21 March 2006 O Z. 5865 - 1 Hydroisonerization of ol efins havi o]
6 carbon atons The invention relates to a process for isoneri ?ggvll%ﬁ:@g?lf()és
nonool efins having from4 to 6 carbon atons and term nal doubl e bonds
(a-olefins) ip Qi eydhe correspondi ng nonool efins having internal double
bonds. Any pol yunsaturated hydrocarbons. present are very selectively

hydr ogenat ed to nonool efi ns and isoneriz%d 10 to the correspondi ng

nonool ef i ns ' ' Nale sdoub onds. [JThe,isoperization conprises a
shift of the ioi e% |érﬂﬂ%g&(%kﬁ1%%n§niﬁs°€en%qﬁ hRYHge rﬁ?‘oﬁstw fhcaxdegnt i on
of the carboAt®R& eton and is hereafter referred to for short as

hydr oi soneri zation. 15 The invention further relates to the use of the
nonool efi ns prepared by the hydroisomerization of the invention, in
particul ar f%ihet REVEId SR a g tefs Higherpretégontes andmépizaheéopnr epar ati on

of gasol ime abkybak&ind0 HELHISOMBIdzatd onds an ﬁPB an rgcess .step
during the processi ;3 gf C4-l -.ol efi ni c4 mncxét urgs S en&gl e%llcﬁrsns hgf}fing
predom nant | YSFRtBRtal dodBte bdreRI%r e (n@kriEERS) 0 B t hgivei n pheduct s.

For instancecoffesbehtiing mondolleds ndy S aFiARE Stk iy i 45,65 £5t BEAS
dependi ng onﬁﬁg t%%lgﬁ.\%israet%rtar t l]E)rgducts. The first step, \Mk%l ch'is
conmon to al r 06esSi G Variants, TEOTRETRIBYal Pseseite myori verof the
but adi ene. | febatadivelr danidvgensdtas ytommbabededinkhelrRl | $saheiniegnal
demand figy 1o thk o ; tragtion or,extractiye 30
distillation, Cl%%rv%bggégggghﬁgﬁg’e?ioéﬁiﬁ?}%syg}ao%]é}%tJerélte]f%a%i ‘g‘éulPJr?iear
but enes so tRRAS- r eTRBual SeBBELRREAPNONCOMPT hsesDae $hafit abofAt R0 ppm

IS present. éhebOhbhe cas@blea Bydpecarben st Cle%&%gm ffinate | or
hydrogenat edrceac :%4) rgma?ns, whi chaag1 vvreqff( g{sﬁ% s%[s%nﬁgt gt
hydr ocar bons™ R- POt AR ot | $BBut SGHEPRdNPFFeb’tor heakflefins hentutiemne,

1- but ene andreféutedet¢cisrasdort as hydroisomerization.
15 The invention further relates to the use of the
monoolefins prepared by the hydroisomerization of the
invention, in particular for the preparation of higher

oligomers and for the preparation of gascline alkylate.

20 Hydroisomerization isg an important process step during
the processing of C4-Ce-olefinic mixtures when olefins
having predominantly internal double bonds are intended
toc be the main products. For instance, C4-olefinic
mixtures are processed in different ways depending on

25 the desired target products. The first step, which is
common to all processing variants, is the removal of
the majority of the butadiene. If butadiene can be
viably marketed or there is an internal demand for it,
it s separated off by extraction or extractive

30 distillation. Otherwise, it is selectively hydrogenated
to give linear butenes so that a residual concentration
of not more than about 2000 ppm is present. In both
cases, a hydrocarbon mixture (known as raffinate I or
hydrogenated crack-C;) remains, which as well as the

35 saturated hydrocarbons n-butane and isobutane comprises
the olefins isobutene, l-butene and 2-butene {(cis and
trans). If 1-butene is one of the target products,
further processing is carried out as follows: isobutene
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fromraffinate | or hydrogenated crack-C4 by chem cal reaction. The

i ndustrially Jmst I_;}ngﬂ'gnirtant process is the reaction of isobutene with
met hanol to TgiVve yl tent-butyl ether (MIBE), which anong other 5 uses

finds significant use as a notor fuel addi five. O her possibilities are
t he conversi j t t ls ertiary butanol (TBA) or the

aci d- cat al yzg% 0%?¢§€%r?€§?i g%fg?}éggébt}t é’r%fe%}yodjr@%aoé‘?cfo%ﬁ“é]ﬁ‘ecﬁﬁw

hi gher ol i gorf%’reéﬂlqa%e resattlog. buThdi enpdysantiaiiles dsar e imgraamethtby a
selective hygeuenl |00 REACERRISHE) orf MR 0 NGk 5obut ene-free
C4- cut (knovﬁlj,as raffinate 11), | chogor}%r%?ag%%%ehrewf%e%?tgﬁgpﬁng:oand
sat urated hy@EarbHey L sberhabukyédostdnm atfTHEof vessh &hangs qurar
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I near utenes an

this mxture distill.atjon, The remaining mxture of [
sat ur at ed hyg%’cegr %?%S’(}élnijolél%ﬂ GBﬁEE?‘fed%Om@rS%n%f elpybukenextol
process, fromiwe clreditianbutlemeansl f orBRY asrt heneni BCEGQ@HG&T&-]_P(%%d

i xture of

However, if rati.on of -i sobutene and 2-butene,,, or a m X
| i near but entte;)ly;,i?L a\%“%%g attﬁ%é}'u SLh A EHICT Nt &t | I+ €St (i hspRyeng hend

fol |l owi ng coligbeat opicomesing Theprefmaiehg ChistaHan®k, wWokekitypiscal |y
25 conprige Bet MG tdn,d %, 0y Len d; - mfrom the F fluid
catal ytic cracker), raffi n%t,e I o;ét?%%z%rg—l e%?iéd{a?%a%%-% Cedfe (Shte$

hydr ogenat ed “ZR8 ~ k@ or §ERE DA, Lsobutenst-ifinee r §hmirnkng (butwdi eae i s

sel ectively budfoganat efrso Wwhatha o8 Of thot 1'?[?1%%1300%'@}{}1 BRY
i.sonmerized to give 2-butenes. The

remai ns and 1-butene i i_nmul_t aneousl €
equi | i bri um PBERERSN %‘é(t%\?@é’ﬁr%-oﬁi'e% Mt bt e ougeRerrEienget hdeses, for
- than 5 ppm  remains. 1-Butene and isobutane are
15 completely or partially removed from this mixture by
distillation. The remaining mixture of linear butenes
and saturated hydrocarbons can be oligomerized, fof
example by the Octol process, from which di-n-butene is
formed as the main product.
20
However, 1f the preparation bf isobutene and 2-butene,
or a mixture of linear butenes having a high 2-butene
content, is the target, the following course of
processing is preferred: C4-streams, which typically

25 comprise not more than 1% of butadiene (Cs—stream from

the FCC (fluid catalytic cracker), raffinate I or
hydrogenated crack-C,}, are hydrogenated and
hydroisomerized, i.e., (still) remaining butadiene is

seléctively hydrogenated so that a content of not more
30 than 5 ppm remains and 1-butene is simultaneously
isomerized to give 2-butenes. The equilibrium location
between 1-butene and both 2-butenes together is, for
example, about 1:17 at 80°C, i.e. strongly on the side
of the 2-butenes. Only a mixture of isobutene, 1l-butene
35 and isobutane can be isolated as a top product from the
hydroisomerization mixture, owing to the small boiling

point differences, and this top product can be




exanpl e, about 1:17 at 80C, i.e. strongly on the side of the % m‘lt egdf
Only a mxture of isobutene, 1-butene 35 and isobutane can be g

top product fromthe hydroisonerization m xture, owing to the small

boi li ng p0| glfg % nces, and this top product can be 21 March 2006 O Z.
5865 - 3 processed y customary nethods., An isobutene-free mxture is
obt ai ned as the bottom product. This mx13ure is a highly suitable reactant

for the prep i g fe f ol efins and

particul ar gg - n- but engy For t%maq{y?golﬁreg%éz!a i Oﬁ:%n[ he]r%orlé‘ftee’[?% %f‘?%m pl e
t hree proce@%#%m% Obtayoﬁéraﬁath@nbowpna@mbdomml Y iss mif;o&uwarrpl e
zeol i tes or pmsah%éh%l Su0BaBHBPYdeddhe | BANSIIA] PEBRERRGS, Nas been

known for oJd1 time Ives | soner m xture BFanché i ns,
pr edom nant | P %Whe?éﬁ‘é@r@ 929@38?389’16;5\11380@1335 iphipgrtisdlaso

practi cedswordidwi-datiene) | gomer i zat [ on using sol ubl e nickel conplexes,
W A. Herrmann, Applied

known as thegDI I\/Eé? process nll_1
Homogenous 15 Eat al'§si od i taT' ‘?Eecéﬁﬁodﬁasprhageﬁl%@‘t@e 263,
Verl ag Cheni ert@%s)s *Fanadazh‘ys obild gmeicrd alEitamoverer Nhekal Jddvsad hed

catal ysts sh ch_as r.ocess, f OXENO GrbH. The
procegs is dglsgggl%&ﬁfé ?%Siif‘t%erafurpemf ?}Cﬁ: p?’&c@’s‘?PPWér d&ar bon
20 Process., inslustEdal 19883es5es 2. hgecthed) , kpages 3t t 1833; tihe.

di but enesg obt@il@ed %,pvégl S l\ga_%e@cr e ﬂfﬁtuﬁgee ffeedéﬁ-gﬁgﬁeth tiegchem cal

I ndustry. For exa 25 h rofor ation can give riseé es whi ch
are |onger BFSSR Hrethy BhexenesasdWer Qﬂm%lrf@s Eopraiceslydes -

whi ch t hensekidghcapsf |arndsdjserbeucle@p%éenawiaéuatéI ehl% %E&&E%m'é?a”p' es
i ncl'ude the uS3idro £n of, ﬁ (er ehyde |ve al cohol s their
reaction withca boxy ]% Actas™6 c%yﬁ“i;g];&?f aFRYWRI @ the DIMERSOL
process (B. Cornils, W.A. Herrmann, Applied Homogenous
15 Catalysis with Organometallic Compounds, pages 261 to
263, Verlag Chemie 1996). Finally, oligomerization over
nickel fixed bed catalysts should be mentioned, such as
the process of OXENO GmbH. The process is described in
the literature as the OCTOL process {Hydrocarbon
20 Process., Int. Ed. (1986) 65 .(2. Sect. 1), pages 31 to
33}).

