10

15

20

25

30

O Z. 6135-WD 1 Process for preparing 1-ol efins by
OcattdBHtWE cl eavage of 1-al koxyal kanes The present
invention relates to a process for preparing 1-ol efins
from 1-al koxyal kanes, in particular to the
preparation of 1-octene frorh 1-al koxyoctane, by
catal ytic alcohol elimnation 5 under nonisonerizing
ondi %ong. OnM ng, t.o Hpeir reactivity, olefins are one
Lacesh IO I :RAaring L-0ELLS DY, Calaiy CAYAae ".'.3.'-19,:_-.... 72
chem stry. They are precursors for a multitude of
conpounds, for exanpl e al dehydes, ketones, al cohols,
Teaptossytl ingerzindslaesdtchal prgeess danpepmits;, 1 Ddinsaf:émubalkoxyalkanes, in
in large, amounts to_prepare- 10 hono- or cooligoners
PG R BE BHEAEBBI%§ eacdenct g dealkpreciss yiot il alsphol elimination
uRRE YK SN B8 coriizie and propene are prepared in
| ar ge anounts worl dw de by steantracki ng or by
catal ytic cl eavage of hydrocarbons. In these

rocesses, considerable amounts of C4 ol efins . o

Opiing, B fhsifereact Vi, tlgfs are feedfe e mAY iompastask synsheticeunits in organic
: Vi nNg: ur. C o)

CGRER e 5 FLETYPS BT S ARNRSY o RBRR e, conc,
alswpéy, atiborylaf acsdscind indogen ddinpoundss Thap ahisad e trgd Ahounts to prepare

exanpl e, .in cracking processes, is industrially
hazepsiar gogligpmats ap emenrand copolymgrse for skamplepohyeyhyiene or polypropylene.

i near or branched, in which case the position of the

doubl e bond may be term nal ((x-olefins, 1-olefins)
Etbend aridegropdne afberepredan lageh@bums wWdrkkBde BY Giehm€racking or by catalytic

industrially post_ inportant product group.
clegvagg aﬁb%ﬁﬁrhor&: & dresh grosausas. ongideraRlermanmes of etotafims (isobutene,
1-BliEndi 206hed ] BAS, AU ik 25 production of

vari ous chem cal products. For exanple, surfactants,

pl asticizers, lubricants and polyners are prepared

from 1-octene. An economcally inmportant field of use
Olefing having ease than fegr earbomgtomsciaverrorapidly mcpaisingemsnber of isomers. A

jally in difi.e ol yet.hyl ene.and nodi fj ed . ,
selg%%y?/@r g)%:cf)y grl}el.sglgf)r ﬂpéﬁé > |5 nQAPINGh e FAT N amLe: ol S5aRkigg processes, is
jn%gﬁﬁgwaﬂ@mﬁmmbmcﬁﬂ@hkh9n pol ynmeri zation reactions
ased on

Higher olefins may be linear or branched, in which case the position of the double bond may be
terminal (ci-olefins, 1-olefins) or internal. The linear a-olefins (LAQs) are the industriaily most

important product group.

Straight-chain o-olefins such as I-hexene and l-octene are used in large amounts in the
production of various chemical products. For example, surfactants, plasticizers, lubricants and
polymers are prepared from I[-octene. An economically important field of use is the use of

l-octene as a comonomer in polymers, especially in modified polyethylene and modified

polypropyiene.

Higher linear olefins are obtained, for example, by addition polymerization reactions based on

ethene or by dehydrochlorination of n-chloroparaffins.



1

10

15

20

25

30

et hene or by dehydrochl orination of n-chloroparaffins.
Od.B136¥6- W0 2 Ethene can be oligonerized with the
aid of Ziegler catalysts (triethylalumnum, in which
case a mxture of unbranched & ol efins having even
carbon nunber is obtained. Further preparation
processes for a-olefins are |i kew se based on et hene

f eedst ock, . but . djff bstantially by the ) .
E@E‘E‘%’V’s e %‘é%?’gnq“&?‘ﬁl e %F i%{)%é?lrfalarf Fas#yyts feethy)mhinings), in which case
N SkS. Wi Q LLi :
B LS TR s,
Fudeiel poepaéitioheproteb@R6for \Pblefids aR. likedAdse? B&ell- onF@hene as a Clieedstock, but

instance, a nickel -phosphi ne conplex catalyst is use
diffgr syhstangpihe hi tes pajelvetrysed forothei dligomerisHion @eoc@gplied Homogeneous

C{tgggll:sl an\gggéagr&lr?g{ahp%_ _o%%p%%ﬁés,”, qﬁi%hgﬁf id%.ﬁ%gl% S,el\k/.A.Herrmann, VCH
VéNgeWesBBRn Phegrivel, 1, YChl5 Y88 b & r%iﬁh&iahrﬁéél%?_%goéﬂhﬂle complex catalyst

ed., p. 95 ff.). 10 I'n one variant of t
is pisee dass theuetherm chgumarizatbef imshehSHIORypeeess @hell ddgher olefin process)

carbon. n r..c e _prepa from.ethen his.
S PERR oY SR eE K W bR anel o, wgtistaglec Dsapisehy Chemic”, VCH
ValeReintRih 0084t 841 prys gqubl e bond i soneri zati on,
i.e. shifting of the doublé& bonds, and cross- .
Inpse yahagiod t{eeSHORqiryiss Junbfantieel @obkfing having even favdédicarbon number
I nt er nal ubl e bonds with ethene. 15 For the -
can E’&ﬁﬁF%ﬁf?Cg gt c1BeRs Tk PrRsess cOmPRisErathaTer feagtionysetsy pecifically ethene
b - i ncl . r mal
CIDRERPRER. A0NE P MR, 1 ik WS douts hgpas. and cross
metethysds (egieematyisish of tblobsfinnaixuas havidg nseRsEaUBI bdhad MaGRhene.
chloride elimnation). In these processes, olefins
havi ng predom nantly i nternal dou?! e bgnds are forned
+0l e .
Fof i 8 Pn S IGRMIECLES b s Lt imbresisadove been found toinclude
thermot exssldag foatalpicajeaydogeditighend ohiefihimghRY fdrbPéhation (chlorination and
di sadvantage that a nultitude of a-olefins o
subgedpell Syerogamehiondnelimingiom) ways formed, which firstly
has to be separated in a costly and inconveni ent
manner and secondly greatly reduces the yield of the

In Ziesel @sdcesids 2ol efief havingThed RhREREH terBAI BRI GHds REERSAE and can be
for the preparation of 1-octene are based mainly on
copyested gquo-olefins by cross-metathesis.

