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1. Field of the Invention The present invention
relates to the oligonerization of al kenes, e.g., the
ol i gomeri zati on of normal butenes to produce primarily
octenes. More particularly the invention relates to
the oligonerization of 1-butene and 2-butene contai ned
in a mxed C4 stream which has been depl eted of

OL?@QN’IER??ASH@N pRGEpaxan MIBE unit or isobutene

pur catiron units. Mre particularly the invention

rel ates to the ol +@eRPB W@UWEQNV@T{Q@@S over ZSM 57

zeolite catalyst in a distillation colum reactor. 2.

Rel ated Art The m xed P%'ld%ﬂh%%@é‘nﬁ?ﬁ” an MIBE unit or
an isobutene purification wunit ten called a
raf finat gt &amp inCoRbAl g tefllch Wieedh; Q{eg%tl(ﬁ)lu&feﬂ%es e.g., the
ol%&rﬂgﬁi @i 1136f Y zﬁeou esaﬂ) HE &NStirar %&ﬁesStM%?éTﬁarna}'fgrly the
mven l?n elzﬂg %ﬁe ol rr{en%atpc)% otfl lpu lé HL rbaﬁe % & l%ed in a mixed C4

um orai butene

;‘i qg?rﬁ B Lﬁ%wfe %efvv:g‘%c{)ﬁ f E%E{}L ‘the o\f\%omerlzatlgn of
“feé‘ﬁ?a%‘feé efolig et %@@%%ng EJRE Yr essures of

bet ween 1,000 psig to 1 Besi des the reaction
condi ti ons t he cat al yst g%‘g@g ﬁg'evi ously had short

Iives F?‘?A‘é‘f%ﬂ H‘X fgr odu B%EEYH ?i\k;:ﬁut 3033%?1 pur]ﬁcatlon
|

lig

onls ofgen fﬁ@ p raffinatg sigam. 6ﬁ“§t“|5 d@' med APTR7! ORFRNES Stigeie ly butene-1
ang puipnest ‘Hhrse syeamp dwdr dean dimREzeed) the pastt i r reactors
coRaiping epjisis Fueﬂle&swﬁsor(eé -phopetinayid (SBe) apd dheagqofifes t45M-22
and P Mnidt Howevar e maeaere donlitiansihqee eencesysicd 82aderperatures of
beavgee ﬁ§@°F t¢H§2°§eanéw¢swr@§/0ﬁfetw¢¢@ Wsigterit3 18 meig.-

catalysts is lower than ideal. The desired product

fr om but Sesides the geassinassongditionh theapatijEste e piesigusly had short
lives Gihe BYIA calatyshptoduces Ieln!gfraéaputoﬁ?’g:omfsﬂlggmelh pastogpy catalyst and
haoh efdfnlslifatiee wf 8fuivedks onhveeant ditet whindlt thp cahlystabiise be discarded.
The ukblkitt Satayst. have tiorigde bijdtinads d@Hdomonths ), $ophse salvwigrind, must be
regeérated ofblinecht cahsidcgdle &x@sudet s of the selectivity of

the above catalysts in the tubular reactors are shown

bel ow | nThABkEtivity DABteEaHovEatamkiysdd GRAyISivH BReZBhh 2Ral. The
dedilNH ddulSioRy but@4% o@:h&Bnh@oah 1@ SdifiErtedSel Boidnyl Bl¢ohols.

gﬁ rYiiBahakf dudh 24 CO Seffnk afd uscBf tohtef dxtent il prefitable sitlets, e.g.,
tri ygl&f}ﬂgﬂ%ﬁscﬁﬂu §01]ve§115 Tdn bdRBukd.efin 45 50 70 78 88 (9

Typical results of the selectivity of the above catalysts in the tubular

reactors are shown below in TABLE 1

TABLE |
Catalyst SPA ZSM-22 ZSM-22 ZSM-57 ZSM-57
@94%* @ 50%* @94%* - @ 50%*
Selectivity, Mol%

