i ng water or air. To heat the evapor a% ry

olgoriergatiqn efrkineas bulargs amérdwékoérvmee forpmtiom érous eth mlotecmiafyof ethanol
e @@ng t freamto. t he c
S AR 0TS L SR ITOb iR EEY 1-butene o
Zbqu@ﬂkmhimtﬁm&hﬁhﬂ@Wunn For this purpose, heat |s
preferably supplied to the feed streamin an externa
heat transferrer, for exanple by utilizing waste heat. _
THO s@RDIceM S sRAAdeli Bl VAP WAL b RN, AL Blngd,
t he prgfeﬁﬁed enboanentxo %hgeﬁgéﬁ&%rg%g gﬁ?&% g?gmmmszmdbr
alymipag |syBorpee domincanivageddes, mivemosaHorites of medlt &dreexchange resins.
evaporator heated to a | ow tenperature level with
process heat or waste heat is used in the | ower

A g8stibi aracidic éd@yﬁ@ﬁéé%hbmlsﬁfr%ﬁ&ﬁnsth@ ?w@ﬂtwe}ﬁ?@cegseﬁqar&%ss step a),

the colum is preferably at the 10th to
is thebol wiidden ewhm&@ resfitpe incisirtipwtar rtlstp hafieg sbfoyicopidrgatupd. Suitable jon

Wi 4B u 0 bara, preferably fro

5 tg g asregr% f}(ﬁe 0 lret glﬁg%ﬁ”%f e BC SFHER %yoftﬂﬁlﬁa%/}g%e@iepﬁl/ aldehyde
process step e) is preferably from40 to 70C
preferentially from45 to 60C. Wen the top product of

process step e), irrespective of whether the step has
been_carried out in a distillation_colunn or reactive



The bottom product which contains ETBE and possibly
excess ethanol may be used directly or sent to a
wor kup, for exanple a further distillation, in which
the ETBE is renoved fromthe remaini ng constituents.
In a further preferred enbodi rent of the process, the
bott om product obtained in the reactive distillation
or distillation of steps d) orlk), whi ch conpri ses
ETBE and unconverted ethanol if applicable, is
returned fully or partly into step a) and/or b). This
cgmlﬁpgqltmm qoghmmamdg eoustiespedi edmhpountteNExdigples of aromatic vinyl
Coggct 1 ﬁIp t S orerated with a stoichionetric
55 mf epf?g 318 % PRIEOREL | %ht SUERE reRdiolushe.i finylnaphthalene,
\&{yﬁﬁhﬂ%esznep ret@yiaflene CamkicBdrdbehzeRB! Vinkiyidn¥ egldbggzmylbenzene In
reactors and a disfillative separatlon in“step e)
PpTiRBE-aBE oo igopiesd whigh arm fcam@d Sy irtdction of styoetrmnmth ﬂfhmylbenzene are
S Ll are oht ai n
e Bt e PR B OT 81 St RrbR T Pnb g erouws. The
rench rogteaprogarat inlge B®tm FliBiromnehisiforns 0N o8 AS B%m.
unconverted ethanol is returned fully or partly into
step a) and/or b). \Wen process step d) is carried out
ThE bohopartleak li | i ; :
T e g 1 EAEe s afi SRR o hindsi, FROR, swetlng or
skyaers @hépx@ﬁmoapactﬂha?an be darietl g virotetod thepreghigtion process.
obtained in step e€) is a mxture which contains
substantially ethanol and can therefore be returned
Irpﬂlbtm\@slmhaé Mok f the i@NédcHarRs résidsqssls '
In thi ls) enbodi nent , tI%e ETBE i sgég&kﬁégluﬂke&nlf{%ﬁg%mngly acidic
reé;p&olgglpev%yryneagwwy Bsaecomtmecausld. gatep i exgéersthe follgyving trade names:
| fict rqd
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Fraction V may be used as an alkylating agent. In particular, it may be used as starting material
for the preparation of n-butene oligomers, for example di-n-butene or tributene. An
oligomerization process in which fraction V can be used is, for example, the OCTOL process

of OXENO Olefinchemie GmbH, as described in DE 196 29 906 or EP 0 395 857.

Preference is given to carrying out the separation in a superfractionation column. The feed to
this column is preferably in the lower half, preferably in the lower third of the column. Owing
to the narrow boiling point of the mixture to be separated, the distillation is preferably carried
out in a column having pfeferably mofe than 100, preferentially more than 125, more preferably
having 150 or more theoretical plates and most preferably having 150 to 200 theoretical plates.
The reflux ratio (reflux amount to distillate withdrawal) is, depending on the number of stages
realized and on the operating pressure, preferably less than or equal to 20, preferentially less
than or equal to 14, more preferably less than or equal to 11 and most preferably from 8 to 11.
The condensation can be carried out against cooling water or air. The distillate vessel is
preferably designed as a liquid-liquid separator. As a result, any water present in the feed
stream can be removed as a second phase in the distillate vessel and a technical water-free

bottom product can be obtained.

The separation in process step ¢) is preferably carried out at a pressure of from 4 to 10 bara,
preferentially at a pressure of from 5 to 7 bara. The temperature at which the separation is

carried out is preferably from 35 to 65°C, preferentially from 40 to 50°C.

To heat the evaporator of the column, it is possible to use a customary heat transferrer, for
example steam or warm water, and also preferably waste heat from other processes. In the latter
case, it may be advantageous to equip the column with more than one evaporator. The column
is preferably equipped as a simple column with at least one evaporator and at least one
condenser. Owing to the high energy demand and the small temperature difference between
bottom and top of the column, energy-saving connections are particularly preferred
embodiments. Reference is made here by way of example to the method of Vapor compression.
A further particularly preferred connection is two-pressure connection (double effect

distillation) in integration with a second column. The second column may preferably be a
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paralle]-connected column with the same or different separation task. In this case, one of the
columns is operated at such high pressure that its condensation temperature is sufficient to heat
the other column. In the connection of coiumns with different separation tasks for heating
purposes, it is possible in principle to connect any suitable column from the inventive process,
but also a column which is present at the plant site outside the inventive process, with the

inventive column of process step c).

Process step d)
In the inventive process, the isobutenic fraction IV obtained from step ¢) is converted in a
further reaction step (step d) in which the remaining isobutene is converted by addition of

ethanol to give ETBE.

Just like the etherification in step a), the etherification of the isobutene is carried out as an acid-
catalyzed reaction. The ethanol used may be highly pure ethanol, pure ethanol or ethanol which
has small amounts of impurities. The purity of the ethanol used, reported in % by mass of
ethanol, is preferably greater than 90%, more preferably greater than 95% and most preferably

equal to or greater than 99%. Ethanol having a purity of greater than or equal to 99% by mass is
| supplied in Europe, for example, as bioethanol. The content of water is preferably below 3% by
mass, more preferably below 1% by mass, most preferably below 0.5% by mass. In the
inventive process, it may be advantageous to use denatured ethanol. The ethanol used is more
preferably ethanol which has ETBE as a denaturing agent, preferably in a concentration of from
0 to 5% by mass, preferentially from 0.005 to 1% by mass, more preferably from 0.05 to 1% by
mass and most preferably from 0.01 to 0.2% by mass. In Germany, preference is given to using
ethanol which has from 0.1 to 1% by mass of denaturing agent. The use of ethanol denatured

with ETBE prevents extraneous substances from being introduced into the process.

For the reaction of isobutene with alcohols, in particular with methanol to give methyl tert-
butyl ether, various process variants have been developed (cf.: Ullmann’s Encyclopedia of
Industrial Chemistry, Online Version, 2004, Wiley & Sons, under Methyl tert-butyl ether, and
literature cited there; Obenaus, Fritz; Droste, Wilhelm, Erdoel & Kohle, Erdgas, Petrochemie
(1980), 33(6), 271 to 275; DE 26 29 769; DE 28 53 769). In principle, all known processes for
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reacting the isobutene with alcohols are suitable for use as process step d) within the context of

the present invention.

Preference is given to using processes in which the reaction is effected in the liquid phase over
an acidic ion exchange resin. The reactors used, in which the ethanol is reacted with the
isobutene up to close to the thermodynamic equilibrium, may be conventional fixed bed
reactors (tube bundle reactors, adiabatic fixed bed reactors, circulation reactors). They may be
operated with or without partial recycling, and the recycle stream may optionally be cooled. In
step d), particular preference is given to using a reactor system which has two reactors, in

particular fixed bed reactors. Preference is given to operating the two reactors in straight pass.

