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OLI GOVERI ZATI ON PROCESS BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention rel ates

W eoobloz2sed | goneri zati on of al kenes, e.g., the PCT/US2005/000712
ol i goneri 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 whi ch has been depl eted of

I sobut enes such i | sobut ene
purification uni @-'%ﬂﬁ@ﬂ?@?ﬁ% I nvention
relates to the BACHGROURE OFTHE IRVENEONVEr ZSM 57
zeolite catalyst in a distillation colum reactor.

Fi%l"éﬁ&i'"ﬁ(ﬁﬂt'%e m xed C4 stream froman MIBE unit or
an Tﬂgg@tggeﬁt RVentibfidlt8s %‘!t{ua togébﬁ%rr%%*i&@g}fga#é%qes, e.g., the

raffin stream contal ns di
oligsmedzatidryofh nbemal Hutends baiprytitic2. prifhailg ostar@saVibysarticularly

by di i ' h t in tubul t Lo
thelBNeafor e Eatal iR elbariiaenat o ean g pHere contaiaed in a

mixe&d6), seBImVAficE Aak ibegs d%%&éte@gf RBHuteris %gch HOWRWE &n MYBE unit

reacfl on condi ti ons have een severe, e.
or tigplpsene upwiicatiobetnitsen NMeE PRrticular2 tharidventess velates to the

onfmBFARof SRRoRE b Zslr, S b Gpufial 858 it cotumn
regdtiort |ives. The SPA catal yst produces only about 333

tons of oligoners per ton of catalyst and has a useful
RelatedArie of 2-3 weeks on stream after which the

ool PhUSHBR, Dbcdh it AMIB i B3 ftEn un
oftemsalldiba raffieaterstrieach, afdntains dilatedconsiatisutahés, evpeeiasig butene-1
anfl Siaa- At NESE.St STt Eua DPER IPBHCRA T VarRasi e R eactors
Co Bttt SRR U SEh o 2GR LORK) 2y B Eites ZS-
22t ared o&3MR%7 .t hitowsver i thabreaobion! evnditieng.haver bdenaysevere, e.g.,
terfb&res UF beR0BE 336¥ 80 uB2°F ANd e SQUES of between 1,000 psig to
1,215 psig. _

Besides the reaction conditions the catalysts have previously had short lives.
The SPA catalyst produces only about 333 tons of oligomers per ton of catalyst and

has a useful lifetime of 2-3 weeks on stream, after which the catalyst must be

discarded. The zeolite catalysts have longer lifetimes (3-4 months), but lose activity

and must be regenerated off-line at considerable expense.

The selectivity of the above-mentioned catalysts is lower than ideal. The
desired product from butenes is octenes, which can be converted to isononyl
alcohols. Higher oligomers, such as C,, olefins are useful to the extent that
profitable outlets, e.g., tridecyl alcohol or isopar solvents, can be found.

Typical results of the selectivity of the above catalysts in the tubular reactors
are shown below in TABLE I:
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Typical results of the selectivity of the above
catal ysts in the tubular reactors are shown below in
WO 2B6@2a80ABLE | Cat al yst SPA ZSM 22 ZSM 22 ZSREBVS2005/000712
ZSM 57 @®4% @50% @D4% @50% Sel ectivity, Ml %
Paraffin <1 6 6 <1 <1C definl<1l<1l<1l1<1
C7r defin4<1<1<1<1C8ddefind45 50 70 78 C
Oefin 9 1.5<13<1i gABLEQD efin 13 2<11<1
Cl2 Aefin 22 27 18 10 7 CC1122++ OO leeffiinn 44 1133
Catalyst; " Q ef i nSESnvEPM-83 gatM SM-94148M-9%  shoul d
be noted that isob@¥es H@ve %é‘@géf’/qg Pded over

acid cation exchange resin catalysts in distillation
Selswtivity) Mal@et ors i n conbi nation with boiling point
reactors as disclosed in U S. patents 4,242,530 and
Pakaffif3, 124. Theqpresent inventgon pyovi des hkgher
Cs RBHr Si on perqpasgfthan in ayher<processes<yith
C @gﬁﬁr sel ectiyityeq A furthegqadvagtage is ghat the

7 IER§NT Procegs opgbates und? Ieeg severe ggndltlons
B b

| nper at ur egand §r essure an p{?/p jCi al
nerizatio 1o esses using ZSM 57 cat aI yst Still

