,e3ecc:F6| T~jf ©~ °~ O Z 5865 - 1 Hydr oi someri zati on of ol efins having
from4 to 6 carbon atons The invention relates to a p

i soneri zation of 5 nonoolefins having from4 to 6 carmmmn H’ mﬁ d term nal
doubl e bonds g olsgfsisns) to give the correspondi ng nonool g7 ns havin

i nternal double bonds Any pol yunsat urated_hydrocar bons prégent are very
sel ectively hydrogenated to nonool efins and isonerized 10 to the
correspondin | q-PeHH 3@&% T, S ation
conprises a shi Q%}pﬁ{dﬁg&o ef |nnn|g"cf %%ﬁ(ﬁl%onds an hyd‘lr?&eggn'ggt}"'a‘%!r:rzrs1 W th
retention of attl?Elscarbon skel eton and is hereafter referred to for short as
hydr oi soneri zation. 15 The invention further relates to the use of t he
nonool efi ns prepared by the hydroi sonerization of the invention,

particul ar fdf& H@Vﬁﬁ"é%é%”a LR s rﬁcgr?erplb??%%?ref-%rah%OIF‘%FlFﬂelﬁ?eﬁgr ation
gf gasol ih51e aiobygloa.terfln%? Mﬂ’l@i@on?j’dniat4 ontd S @&n d:arp]sdsltla][\at@mﬁceaﬁdstep
uring the process g o] | ef iLnic en ol efins hav

predom nantl o%ﬂg bo %dﬁre {T(%‘I Jlri%%d'l?o be S he I&ith p‘fﬁ%ucts.
For instance co®4retslp@hdmn© miortaerlest igvse Iproioes sedtémall f levkehe bapds.

dependi ng on gﬁﬁrj t e tep i S
conmon to alfg%r og‘kgs ng %glr%ag%%g ﬂgggﬁgg?gﬁga tplrre%teﬁzc naa%ér{\?tggo% t he
but adi ene. | fSef@cidivedy dardrrosnaleg Har kened lefinkerand sisamenieedal

demand fof | tbo 'tthe do%z?@sl%rﬁiﬁﬁb %cﬁn&ﬂ@f@ﬁ@%é@fb&r iR¥ELRETT M8uBRe
distillation, herw se, is selecgtively hydrogenated to give |1 near

but enes so tl?é’tndzf Te allsé’B‘r'?EéﬁPrt&toF‘onCSf“pﬁ&tseﬁoré t RBAt5b0RE 26B8 ppmis
present. In bﬂterfleﬁ&es dom]:medrmrdmn ankt we (kpanbges ratéinsateithor

hydr ogenat ed cr, | S, s t he 35 ;satyrate

hydr ocar bons ntb l%al%) and i Sobut Eﬁ‘er corrprslwgegs Phe oflefl s |§85u?gﬁgr

1- but ene and r2isur@de tciforampantars) hyidroi-spmegrigatsane of the target
product sy 5 f urtfer S0 5G| e s {o! | : bugenet ' QZ
5865 - 2 is rermvle romr af fL?rnate I 1%8 rogenate crac§ cﬁem cal
reaction. Th&dneplsafing IQr%ét’eiinﬁ’drt‘é}P@ V§€@§§°F‘§rtlﬁétrlé’§ct‘?%ntbf—‘

i sobut ene W til@ithanol 10 gaveiseiay! rhber tth@“ﬂﬁep%ﬂ%@d'lc(rw&g) niyhkeh anong
ot her 5 uses f.i,nds S|gn|fl ? nt yse as a notor f additive. O her

possi bi | i ti eQdHEEME PR R SR ¢ @a\Fé’ e iy Wkteanol

(TBA) or the aci d- cat alyzed ol i gorrerl zatr on of isobutene to give

dii sobut (}1 ol i_ganer s. Lni hut adi ene_guant,ities 10 are
Momed £0° R Ridle TR 1 o ThE LEPRT0E AR TR RS

i sobut ene- freénecztpx:me%&mn%s GaCradediniy, mimtolresompréseslefienki near

ol efins and spkunpf %ﬁréﬁ’&ﬁl%tﬁ%ﬁsmé@rﬁahﬁtd&ﬁwcﬁgﬁéét Loa ohiebgasgthan 5
ppm remains. 1-Butene_and isobutane are 15 conpletely or partially renoved

fromthis mXtur&epy thest PRERL |Bﬁ°d"fﬁ’ésren%‘i’1h| ngishadefe Sk-PLREAPLBUt enes
and sat ur at echiBytdieear §eas peaaeaeeal I:gonetfzeﬁlentom%arﬁ%ﬁemlrt@eo@ct ol

process, ,fromhi ¢h, dl-9-buteng 'S IR A, Lhe; TBLN AQIUCin: &9 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 intermnal demand for it,

it ’'is separated off Dby 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-Cs) 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 1l-butene is one of the target products,

further processing is carried out as follows: isobutene
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However, if the preparation of isobutene and 2-butene, or a m xture of
l'inear butenes having a high 2-butene content, is the target, the follow ng
cour se, of- proceSS|ng is preferred: C4-streans, which typically 25 conprise
not nore tha f t adi ene (4- strean1fron1the FCC (fluid catalytic
cracker), raf'iﬁate I” or hydrogenated crack-C4), are hydrogenated and
hydroi soreri zed, i.e., (still) remaining butadiene is selectively

hydr ogenat ed ;50 tdidvén C%xﬁ‘“i*af’hﬂ&ﬁe”@r Br38yidhdReR R [GRIKNT, B
1-butene is sinultaneously isonerized t ive 2-butenes. The equilibrium

| ocation bet &Mt FRAGNPHot e buiua BSCTogbi¥er WPEL f GFOLEAAPIe,

about 1 :17 #Hrdies iis €heStied@dordNofhessbdeecte thiel-meteaesl ©ol y a

br oduct. 1 omEHE HYRHBTSolEF L Ur6h RHErar o g Yoo Phe BREF| “BBREI ng.

poi nt dif ber enges, fandst Migriidi qaraductecas be moto® ZuéBb6addiBiver.ocessed
by customary Jmt t hod | SO n r m .S obt ai e.hottom
product. This m xﬁ ué%slégb%f PH%% SEI& %glb eg%ﬁnle{{aaél nf%? ?%gb%}s'%%gr at%I on of
ol i gomers, praies abtertofans- obleif-aml anfTBA) paeri cthar 8cdd-gabatlyaed For

the ol i gorerizatd Gfer 1 NG €Ar %f' Ni PEHRELRE € dT §8vRT ATESFoMA It 8nd
A igonerization over acid catalysts, for exanple zeolites or phgsphoric

acid on suppdrteheh PAGFSMETS- prBEesERAIMIRI h&RHAIHANE f GHABLAEAGS i me.

10 This QOVesaﬁ§0f@rhoﬁédtbye& cgelt&ma}tedhpaﬂégéﬁatm@dpﬁbaagbl Y SHP)
di met hyl hexengs l_é)V\AD 92/13818) .. A process which is ac}é racti ced wor| dw de
is oligoneri S ng SEUBE ni UGB as “PRE"DI RERSOL

process (B. GmifirsstaN AT) Heminiein, cdmpt i eels Hth[B e]rmmﬂSOCafahysiaﬁdw th

Organorret al li to.2 9 16 al | y,
ol i gomeri zat |s(cnant over nqu:& %?%edg%a?gfys s Eo%g%glz}rﬁnt@%onegg such
as the processhast OﬁENBHGmFEmeh@S pr odeditienglesapfbedi $PPUIRNG | t ¥ t ure as

the OCT %5pr%&§§lé 062" hod- 20a PIPCegtmoved Mrodrd thik98R)xO@ré 2pySect .
1) , pages 31 to 33 he di butenes obtained in this V\?{\;?are %ﬂswa e

feedst ocks i rfitHe Qs F‘H&usrtwlr}jﬁ}g eRaKpree 55 8*6r MATEESN can
give rise to a&icﬂemaiﬁﬁ:a/dud:hhgrﬁeolcam@ehsbycaﬁe B@.I’bﬂlﬂ.g‘ﬁnﬁh’ﬂlzedl t H®rcase of
di but enes C9- al dekh;/d vvhiéh tgemsel yes can fi n use fl b Qrtant

i ndustri al pr a%?e CFRtI BHRETRE hyﬁ?gggnéﬁ oﬁl of* &M ﬁlydéLs to

gi ve al cohol sf@mied hes rtl8® maactpoedwdt h car boxylic acids or carboxylic
anhydr i dg to give esters. For instance, esterification of the al cohols

wi th phthalic anhydride gives diisononyl phthal ates, which are very
desirabl e pl deweve®r sifntike RYeRATAES Py REsEFARUFFRBSERE. 2FRUTSEE, the 35

oxi dati on of &l dghydeske gsﬁ/elmgaﬁoroﬁe@a@@dmgfﬁaj boxukbs acifhenthi ch
can be converted to 0|I-solu | e netal salt i nt is industriglly

i mportant and®°™ terty 7 bBpsthey tRTE8Y.ced %hegglg?ﬁlﬁgedcoPSFeexg le, as
siccatives fosreoedsngs ars apreifahirddzer §,+ ot reahyyi Hiddhl ayipdealAyf urt her

exampl e of I NAUSLLIAL USE |8l 5ACH 082 ObuR a8l BhnS(( dLRYLERED i th

car bon nonoxi

the FCC (fluid catalytic cracker), raffinate I or
hydrogenated crack-C4), 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 l-butene is simultaneously
isomerized to give 2-butenes. The equilibrium location
between 1l-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, l-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



gi ve carboxylic acids which are | onger by one carbon atom by using strong

acids in conbination as catalysts, which is described in the literature as
the KOCH reaction. Tertiary branched carboxylic acid m xtures 10 are

obt ai ned, mhkp@lng#égﬂr branched nature are in turn very well suited for

t he preparation ‘of e previously mentioged netal salts. A particularly

i nportant use of tertiary carboxylic acids is the reaction of acetylene to
gi ve vinyl el Chpger ke stomdsyComBY S, f 0ini Nt abRAk eplasticel Zi Ng

of polymers. "Copolyners ot vinyl esters of tertlaré carboxylic acids with

vinyl acet at SVgF179 oS bt eed 13 PR’ BOBFORaPEPIUFEperSif @ixture

envi ronment alily &r gy psutsbasd reeaitdigs 808 e@heensrgyasayioy of
insulating plasters for 2