The dibutenes obtained in this way are desirable
feedstocks in the chemical industry. For example,
25 hydroformylation can give rise to aldehydes which are
longer by one carbon atom - in the case of dibutenes
Co~aldehydes - which themselves can find use for
important industrial products. Examples include the
hydriogenation of aldehydes to give alcochols and their
30 reaction with carboxylic acids or carboxylic anhydrides
to give esters. For instance, esterification of the
alcohols with phthalic anhydride gives diisononyl
phthalates, which are wvery desirable plasticizers in
the plastics processing  industry. Further, the
35  oxidation of aldehydes to give the corresponding
carboxylic acids, which can be converted to oil-soluble
metal salts inter alia, is industrially important and




to give esters. For instance, esterification of the alcohols wj t j C
anhydri de gi ves diisononyl pht hal ates, which are very desi ragdf Mar%n Md
pl asticizers in the plastics processing industry. Further, the 35

oxi dati on of @L%eh%gif to give the corresponding carboxylic acids, which
can be convert€d t il-soluble nmetal salts inter alia, is industrially

i nportant and 21 March 2006 O Z. 5865 -~ 4 “practiced. These are used, for

exanpl e, as si 4 r.coatings_or as stabilizers for pol yvinyl
chloride. A ﬁu%%‘ze%gegian%ﬁgséf airr?dgul'é'f'?ﬁaal %ﬁ§e TR 1 088t ISP i B ef i ns
(di but enes) viiamh ezEtbiorgsroro X sles tbato Wat ers t oxyi pel val ek yehToagqds which
are | onger by one carbon atom by using strong acids in conbination as
catal ysts, which is described in the literature as the KOCH reaction.
Tertiary bradeHetr eiebosyprplacrd rdindustesal) wae Dbt bhaedeadtioh yf t heir

branched Hat Wi | (dibltenuely We oilad hohokiaePraparatian qf, the
previ ously menti oned tal ,salts. A partjcular I nportant use of tertiary
carboxyl i ¢ a@d€ | SBTRe*Y LG c @Dl whtehyBaife tengeve byl nyhe eseabon whi ch

serve 15 as eommn@ypnsiny $néeigabcpiasihCbaiBingtipa! ¥ELLa:2100Ra) YTEr S
of vinyl est%rbﬁc?; t.ert:ﬁ%rsy c.lg)rb xylic glm dj' with vinyl acetaté are, for
exanpl e, the basis of ST |e§]ge biF&Cenv-ERRENESR | §SF r t&%d] FWOBE nt s
and coati nggeantion .enfegyisayi ngransbbdt icwrip-ast £F S dcQrd 29 Rui-kdi ngs.
The hig ol i, go d . during, ol i [izatio e | so used f or
cheni carﬂgyn#ﬁ%sgﬁé%%gégganp eé:ﬂfabgm' ‘%?%T;Ié of Ejt%i’aa%ﬁ?alacrcﬁ\o%‘ is
obt ai ned frof S t VEBut eWelBy Byditelor dprat tbe aptepabaedoent of the

hydr ogenat i oprewhiotlz 1fi NOSehBEoREAA RIAGUr SOL§ 0L t h%T t pbgggﬁg{é&ggrlﬁfat on

detergents an%ggl sticizers. _Hydrocarboxylation res Sl

of tertiary ‘EPS¥ERPSoxyFfc /& a&erhhpel csArbexydéq ferideni fiar the

reaction of acetylene to give vinyl esters, which serve
15 as comonomers for internal plasticizing of polymers.

Copolymers of vinyl esters of tertiary carboxylic acids

with wvinyl acetate are, for example, the basis of

water-dispersible environmentally friendly paints and

coatings and of energy-saving insulating plasters for
20 buildings.

The higher oligomers formed during oligomerization are
also used for chemical syntheses. For example, a
mixture of isomeric Cjs3-~alcohols is obtained from
25 tributene by hydroformylation and subseguent
hydrogenation, which finds use as a precursor for the
preparation- of detergents and plasticizers.
Hydrocarboxylation results in the formation of tertiary
Ci3-¢arboxylic acids, which can be used for similar

30 applications to the corresponding Cy-carboxylic acids.

The remaining gas from the oligomerization consists of
n-butane and small gquantities of butenes, which are
removed by hydrogenation. The highly pure n-butane is

35 used, for example, as propellant in the production of
aerosols.




30 applications to the correspondi ng C9-carboxylic acids. The i ni as
fromthe oligonerization consists of n-butane and snall quant#ﬁ@@cb%&
but enes, which are renoved by hydrogenation. The highly pure n-butane is
35 used, for exanple, as propellant in the production of aerosols. 21
March 2006 O%-Z588%3% 5  The diffi culty with the hydrogenation and

hydr oi someri zati on of olefin mixtures 's®t o control the hydrogenation such
that the pol x@jnesatur ted olefins, which are onl esent in | ow

concentrations:are & %%d t&tHE corM®pon AT ns, B t he
monool ef i ns gnedmmni somed Lot amceht oaeEdnsmaxeunets iy doogenmaired tihegi ve

saturated hy . t he.particul case, of the hydrogenati.on and 10
hydr oi soner i g{gc?%g%%l és'f‘Jicrl{Pnitx %r egf,’let rﬁ’@%%%tlpﬁ%'fe‘%uto éé'r?eg'has to
be hydrogenatvddiaii t kg |oslges mwfesdnit eres \iltivt e cirmdrttarsaaiuslsy, | sareri zi ng
the linea %y@;ﬁ d5 ¢ 49 Lphes or .l Soneri zi ng

ol efins, |5n particu ea_r ofgsnjég%t eﬁgg?elgﬁ?ga?ggd ﬂ%lgér%%lgglf%%’ srrﬁa'% n?f Sntities
of sul fur cofsBarieiiie RERFRNG zait ohiich caanaantowmtiors: axRd/ At203

catal yst in HB-qyasance @f il agenrd e @ tldrd Qs ks ove the 20 lifetine
of the catalyst,. a catalytic guard bed rratﬁe&??al (Sn02 on A1203) is

enpl oyed, as a pretreatnent to renove at |least a portion of said sulfur
conpounds. Nm i nflos nepasbicalgkverase t s reher eAparagedhtib8  and

hydr ogenati o ienes,. which are possibly.present in 25 the feed. It is
al so notféli sC osré:%sion%et%zs Feter & ce%iv\?ng?%% T HS % e oJ€R&Sed to
saturated hydvedc dnigontiends ha$3uo 548 bpdrogbestefiewishneti Zatikes off
olefins 30 Wer%soaurﬁqléjms(i@:ctﬁfedd%&@e i%roﬁ‘r%%rel(\zq_n%f hydr og¢p .apd

sul fur compounds. D enes, polyo s and acetylen
butenes.

15 US 4 849 576 describes a process for isomerizing
olefins, in particular of n-butenes, in a feed
comprising small gquantities of sulfur compounds. The
isomerization is carried out over a PA/Al;0: catalyst in
the presence of hydrogen. In order to improve the

20 lifetime of the catalyst,. a catalytic guard bed
material (Sn0; on Al;0:) is émployed, ag a pretreatment
to remove at least a portion of said sulfur compounds.
No information is given in this reference about the
hydrogenation of dienes, which are possibly present in

25 the feed. It is also not disclosed in this reference
whether olefins are hydrogenated to saturated

hydrocarbons.

US 3 531 545 describes the isomerization of olefins
30 over a palladium catalyst in the presence of hydrogen
and sulfur compounds. Dienes, polyolefins and acetylene
derivatives should be removed from the isomeriiation,
since they interfere with the process (column 1, lines
49-57} .
35




derivatives should be renpbved fromthe i sonerization, since't ' e
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The two processes nentioned are therefore exclusively isonerization

processes vvit&milt %gégctive hydr ogenati on of the pol yunsaturated
hydr ocar bons. 5" Pr ses for the renoval_ of sulfur conpounds and dienes

from C3-Cl2-petroleumfractions with si'm§l taneous isonerization of the

ol efins pres a r of a -Ch-. or_C4-C5-cuyt are disclosed by

Hearn at al -e.lﬂlé]e %%.05%%%&%%%% Ugeg%gge%f%%dt%@%Pf?lS%’FC%%bY%ﬂﬁg 10

to US 5 510 Sesmenkzatbersprogessesawiithdututsdlect ived | hipdy 6@aed ©f on Whi ch

contains a p | | t of hydrogen. This gives
ab# adi %ff%c yéﬁurégcla% n%fﬁpﬁﬁéﬁkggﬁs

C3-C5-cuts which st ontaln 'eéné content in Exanple 1 is
10 ppmand in Exanple 2 50 ppm According to 15 US 5 595 634, H2S and

C3- hydr ocar bansy s S SePaf it € f r ds..] ol unn. The
bottom product, is fed into g:lgébl urn%‘/(caaa%t gffaw%tdhl %rc?&?aﬁrﬁogﬁ[r?%hi?%]

col um, a ni NeSt Lyt Canfa2aPphrrhaiiinfearkipss widh isisndlteeredus
separat e bedsi s fizakiin caf atyst o1e£30d enalthd redderbed,Lugt ol of.

| ower in theclcc_)hu[m. Th§ _@d_dition of rii[T,larca tans_present in the reactant to
ol efi ni ¢ doubPfe -Bond¥ t akes Fidce®hEi MyP eq hBY fiaer &t adyst in

| soneri zat i oWsarid Sldl €098 ve Ushpdis6Gensani oandir eupoglernlys oVelcddieiipgy | adi um
25 cat al ygt . - tckg O L n .t o roduct.. The diepe content
is 46 ppﬁaccﬁ?r gﬁﬁggfgg O?Eﬁéxg_érr}g% eg’gO%%g%&rné’ipngst 5D 1GE 19158, 13 h&
reactant is NS eaton hrduyth aponpeineam pedtadiunonhabiysgy,ain

Ni/ AL203_  calndl YstestReshidih Ryaesbban ahilhes rercapt aps_add, ontg 30
di enes. The reactor effluent, is passed together wth .hyarogen I'Nt0 a
col urm reactgil IQQHEQﬁfFQWQQ. 3 The diene content in” Example 1 is

10 ppm and in Example 2 50 ppm. According to
15 US 5 595 634, H;S and Ci-hydrocarbons are separated off
as overheads in an upstream column. The bottom product
is fed into a column reactor with hydrogen. In this
column, a nickel catalyst and a palladium catalyst are
installed 1in separate beds. The nickel catalyst is
20 located in the bed installed lower in the column. The
addition of mercaptans présént in the reactant to
olefinic double bonds takes place mainly over the
nickel catalyst, isomerization and selective
hydrogenation predominantly over the palladium
25 catalyst. A Cy4-Cs-cut is obtained as a top product. The
diene content is 46 ppm according to both examples.
According to WO 98/12158, the reactant is first passéd
through an upstream reactor containing an Ni/Al1,04
catdlyst, in which a portion of the mercaptans add onto
30 dienes. The reactor effluent is passed together with
hydrogen into a column reactor containing Pd/Al,0;
catalyst. A C3-Cs-fraction is obtained as a top product
which is neither diene- nor mercaptan-free. Contents of
these compounds are not disclosed, and there is only a
35 vague report of reduced diene and mercaptan contents
compared to the reactant.
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and there is only a 35 vague report of reduced diene and nercaptan contents
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descri bes pr éﬁg%f a light petroleum fraction which conprises snall
quantities of dlenes (about 0.6% i n Exadpre 1) and sul fur conpounds (10 to

catalyot 1 Ui b iebnihe oFeRoasBee) PraRRRS AR ISE aPe LiGRToRF Tipum.

t hi oet _her s, cxeagsiah endschar eosplrdceisvebpalidr ggenat efleandopl efidifesir €
conpr 1 ses. Ca- CREHABo5¥ bt SHmBe 18P DR R etk TR RS e ig e
hlgher-bplllﬁéo|ﬂnmn$hlsInThbeI&wﬂﬁﬁIsﬂeﬁmatheoneabtannedS|médnted
Contont of 108 Tomeant o ene i antoft s BreEaiRRIE. K o o
1. 15 EP- A- 0 Y536 PR s 8s SO Pt sEof dhidathasfovatxoess diddeess rom a

| i ght petrol ewa f ragélé)@ti-\f,@;[yexaﬁpagog@ggp@dsl NGyRY0 Aa1e69% C5- jand 25. 6%

C6- hydr ocar bons an n&%t aneous isonerization of the nonoolefins. In 20
this process’* D?"&r’&”ﬁéfro BmIT R Ps e G EdYE Reri Hi ERPAAPHESge It Rt & a

distillationteg uhrawhiab, cm]niahns:oﬁlprﬁld/eélzﬂigcg«%\lﬁﬁﬂ:y@&arﬂwﬁé oggAgard

| ow boi | g§'s 0 1% rea nt)_are obt i ned p pr oduct .
The- bottom %Q’ 3 ETi ha%rgé}:;égrrgl ni n&t’rg? }h%l%%ntentt f 4 i Ei‘ ?3 1¥RE | 0ss
of nonoenes F@tﬁrg%lsGB I‘h;eilofl@@ﬁbdeéerl bEsatheon sorterd zatd orirof thilut ene

to give 2-byteresM tiy si trgner%l@ reppyal £pfbugadi epe (b,l egﬁltfn%n 5% in

the reactant) by sel ecti ve zdr ogenation to_give l'lnear butene
suppor t ed compounds. 1oe her” content of "118 ppm and a dlene
content of 75 ppm are reported for Example 1.
15

EP-A-0 556 025 discloses a process for the removal of
dienes from a light petroleum fraction {for example
comprising 5% C4-, 69% Cs- and 25.6% Ce-hydrocarbons)
and simultaneous isomerization of the monoolefins. In
20 this process, light petroleum is passed together with
hydrogen into a distillation column which contains a
Pd/Al,0; catalyst. Hydrogen and low-boilers (0.5 to l%
of the reactant) are obtained as the top product. The
bottom product has a remaining diene content of 40 ppm.
25 The loss of monoenes is 1.9%.