However, the abovementioned processes for preparing higher olefins have the disadvantage
that a multitude of o-olefins of different chain length is always formed, which firstly has to be
separated in a costly and inconvenient manner and secondly greatly reduces the yield of the

desired c-olefin.

The processes employed at present for the preparation of 1-octene are based mainly on the raw
material ethene. Olefin mixtures are obtained from which 1-octene is recovered by distillation.
For example, it is possible in the SHOP process under optimized reaction conditions to obtain

only an olefin mixture having a maximum I-octene content of 25% by weight.

In addition to the cthene-based processes, the isolation of 1-octene from the product spectrum
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material ethene. Oefin mxtures are obtained from

Owhi6bdB5-WQct ene is recovered by distillation. For
exanple, it is possible in the SHOP process under
optim zed reaction conditions tp obtain 30 only an
ol efin m xture having a maxi num 1-octene content of
25% by weight. In addition to the ethene-based

ocesses, the isolatjon of 1-octene fromthe product
ot dARERF ISR RoBsCh sy ABe i aciiionly exinghisrusrTighgsamnicance.
synthesis has additionally gained industria
significance. In addition to the ethene-based
Inprdgigaomatol G qshanedsses prephatibh tesoasdss ethal Iferadirs alses@Sscloses processes
.rocesigin%%ﬁich use 1, 3-butadiene as the raw materia
whigh uss, b putpdicng e Sreopurmariens . fostheyl dsteneprenaratitnene i s
used as the raw material basis, 1-octene is not
obtained by the direct synthetic route, for exanple
Whem 173-blitadiene &t used, ashihé ravatnedrial ibasis eV-et@he iLAGIdMARed by the direct
S&Fﬁﬁ' For _ instance, WD 92/10450 describes a process
SYRthetihTeye 1 o5 aipds dreajdimedzationd bpt ethareviaisavérgl rasctions steps. For
. a . ive 7-oct adi,enyl et.her )
nARIRNR0, 091810k RIS 8L GRS et rteremialy
wilh methaaaly@cdtbae) fo give @l FRveddienaretah wiittliafler AY#EBnkfon to the octyl
give 1-octene. EP O 440 995 follows a simlar” route,
ety (e ghbmetheypeang) sis sldased everian ackdic 1M1, totgbye IWottena EP 0 440 995

rboxylic acjd characterjstic.of all processes is )
fofl AL RS 355t bl e SERHAS o elr€od et Bog @iy arpporyic acid. A
chaScletitd O BETAIE BFdcetkes 1if thO&irke bRIFBL @b 1 Which dist @FRREN 0 generally as
(for exanple water, nethanol, ethanol an car boxylic

telgmiedyation. deribe aglpmerizioned wioghn gfarasxagmie water, methanol, ethano! and

- but.adi ene, equi val ents) to give a 15 tel oner, .
caprbs i i eseplaatited with bpklehl T odiacine. Eamnalnes) to give &
telbtibadi ene, as described, for exanple in WD 92/ 10450

or EP O 440 995, the 1l-octene is obtained by cleavage
of a 1-substituted n-octane (al koxyoctane). The
electivities in this step are often_unsatisfactory.

In Bs KRONTRIACEESes; FAT DiSPANY obpalensrsed 08 Brigdient: asyleseibed, for example in
WQ@ZﬁgﬁSO of EPN M08 iR 126dhE RS gb@neaggg%\ég{i Ieo(}% l(lj—;h;b%g?{?ted n-octane

in the cleavage of 1-nethoxyoctane

(alpoxyoemnelacTl: molcfivides dhutinatepThe ofteavagaticthcidry. @Rt instance, in
wosIARe. 2 %eilgcgiv% 15 Sl hneS S iy 663 %5 athicved ot 8 e an® of 80% in the
cleavage of 1-methoxyoctane over pure alumina or over acid-modified alumina.

The cleavage of 1- and 2-octanols and Cg-alkyl esters, and of 1-alkoxyoctane to I-octene, is

also known in the patent literature.

The cleavage of tert-butanol to water and isobutene is carried out in EP 0 726 241 by means of
acidic jon exchangers in a reactive distillation. The application of this reactor design to the

cleavage of methyl tert-butyl ether to water and isobutene can be taken from EP 1 149 814.

JP 02172924 describes the cleavage (dehydration) of 1-octanol, which has been obtained by a
telomerization reaction of 1,3-butadiene with water and subsequent hydrogenation, to 1-octene
and water. One catalyst used for the cleavage is a sodium hydroxide-modified calcium

phosphate.
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al so known in the patent literature. 25 The cl eavage
Ogt. 61ép<Weut anol to water and isobutene is carried out
in EP O 726 241 by means of acidic ion exchangers in
a reactive distillation. The application of this
reactor design to the cleavage of nethyl tert-butyl
ether to water and isobutene can be taken fromEP 1
149 814. JP 02172924 describes the cl eavage
(dehydration) of 1-octanol, which has been obtained by
EP 0 $) 593 ﬁgé‘?:ﬁbé@iﬂcotﬂergﬁag%iéagé%eo&f ks &Véfgddb?ﬁﬁeal\”ﬁ%ga a telomerization
wat er and subsequent hydrogeration,”to l-'octene “and
reagitoar andOsebsequieal \hytirogswaiohpro t1hetdlee Meag@aliysts ars QédIM the cleavage
hydr oxi de- nodi fi ed cal ci um phosphate. O Z. 6135-W0 4
TCEPI- 440 995 describes the thermal cleavage of al kyl
esters, obtained froma telonerization reaction and
subsequent hydrogenation, to 1-octene. No catal ysts
Thar eletsd ofh alkbgygkeRY de@ers) @81t isSlifOeis€leRWAISoRle studies were
al koxyal kanes (ethers) to olefins is |ikew se known. .
PuBljghedt the dat ﬂéﬂ'@ 20guerntwhicier axampie therdeavagd of ¢thers @ver Japanese acid