(ﬁ‘ t her advant Sge s a much Ignger online tinme before
Fhar ound tol egen rate the<tatal yst and pﬁﬂentl ally
Hy catalyg liBé 1t is A8feaf ére of the’/ pr esent

th in on that4thel8atal yst can be’regeneratéd and
enhanced in situ, thus providing even greater
*Okeffihi anineecsjormpdr pass  savi ngs. SUVMARY OF THE | NVENTI ON

Finally, it should be noted that isobutenes have been oligomerized over acid
cation exchange resin catalysts in distillation column reactors in combination with
boiling point reactors as disclosed in U.S. patents 4,242,530 and 5,003,124.

The present invention provides higher conversion per pass than in other
processes with higher selectivity. A further advantage is that the present process
operates under less severe conditions of temperature and pressure than prior
commercial oligomerization processes using ZSM-57 catalyst. Still another
advantage is a much longer online time before turnaround to regenerate the catalyst
and potentially longer catalyst life. It is a feature of the present invention that the
catalyst can be regenerated and enhanced in situ, thus providing even greater
efficiency and cost savings.

SUMMARY OF THE INVENTION

Briefly, the present invention is a process for the oligomerizaiion of alkenes
comprising feeding alkenes to a distillation column reactor containing a bed of ZSM-
57 zeolite catalyst, contacting said alkenes with said ZSM-57 zeolite catalyst under
conditions of oligomerization, thereby catalytically reacting said alkenes to form
oligomers and concurrently separating and recovering said oligomers. Preferably the
alkenes comprise linear alkenes having from 3 to 8 carbon atoms, such as C,

alkenes, preferably n-butenes.
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Briefly, the present invention is a process for the
ol i goneri zati on of al kenes conprising feeding al kenes

W@ eooa/oehisss i | | ati on col unm reactor containi ng aP@BEUSN5/000712
ZSM 57 zeolite catalyst, contacting said al kenes with
said ZSM 57 zeolite catal yst under conditions of
ol i goneri zation, thereby catalytically reacting said
al kenapreferfedt smblodinent theamikedobotenesnsligh aspaffatateigmay be

readinoligsRerzed droahe el 458rs b dstiEiheemn reactor
at %rg"ﬁ? %&T&tl@ﬁy ¢t oé{éf%%e(gQO%Sf"/g)" atphy dthH{e‘?&gﬁor'I 's Breferably

enbodi nent the m xed but enes, “such

' cannaﬂfouiamd,er canditions ahich fa\mrl@mmzatzca’dasmposad to longer chain

.zeolite catal ZSM 57 di sty ati col um
olicegiRts, reBray ot pfetunds afhétyRed' 409 Fid LB temperatures
in thelrithge DR240Itb BRUETH FBddriardionPbeliptabbrut 9T aidived out
. under condltlons whi ch favor dimerization as opposed

to Tewpainthepdvantpgesef be peeertnipressihefnixsd l!aué@eﬁmust be
1ol R et e 2SS TR MeR R4 o B e et

(DMEI)%ndT sombtsilfar bbmp@dmgsnt?geshmétrtyheulhdesam bptaai@ss This is

the nj tenes nust be free of certain co

alspygaul %5 SQMH r%l%gﬁp#t@w%ﬂ5$§Hat95’bw0§§8%¢%§ﬁ9'}633415&- All of
| Epr S h

the, NP LE Ol oo FRRRHRE o BiohriondITRY Wistiation. sulfu

chemisorptimmandibatadiens tydrogehatioron processes usi ng

£ ohi g nbeia ety SBiorEPef A iliehatd §RRup Sompounds have

po@Bﬁ@H 3196 PSMUB7as2alpse. B eatalyRy ﬁ’fé?/@ﬁége(h%ratbﬂ if %#bey washing
where the sul fur_guard bed has failed and sul fu

withomgroa dieptane  pldies trganerationz Bas repatoungsto hﬁh% increased the

ptane. The regeneration has been found to

have i ncr eas@REEDE&CRIWﬂONC@FWHEDFBRNHﬂHG
DESCRI PTIL.ON OF THE NG The FI RE is_a sjinp

ed
f I ohNBiFAGIERE 1@ {swaplwﬁéff@w @ag@m stihesrelesred ﬁ@bodlment of the
inv%m‘gﬁltl on. DESCRI PTI ON OF THE PREFERRED EMBODI MENT The
ed to the present process is preferably pretreated
to renov®ESCRIPTION OF THE PREFERRED EMBODIMENT