The reactors may be operated at temperatures of from 25 to 110°C, preferably at temperatures
of from 30 to 70°C and more preferably at temperatures of from 35 to 50°C. The pressure is
preferably from 5 to 50 bara, preferably from 10 to 20 bara and more preferably from 10 to
13 bara. Since the thermodynamic equilibrium between ethanol/isobutene and ether at low
temperature is predominantly on the side of the ether, it is preferred in the case of use of a
plurality of reactors to operate the first of the reactors at higher temperature (high reaction rate)

than the following reactors (exploitation of the equilibrium position).

The molar ratio of ethanol to isobutene in the feed to process step d) is preferably in the range
from 25:1 to 1:1, more preferably from 15:1 to 3:1 and more preferably in the range from 10:1

to 5:1.

The catalysts used may preferably be those as described for process step a), the inventive
process being performable such that in each case the same catalyst or different catalysts may be

used in step a) and d). Preference is given to using the same catalysts in steps a) and d).

In a preferred embodiment, the addition of the ethanol to the isobutene is carried out in the
presence of an acidic catalyst, in such a way that at least one reaction stage is carried out as a
reactive distillation. More preferably, the acid-catalyzed etherification in step d) is carried out
~ in at least two reaction stages, in which case preferably at least one, more preferably the last

reaction stage is carried out as the reactive distillation. In the fixed bed reactor(s), a reaction
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mixture which is close to the thermodynamic equilibrium with regard to its isobutene, ethanol
and tert-butyl ether concentration is first prepared over an acidic catalyst from the isobutenic
fraction IV and the ethanol VI. In this reaction step, the residual content of isobutene Is
preferably converted to such an extent that the required purity of the 1-butene can be achieved
with the downstream reactive distillation. This mixture is fed into the next/last reaction stage in
the reactive distillation column, where a further portion of the isobutene is converted to the
ether. Most preferably, step d) is carried out in a reactor system which has two reactors
connected in series and a reactive distillation column, the two reactors preferably being
operated in straight pass, and the effluent from the second reactor is fed into the reactive

distillation column.

In the reaction part of the reactive distillation column, the same catalysts as described above for
the simple embodiment of the process stage without the use of a reactive distillation may be

used.

In the reactive distillation column, the catalyst may either be integrated in the packing, for
example KataMax® (as described in EP 0 428 265), KataPak® (as described in EP 0396 650
or DE 298 07 007.3 U1) or polymerized onto shaped bodies (as described in US 5,244,929).

The reaction of the isobutene with ethanol to give ETBE is effected in the reactive distillation
in the temperature range from 10 to 140°C, preferably from 30 to 70°C, more preferably from
35 to 50°C (temperature in the region of the column in which the catalyst is disposed. The

-bottom temperature of the column may be significantly higher).

In particular, the ETBE is prepared by reaction with ethanol in a manner as described in
DE 101 02 082 for the reaction of methanol with isobutene to give MTBE. The C, hydrocarbon
mixture comprising isobutene is fed into the prereactor(s) together with ethanol. The ethanol is
preferably used in excess. In the prereactors, a mixture forms in which isobutene, ethanol and
ETBE are in equilibrium or virtually in equilibrium. This reaction mixture is introduced into

the reactive distillation column.
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The feed to the reactive distillation column may comprise more ethanol than is needed for the
full conversion of the isobutene still present. However, the alcohol excess should be such that a
sufficient amount of ethanol is present for the azeotrope of ethanol and C4 hydrocarbons which

forms.

Optionally, for example when the ethanol content in the column feed is below the maximum
permissible value, additional ethanol may be added to the column feed. In addition, ethanol
feeding may be effected via a separate device at the top of the reactive distillation column
above the column feed below a liquid distributor or in a liquid distributor above or in the region
of the reactive zone, preferably in the region of the reactive zone. Additional feeding of ethanol
can be effected, for example, into the reflux of the column or directly into the reactive
packings. The additional ethanol addition should be such that the ethanol content in the liquid
phase in the packings of the reactive zone is preferably greater than or equal to 1.5% by mass,

preferably greater than or equal to 2% by mass and more preferably from 2 to 3% by mass.

Preferably, the reactive distillation column has a region of pure distillative separation above the
catalyst packing, more preferably having from 5 to 20, in particular having from 7 to 10
theoretical plates. The catalyst zone can be estimated at a distillative action of from 1 to 5
theoretical plates per meter of packing height. The separation zone below the catalyst may
preferably include from 12 to 36, in particular from 20 to 30 theoretical plates. The height of
the catalyst zone/reactive zone can be determined by simple preliminary experiments
depending upon the desired isobutene conversion. The amount of catalyst is preferably selected
at such a level that a residual isobutene content in the top product of less than 2000 ppm by

mass (ppmw), preferably less than 1500 ppmw is achieved.

The feed to the reactive distillation column may be above or below the catalyst zone. The feed
to the reactive distillation column is preferably below the reactive packing, preferably from 3 to

13, more preferably from 4 to 10 theoretical plates below the reactive packing.

The reactive distillation column is operated at pressures, measured at the top of the column, of
from 3 bara to 10 bara, preferably from 4 bara to 7 bara, in particular from 5 bara to 6 bara. The
hydraulic loading in the catalytic packing of the column is preferably from 10% to 110%,
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preferentially from 20% to 90% and more preferably from 35 to 75% of its flood point loading.
Hydraulic loading of a distillation column is understood to mean the uniform flow demand on
the column cross section by the ascending vapor stream and the refluxing liquid stream. The
upper loading limit indicates the maximum loading by vapor and reflux liquid, above which the
separating action falls owing to entrainment or accumulation of the reflux liquid by the
ascending vapor stream. The lower loading limit indicates the minimum loading, below which
the separating action falls or collapses owing to irregular flow or emptying of the column — for
example of the trays (Vauck/Miiller, ,,Grundoperationen chemischer Verfahrenstechnik®,

p. 626, VEB Deutscher Verlag fiir Grundstoffindustrie.).

At the flood point, the shear stresses transferred by the gas to the liquid become so great that
the entire amount of liquid is entrained in the form of drops with the gas or that there is phase
inversion in the column (J. Mackowiak, “Fluiddynamik von Kolonnen mit modernen

Fillkorpern und Packungen fiir Gas/Fliissigkeitssysteme", Otto Salle Verlag 1991).

The reactive distillation column is preferably operated with reflux ratios of from 0.2 to 4, in

particular with those which are from 0.4 to 2, preferably from 0.5 to 1.

When a reactive distillation column is used as the last step in stage d), step d) and also step e),
namely the removal of the ETBE from the unconverted hydrocarbons, can take place at least

partly therein. It is then possible in some cases to dispense with a further step e).

The generic term reactive distillation includes all process technology measures in which
distillation and reaction are carried out simultaneously. In the reactors described, this is
achieved by a particular design of the packings in a column. In the inventive process, it is,
though, also possible to spatially separate these regions without dispensing with the advantages

of a reactive distillation.

In one process variant, the reactive distillation column is designed as a distillation column with
one or more external reactor(s) which contain(s) the catalyst and is/are operated in a bypass

stream.



50 - 8000 0-50 < 10000 0-50 [ppm] 8000 _ _

Expl anation -HCCA: typical of a C4 mixture which is
obtai ned fromthe crack-Ca of a steantracker (high
severity) after the hydrogenation of the 1, 3-butadi ene
wi t hout additional noderation of the catalyst. -HCC4 /
SHP: HCC4 conposition in which residues of

1, 3- but adi ene have been reducegO

Process step e)

When no reactive distillation column is used for etherification and simultaneous separation in
process step d), a dedicated step e) has to be provided in the inventive process, in which the
product from process step d) is separated into the ETBE-containing bottom stream and a stream
which comprises the unconverted hydrocarbons. Otherwise, the distillative separation is
effected as per process step e) in the reactive distillation column. The separation can be
effected, for example, by feeding the effluent from the reactor of process step d) into a
distillation column. The column can be equipped with a bottom evaporator and a condenser for
the top product. The bottom product obtained from the distillation column is ETBE and in
some cases excess ethanol. The top product can be returned partly as reflux into the column.