GB 1 110 826 describes the isomerization of l-butene to
give 2-butenes with sgimultaneous removal of butadiene
(leds than 5% in the reactant) by selective
30 hydrogenation to give linear butenes. A supported
sulfurized nickel catalyst (Ni on sepiolite) is used.
At 100°C, a 2~butene:l-butene ratio of 10.6:1 is
obtained, i.e. a ratio far removed from the
thermodynamic equilibrium of about 16:1.
35 _
US 4 132 745 discloses a process for isomerization of

l-butene to give 2-butenes with simultaneous




sul furized nickel catalyst (N on sepiolite) is used. At 100
2-but ene: 1-butene ratio of 10.6:1 is obtained, i.e. aratio f%ﬁ"ﬂ%’ﬁ&?e"é’s

from.,the . t hernodynam c equilibriumof about 16:1. 35 US 4 132 745

di scl oses a process for isonerization of 1-butene to give 2-butenes with
si nul t aneous Q& V&GP 2006 O Z. 5865 - 8 hydrogenation of small butadiene
quantities present in the reactant. A-s8lfurized palladiumcatalyst is

used. The disadvantages of this process are that some of the olefins are
| ost by over-hl%siﬂ%@%’tqrbno osﬁ?‘gé BtRTE engh gavRn bk Ee 6 hRF esEenspraf
sul fur in thaheacdadtatan abgulFueriatedd pdArddBmOE8ral P8LPR@AYdedn Xt ure

conprises sulfur co unds. EP-A.0,636 677 al so descrjbes the use.of a
sul furized f%“%a‘?ﬁ%‘?rb%?%?fls?ff Sgl?h@rioﬁ?r?@riaz‘éefi%aﬁf sSPiRe&f Hilt%enes

and for the rdrafials odremibksthutyadoere-hgdabyehaesonAltdogghet e tdirRnes are
hydr ogenag ed, t m Pl ibriumof I.inear butenes is by no
neans acﬁ%evgéj@%éo E@Si&g@%@@ f}gjzeﬁéc!r)?besgq}%lgcels%e@j?oiref’lﬁgant ez

hydr ogenat i ofeand tpldrgitssher | Fatritdverofor@s- cutthenhi pirodoanpr i sex2irgpm of
sul fur. The Q:(yﬂ.%ﬁri%éyl dAkRS Rl urfier two successive catal ysts. The

first catalyst 20 conprises palladium as the active component and at
| east one further netal, which can be gold and/or platinum The second

ﬁaé al yst conr-ses E@% ) aéwmﬁllifa;e ASOIVES S oehféa&steak@f péa%%ﬂf%r&'i][e%tz
ydr ogent-Gul ERUALA% i SATORRE Bge HOF ¢ HEE prtdter T2 Cidiht  TeconaPRg™ o ¢ he
exanpl es whebabenetsual dnyd cofiplret echdut adhenal comfer Ssmdll S dutaeNede only
80%of the Lheqrqtiied). WAMsI Ot P ENE | 8 LS APEL S0 VEne
thermodynamic-:- equilibrium of linear butenes is by no
means achieved.
15
EP-A-0 288 362 describes processes for the
hydrogenation and hydroisomerization of Cs-cuts which
comprise 20 ppm of sulfur. The conversion takes place
over two successive catalysts. The first catalyst
20 comprises palladium. as the .active component and at
least one further metal, thch can be gold and/or
prlatinum. The second catalyst comprises palladium. The
conversion can take place in pure hydrogen or using
hydrogen having a content of up to 10 000 ppm of
25 hydrogen sulfide. A disadvantage of this process is
that according to the examples where virtually complete
butadiene conversion is achieved, only 80% of the
theoretical quantity of 1-butene is isomerized to give
2-butene. Furthermore, the resulting products contain
30 sulfur. A method for the removal of the sulfur
compounds is not suggested.

In existing processes, the activity of the catalysts
employed is moderated by sulfur compounds in the
35 reactant. Therefore, they are particularly suitable for
hydroisomerization of sulfur-rich hydrocarbon streams.

However, these processes have the disadvantage that



2-butene. Furthernore, the resulting products contain 30 sulfug1 “@'%E‘tgim
for the renoval of the sulfur conpounds is not suggested. e
processes,. the activity of the catalysts enployed is noderated by sul fur
conpounds in the 35 reactant. Therefore, they are particularly suitable for
hydr oi soneri 2% o &> sul fur-rich hydrocarbon streans. However, these
processes have the disadvantage that 2t ®arch 2006 O Z. 5865 - 9 they

del i ver sul fyr-containi ng products. Furthernore, _the renaining diene
contents andq'tl'ff'é’ | §8ddyes: SH&E‘&BFE?PH?B&’/“GV&PW@I&F%‘“@ngﬁrcﬁ‘l&&iﬂ@rer
frequently rdleativehyihigh. Misme t heohberr®dyaad C i | i bskm 5 Jget ween
ol efins having termanal and internal dg#bl e hands is not %Ié_ways achi eved.
it is an obj S G Hr esBnt IS AEH DA He &F Shy drigeese@t¥at i on
process for @BlES-ictedfy nhighi.chAlBosi ntihé ardmsiodanthisel eefiivelorium

hydr ogenat es %-af.¢:pQl Y r ocC ons_.tao noql eti.ns, does
not havegt hé}%vé%dgaor?? gg&%%deisi(%??%gda%%%&gﬂg%d %gsﬁqtaeﬁ%q f%lpu{tﬂ?
conversi on ofoomds draliak |adwans fashieseestants to give virtually

sul fur-free products which can in 15 particular be used for oligonerization
or are suitable ,for the production of gasoline alkylate. This object is
achi eved accdrdi¥y #8 CRESChvétht | BRE oRTEREBE oiSBIRRLLAIN - TAPTewvi®s- 8l ef i ns

or an ol ef i nigrdudti sAherdatiHmy PockssCo-mdef | 0g-OM a1 SFiGal al ¥itch
conprising an %I %rrerlet uofl t he cg%q h tr aeglalétl 0 roug of the Periodic
Tabl e, iT t h& PresdhcE S Yar™d e Sde Y TR CeFpdanBo whk cRE
contai ns at pedyunsacarrdedredat bydroaarbossedasi | joneabedbhe, orddes not
hydr oi someri zj : LN b r CA- to,C6-qlefjns
conpri si ng 316%%0% 2%%%%%‘?%?%%& tgggﬁg/;lé%ap%b%&r?saafnuér a%%dsuﬁgahggar bons
cont ai ned t h&e&i nthe crRaversdencoof Paeferakiy cmv-sidefiisukeactantpound

which fulfilks theve virtually sulfur-free products which can in
15 particular be used for oligomerization or are suitable
for the production of gasoline alkylate.

This object is achieved according to the invention on
hydroisomerizing C4- to Cg¢-olefins or an olefinic cut

20 comprising C;- to Cg-olefins over a catalyst comprising
an element of the eighth .transition group of the
Periodic Table, in the presence of at least one added
sulfur compound which contains at least 4 carbon atoms
and is easily removable or by hydroisomerizing and

25  hydrogenating a mixture of Cs;~ to Cs-olefins comprising
up to 5%, preferably up to 2% of polyunsaturated
‘hydrocarbons contained therein in the presence of at
least one added sulfur compound which fulfills the
above conditions and separating the sulfur compounds

30 from the product and optionally feeding them back into
the reactant.

The invention therefore provides a process for the
preparation of C4- to Cg-olefins or of a mixture of C4-
35 to Cg-olefins having predominantly internal double
bonds from a Cs- to Ce~olefin or a Cy- to Ce-olefin cut
with or without up to 5%, preferably up to 2%, of




above conditions and separating the sulfur conpounds 30 fromt r
and optionally feeding themback into the reactant. The inven??&ﬁ“%ﬂ%HDG
therefore provides a process for the preparation of C4- to C6-ol efins or

of a mxture of C4 35 to C6-ol efins having predom nantly internal double
bonds from aOC4- ©8636--olefin or a C4- to C6--olefin cut with or wthout
up to 5% preferably up to 2% of 21 Madéh-2006 O Z. 5865 - 10

pol yunsat ur at eq hydr ocar bons, ﬂhiCh conprises the follow ng steps: a)

hydr ogenat i oﬁog'br“‘é’ﬁ?tﬂﬁl at By d¥egakParscar oBRECh s eE#=esi n§heydr ogen
such that a ¢ondemtihat istepsaf not nore than 5 ppmrenmains b) isonerization
of olefins having term nal double bonds that were present in the first

pl ace or resulted from hydrogenation to those containing 10 internal

doubl e bondsa¢ver hydeapainasti occonpf i ahgg paltydresstuaesdrehglirobatbengi ght h
transiti gr oup f Peri.odi I i e_presence of at_least one
added sulfur conp gﬁﬁ&ﬁﬁﬁéﬁ%%@gt§“§gggtnlé§g?b Eﬁggrﬁ%nca?SﬁE%ISE&OBf
hydrogen 15 c) sepdrapitomoge thensdl fpm eemedmsds fromthe product mxture
d) optional gecychingeeh bR U b¥r SOPONAS, Separ ked:hrgm &ngggoduct
into the reactant stream 20 e) optional fractional processing o e
virtual ly sul furPPREE ofBRFnverst epyependndin) ead e r pdAcsut oroget her

or separately (i pesepaedl efapRANAdiSdgerd: forsPeY akneghodbsrpLiRinkhe
inventi is a process for tpagrggaratl on of both 3 CA- hydr ocar bon
m xture Wwhich coAPFFEB&ir % nfife BRY B SATRIVEATd GORPRE BRI

at least one metal of the eighth transition group

of the Periodic Table, in the presence of at least
one added sulfur compound which contains at least
4 carbon atoms, and of hydrogen

15 c) separation of the sulfur compounds from the
product mixture

d) optional recycling of the sulfur compounds

separated from the product into the reactant
stream

20  e) optional fractional processing of the virtually

sulfur-free olefins.

Steps a) and b) can be carried out together or
separately (in separate apparatus).
25 ' |
A special embodiment of the invention is a‘process for
the preparation of both a Ci;-hydrocarbon mixture which
comprises 2-butene as the only olefin, and a mixture
which comprises isobutene and possibly 1-butene as
30 olgfins, from a Ci-cut comprising a maximum of 2% of

dienes, which comprises the following steps:

a) Selective hydrogenation of the diene content from

a maximum of 2% to below 5 ppm and simultaneous

35 isomerization from l-butene to give 2-butenegs over
a catalyst comprising at least one metal of the

eighth transition group of the Periodic Table, in



whi ch conpri ses isobutene and possibly 1-butene as 30 ol efins, ,frpm
C4-cut conprising a maxi mum of 2% of di enes, which conprises ?{H&Eﬁr&ﬁlm%g
steps: a) .Sel ective hydrogenation of the diene content from a maxi num of
2% to below 5 ppm and sinmul taneous 35 isonerization from 1-butene to give
2-but enes ovér-Z.a 5fftTal yst conprising at | east one metal of the eighth
transition group of the Periodic Table, Iln 21 March 2006 O Z. 5865 - 11

t he presence of an _added sul fur conpound containing at |east 4 carbon

at ons whi ch does rdi® r @IESSHAeh t RE ol BRI ns2d@ed hasswl fighercassidunsy

poi nt than the prediaiaiglield nse DeBitDiastdd i var sepayat LA gBkst At
reaction mxture, to give ﬁ B:(rﬁ) fric%l,on co ri"SI ng isobutene, ., .isobutane
and possi bly 1- buti&FEt a¥bbtt IS r AcBFORS CEB”:%r §an‘t]ﬂ%9]§'ﬁ+’f R iddMsbunds,
and a further fraetiron,thedli cthe osdiel adleBbng. si de stream from 10 the
| ower part of_.the_gcolumm, wth 2-butenes_and tane. c), Recycling of a
por 1 on ol B botParIiRiIh SEBREALEPR § he Lo LA= oIS SR ¢ he
reactor. 15 The pr’c@_cegi\m‘ tdne tmenfraqtrban beomped.attag bathma or
advant ageousl y contd &/ an@"HOUSI P PCES e UAL! 20! BoRERP 93IR!iG OF
ows eb

continuous operation. Figure as an exanplet ock diragram of a
pl ant in whi ch t h€@RFEEsNG oithehespldussseagrornds, 20and xtaur ursierbe

operated conti nuouyslant iReACtAMcH . i s YHERGRA 280aT LOWe3coRRN g the
sul fur compounds re fed into the gyg}raogenatlon and i soneri zation

reactor W The redort@F¢¥ uBAELS 9 ft PR Widdhp? ePaF§Rpassdd into
the distillation ¢tadusme.9. An 25 optionally renoved portion of the reactor

effluent 5 i pa [ he ctor 4.as .stream. 7. The top _product
10 of col urm%é, \Mi{l% %S(C?giﬁﬂgai %stot %e ?é?gf‘og Je 2% F Bebn T2t ol
comprising the sulfur compounds into the reactor.