The feed to the present process is preferably pretreated to remove

Cat%gjsﬁg?éﬁﬁ%)my be regenerated in situ by washing with
r

contaminants such as DME, butadiene and sulfur compounds. Acceptable levels of
these impurities are: DME < 1 wppm; total sulfur <1 wppm; and 1-3 butadiene <10
wppm. The DME can be removed by distillation which may be conveniently
combined with the selective hydrogenation of the 1-3 butadiene in a distillation
column reactor. A hydrogenation catalyst, such as palladium or nickel, is used in a
distillation column reactor at mild conditions. The DME is taken as overheads and
the remainder is taken as bottoms. The sulfur compounds may be removed by

chemisorption on reduced massive nickel catalysts, such as Sud-Chemie C46 or

- Engelhard D-4130.
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contam nants such as DMVE, butadi ene and sul fur

conpounds. Acceptable |evels of these inpurities are:
wWOrMBcA22B03Wppm total sulfur < 1 wppm and 1-3 bar/asioesneno712

<10 wopm The DME can be renoved by distillation which

may be conveniently conbined with the sel ective

hydr ogenation of the 1-3 butadiene in a distillation

col Artypicalfetdito the prpdesgefthtipreserdimigntion cemprisas dilute normal

ofebseop TR aEmbED ASS D IBsendepidler of sobuten. Table
I Hé‘f’cﬁ&'ﬂ?@%e%%ﬁdh%n@ﬂfiém% typicAldgRands bottons. The

conmpounds may be renoved by chenisorption on
reduced nassive nickel caf&Bl&ld, such as Sud- Chenmie

| 6 _or ' | hard D-41.3 C feed to the

Hy %@é%%nsofvﬂtg,ﬁe pr esent ﬁHBﬂﬁ%ﬁﬁWo@gﬂvaPQ& dilute
Ethseral bwepgs in a mx sC4 st r eam whi glpglpas
EtHW@héa| | 30(?@@” depl et edc%frbcb @éﬂfﬁﬁe Teloa Il bel ow

onents of | gtasgam TABLE

ns . % Sgt ta(f?‘ 0799 % Et hane

OO Et hyI en onyI 8f| de 0.401

Met hyl Pr_ ene 00. 17
pro_p

an 1.835 I D| hyI Sul fide
e 22.73 Di fque g0
d| e .00 Met hy IP(' V @Sﬁh'pﬁl de 1.3685 Butene 1
|S®@lt@@ Di &1h97 Di sul fi deTSDta!ﬁsllfNSobut ene8®38. 07 Tot al
t-Botgrfai? 8. 5386t - Butene-2 17.96 c-Butene-2 11.71
c-Ruteneizenel 1178 0. 04 | sopentane 0 1.16 Pentene-1 00. 06
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. Catalystis 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. Pat. 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. Pat., Nos. 5,266,546; 4,731,229; and
5,073,236. The most preferred catalyst structure is disclosed in U.S. Pat. No.
5,730,843 which is hereby incorporated by reference.

Itis believed that in the present reactions catalytic distillation is a benefit first,
because the reaction is occurring concurrently with distillation, the initial reaction
products and other stream components are removed from the reaction zone as

quickly as possible reducing the likelihood of side reactions. Second, because all the

4
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DME 00. 07 TToottaall Bl utenes 50.81 The use of the

distillation colum reactor is known. Catalyst is
w@b@omeksas n trays o r conbined into a distill aP€DNS2005/000712

structure and placed into a distillation columm. The

sel ective hydrogenation of diolefins such as

propadi ene and 1-3 butadiene in a distillation colum
compantnts dre bailigl the éempaerdtur® ofPeactidvois confroBe@ b tivébailing point

of {RyBHTE Bt 1o A BT Uit s T e sel T ertiom HenBly Creates more boil
up?btg'?-ﬂd ReRRIE! i tdtnbBrdthe §leé Qﬁbh\b?eMéo%%@Fééyﬂ afgré&¥edeal of

but adi ene to renove the” DME cont am nant
cootv@rmdbe ratGeOf:ee%qtmtand distribusioneeft pmductsuean be aqlmeved by

redf el S erbSadted HED. SbstivdMe viBLOREY eSoiptoe tme -

li @lhllﬁ)dﬁl sm%\ﬂﬂ@blt fe’rfartles 60miss cof frbd actsdistribativh 3nd to a
a RIO 266, SMZZ@ 731 , 229 andf\'t:a 073, 236.