The other portion can be fed to process step h).

The column has preferably more than 20, preferentially more than 25, more preferably from 30
to 50 theoretical plates. The reflux ratio is, depending on the number of stages realized,
preferably less than or equal to 1. More preferably, the reflux ratio is set to a value of from 0.9
to 0.6. The condensation can be carried out against cooling water or air. To heat the evaporator
of the column, steam, for example, can be used. It may be advantageous to pass the feed stream
to the column in at least partly pre-evaporated form or to flash it directly into the column. For
this purpose, heat is preferably supplied to the feed stream in an external heat transferrer, for
example by utilizing waste heat. To achieve partial evaporation, a kettle evaporator is the
preferred embodiment of the heat transferrer. It may also be advantageous when an
intermediate evaporator heated to a low temperature level with process heat or waste heat is

used in the lower section of the column.

In process step e), the feed to the column is preferably at the 10th to 15th theoretical plate. The
column is preferably operated with a pressure of from 4 to 11 bara, preferably from 5 to 8§ bara.
The top temperature of the column used in process step e) is preferably from 40 to 70°C,

preferentially from 45 to 60°C.

When the top product of process step ), irrespective of whether the step has been carried out in
a distillation column or reactive distillation column, still has residual amounts of ethanol in the

Cq hydrocarbons, it may be advantageous to scrub them out with water in at least one additional



further in an SHP. -Raff | (raffinate |I). typical of a

C4 m xture which is obtained fromthe crack-Ca of a

st eanctracker (high severity) after the renoval of the

1, 3- but adi ene, for exanple by an NWP extractive

rectification. -Raff. | / SHP: Raff. | conposition in

whi ch residues of 1, 3-butadi ene have been reduced

further in an SHP. -CC4: typigﬁl conposition of a

crack-C4 which is obtained froma catcracker. -CX4 /

SHP: CC4 conposition in which residues of

1. 3-but adi ene have been reduced further in an SHP. 28
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goslgl ble that the raffinate I é%rc’flglgéaﬂs %g%s éﬁ@‘?‘ﬁ? gessﬁls (see process
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the inventive process. This process stage or these
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pstream o e |1 nventive p ocesses
thescyanlabt, niys reaptiomi i et d)oie pﬁid’f&@B@SﬁﬁnddrbLﬁ@ﬁgﬁhefb&d bed reactors and a

dr rocesses and distillations. Water scrubbing A
d'\%éﬂ%/ gs{éPﬁrBB?fhgn SR PLIY Preserablir $aryed e shyiskbpion pelumn. The
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t echni cal %%drocarbon m xture contai ning | sobut ene an
which darobiritesheny eentdies ats kst Ei}éﬁmnésmoiomtﬂ taseg@nconverted ethanol is

. nmet h ol i don
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utilized in thlS embodiment.

Process step h)

The top product from process step d) or €) which is obtained at the top of the distillation
column or reactive distillation column is preferably transferred into an extraction column into
which an extractant, for example, water, is fed in countercurrent via a feed disposed at the top.
The extractant can be withdrawn via the outlet at the botfom of the column. At the top of the
column, the product obtained from the extraction is the stream of hydrocarbons VIII
unconverted in stage d) and, if appropriate, Ie). This can be sent to a further use, for example a

workup to 1-butene (process step i)). The extractant which has been enriched with ethanol and



Adsorbers are used to renove inpurities. This may be
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31 Fig. 1 In the process shown schematically in fig.
I, a technical m xture of C4 hydrocarbons is
introduced into stage (a). In stage (a), some of the
i sobut ene present in the technical mxture is reacted
wi th ethanol. The product of stage (a) is transferred
into the separation stage (b) in which unconverted 4

hydrocarbons 111 and any ethangl present in excess are
renoved fromthe ETBE I, preferably thermally. The
unconverted C4 hydrocarbons 11l are transferred into a

st C I C n be realized, for exanple, by a .
Péﬁf%%ﬁé (fah%" {OI éz;ot iffg?lc%ile’eﬁ%ﬂ?n TRY bhyasriedonu agrinss cp@ing watst or air. The
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L.chyc jses . 2-butenes and . n-butanes. Fraction IV
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h C h ther por.tion of the reactor
rpprutal F bt Rl s Wehab tndereds Abe e I the
cogreging of ealntros WRtindiffeldne sefafdidg Mdské FRMebies F%os&?ﬁ‘l@%ossible in
reactor is conducted into a distillation colum K-b
PIRRIPCHICi cnsq LA pB R £91umn diomba gwentie ppoceess butradsoragplumn which is
réefichiele AR ' i i LoR,of 1 Lhe
D gt Bt bR RN et i B B2 Koot process
st9pop- tN\dpreprefeiably, thstsetamdctolisnit sehCoshpatatibh colpminndrp @kdcyss step c).
Inﬁﬁ@%xm¥ﬁéqgo wi t hout residual ano ngs of ethanol. The ]
t'0p BrodUitt OF SirotUlTPS 1t RRSTEES &4/ eh Bigk migswpe that its condensation

terapdTuieS e SufflBie MY BEAtaRk YA RER{PONS, with or wi thout
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Fig. 5 Fig. 5 shows a schematic of one possible
enbodi nent of process step i). The hydrocarbon stream
VIIl fromstage e€) or h) is fed into a distillation
colum K-il. Colum K-il is equipped with a bottom
evaporator Wil and a condenser Wi2 for the top
product. The bottom product S-il obtained fromthe
colum K-il is 1-butene. The tgp product D-il, from
whi ch water is optionally renoved in a decanter, is
returned partly as reflux into the colum. The other

ortion of .th 0 roduct il 1s transferred into
RGP b B kO B ong an v SRt e aion op Geius?)
equi pped with a bottom evaporator Wi 3 and a condenser
Wid for the top Frpduct. The bottom product S-i2
Pistlabyiens drersmct e oivemivelro@si @ntamtrefankly 1a$seharofd00 ppmw (ppm
r ct Dx] 0 ' wat er i.s _optionally renmpved.
P e el bl B ey B PERFHEY A e 500 pomw of
isobltes) and hea eblpdt-afp@rihicaneddte tlhes 4RP, for @@uigile Disl 2 comonomer in the
ich cgpsists predoninantlépgﬁ | ow boil ers, can be

wh
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correspondi ng. al kanes jin a downstream hydr.ogenatijon. .
SRR RIS BRR RIS b pRECEHORGT Fasuh lgaSR Papirticulr by the
Opobeesses, preferably in the |iquid phase over a

pal | adi um catal yst. Optionally, this hydrogenati on nay

al so be effected upstreamof colum K-i2; in this
InC88sss $th &AM Didohutch R Grabi ~ Arogenaki O, the 1-
Sy Rehe T e dabiiE G P QML R o the 1-butene
(depeyding whibestatthe aoarpoaitibn Af dal Cuhwlredrions)t MRis can be purified further,

C rative.e | e of. a one-stage process. In this
BB PF bR P ieo)S bl T PPBASB en o cligeed, for exemple,
byaful eRgesenhtiasSofShe Wkehd dtilgpresbnt @J‘Xlkgﬁe%'aﬁ@QuB&%E&Qrdistiﬂation. The

system R-a bei ng - present in place of reactors R-al and

isqRuane opfrandgip dgcworkpp heshprafersbly aipunithief ptdpasPOYery mass of isobutane,
ctd G ~f 2] I . Fnto the
D e e i e AT S S eD g agfpom. more
prafiechbly- losst tbare2 Mrpprmverdwiedingi a t he top. The bottom
product Scl obtained is a (virtually) isobutene-free
fraction V conprising 2-butenes and n-butanes. The
Fedastbilkd ate 1V of colum K-cl is conducted directly,
into a further colum K-il in which it is separated
Injthg igventiys peesssplbgokiticad Gapydreratborl misitrenepisaldy availeple may be used.
2 i S ' lor J.ow bojlers, .The
S o et “arat a2 o PG, BL BB RS R for xempte
staahiccickerhgwelwerackagnptcrRears), bextibys dront FiseHer-Th&psch syntheses, mixtures
fisgggagﬁg uncanver%ed in RRa. 34 Fiq. 7. This figure,
T s A Eraparatigh of Bukpes, minkrestiEge shrleekisementation &f digear butenes
ant] inikRPe CORRE B INYBHRNEITPbRfind. THM BeMAhl80le dRLARRSH the technical
.(a) and (b) are carried out In an arrangenent as shown
litgrptupg G- Weissemel,ddsi Apd, Indetiicile Greshisrhe Rhamid)éVikey-VCH, 5th edition,