15 The process of the invention can be operated batchwise
or advantagecusly continuously. Various process
variants are possible for continuous operation.
Figure 1 shows as an example the block diagram of a
plant in which the process for the processing of C4-

20 mixtures can be operated continuously. Reactant 1,
hydrogen 2 and flow 3 comprising the sulfur compounds
are fed into the hydrogenation and isomerization
reactor 4. The reactor effluent 5 1s partially or
completely passed into the distillation column 9. 2n

25 optionally removed portion of the reactor effluent 5 is
passed back into the reactor 4 as stream 7. The top
product 10 of column 9, which contains the total
isobutene quantity, is condensed in the heat exchanger
13. "After removal of the off-gas 14, a portion of the

30 condensate is returned to the top of the column 9 as a
reflux through a pipe not shown in the diagram. The
other portion can be used in known applications. The 2-
butene-containing fraction 16 is recovered in gaseous
form as a side stream in the lower part of the column

35 9. It can be used directly or after condensation in
heat exchanger 17. The bottom product 11 comprises
sulfur compounds. This can be returned to the reactor



i sobutene quantity, is condensed in the heat exchanger 13. A%i)ﬂ rﬁr@ I
of the off-gas 14, a portion of the 30 condensate is returned HEN, x]%of
the columm 9 as a ref lux through a pipe not shown in the diagram The

ot her portion can be used in known applications. The 2- butene-containing
fraction 16 i% 4ecifeted in gaseous formas a side streamin the | ower
part of the colum 35 9. It can be used ¥ rectly or after condensation in

heat exchanger 17. .The hotto roguct. 11 conpris sul fur conmpounds. This
can be ret ur fed Cl%t’twjih]e‘(falcarggrgﬁl %E‘F]Eﬂr%oggo?zgiggés stream A2 FH9%nal |y
after di schange: ofyatbheethdt repiat2mbnem by hEreyst esudfdr ergsareiy by
fresh sul fur ]tcggrrpounds 19. 5 An alternative, second continuous process

variant for e operation of the process according to the invention is
shown in a block diagramin Figure 2. Reactant 1, hydrogen 2 and sul fur

compoundss 3 gie L edetAleide, r%%@dn@a@g%gfmﬁggsT U, £o0L 81 NS, A

fabric 10 pa ng conprising the cat rogenation, “1SONErization
and fracti ondfiorRet@iday el Yie PEPaese apesastiynphépeithe Amviesdiiprene

fraction is sabtahoipd a8 LOPPEERUCtdbratl o €2Bube Vi rtyahLYatLeq, of
1-butene. After_condensation in the heat exchangér 15 7, renoval of off-gas
8, ref |ux ofYALSSEH orf t BREheSHLHUT of CPRBOEBRENMS 5 §¥@f fefk pipe nét
shown), flowr@dctivebt ajglatin Wa ch Tisi gisedol imdowashegafspl ant $apihe 2-

but ene fractiqn,10 (2- bcucg ene, . but a&% IS chgve%ed Im% gaseous formas a
si de stream PRIHES owsto RS9 t he r e5REFO¥%SEol uniYEL OFiFPe td P eam can,
optional | y afisemerdimeddmsat i endi n fhechiatatkchangere 11,céierisadj eotued to
further proceishidantindiof ! OphOEEHCt B CORRELARRALNE £SHLL Hy cOTROUNS.

This can be )yack 1 nto the reactor o_ptlonalll))/ after discharge of a
bl eed streamCPAadBgd &5 &P aRERABREL LY/ f Mexilehs (fgurDeowpstnad 1y6 free

of l-butene. After condensation in the heat exchanger
15 7, removal of off-gas 8, reflux of a portion to the top
of the column 5 (reflux pipe not shown), flow 9 is
obtained, which is used in downstream plants. The 2-
butene fraction 10 (2-butene, n-butane) is recovered in
gaseous form as a side stream in the lower part of the
20 reaction column 5. This stream can, optionally after
condensation in the heat exéhanger 11, be subjected to
further processing. The bottom product 13 comprises the
sulfur compounds. This can be fed back into the reactor
5, optionally after discharge of a bleed stream 14 and
25 replacement by fresh sulfur compounds 16.

The block diagram of a third continuous process variant
for the operation of the process according to the
invention only differs from Figure 1 in that the

30 apparatus 9 is a reactive distillation column.

According to the invention, the process is used for the
removal of polyunsaturated hydrocarbons, in particular
of dienes, and isomerization of olefins, in particular

35 1in hydrocarbori mixtures. Suitable feedstocks include
olefin cuts which contain less than 5%, preferably less
than 2%, of polyunsaturated compounds.



The bl ock diagramof a third continuous process variant for t |
of the process according to the invention only differs from ég&f%é[fa#dr?%n
that .-the. .30 apparatus 9 is a reactive distillation colum. According to
the invention, the cess is used for the renoval of polyunsaturated
hydr ocar bons,oi%’pa% cular of dienes, and isonerization of olefins, in
particular 35 in hydrocarbon m xt ures.” St tabl e feedstocks include ol efin
cuts which contain less than 5% preferably |less than 2% of

pol yunsat urat ed conpounds. 21 March 2006 O Z. 5865 - 13 For the
preparation ofoxXh-thad Ofephehition | ight Cpet radlduntdtrcdetfiions, f roight
refineries a %5%8 ; i rl I trial,feedstocks for
the 5 recove%e%#g --ol%fafcﬁsl%g{:%o?g%)ﬁg %ﬁﬁ%%?%c%%?o?r?ﬁgerﬁn\%?i on
are | ow sul f papkicylaplyfreeetdlecut Sndygthiads Faklstatcks , fishi chthes

recover edsf r ofed e 68t QloRerShean-chaeiay % %@?gfggegﬁgﬁa Otﬁgrg%édand

hydr ogenat ed , st eam cracker C4-cut _wherein the majori I ene
has been sel etRYSRIIPhyBFEgehil egutdugi WV FnhERF - Bueenda-cRtFt hequalsef ul

reactants area®| g4 ningt&t v eghwbhchshaveheerdoltramahdyc Fisghess T opsch
synt hesis. Furthernore '

C4-ol efin mxtures which have been prepared b
dehydr ogenat i Dr° 8P PLiahes BY %&}tSEHSPel%XFﬁaG&PPm aﬁ’rdog'ﬁ@s‘%gee@é:r?doey
used. C4-cut sstteaam FECackiart sCareugeneetéin suthear - magbrithesefcanmnl y be
used inqKhe f ' nt | i ve an untypically | ow
sul fur c%%tenlﬁhgaf&ils%%)hglggﬁa\k?%\é%ee%lgﬂsgrg%%g%yh%gﬁ%%%ﬁl%?%%{y s@ljfvl?ri zed.
It is even Z20iRasi bludkeneuseFugitdesr Pesfupurceappantef iarse Adedridi ng to

the inventionyi eduhles Mphekinal Badk e Bisel obRALneAMLY S -I?%fﬁ% i ppm
pref-erably Iesls t han, 20 ggm o? sul fur, %ulfu,lrl-ri (_:hl}fgel sto&%%%

ther ef or e 25 HE' Tt efUESPREMOERst G pdbidt BéstIresi Adieh heator e
hydr oi soner i stdrorprdpatd®ripr@ehyfeogahitiion of butanes or by other

15 industrial processes, can be used. Cy-cuts from FCC

units are generally sulfur-rich. These can only be used
in the process of the invention if they have an
untypically low sulfur content or if they have been
partially or completely desulfurized. It is even

20 possible to use more or less pure monoolefins.

According to the invention, crude materials are used
that comprise less than 100 ppm, preferably less than
20 ppm of sulfur. Sulfur-rich feedstocks must therefore

25 Dbe subjected to at least a partial desulfurization
before hydroisomerization. Furthermore, the sulfur
compounds introduced with the feedstock, or the
materials formed from them during hydrogenation and
hydroisomerization, must be separable from the product.

30 If their separation is carried out by distillation,
they must have a different boiling point than the
reactant olefins and target products.

Supported catalysts are used in the process of the
35 invention which comprise at least one metal of the
eighth transition group of the Periodic Table. &
preferred metal is palladium. The metal concentrations



conpounds introduced with the feedstock, or the nmaterials for fr em
during hydrogenation and hydoi sonerization, nust be separabl eﬁ%ﬁcﬁ%&&
product. .30 If their separation is carried out by distillation, they mnust
have a different boiling point than the reactant ol efins and target

product s. Su;?p@r'tescﬁf’éat al ysts are used in the process of the 35 invention
whi ch conprise at |east one netal of thd%ighth transition group of the

Periodi c Table. A. _pr glerred nmet a% IS pﬁléadi um T@gﬂ tal concentrations
21 March 2008%8 71758658 - T349%, EPR thedr ahge 416t olRRsss! 2 959 EB&sed on

the conpl et ecogtlaltyes tda tginefter albye faab Dy St+em 10050 tbsefl ok . gwppant

materials in O 3 1 021, Ti.G2, | 02/ 3, or_.activated

carbon. Pref %P%%%%pp%#ggﬁa]ﬁgt e%#ggg%re@%,%%%z a%‘@OZ/T 03. The

del i vered fr &R:2¢4al 0y stCaialdry adrire resd t berbart | Peefenpedesuppbrtoxi de

or salt f@rnyrﬁl% Ghion . a1LB¢, Cal @l Yarla U], /hRepefore be carried before
y

use using 10 rogen or hydrogenous” gas m xtureé;* ‘The reduction of
unreduced catal yst can take place in a separate reactor or in the

hydr oi soneri zdld Od18aMAd  Thedt! | ¥8a LEIPONEBhal 3yl edusedihe { BRe
metallic state i,n the rocess. ,15 The catal yst can al so_be delivered and

used in prePEFIYE] TURRRSHES r dBuCF FGat A yER LEatta P re REHFE PR of
i someri zat i otheofcatted ymnaenss gk derdyisk ogenad édnbefotbeuse using

xt ont (10t CHOTCSSRe L oy SroBPITRE SHEN U S artPs HESPOar baRrd on of

the pol yunsangesivegdhydtedarstiommarstidie qghanrs, iyed shparaydr ogenabviron of

the monool eihs 144 | el VroubBl 88Reds o aRGEA" ARl HienLEpRyethe

activity of the 25 catal yst; which has optionally been presulfurize
component 1s reduced to the metallic state in the
process.

15 The catalyst can alsoe be delivered and used in
prereduced form.

The reduced catalyst catalyzes both the isomerigzaticon
of the monoenes and the hydrogenation of the
polyunsaturated hydrocarbons. Its activity must be

20 lowered to such an extent that the isomerization of the
moncolefins and the -hydrogenation of the
polyunsaturated hydrocarbons still occurs, vyet the
hydrogenation of the monocolefins is largely suppressed.
According to the invention, the activity of the

25 catalyst, which has optionally been presulfurized
during its preparation, can be decreased and adjusted
by means of sulfur compounds, in particular certain
thioethers. The sulfur compounds, in particular the
thicethers, are reversibly adsorbed on the catalyst.