b
deﬁ@@t coitte of tt@jSIsstraaytsqnsSQ%MW@qraeréﬁai,@nos‘teadﬁhertb%seﬂt that

th|$ ﬂ%aecrt@'ﬂ géa‘y 5%9 4‘& }MH e)&l?: éi %lhlgﬁ&? @’tphe prtﬁ)rgé‘ﬁ&g th¥t the internal

reftuxaqrovides tho:meajayalyst tdembylrédttcumgppolymr baitc@p Itanﬂ icoknhg Internal
ecaus the reaction Is o | rrent
reffpappy paPasd Sraenatanget 0.oup 2DdBINE JaukDusThe by ag catalyst

bealvﬂeéﬁtlﬂ‘étEPQHS@ﬁ\fesaé@eﬂéﬁm’égdlﬁ rom the reaction zone
as quick as possible reducing the |ikelihood of side

rea&ef@wsg rswctndhebiélﬁawjlgé alsumphfwbﬂpwnénggarar@‘ the preferred

entigtigffh bihe FRFtER 15 Rollur ¢ 3k Biepres bl i< fed Hlong with

hy@Fo@‘éﬁWﬁaEflovT hﬁe heato affirstefstiilafion 8bIAN reicBR11EcIRR4AIRing a bed 12
boil up, but no |ncrease in tenperature at a given

of pydragenationsatalysts bn the disgiatian erlumnoeagtaitiGoinedudadienes are

se %ﬁvélﬂhgve ge[r)t%?ecc} to“(?h en R&s Qhﬁ%f i ain‘?é‘ tiffle ABISME! IS 56 s&BQrated by

e ac regulati ng the sys pressure.
frastipnd tdistijatiba arh:t oexgoped ds eserueade Wa flewdiné i 103. dThe bottoms
ce vel oc gjves furth r control of
copfaRing thpSEnes AT RSa et 1 WpaELpuaSiestarsireBoveraia flow fine
108118 2836 FeRASr 50/EEn@ifg hHRIESD 6@&at§|yst #fiat eﬁ%ﬁ{orbs the sulfur
benefit that this reactidon may gain om catalytic
codipsundsation is the mashlng ef f ect that the internal

ref Lux QVi t he yst . t.her r.edu
pol J 1 SO EER' e asiot g0 CEhI Gl SFe il TnifpRetotal sulfur
cokouftls & %mbti@j ViaNisy mﬁe 804 dnal 188, bloRg(With rédyatd ffom flow line

ust bel ow t he cat al yst

108, via flow line 105 to a second distillation column reactor 30 containing a bed 32
of ZSM-57 zeolite catalyst. A portion of the butenes in the stream are oligomerized
to higher olefins, preferably octenes, in the catalyst bed. The higher boiling
oligomers and some butenes are removed as bottoms via flow line 107. Some
butenes may be taken as overheads and recycled as reflux (not shown) with a purge
of lighter material taken via flow line 106 to prevent buildup of the lighter material.
The bottoms in flow line 107 are fed to a debutanizer column 40 where any
C,'s are removed as overheads and recycled to the second distillation column
reactor 30 for further conversion. Product oligomers are removed from the

debutanizer as bottoms via flow line 109 for further separation.

5
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40

bed/w. distillate) and gives excellent results.

Referring nowto the FIGURE a sinplified flow di agram
woboobloz28ps ef erred enbodi nent of the invention PET/ERINEI000712

The m xed C4 streamis fed along with hydrogen via

flowline 10 1 to a first distillation colum reactor

10 containing a bed 12 of hydrogenation catalyst. In

the distillation colum reamme 110 t he but adi enes are

T rh WL BiVE AOUN R R 258 g ke BB DAL P dpatad i B distilaton

coI%Pr% FRAERIAIiZing ANE CRRAFS sYrU@thré @%Wﬂfin 108 paf) 3\1805 7301843. A

contai ning the butenes and | ess than 10 wppm but adi ene
typigal feednas showa il BABLENY atogeaniter éigatrentta remoye the DME,