Paraffin <1 6 6 <1 <
Cs Olefin 1 <1 <1 <1 <1
Cr Olefin 4 <1i <1 <1 <1
Cs Olefin 45 50 70 78 88
Co Olefin 9 1.5 <1 3 <1
C10-C11 Olefin 13 2 <1 1 : <1
C1z Olefin 22 27 18 10 7

C12+ Olefin 4 13 5 7 2

*Qlefin conversion per pass



Co-Ci Oefin 13 2 <1 1<1 Cl2 Oefin 22 27 18 10 7
Cl2+ defin 4 13 57 2 defin conversion per pass 1 0
O Finally, it should be noted that isobutenes have
been ol i gonmerized over acid cation exchange resin
catalysts in distillation colum reactors in

conbi nation wiwth boiling point reactors as discl osed
in US. Patent Nos. 4,242,530 and 5,003, 124. The
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Briefly, the present i nvent i 1process for the

ol i goneri zat i on S6fM %&%9@3”%%?’@5 RGN eedi ng al kenes

to a dlstlllatlon col upm react or contalnl .bed of
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alkeesEpinpasd lingamnliahésehgmnghfvinnytd B @art®ntatords, cacthanC, alkenes,
prefraB n-botents.as C4 al kenes, preferably n-butenes. In a

preferred enbodi nent the m xed butenes, such as

raf fi natle,a pmferied enbeddndny tlad ingeddniees soviens tdiBnate, may be
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tostze#arbgﬁvergahﬁm@tbgmwmol%e abl'y at pressures of
between 300 and 400 psig and tenperatures in the range
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conpounds h
TPOUNGS  NaAYE IEF DESCRIPTION OF THE DRAWING

The FIGURE is a simplified flow diagram of the preferred embodiment of
the invention.



poi soned the ZSM 57 catal yst, the catal yst may be

regenerated in situ by washing with normal heptane.

The regeneration has been found to have increased the

catal yst activity. BRI EF DESCRI PTI ON OF THE DRAW NG

The FIGURE is a sinplified flow di agram of the

preferred enbodi nent of the invention. 2 0 0

DESCRI PTI ON OF THE PREFERRED EMBODI MENT The feed to

the presdMESGREIEQY QB THESREHARED FMBERIMENT, renove

contam nants such as DMVE, butadi ene and, sul fur

conpound¥he Aeede i@ dh¢ eoreseie|PEocsss it @seleraplypprefteated tgy emove
comivEInants wagings DMEa butsdiene andgulfiyp pempaunds. Yscoppieblgileysts of these
impirdiespremDMB el vipivin; ¢etal péfur éhwp«pm, byd Hi3dwiddienei<dA wppm. The
DMBicah eengmoeed bpudistillation whidnbiapde eunveniedtly conbiged witd the
selbytide ogriregenaivrofof tthe 1L 33 botalade eineai distélatios t ¢dlihren j reactor. A
hydi@%éﬂiﬁori eanlyer, .suéh abydladenadr gickedalsabgedtin & detiliation column
realk hARIY RO RYitisHsC KR DMB isusiesh dsdvarhdidtant ltied fefrairder ismaken as
bott GRS 1TRE sBifurdmhorAdidinky 88 $emd @ HMBciSsdiRtinorAgduced massive
mcﬁé’l Pﬁ%@%sﬂﬁHQS ShE.ChemR O4Esr BrSelhakian-4350, bottoms. The

ur corrpounds may be renoved by chem sorption on

reduced RB§BicHPrecBite KR pFREAI HSthe présepthindentRAdcdakiRi¥e£ dilute

no & b‘a{en@g@ higkgh @A%@rgegn véhléfyﬁéscﬁfblcgﬁfgeérpdéﬂ?&ecpBp%ﬁ&ene
L i %\PE&N{ECO gﬁ%ﬁé mueﬁm ute normal