nt,, i,n. , f.reactors Ral and R a2. The
wgig’gjt%gf %%ftzg’ %’%ﬁqgg’t%%)ned fromthe colum K-bl is
conducted directly into a second reactor R-b2 in which
%he resi dual isobutene present in the distillate Dbl
Preferepemisisaenip uping ke feactiamoirorp stegmstackerel whish ase hpareted primarily for
: ' r . f the. r r,.R- IS
b AFAE shE BreRe L i R e R Rt st pr evemle
refineryRzds@s, insphtienrpasadll, LPGNlit hefiedgsirdisan gas) Ay WIGIC alzbedl gas liquid), or
strEanLﬁ%Rs as the b ttog1product IL The further _
R ) R RAREG &% R bpRgustcogtain, dereading ogHBgArapking process,
Fig. 6 for the distillate D-bl. Fig. 8 For better
conpari son of the arrangenent according to the
enbodi nent of the process according to the invention
as has been used in the exanple in variant Cwth



differences in the arrangenents are detected

correctly. In all variants shown, the isobutene

conversion can be increased by use of one or nore

reactive distillation(s). The reactors and ETBE

col ums were cal culated wth the "UN FAC-DVD' property

met hod. For the calculation of the C4 columms, an

equation of state was used wit# the "Peng- Robi nson"

property nethod. The foll ow ng assunpti ons were made:

All reactors attain the equilibriumcalculated wth
dﬁpxﬁmcamwmy ofisob@ehe. FﬁhﬁherEEJBE coobtitrags wer €3 dakdkidnal @hutene, c-2-

the C4 I th
A, 4 B0 1S R S B o

fporereqol BS%t BSmARI int A€ c&dents] @J #rRASns fr&ntsré%mgr-gggms from 10 to 20% by
columms, a C4/ethanol azeotrope was renoved v the

S In thesaed AuidestcackeabbEeClout with water in
extractors which were nodel |l ed as sinple conponent
splitters. The EtOHwater m xture obtained fromthe

Fex threaiovortise \pﬁ&eswo'rt keabvdaptapaousl itcSidrrlolvaEbQGndaﬁnﬁteé Y drB&drbons such as
e connectl on

C g mh% Has not been shown in t
cﬁq ‘é@ﬁ%ﬁ Bt HE proturdtie- dhistea br-dope by Waewn firpcesses, for example by
eRBRRIBRY 'eﬁﬁ@ch@é LRLGIBHLE ahl & orﬁi}';l& [Fgm?{) hioh h@f e%(h@%gsérmel H. J. Arpe,

recirculated into the process.

Tedistiglla CeginrlanBhess e g eya VICEYS thedditional 998] pagef 11y 10a).
C4 raw materials obtainable on the market. The raw
material streamof 10 t/h contains 28% by mass of

Omsoddeiratiec anthe320My JTBES p@lé/u15143'2191114&@(!1 Bydr6EOrENL S selective chemical
stream _t he i sobutene shoul be converted virtual T

CPIHErOn FonfrEBE lpt-befadienafanrbeay deasienaies] sdestivelmtto dfnear butenes, as
dé‘sféﬁf)&?( for¥aRYle niﬁ%? by /gﬁdﬁtlé %E"%Egsp%let br}i%v%ncg zﬁﬁtaéiﬁene at least

be renpved ¢ en1ca| y by t eS|s t
pakly e by tSﬁaCttwa l@lb/@tsmme pf othactl BCMadmleprﬁp aeednpl® afnerization to

wth a rit rea er than 99.5% This
jzctgsr) %%Sbeélﬁ Ot mtegzaémi t% ﬁ¥cé df,‘f%‘f %pét*on ggc%omepﬁatlon reactions.
Wike dchut-eneuphadusid a@tﬂéa?éWHlmeﬁgl %Ol%r&?moﬁfmlxture (raffinate I or

h%%obutene shoul d be present. In
ﬂ%%tlefll Siclefs t HRCER) r%llwamit rémna@ls ed ecomtains comphr Gﬂe saturated

h}}d?oéaﬁ%ng ensbl[tﬁg anl %%b&ﬂaﬁ@iddqge eﬁ%ﬁ%gobu e?lg t lel'g,.ﬁvéggtnglln lRHtenes

as a by-product anmount AN is'e
2426 to 2545 kg/h (i.e. from5 to 11% nol ar excess
t.of 1% mass.

.helow) with. a er conten
g fngvg%t%vvg)éé?%ﬁﬁss & T A S T
orlr-nb:t&tog g@olcsgﬁfdeﬁgy |c9nd)f bﬁoroff) 33618 SRralc® BPABERLSns present in the Cy4
hy%4oca§bon streams are preferab ?y catalytically and selectively hydrogenated. More preferably,
such a purification stage is provided at least before process step a) or ¢) and most preferably

before process stage c), especially when it cannot be ruled out that the technical Cq

hydrocarbon streams used comprise polyunsaturated hydrocarbons.

The polyunsaturated hydrocarbons are mainly 1,3-butadiene; 1,2-butadiene, butenine and
I-butine are present, if at all, in a significantly smaller amount. The hydrogenation can be
effected in a one-stage or multistage hydrogenation process in the liquid phase over a palladium
catalyst. To lower the content of 1,3-butadiene below preferably 1000 ppmw, a moderator
which increases the selectivity of the palladium catalyst is added in the last stage of the

hydrogenation. The moderator used is preferably carbon monoxide which is added in a fraction



[kg/h] [99 |sobutane 500 5.0 3 0.2 1 -Butene 3500 35.0
2990 99.5 cis-2-Butene 1400 14.0
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of from 0.05 to 100 ppm by mass (ppmw). The content of polyunsaturated hydrocarbons in the
feed to this stage should be below 1%, preferably below 0.5%. In the literature, this type of
selective hydrogenation of residual contents of 1,3-butadiene is known under the name SHP
(selective hydrogenation process) (cf. EP 0 081 041; Exdsl, Kohle, Erdgas, Petrochem. 1986,
39, 73).

When amounts of more than 1% of polyunsaturated hydrocarbons such as 1,3-butadiene are
present in the isobutenic C4 streams, they are preferably converted in upstream hydrogenations.
These hydrogenations are preferably carried out in the liquid phase over a palladium catalyst.
Depending on the content of unsaturated hydrocarbons, the hydrogenation may be carried out in
a plurality of stages. For the conversion of crack-Cy4 from a steamcracker with a content of 1,3-
butadiene of typically from 38 to 45%, a two-stage version of the hydrogenation has been found
to be useful. In this case, individual or all stages may be equipped with partial product
recycling. In the effluent, concentrations of 1,3-butadiene of less than 1% are thus obtainable,

so that a further conversion can be effected in a selective hydrogenation (SHP).

The hydrocarbon mixtures with isobutene and linear butenes used in the inventive process
preferably have the following compositions, a hydrogenation or selective hydrogenation being
carried out before one of steps a) to d), preferably before step a) or ¢), depending on the content

of unsaturated hydrocarbons.
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Table 1: Typical compositions of technical hydrocarbon mixtures which can be used in the

inventive process.

Steamcracker Steamcracker Catcracker

Component HCCy HCC4/ Raff. I Raff. I/ CC, CCy/

SHP SHP SHP
Isobutane | 1-4.5 1-45 15-8 1.5-8 36 -37 36 -37
[% by mass]
n-Butane| 5-8 5-8 6- 15 6-15 | 12-14 | 12_14
[% by mass]
trans-Butene | 18 -21 18-21 7-10 7-10 S 11-13 11-13
[% by mass]
1-Butene | 35-45 35-45 15-35 15-35 11-13 11-13
[% by mass]
Isobutene | 22 - 28 22-28 33-50 33-50 14-16 14-16
[% by mass]
cis-Butene| 5-9 5-9 4-8 4-8 10-12 10-12
[% by mass]
1,3-Butadiene|{ 500 - 0-50 50 - 8000 0-50 < 10000 0-50
[ppmw]| 8000

Explanation

- HCCy: typical of a C4 mixture which is obtained from the crack-Cy of a steamcracker
(high severity) after the hydrogenation of the 1,3-butadiene without additional
moderation of the catalyst.