oo Sl mfnRe Al Bl wad ke 1R Pk IBBRrop e reactor

conditibas ahd gesissaresown WIDABLEtRIbetaw.f ur conmpounds is
renoved via flow line 104_and fed along with recycle

fromflow line 108, via fI®@LFille 105 to a second
distillation colum reactor 30 containing a bed 32 of
Hrgsm Be zeol i t 892at al yst 64A porti ofd4df the bBO&nes 888
Feedelbsthream ar e201 i goneri 2@d to hi gk@r ol efi n2) 30
Reflugfiesapl y oct80es, in tBe@ catal ysgobed. The3fi gher45s
Pr@ﬁdrem‘b@' i gogeos and s@ge butenegzgre renoyed as 350
. toens Vi ag4.0ws! i neziﬂésssonezmtzeges npy3.8¢3t Poe317

eads recycy as ref (not ) a
g@msm1 Bl gl’??cragr13 rrat erl:§| 8t aken %?g3fl ow féliﬁ;g’ﬁlo‘é%? Bs

I
pre ég h hter
EE 6 O b | zer f 7
d as ads é]é
to t|| n colcb eact for 23 1

furﬂmpecflﬂﬁ\;-’eQ—éZ"on ProRRRt ol G%HRT s ar 8468iovel-4268m

t he Cdgbatedins £00Qs bL8HE vi a K2 | i ne02@§4f or 0.1302

further separation. Exanp ty-one pounds of

ZSM 57 zeolite catal yst tmgﬁéﬂé-\é%ged in adistillation

col The da@dyétwasltedenératgdtlﬂﬂ 8itg by aashing With tlorhal B&stane under

in US Pat. . 5,730,843. A typical feed, as shown
thf?f?”‘P)NB]SEC(P'?d'%!ﬁ/e after treatment to renove the DVNE

but adi ene and sul fur to ap&ggtqgl e levels was fed to

the reactor. The reactor

Pressure, psig 250
Temperature, °F 460
n-heptane feed, Ibs/hr 15
n-heptane overhead, Ibs/hr 10
n-heptane bottoms, Ibs.hr 10
catalyst, Ibs 21
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.



conditions and results are shown in TABLE 111 bel ow
TABLE Ill Hrs. on Iine 392 640 742 804 888 Feed,
wo baeioe2s2® 20 20 20 30 Reflux, Ibs/hr 30 30 30PGDU&H05/000712
Pressure, psig 300 350 375 400 350 Tenp. OF :245-255
271-286 274-289 293-313 299-317 Upfl ow Conv. % 66. 68
93.88 97.03 98.23 86.88 Select. , wt.%C6 ol efins
0.1286 0.2083 0.1612 0. 21TABOQEO®12 C8 ol efins 96. 6607
90. 8567 92.8994 92.81 13 93.3147 C10 ol efins 0.2383
Cathlp#38 0.2862 0.2564 0. Besgh C12 ol ef i nRegeﬁér%‘leJ 7808
Fe§d4l§§ﬁ1r6 4651 6.2268 Cl2ggol efins 0.000 O0.6394 0.2164
Rel ugqgglhp 1302 EXAMPLE 2 Jge catal yst was re ner at ed
Pr#%u? ‘vé’g y washing with rmal heptane und b the
condi ti ons: IV Pressure,
ratyre, OF 460 @ ne feed, |bs/
Up ?%\‘he/"over head, Ib§ 10 n- hept ane bgtgt
Selast. .WL%0 cat al yst. Ibs 2 1 WHSV 1.4 Treatment tine,
hr sCg@lefis ni xed c4 @2d08as restarted t P{R31r eact or

andCg otefinsar i son of 1928113 93.4661
C,g olefins 0.2564 0.5570

C,, olefins 6.4651 5.6407

C,,* olefins 0.2564 0.1481
Activity constant, k 0.4696 2.7807
Cat. Prod., g-mole/hr-lb cat  2.5342 3.5278