YA ol le t avage of ethers ogver .
c@ggﬁe ailf) g%é%tﬁ[gyfe(\/@&tgég%{le@ge%g?qegh Siqischatt, 1904, 37, 2961; K.
Kdsniths Buth ChBersss hpmn 18seetdyschaft, 1904, 37, 2961; K

Kashi ma, Bull. Chem Soc. Jpn. 1930, 25). 10 The
cl eavage of a nethyl ether in the presence of alum na,

T}%:c &%@H‘I@Rg ?nqgﬁF?&%?%sﬁ{/&Hgﬁpeﬁgﬁ?cgl%f L%lglﬁbqufﬂgglq%% Xqi:@%pgfétes, aluminum

silfaleh aindsmixsurt of aRiniheatsiidtdsanit® imdid1HHRSIR: Ahd Me@P Lulfates is the
483. 15 CN 1158277 A clains catal ysts selected from

subysefi atesy of thei pagant 855 YO 432) , thori um oxi de (Tho2),
the oxides of the alkaline earth netals, of the rare
earths and of the netals of group IV B for the

CK 188277 AOE|ainh K 2N 34tK 3OBSted T 1i0difidd\sikdGPBRRe (Si0,), thorium oxide
di scl oses the cl eavage of 1-nmethoxyoctane (octyl

(Thphihe axidpsrof thepalkalinetearth nigtals,d the rare earths and of the metals of group IV

B for the cleavage of alkoxyalkanes (ethers).

CN 1165053 discloses the cleavage of 1-methoxyoctane (octyl methyl ether) to 1-octene in the
presence of a magnesium oxide-modified silicon oxide. It was possible using these MgO-SiO,
catalysts to achieve 1-octene selectivities of over 95% at 1-methoxyoctane conversions of over

80%.

The cleavage of 1-alkoxyalkanes can be carried out either in the liquid phase or in the gas
phase. In general, the cleavage of I-alkoxyalkanes to 1-olefins is carried out as a
heterogeneously catalyzed gas phase reaction. For this purpose, DE 101 05 751 discloses the

use of 8iO; and Al,O3, both unmodified as a pure substance.

In summary, it can be stated that the known processes for cleaving alkoxyalkanes or alkanols
are carried out over acidic catalysts such as sulfonated ion exchange resins, Al,Oz or SiOs.
However, acidic compounds catalyze not only the cleavage but also the isomerization of the

resulting 1-olefins to olefins having internal double bonds.
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20 presence of a magnesi um oxi de-nodi fied silicon
Ok i6d25-W® was possible using these MJO-Si2 catal ysts

to achi eve 1-octene selectivities of over 95% at

1- met hoxyoct ane conversions of sover 80% The cl eavage

of 1-al koxyal kanes can be carried out either in the

liquid phase or in the gas 25 phase. In general, the

cl eavage of 1-al koxyal kanes to 1-olefins is carried

out as a heterogeneously catal yzed gas phase

r Spget d Ofedi Al S - 0 ' 0ses :
Inf RERGCD UGBt LA 3 s R AR BB R ST are umdesivea
inzois oieime . which eambateyoviet! frmn thee! -slefinggoddrats VilRe WABWRIth difficulty.

ocesses for c|eaving al koxyal kanes or al kanols 3
lgfgﬂé RARGTIZRE BRRdibRnsr aalcplafie c@ntbsl spaverted kholghins having internal double
- ' : hesinsg, : 0 i.02. . .

D A P OB PR By BB B s pperation of L-oefins, the
foohamnagfeldfitis lavEg ihfeenal doubae baddsi (@Ner@hl d18@n isoRRW)tid Mesired for two

l-olefins to olefins having internal double bonds.
regsops, fEiBsowimego hayighldpss @ seeondhp owing todhe kevel ef tephnical complexity

d ue, e - | ctis-fornmed are desi.red .

fo? E%efréﬁlﬁvg{) Pg?{leng'oﬁﬁcﬁg%alﬁ[%gﬁ renovET s r‘?llqcﬁéﬂe Boiling points of the

isdma@icediefingire dloeé todnevabiker.only with difficulty. Under
i sonerizing conditions, a 1-olefin can be converted to

ol efins having internal double 5 bonds until the

ther modynamd ¢ equil jibriumis.established. | he
THEPEREPRAIR IO o il e, 5B Sl d-atkonyalkane or
frdb@vdnn glkiafé1efsn Beredonebh &scRRAGS {daRh®r BRlthO k&bt pfcHAPEWikh substantial

is undesired for two reasons, firstly ow ng Po the
mipirazgtioroefss gvseqieridpdnsrizaiongf the I-plefin Suwiedof

technical conmplexity for the renoval of the 1l-olefin

frominternal olefin isoners, since the boiling points

It Bds ddWe bedrSRIMRY itﬁatQh@fsélét?tivﬂﬁl%f%@él%a\?a%e%??nﬁlgl?iy@ﬁ{aneslg 1-olefins and

The requirement for an industrial process
thepratigenti Ingledin 10 gitehilnolefimms adistinatlk ompmivkdiretherpredencamofibasic catalysts
baalkanol.'k.s tggﬁefore.a seLective.cIea¥Fge,to t he
A G OH 5 AMMINGG QT rSoHE i AR BATISOP{ GinRC G Galptts wsed to date.
subsequent isonerization of the 1l-olefin fornmed. 15 It
has now been found that the selectivity of the
Thelieanége pofvidmstapoyat Kam@spdringlo-oleihi haviagdrom 3 to 16 carbon atoms by

catalytically cleaving 1-alkoxyalkanes, wherein the cleavage is carried out over alumina and/or
zirconia containing from 0.01 to 10% by weight of at least one alkali metal and/or alkaline

earth metal oxide.

In the process according to the invention, alkoxyalkanes having the general structure
(R1)}-CH2 CH»-O(R2) can be converted over the inventive catalysts to the corresponding
L-olefins having the general structure (R1)-CH=CHj.