0 huildings.. The hjgher oligoners_fornmed.during
ol i goneri zat iU HELH soPHE ﬁrﬁghycﬁgﬁiEéTgiégh%%sggg POt BRATprElad
m xture of i shiveiimutekd al cohols is obtained from 25 tributene by
hydr ofornyl aty on and %‘itiglt%ﬂ%é%'ltz Qﬁ%&oge&%%]%é’”a whi 6N {ﬁ{‘ﬁ‘éigfs hrle
pr ecur sor for The preparation X et’érgen s.ana plastTcizers.
Hydr ocar boxylrutderes egarianta. t R ipomertizen ion t@rey argidlZacadlyokyl i c.
acids, which gan be msed tabi1stak! 3y 3 ARMdcat | A tont BepperEgspandi ng
C9-carboxylic, acids. The remaining gas fromthe oli OﬁEFIZ&FIOﬂ consi sts of
n- but ane and %ﬁﬁﬂﬁtﬁﬂﬁ%nP¥P6§56F3bu§@ﬁb§?aﬁhiEHOHFe P&ty edoRg time.

hydr ogenapi onrhildie Bighky pldndy buhdReures35 disedbriwchedanpllerias,

propellant in the production,of aergpsols. Z. -5 he difficulty
with the hydr FRRP ﬁ§ﬁ?5ﬁ¥ﬁ)ﬁ§?‘ﬁ9§f’i éﬁooﬁ%}ﬁ]gf%s)m x%‘rupgé)ciefsto
control the hyidictgenat i ahssugradiatcahewpolgundat urait ed igloefeimizatifinch are
only present %é‘jtﬁgf""s%ﬂﬁ%@t rrgtdl%l&c ﬁl&&&”?’%ﬁfo%ﬁ tQ t PheCYThREROAAI Ng
monool ef i ns, But the nonool efins present 1'n high concéntratfions are not
hydr ogenat ed pxrepse $Bt ufarad lisydibdar béesrmannt hAppaiefc flomoosasasof t he
hydr ogenati oncgigh J&i by g @hs RS dricHid 1l 0f c ChoRbBhihAs Hdgers. 26hi Jreans
t hat but adi ene_has to_ be throgenated wW_t hout Ios%es of hutenes while
si nul t aneous| 493 soW@¥ 139 ngRemee| LHeq) - bt BAELY 19 1UgoReF4E526THEVEN bes a
process for irsmeé” i&ﬂ;@e@l@étﬂ%atﬂ]y@ﬁétbhuhag bk Eteb.uﬁ_eﬁéﬂ,, istich faeed
conprising s uantitie r..conpounds. The isonerizatian.is
carried out g@kﬁ r?ﬁ?ﬁ&ZBi g&?§#§§%ﬁﬁﬁ tHeS pPelehee of ﬁ%&Fgéeﬁ. "y or der
to inprove theh@0 Lifetraweref wise cdtal y8CTOLa pabekgsi c (Gyarbdsedomat eri a
( Sn02 OQ]pAlzPy?’ ée% .,e”ﬂl{?yegd.as(l%g%.r)eté?aﬁﬁenéeé@. remove ghs! 93st.
portion O sai d Surtut conmpounds. information 1s given in this reference
about the hyd#dhgenation of dinmes, which are possibly present in 25 the
feed. It is also not disclosed in this reference whether olefins are
hydr ogenated to satyrated hydrocarbons. 'US 3 531 545 describges .th
i sonerizati ont®f oftPRhenes 099FaénﬁalIéBiuﬁP&étaV@%ﬁ TS h §§H€% of
hydr ogen and saddstoclogpoindsthd epaemipallyoliefustrgnd &cet ylexzaple,
derivatives shouyld_-be r ved fromthe i ri.zatj poce Lk interfere
ﬁﬁroiﬁ%gr?E%¥ﬂ%§g€}°$iﬁgg é§5§§)§9g§ 5 éfﬁ%hf&&g wﬁggﬁ are

with the

longer by one carbon atom - in the case of dibutenes
Cy-aldehydes - which themselves can find use for
important industrial products. Examples include the

hydrogenation of aldehydes to give alcohols 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 very 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



O Z. 5865 - 6 The two processes nentioned are therefore exclusively

i sonmerization processes W thout selective hydrogenation of the

pol yunsat ur at ed hydrocar bons. 5 Processes for the renmoval of sulfur
conmpounds ang) % r}ﬁg rom C3- Cl2-petrol eum fractions with sinultaneous

i sonerizatio t olefins present and,recovery of a C3-CS- or C4-CS-cut
are disclosed by Hearn et al. in US 5 51%) 568, US 5 595 634 and WD
98/12158. Acgar et t@hé§e5a§é0 L Ber Pacealdld ¢ catkhedyeyt In a

col umm react cont al ns adi um catal ySt, in the pr esence of
hydr ogen. Th.f§rg|qp@§1wsc@rcm% E‘\Mﬁkéﬂlﬂquﬂ faamtpaqlry‘@réﬁesc e a8 me
content in Exanple 1 |s 10 ppmand in Exanple 2 50 ppm According to 15 US
5 595 634, HZS and C3 hydr ocar bons ,are separated off as overheads in an
upst r eam col dhmt oBXYAP b 0B i sEEd N5 S 1 F%ﬁEFb?nwOEh
hydrogen. 5l n dJJHf:‘n.er)l (Jdiibu’aeﬂildaskebuﬂ:at atgrdtorantlonopatibadindn watet ysb ar e
installed in separate bed The,.nj ckel . cat al yst C bed
installed Iov%“rVp n“th O’&S?h?m a‘%ll?ﬁo% gf lé’ %Pté aél?%sg% pﬁ t he
reactant to cltem iy woind estoonts acak@s pmacemhanatyooves t:heaﬂwsksl,

catal yst, 'Smrarfat'sondae&%ﬁ%e%ct e foyds ogenallenA edar naat | goeyer the
pal I adi um 25 ‘cat A C4-C5-cut 1s obtained as a top product. The d
content is 4@%%@r@ﬁﬁ§lﬁéybobﬁa@§]aﬁﬁl A rPeEst i n@ais V\B1§8PIE§58 the

reactant 1ps fidst oBaasaddtl hrpuigdh abyupshé EAMYRAEHIG CRAtakEI Ngranili / A1203
catalyst, in which a porti qoof t.he rca tans add onto 30 dienes.. The

reactor effl Jéi?i ¥Fassef fRthy HSge RYERAS 2L 1081 uft r EREt or
cont ai ni ng Pdvkzizaglat al méhtlénga C5nétraart| ealks. obtzal nedras calbepypr oduct

which is nelther ﬂ'j&{rhe_ Dy ’%@ é’guga%%%g‘ L ét&%se orrp_pllénds are

not di scl osed- "™ &N ere s on report 0 uced |rre and
mer capt an comm@mrmfara;@ettml@m feagiwat vinyl @SZer§86@thh sggve 759

386 descasbesasor%%ﬁbﬂ\grgf ot qmte%;arlol EEHBEE@QE!LHQ vxmcpoqgm&lsses
smal | quantities of dienes (about 60 in e 1) and fur conpounds

(10 to 350 ppRES)LYmMe%s (e ¥Rt %%EﬁrStﬂE FE3 ELQHY Farpex¥idd §C&9§r a

ni ckel catal ygttn n\ilhﬁ/lpr@@%f&%QeOf abyédrog@ﬂ Aedfepé an&rmeba@i\serbcfd to

t hi oet hers, excess I enes e sel ecti vel égro nat ea and oI |ns re

i somerized. TRFF%: ?ﬁeresf WRenfVe ?é‘ﬂ?%’ﬁ'ta Yi nEHIEREHY f]-?aefrff i ch
conpri ses C3-&mthiynifocantionsf andrgyifabbhyyomrfsndettiony Cph@sterslg Foire

hi gher-bgl | r}%ﬁéerl als. The lowboiler fraction obtained in this process

is again lqot i di enes or sul fur conmpounds. A thioether content of
118 ppm and a dinme content of 75 ppmare reported for Exanple 1. 15 EP-A-0

556 025 di sclfpsesha Héecgasig%%rfshefaﬂga/aauaingl e&%&aema&aght ket rol eum
fraction (for exarrp?e conprisin C4- - and 6 C6- hydrocar bons)

and si mul t anedtRP i svFRfi z&PF on® g?m%ﬁ@lm)ﬁXBFBFF% |ﬁ°§o £APEPrfocess,

| i ght petrol et srassed tegakhees wdh-dycsiogen | bso abdiashieldl atfirem col um
whi ch contai ns Pd/ A1203 .cat al yst dro er and Iowb iler Q. 1~ of
t he reac?gnt)t]a e nec})%s try%'&"? op Oprfm et ““rhe b(?t om S’r%c]? u&%ehg_'s a
remai ni ng di neydoogem t bén AOwpprh ZBrbse bessasi anpoeresses £090.theB 1 110

826 describes_ the. ] [r(sgl zatpn of yjlihULenest 0 giyg 2- buhengs witd

det 1

si mul t aneous ¥ %‘#a%‘?o but a%lif'9 b ° ¥ =
Hydrocarboxylation results in the formation of tertiary

Cia-c¢arboxylic acids, which can be wused for similar

30 applications to the corresponding Cy-carboxylic acids.

The remaining gas from the oligomerization consists of
n-butane and small quantities of butenes, which are
removed by hydrogenation. The highly pure n-butane 1is
35 used, for example, as propellant in the production of

aerosols.