Unexpectedly the regenerated catalyst performed better than the fresh
catalyst.
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regenerated and fresh catalyst is shown in TABLE V
bel ow. TABLE V Cat al yst Fresh Regenerated Feed, |bs/hr
wQQooB020Re3 | ux, | bs/hr 30 30 Pressure, psig 400PGD0S2005/000712
Tenp. OF 293-313 220-230 Upfl ow Conv. 9% 98.23 99. 95
Select. , m.% C6 olefins 0.2108 0.1931 C8 olefins
92.8113 93.4661 C10 ol efins 0.2564 0.5570 C12 ol efins
Thé .id\Entiod. ddifiedds2 + ol efins 0.2564 0.1481 Activity
constant, k 0.4696 2.7807 Cat. Prod., g-nole/hr-1b cat
2.5342 3.5278 Unexpectedly the regenerated catal yst

per fo rA"Bﬂ)d@%E Y6 thbrtﬂi@oh’f@lzéfléﬁ lof ‘éﬁJeﬂb% %mTﬁi%ldg“fé%E‘ﬁngﬁlkenes

cl ai ned process or the ol |gorrer|zat|on
to & Idmidiatlmmmiumnn@a‘cwdm@tamlk@r@sbecb od ZSM-ﬁ}’lmqhtm catalyst,

cofiplf 21 gy Wi S4f 7 SMEEN Bl Hoielysh g Sgonaitions o

ollgcﬂﬁéhiaild?ﬁ&ﬁéneby catglgticalignaatiing saidf alkbhg® e fdrabligdimers and
therebé catalytically reacting said al kenes to form

coryr rsepaffindaRd FeGaYEripg sapheligamefsand recoveri ng
said oligoners. 2. The process for the oligonerization
according to claim1 wherein said al kenes conpri se
al kéneﬁh@wécn;sffooﬂh@ ollgor&eqaaﬂlmnaat(mIimg & clém 1 wherein said

rocess for the ol| izatio ording to claim1
aIRREs CORAR I ARG o 356 B GEROR At BSes.

3. The process for the oligomerization according to claim 1 wherein said

alkenes comprise linear alkenes.

4. The process for the oligomerization according to claim 2 wherein said

alkenes comprise C, alkenes.

5. The process for the oligomerization according to claim 4 wherein said

alkenes comprise n-butenes.

6. The process for the oligomerization according to claim 5 comprising
feeding a C, stream containing normal butenes to a distillation column reactor
containing a bed of ZSM-57 zeolite catalyst, contacting said C, stream with said
ZSM-57 zeolite catalyst by distillation, thereby catalytically reacting a portion of the
normal butenes with themselves to form octenes and concurrently removing said

octenes from said distillation column reactor as bottoms.

7. The process according to claim 6 wherein unreacted normal butenes are
withdrawn from said distillation column reactor as overheads and a portion of said

normal butenes is recycled to said distillation column reactor as reflux.
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4. The process for the oligonerization according to

claim2 wherein said al kenes conprise C4 al kenes. 5.
wab@epraseess for the oligonerization accordi ngp€DUSL0aH/000712

4 wherein said al kenes conprise n-butenes. 6. The

process for the oligonerization according to claim5

conprising feeding a C4 stream cont ai ni ng nor nal

but 8na@hetprocess adcording toolaim Buwvitereresatic bottomsa:iontalg uareacted

of ZSM 5 olite catalys contacti ng sa
nogRaliliedos fd sal peasd opTal tutERES Ak tenggyed from said bottoms
by@'ﬂa%tlbnél%étﬂl%tloh %BQBM &é&%%éﬁ‘lﬂéﬂllbéhbﬁ%‘drﬁﬁ réadi8F.ti on
he nor mal butenes wth thenselves to form octenes
and concurrent l'y renoving said octenes fromsaid

cccBr A erBReE ArPangRE baim BnhaeleRic nifea £ stieaRERss been

treate’) tof rbhdfv@vmﬁetmneﬂeend bdiatfierd and Orgait Bufur @REHEUNERS
over heads and a portion of said normal butenes is

recycled to said distillation colum reactor as

ref gHX ﬁ%{ OJr’B@eQé Eé‘osrﬁlr@rctg %H]g v&l’%r@m @: R Eontadts less

sai s contaln nornal les and sal
thalnrwapnaﬁmmmymthdnu1®$ethaar1ewppnwngdnform1ﬁmazompmnmgrand less

b ract i distillation and recycled to said
th%if/%éwnp&t BH% die€mm reactor. 9 . The process according

to claim6 wherein said m xed C4 stream has been

treated to renove dinethyl ether, butadi ene and

or gahi & patess for brepoligedaerizetion i eomdm&@wamag in & mixed
claim 9 wherei gpsakd C4 streamcontains |less that 1