30 Their concentration on the catalyst surface 1is a
function of the concentration of the sulfur compound in
the reactor feed. The coating of the fresh catalyst by
the sulfur compounds is carried out by charging the
catalyst with a solution consisting of the sulfur

35 compound and a solvent inert to the catalyst until the
concentrations of the sulfur compound in the reactor
feed and exit stream are equal. This allows uniform



conpounds, in particular certain thioethers. The sul fur conpo

partjicul ar. the thioethers, are reversibly adsorbed on the catalyst.

Their concentration on the catalyst surface is a function of the
concentrati of-&- t3¥>ul fur conpound in the reactor feed. The coating of
the fresh catalyst by the sulfur conpodidds is carried out by charging the
catalyst with a solution consisting of the sulfur 35 conmpound and a sol vent
inert to thec@%%%toﬁnlih? crREAL¥EhC dhtnong ofhe henkareucatemysind in
the reactor dueediand exukeguleansaleengsal .ifddiwda) | ovsoini xampdt ,Mar ch
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conveni ent t beudwydrogametterd adltded £ hydricgenatesse t sel f for this purpose.
5 According to the invention, the sulfur content in the reactor feed is in
the range from1 to 100 ppm preferably from2 to 20 ppm during the
reaction forAccomdigd it the darvenfsioracttlvet gudfdrselcedtant tyn The 10

sul fur conpoupds.tied foig thiss RW PesR Mighghe selubl¢ iR ”i@oppg uct and
the reactant, bind reversibly to the catalyst and formno mater S that
p
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obt ai ned by thetRic1desy afhd heataypsti ercill thheratlded) st {vicgonpaunds and
sul fur compoun resulting.there rgm ??E} be renpvabl e by di sthl L&tl on. It
is knowtd hatUrhedE GURATRU FEFcofPolids AFHPIRRk(HHE DRdspLuble

hydr ogenat i ngncahai tpmmBictheraliseha &2nor 15i5dboadersiblyrackedheFor.

exanpl e, hyd I S a'%]gj h ge ul f] . be.faqr apt ans

and - ner capt %%E%&g’%r%e or rreégfgrﬁomr}lcﬁal %ng?'gg%fi g%ls# %O{éa%neggéél fur

conpounds angatRdY&iH-f urSTeepoundedusitied having very low sulfur
contents are obtained by the process of the invention,

durri ng its preparation, can be decreased and adjusted by rrean%%ﬂargﬁlrédb%
t. 30

15 the added sulfur compounds and sulfur compounds

resulting therefrom must be removable by distillation.

It is known that most organic sulfur compounds are
unstable under hydrogenating conditions, because a C-S
20 or S-S bond is attacked. For. example, hydrocarbons and
hydrogen sulfides can be formed from mercaptans and
mercaptans can be formed from dialkyl disulfides. The
added sulfur compounds and the sulfur compounds formed
therefrom can react with each other or with olefins, so
25 that sulfurous materials having the same boiling range
as the target products can be formed. A further
disadvantage is that, formally, transalkylations can
take place at the sulfur atom. .
7 Furthermore, it 1is known that some sulfur compounds
30 | form azeotropes with hydrocarbons. For example, an
azeotrope consgisting of isobutane and methyl mercaptan
having a boiling point of -13°C is known (F.R. Brooks,
A.C. Nixon, Journal of the American Chemical Society
1953, 75, 480).
35



therefromcan react with each other or with olefins, so 25 tha 13@;5%%
materials having the sane boiling range as the target product c
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t hi oet hers h&pngy tdonseadnids EQNBSA aiBnsthe fhetton theshictondiuriiogs. Both

carbon groupgcRfcitRe pihi gekbensateund tanhe syi tabhe gan LejAentigal or
different as well _as acyclic, cyclic, heterocyclic or aromatic. It is also
possi bl e for HFEiddRiddnd ebpl ¥58d TTHhadechbrenghdiP ofae t ARFERséengr oup.

Al thi oet hehatb deviaih athl eesheds chnbongaesihame & BhgBsh Bebhisng
polnt (e LUagaiesL gLl O peske!) Bl dg toto s AR
obt ai ned as &hbiorettmrspr bodusd. 20 be oswktalbe magirmi ke tikerdifdaubly of
0L ALY BTN, R oIy i RSO i Lot
aromatic. It is also possible for the compound employed

to have more than one thioether group. All thiocethers

15 having at least 4 carbon atoms have a higher boiling
point than the highest boiling moncolefin having 4 to 6
carbon atoms. These compounds can be separated from the
product by distillation and are obtained as a bottom
product.

20 In oxder to minimize the difficulty of distillative
removal of the sulfur compdunds, thioethers having a
total of at least 8 carbon atoms are preferably used.
The hydroisomerization of a Cs-cut is preferably
carried out in the presence of dibutyl sulfides, in

25 particular di-n-butyl sulfide. These allow the catalyst
activity to be particularly well controlled.
Furthermore, any transalkylations that occur on the
sulfur atom will again lead to the formation of butyl
thigethers, so that their effectiveness remains

30 wvirtually constant and there is therefore no effect on

the distilliation, facilitating reaction control.

A mixture of two or more thioethers can optionally be
used to control the hydroisomerization.

35
The reaction over the catalyst is carried out in the
presence of hydrogen. The hydrogen quantity depends on



The hydroi sonerization of a C4-cut is preferably carried out ?Q&@h

presence of dibutyl sulfides,' in 25 particular di-n-butyl sul

allow the catalyst activity to be particularly well controll ed.

Furt hernore, any transal kylations that occur on the sulfur atomw || again

lead to the por%at 3% of butyl thioethers, so that their effectiveness

remains 30 virtually constant and ther-e347s-therefore no effect on the

di stillation, faC|I|tat|,ng reaqﬁtlon control. A mxture of two or nore
{jbe

t hi oet hers campt ToREFE seBOL¥URSAEHERtERe HNH PP at i G 35
The react i onpavericifiarcatianst, iin Ceid | eshOtéri Peble Tﬁée&__ﬁaﬁQ& lyedr ogen.

The hydrogen nt| dep n. 21l March 2006 O Z 65 - e quantity
of pol yunsat ug’%? eﬁydlrocg g8ng e Syar 17 cBREE 167 eLﬁES |1ﬁ°tﬁe Pgﬁ’@tfor

feed. The quanetrivt ypafrtllatgadlamg@’n perefetmredi t 2m@s, tion pamti edkas,l B3

tinmes, ver 2 t he 5 stoichignetric
quantity %egg’ggatrcgﬁ tﬁﬁgp Cg't(ana'{q%ﬁ ngcggﬁérﬁolffﬁnéja}{ WL hy B 084r bons
to give rmno@lhéf|m1WW§ué@b¢ﬁe§mmmehoramm mangelefifisom 0. 1
to S mss% ehiBoligisaldirgs echdydbneantent iba &@% e Ofroh®8y £ 1N the

concentratlon ran%e of fromO to O. mass
hydr ocar bons? & i %9 36*“*@*&1‘?’6@%%‘3 Hﬁtﬂépéérbﬁnlss ipastige oneshgoront ent

of nonool efl e ekin the reactor feed. In this concentration range, from

0002t lar from0.003_to 15 0,004 not of hydrogen is
net er ed i pgf’1 :Eoi} 8?118 {3 }L'je??nran?ﬁ"e Feaftrn 9 stEaror'lled“%‘{ﬁ"?/ﬁ ag

t enperat ure paﬁgensﬁtu%atEﬁOChyquza:hdrml athdOquad@rywesy ppatbgeharly 20
preferably 8Qz1Q0Cy T, is' I Vo OWLE €% UGS RALgU arly
advant ageous. Si ice fh ﬁ%s ) 'ggﬂégﬁg gf nmnéga flns in
the reactor feed In this concentration range, from
0.002 to 0.006 mel, in particular from 0.003 to
15 0.004 mol of hydrogen is metered in per mole of

moncolefin.

The reaction is carried out in a temperature range of
30-150°C, in particular 40-120°C, very particularly
20 preferably 80-100°C. The relatively low temperatures
are particularly advantageeus, since they allow a
convenient thermodynamic equilibrium between olefing
having internal double bonds and those having terminal
double bonds. For example, the ratio of 2-butenes to
25 1-butene at thermodynamic equilibrium in this

temperature range is from about 18:1 to 16:1.

In view of the low boiling points of the C,-C¢-
hydrocarbons, the reaction is preferably carried out

30 under pressure, so that the reaction substantially
takes place in the liquid phase. The pressure range is
from 5 to 50 bar, preferably from 10 to 30 bar
{absolute).

35 The reactions (isomerization or hydrogenation with
isomerization) can be carried out by differing process
variants. They can be carried out adiabatically or



conveni ent thernmodynam c equilibrium between olefins having i
doubl e bonds and those having term nal double bonds. For exarrgli @iarghezoos
rati o of .2-butenes to 25 1-butene at thernodynamic equilibriumin this
terrperature range is fromabout 18:1 to 16:1. In view of the |ow boiling
poi nts of th&-@- 86hydrocarbons, the reaction is preferably carried out
30 under pressure, so that the reactionl@ubstantially takes place in the
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than 10 K, amdbulagne reaciors,st epn  ben bberhakter adaseatakhligacbers,

nost conveni tubul acte can_be at ed_adi abatr cal | r
virtual ly i Sg;'[i%-lt%alll:s'}) JJ'PJ"‘hr’Othélgrne c%f be %f){;ra%g aglagbat}? al P?egﬁg a
others virt uéﬂll?bra%lclﬁérlwal apd  Fyet erheorse, WlﬂftmlriwssubbEhEUmaMyert t he

reactant in pebiRicehoRASS (Or 1 W ﬁesgreﬂacfwr %%Qﬁéf‘tg £ SELOL S pCan be
operated as cocurrent reactors having .trickl e 10 beds, pre era y vvrth hi gh

i qui d spaceSFEPGEREL dRAS§ nOTt fE Gt BFR3UGE o egYRilgRTs pdlhe t Faachbesd,

reactors arecaﬁr Gif)@r@bley:a(tlé@r aged d@lddi:x’@rﬂ:h £é8§t5r§pf}f‘eﬁn\f§_:} OEHL!:E§e in the
range fr partr gﬁg% (1m 15 to 30 nB ng of cross

secti on ]gdtn Hgggrrpt%f ee§ LA aglzrarffct‘b‘?f S ohes at 28
i sot her mal | ytherd interstata ght @ahsght h;@a]dequun.dmehqurellﬁ Shesfc et OCchtees can

order 1o avoPds E%?%%%g%ééﬂ%e 180 il 18080 Yenher PrdfatiniSr the
cat al yst andifothke reggeatfizem &f to 100 m in particular from 15 to
30 m> per m* of cross section of the empty reactor per
15 hour. When a reactor is operated isothermally and in
straight pass, the liguid hourly space velocities can
have values in the range from 1 to 20 h™%, preferably 4
to 12 h™,

20 In order to avoid hot spots in the reactor, which can
lead to damage of the catalyet and to the formation of
by-products, it is convenient to limit the
concentration of terminal olefins in the reactor feed
to at most 20 mass%, in particular at most 15 mass%.

25 When the content of terminal olefins in the reactant is
above this limit, it is diluted. It is convenient to

use the hydroisomerizate as the diluent.