(less than 5~ in the reactant) by selective 30 hydrogenation to give |inear
but enes. A supported sul furized nickel catalyst (Ni on sepiolite) is used.
At 100C, a 2-butene:l-butene ratio of 10.6:1 is obtained, i.e. a ratio far
renoved from % t g“rodynarri c equilibriumof about 16:1. 35 US 4 132 745
di scl oses a pcg ‘ess tor isonerization of_1-butene to give 2-butenes wth
si nul t aneous O Z 5865 - g _ hydrogena?i on of small butadi ene quantities

present in thg teactants; A1y f uri“tzih% pal ladi um gRtRlobehAlts Jhsed. a‘ﬁ@g

di sadvant ages of this process are at _sonme of thé olefins are |ost by
over - hydr ogertd i 3y iaa hiararet 50 bpkl monHBEer ehahS 180pFRPEE LUt i n

the reactant Gan-QsedHl &5dt adhcnFuchier neRe, ddij i RliGia taKt W@ FaRRpri ses
sul fur conpounds.. EP-A-0 636 677 al so descri_bes the use of .,a sul furized 10

Pd/ A1203 cat 3MRAEH f AT hETHSom&beSfMton 1 HieaCORGERTEE A8 or 3FRe

removal of sreddvdriadli are guant breaspdhiibngghmédeo Tk frixss ar ddty diebgenat ed,
t he thernodynam ¢ ﬁ Ilibriumof li.near_.b tenesnciesntb atnl%nrgearésreacrrllio%ved. 15
EP-A-0 288 36PMRITTHE foeeTies ¥or B hydPS§elAT 8P hd

hydr oi soner i Zatdorgeiatld cus sgishe cda tonpred e ppawlodnsul fur. The
conversion takes place over two successive catalysts. The first catal yst 20
conprises palladiumas the active conponent and at_| east one further netal,
whi ch can be ¥l dthad/ BATpRsELATM AR sefondtlat ahystogsrpEieds F&4 adi um

The Convq][osi q&y&p&bé&k@roo pi@@ﬂ?ﬂl 25d?ﬂJhr§4hwéegﬁlnf:@%xwirAé@,_ hy%ﬁqgemela@\ei ngha
content of up to . ppm O r n sul fide. A_di sadvantage this
process is th%a%é%?%‘gh‘g’g?oh?ﬁe%x ﬁpgggr\%ﬁgpétﬁgr f"’&ggloﬂf%c\c[}ﬁﬁls eo(%

but adi ene corvetehed ivwhildi eadad] el ofi ddmeninearet itded Jquanetairt y of

1-butene is isomerized to give 2-b~tene. Furthernore, the resulting

products cont]?;fi1 “30°sul fur. A method for the removal of the sul fur
conpounds i s not suggested. In existing processes, the activity of the

catal yst s senphoyed baonBedgratRd iy f W coppossds ieBrt he Imdraactnt -

Thereforé, they are particularly suitable for hydroisonerjzation of
sul fur-rich h9debtRs bonidt r RAEEIFRVEV er Oft hEsEYSEDESssesihave t Hf&ed
di sadvant age ¢bmprisihd. B89 - gfantities of sulfur compounds. The

isomerization is carried out over a Pd/Al,0; catalyst in
the presence of hydrogen. In order to improve the
20 1lifetime of the catalyst, a catalytic guard bed
material (SnO; on Al,03) is émployed, as 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 clefins 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 isomerization,
since they interfere with the process (column 1, lines
49-57) .
35



,they deliver sulfur-containing products. Furthernore, the renaining diene
contents and the | osses of nonool efins by over-hydrogenation are frequently
rel atively high. A so, the thernmodynami c equilibriumb5 between ol efins
having term npal, angdenternal doubl e bonds is not always achieved. It is an
obj ect of the present” invention to proyvi ge_a hydroi soneri zation process for
C4- C6-ol efins which 10 sinultaneously and sel ectively hydrogenates up to 50

of pol yunsat ufal ed,8y HReADANS honPHROE Cliras, tileest At Baveukhioely
di sadvant ages, descrj bed above and is suitable ;Er t he c%nver si on of

|
preferably | IRFIFAGIATIRFRLLT LY VetIPrE uSPLFCELVPUNYPrOgeRALdRE: S

whi ch can in db fas tpluhais et flofdaddpareid zation or are suitable for
t he production of gasoline alkylate. This object is achieved according to
t he invention on hydroisomerizing C4- to C6-olefins or an olefinic cut 20
conpri si ng CArdeedse| eéfams theer remeatadl yoif cenifiuzi ngoapoaneisenendf t he
ei ghth transition gr of the rodic T N r f | east
one added sul luern%sgn%%(%rrlldé%ﬁé %%%?glé&n[g §?£§%5é€54a§5§b%§%g§ gﬁg egng is
easi |y renovaldanaridat ioymrof sbher pieddngndrZs dnrdranenae¢agery nPLt ére of

CA- to C6-ol efips_cuprbsiag dp tora~ &R ¥yUhidr?~e@f a1, in
pol yunsat ur at ed hydr ocar bons contai ned therein in the presence of_ at |east

one added sul$ir> ooty WiiSclk £IPf iBP1s #RE dBVRR toimf t i BF§OZAdRY
separ ati ng t he sulsf Br sgoMBE8nNdstR forevddid iy odyctcaantd aapt banaliy feedi ng
t hem back i nt o# he reactant. The . nvenf;i on_ther eﬁgégigr ovi process for

es.a
the prepar at i S8 3¢ 5P 05- BHEFH nsOBF2 65 a2 PR i Ef §§yt95’cé-nol efins
havi ng predonimanpkesenter naf Hydibbgehondthifs ogiwefsCit-6:6abs efvbicdr a C4-

to C6-olefin gui,w : M u 9 r : fiea OZ
5865 pol yunsa%tﬁlrla e%%é}%mvxﬁ&%gﬂé?éggf?gaéf%ng) E%gE%gbéfﬂgf:&gm%ge T is
hydr ocar bons,1@hi BRMcorpd se t hBxapelt ®geRat i36h PPNy PEFQEASETUr &Ced

hydrocar hens ps esesds Using ﬁysdr&ﬂ@ncw@*af(k@ér@q&@na@@t kabheAtel RErs more
than 5 ppmremains isonerization of ol efins having ter%nal doubl e bhonds

that were pred®nPVERNEREST s I URTF 15N S HEY: f TBfh ROGESTeRAABE o
t hose cont ai ni#g fiedt etmad Goubd buhwndeactrer awleh alhysirogespr i Shnghdts | east

resence of ato[¥HS BnESAdd ST o GHSbURSRAT R SBnEATRS BE 1ES0: 4
carbon at ons, imstabiedydimogeeparate beds. The nickel catalyst is
20 located in the bed installed lower in the column. The
addition of mercaptans présent 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 C4-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 passed
through an upstream reactor containing an Ni/Al;03
catdlyst, in which a portion of the mercaptans add onto
30 dienes. The reactor effluent is passed together with
hydrogen into a c¢olumn 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.



separation of the sul fur conpounds fromthe product m xture optional
recycling of the sul fur conpounds separated fromthe product into the
reactant stream optional fractional processing of the virtually sulfur-free
ol efins. 20 S35 Steps a) and b) can be carried out together or
separately (in separate apparatus). A special enbodi ment of the invention
is a process for the preparation of both a C4-hydrocarbon m xture which

conpri ses 2-3}{4651675@ i8¢ QoLyrobeli Prod@dsant Miure YhGED SRARbLEEH
i sobut ene and_ possibly 1-butene as olefins, froma CA4-cut canprisin

a
maxi num of 2-LIFCHHiBhe¥highi cROEBRPELSesSTREL f THIRF NGt & e Q)’-eéggecti ve
hydr ogenat i on(gtoudtheo dé¥e i aomxeip ife oM aanaxismlfuef mgourhed oyl s ppm and
si mul t aneous | soneri zat i 2@ f%gm lf-.bu ene to g%ve 2- butenes.overaa cat al yst
conpri si ng at>1b&RN oie: mbP a6t THAE CeiSgtiH trihsT TR oR g otif FFCHS
Peri odi ¢ Fableser na mMldkeb86atalist the plesencesehcan cfldesdsabkor
conpound contai ni I t i es agt: wi.t.h the
ol efins and tﬁﬁes&aariﬁﬁag’%sergggi Icfgr?élaélgc%ﬁ aﬁﬁgﬁlht hee(\tlglre%%dct&g eé%l%nglﬁ.eg'e%)
Distillative aepar asebacvivehe reavdrogemakedr e, ans gi velafiep fra&e€ion

conpri sing i SO ENE, od SOBUHEANG AL PORSFRLENL- DI eRepaakal! Omés agli on
conprising the sulfur conpounds, and a further fraction, which is_w thdrawn
as a side stredm FFafFion 1 hehishe COBREES6F (haCePYTHOCaF PP 9. baFends and
butane. ¢) Resyddog Off rAacRaichi on ebmbhesbalt omdheact i bAgherpboliliggat he

sul fur conmpounds into t ess of. _the iorlwenti QR .can be

h 15 Th
oper at ed bat CPR% S B ad J}rﬁe: té’%lrig’loy} 85n$?£%§§§?9. RRYF R pridtesdiFari ant s

are possi bl e proscemt | imousg@juer ahobon. £Fegur Erémshdwsnes aprexswdlfart he

bl ock di agr a’%&ﬁp@u&h ntAi @h%ieccﬂeEhecoqR,‘eHg;&tsso%O’illhﬂ%é:?rg%‘?ésgngli%fnem 20

m xt ures can be ‘oper at ed conti nuousl y-. ant en 2 and flow 3
conpri si ng t heowtigriturok ohpoepmsaze ererer ted of eheExgr byehat i on and

i sonmerizakion reactor 4. The reactor effluent 5 is partially or conpletely
passed into the distillation colum 9. An 25 optiaonally renoved orotf' on of

the reactor Ff¥T14eht 288 923a IRREE | At BTPRESFe roryl?lea"geg‘??’@ m°7. The
top product 1fieiesolfititm 9a W@t ceritaiairurhe fratalionsobfidenexgugite ty, is

condensed in the heat exghanger 1§ s After al. o of t_ﬁlﬁ, f_%%nés’ a
portion of th%o%r%%h%%ng’gfte 9 r ?ﬁr@éd ;%ﬁcﬁg‘ggt‘g% o 1 ed(}g)ocllaurm %as a
reflux througiné pipeltaneshswisometiczalzgn arf THe onbeeopefinsn dan be
used in kRown appl heablals. 1HihZbHLERs: CORl Al DL RCLLEBLABL! Syifigrover ed
in gaseous fofmas~a side streamih the [ower part of the colum
hydrogen into a distillation column which contains a
Pd/Al,0; catalyst. Hydrogen and low-boilers (0.5 to 1%
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 simultaneous removal of butadiene
(legs 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

1-butene to give 2-butenes with simultaneous



,35 9, It can be used directly or after condensation in heat exchanger 17.
The bottom product 11 conprises sul fur conpounds. This can be returned to
t he reactor O Z 5865 - 12 4, optionally after discharge of a bl eed
stream 12 fr mZth g3ystem and repl acenent by fresh sul fur conpounds 19. 5
An al ternative, 'sécond continuous pr ocesg variant for the operation of the
process according to the invention is shown in a block diagramin Figure 2.