C4ﬁ5"6ﬁf‘bF%‘PH§t"9 Re&rePs %SS than 1 wppm organi c sul fur
conppuiesdingt hitsd O)airebdn \opRAIRIHG abrenae bulehesfo a distillation

@rocess for the oligonerization of nornal butenes
colggit egacder Gantainiige Bedof 4SNHH zeslia falalv§tit he st eps

i R LohEREMA R A EtfdtioN cAdThGaabRr™ N9 1OT T

but to a 'on” col um reactor’ containing a

bed of Z(iwbﬁﬁtac’ewg shid oadedl @ sstredr)withosaid 2S5 7/zealite catalyst
saj d dj I:uatio colum re tor éé*‘ cont act i

saj, d
thereh gatalvticall L saatingnQEra) baéRes, with dhemiclyas 4p jaim dimers and
otﬂé}%{ﬁggmé‘:@bﬁhytl cally reacting nornmal butenes with
thensel ves to formdinmers and
(ii) fractionating the resultant mixture of dimers, oligomers and

unreacted C,'s in said bed of ZSM-57 zeolite catalyst;

(c) withdrawing the dimers and other oligomers from the distillation column
reactor at a point below said bed; and

(d) withdrawing unreacted C,s and lighter material from said distillation

column reactor at a point above said bed.

12. The process according to claim 11 wherein the conversion of normal
butenes is greater than 65 mol%, said dimers are octenes and the selectivity to said
octenes is greater than 90 mol%.
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other oligoners and (ii) fractionating the resultant

m xture of diners, oligoners and unreacted C4 Sin said
whewen228865M 57 zeolite catal yst; (c) w thdraw PQI/UR®05/000712

di mers and other oligonmers fromthe distillation

colum reactor at a point below said bed; and (d)

wi t hdrawi ng unreacted C4.s and lighter material from

sai 6i3di™He pradeissraccotding to etaimot 1 athexeinothet cartvevsios aif chormal

ou{S5% & ieterON BN OD 7R % SEEHUETTS o BREBRS FRSNG BolsBIY 1o sai

octeks idlhrRiter thaf FmBPES and the selectivity to said
octeneS Is greater than 90 nol % 13. The process

according to claim11l wherein the conversion of nornal -

oct Thoa i picRES Bepbislt 198 {1 RRCT sHELHEEC  sirgpm has

beéh@ealdy 1lethovEAdimEiRylBthee datatliens dhadrganic saiftn ddmpounds.
wherein said nixed &4 stream has been treated to

renmove di net hyl ether, butadi ene and organic sul fur

co u . T, : r i S0 al-ai :

coe?S e praCosr BRRUBRS R e8] R 5 hcbycontins ess
thatiinep iyl digietieyl ethers fegshthan 1 wppm anggaiti sulfswicbmpounds and less

conmpounds, and.. | ess than 10 wppm but adi ene. 16. The
thagy @’QQ"&BH@#%?'}?Q to claim 11l wherein said catal yst

has been poi soned by organi c sul fur conpounds to
reduce its activity and selectivity and further
conpbi sThe proeess @gsording te elainmpd il nghergind saidx eatalyst has been

feed . and washing.said ZSM57.zeqglite.catal yst wt -
poisBRFd el SEHdF PRy (G T8 ai ReiMiZand {ectivity and
furfiie? dONRSHRMEg B teiisnef ihterilpaing skld WilRe®i0) f@adtand washing said

cat al yst has been washed wi th nornmal heptane prior to
ZSM:-6dizeglitesafalyskwith oormakiieptape andaesyming saiddpisediGugfeed.

to claim1l wherein the tenperature within said bed is

bet ween 240 and 320 OF,the pressure in said colum is

bet WEenTROravesst@Bcpiing tnclaim dhtwhenein wakbaatalyst has been

Wl Al FRESS S eding il B oS o0 per

18. The process according to claim 11 wherein the temperature within said
bed is between 240 and 320 °F, the pressure in said column is between 300 and 400
psig and weight hourly space velocity is between 1 and 1.5 Ibs of mixed C, feed per
pound of catalyst.

19. The process according to claim 16 wherein said washing is carried out at
about 460°F, about 250 psig and about 1.4 |bs normal heptane per pound catalyst
weight hourly space velocity for approximately 50 hours.