- HCC4/SHP: HCC, composition in which residues of 1,3-butadiene have been reduced
further in an SHP.

- Raff I (raffinate I): typical of a C4 mixture which is obtained from the crack-C4 of a
steamcracker (high severity) after the removal of the 1,3-butadiene, for example by an
NMP extractive rectification.

- Raff. I/ SHP: Raff. I composition in which residues of 1,3-butadiene have been
reduced further in an SHP.

- CCy: typical composition of a crack-C4 which is obtained from a catcracker.

- CCq/SHP: CC4 composition in which residues of 1,3-butadiene have been reduced
further in an SHP.

Among others, the raffinate I or HCC, is an isobutenic hydrocarbon mixture used with

preference within the context of this invention. Since plants for working up C4 hydrocarbons
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Distillation

Distillation steps may be utilized, for example, to remove impurities (for example low boilers
such as C; hydrocarbons, high boilers such as Cs hydrocarbons) or to obtain fractions with
different isobutene concentrations. This can be done either directly with the raffinate I or the
HCC,4 or after one or more other process stage(s) has/have been passed through. Direct
distillation of the raffinate I or of the HCC4 makes it possible, for example, to separate into a

relatively isobutene-rich fraction depleted in 2-butenes and n-butane.

Depending on the composition of the technical hydrocarbon mixture to be used and/or on the
purities of the target products, the technical hydrocarbon mixture may thus be used directly in
step a) of the inventive process or else only after a pretreatment by one or more of the

aforementioned processes.

The inventive process can be used in a simple manner to prepare ETBE or a composition which
~ contains ETBE and is obtained as the bottom product of the reactive distillations or of the

distillations in steps b) and ¢), preferably as the bottom product of step b).

An inventive composition cémprising ETBE, which can be prepared, for example, with the
inventive process and which is preferably obtained as the bottom product II in process step b),
contains a greater than or equal to 90 parts by mass of ETBE, from 0 to 7 parts by mass,
preferably from 0 to 5 parts by mass, of ethanol, from 0 to 3 parts by mass, preferably from 0 to
2.5 parts by mass, of tert-butanol, less than or equal to 2 parts by mass, preferably less than or

equal to 1.5 parts by mass, of hydrocarbons having a number of carbon atoms greater than or
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30

equal to 5, and less than or equal to 1 part by mass of hydrocarbons having a number of carbon
atoms of 4. Such a composition can be obtained, for example, by the process according to the
invention. It may be advantageous when the inventive composition has a maximum of from
1x10* to 1000 x 10™ parts by mass of diethyl ether. The inventive composition preferably
does not have any heterogeneous water. The inventive composition more preferably has less
than 0.05 part by mass of water. The inventive composition more preferably has greater than or
equal to 90 parts by mass, in particular from 90 to 97.5 parts by mass, of ETBE, from 1 to 5
parts by mass of ethanol, from 0.5 to 1 part by mass of tert-butanol, from 0.5 to 1 part by mass
of hydrocarbons having a number of carbon atoms greater than or equal to 5, from 0.1 to
0.5 part by mass of hydrocarbons having a number of carbon atoms of 4, and from 0 to 0.05
part by mass, in particular from 0.0001 to 0.01 part by mass of water. The parts by mass
specified for the compositions according to the invention are more preferably percentages by

mass.

The inventive ETBE may be used as a fuel or fuel additive. Since bioethanol, i.e. ethanol which
has been obtained from renewable raw materials, can be used to prepare the inventive ETBE,
the inventive process can make a contribution to the protection of fossil fuel reserves. In
addition to ETBE, a I-butenic stream is obtained in the process according to the invention and
can be worked up to give 1-butene which is used, for example, as a comonomer in the

~ preparation of polymers.

Description of the figures

The process according to the invention will be illustrated in detail below with reference to the
figures fig. 1 to fig. 5 and fig. 8, without any intention that the process be restricted to the
embodiments depicted there by way of example. The figures fig. 6 and fig. 7 show comparative
variants. The schematic diagrams show only the essential stages. The illustration of streams
customary for process technology purposes, for example cooling water streams, circulation
streams or recyclings, and/or customary apparatus, for example heat exchangers or separators,

has been dispensed with partly in favor of better clarity.
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Fig. 1

In the process shown schematically in fig. 1, a technical mixture of C4 hydrocarbons is
introduced into stage (a). In stage (a), some of the isobutene present in the technical mixture is
reacted with ethanol. The product of stage (a) is transferred into the separation stage (b) in
which unconverted C4 hydrocarbons III and any ethanol present in excess are removed from the
ETBE II, preferably thermally. The unconverted C4 hydrocarbons III are transferred into a stage
(c) which can be realized, for example, by a simple distillation column. In this column, stream
II 1s separated into a fraction IV which comprises isobutene, isobutane and 1-butene, and an
isobutene-free or virtually isobutene-free fraction V which comprises 2-butenes and n-butanes.
Fraction IV is transferred into the second reaction stage (d) in which the isobutene is reacted
with ethanol again to give ETBE. In a subsequent separation stage (e), the ETBE VII is
separated from unconverted hydrocarbons VIII. These hydrocarbons VIII are transferred into

stage (1) in which the 1-butene is separated by distillation from the remaining hydrocarbons.

Fig. 2

Fig. 2 shows a schematic of a possible embodiment of process steps a) and b). The technical
mixture | is first conducted into a first etherification reactor R-al. The product from the first
reactor is conducted into a second etherification reactor R-a2 (method with identical or
different temperature possible). The effluent from the second etherification reactor is
transferred into a distillation column K-b1 which is equipped with a condenser W-b2 for the
top product and a bottom evaporator W-bl. A portion of the top product is returned into the
column as reflux. The top product removed is the stream III which comprises unconverted C,
hydrocarbons, and the bottom product obtained is the product II from the reaction of the

isobutene, which consists principally of ETBE.

Fig. 3

Fig. 3 shows a schematic of a further possible embodiment of process steps a), b) and f). The
technical mixture I is fed into the first reactor R-al of a battery of two reactors, into which
ethanol is also fed. The reactor R-al has a recycle line with which a portion of the reactor
effluent can be returned into the feed stream to the reactor. The other portion of the reactor

effluent from the first reactor is conducted into the second reactor R-a2. The effluent from the
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ETBE, with or without residual amounts of ethanol. The top product removed is the stream
D-b1 which comprises unconverted hydrocarbons, with or without ethanol. When the stream
comprises ethanol, this stream can be conducted into the bottom of an extraction column K-£2,
into which an extractant, for example water, is fed in countercurrent via the feed E-fl disposed
at the top and is withdrawn via the outlet E-f2 at the bottom of the column. At the top of the
column, the product obtained from the extraction is the stream of hydrocarbons III unconverted

in stage ().

Fig. 4

Fig. 4 shows one possible embodiment of stages ¢), d), e) and h). The hydrocarbon stream III
from stage b) is fed into a distillation column K-c1 which is equipped with a bottom evaporator
W-cl and, at the top, with a condenser W-c2 and a decanter, and is separated into a (virtually)
isobutene-free fraction V comprising 2-butenes and n-butanes which is removed at the bottom
of the column, and a fraction IV which comprises isobutene and 1-butene, is virtually free of
n-butane and 2-butenes and is optionally separated in a decanter from an aqueous phase D-cl.
A portion of the top product reduced by the aqueous fraction can be returned into the column as
reflux. Fraction IV is transferred into the reactor R-dl, into which ethanol is also fed and in
which the isobutene present in fraction IV is converted to ETBE (stage d)). The effluent from
reactor R-d1 is fed into a column K-el which can be designed as a simple distillation column
or, as shown here, as a reactive column. The effluent from the reactor is fed into the reactive
distillation column K-el preferably below the reactive packing. The column K-el is equipped
with a bottom evaporator W-el and a condenser W-¢2 for the top product. The bottom product
obtained from the column K-el is a stream comprising ETBE. The top product D-el can be
returned partly as reflux into the column. The other portion is transferred into an extraction
column K-h2, into which an extractant, for example water, is fed in countercurrent via the feed
E-h1 disposed at the top and is withdrawn via the outlet E-h2 at the bottom of the column. At
the top of the column, the product obtained from the extraction is the stream of hydrocarbons

unconverted in stage d) and, where present, ), VIIL
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Fig. 5

Fig. 5 shows a schematic of one possible embodiment of process step i). The hydrocarbon
stream VIII from stage €) or h) is fed into a distillation column K-il. Column K-i1 is equipped
with a bottom evaporator W-il and a condenser W-i2 for the top product. The bottom product
S-il obtained from the column K-il is I-butene. The top product D-il, from which water is
optionally removed in a decanter, is returned partly as reflux into the column. The other portion
of the top product D-il is transferred into the distillation column K-i2. This column K-i2 too is
equipped with a bottom evaporator W-i3 and a condenser W-i4 for the top product. The bottom
product S-i2 obtained from the column K-i2 is isobutane. The top product D-i2, from which
water 1s optionally removed in a decanter, is returned partly as reflux into the column. The
other portion of the top product D-i2, which consists predominantly of low boilers, can be fed

to a further use or to a thermal utilization.