Reactant 1, hydirogemat apd sl f4a1 coppedRdend fRrdtad idy ples&act iNe
colum 5. This col'umm contains a _fabric 10 _packi ng conpri sing thgegat al yst.

pack
Hydr ogenat i 0¥ SHRRGEaH 1 oh BHATRFaZRRoRALLGH 1A GBRFNET ot U
si mul t aneousiphe herRidrariada ot eprir sebcessi arebtdidiedsate top pheduct 6,

which can be virtually free of .1-butene. After condensation in._the heat
exchanger 150\4,efrlé‘r?ov%’feo‘1i°8£f- asPB8erT ‘flﬁ‘%g%?a'él%%rfcporgjt%etHBQ?B‘S of the
colum 5 %r efandx i peonet thhawl)), dggmw® ssldbraiimedhevredctantusedni n
downstream plants. The tene_fracti 0 (2+buten - hut an I
recovered inbdease(t):l?-sie gr%r%'éds aF;éllr gleé:&r%gém i nt?‘%e I ﬁgrauggrt @%‘xhﬁlgem
reaction col wompEisHs swthiwamosmourgist.i onal |y after condensation in the
heat exchanger 11, be subjected to further processing. The bottom product
13 conprises the sulfur conpounds._ This can be fed back into_the reactor 5,
optional |y affBeA-d stHar §é7 orl&pIREFSRINTE #568 =F rapPucérEntely fresh
sul fur coppounds1l6; Tbathlosk difagr aramef aiddthdfl £omidmuUOHS pLOAGES

variant for the operation of. the process accgrdi ng to tgg iﬂvggt iioneonl y
differs from &8 1 79t hdPTt né ahPAPEFDs &5 s FFeact PYEGESERI | ati on

col um. Accorgliang ittd eishe Ahvkotgbn thtchedpemeessaries ysdbdenatd® r eéheval of
pol yunsat ur at .Qon Ehn.paktic r .m%\j_: g{%i;; mgLl zggi on of
olefins, in ptglget]'{}%:/o%%% i%qﬁ!ﬁg%gg%r 0;8% %t%lreg!'s: utlta e ?ee st ocks

i ncl ude ol ef imeagg fakkietedontain | ess than 5% preferably | ess than 20, of
pol yunsaflyrat ed conpounds. O Z 5865 - 13 For the preparation of Cb-

and C6-ol efins, I{ﬂght etroleumfractions fromrefineries and crackers are
particul arly BR&W . 198Ristr PP f eCRSEURES or RIRFES T over §Fof RS0l ef i ns
accordi ng to Herdqyacasisornf ahble hydest ssfledt £at Don swff uc,-arutsul hidchr ee
C4-cuts, such as r.afefizﬁte l, \#Vni ckhcf' srreg‘lt,)lvereog1 ferr%ryénhet%-gu%&ggea st eam
cracker by biAH%ERE ext rBeli §F, Ehd 1iydr ogEnated steam cracker PCI-Cut
wherein the majaritywof shecessive catalysts. The first catalyst
20 comprises palladium as the active component and at
least one further metal, which can be gold and/or
platinum. 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 l-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



.10 but adi ene has been sel ectively hydrogenated to give |inear butenes.

Furt her useful reactants are olefin m xtures which have been obtai ned by

Fi scher-Tropsch synthesis. Furthernore, C4-olefin m xtures which have been
prepared by Q%der ation of butanes or by other 15 industrial processes,
can be used. -‘cuts Tfrom FCC units are $eperally sul fur-rich. These can
only be used in the process of the invention if they have an untypically

| ow sul fur cantent gen jibrt eyl bavec-eeni Rany| Hdoat LOMpleteb¥more,
desul furized. It is even 20 possible to use nore qr |ess pure nonool efins.

Accordi ng to thife | AOBRIROAT c GBSt @R ERRtSr e2Bded Hitat tOPP?F seOfess

than 100 ppmmdHSRifmily | ess t harr2byiepBoehatuldnur . a%d f ufregtlentegdst ocks
must therefore 25 be subjﬁlec ed E\? at | east t%(:epart' al desul fur'éz ti.on before
F%or e R &

hydr oi somer i Z5%m Y ot t ALBRe ST Ut SEMSSYRAE St PSHGEARTTh t he
f eedst ock5 orbdtweearnt eliedlinsf ohawdnbr onethenaturamd) hydreogeriat donbaed

hyd~oi somer i Zb%rié@:ié“i% %ﬁlﬁaﬁfﬁ[ﬁaﬂ%‘jﬁm the product. 30 If their

separation i s carried ou Ion, they nust have a different
boiling point than the reactant ol efins and target products. Supported

catal ysts arerused L e JU0GesStRE bhesdntl NvRd QM She00PaESe at

| east one netal of the ei"'ghth transition group of the Periodic Table. A
preferred netifdyael sRMeEFamOThe PRECEESconk®ht r SuirBeeleidnes sgbsch 14

ar efi n L :11@ ][aétigﬁolf%a:r{a&léloy Carzd O?ell(é)@ﬁﬁﬁep{l hiﬂfr@@&}@é@;ég fipg abysg) o£1203
rerera ro . (0] .U~ u S or materi aiLs .I.NnCl u ,
B oo 00, SO 4 3 TR RE AT HERed W BEROCAPEABFr o FRUPRSFE &
mat eri al s ar ehadd@08he Si2adndnEa02EATRGR ribeel dddaweeraund f Leslsuddiabllest

r o : _ \ . | : .
usual Iy contagfls Epﬁefﬁa—l\y& Wogfﬂgébfgef%;ﬂﬂﬁ ?5w§§uif‘.f118r %3'3%‘3&1&%' on o

the catal yst nust ore be carf | é-use using 1( rogen or
hydr ogenous de& @iveur esrtFadly edit fwir Bfeainpe@gesd scavhi bt @ath take

place inja separaf & THACHET uBkdl Edrh & My SO i #at bBNakeaGiQkablRe
active conpornient 1 s reduced to the netal]ic state in the process. 15 The
catal yst can EPSdEHR RIEPIVREEF M RN 1B R EFEtRc®d form The reduced

catal yst catal yzes both the isonerization of the nonoenes and the

hydr ogenati on_,of the.polyunsat urated.hydrocatbons. It.s actijvi nust be 20
| onered to sﬂ%}hl%nogﬁgglﬁt ﬁshaefélrﬁ%v‘?%oégf?]z: Pgn%(())f e ﬁ%\r’l%%f:% ns"and the
hydr ogenat i orhypdr¢hsomert izirsat Grat ¢ hyahadediionsost idnl  otefiizicyeutt he

hyd i - | efing, i f.0el '
yOr 09ena Oredlipt NELAONER! L Ne.l 51 AN Sv PR EaRed yfe

: : . ity the
i nvention, VI of t cat al yst, ich |y been

_ h has optlonaqé
presul furi zede®urelgpents mepdht i Aighdh Peafeditdeded HriPadjQfst édepy

neans of sul fpgy LOIPOUREBI el N iPArERE UbREsEREE AR T 0BEASE Sondhadadd ur
conpounds, i nq*ﬁlgfttl cular th tgl o~et hers,, are reversijbly ad]soorbe on the
30

cat al yst . 1T cOARRAYRE: VB CBn TR EEAIR st 1837 F ate CREPETY &SN of
t he concentrasahd®n if tdaeidyl f vemeoBpdendorn e hehod iwordeaeidz irnihe agwat i ng
of the fr

the cataryet WereeSlating of Bontieel pF St e SrrPhetiesamRh e 2
sol vent inertupo tde Tht alysrferahly t hio cdiced atdfonpadtyunsa tewaftgd
compound in thearLaLtREnE eebraRd R ttREFERM Ake efdalpreHlinkeal bpwgtuni form
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 Ce¢-olefins or of a mixture of C4-
35 to Cg-olefins having predominantly internal double
bonds from a Cs- to Cg-olefin or a Cys- to Ce-olefin cut

with or without up to 5%, preferably up to 2%, of



O Z. 5865 - 15 coating of the catal yst throughout the entire catalyst
quantity. Useful solvents include, for exanple, hydrocarbons. It is
convenient' to use the material to be hydrogenated itself for this purpose.
5 Accordi ng Hot hlg8i6$venti on, the sulfur content in the reactor feed is in
the range fromI 0 I00 ppm preferably;from2 to 20 ppm during the
reaction for controlling the catalyst activity and selectivity. The 10
sul fur Corm%%g% sed k@it ldhi SnparpeseHaHst besalnibl e AiResPr oghgt and
the reactant, bind reversibly to the catalyst and formno materials that
poi son t he c&PalP¥ingsisk€®Spr oducts having very | ow sul fur contents are
obt ai ned by the process of the invention, 15 the added sul fur conpounds and
sul fur compounds resul ting therefromnust be renovabl e. b istillation. It
5 khown t haf s PY OGRS AP (1L CBModRy P G vAgararbohs
hydr ogenat i ng congiridsent, deiegshydrGgBn2(wrh StBabored tsnaéthacaetlonFor
exanpl e, hydrocarbagns and hydr, n s i be formed from nercapt ans
and mer capt ans car?%bélo of et ft?%% gi g’%&r\y?}%&a@ur}’f] des. The added sul fur
conpounds ané)t he iswienni zedipounds folekdns hdrafimem ceamisadt dpehleach
other or with ol eljpgs SPhad Lhdte SYALUAHS TRE efhal Seau ngikhe sgpe
boiling range as the target products can be formed. A further disadvantage
is that, formallyresudies) kfram omsIEPerakecpl & &LOFRe SOPFERNAESM
Eutrjt her n%aje, |}: |§nlt'é@ﬂ&l 1t h@bulSDEE brldsUr o €D aym&%@éwg%ﬁpgggﬁg@es \rllm|th
ydrocarbons. For ex e, an azeotrope consisting of 1sobutane and_net hy
ner capt an havi ng é‘tbi]irg)a}% Noloy nIE‘eB‘F‘i- %gctl%se Iﬁftﬁ/%tqrt FrRS B boksIr ]UR,
Ni xon, Journal of dfthehbdmariadicherdlsld, Sociehy 3663endd, 0A88). 186st O Z.
5865 - 16 The di (ficuliles depphiDEdnALERA! Grildl cdibdile PLOCESSSE! the
i nvention, only sel'écted sul T ur conpounds are suitable tor the control of
the catal yst acti Vi ©oprbrive ghossesanst athdwidrnagan on enpl oys sul fur
conpoundgs 5 whi ch Lan he iirgarded ggel neil ruRdercdnluRact | PPk Ondhki ons
and remain in the bottom product during working by distillation, and so can
be removed by di stHIABGHOAINEILRs found according to the invention that
certain thioghher pdtadmg at reegstiidgcardon adiws Ehlffwhf i | boipesads
conditions. Both carbon rcgup of the thioethers fogcr)ld }ég be gui ;:alt_)lge can
be identical or disfefpéﬂtrc!;ﬂ‘%za s Mt a RcyRTP Iy ctFe® het8r oEGRFFEREr