Gt enes in stream as typically been
depl eted of | sobut ene. & I beI ow lists the

conponen b p| ca str

Hydr ocar (rj]s %ltﬂ ur Corrpou tnhlawgpgb 09
H2S 0. OO OO 00 Car bonyl.2 4@1‘0

Pr opane B I\/lercapt an 0. ég 17
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Et hyl Me | sobut ane X
SulTi de E"OPV!?”erpQ)ﬂJ?ane 22.73 Di e%‘ %51 057
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20. 08 Di efaneR2GBf i de 1.386 wamm&ww Por al
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But adi enButeng-02048 | sopent ane 01igdhyl Pisuifisiect.38®0. 06
DVE 00. Olsobutene 01.07 Total Sulfur 8.538

t-Butene-2 17.96

c-Butene-2 11.71

Butadiene 1-3 0.04

Isopentane 01.16

Pentene-1 00.06

DME 00.07

Total Butenes 50.81

The use of the distillation column reactor is known. Catalyst is placed on
trays or combined into a distillation structure and placed into a distillation column. The
selective hydrogenation of diolefins such as propadiene and 1 3 butadiene in a distillation
column reactor is disclosed in U.S. Patent No. 6,169,218 which is hereby incorporated by
reference. In the present invention a fractional distillation is made simultaneously with
the selective hydrogenation of the 1 3 butadiene to remove the DME contaminant as
overheads.

The catalyst, to be effective, must be in the form so as to provide gas
liquid contact. There are many forms of catalyst structures available for this purpose and
these are disclosed variously in U.S. Patent Nos. 5,266,546; 4,731,229; and 5,073,236.



Total Butenes 50.81 The use of the distillation colum
reactor is known. Catalyst is placed on trays or
conbined into a distillation structure and placed into
a distillation colum. The selective hydrogenation of
di ol efins such as propadi ene and 13 butadiene in a
distillation colum reactor is disclosed in U S
Patent No. 6, 169,218 which is hereby incorporated by

The SASK( Efé@é?red'dﬁtatﬁ? stRICBRE N disely@atih QNS apFERNd. rb,843 which is
hel%b?'idc LAatdiQiby SfdBe, simul taneously with the

ective hydrogenation of the 1 3 butadiene to renove
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of the invention is shown. The m xed C4 streamls fed

al ong wi The hytthmesgianlow iliae flI08\grq fadeto rodebuganizer pelypin 40 where
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The effluent fromthe reactor 20 containing |l ess than

I wopmtotal sulfur conpounds is renoved via flow

line 104 and fed, along with recycle fromflow |line

108, wvia flowline 105 to a second distillation

colum reactor 30 containing a bed 32 of ZSM 57

zeolite catalyst. A portion of the butenes in the

stream are ol igonerized to higher olefins, preferably
DMEy bytadiend and ﬁelfl@awawgmtalbledevem avapfghde thoirackyy The reactor
comlﬁltg‘@rmdsesahﬁar@,éwﬂ iuiASBlek I belovenroved as bottoms via

flow line 107. Sone butenes may be taken as overheads

and recycled as refl ux HT&BLEH{J with a purge of
Hr.igrhling mat er3@2 taken GAQa fI ow2ne 106 ©84prevent 888
Febdj lbdlpp of th201ighter 2faterial. 2Be bottoRd in fl owd0
Reflurelbd®rf are 3@d to a d¥but ani zer30col umm 4@0where afAy
Prézbure, pig¢ rensd®d as ov@theads arB¥5recycl ed0fo the 350
Teﬁﬁ,ﬁOFd di stid45ap5%Hn cdunpss eactega-2830 f o298 1her 299-317
UpSIBMGHS). 99 Ps@dgct ol igmgers ar @m@goved Be@B the 86.88
sefihutigm,zer as bottons via flow [ine 109 for further