The ‘sulfur compounds are separated from the effluent of
30 the hydroisomerization reactor. This is carried out,

for example, by adsorption or preferably by

distillation. The sulfur-free crude products obtained

in this way can be further processed by known methods,

for example alkylation to give Ilow-sulfur gasoline
35 components.



by-products, it is convenient to limt the concentration of t !
olefins in the reactor feed to at nost 20 nass, in particul arigwﬂn%is"tzofg
mass% 25 When the content of terminal olefins in the reactant is above
this limt, it is diluted. It is convenient to use the hydroi sonerizate as
the diluent. Orfe- &8 fur conpounds are separated fromthe effluent of 30
t he hydroi somerization reactor. This is3farried out, for exanple, by

adsorption or_preferab by distjllation. The sulfur-free crude products
obt ai ned i nTt}% sé%%%/ﬂcg%t%‘éefﬂ?{ BP AP0 BS RF HIPKP oRA L HERAo FSMOVEGY

exanpl e al kylttd orsulofwgh vecdmyewmd$ Uragasopira€erdbl gonpeparhses?l tMar ch
2006 O Z. 58 The disti.ll ative kup i n. one or nore colums renoves
t he sul fur c%ﬁiﬁeﬁn 5 Tand parscefleeraasoﬁ ytvgo\é%aé‘ﬂ:e]sorﬁ'e olefins into at | east
two fractions. 5 In a preferred enbodi nent, for exanple, a C4-hydro-

i soneri zadi oM Xt UKL aranedy4 |y }Qne into.a top, side and
bottom fract i_(I)ln. TE% %F.gjf?ﬁ@gtl on lpgllr;éergcg’uréf%lr}s :é%g#ﬁ?eter‘an%e Cﬁr %'Pﬁ%‘ﬁoto 20
bar, in par tiSEHSFL FAHAB Toxereans \aspayaied cihadnlyf rone 6cdQuinn 8 bar

(absol ute). TheaAwer ,dishb! kAl et dRPes I S o[- from 30
to 130C, in parti cuilgg}'rg, from30 to 16:0C, ver%%ﬁi cltrﬂlgr ngtagggg%ggl y
bet ween 60 aRdSFEEFSThe S efll uxthieat iR %e i nffXeMe ¥ anke f2Bm bare 301 in

particul ar fpamti@uler20fenn 31%overy paFfi eekgr lpadyieharabhy frem 5 to
i.ch is | ocated

from 1 15 15 Fheofet | B pi CEEOTHEOE  { HEbot ASAFIS6 A FFERLL2bBERat | ng
variant ‘i s t Geomerptogte t Re iracthen Xamspaerfzat i &0 orchydsogenat ian and
iSoﬁeriZatioBhr%&@uﬁ%Earaf£9ﬂ sigp!l t apeouphyod n Avery particularly
preferably between 60 and 70°C. The reflux ratio is in
the range from 5 to 30, in particular from 10 to 20 and

15 very particularly preferably from 15 to 20.

The side stream withdrawal is carried out at .a plate
which is located from 1 to 15 theoretical plates above
the bottom.

20
A further operating variaﬁt is to carry out the
reaction (isomerization or hydrogenation and
isomerization) and separation simultaneously in a

column reactor which comprises internal fitments and

25 catalyst. For example, when a Cy-cut is the reactant, a
pressure of from 6 to 10 bar and a temperature of from
60 to 100°C are wused. This allows a wvirtually
isobutene-free top product to be obtained.

30 Furthermore, it is possible to allow the majority of
the conversions to take place in one or more reactors,
and to carry out the remaining conversions together

with the separation in a reactive distillation column.

35 Sulfur compounds remaining in the bottom product can be
fed back into the reactor. A portion of the bottom
product can be discharged from the system, in order to



col um reactor which conprises internal fitnments and 25 cat al i o]
exanpl e, when a C4-cut |m; the reactant, a pressure of from Gy?g “ﬂﬂ%gagooaﬁnd
a temperature of from 60 to 100C are used. This allows a virtually

i sobut ene-free top oduct to be obtained. 30 Furthernore, it is possible
to allow the Q’razfor-r?%lsof the conversions to take place in one or nore
reactors, and to carry out the remaini i conversions together with the
separation in reactive .distillatjon %ol um‘!Ii 35 Sul fur conpounds remai ni ng
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bottom produwmilinan cemposalksr gatttoduréde waydi ethel reddt@int 0 3 Mag ch

2006 O Z. 58 -- 20 en i ease..in the.sulfuyr.content through any
sul fur conpo%&rémfeznt F ggl%géd é\;\ﬁ)rﬁﬁo?%gé r glaa&lélr?t  UBfepyT a{’%ﬁo\%c@ﬁ’?%‘es
conpounds havinfg undesi r alcegssoperdl esrndtomeine psodésns. Aldmernaidvel y,

sul fur cogpounds; p; Neyt 10e4lehi Qr?i@geééﬁeﬁecgﬁdgﬁ %%dec(ijlet Qg ggycl ing
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feed. 10 Onl yarhar diheateaciant disrdu@e fham Qﬁﬂf‘ﬁPOiéoﬁf%ntangndehe
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hi gh-boil ers are forne uring hydroi sonerization or ogenati on and
hydr oi soner i fé"ﬁeor?,gc%ﬁg’r?% %‘:g’i‘f?%%né)%d‘i‘bo%sr%?%y%?%- intheir

entirety. However, if high-boilers, with the exception of sulfur

conmpound 1 I [ i.nthe distillation bott sul fur conpounds
are di scﬁ%r ge%éﬁt)ég@?%%r‘g\%gt hrnetahcg%l%gh}sb FESr £ EY ﬁﬂ@?“}gﬁ#ﬁ?sr e@ding is
not econoni c&q 91.1911:-6?03@1)@34’@@{6 whenmedsdi:f ingf hgdr6isbydraeathon wirabl e

St eam Conpr g brBSTR Ohnll gﬁy@mr:&sﬁ%wﬂwsﬁr POoen 2q,havidng dipre than

4 carbon atoms) is hydroisomerized of rogenat ed and hydroi Somerized in
accor dance WAHPOEDS nhentiY g elRedPiolf t RELésRtEnt BoweNemh- bdifl ers in

high-boilers, with the exception of sulfur compounds,
15 are obtained in the distillation bottom, sulfur
compounds are discharged together with ‘the high-
boilers, so that sulfur recycling is not economically.
For example, when a sulfur-free Cy-hydrocarbon viable
stream comprising 1 mass% of high-boilers (hydrocarbons
20 having more than 4 carbon atoms) is hydroisomerized or
hydrogenated and hydroisomerized in accordance with the
invention while keeping the content of high-boilers in
the hydroisomerization reactor below 5 mass%, about 20%
of the added sulfur compounds are discharged with the
25 Thigh-boilers.

The degree of recycling of the sulfur compounds can
therefore wvary in the range of from 100 to 10%,
depénding upon the composition of the reactant among
30 other factors. Typically, it is in the range from 100
to 50%, in particular from 95 to 60%, during the
hydroisomerization or hydrogenation and hydroisomeriz-

ation of Cy-hydrocarbon mixtures.

35 When the bottom fraction is a mixture of sulfur
compounds, high~boilers, product and/or reactant, it is
convenient to separate reactants and products from the



t he hydroi sonerization reactor below 5 mass% about 20% of thE @gqc}eg 6
sul fur conpounds are discharged with the 25 high-boilers. The 11 %’fﬁ
recycling .of the sulfur conpounds can therefore vary in the range of from
100 to 10% dependi ng upon the conposition of the reactant anmong 30 ot her
factors. TypPc&l'l 8Pt is in the range from 100 to 50% in particular from
95 to 60% during the hydroisonerizati@d or hydrogenation and ,

hydr oi somarié-,ﬁgt '%Don of C4-hydrocarbon m xtures. 35 Wien the bottom
fraction is SLAPxPOrESEF sulfUur BBnpoBRSSLakEgh boidter s, @ pr oduEthgsd/ or
reactant, itdistidoavénmnent to separate reactants and products fromthe 21
March 2006 O Z. 5865 - 21 high-boilers to be discharged in a further
distillation. When a C4-cut is hydroisonmerized or hydrogenated and 5
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processes, for exanple in the preparation of MIBE. en t !

hydr oi sorreriEéFFbﬁ{rﬁ@r CHPr MeFSo@PH/ n VEI3hIRAWE FeakaBly 400 masatppb
1-butene- free issaluirenerican hexobtai ket Hdi Sepapabedqused 4 NFygbrggactions
whi ch ar. upgg%ﬁ% 1- but ene. The .2-but enes,. whi.c ise butane, are

.conpri
Wi t hdr aw in oukC f Fhi%s HHHRNS r &5 ?Pré’r%%&lsf'ur'r Gnt @hEL1RiCpel ow
500 nmass- ppbmikhupear teoulsr detdwid 0Bnowss ppplesg@syerfbpastamplariy bel ow

50 nmass-ppb gpd ks O+ BAr ifc&g#l%r y i at i on, of
gasoline al Ey]ga%_jefgi)%?t erl. retﬁr)ova gf' t@égé{e% fﬂﬁéﬁég%%@%ﬁf%tl%&aﬁl e by
adsor pti on ofitBripde@ubedaiscedbyrn fepctor, a virtually 1-butene-

free isobutene can be obtained. This can be used in

15 reactions which are upset by l-butene.

The 2-butenes, which comprise butane, are withdrawn in
gaseous form as a side stream. The sulfur content is
below 500 mass-ppb, in particular below 100 mass-ppb,
20 wery ©particularly below 50 mass-ppb and is then
particularly suitable for the preparation of gasoline
alkylate. After removal of these sgulfur traces, for
example by adsorption on a fixed bed absorbent; for
example a molecular sieve, the 2-butene mixture can be
25 used for extremely sulfur-sensitive chemical reactions

such as oligomerization over nickel catalysts.

The process of the invention thus has the following

particular advantages:

30 - Polyunsaturated hydrocarbons are hydrogenated to a
content of below 5 ppm.

- Even at high monoene concentrations in the
reactant, only small, if any, losses of monoolefin
through over-hydrogenation occur.

35 - The isomer ratio of the monoolefins is close to
the thermodynamic equilibrium.



exanpl e a nol ecul ar sieve, the 2-butene m xture can be 25 used
extrenely sul fur-sensitive chem cal reactions such as oli gome?iq %ﬁcgr{m&%r
ni ckel catalysts. The process of the invention thus has the foll ow ng
particul ar advantages: 30 - Pol yunsaturated hydrocarbons are hydrogenat ed
to a contenf é&f @%ﬁ@w 5 ppm Even at hi gh nonoene concentrations in the
reactant, only small, if any, |osses of 2gormool efin through

over - hydr ogenat i on_ occur. %5 - The isomer ratio of the npnoolefins is close
to the ther r‘mdynﬂ" e FTIHT i| URRCOYCRBRCh %008 8L oBEstures  camhe

ol efi ns recover ed advahiteigeotisitur &% Ccageddva@siagenes! ypropavsedohor oehe
preparation of Iagagglﬁgr&prod%®%%: - The sul fur conponent is al nost
conpletely 5 recover &dand e e results in only I ow costs. The
activity of the c@hal yseuddnrbe admpshedtto ieperalibgtneedsmpIlbecgxanpl es
which foldow illu (e L. 10 ngentratigns. given in the
exanplesfgre obta?%§§%%6§gfﬁ§ﬁu§§%§%%9ﬁé F%%ﬁ%&%né%hﬁgﬁﬁﬁiéﬁiqﬁﬁi ods:
Determinati on of The @ctikoher sofGishehranalygtaptic bavestiwgsiednt¢100%
nor mal i zat i on) lépera%gﬁ%;%@édE[D Col um: 50 in PLOT A1203 /Na2SO4 ; 0.32
- Oven tenperature: 20 - tector tenperature: - Injector tenperature: -

Carrier gas: - Pre-colum pressure: - Split: 25 -. Injection quantity:
The examples which follow illustrate the invention.
10
The concentrations given in the examples are obtained
by the use of the following analytical methods:
Determination of the Cy-isomers:
Gas chromatographic investigation (100% normalization)
15 - Detector: FID
- Column: 50 m PLOT Al,03/Na,S04; 0.32
mm ID; 5 pm f£ilm thickness
{Chrompack)
- Oven temperature: 125°C isothermal
20 - Detector temperature: 140°c¢
- Injector temperature: '20000
- Carrier gas: helium 3.0 £ 0.5 ml/min
- Pre-column pressure: 180 = 10 kPa
- Split: 200 £ 20 ml/min
25 - Injection quantity: 50 ul

The determination of 1,3-butadiene in the trace region
(detection limit: 5 mg/kg) is carried out in the same
way 'as the determination of the Cy-isomers, except with

30 an injection quantity of 1.0 ml.