aromatic. It is alsoegamssi ble for the conpound enpl oyed to have nore than

one t hi ogther_\gro : t hi r 5 i I t ca have
a hi ghersgoi Iel)ng prgjltnjt%]n[jahlan f?%?ﬁf’%ﬁésﬁ%%%??%?ﬁoﬁ%%l et?ﬁlen {ﬁg\%?ﬁg&ggfo 6
carbon atons. Theswldonpdses P@fins separated fromthe product by
distillation and are obtained as a bottom product. 20 In order to mnimze
the difficulty of distillative renoval of the sul fur con‘goundﬁ, t hi oet hers
havi ng a t ot ACBIS at®) e 8 Rhr Lo at Bfs SRETpPRf ePRbI yEAIEGRSFheOT

hydr oi soner i zadgpratdlva Ghr EHpdra gy efpyaaddtusarried out in the presence of
di but yl Egl fides," in 25 particular di-n-butyl sulfide. These allow the
catal yst “activity to be particularly well controlled. Furthernore, any

t ransal kyl at ionspetibal oembpdomenheosulthgr iatvembdidn isgadk noreadssofoke

formation of gyl Lhidet NSESorSdhata t Bgiky B LGB AENRSRLL LERIAS ch

comprises 2-butene as the only olefin, and a mixture

which comprises isobutene and possibly 1l-butene as
30 olefins, from a Cs-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-butenes over
a catalyst comprising at least one metal of the

eighth transition group of the Periodic Table, in



30 virtually constant and there is therefore no effect on the distillation,
facilitating reaction control. A mxture of two or nore thioethers can
optionally be used to control the hydroi sonmerization. 35 The reaction over
t he catal yst d_? cayddged out in the presence of hydrogen. The hydrogen
guantity depends on O Z 5865 - 17 1thg quantity of polyunsaturated

hydr ocarbons, in particular dines, in the reactor feed. The quantity of
hydrogen is 1 to 4Hd meprdderR¥ ti el arad t caddéd "eSsuMBlY PRipond | Y

preferred 2.0 to 2.6 tijtes, the 5 stoichionetric quantity necessary for
hydr ogenati on of t%%%i%a?ﬁri?@ﬁthﬁdrcﬁgg?%rﬁt IBng}i}gc%aSSFeﬂoﬁs. Thi s

applies to the conceatt awieh remrgeodéfinemahd has5 arelssghet boiling
pol yunsat ur at ed hydror(i:@h%(é)ap%s 'éol']?e b%r;e éuegtct&{e{eed. 10 In the concentration

range of fromO t $% c3’/unsatura Jé%lshydr ocar bons, the quantity

of hydrogsn ret er €2t s il kathaeed separhéioonteht the noerot b6n nimtures
reactor feed. In tdys entratjgn - fro : 0. in
particular from 0.%%)3 ?%5 % 0 gﬁm)ﬁgg%?i?ér og]gﬁ\p?g%rlr% erelg’%?)#@%glr’e'nol e of
monool efi n. The rckRIVWGANS 6 rPedsdhlyi h-hutenper at Beéteand&ast 13- 150C,

in particular 40- 128pr Veiyg PaHd chakuy 200Rpehiaaab! Yafe- HO0Gurther
relatively low tenperatures are particul arly advant agequs, since they allow
a conveni ent ther R e‘éﬁ’r?ﬁbﬁu‘ﬁ?ﬁ]@‘flﬁ%‘éﬂ Bfefi AdIRaPithG Ol

doubl e bands and ttleselbaegrngairer bhathdouhllemmgnds thop-bxasnke, anlde ratio
of 2-butenes to 23 ]-hutene at thernodynam c equilibriumin this
tenperature range 1S Tromabout 18:1 to 16:1. In view of the | ow boiling

poi nts of thec)C4- Cobsnir biceg bafs, at hporsaoni onti sthpe efbartdisiny daadtedrout 30

under pressure, Socérﬁﬁéiéﬂ?gr%té@fé#bééﬁ%@&ﬁééyiﬁ%e@héﬂf’&&éé‘rthe

li qui d phase. The pressure range is from5 to 50 bar, preferably from10 to
30 bar (absolute). 35 The reactions (isonerization or hydrogenation with

| SONeri zati omhé apreesar birednautiyerti fd:er ¢4 PeOepeFavatl Maltehwikey can
be carried out adiabatically o O Z. 5865 -_.18 wvirtuyally isothermally,
i.e. over a t®nhperd Y]?%t?ggéuﬁiytpr88FF§}u8HﬁfLVer t AR P89Sk, &F@SSFSone or
nore steps . varidretd at taare capessabler eatdor s, corsinuwmiy eniopriday: itomhul ar

reactors, canppg,opefated adiapbatically8fe the block diagram of a
plant in which the process for the processing of Cu-

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 is partially or
completely passed into the distillation column 9. An

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



5 virtually isothermally, or sonme can be operated adi abatically and the
others virtually isothermally. Furthernore, it is possible to convert the
react-ant in straight pass or with product recycling. The reactors can be
operated as cQCHr regds reactors having trickle 10 beds, preferably wth high
| i quid space velocities. In the intere§t§%QI a high space-tine yield,
reactors are preferably operated with high liquid space velocities in the

range froms5 40 d00iHBa11p RALEFCHE8ENELER &3 HOLIRLB s&%a&? 10f fHRSS
section of the enpty reactor per .15 hour. Wen a react erate

i sot her mal |y BR@ SHSSEMhi YR FEBLAGaent oY d &R ys‘éﬁgﬂﬁ HRAES can
have values imothe range from1l1l to 20 h-1, preferably 4 to 12 h-1. 20 In
order to avoid hot spots .in the reactor, which can | ead to damage of the
catalyst and to the formation of by-products, it is convenient to limt the
concent r atsi onAnf afl¢ernaglivel efsemond thetieacuer drerks warmest Z®mmss,

|0 particularcal OBstalPoessotneSpliensthaceantenl o Weiinaedlichins in

t he react ant IS |mt It ilute . 'S convenient to use
the hydroi some®i Showmasin he aliogdntdiageans ul puF igsssohds Repetaaparat ed

fromthe effnyafo%énSOzt%chy%wﬁﬁrmrcb&@bh%sr eact 9fe The@ isntcarrd ed
out, for exa adsor ption_or ;%referabl by distillation. The

sul fur-free c?%%l‘étb'}’%du‘é?éu%t aPned TPASt hCO AR c&FT5&16r t Rer TR d&ssed by

known rrEtlh)OdSpaéEin@Xarfﬁbﬁpﬁh.Eyhgt| Omhieo glc\aezallga&tsul fu-chg:&ﬁ:.;Hna’te.o?tﬁ
conponent s tlve wor kup in_one.or

col unms remv%gorf‘ﬁlélgﬁg?’ﬂ? co%%u acstt Ioﬁlr & abl ?rgepa?%Félse? he O efl ns

into at | eastsimoltanetushy. 5Hetre!-rpr efénredmtbmﬁnﬁent fragt:lenarrplse a

C4- hydr oi SOW&bE?&hQ& gbxtea%e ;Jx%&f‘oftar@t &fhi &h 0BLY geequlttmlwt&@ewp,
si de and bottom racti on e'distillation pressure is_in the range from3

to 20 bar, inopadtriterene f rAhEer t 60R0eBERE10Br i haFR c P& VEATRHRTTO0 to 8
bar (absalsutey, FeRodxerageodirsyhkl 8t i errlerperallidritsdm dheHangs from

30 to 130C, in partlcul r fr 100C, ver articularl re erably

bet ween 60 andf7d&e Tﬁ8 PR quin ?Iﬁﬁfgu?‘s P1P% hé‘yrtanﬁlé Y9 om 5fy1t

particul ar froptdfnéd, 2@dmth 1bsvemsedpathi dokmsttyrepnefplab&sy fIThEn 125- to 20.

The si de stregm mnthg g?@lon 15aﬁ? %ﬂt% t at % QI W%‘?Ed&%éfﬁfi%g from
fa € h 0 AT the

1 to 15 theor e‘tll ca S above e pbottom" r-oper at ng vari ant
is to carry ogasehesr Earmi o8 @ suis | ytrean b hpdr égyﬁat perrtaref the

| soneri zafy On}eaeell APUANRN §1 Mulanegusbimi Noagh COLPRAohRAE,0a H.Lh
conprises internal fitments and 25 catal yst. For exanlr%lﬁ , when a C4-cut is
e

the reactant, CanpeBEaLEeNofi DY (F4R 293F 1%’“5%‘?“%% alt eRferSUEEE 15dm 60
to 100C are Uﬁﬁﬁlthérbl @rabéﬁ\é@n@ VlI‘thQJdty‘_olnS@iildicﬁl&- fl@&:dnﬁjl‘ﬁéﬂﬂtﬂieto be

obtai ned. 30 Fu gherm)re OSSI bl ebto d d |ty of
conver si ons tfiu{L RE 5P§88upﬁl80ng‘ 6Ff KBFe “Fealt %é-"c d{Eta rlgle%cutim:t he
remai ni ng conSer sptrisntddet liten tdiddimmmpashit aoblerda stemem Vel and
distillat LNi t he bott duct
e PO SR B HEogRTRRNSE CERBLILAD L8, 0 bollom b oo

can be fe ortion of t om product can be
di schar ged fromthe system in order to

The block diagram of a third continuous process variant
for the operation of the process according to the
invéntion only differs from Figure 1 1in 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 in hydrocarbon mixtures. Suitable feedstocks include
olefin cuts which contain less than 5%, preferably less
than 2%, of polyunsaturated compounds.