Sepgkaidiing. EM&’EGE' Td%éa( one s of oZ5MeS7  0.0912

zeol L besnat al ¢ re | 3, 592 gogd il @ngalqg,colggrm”

reat I| he st st res in
s S
1%uPIEH® N 09 d sul f accég% e |e$})§5 1d’302
to the r he reactor conditions and results
are shovﬁ% ElIlI below TABLE Il Hs. on line
392 640 888  Feed |
U Fl 0¥ refEitelnsp By AR ey S fypianc
450G cORUIRRNS” oF 245- 255 271-286 274- 289 293- 313
299-317 Upfl ow Conv. %gg E% .88 97.03 98.23 86. 88
Select. ., wt.%GCs ol ef j ns”BLEI¥6 0. 20 612 0. 2108
0.0912 C8 ol efSSRY™ 85607 90. 8567 92%3 92.8113
93.3147 Go olempa@tyerds3 0. 5438 0.2 0.2564 0.2371
C12 ol efi ns 2neptang fegddbg/hize9 6.46 6 2268 Cl2+
ol efi ns 0. ooon-heptane averhead, dbs/bt4 0. 1802 EXAMPLE2
The catal yst masplasgdrtomsdbs.r sit u H_\P was hi ng with
nor mal hept aneatalyst, Ibs
WHSV 1.4
Treatment time, hrs 50

The mixed C, feed was restarted to the reactor and a comparison of the
regenerated and fresh catalyst is shown in TABLE V below.

TABLE V
Catalyst Fresh Regenerated
Feed, Ibs/hr 20 20
Reflux, tbs/hr 30 30
Pressure, psig 400 300
Temp. °F 293-313 220-230
Upflow Conv. % 98.23 99.95
Select. , wt.%
Csolefins 0.2108 0.1931
Csolefins 92.8113 93.4661 5
Cioolefins 0.2564 0.5570
C1z2 olefins 6.4651 5.6407



under the follow ng conditions: TABLE |V Pressure,
psig 250 25 Tenperature, OF 460 n-heptane feed,

| bs/hr 15 n-heptane overhead, |bs/hr 10 n-heptane
bottonms, |bs.hr 10 catalyst, Ibs 21 WHSV 1.4
Treatnment tinme, hrs 50 The m xed C4 feed was restarted
to the reactor and a conparison of the regenerated
and fresh catalyst is shown in TABLE V bel ow. TABLE V
Cat @hspsolefinesh Regenerated OF2%G# | bs/ hr 28-P81Ref | ux,
| bsAbtivigcoBtari®rlessur e, psi @.4886 300 Tenp2.78097293- 313
220c28ProdpgHoaleBurb cato 98. 2353 95  Sel ecB.5278wt . % Ce
ol efins 0.2108 0.1931 C8 ol efins 92.8113 93.4661 5

Cto olefins 0.2564 0.5570 Cie olefins 6.4651 5.6407 5
0 Cl2+ oUebipesiedlyBfedre@erof@dd cAtolysty perforomdstettat thak the fresh

catbly4696 2.7807 Cat. Prod., g-nole/hr-1b cat 2.5342

3.5278 Unexpectedly, the regenerated catal yst
performed better than the fresh catalyst. 6 o Cains
The invention clainmed is: 1. A process for the

ol i goneri zati on of n-butenes conprising feeding
n-butenes to a distillation columm reactor,
contacting said n-butenes in said distillation columm
reactor wth a catal yst consisting of a bed of ZSM 57
zeolite catalyst, contacting said n-butenes



with said ZSM 57 zeolite catal yst under conditions of

ol i goneri zati on at pressures of between 300 and 400

psig and tenperatures in the range of 240 to 320F,

thereby catalytically reacting said n-butenes to form

ol i goners and concurrently separating and recovering

said oligoners. 2. The process for the oligonerization

according to claim1 conprising feeding a n- butenes

streamto a distillation EM#m reactor containing a

bed of ZSM 57 zeolite catalyst, contacting said
The invertinnvilaimed #: d ZSM 57 zeol ite catal yst by