Analogously, compounds of the general formulae (R1)-CH,CH,-OH or (R1)CH(OH)CH; can
be converted to 1-olefins having the formula (R1)-CH=CH,. |

The group (R1) is preferably a hydrocarbon group having from 1 to 14 carbon atoms; the group

(R2) is preferably a hydrocarbon group having from 1 to 4 carbon atoms.
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the ratio of 1l-olefin to internal olefins is

Od. $137d¥0Oy i nproved in the presence of basic catal ysts
based on nodified alumnas or zirconia in conparison
to the acidic catalysts used tg date. The invention
provi des a process for preparing a-ol efins having from
3 to 16 carbon atons by 20 catalytically cleaving

1- al koxyal ka wherei n the cl eavage. is carried out
P B e R PR PartiieS B e HGare FopAEnce e, isobutene
orliOfatbye Wei ght of at | east one al kali netal and/or

al kaline earth netal oxide. In the process according

to the invention, al koxyal kanes havi ng the general

structure 25(£R1)-C}Z_C+E-C(R2) can be converted over
Then-oleiins drpRAEed BY HieyRiPSest gogaiding de s isoyRrfiarghave preferably from 4 to 8
catb £ L0s having the general structure (R )-CH=CH2.

Anal ogously, conpounds of the general fornulae

(R1) - CH2CH2- OH or (R1)CH(OH) CH3 can be converted to

l-olefins having the fornmula (Rl)-CH=CH2. 30 The group
In thy ylepwagsraff eplkbryalkangs; dr- methospoctaico dsthaaybergnd, rtemablityl methyl cther

R U N T N .

clédvéd 16 XBS-WesponBing! @oldhs PIrIINESIDILT arld e PEIRKS Sdtained is preferably
according to the invention are 1-octene,

L-qctenen { eiatene.dbahugane or 3rmdthijut-butene. The a- ol ef i ns
prepared by the process according to the invention
have preferably from4 to 8 5 carbon atons. In the

In ﬁeﬁ?“ﬁ@eﬂ;@ aBdordm@lié eheVial &R Sthe b1ABA R Wr?&tlgaﬁf(g?lkanes to the 1-olefin is

oxyoct ane, tert-butyl methyl "ethe
preferablyspapiiechmtt y k hetehmenedushytcatalyded ebhphase rdnetiorar
tert-amyl butyl ether in particular are cleaved to
the correspondi ng a-ol efins and al cohols, and the
Thel @fdl I ' y 1-.06 ,

R ekl AT BRCPFFERa e Y NAREbE AR prdeeP ) B and srongly
basic contalysiy fToe t dtutalystv ersed oin, atdoedanke avalgethof intvBftion contain, as main
1-al koxy?l kanes to the 1-olefin_is preferabl Iv( carried _
COFRPIEILS, 2 HENE ABYEh eberNd and rheyil pak! prieealkeline qagh, metal oxides.

AsRirthBE cGRAbaheRRL, Sh ] € opding to. the. .
%nventfonbare pré?ggggkgnkg§fcIg%gﬁgyggﬁbﬁ§kﬂg’Sﬁwo“‘homdeaDWbr
thorium oxide at from 0.01 to 3% by weight, preferably from 0.5 to 5% by weight. These

catalysts are basic in the context of the present invention.

The proportion of basic metal oxides (hydroxides are converted to oxides by calculation) in the
catalyst is preferably from 0.01 to 10% by mass, more preferably from 0.1 to 5% by mass,
especially preferably from 0.1 to 3% by mass. Preferred alkali metal oxides are sodium oxide
and/or potassium oxide. The alkaline earth metal oxides used are preferably magnesium oxide,

strontium oxide and/or barium oxide.

Preference is given to using y-aluminas having a BET surface area of from 80 to 350 m¥g,
preferably 120 - 250 m%g. The catalysts are prepared by known methods. Common methods
are, for example, precipitation, impregnation or spraying of an Al,Os body with an appropriate

salt solution and subsequent calcination,
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basic catal ysts. The catal ysts used in accordance with
OthélBmnvédt i on contain, as main conponents, alum na

and/ or zirconia, and also alkali netal and/or alkaline

earth metal oxides. As furthery conponents, the

catal yst may conprise titaniumdioxide, silicon

di oxi de and/or thoriumoxide at fromO0.01 to 3% by

wei ght , pref erabl rom0.5 tq 5% by weight. These 20
THE billyiss BR bR eI iR Too ax of P fhleisontinders, extrudates or
ﬂm%yention. The proportion of basic netal oxides
(‘hydroxi des are converted to oxides by calculation) in
the catalyst is preferably fromO0.01 to 10% by nass,
nore preferably from0.1 to 5% by mass, especially
They dradkamialkans ofno be ¢lerved, By thingieseppeafofr subgtansdeamihich are inert or
- S X . a assi um
S Ry Rl e o e Sl "B o argon, but aiso
wiee seaabdryalkagsefor sramye d@ethasd, pasPane By ekt dem@Rdl Qher, may be added.
bari um oxi de. Preference is given to using y-alum nas
Theaiorgrtignmttheser gt substenced fis preferpy hetvaso0 mrd §0% by volume, more

- n2/a. Th talysts repar ed
prplofibfy B\er fidna SO0 RICofme g, 6AWBY B1u34 3P, B F8RGR N, between 0
andr2064 by valuirerdr b8 ONAHI10% By valRmayi ng of an A1203
body with an appropriate salt solution and subsequent

Indh¢ Prasass epsording to E3BveRLion, thehdeavagalof shes 1 akoxyalkanes is carried out

i atel ed in the form.of spheres, tablets . .
coggﬁllgoglgfé)r% baé%v&r'{%e dg\{eé S§uséprendc?cf %%glystﬁ.ﬂgp@%ﬁl @)&gg}l).ksé%granged in a fixed
bedain e giseph8e orNniiXtd REGALAS Hhale TUBRIAREGS ML @BRying out the

inert or 5 substantially inert under the cleavage

CoOpBRHIUS iclgrageryer estalps arrangedimgéinedbedir gon, but al so
wat er, steam or al kanes, for exanple, nethane, propane
or else dinethyl ether, may be added. The proportion

In@lhe édiImB0REELvaiH REHAREES oSS RaRERE ARY b RElURSE! - -
90%/0 by vgl ums,vargmre pre gr atsal y betvvegneo fgﬁ%ﬁg%(%gﬁg}%camed outin

Ong G mEe aliages, biad ediebatidalln gpoBO8dpivally,qirefiemblsnertubléy isetherrBally, i.e. with
d 20% by..vol bet 0 and 10% b I .10
R TR AT A A
apBropAYRBL tdllak Ractord] kpXyablanes Jiﬁuﬂlﬁrrirsb@lgnﬁ’ﬂh. Preference is given to
continuously or batchwi se over suspended catal’ysts or
opprfing dhé atleavege ah ysstargharmaanghdwevera itf inagdalso be operated with product

recycling. It is possible to at least partly remove the products between the reactors.