,O Z. 5865 - 20 prevent an increase in the sulfur content through any

sul fur conpounds introduced with the reactant, or to renove sul fur
conpounds havi ng undesirable properties fromthe process. Alternatively,
sul fur conpou6q§,55nging defined properties can be added to the recycling
stream The possibility therefore existis;j4o_control the catalyst activity
t hrough the sulfur content and the type of sul fur conpounds in the reactor
feed. 10 Only when the reactant is free from high-boilers, and no

hi gh-boil ers are formed during hydroi sonerization or hydragenation.and
hydroisoneriz%??oanéaonﬁ?@§ CAeR céﬁgodﬁﬂs ﬁgufec 7%;?é£$§¢mﬂ%l irety.
However, if hpgbrboet@r fradtivide fexmeptédinefisyl famd corpokads, &he are
obtained in the distillation bottom _sul fur .compqaun are di scharged

Coget her wi t FOERELREBREGYI areSPhe  haPdb G F iR Carar g e gy e
econoni cald y. récovexunpife Canhériansulafaeoridies G hylde oparbensvicdbl@ist ream
comprising 1 ERoay:oballa@ DRLY CLh ERNCIACaL0RE, 20, B8VINTRES 1AM 4
carbon atons) 1s hydroi somerized or hydrogenated and hydroi sonerized in
accordance wi &R rRéfinasat fonWikiche Iteaiiaryaursd doirenthfConicyt- A 1%rs in

the hydroi sonBELZAt EeAckBRCHY LRl D dTRS&E r 210N ,2Qth D hfdesgddacksul f ur
conpounds are dlscharged with the 25 hb h-boilehs. The, de reedﬁ{ 8§%¥cling
of the sul fur SE8MBouRUECKER t fraTEFBr eWORF§1Pn £RE r IRGETIYE r SHh 1 o 10~,
dependi ngaipoButhéienapasas i Geaf (shdacedetednt agdnggafiaeklertdaciiores.
Typically, it,is_in the range from,100 t % 1N rticular fr to
60% during t%énﬁ§5rd?%% ??26&%%%?%ﬁrihy'Fb§bna Fgﬁ%ghéghy%¥%i§§%%$$}ation
of C4- hydr ocambshumest wleisch 3havieenbedr lwdttteaamed abyi dfi §cher rinersar of

sul fur conpoupds ALY Dokl A SeriSAdUCE, 250581 n T §RAGIAINes | fihi 8nCOMANT ent
to separate reactants and products fromthe O Z. 5865 - 21 high-boilers
to be di schar §eaN| RrePRERENEY Gieddregergtion pfF BytrEgess ofp 35 QHRSK a

C4-cut | 31elgydgﬁiia_gFle&h;ecbmc@y@léggerwredb@nd%@wr oidcsqohmrtiszedrogncb*cc

processed by distillation, a prqduct i.s.0 i ned that comprises

i sobut ene, 1-Baﬁéﬁea£ﬁd9P§856§§§eF &?ﬁﬁﬁ&%wﬁiﬁ%ﬁe faﬁh§§ﬁﬁb € jyped

particul ar 50@nmaskheppprowesy paftithéariyvddbiomssiPpbtiody subdwe. amis

mxture can be,separgied g WA EOhHER-! Q01 YR LSRN AdG.ANskal of I ns.
be used i n known for “exa

The ol efinic nm'xtare ca processes, npl'e Tn the
prepar ati on opbaWEBELllvhewnt hecomplietslner deanlidurigedarritéd Gt ievVen col um

reactor, g Vi bbgék\ix%eltg%%@e%% bsohELeNBusaNmBaceRk2iAgd. This can be
used in reactions ich are upset by 1-butene.
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 be subjected to at 1least 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. A

preferred metal is palladium. The metal concentrations



.The 2-butenes, which conprise butane, are withdrawn in gaseous formas a
side stream The sulfur content is bel ow 500 mass-ppb, in particul ar bel ow
100 nass-ppb, very particularly bel ow 50 mass-ppb and is then particularly
suitable for g he pygparation of gasoline al kylate. After renoval of these
sul fur traces, for exanple by adsorptiongon a fixed bed absorbent, for
exanpl e a nol ecul ar sieve, the 2-butene m xture can be used for extrenely

sul flur-sensi Lairvee cﬂmem'tqn@:c &ﬁagtei ofigofUCh. 2S ©bi gD | Z@ldswd over Rhekel
catal ysts. The pr.ocess o e invention .thus_has th ol L ow, ng.particul ar
advant ages: -ccigg?]ﬁﬁ:r%aqah‘?ﬁ%%t)hyo‘?%%%‘?lbﬁgyaﬁjéorﬂy@rgg ﬂahemfougeéblbrtent of
bel ow 5 ppm supgpert atmhtghiabsoedaciodeentMell,i onsdlity,t heSirGact dhitQz,onl y
smal |, if anyy. es of 0 fi h - hy I20 . - The
i soner ratio sojfdztgafzizérb’no% etd (r)ldsleiéséjltcj}‘ggstg olc%%g&tl he?%gggg%acggggﬂ%#%bri um
5 10 15 26 25na8erd#d s 5865 Al:Oal ubhQ:2 -armB S10:08dn0t enperat ure: - Detector
tenperature: - Injector tenperature: - Carrier gas: - Pre-columm pressure:
- Splitless - Injection quantity: Exan%Iﬁe 1 (conparative): 25 mCP-SIL 5
CB; 0.53 nm IThe 5 A2 ¥ereq t nfERFRsSCRERI BRPackFURSEY 1CRPR21DE KEREN:

190C;, 9 M n active components in oxide or salt form. Reduction of
the catalyst must therefore be carried before use using
10 hydrogen or hydrogenous gas mixtures. The reduction of
unreduced catalyst can take place in a separate reactor
or in the hydroisomerization reactor. The active
component is reduced to the metallic state in the
process.
15 The catalyst can also be delivered and wused in
prereduced form.
The reduced catalyst catalyzes both the isomerization
of the monoenes and the Thydrogenation of the
polyunsaturated hydrocarbons. Its activity must be
20 lowered to such an extent that the isomerization of the
monoolefins and the 'hydrogenation of the
polyunsaturated hydrocarbons still occurs, yet the
hydrogenation of the monoolefins 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. Thigs allows uniform



.160C 180C helium15.0 2.0 mM/mn 60 10 kPa 5 ~.1 (liquid, condensed at
_800C) The hydroisonerization of a C4 crude materl al is carried out in

l'i quid.phase over a fixed bed catalyst which conprises 1~ palladium on
A1203 and wag, prepgyg@d sinmlarly to a nmethod in EP-A-0 636 667. The crude
material is pre-heated to 55C and introduced adiabatically to the reactor
in straight pass. The reaction takes place at an average tenperature of

80C. The |iquighdwoy | ¥r SEﬁéec&%laQ sttyn(H{I& hot®d UtETlE‘eOéntﬁﬁét @atcaa%tvol ume
of catalyst per unjit tine) is ﬁl*h%ﬁ anpl t e nol ar_ hydr oge |ene

ratio 2.0. THB& U nat lsleélulconisa HENRE sutRCtudeapl £9F sh

conposi tion afydhgd@aaior f eed sansbrafdil it . tJabke Jtr@rm@ﬂemalmss) Feed
(mass) Ef f | uent

(nmasso) 1, 3- Bt dPERRE A SSh ok iRl 5% JH B RUFRORE 25, 62- But enes26. 758, 41 s
obut ane3. 23. 2n- But ane7. 07. 6 O Z. 5865 Exanple 2 (corrparative) - 24 The

hydr oi i i i t that
ydroi somer i zat | ans Cé&“tﬁ% f&g{ @:ﬁ-fctgéecrtﬂs g £21 hid, 1£XegRt tha

sul fur in the Tormof” di net is ad e crude material in
such an anpuriteadizar t Heeed| fiy déhcélter athiasws nftrﬁ’@1 réactt@r £88dPP8:3 ppm

Tabl e 2 showsytdes£amesiEtban 0f cbhe g east,or agkihyerthe Aﬁé‘é&@i@nOffoBche
sul fur conponents in 10 the product shows a mxtu of different s If

conmpounds. ASRFTOLHRE uﬁhﬁeﬁtait?llb!ﬁt Sffortdrits, anf neehGFtyvitysi dde rret hyl
butyl suhbi deswemglidi borhybusas f ugdedarfers s twuhsops enest . bEheoluble

concentrations of. sulfur are_i an fromz20.to 700 quur 15
conpounds can]rfbtt}b% ]é?ré\}cét'i %9gdf:£?l FF%EE%H{:("@lBgscﬁyﬁ PRYEEarrp 6s 4 and
5). Table 2 (emds) Eflddmiermio  materials that poison the

(masso) 1, 3- Béggé Iso ghggeZ L[E}_q%gneﬁa\d,% ?ut &RB3]P0. 7hgob tﬁ%} 2n- But

ane7.5 20 This ex earl y e bene of sul fur add| tion for
hydr oi soner i mmwt%u@ral §8t§h6ﬁ§ e 19 FPEFLFsORsEHEI dOWERIOR 1t he

renmoval qf thensul bugesoNaUNEs: 28oksaiRbe 3éﬁkﬁve§ﬁlﬂﬁ} E@@pounds
hydr oi soneri zati o ﬁ[}ls C rrle out as escrlbedalﬁ%%yn% 1l cept that
sul fur in the"$9t Jo‘i“—zfd’F IP BHSEUPT | TP LR ST el & mat eri al
in such an
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.
Furthermore, it is known that some sulfur compounds
30 form azeotropes with hydrocarbons. For example, an
azeotrope consisting of isobutane and methyl mercaptan
having a boiling point of -13°C is known (F.R. Brooks,
A.C. Nixon, dJournal of the American Chemical Society
1953, 75, 480).
35



5 10 15 20 25 30 O Z. 5865 - 25 amount that the sulfur concentration in
the reactor feed is 3 ppm Table 3 shows the conposition of the reactor
ef fluent. Analysis of the sulfur conponents in the product shows that only
one sul fur coimpen {s present, nanely di-n-butyl sulfide. The
concentrations of thi's sul fur conponent 1g the feed and effluent are
identical. Table 3 Conponent (Ma-~)Effluent

(Ma-0) 1, 3- Butsich eqef SobLt 288 28e 2dr Byé@n@se 82t BULBALS 69ndksebph-areds2n- But a
ne7.4 This exatn'p docunents the aqvant ageous_ use_qf the sul fur c onent

| 0
'h the form ot HERR. CARYAIGLIR] dOMIMh| THSSCSrbt SOamvT { SOTPOUBERoAT Yl T ur

conponent s i neliialbleacier sl cochel sepatied eshfabpat hec Dv iy . by
distillatioansee Exanpl es 4 4 (inventive separatian and

nd 5). Exanple ( i
Fecycl ing of TRe. BEPFOPScaooti) LHENt o28 i eneLF P o mCBRRIFess | s
separ at ed5by whisth | |t otve Thegtaskedof asi rsnéyt sepaiat i e saleacedenf r om
the 2-but enes,ang sg dl e Ling.the R2-b o] :F{ecq a :
hi gh-boilers TN a tzlu(ﬁ)%r r?fee(il%\g{rarjflll‘1 [ éhcaFﬁ?eﬁg%?&%s%% ows: %Jflﬁé'nlgeact or
ef fluent is feRIrking o vhe ddFsrd lailom . (ppade 88 feam thd) wFmayedl sbvl | ati on