distillation, thereby catalytically reacting a
1. poptocess fof tltdweligmﬂmuizeﬂims ofvnttutenhe vemprgsg tieeding mbutenes to a
distillitimesamd reacioncuohtaetidd yaid erhmvéneg) irs sdidl dostitlativenscdlwromreactor
withal ht£1yst codsistihp off adel WATSMAT kevlitasathigst] corsactidg sdilem-butenes
withl Q&P BSMVAST 8édlitd @athlscChrieMcdndifi@isedfMolionagstenh at pressures of
betve¥ 300 S0 Piib held avRpéheres maikd @hsd bf 2abiemaper, Utiereby
catﬁl?ﬁ&ﬁl"}rrefc?mg\éﬁirdr‘r@ﬁﬁénérlg BrnP OfibbrRéts @hd %@hdm‘éﬂﬁf 8&afffing and
recBvd} ?%Qﬁ?ﬂgﬁm ecycled to said distillation co

react’or as re ux. 4. The process according to cIa|n12

: {RE LRSI I8l an@r A FQrithE GO [ %ﬁaﬁé 1o o o

tB‘EﬁSt gﬁz@rrng ]ar %t{ ﬂ%|00 or conta1n1 7 zeolite
cagipacatating ol S B a %ﬁ 5 e
carglytell WPtng T Paften 2t mel?%erg?a.“a Octenes and
CORCHERLEFCMEVing sid @ctepsigPTH i é‘Hﬁ‘QF‘“O Uan &w Oh AP Oﬂoms
organi ¢ sul fur conmpounds. 6. The process according to
3. Thapracessviseprding toatlaims? mewrain onteabiad ntadenes g Withdygpm from
saididistitlimidn wivner reattesss oveaeads sybmpatiganf said uhfeagted n-butenes is
recgclogh mumadisdistilbitibe ssluth aeact® asypghlux. but adi ene. 7. The
process according to claim2 wherein the conversion of
4. Thd pioess acterdimp aa tottimt 1 &erefbsaid bofoms aordaidi unesasted mebutenes
and GhidNGSreadéll tBemaleb@eihdsV hiey rdnfovedi Blor@Ctfad esotiomsgbe dtARtional
distiftabn28d rdRbledbo Hid Jib@IdoReS/mnAeaAesdi ng to claim 2
mhereln thé conversion of n-butenes is greater than

5. 98 36 a3 8idhodid BhH 3T GhQE es@lﬁf s{Bd3eh hgsebée?ll @&&éd\’ {of ¥emove
dm%e?h { %ﬁ%aﬁﬂ:g Illds?r%ﬁrﬁﬁglﬂfur f ol %

CEss ’accor ereln sai d strean1has

en treat ed g} G’Hﬂds %d q&w;r cobyt adfes nﬁla{i'}dwppm

ﬁ‘?CSSSs
"tfé% it Ol oL sod bl R Yan e
butagige. 1 wppm dlnEthyI ether, less than | wppm organic
sul fur conmpounds and | ess than 10 wppm but adi ene. 11.
7. Theeprpeese aeeording & eling 2tvwhezeiniths eonxprsion of nsbiptence 4y ayeytst than
65 mad Yheseid giviessoare dotspesorngiathe selegtivityp seidrastrnagiés greater than 90
mof ¥duce its activity and selectivity and further
conprising steps of stopping the feeding of said
8. Fiid protasaaccording ikd glasa 2 dvhESih ik amobision ofat-witytss isgiehter than
90 A 9B saltiedit@Peara Rtch@satil e séib&ivigadisaid atensaisdgreater than 90
mo$éd. €am

I)

9. The process according to claim 2 wherein said stream has been treated to remove
dimethyl ether, butadiene and organic sulfur compounds.



12. The process according to claim2 wherein said
catal yst has been washed with normal heptane prior to
feeding said stream 13. The process according to
claim2 wherein the weight hourly space velocity is
between | and 1.5 I bs of n-butenes per pound of
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16. The process according to claim 15 wherein said bottoms contains less than [ wppm

dimethyl ether and less than 10 wppm butadienes and said effluent contains less than 1
wppm organic sulfur compounds.

17. The process according to claim 15 wherein said mixed C4 stream is from a methyl
ethyl tertiary butyl ether process or an isobutene purification process.

18. The process according to claim 17 wherein said mixed C,4 stream contains less that 10
mol% isobutene.