The isobutane obtained in this workup (stream S-i2) may still comprise fractions of unsaturated
components, principally 1-butene. These may be hydrogenated to the corresponding.alkanes in
a downstream hydrogenation. This hydrogenation is effected by known industrial processes,
preferably in the liquid phase over a palladium catalyst. Optionally, this hydrogenation may
also be effected upstream of column K-i2; in this case, stream D-il is fed first to the

hydrogenation (not shown in fig. 5) and then to K-i2.

Fig. 6

This figure shows the variant A calculated in the comparative example of a one-stage process.
In this variant, stages (a) and (b) are carried out in an arrangement as shown in fig. 3, any
desired reactor system R-a being present in place of reactors R-al and R-a2. The product III
obtained at the top of the extraction column K-f2 is transferred into the distillation column K-
cl in which isobutane, isobutene and 1-butene ére removed via the top. The bottom product S-
cl obtained is a (virtually) isobutene-free fraction V comprising 2-butenes and n-butanes. The
distillate IV of column K-cl is conducted directly into a further column K-il in which it is
separated into a bottom product comprising 1-butene and a top product comprising isobutane
and/or low boilers. The bottom product obtained is a 1-butene-rich fraction which, however,

comprises the majority of the isobutene unconverted in R-a.



3813 3680 3674 Total Q [kW 8733 9857 9289 39

I ncreased demand AQ conpared to variant A[% 0 12.9
6.4 Table 5 shows the cal cul ated ETBE qualities, as
can be obtained with variants A, B and C. Table 5:
ETBE qualities of the three variants:

34

Fig. 7

This figure shows the variant B of a two-stage process calculated in the comparative example.
In this variant, stages (a) and (b) are carried out in an arrangement as shown in fig. 2, any
desired reactor system R-al being present in place of reactors R-al and R-a2. The distillate
D-bl obtained from the column K-b1 is conducted directly into a second reactor R-b2 in which
the residual isobutene present in the distillate D-b1 is reacted with the ethanol present and any
ethanol added. The reaction product from the reactor R-b2 is conducted into a column K-b3 in
which the ETBE formed in R-b2 is removed from the residual C4 hydrocarbon stream D-b3 as
the bottom product II. The further workup of the distillate D-b3 is effected as shown in Fig. 6
for the distillate D-b1.

Fig. 8

For better comparison of the arrangement according to the embodiment of the process
according to the invention as has been used in the example in variant C with comparative
variants A and B accofding to fig. 6 and 7, fig. 8 shows a schematic of an arrangement in which
an etherification step is carried out both in stage (a) and in stage (d). Stages (a) and (b) are
carried out in an arrangement as shown in fig. 3, one reactor system R-a being present in place
of reactors R-al and R-a2. Stages (c), (d) and (e) are carried out as described in fig. 4. The
product VIII which is obtained from the extraction column K-h2 is conducted into the
distillation column K-i1 in which it is separated into a bottom product comprising 1-butene and

a top product comprising isobutane and/or low boilers.

The examples which follow are intended to illustrate the invention without restricting the scope

of protection which is evident from the patent claims and the description.

Examples

The example calculations which follow were carried out with the simulation program ASPEN
Plus. In order to obtain transparent, reproducible data, only generally available substance data
were used. The use of kinetic approaches was deliberately dispensed with. In addition, the use
of a reactive distillation was dispensed with in all variants. These simplifications make it
possible for the person skilled in the art to easily comprehend the calculations. Although the

methods used do not have sufficient precision for the design of industrial plants, the qualitative
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two stage Ethanol feed (total) [kg/h] 2426 2545 2548

Mol ar EtOH excess in %5.5 10.7 10.8 EtOH in the ETBE
1% by mass] 5.2

differences in the arrangements are detected correctly. In all variants shown, the isobutene

conversion can be increased by use of one or more reactive distillation(s).

The reactors and ETBE columns were calculated with the “UNIFAC-DMD” property method.
For the calculation of the C4 columns, an equation of state was used with the “Peng-Robinson”
property method. The following assumptions were made:
All reactors attain the equilibrium calculated with UNIFAC fully at 50°C.
The ETBE columns were calculated with a reflux ratio of 0.8. For the C4 columns, the
desired purities of the target fractions were used as prerequisites for the simulations.
In the ETBE columns, a C4/ethanol azeotrope was removed via the top. The EtOH was
scrubbed out with water in extractors which were modelled as simple component splitters.
- The EtOH-water mixture obtained from the extractors was worked up by distillation in a
further column which has not been shown in the connection diagrams. Both products of the
K-EtOH were, if appropriate after suitable drying of the ethanol, recirculated into the

process.

The basis of the calculated examples was a raw material mix of typical C4 raw materials
obtainable on the market. The raw material stream of 10 t/h contains 28% by mass of isobutene

and 35% by mass of 1-butene.

From this stream, the isobutene should be converted virtually fully to an ETBE product with an
ethanol content of approx. 5% by mass. In addition, the isobutene should be removed
chemically by the ETBE synthesis to such an extent that a 1-butene product can be prepared in
an amount of 3 t/h with a purity greater than 99.5%. This corresponds to a 1-butene yield of
approx. 85%/. In the 1-butene product, a maximum of 2000 ppm of isobutene should be
present. In table 2, the composition of the C4 raw material stream is compared to the desired
specification of the 1-butene obtained as a by-product. The amount of ethanol used was from
2426 to 2545 kg/h (i.e. from 5 to 11% molar excess, see below) with a water content of 1% by

mass.
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Three process variants of different suitability for achieving the objective have been calculated

below.

The simplest variant A was a one-stage process which was intended to serve as a comparison.
According to fig. 6, ethanol and isobutene are reacted in a reaction stage R-a up to equilibrium.
In the distillation stage K-b1, the ETBE was removed as the bottom product (II). The column
had 50 theoretical plates and was operated at a reflux ratio of 0;8. The distillate of this column
was a C4/EtOH azeotrope from which the ethanol was scrubbed out, for example with water, in
an extraction column K-f2. The raffinate of the extraction column K-f2 was fed to a C4 column
K-c1 in which isobutane, isobutene and 1-butene were removed via the top. The distillate IV of
- the K-c1 was passed directly into a further column K-il in which principally isobutane was
removed via the top. The top product obtained was a 1-butene-rich fraction which comprised

the majority of the isobutene unconverted in R-a.

The 1-butene prepared by variant A contained 1.91% isobutene, see table 3, and thﬁs did not
achieve the target of 2000 ppm. Moreover, the molar ethanol excess in the feed of R-a in
variant A was restricted to about 5% (2426 kg/h in the example), since the excess EtOH could
be removed as an azeotrope only in the top of column K-bl. Thus, 5.2% EtOH was already

found in the ETBE product. 5113 kg/h of ETBE product having a purity of 93.6% were formed.