C_0| um  havi ngqadou 1 4ot hegketjeAl f@&:@&eﬁcc$B@ih§0Q$B ?Bﬁef 2&Aen®A onsS
wi t hdrawn at the tog of .t he. col ugg, cg’gg,ensed and %%.I’tl all¥ returned to the
top of the cdtifith FrEFRLR) thacetaeys 309 B 23R eheSAFORMPASETSt 11 ow

i swithdraen i fulVipbl ousiedem Eondiaishei p@dtth Seelribon oftbapsolafm the

(w t hdrawal pl ate: .abo late 1 _t{o,15fr 0 battom andcondensed qutside
t he col umm. Ttﬁ l?’ﬁt e-]Lt;éoi I%iorlilaﬁsu?(%u%co u%é{é?eacc%:aunnu &t e]s&?rrl]tjt%%fbgtrtom
product of thécbfement The bmtltlonapr edyctlican(afelerc r ehevakrooyclic or

anyhi gh- boi | i ng,hydy ocafpong) aﬁsorgbegﬂﬁﬂﬁt Qoﬁ'h%h_tae%gmg)fohpﬁ emploved
hydroi sonmeri zation reactor according to theinvention, So that a closed
sul fur circui %o rB3upt SorsD B13% | aRforrPd@RFNS oSt Mbep 1 bf HHROGTEErEal

pl ates: 150Cohakingli aRetisa 2004 MEEeB R £ObHEMhALES HIr Bi§hbar Basq iefg col um
t emper at ure: 68C1l5Top of col u enperature: 49CRef .l ux rati o : 16Feed
a6 5000 o HERERbrERPoALRE O PHAF BuRP: 463/ HERePt PFARe PERRE1A3650/h20i de
stream w t hdreaelbo3348omgé h Tabte domhousdsheanobposepaaasedfl firoen dibfef er ent
streans du”'¥k55ﬁbgiﬁvléf§éfiﬁation and are obtained as a bottom
product.
20 In order 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 Ci-cut 1is 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
thidethers, so that their effectiveness remains
30 wvirtually constant and there is therefore no effect on

the distillation, facilitating reaction control.

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

35
The reaction over the catalyst 1s carried out in the

presence of hydrogen. The hydrogen quantity depends on



O Z. 5865 Table 4 - 27 Conponent FeedDi still ateBottonfi de stream sobut ene
(Ma-~) 25. 276. 80. 040. 21- But ene (Ma-~) 3. 310.0-/-0. 052-But enes

(Ma- ~) 60. 90. 683. 790. 1l sobut ane (Ma-~)3.29.8-/--/-n-Butane

(Ma-~)7.42. 84, 69. Eg¢gPpm -~3 ~_~_~22-/_- -/- not quantifiable, sulfur is
present as di-n- butyI sulflde 5 This exiuﬁ;’pl_e docunents that the sul fur
conpounds can be efficiently renoved, so that virtually sulfur-free

products canth@ resQyet £ty 1Q>fEX9ﬂ81§u§s£t1@¥§BédiVeWc%tﬁ%sand 1ﬁcycl ing
of the sul fur conpoynds)_ Al thou a sul fur conc %t%éatlon of £)€ the

feed was fouR@td< a§u1df’1e6’iee°‘nt heh & SRAT 12315‘?0‘?&11‘3 exarrpl e
is carried obydatogensuld ut con@erﬁ:rn&ts onm)f paetpptmaﬂ ttheed ezadtmeshe

col um, d t f h I
ceparation. XSS PROMLCR 20T uPTEORrent. Phd cofpodr Pl ot BFSt he LBl um
f eed corr@sp@mcmmemrlfcorqtmﬁdarmhecassahz dlosxtlhychmgﬁnmpm abfis and
condi {1 0nS 26,16 S, A5 A P ARl hrbor 2605883 ABnodBken.

St b S u I

Corrp05| tion O erent rea ri ng at I on
Conponent Fee@biist ianmtieBot tonEhdeconreanrasobonepenge of from 0.1 to

(Ma-~) 25. 276.586hQ4Q. ZﬂfE%éfﬁ@né&@ﬂr%@eé1gy@r6tgrgégsBHEﬁn@§e reactor
(Ma-~) 60. 90. 683. 790. 11 sobut ane ( Ma- 8-/--/-n-But ane

(Ma-~) 7. 42. 84568 7S (ppm) 20 10. 00621520 03 Sulfur is present in the form of
di -n-butyd s itlee Sconcentration range of from 0 to 0.1 mass% of

polyunsaturated hydrocarbons, the quantity of hydrogen
metered in is based on the content of monoolefins in
the reactor feed. In this concentration range, from
0.002 to 0.006 mol, in @particular from 0.003 to
15 0.004 mol of hydrogen is metered in per mole of

monooclefin.

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 1low temperatures
are particularly advantageéus, since they allow a
convenient thermodynamic equilibrium between olefins
having internal double bonds and those having terminal
double bonds. For example, the ratio of 2-butenes to
25 1l-butene at thermodynamic equilibrium in this

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

In view of the 1low boiling points of the C4-Cs-
hydrocarbons, the reaction is preferably carried out

30 under pressure, so that the reaction substantially
takes place in the ligquid 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 Dbe carried out adiabatically or



. Thi s exanpl e shows that products having | ow sul fur concentrations are

obt ai nabl e even when conparatively high sulfur concentrations are present
in the.colum feed. ., O Z. 5865 -29 what is claimed is: 1. A process for
t he hydr oi sor@s_rzi_z?,tBi@n of C4-C65 olefins or olefinic cuts containing
C4-C6-ol efins or for the hydroisomnerizatigon of a mxture of CAC6-ol efins

w th sinmultaneous hydrogenation of up to 5~ of pol yunsaturated hydrocarbons

contai ned t hefi@ithaQvel i ASI1EONPrd Sidige@Na et 8fB8tahrdOri Be giEght h
transition group of .the Periodic Tab&g, vvhé%gdc_orrpri ses conduct i ng t he
reaction in (HEYFddnEd ek FaaRt18nE a IR LorPBhifRd SWAPER

contains at Imasthéd chatbiosr atcese, 1812. Xeqrosess aecar dcogveniehalg 1,

wherein a su rted catal yst is used, .which conmpri ses.from0.2-to 2.0~
o o um bIBEIEY (A Rne voBRt | BE 1 RBeEATRS, ; BaipkeRdai 10085
process aBcordintgaldycl aisptiherm@]llwher @ asemé nueaoxi dee ( AdReBRtedsilicon

di oxi de (Si 02)5. il . ga-al uniznu Xi i 02/. r e
cat al yst sup?&lﬁba%ga?aﬁ %%ceg?égaq%g}él ng%{ g%(%l%g?lmal,gs\g\/ﬁgrggﬁﬁl%gé sul fur
content in tHantdRImOre.eckt | 55| ROBEEPLANGS fauwiert ccheorepatast in A

process accorghimg 4t ebhder oof el NBrdaabd 4ec3R14bRr.eithd hecpeastar feed
only contains su{l\%ur conpounds whi ch can be segarate fromthe ol Elens by

distillation & whtcl? ofSofiBTHSIn §PPECPFSe R M  GF o6
conpoundsowhimdiscarnpbef seqial vt edthr adghhd iehefd nspdye dvslotiviésn. 185 6. A

process accorcei]ien . to claimlcor g]_} erein thioethers,are_ introduced into
the reactor f& ed.glnt%fci'st%%g 23 'g‘i){g\s raocceestslméec@élrél%g %a%%%lg% %,rgv\/nerei n
t hi oet her s hawiefprableaspesateadbor tit onsglar é imtidodswace | medorh&ireact or
feed. 5 8. A oGSS ALEOT LG8 §0:8NY08f E aiﬁrs]i&rﬁchlai“hff@nnlg' byt y!
sul fides are Introduced jnto the reactor feed. 10

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 liquid hourly space velocities can
have values in the range from 1 to 20 h™', preferably 4

to 12 ht.

20 In order to avoid hot spots in the reactor, which can
lead to damage of the catalyét 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 low-sulfur gasoline

35 components.



.15 20 25 30 9. A process according to any of clains 1 to 8, wherein froml
to 4 times the stoichionetric quantity of hydrogen required for selective
hydrogenation of the pol yunsaturated hydrocarbons to give the correspondi ng
monool efins | |n% duced when a concentration of from0.1 to 5 massy of
polyunsaturate& grocarbons is present {gn_the reactor feed, or at |east

0. 002- 0. 006 nol of hydr ogen per nole of nonoolefin in the reactor feed is

metered in Wigl &iGANCeNdiald QRoRtud I o Qntsoo(% de@e%scyopimwl yERsaLYr at ed
hydrocarbons is present in the reactor feed. process accordlﬁg to any
n

of claims 1 t&es, 5M%§q§r1qqmﬂﬁ%P4%):FQ?t|Pﬁ%f?¥%P¥Y0|%ﬁ?%ﬁ%F??c tity

of hydrogen ra@fiined iheo 3@ acliste thipdrfegendionen of the polyunsaturated
hydr ocarbons to give the correspondi ng nonool efins is introduced when a
concentration of fromO0.1 to 5 massy of pol yunsaturated hydrocarbons is
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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 C4-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 virtually
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



.35 the sul fur conpounds. O Z. 5865 -32 18. Process according to claim17,
wherein the side streamis withdrawn in vaporous form 19. A process
accordiing to claim 16, wherein the side 5 streamis withdrawmm froma plate
|l ocated fromgl 4 0l heoretical plates above the bottom 20. A process
according to any of the preceding cl ai_s,; wherein the sul fur content of
both the 10 olefin fractions is smaller than 500 ppb. 21. Use of the

virtually 3U|ﬂf€vér{@ea§ huteraskr alcrxleﬂeprs%p;%@-d Aot ngnteugny a8k, t he
preceding clains_for oligomerization to Ca- ol efi ns and hi gher 15

ol i gomers. 2Buifw oFO{T‘HQUVFiPt U 5P EF A r Wflll‘%le DHuFERE Pt iOh Flepar ed
af:ﬁolr dit ng to @asmowd bh'%\zfglre&%\ﬁnpspligﬁcdﬁl haviiag tﬁt&i@sﬁmml oropkrgdeesl i ne

a ate. .