Determination of the sulfur in the trace region

{(detection limit: 5-10 ug/kg):

- Gas chromatographic investigation {external
35 standard method)

- Detector: FPD



mmID; 5 mfilmthickness (Chronpack) 125C isothermal .140C g’?% Beédﬂlém
3.0 0.5 mM/mn 180 10 kPa 200 20 nml/mn 50 | The detern1n

1, 3-but adi.ene in the trace region (detection limt: 5 ng/kg) is carried
out in the same way- 'as the determination of the C4-isoners, except wth
30 an injectCof-qidfdity of 1.0 m. Deternination of the sulfur in the
trace region (detection limt: 5-10 gg/Rg)y: - Gas chromat ographic

i nvestigation (external 35 standard nethodé Det ector: FPD 21 March 2006 5
0. Z. 5865 - Col um¥ClOFEY t enperature: Deteébol EBméEattur@®: - Ol.ABestror
tenperature:. - Carrier gas: - Pre-colum Qﬁessyr?m Q3 11m Sghlltch{ﬁggs

I njection quantity: Exanple 1 (conparative); 15 2 25 m CP-SI L CB; 0.53
mm ID, 5 mfilmthickness (Chronpack) 35€CPIORPACkdO K/ ni n:

- Oven temperature: 35°C; 1 min; 20 K/min;
5 190°C; 9 min

- Detector temperature: le0°C

- Injector temperature: 180°¢C

- Carrier gas: helium 15.0 £ 2.0 ml/min

- Pre-column pressure: 60 = 10 kPa
10 - Splitless

- Injection quantity: 5 pl (ligquid, condensed at

~-80°C)

Example 1 {comparative):
15
The hydroisomerization of a C; crude material is
carried out in liquid phase over a fixed bed catalyst
which comprises 1% palladium on Al,0; and was prepared
similarly to a method in EP-A-Q0 636 667. The crude
20 material is pre—heated to 55°eC and = introduced
adiabatically to the reactér in straight pass. The
reaction takes place at an average temperature of 80°C.
The 1ligquid hourly space velocity (LHSV, volume of
reactant per volume of catalyst per unit time) is
25 12 1/(1*h), and the molar hydrogen/diene ratio 2.0. The
crude material contains no sulfur. Table 1 shows the

composition of the reactor feed and effluent.

TabYe 1
30
Componient (mass$%) | Feed (mass%) Effluent (mass%)
1,3-Butadiene 0.4 0
Isobutene 25.2 25.2
1-Butene 38.2 5.6
2-Butenes 26.7 58.4
Isobutane 3.2 3.2
n-Butane ‘ 7.0 7.6




190C, 9 min 1.60C 180C helium15.0 2.0 mM/nmn 60 10 kPa 5 N&{iﬂgdgﬁ
condensed at -80C) The hydroi sonerization of a C4 crude mater e
carrjed out in liquid phase over a fixed bed catalyst which conmprises 1%
pal I adi um on A1203 and was prepared simlarly to a nmethod in EP-A-O 636
667. The cru@eZ-208fdterial is pre-heated to 55C and i ntroduced

adi abatically to the reactor in straight2dpass. The reaction takes place at
an average tenperature of 80C. The liquid hourly space velocity (LHSV,

vol ume of reactant per volunme of catalyst per unit tinme) is 25 12 1/(l*h),
and the nol aExdayghlegen/ degmadative)2 0. The crude material contains no

sul fur. Table 1 shows the conposition of the reactor feed and effluent.
Tabl e 1 30 Conponent (masses)Feed (mass% Effluent (rmass% 1, 3- But adi ene0. 40
| sobut ene25. 125 Zlﬁdﬂnﬁmeéﬂiﬂétﬁoﬁ Bt eﬂa&&&ﬁaé’?SBué laso bk eeBh &S 2n
n- But ane’g 07 rch 865 Ex I rat| The
hydr0|soner|z aﬂ%ﬂk$§fca%g$§ épé% %ﬂ%&ﬁﬁbﬁ% %ﬁ% ékE?g imeé ¥ipt t hat
sul fur in thdisedficke disetaddedi tal filke csudddenhtiaritdie mnu@;dmt anial in
such an = ambubutfiat chbe Sld Uis.aeacenteablaprbe;bie 1achyl LLgedols 3

ppm Table 2 shows the conposition o

feed 1is ppm. Table 2 shows the composition of the
reactor effluent. Analysis of the sulfur components in
10 the product shows a mixture of different sulfur
compounds. As well some unidentified components,
dimethyl disulfide, methyl butyl sulfide and dibutyl
sulfide are shown to be present. The concentrations of
sulfur are in the range from 20 to 700 ppb. The sulfur
15 compounds cannot be removed by distillation (as
described in Examples 4 and 5).
Table 2
Component ({(mass$%) Effluént (mass%)
1,3-Butadiene 0 -
Isobutene 25.2
l1-Butene 3.4
2-Butenes 60.7
Isobutane .3.2
n-Butane 7.5
20
This example clearly shows the benefit
addftion for hydroisomerization, but also
difficulties associated with the removal of the sulfur
compounds.
25
Example 3 (inventive):
The hydroisomerization is carried out as described in
Example 1, except that sulfur in the form of di-n-butyl
30 sulfide is added to the crude material in such an




reactor effluent. Analysis of the sulfur conponents in 10 the “@EH hfdb%‘”s
a mxture of different sulfur conpounds. As well sone uni dent
components, dinmethyl disulfide, methyl butyl sulfide and dibutyl sulfide

are shown to be present. The concentrations of sulfur are in the range
from 20 to 700 Zppl®86te sul fur 15 conpounds cannot be renoved by
distillation (as described in Exanples2b and 5). Table 2 Conponent
(mass% Ef f l uent (mass% 1, 3- But adi ene0 | sobut ene25.2 1-Butene3. 4

2- But enes60. PICsEHut 5RaS. 2the prHifar 5 CROCPRItE adiamp| éncldee | yrestedws t he
benefit of syldddr i8ddi iy feabhKdrPi sAEREI Zatd ORompds 1SR SB@\A&H@G

difficulties associated with the rinnval of the sul fur conpounds.

Exanpl e 3 (i FPETEFe) St ey dr B8 ﬁ%%?z&ﬁ(ﬁhqSSE%FF¥e8°@BPn§§t§e§é¥|bed
in Exanple J;heexpe@ﬁuehatslﬁw Utthiaf tmlj‘rordneaf sdil farbutthpSPemsl fllsde i's

added to the_crude. materi I.n such, a 06 O Z. 5865 -
anount t hat g%ﬁﬁ%tun%%%géngFaPlgﬁtyﬁ N%é%%to hef&@&ce§t§a§ﬁﬁPSTable 3

shows t he comﬁxﬂhmmnsolfﬂhecom@mmemteﬁﬁluhetfe@@ﬂandSeﬁflﬁéﬁtsaMéﬂ

conmponents iR gt chyoduct shows that only one sul fur conponent is 5
present, nanely 1butyl sul fide. The concentrations of this sulfur
conponent in the feed and effluent are identical. Table 3

Table 3

10

Component (Ma-%) Effluent (Ma-%)

1l,3-Butadiene 0

Isobutene 25.2

1-Butene 3.3

2-Butenes 60.9

Iscbhutane 3.2

n-Butane 7.4

This example documents the advantageous use of the

sulfur component in the form of di-n-butyl sulfide,
which is not converted to other sulfur components in
15 the reactor and can be separated from the Cs-cut by
distillation (see Examples 4 and 5).
Example 4 (inventive separation and recycling of the
sulfur compound)
20
The reactor effluent from Example 3
distillation.
2-butenes and

is separated by
The task of firstly separating isocbutene
from the

secondly recovering the

2-butenes obtained as high-boilers in a sulfur-free
25 form,

The reactor effluent is

is carried out as follows:

fed in to the upper third
(plate 45 from top) of a distillation column having
about 150 theoretical plates. The isobutene fraction is
withdrawn at the top of the columm, condensed and

30 partially returned to the top of the column (reflux). A&



10 Conponent (Ma- o)Effluent (Ma- o ) 1, 3-ButadieneO |sobutene néa
1- But ene3. 3 2- But enes60. 9 | sobutane3. 2 n--But ane 17.4 This exaﬁl ch 2006
docunents the advant ageous use of the sulfur conponent in the form of

di -n-butyl sulfide, which is not converted to other sulfur conponents in
15 the react & Zand& & be separated fromthe C4-cut by distillation (see
Exanples 4 and 5). Exanple 4 (inventive Zeparation and recycling of the
sul fur conpound) 20 The reactor_effluent from Exanple 3 is separated by

di stillation2-TREasirich f radurtsefdpyt i § i wobIAEHEL fFpMVEAROTAUSUL enes

and secondly frc%o\@fdnnga tderiZp Dy egest Dbk abﬁedhas bl ahmb QiR r A
sul fur-free form |s carrled out as f : The_.reactor effluent is

fed in to th& e ftroom op IO o WSt R8N @8%Um
havi ng aboutcoi:ﬁsréﬂdmbr eﬁtsﬁﬁeplta:teESco]Hihﬁnl saﬂmt %ﬁ]ﬁgﬁﬂﬂ@ilﬁﬁgl Suldhirhdr awn
at the top of th% coltu con ensed apld t,gtcl)ly retcgrnrg f t he top of
the colum (&MY 1535?)n &%ef’ooé o % D6 PLRYL i Sr oduct
flow is w thehoewmn.n 'Vh@ommonf oprnefiuom a:acgutr(@@teg sertoverl. ocbft hexycol um
(w t hdr awnal t

out si de the oggltm%o%&q% lg’ﬁ&% Tl"%‘gn%ﬁ % é(}grrrrg%élegtgj %nﬁ%g{ies in the
bot t om produ@ihebf hﬁérOéépﬁlﬁﬁlzmﬁéoaott@ﬁ@@t@@uctawimg er teno¥dle of any

hi gh- boi |'i ng ibydaGarbons ey e wiadd %ﬂfﬁxf eed-Qafit thesults.

hydr oi soneri zati qQ eactor according to
y fg a t1Q1a€%on condltlonsgJ

Number of theoretical plates: 150

Column diameter: 200 mm
Top of column pressure: 6 bar
Base of column temperature: 68°C
15 Top of column temperature: 49°¢
Reflux ratio: 16
Feed rate: 5000 g/h
Bottom product withdrawal: 46 g/h
Distillate rate: 1636 g/h
20 Side stream withdrawal: _ 3318 g/h

Table 4 shows the compositions of the different streams

during the distillation.



i nvention,

so that a closed sulfur circuit

results. 10 Distillation

condi tions: Nunber of theoretical plates: 150 Col um di amet er : 2% ”ﬁﬁ]zoﬂ‘}p

of colum pr
t enperat ure:
wi t hdr awal :

15. %/ b8&r stillate rate:

Base of columm tenperature:
16 Feed rate: 5000 g/h

essure: 6 bar
49C Ref lux ratio:

68C 15 Top of col umm
Bot t om pr oduct
1636 g/h 20 Side stream wi t hdrawal :

3318 g/ h Table 4 shows the conpositions T the different streans during

the distillation.

.1 21 March 2006 O Z. 5865 Table 4 - 27

Conponent Feedid&ke |4 at eBot t onBi de stream | sobut ene (Ma- % 25. 276. 80. 040. 2

1- Butene (M

-9 3. 310. 0-/-0. 05 2-Butenes

(Ma- 9 60. 90. 683. 790. 1 | sobut ane

(Ma-9% 3. 29. §=7=~-7= n_-Butane (M- 99 7. 42784697 S{ppn)y3=7F322=F+=—1= not
quant i fi abl ¢ CEWCRERt| s present | 82di - n{ Busyillahg f Pefetdn Thexdexanpl e
docunents that the sul fur conpoynds canjbe efficigntly renpved, so that
virtually sylfur-iree roducts|can_be fecovered. T i
separation 2 i %_ﬁf)_t_h.e 23uf f ur | éBrfhounds)
concentrati qQn-gut3nppmd-3)t he feeds was| found to be_gufficignds for the
hydr oi somer i zzatl on,
-Butenes (Ma-%) 60.9 0.6 83.7 80.1
Isobutane {(Ma-%) 3.2 9.8 -/~ -/
n-Butane (Ma-%) 7.4 2.8 4.6 9.7
S (ppm) 3 -/- 322 ~/-
-/- not cquantifiable, sulfur is present as di-n-butyl
sulfide
5
This example documents that the sulfur compounds can be
efficiently removed, so that virtually sulfur-free
products can be recovered. '
10 Example 5 (inventive separation and recycling of the
sulfur compounds)
Although a sulfur concentration of 3 ppm in the feed
was found to be sufficient for the hydroisomerization,
15 this example is carried out at a sulfur concentration
of 20 ppm in the feed to the c¢olumn, in order to
improve the performance of this method of sulfur
separation. Apart from the sulfur content, the
composition of the column feed corresponds to that for
20 Example 4. The distillation apparatus and conditions

are ‘the same as in Example 4.