1-Alkoxyalkanes can be cleaved at temperatures between 100 and 600°C, preferably between
200 and 450°C, more preferably between 280 and 350°C. The cleavage may also be carried out
at distinctly lower temperatures, for example 100 - 250°C, preferably 100 - 200°C, for example
in the cleavage of methyl tert-butyl ether (MTBE) or tert-amyl methyl ether (TAME).

The pressure (absolute) under which the cleavage is carried out is typically between 0.1 and
25 bar. Preference is given to pressures between 0.2 and 10 bar, more preferably between 1 and
5 bar. The weight hourly space velocity (WHSV), reported in grams of reactant per gram of
catalyst per hour, is preferably from 0.01 to 30 h™, more preferably 0.1 — 15h™, most
preferably 0.5 - 10 h™'.
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bed in the gas phase or m xed |iquid/gas phase.
O 6185-80e is given to carrying out the continuous
cl eavage over catalysts arranged in a fixed bed. 15 In
the continuous cleavage, differgent process variants
may be selected. It nmay be carried out in one or nore
stages, and adi abatically, polytropically, preferably
virtually jsothermally, i.e. with a tenperature
The FleRYagh! 9%l eop-a{l%vfé%mey tp eselefinmanayobs camriedheut| undesfull or partial
- ynal r pr| t reactors
e on” s EREKR et B ROIP BHE Bl AT Bt B ey coter cleavage
prodwcenhive beep esnadviedgbd ReydeEAVAGR cldivaid. BlodRbeDASS also possible to only
However, it may also be operated with product 20
repg¥y dhs deplefin and qpsiosplly @ pastignr af thetclgpyped produrisvand to recycle the

i ' o 1- Ak | k
relpdfioft G BretbEa Bk Bl nedifielng Sooe o "

erat ures

Prpfeednet ablgyvehefoneering 80t aRdc14bAse unBEepLtigl 85RlYon. In this case, the
bet ween 280 and 350C. The cl eavage may al so be carried
cogygrsioptis diesvgeactd ynd O3t mesapsefarabhebetweor 30xandp9 %, 100st preferably

z s e rably 100 - 200C, for exanple 25 in the
beé‘?/%egl\(a@gagags@gﬁet hyl tert-butyl ether (MIBE) or

tert-anyl nmethyl ether (TAME). The pressure (absol ute)
under which the cleavage is carried out is typically
Thseprgebprogugt, shed!-ofpfing i renved &osnthe dtergiomgoneuts of the effluent of the

ressyres between 0.2 and 10 har,, nore preferably . _
IRy KD PECEIS R RRRIR P 19 e ke CYBRRYISRy yorubbing or
dide¥eM)., reported in granms of reactant per gram of 30

cat al yst Eﬁiﬁ hour, is preferably fromO0.01 to 30h-1,
TheoreactsmetBlught s Septrated Sito1an wisdin frpetameamblayfrictn- whith comprises

h-'. 0O, Z.,, 6135- WO The cl eavage of the , )
umf—”ﬁ’l%%‘?(f&*%ﬁ@‘@?’oaqigf&l’ef*ia% ‘/ﬂﬁ/ e ol  Pysprogugtsyfhig olefin fraction
cohdibth tPdn HAEdtIRnor€ MR BB, QRereldIGIRNE th£bo6 aG gﬁﬂfcufﬁ?ﬁ’om 95 to over

after the 1-olefin formed and any other cl€avage
98, sdulcolsfinaOptibealy, rieisowerked hp tegiye lewen ipated I-blefin. The unconverted

cl eavage. Ho er, it is also possible to only renove
reqc#g?gm_agﬁgg?cry\é\gﬁdmaﬁq JFaNaes edct98r t i on of the cl eavage
products and to recycle the 5 renmainder into the
prepurification before the actual cleavage. Preference
The d -gjefiemnprepared by thagrooess deberditlgeta g i vemikar mpaibt ivdéd as comonomers
this_case, the conversion is between

._conversion. | _ ) _ )
in §65 BRPIGS0D SfoPUY GRS BHAAAIERS JBBNTHY tha BEvRE faserial for organic
syRh&ker ably

The process according to the invention has the following advantages: in the product mixture
after the cleavage, the proportion of internal olefins which can only be removed with difficulty,
if at all, from the l-olefin product of value is low. The olefin fraction in the case of the
cleavage of 1-methoxyoctane consists to an extent of from 91.5 to 98.5% of !-octene, from 1 to
8.4% of 2-octene and from 0.1 to 2.0% of 3-, 4-octene isomers, so that economically viable

recovery of pure 1-octene is possible.

The catalysts used have a long lifetime in the process, since carbonization, as observed when

acidic catalysts such as SiO, are used, is almost completely absent.
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between 70 and 95% 10 The target product, the

O12.81185iW0O i s renoved fromthe other conponents of the
ef fluent of the cleavage by known processes, for
exanpl e phase separation, extragtion, scrubbing or
distillation. The reaction effluent is separated into
an olefin fraction and a fraction which conprises

TSR SRR PO MBS Sein s i
- Of g 9 n 90% in
of LA P & IR o P UEBPAN) Myl W Epaigan ©0%

Optionally, it is worked up to give even purer
1-ol efin. The unconverted reactant may be recycl ed
into the cleavage reactor. The 1-ol efins prepared by
ELfSpRE0cess according to the invention may be used as
coanoners 20 in the preparation of polyolefins. In
addition, they may be a starting material for organic
Esampleds eBrepdhgopoioc Bs-snaiifiat Al,0q calyvkihe i nventi on has
the foll ow ng advantages: in the product m xture
Foft ther Pleparatipiz f ale , invesiver eapdlysti em astdi¢ ptadumina wlithf amdNa,O content

< 310 BB 30 s S BPR ettt BB sl o 225 mvg and o

paat &bluind 6R0 6B @l/d Wad PRs&ASE eRiruddie ferhPRYAAEr Having a length of 4-6 mm
1- met hoxyoct ane consists to an extent of from91.5 to

angiga sligmgter) ob d128mam) f Thenbarive precursgrofsed-foe tth dasig dnodification of the