A process improvement was investigated as variant B and is shown in fig. 7. In order to drive
the equilibrium further in the ETBE direction, a further reactor R-b2 was connected

downstream of column K-bl and reacted the residual isobutene with the ethanol removed via



(d) etherification of isobutene with ethanol VI (e)
renmoval of an ETBE-containing stream VIl (i) 1-butene

r emoval techni cal m xture of C4 hydrocarbons
[l1fraction conprising ETBE 40 Ill renaining C4

hydr ocar bons P/ 1-but ene and i sobut ene-cont ai ni ng
fraction Visobutene-free fraction conprising 2-butenes
and n-butanes VI ethanol VII BFBE-containing stream
VII1 C4 hydrocarbons fromstage e) or la) Db 1
distillate of K-b] D-b3 distillate of K-b3 D-cl
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200 kg/h was fed to the reactor. The ETBE formed in addition compared to variant A was
removed in a further C4-/ETBE distillation K-b3. The entire C4 stream had to be distilled via
the top for a second time, i.e. the energy demand of K-b3 was virtually just as great as that of
K-bl. Subsequently, the extraction K-f2 and the 1-butene distillation K-c1 and K-il were
passed through as in variant A. The 1-butene product with less than 2000 ppm of isobutene
then just achieved the required product specification. Owing to the higher isobutene
conversion, 5340 kg/h of ETBE product (variant A: 5113 kg/h) with a purity of 93.7% were
formed. The total energy demand of the plant was, however, about 13% higher compared to

variant A.

In the process according to the invention variant C according to fig. 8, a second reaction,
distillation and extraction stage R-d1, K-e1 and K-h2 was connected to a second EtOH supply
as under variant B, between the two C4 columns K-cl and K-i1. This had the advantage that
the greater portions of the feed III of K-c1 were obtained as the bottom product V and only the
portion of the C4 stream which was to be worked up to pure 1-butene in K-il was distilled for a
second time. In the present case, the energy requirement of K-f2 in variant B was more than
twice as high as the energy demand of K-el in variant C. A disadvantage of variant C was that
- asecond extraction column K-h2 had to be provided. Since the throughput through R-d1, K-el
and K-h2 was, though, less than half of the throughput through K-b3 in variant B, the total

capital costs were correspondingly lower.

The amount of isobutene in the 1-butene product was significantly less than 2000 ppm in the
example calculated. When the stream VII was recycled into the first reaction stage a), the

amount and composition of the ETBE product obtained were very similar to variant B.

Table 3 shows the conversions achieved in the three variants. While variant A clearly did not
meet the required quality of the 1-butene product, an on-spec by-product was calculated in the
two two-stage processes B and C. The increased isobutene conversion was achieved in both
variants by virtue of distillative removal of the ETBE reaction product before a second reaction

stage and hence by virtue of increased energy input. The inventive arrangement of the second



D-il K-il distillate, organic phase D-i2 | ow boilers
E-fl extractant inlet E-12 extractant outlet E-h 1
extractant inlet E-h2 extractant outlet K-b
distillation K-b3 distillation K-cl colum for
separating the C4 hydrocarbons K-el colum for
removi ng the ether K-f2 extraction colum K-h2
extraction colum K-il colunnggor 1- but ene renoval
K-i2 colum for isobutane renbval R-a reactor Ra 1
reactor R-a2 reactor R-b2 etherification reactor

conpar at.i ve . ex | e -dl etherification reactor
regctwrrrlpstage in variant %J EetwgenFt{he two E4 columns K-c1 and IE—CE, however, reduced the
amount of the stream to be distilled additionally to less than half. This led to distinct savings in

energy demand and investment.

Table 3: Conversions and 1-butene qualities of the three variants

Variant A, | Variant B, | Variant C,

one-stage | two-stage two-stage
Isobutene in the feed [kg/h] 2800 2800 2800
Ethanol feed (net) [kg/h] 2426 2545 2548
Isobutene after stage 1 [kg/h] 133.1 149.1 149.1
Stage 1 conversion [%] 95.2 94.7 94.7
Isobutene after stage 2 [kg/h] 6.6 5.6
Stage 2 conversion [%] 95.6 96.2
Total conversion [%] 95.2 99.8 99.8
Isobutene in the 1-butene [ppm] 19130 1957 1833
1-Butene purity [%] 97.8 99.5 99.5

Table 4 compares the calculated energy demands of all three variants. In all three
arrangements, the energy demand of columns K-bl, K-cl and K-il was virtually identical.
Although variant A had the lowest total energy demand, the product specification was not met.
In variant B, double the amount of C4 had to be distilled via the top in the ETBE portion, and
its energy demand was therefore 13% higher than in variant A. In contrast, variant C showed a
way of achieving the required isobutene conversion with an energy demand increased by only

6%.

Table 4: Energy demand of the three variants

Variant A, | Variant B, | Variant C,
one stage | two stage | two stage
Q K-bl [kW] 1284 1287 1287
Q K-EtOH [kW] 126 122 155,
Q K-b3 [kW] 1267
Q K-cl [kW] 3510 3501 3580
Q K-el [kW] 593
Q K-il [kW] 3813 3680 3674
Total Q [kW] 8733 9857 9289
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Clains: |I. A process for preparing ethyl tert-butyl
ether (ETBE) froma technical i xture of C4
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i sobut ene, n- butane and 2-but enes, characterized by
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Table 5 shows the calculated ETBE qualities, as can be obtained with variants A, B and C.

Table 5: ETBE qualities of the three variants:

Variant A, | Variant B, | Variant C,

one stage | two stage | two stage
Ethanol feed (total) [kg/h] 2426 2545 2548
Molar EtOH excess in % 5.5 10.7 10.8
EtOH in the ETBE [% by mass] 5.2 5.0 5.1
ETBE in the ETBE [% by mass] 93.6 93.8 93.8
Amount of ETBE [kg/h] 5113 5340 5318

Table 5 shows that similar qualities of ETBE were obtainable with variants A, B and C,
although the quality of the ETBE according to variant A with regard to the ethanol content and
the ETBE content was in each case higher and lower respectively than for variants B and C and
hence poorer. Since variant A, as can be taken from table 3, additionally also afforded only
relatively contaminated 1-butene as a by-product, variants B or C are preferable in spite of the
higher energy demand. It can be taken from the results listed in table 4 that the inventive
variant C had a distinctly lower heat demand than variant B and hence constitutes the

- energetically most favorable variant in relation to the quality of ETBE and 1-butene.

The designations in the figures fig. 1 to fig. 8 have the following meanings:

(a) partial isobutene conversion to products

(b) separation of the product from (a) into a fraction II comprising ETBE and Cy4
hydrocarbons III

(c) distillative separation of Il into IV and V

(d) etherification of isobutene with ethanol VI

(e) removal of an ETBE-containing stream VII

(i) 1-butene removal

I technical mixture of C4 hydrocarbons

IO  fraction comprising ETBE



b) renoving the unconverted C4 hydrocarbons I11. from
the effluent of stage a) by a thermal separating
process to obtain a fraction Il conprising ETBE, c)
distillatively separating the C4 hydrocarbons IIl into
a fraction IV conprising at |east 1- butene and

i sobutene, and a virtually isobutene-free fraction V
conprising at |east 2-butenesg@nd n-butane, d) again
reacting the isobutene present in fraction IV with
ethanol VI in the presence of an acidic catalyst to

H%i Yﬁ“@}?ﬁ?ﬁquéﬁﬁ%yg t he unconverted C4 hydrocarbons

uent of stage d) to obtain a
IV r aGbutene addliscbarpe-c&itaiging TREior2. A process accordi ng
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a reactive distillation. I A process according to
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i d-catal yzed.etherifjication in stage d) is carried
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E-f1  extractant inlet
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K-bl distillation

K-b3 distillation

K-cl column for separating the C4 hydrocarbons
K-el column for removing the ether

K-f2 extraction column

K-h2 extraction column
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R-a  reactor

R-al reactor

R-a2 reactor

R-b2 etherification reactor (comparative example)
R-d1 etherification reactor

S-i1  1-butene

S-i2  isobutane



characterized in that, after stage e), a residual
anount of ethanol in the C4 hydrocarbons is scrubbed
out in an extraction step with water. 6, A process
according to at |east one of clains 1 to 5,
characterized in that, the acid-catal yzed
etherification in stage a) is carried out in such a
way that at |east one reactiomjstage is carried out as
a reactive distillation. 7. A process according to
claim6, characterized in that the acid-catal yzed
V?%tﬂefsb{térﬁ%% %pattg)p stage a) is carried out in at |east
two reac i1 osta es, at least the last reaction stage
- WbeknGondnsdred out as a reactive distillation. 8. A
V@%gcgss according to either of claims 6 and 7, _
eYYR YT N that, in stage a), the last reaction
wBhadeoh&sarried out as a reactive distillation in
whi ch stage b) is carried out. 9. A process according
V-0l aBolt@astaporsgorof clainms 1 to 8, characterized in
hat .it. has, between stages b) and c), a process step
V‘%f? GOUWPSR a residual ampunt of ethanol is scrubbed
vout Bgttdrﬂevgégmjwdr ocarbons Il obtained as the top
roduct in an extraction step wwth water. 10. A
“f%ﬁ%c@@%deaﬁeéordl ng to at |east one of clainms Ito 9,
hargggtoqlrl g&ira‘t& that, in process stages a) and/or d),
| éast one reactor is operated in | oop node.
W-12 Condenser