15 this exanple is carried out at a sulfur concentration of 2 t
feed to the colum, in order to inprove the performnce of thgﬁwk?h&?ogf
sul fur separation. Apart fromthe sulfur content, the conposition of the
colum feed corresponds to that for 20 Exanple 4. The distillation

appar at us an@-&ndiStiSons are the sanme as in Exanple 4. 21 March 2006 O Z.
5865 - 28 Table 5, Conposition of the &#f ferent streans during the
distillation Conponent FeedDi sti |l ateBottonSide stream | sobut ene

(Ma- % 25. 27678016400 2 fopiosidiom- 9§ 3. the. 6ifferento-Hufegns during
(Ma--9% 60. 90683 di%@i1 1.salut ane (Ma- 0/()3. 29.8-/--/- n-Butane

(Ma-9% 7.42.84.69.7 S (ppm 200.00621520.03 Sulfur is present in the form of
di - n- bUty' r‘||| fide 5 This exan | e _show that pr oduct s _hawvi ng | ow sul fur
concentrati DUSmﬁdSIQexﬁbt ai nabl e e vesegvhen mlcgmanat;évquttt@hgr Sl ur
concentrati pns are present in the colunn feed. 241 March 2006 Repl agenent
page O Z. 5865—-WO—29 \What—i-s—etai-redti-si—i—-A-process—farSHRET
hydr oi somer | Zabbwtreraf (@é—@ﬁ- ol ledd 15 or| ™ .&f i ni ¢ qui.94contla.ni ng
C4- C6- ol efi 1§L gutene (EM Qf hydr% soner | ZEO'E‘.IOEP of 3 Xt urg o’r -

C6- ol ef i ns WHR—SHru-Farebus—hyjdr-ogenatior—ef—up—t6-—5%of “fQﬁv-m':aL-Lrat ed
hydr ocar bons 2eBuntengredMa-%) 60.9 0.6 _ 83.7 90.1

Tzobutane (Ma-%) 3.2 9.8 -/ - -/-

n-Butane (Ma-%) 7.4 2.8 4.6 9.7

S _(ppm) 20 0.006 2152 0.03

Sulfur is present in the form of di-n-butyl sulfide

This example shows that products having low sulfur
concentrations are obtainable even when comparatively
high sulfur concentrations are present in the column
feed.



therein over a catalyst conprising an elenent of the eighth transitiaon
group of the Periodic Table, 10 which conprises conducting t he?t Mageh 2806,
the wpresence of at |east one added sul fur conmpound which contains at

| east 4 carbon atons, wherein the reactor feed only contains sulfur
conpounds WREEH acpmams Peger ated fromthe olefins by 15 distillation or

whi ch on hydiiZsorp&6G52&0 on give rise to sul furous conpounds which. can be
separated fromthe olefins by distillation. 2. A process according to
claim1l1, wherein a 20 supported cata‘l%?s‘t is used, which conprises fromOo.2
to 2.0% pal | hatmisbsdedmed tiss total wei ght of the supported catal yst. 3.
A process according to claiml or 2, wherein 25 al um num oxi de (A1203),
silicon dioxide (Si02) or silica-alum num oxide (Si02/ Al 203) are used as
the catalystl.suppor p&ocesgs 4fon prbeesbydcedsdinpyizattbni nofl, Wh€sein the

sul fur 30 content Jirsihe reéachakrhiged 'éuté‘ EBataaﬁ%gf romel_ 018100 ppm

5. A process according to claim,1l or 4, wherein I oethers are | ntroduced
into the Teactor P&edoBsthRENDRDCSHERTY22akAPRN 0006 Rephaceneht Cpage

O Z. 5865- WO - 30- CgﬁoléfPﬂQCQ@LS:l’ﬁCQanﬁlllﬁgnbgu@ 6&&3?@1:5@ IeE £b) W oghhers
having at |east 8 carg n(ga/{orrs are introduced e reactor feed. 5 7.

to
A process accordi g t oPOHVAIRS EPEF‘F? 8PBut §PREIREdes are
i ntroduced into thheredactwrer ead.cakalArsir ocecﬁﬁrmn@gdaﬂg dlenamt obf cl ai ns

1to7, the eighth transition group of the Periodic Table,
10 which comprises conducting the reaction in the
presence of at least one added sulfur compound
which contains at least 4 carbon atoms, wherein
the reactor feed only contains sulfur compounds
which can be separated from the olefins by
15 distillation or which on hydroisomerization give
rise to sulfurous compounds which can be separated

from the olefins by distillation.

2. A process according to claim 1, ~wherein a
20 supported catalyst is used, which comprises from
0.2 to 2.0% palladium, based on the total weight

of the supported catalyst.

3. A process accordihg to claim 1 or 2, wherein
25 aluminum oxide (Al,0;3), silicon dioxide (8i0,) or
silica-aluminum oxide (Si0,/A1,0;) are used as the

catalyst supports.

4, A process according to claim 1, wherein the sulfur

30 content in the reactor feed is in the range from 1
to 100 ppm.

5. A process according to c¢laim 1 or 4, wherein

thiocethers are introduced into the reactor feed.
35
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10 wherein fron11 to 4 tinmes the stoichionetric quantity of hy
required for selective hydrogenation of the pol yunsaturated h@ﬁ&gﬁsP&@HQ
to give the corresponding nonool efins is introduced when a concentration

of fromO0.1 to 1? mass% of pol yunsat urated hydrocarbons is present in

t he reactor f%%@ agPmept| B34® 0. 002-0. 006 mol ~of hydrogen per nole of
monool efin i °the P88RTHP feed is metered in when a concentration of from
0O to 0.1 mass% of pol yunsaturated hydsgcarbons is 20 present in the
reactor feed. 9. A process according to any of clains 1 to 7, wherein from
2 to 2.6 tine8-theAsPEPEAEBNBEEPEAIRTalPi Cladm ﬁydmyacremreqmammers

sel ective 25 hydr oggpahyoatofiehle Bobﬁ%ﬁ%ﬁt%kéﬁ%daﬁ¥ﬂ t#h @ ve the
correspondi ng nonool efins is introduced when a concentratlon 0 romao0. 1

to f 5 mass% of poFYEnESRGFa¥ eB®RYdr ocarbons is present in the reactor
feed, or at |east 0.002-0.006 nDt 30 of hydrogen per nole of nonoolefin in
t he react ed is netered in ;3.0 centration of fromQ to 0.1 nass%
of pol yung’atu ate hﬁfr%%eagrsoo%CO lf)]lges Rt F8Y+¢ 1 r G4BLBF fledt©3%:10. A
process accor di ng ¥vihectin mdipunydr esuill fhdes hpdeoi ismydwaid obnedf ldient is

Separated into at é@g@{g¥>f HEET 21 March 2006 Repl acement page O Z.
5865-WD -31- least oné olefin fraction and a fraction which conprises the

sul fur compounds. 11. A process according to any of the preceding 5

clainms, wheregn pagt @foddias salcfc%a:d%@poead anpPYsl 84200 by Olift'v' | ation

are fed into the reactor feed. . A"process according to any
precedi n wherein from l to 4 times the st01ch10metr1c

quantity of hydrogen required for selective
hydrogenation of the polyunsaturated hydrocarbons
to give the corresponding monoolefins is
introduced when a concentration of from 0.1 to
15 5 mags% of polyunsaturated hydrocarbons is present
in the reactor feed, or at least 0.002-0.006 mol
of hydrogen per mole of monocolefin in the reactor
feed is metered in when a concentration of from 0
to 0.1 mass% of polyunsaturated hydrocarbons is

20 present in the reactor feed.

9. A process according to any of claims 1 to 7,
wherein from 2 to 2.6 times the stoichiometric

_ gquantity of Thydrogen required for selective

25 hydrogenation of the polyunsaturated hydrocarbons
to give the corresponding monoolefins is
introduced when a concentration of from 0.1 to

» 5 mass% of polyunsaturated hydrocarbons is present

in the reactor feed, or at least 0.002-0.006 mol

30 of hydrogen per mole of monoolefin in the reactor
feed is metered in when a concentration of from 0

to 0.1 mass% of polyunsaturated hydrocarbons is

present in the reactor feed.

35 10. A process according to c¢laim 1, wherein the

hydroisomerization effluent is separated into at
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10 cl ains, wherein the hydroi sonerization effluent is separateg, {hto
sul furous fraction and at least two olefinic fractions. 13. Aﬁbbﬁg@§§006
according to claim 10, wherein the 15 fractionation is carried out in a
single disti Ia%ion colunn. 14. A process according to claim 10, wherein

t he fractio@%?? cg$e% (Y723 out in at least -two 20 distillation col ums.
15. A process atcor %ﬁw?o claim12, wherein a C4- hydroi sonerization

m xture is separated into a |owboilegjfraction conprising isobutene and’
25 possibly 1-butene and isobutane, a_middle fraction _conprising 2-butenes
and possi bl y n-butk?@San®ne RiLGRIBoi FercEiart idK canpfrarhion ifaly
conpound. 16. A pre6RSHieesOfkk gulfue! dbmpddnawherein a C4- 30

hydr oi someri zation m xture is separated in a colum into a top fraction,

whi ch conprises isobutene and possibly 1-butene and isobutane, a side
stream conprikl ng Z- hptecess andcposdihgy tb- bahgnepfandha high-d@ikey
fraction gonprisin t he lfur co unds. NDED_.SHEET 21 March 2006
Replacene%t page %&%ﬁéﬁ865wﬁ%féﬁé- R%PgPr8§es§ SccSPAHRG t §OTPRRIFs,
wherein the side stermmmisdwiolfdrbwn distvidpbetousn f era £8d Amproceds
according to clai mJda,chegeid tthe side 5 streamis withdrawn froma plate

| ocated froml to 15 theoretical plates above the bottom 19. A process
according to any of the preceding clainms, wherein the sulfur content of

both the 10 xiefin fyosééons dscsra@lher £HanafP0 Beb. +2Q Usecehibie
virtuall Osulfur-fr e.2-buH§ne fractioH Bregared,accordin% to any oOf the
precediné claing cla@ims, wherein the hydroisomerization e fluent is

' separated into a sulfurous fraction and at least

two olefinic fractions.

13. A process according to claim 10, wherein the
15 fractionation is carried out in - a single
distillation column.

14. A process according to claim 10, wherein the
fractionation is carried out in at least two

20 distillation columns.

15. A process according to claim 12, wherein a C4-
hydroisomerization mixture is separated into a
low-boiler fraction comprising isobutene and

25 possibly l1l-butene and isdbutane, a middle fraction
comprising 2-butenes and possibly n-butane and a

high-boiler fraction comprising a sulfur compound.

16. A process according to claim 12, wherein a C4-

30 hydroisomerization mixture is separated in a
column into a top fraction, which comprises
isobutene and possibly l-butene and isobutane, a

side stream comprising 2-butenes and possibly
n-butane, and a high-boiler fraction comprising

35 the gulfur compounds.
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for oligonerization to give C8-olefins and higher 15 oligoners,
t he V|r?ually sul fur-free 2-butene fraction prepared accord|n§1ﬂﬁﬂﬁhﬁ096
the pteceding clainms for the preparation of gasoline alkylate. 20 AVMENDED

SHEET Replacement page

0.Z. 5865-WO
....32_
17. Process according to claim 16, wherein the side

stream is withdrawn in vaporous form.

18. A process according to claim 15, wherein the side
5 stream is withdrawn from a plate located from 1 to
15 theoretical plates above the bottom.

19. A process according to any of the preceding
claims, wherein the sulfur content of both the
10 - olefin fractions is smaller than 500 rpb.

20. Use of the virtually sulfur-free 2-butene fraction
prepared according to any of the preceding claims
for oligomerization to give Cg-olefins and higher

15 cligomers.

21. Use of the virtually sulfur-free 2-butene fraction
prepared according to any of the preceding claims
for the preparation of gascline alkylate.

20 '
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