2. 0% -. 4-octene | so that
ol ey b a0 e A Bl PR S e s
Befofesihbl Hplidfliohher Gatiakinat Salt) 3R ahaMfa &vak IRG dridetd Morced-air drying
in the process, since carbonization, as observed when

cahitietl RO S far pdrourss bk daisd Skmpdasgsewers subseigserdlyniogiregnated in a rotating

o B oy ARG S Bera R Bt Qb PPt G USIng a spray nozzle,
T Wbk b | Ghicd® ih e fdx@hbaedfio ﬂfbohrlhﬁl%ghé%&;ls WhiC Be i Saried via the

evident fromthe description and the claifrs:
copsenimtien oftanBh eall solPriep akfadri tbe impregnBmnntidi AlOd eXt@d@Bes laden with

thé %taﬁlu SE;alt were first dried in a forced-air drying cabinet at 110°C for 5 hours. The

subsequent calcination in which the barium salt is converted to barium oxide or a
barium/aluminum/oxygen compound was effected in a fluidized bed reactor in an air stream at

450°C for 10 hours.

Example 2: Preparation of an Na-modified Al,O5 catalyst

For the preparation of the Na-modified Al,O5 catalyst, the acidic y-alumina with Na,O content
< 300 ppm from Axens which was described in Example 1 was used.

The impregnating solution used was an aqueous sodium hydroxide solution.

The application of the sodium hydroxide solution to the ALOj; extrudates and the thermal
aftertreatment (drying and calcination) of the catalyst were carried out by the preparation

method described in Example 1.

Example 3: (comparative example) Cleavage of 1-methoxyoctane over an unmodified y-Al,05

catalyst



10

15

For the preparation of the inventive catal yst, an
CalitdB8-WOal umi na with an Na20 content < 300 ppm from

Axens was used. The alum na having a BET surface area

of 225 n2/g and a 10 pore vol yge of 0.68 nug was

present in extrudate form (cylinder having a | ength of

4-6 mm and a dianmeter of 1.25 mm. The barium

recur sor use t he basic nodification of the

LHeRRS e @ it ox il Batyochs BhFunehiainedt eby  hydrogenating
1 BN L2 dREL ARt B aARPbioAl N LhutliEnd @k ! -

t he al um'ana vvgts g’ls rs?ﬁ(g?#ﬂggé%tn&g ,f%lﬁ%@%p%%ﬂh%@%ﬂ), was used with a
paatlyiofiebowtI8F0Ky tveighb (2% high. bolless) der thel clexidod G b Sleb@ically heated fixed
sw@sequentLy i npregnated in a rotating 15 drum . _

QLR HRGIU AR HE RIESeReR M & g Ettal e etaly st KCatH ibaeemmercial, high-surface

itrat i ' le. The desired :
o EE AL O B8 B D e RS gy e me
Spieralae 5eIC Yiosh Akéns. concentration of the Ba salt

solution. After the inpregnation, the A1203 extrudates
| aden with the bariumsalt were first dried in a

LB EA o AR Bt b s B i an sean

cvapOMESrT BE atrOacBdh idHipR¥dRL0I008C 28d a pressure of 1 bar in the reactor, 75.0 g/h
bari um al um num oxygen conpound was effected In a

off leagtantned hperdwenegusssd through 13i9rg of cacalyst an exudDE foom ihGhe gas phase,
hours.,. Exa - Prep t.ion, of an Na-nodified A120
ool BeiTpiAE UMY SFIB B St TF cesfBunot 14:iofetans condenser and
copbRl ¥is tiquiti iemasi AblEsoredlivfl N2 Wi th Na20 content 25 <
300 ppm?r om Axens whi ch was described in Exanple 1
was used. The inpregnating solution used was an
agueous, sodi.ym hydroxi de sol ution. Th plication of
THGC ZBA O [t <I5a o B omprasipsctim bl selumniat os
ASRKAIhD €0 tHRGFERNt re@litCiHETERGIR L0g;and i i
cal cli %ati o(r?)yr of rtehe Scat aﬁ@it %té)rc {gqcé:g#?(?led ouvgergﬁcqlﬁveed ata 1-MOAN
copvesimnacfi grout 18dtd9od]-dewae ipbadict of Exhepick 86.780 bippaddies: internal Cg

. 3. (¢ arat i exanpl e), C eavage_of 1-nethoxyoctane
IS‘E}W& %ﬁgﬁﬂw&?{gﬂe% %}Tlﬁﬁ?l)ﬁcf@tﬂ’ééﬁ%l #4120 7. 6135-WO 10
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1- Met hoxyoct ane (1- MOAN, nethyl n-octyl ether),
OcbttdBmddOby hydr ogenati ng 1-net hoxyoct adi ene
(telonerization product of 1, 3-butadiene with
met hanol ), was used with a punjty of about 98% by
wei ght (2% hi gh boilers) for the cleavage in an
electrically heated fixed bed flow reactor in the
presence of a catalyst. The catalyst (Cat.1l) is a
conmerci al, high-surface 5 area, acidic y A1203 (BET

A e R A A R

into the reactor, trgxgmg}élgj react qmanm@;evaporggggples
at 220C in an upstream evaporatorli At a reaction

Comppmmat ur e of 300C|&adl &oprpasiser)e| ©dt.21(iba@ntibn) 1 88t.3 (invention)

raart Ar 750 g/h 0-.of reactant er-hour werelpassed

Im?%ﬁéh 13.9 g of cclt5§I59st in extrli@a% formin|6hal

n
V.| [ 1
nabe COTTEespur U to—a YWHS |V S U B IS iy § A A
%’he gaseous pr oduct \%g cooled in ao@]ondenser a1Qx‘O1L
T

3 eRtdnegt atodidhel | QUI d [Hagm T n a gl asfy 4£Ccerver. Ng35C
analysis of the cleavage product jils reproduced in

t-F&stemel, col utm 2. 18.9Accor di ng toltye present {0.73

raocnl t o t-hefoll ow nn octana calo

oottt o, oo — oot e tHte—tH

c-2EFed at a 1- MOALE- éonver3| on of2%7oout 84.69%1.75

clic prUUUL[ of ueset 86 / Uy pIUUUb
]}%gélnal |somar<,:j"2l -octenes s¢l 285 7 % and 290