“pom, ALN e ro")xgag(lﬁ | PROCERS.. A%?%”EE&“AV (. As ﬁf‘ﬁ‘rl UC%mm&’O}mds

eh* Q. R&N! 3" $W&§rg ghd X cadtepédchl s can chg ca@daﬂicapcapea]rea:]ycép@a] ca] ca]
ca] ca] ca] ca] cal.calralpial 6ol cabd £al gRehsabeath cakeat P &( Lonthbd! 233334 55t

6W6889:

= @@ AWAA} X s ni @R xt] caFEaVé sV afergueat) c shea] wel £ c spsaERss] caldaltbs] ca] ca]
ca] ca] ca ca] 158 sial 63 Calith G S als Al AAAAAAADDORDGENF] Gt G GHI NNNNOeS2
T4USUgUr U UUpY}xsni d_Z] | ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] ca]ca]calca]ca]ca! pY[{\\\]cccpdrdfjj%, |

]pxp]ppH]qRq]MquSC@IjS} w2 }ésad tthrd] | ﬁ:ﬁ} Cfa‘]e@a]ﬂ}c&:]r@aﬂlﬁ:@&(;ﬁbﬁailaﬁﬁ] cahelg] ga] ca

ca] ca] ca] calca alcalc calcal cal {|. - ~——

LV <+- 03}xsnrl’d 121%1&6%%1 %a% ca%%a%%a g ]%a%ca}gca%ér})ég & céf{éé})(l:l!a ca% cza] ca

] ca] ca] ca] ca]mmmva:}ma]ac@ chydapispuerdesc2onl47casQXhe sulfur

}xsnhcw”ca]f ;f 52 el celend sl catcabsal calethoakenl ﬁ&@*g@ caleca] cal ¢
ca calJ ca

aJca] ca] ca]ca ca] caj ca! zoRV 1{ BLS} xsni calca]lca]ca]c
a] ca] ca] ca] calEH TR Ek8%ER] cHIER] dﬁ]%a?ﬁﬁ?@‘é}@ﬁ] (% c%T%ETEaF@&P@ ca]cal ¢
a] caj cal vaa}ré\la%b%rméaﬂ 1168] cahea] ealal1ca]tGakcal B@i@@&lcal GalEakca] cal ¢

a] ca] ca] ca] ca ajca ca] ] ca aj cal a4Cl wr A
] ca] ca] ca] ca] %f]‘& "L‘% ca‘_|'?l | 0%1]55%5};]@ &]chﬁ%rcg]‘ﬁ’a‘i a] ng] cg‘]l@g‘Fga]Y]cg]cg
a] ca] ca] ca] cat}@:a:l@:&} cabbFEBRT0%Ri 1(Hud | ADER! {n)g - 4 0%OR' (©ohdUbR'al

LOYEE () - 10% ) N%H&{é@%lo }5:1?%0%& dU1 £ HrddOUL ) ar b b d? /“%l(a)p‘re' ~ 9110

%R ()-!'~9l'1
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 high-boilers.

The degree of recycling of the sulfur compounds can
therefore wvary in the range of from 100 to 10%,
depending upon the composition of the reactant among
30 other factors. Typically, it is in the range from 100
to 50%, 1in 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
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and isobutane, and a maximum of 1 mass-ppm, in

particular 500 mass-ppb, very particularly 100 mass-ppb
of sulfur. This mixture can be separated in a further
10 column to give isobutane and olefins. The olefinic
mixture can be used in known processes, for example in
the preparation of MTBE. When the hydroisomerization is
carried out in a column reactor, a virtually l-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 very particularly Dbelow 50 mass-ppb and is then
particularly suitable for the preparation of gasoline
alkylate. After removal of these sulfur 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

partiicular 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.
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5 recovered and therefore results in only low costs.
- The activity of the catalyst can be adjusted to

operating needs.

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 C4-isomers:
Gas chromatographic investigation (100% normalization)
15 - Detector: FID
- Column: 50 m PLOT Al,03/Na;S0,; 0.32
mm ID; 5 pum film thickness
{Chrompack)
- Oven temperature: 125°C isothermal
20 - Detector temperature: 140°cC
- Injector temperature: -200°C
- 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 Cs-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
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10 - Splitless

- Injection quantity: 5 1l (ligquid, condensed at
-80°C)

Example 1 (comparative):
15
The hydroisomerization of a C4; 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-0 636 667. The crude
20 material is pre-heated to 55°C and introduced
adiabatically to the reactdr in straight pass. The
reaction takes place at an average temperature of 80°C.
The 1liquid 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.

Table 1
30
Component (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
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The hydroisomerization is carried out as described in
5 Example 1, except that sulfur in the form of dimethyl
disulfide is added to the crude material in such an
amount that the sulfur concentration in the reactor
feed is 3 ppm. Table 2 shows the composition of the
reactor effluent.
10 the

compounds. As

Analysis of the sulfur components in
different

unidentified

shows a mixture of
well components,
dimethyl disulfide, methyl butyl sulfide and dibutyl

sulfide are shown to be present.

product sulfur

some

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%) |Effluent (mass%)
1,3-Butadiene 0
Isobutene 25.2
1-Butene 3.4
2-Butenes 60.7
Isobutane 3.2
n-Butane 7.5
20
This example clearly shows the benefit of sulfur
addftion for hydroisomerization, but also shows the
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 such an



10 10 10Y7 10%& ()-! sF! 10%& ()-f!xsF! 10v%@@& ()-f,jj!mo pwJ3{Y:

'} sFI10%-5~5& ()- +!| sF!'10%5u5& ()- +!'y sF!109% 5f5& () -

+1'} sFL10%5p5& () - +!'t sF!109%5& ()- +!'ysF!10%5f5& ()- +
pxppquFqGQF?ﬁ%515?%S} sF10%& ()- 105 105 1058F10%& ()-TF7

109%0& () - YAFIO ' @ x sF!'109%5& () - 3RgYq)rstSttzXej @

11OF1 109 ] & ()-!~9Y! 109EE& ()-!y9Y! 10%@L ()-!~9Y! 10%EE& ()-! p9Y! 10%77& () -

MLO%&! () - t u 10097 £ Ccrat :

1000l L37! 10‘V%M€§M-'sﬂéa-lloo %‘_ga S_l RN A ORISR T o) ) F8F1 10065
Wy z{ dRe@ * LE1 Fomprg (Fable B 18b@ve (5he ~cPEPeEIE2Rn( )f ~tEr100R2&

()- yNﬂO@@f()z%%é&dﬁ -effluent. Analysis of the sulfur components in

the product shows that only one sulfur component is
5 present, namely di-n-butyl sulfide. The concentrations

of this sulfur component in the feed and effluent are

identical.
Table 3
10
Component (Ma-%) Effluent (Ma-%)
1l,3-Butadiene 0
Isobutene 25.2
1-Butene 3.3
2-Butenes 60.9
Isobutane 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 Cy-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 is separated by
diséillation. The task of firstly separating iscbutene
from the 2-butenes and secondly recovering the
2-butenes obtained as high-boilers in a sulfur-free
25 form, is carried out as follows:
The reactor effluent is 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 column, condensed and

30 partially returned to the top of the column (reflux). A
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plate: about plate 1 to 15 from the bottom) and
condensed outside the column. The high-boiling sulfur
5 component accumulates in the bottom product of the
column. The bottom product can (after removal of any
high-boiling hydrocarbons) be returned to the feed of
the hydroisomerization reactor according to the
invention, so that a closed sulfur circuit results.
10 Distillation conditions:

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°C
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.
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Component Feed Distillate | Bottom | Side
stream

Isobutene (Ma-%) 25.2 76.8 0.04 0.2

1-Butene (Ma-%) 3.3 10.0 -/- 0.05

2-Butenes (Ma-%) 60.9 0.6 83.7 90.1

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

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

S (ppm) 3 -/- 3292 -/-

-/- not quantifiable, sulfur is present as di-n-butyl

sulfide

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 1s carried out at a sulfur concentration
in order to
method of

sulfur

of 20 ppm in the feed to the column,
the this sulfur
the

composition of the column feed corresponds to that for

improve performance of

separation. Apart from the content,

20 Example 4. The distillation apparatus and conditions

are the same as in Example 4.
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Composition of the different streams during

Component Feed Distillate | Bottom | Side
stream
Isobutene (Ma-%) 25.2 76.8 0.04 0.2
1-Butene (Ma-%) 3.3 10.0 -/- 0.05
2-Butenes (Ma-%) 60.9 0.6 83.7 90.1
Isobutane (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.
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‘What is claimed is:
1. A process for the hydroisomerization of C4-Cg-
5 olefins or olefinic cuts containing Cs-Cs-olefins

or for the hydroisomerization of a mixture of Cyu-
Cs-olefins with simultaneous hydrogenation of up
to 5% of polyunsaturated hydrocarbons contained
therein over a catalyst comprising an element of
10 the eighth transition group of the Periodic Table,
which comprises conducting the reaction in the
presence of at least one added sulfur compound

which contains at least 4 carbon atoms.

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

20 3. A process according to claim 1 or 2, wherein
aluminum oxide (Al,03), silicon dioxide (Si0;) or
silica-aluminum oxide (Si105;/Al1,03) are used as the

catalyst supports.

25 4. A process according to claim 1, wherein the sulfur
content in the reactor feed is in the range from 1
to 100 ppm.

A process according to either of claims 1 and 4,
30 wherein the reactor feed only contains sulfur
compounds which can be separated from the olefins
by distillation or which on hydroisomerization
give rise to sulfurous compounds which can be
separated from the olefins by distillation.
35
6. A process according to claim 1 or 5, wherein

thioethers are introduced into the reactor feed.
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having at least 8 carbon atoms are introduced into
the reactor feed.

5 8. A process according to any of claims 1 to 7,
wherein dibutyl sulfides are introduced into the
reactor feed.

9. A process according to any of claims 1 to 8,
10 wherein from 1 to 4 times the stoichiometric
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 mass% of polyunsaturated hydrocarbons is present
in the reactor feed, or at least 0.002-0.006 mol
of hydrogen per mole of monoolefin in the reactor
feed is metered in when a concentration of from O
to 0.1 mass% of polyunsaturated hydrocarbons is

20 present in the reactor feed.

10. A process according to any of claims 1 to 8,
wherein from 2 to 2.6 times the stoichiometric
quantity of hydrogen 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 11. A process according to claim 1, wherein the

hydroisomerization effluent is separated into at
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16. A process according to claim 13, wherein a Cs-
hydroisomerization mixture is separated into a
low-boiler fraction comprising isobutene and

25 possibly l-butene and isobutane, a middle fraction
comprising 2-butenes and possibly n-butane and a
high-boiler fraction comprising a sulfur compound.

17. " A process according to claim 13, wherein a C4-

30 hydroisomerization mixture i1s 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 sulfur compounds.
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for oligomerization to give Cg-olefins and higher

15 oligomers.

22. Use of the virtually sulfur-free 2-butene fraction
prepared according to any of the preceding claims

for the preparation of gasoline alkylate.