W-i3  Bottom evaporator

W-i4 Condenser



11. A process according to at |east one of clains 1 to
10, characterized in that 44 pol yunsaturated

hydr ocar bons present in the C4 hydrocarbon streans are
hydrogenated catal ytically in an additiona
purification stage which is connected upstream of one
or nore of process stages a), b), c) or d). 12 A
process according to claim1l,characterized in that,

t he pol yunsat urated conpounds are hydrogenated in at

| east two reaction stages, at |least the |ast reaction
stage being carried out in t@shg§esence of fromO0.05
to 100 ppmw of CO. 13. A procéss—according to either
of clainms 11 and 12, characterized in that the
hydrogenation is carried out as an additiona

Purt PFREES & Breager &tk dnl-privlceder SEABES fyn andechyical mixture of
14'&’%&/@09&8&%,16\9 10F gbrﬂﬁrlstep aﬁieaételagﬁter%n ?so%[ueﬁé .k ri'e gn% 2-butenes,
13, ¢ t dge a? IS

aracterized in that e reactionins
carcbectaited ibp tisueheeas steps dfhat t he conversion of the

I sobutene in process stage a) is over 70% 15. A | ‘

pr ag dsacting @d)rogtilquoftge &P&g"é’g i esaﬁtemd]pe fechninad nilX{LBC vﬂﬂl ethanol in the

char agtRhéZ&Gniabidid\@talfsh® a6 Eigr cat al yst used in the

reaction of isobuteneh ethanol is an ion exchange

r ed) rremoving the unconverted C4 hydrocarbons III from the effluent of stage a) by a
thermal separating process to obtain a fraction II comprising ETBE,

c) distillatively separating the C, hydrocarbons III into a fraction IV comprising at least 1-
butene and isobutene, and a virtually isobutene-free fraction V comprising at least
2-butenes and n-butane,

d) again reacting the isobutene present in fraction IV with ethanol VI in the presence of an
acidic catalyst to give ETBE,

e) removing the unconverted C,4 hydrocarbons VIII from the effluent of stage d) to obtain

a fraction VII comprising ETBE.

2. A process according to claim 1,
characterized in that
the acid-catalyzed etherification in stage d) is carried out in such a way that at least one

reaction stage is carried out as a reactive distillation.

3. A process according to either of claims 1 and 2,
characterized in that
the acid-catalyzed etherification in stage d) is carried out in at least two reaction stages, at

least the last reaction stage being carried out as a reactive distillation.

4. A process according to at least one of claims 1 to 3,
characterized in that,
in stage d), the last reaction stage is carried out as a reactive distillation in which stage €) is

carried out.



16. A process according to at |east one of clains 1 to
15, characterized in that the streamVIl wich is
obtained in the renoval of the C4 hydrocarbons VIII
and whi ch contai ns ETBE and unconvented Ethanol if
applicable is recycled fully or partly into step a)
and/or b). 17. A process according to at |east one of
claims 1 to 16, characterizedsin that 45 ethano

whi ch contains fromO0.05 to 1% by nmass of ETBE as a
denaturing agent is used in process stages a) and/or

s A_progcess cording tao at |east one of clains 1
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f caghdt@ive¥hd fhapbt ai ned in step e) is worked up to give
1- but ene which has a content of isobutene of |ess than

5060 Pne). agsidnalcangissiof Pt dhthei (i ligreseiane s sorbhed out in an

or ts by mass of ETBE, fromO to 5
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of tert-butanol, less than or equal to 1.5 parts by

ss of hydrocarbons with_a .nunber. of carbon atons
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e??ﬁgﬁ{%%ﬁé?%?H%ﬁTﬁééﬁaéaﬁgﬂgﬁg?ggferized in that the
conposition has a maxi mumof from1l x 10-4 to 1000 x

104 parts by.mass of diethyl ether. 22. A conposition
TabdIPershEroPEingto|cka®td one of clainms 19 to 21,

characterized in that
the acid-catalyzed etherification in stage a) is carried out in at least two reaction stages, at

least the last reaction stage being carried out as a reactive distillation.

8. A process according to either of claims 6 and 7,
characterized in that,
in stage a), the last reaction stage is carried out as a reactive distillation in which stage b) is

carried out.

9. A process according to at least one of claims 1 to 8,
characterized in that
it has, between stages b) and c), a process step f) in which a residual amount of ethanol is
scrubbed out of the C4 hydrocarbons IIl obtained as the top product in an extraction step

with water.

10. A process according to at least one of claims 1 to 9,
characterized in that,

in process stages a) and/or d), at least one reactor is operated in loop mode.

11. A process according to at least one of claims 1 to 10,

characterized in that



characterized in that, the conposition has from90 to
95 parts by mass of ETBE, froml to 5 parts by mass of
ethanol, fromO0.5 to 1 part by mass of tert-butanol,
fromO0.5 to 1 part by mass of hydrocarbons having a
nunber of carbon atons greater than or equal to 5,
from0.1 to 0.5 part by mass of hydrocarbons having a
nunber of carbon atons of 4 anggyfromO to 0.05 part by
mass of water.

polyunsaturated hydrocarbons present in the C4 hydrocarbon streams are hydrogenated
catalytically in an additional purification stage which is connected upstream of one or more

of process stages a), b), c) or d).

12. A process according to claim 11,
characterized in that,
the polyunsaturated compounds are hydrogenated in at least two reaction stages, at least

the last reaction stage being carried out in the presence of from 0.05 to 100 ppmw of CO.

13. A process according to either of claims 11 and 12,
characterized in that
the hydrogenation is carried out as an additional purification stage between process stages

b) and ¢).

14. A process according to at least one of claims 1 to 13,
characterized in that
the reaction in stage a) is carried out in such a way that the conversion of the isobutene in

process stage a) is over 70%.

15. A process according to at least one of claims 1 to 14,
characterized in that

the acidic catalyst used in the reaction of isobutene with ethanol is an ion exchange resin.

16. A process according to at least one of claims 1 to 15,
characterized in that
the stream VII wich is obtained in the removal of the C4 hydrocarbons VIII and which
contains ETBE and unconvented Ethanol if applicable is recycled fully or partly into step
a) and/or b).

17. A process according to at least one of claims 1 to 16,

characterized in that



18.

19.

20.

21.

22.

45

ethanol which contains from 0.05 to 1% by mass of ETBE as a denaturing agent is used in

process stages a) and/or d).

A process according to at least one of claims 1 to 17,
characterized in that
the C4 hydrocarbon fraction VIII obtained in step e) is worked up to give 1-butene which

has a content of isobutene of less than 5000 ppmw.

A composition containing greater than or equal to 90 parts by mass of ETBE, from 0 to 5
parts by mass of ethanol, from 0 to 2.5 parts by mass of tert-butanol, less than or equal to
1.5 parts by mass of hydrocarbons with a number of carbon atoms greater than or equal to
5, and less than or equal to 1 part by mass of hydrocarbons having a number of carbon

atoms of 4.

A composition according to claim 19, obtainable by a process according to any one of

claims 1 to 18.

A composition according to either of claims 19 and 20,
characterized in that
the composition has a maximum of from 1 x 10 to 1000 x 10™* parts by mass of diethyl

ether.

A composition according to at least one of claims 19 to 21,

characterized in that, _

the composition has from 90 to 95 parts by mass of ETBE, from 1 to 5 parts by mass of
ethanol, from 0.5 to 1 part by mass of tert-butanol, frorh 0.5 to 1 part by mass of
hydrocarbons having a number of carbon atoms greater than or equal to 5, from 0.1 to 0.5
part by mass of hydrocarbons having a number of carbon atoms of 4 and from 0 to 0.05

part by mass of water.