Dﬁn@ltgylgg{eenes sel . 211190 Z 6135-Migbl Table Ijg g4

(O eavage of 1-nmethoxyoctane over unnodified y-A1203
Wcamral yst Exanpl e 3 kkdfple 4 Exan‘pjr4eZ65 Conponep.2€Lat .

i c—nn\ Cat—1 (i n\lanf| r\n\ Cat 3 (I n\lahfl hn)

1&4(2%{\’%;' 56.59 50. 391%841 t-4-0duéd 0.38 0. 0llBlD1

Mes/ c- 4-uctens 56— 04465 t=—2=CctermetT 596
R%“@Ba% c 2o Octehd®s 75 2. 97 1. ?574 Vet hanol -3k

2.40 2. 90

Example 4: (according to the invention) Cleavage over Ba-modified y-Al,Os catalyst

The product of the hydrogenation of 1-methoxyoctadiene, the 1-methoxyoctane (1-MOAN),
was used with a purity of about 98% by weight (2% high boilers) for the cleavage in a fixed
bed flow reactor, as described in Example 3, in the presence of a BaO-modified alumina
(Al,03 with 1.0% by weight of BaO) from Example 1.

At a reaction temperature of 300°C and a pressure of 1bar in the reactor, 50 g of
methoxyoctane per hour were passed through 14.1 g of catalyst in cylinder form in the gas
phase, corresponding to a WHSV value of 3.5 h™". As in Example 3, the gaseous product was
cooled in a condenser and collected in liquid form in a glass receiver.

The GC analysis of the cleavage product is reproduced in Table 1, column 3 (Cat. 2.).

As can be taken from Table 1, the 1-MOAN is cleaved distinctly more selectively to the
l-octene product of value with lower formation of 3- and 4-octene isomers over Ba-modified
alumina in comparison to unmodified, acidic y-alumina (Cat.1) at complete MOAN
conversions.

At a 1-MOAN conversion of about 83.7%, the following octene selecﬁvities were achieved

over the inventive catalyst: l-octene product of value sel. 94.2%; by-products: internal Cg
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D net hyl ether 11.26 10.89 10.84 Water 4.40 4.26 4.24
OZMIAY-WE 38 15.84 13.16 Renminder 3.88 2.74 5.71

Exanpl e 4: (according to the invention) C eavage over

Ba- nodi fi ed y-A1203 catal yst 5 hhe product of the

hydr ogenati on of 1-nethoxyoctadiene, the

1- met hoxyoctane (1-MOAN), was used vvi%h a Eurilty of
about ,98% [ ght %hl h b0| ers or the cl eavage
ISOezs: le%é‘?i]egﬁ"geég? 23eé%1.° “esa?é’ (9678%“ bed i n Exanpl e

3, in the presence of a BaO-nodified alumna (A1233
with 1.0% by weight of BaO from Exanple 1. At a

Exaaplé Hrate@egias & meeme&ma@p@e@mge AV 9S8 e v-A PR atalyst
in the reactor 10 net hoxyoctane per hour

Apeine Eyamgleg 3Wéu@hg@4pmdgﬂopf dha @W?@Ecmﬁﬁlwybf Adwethoxyoctadiene, the

fr?étgbygﬁ{agg (g\sﬁon Ex I Cor r}%s«ﬂ@erg 3 ol%sgd %§ X}\glelsﬁetactﬁ%tsf%r the gas phase

clé@ﬁigedn laIFixed 1RAFRIW BfacRh, dl“lfeoédtﬁﬁit @ded Wab bfldivtnih®WBdiffed with sodium
gl ass receiver. The GC anal ysis of the cl eavage

hwre@de solugon 6l witbd .3% byatsight bf NegDufromExagGatle 22. ) .

& a%ﬁ8{k‘) ?BE?FE%QT ;@Oﬁ E- 6\}%6}5? fFthQI‘h%g g%gpﬁ[ilol i}fgllil]egﬁoxyoctane were passed
tlﬁtﬁt‘lg]’lUFJ 5 8fof CadaliBe 1 &xPruldXe8brrh 9{ fR1dad I'ﬁh%fe Sorr@Pbhding to a WHSV value

4-octene i soners over Ba-nodified umna in

ok bifphr i Tom gassoun prodinét wak cadédinca yomdensdrread(cGHectdd imliquid form in a

lcog%Ieeite MOAN conversions. At a 1-MOAN conversion of

EAFGT'8S: 79 the following octene selectivities were

TREK %ﬁrsm%‘%e él@@a?@ﬁ%ﬁét‘ﬁ@r&%cﬁﬂcé@h Tab1OF! &Mnn 4.

product of val ue se products: i nternal

A@cam be 1238n \fom Table do ther ]s-MQAbTCIB ableslawbd withGPhighd (&{ene selectivity to

/4-octenes sel. 0, 7% nple 5. (according to

the ST onfetence Rydyet 8§eVIaIWQa°Yﬁ5d?rf |]\£9de1&£§083]@&¥%4 y&at. 3) with low
I and 4, the product of the

foﬁ%g?%hg@%?lﬁ?gg&g "1- net hoxyoct adi ene, the 5

Al a neM@XNoginaerei op lofNDoN S&EU’J])the folRstikg obleh@kdlectiBSes were achieved:

used as the reactant for the g phase
1-octene product of value sel. 93.8%; by-products: mtemal Cg isomers: 2-octenes sel. 3.9% and

3-/4-octenes sel. 0.5 %.

The by-products listed under remainder include components which can likewise be cleaved to

l-octene, including dioctyl ether. These too may optionally be recycled into the cleavage.

Example 6 : (according to the invention) Cleavage of methyl tert-butvl ether (MTBE) over an

Na-modified y-AL O,

Methyl tert-butyl ether (MTBE, tert-butyl methy! ether) from Oxeno having a purity of 99.94%
by weight was used as the reactant for the catalytic gas phase cleavage in a fixed bed flow
reactor. The catalyst used for the cleavage was a y-alumina modified with sodium hydroxide

solution (A1,03 with 1.5% by weight of Na,O) from Example 2.

Before entry into the reactor, the liquid reactant was evaporated at 180°C in an upstream
evaporator. At a reaction temperature of 235°C and a pressure of 1 bar, 15 g per hour of methyl

tert-butyl ether were passed through 20.0 g of catalyst in extrudate form in the gas phase,



cleavage in a fixed bed flow reactor. The catal yst
O dd 3a¥Oan al umi na nodified with sodi um hydroxi de
solution (A1203 with 1.5% by wei ght of Na20O) from
Exanple 2. At a reaction tenperngture of 350C in the
reactor, 25 g per hour of nethoxyoctane were passed
through 13.5 g of catalyst in extrudate formin the

PO 1 SNEE N licctt (s oBhe aiemn e sGienhs cooled in

céileh R bedcolketedGH 'hqud%fﬁl il glaségfe@é%rr ecei ver. The GC
anal ysis of the cleavage product 1s reproduced in

ATapimgto tb@lQ(ﬁmndlySlAsthe aeadtien tedhemmt fcontainkabl edditiod 6@ the unconverted
hi gh_1-octene

1- is also cl
VR RIS et Gl by v PeMTRE b sciollewingalepage produces:
A | I hI
SN B MENBAIAIE D5 BFEEAL of BT LB 11 g of sy
ethérp 043 %byZ%1ghh<ﬁf Wwatkt md NY0% bly endgls @ff eett4 tﬁxhetﬁfﬁlpméﬁes

achi eved: tene product of val ue se
Apspriing 4o é‘iﬂé re%ﬂ t ¥pdiigteselectiyifias > 95. 7%} @ﬁéée @@bute@e gget product are
/ t
cﬁwsjlte% Tun g? ?Jeh%zl'sngls ofI ncfn/ ‘g%‘%cg:gg eR‘:\é 191rt1 v\g%? tRe %TBE cleavage for
mbihkeoliase abe redua ettt dimethlyd edbiteRematifit |ab6ht®g.53%.00t yl
ether. These too may optionally be recycled into the
cl eavage. Exanple 6 : (according to the invention)
Cl eavage of nethyl tert-butyl ether (MIBE) over an
Na- nodi fied y-A1203 25 Methyl tert-butyl ether (MIBE
tert-butyl nethyl ether) from Oxeno having a purity of
99.94% by wei ght was used as the reactant for the
catal ytic gas phase cleavage in a fixed bed flow
reactor. The catal yst used for the cleavage was a
y-alum na nodi fied with sodi um hydroxi de sol ution
(AI2Q8 with 1.5% by wei ght of Na2O from Exanple 2. 30
Before entry into the reactor, the liquid reactant was
evaporated at 180C in an upstream evaporator. At a
reaction tenperature of 235C and a pressure of 1 bar,
15 g per hour of methyl tert-butyl ether were passed
through 20.0 g of catalyst in extrudate formin the
gas phase, O Z. 6135-WD 13
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corresponding to a WHSV. value of 0.75 h"1. The
Oga$ddudvPeacti on effl uent was cooled in a condenser
and collected in liquid formin a glass receiver.
According to the GC anal ysis, fpe reaction effluent
contains, in addition to the unconverted nethyl
tert-butyl ether reactant (38.0% by wei ght of MIBE),
h .fciIJ ov(\f' ng cl eavage products: 5 38.83% by wei ght of
MM@%ME .58% by wei ght of nethanol, 1.06% by
wei ght of dinethyl ether, 0.43% by weight of water
and 0. 10% by wei ght of 2,4, 4-trinethyl pent enes.
Acaoprdiarg foo prdyiasing asolefins iavinghirgih Saberd icxibbh €8ori® by catalytically
99.7% for_the jsobutene target product are achieved
atcliare balkpsyadkass. of about 62% The selectivities of

t - e for nethanol are, as a result of
¢ bR £ YD

er formati on, about 95.5% O. Z.

6 1tBE 1V dgh is\Bhated it @vai MBthinSandlor ArddhRCE&MEiAIAE from 0.01 to 10% by
preparing ct-olefins having from3 to 16 carbon atons

byweightfyat jeast ang alkalicpstplragdior alkabing sdrameis] oxide.
characterized in that the cleavage is carried out over
al um na and/or zirconia containing fromO0.01 to 10% by

NETHHro6dss ad clhdslin@®mal kal i metal and/or al kal i ne
earth nmetal oxide. 2. The process as clainmed in claim

1,chamgtegided icthatr i zed in that the alkali nmetal oxide
u i S..pot assi ym oxi de. and/ or_.sodi ym oxi de. ..3. The
58 alidl DR O e R PR oI SR ST aicd g T

that 15 the al kaline earth nmetal oxide used is
strontium oxi de, magnesi um oxi de and/ or barium oxide.
3 Therogass eeelsings iglckaimddoriza clains 1 to 3,
char ac eri&e I.n that
charaCterized 1n that
the alkaline earth metal oxide used is strontium oxide, magnesium oxide and/or barium

oxide.

4. The process as claimed in claims 1 to 3,
characterized in that
the catalyst additionally contains from 0.0 to 5% by weight of titanium oxide, silicon

dioxide and/or thorium oxide.

5. The process as claimed in one of claims 1 to 4,
characterized in that

the catalytic cleavage is carried out up to a conversion of from 10 to 95%.

6. The process as claimed in one of claims 1 to 5,
characterized in that

the cleavage is carried out in the gas phase.

7. The process as claimed in one of claims 1 to 6,

characterized in that



20 the catalyst additionally contains fromO0.01 to 5%
Ol 6WBF-§¥® of titani um oxide, silicon dioxide and/or
thorium oxide. 5. The process as clained in one of
claims 1 to 4, characterized j§ that 25 the catalytic
cl eavage is carried out up to a conversion of from 10
to 95% 6. The process as claimed in one of clains 1
to,.5,, characterized in that the cI eavage is carried
ot FRRYiRE Trdhog it mbepacimyat Tvod 2% 6] & ned i n
one of claims 1 to 6, characterized in that O Z
6135-WD 15 the cleavage is carried out at a
§ eifpegrratass es dhinfeddmob®0f tlain®DEG. 7, 8. The process as
cI inmed.in on of clains 1 to 7, characterized in that
aLRERESY B dne, 1- et hoxyoctane, tert-butyl mnethyl

gtrlhlﬁlgtrhtog( u—te)t/lﬁﬁg&%;lgneefé?teﬁ 1; r@é@y{'ﬂé{ﬂ[r teﬁtzﬁ)@] n%tﬁ;?l ether, tert-amyl

C athiyd sfhen dt ﬂ&g -dnydlbatyl BthepRElalEDhS corresponding c-olefins and alcohols.