20. A process for the oligomerization of normal butenes contained in a mixed
C, stream containing dimethyl ether, butadienes, normal butenes, and organic sulfur
compounds comprising the steps of:

(a) feeding hydrogen and said mixed C, stream to a first distillation column
reactor containing a bed of hydrogenation catalyst;

‘ 10
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19. The process according to claim16 wherein said
washing is carried out at about 460 OF, about 250 psig
wapaeakasas 1.4 | bs normal heptane per pound caP@l/ys1005/000712

wei ght hourly space velocity for approximtely 50
hours. 20. A process for the oligonerization of normal
but enes contained in a mxed C4 stream contai ni ng

di ngg) hgdneirfently i sbimdirshaistillationnediuiantreaetdr: and

organi ¢ gul fur conmpounds conprj Si the steps of: (a) .

feadi ng R ROBURFING Fal TR s TR oRe ¢ BY&OgeRs it said
P B SR DB Ty ARt spid byfadienes
andli stillation colum reactor: (i) contacting said m xed

C4 strea nd..hydrogen w t ai.d hyd enat,i on . .

cat al yot D ABPUSNAEGHBR FOLPART St BY B RTIEN Skrancymived Cu's
in $tid BRdbfMydpsicationaatalystt ) fractionating the _

resultant nmixture of dinmethyl ether and m xed C4 1S in

sai f)beameying\aipegienLfi wid dimathyt ether diom sais, disdfllation column
red%?étlé.é)gvé)rﬁe?aé'd di et hyl ether fromsaid distillation

col'umm reactor’ as overheads; (d) renoving said m xed

cA gﬁgremn\mqj sbhid 'mikefd Cgsfrom ?_tiu d'mtﬁillalatbmth@umelaotdr asbgttoms,
Sal ottons eln .0 r i I net e er content an
saif RONNEnBOBGPuRE I JImEir Sther ament a6t PaRgiang contened
bed;/fe 1N ' ' t ; :
oo )] fedio SARN UMY IS aTREE (R Rkl ERM ik 2 Ehghnisorption
catalysb thatgseleptively @dsofbss arganic galiuc ceipfounds dinpebydssmoving a

{t‘f% ffeedci)nggthe elffl uent fromsaid fixed bed reactor
PORIGN OT SAGLRB AN S YISO RPHESumm react or cont ai ni ng a

bed(pf feé8Mgbthezafalibhefrémt didl Fixed (EBd Fetitton foed iskiohd distillation
said distillation colum _reactor; (i) contacting said

colamuerpactorsiontainingi a hed af ¢SSR Zeolieoratalystat al yst
the b%foﬁ&frféor%@'iﬁ%h@’di&fﬁ?aﬁfghg&lﬁ}%%éctw enes with

t helsel'ves ormdi mers
(i) contacting said mixed C, stream with said ZSM-57 zeolite catalyst

thereby catalytically reacting normal butenes with themselves to form dimers and
other oligomers and
(i) fractionating the resultant mixture of dimers, oligomers and

unreacted C4's in said bed of ZSM-57 zeolite catalyst;

(h) withdrawing the dimers and other oligomers from the second distillation
column reactor at a point below said bed; and

(i) withdrawing unreacted C,'s and lighter material from the second distillation
column reactor at a point above said bed; and

(j) returning a portion of said unreacted C,'s to said second distillation column

reactor as reflux.
21. The process according to claim 20 wherein said bottoms contains less

than 1 wppm dimethyl ether and less than 10 wppm butadienes and said effluent

contains less than 1 wppm organic sulfur compounds.

11



other oligoners and (ii) fractionating the resultant
m xture of diners, oligoners and unreacted C4's in

W@ adod/okasa3 of ZSM 57 zeolite catal yst; (h) w thPeEWs2995/000712
the diners and other oligoners fromthe second
distillation colum reactor at a point bel ow said bed,
and (i) withdrawi ng unreacted C4 1Sand |ighter
mat 22 @heprocedsteccoeding tb diasgh 20lvetiereim saidl mixed €3stream is from

at, a i nt aboye, said bed; and (] eturning. a portion
a et bt eriay bonT Sieragbess of absohblanespaicabg process.
columm reactor as reflux. 2 1. The process according

to claim20 wherein said bottons contains less than 1
wppA3di ke yrocesshaccarding ée clainnR21@hergim daid adixede€, stream
nd sai d,.effluent, contains | ess than 1 wppm organic

5 CO@BIFPjPS%H}ﬁS&S’HB }/ﬁfo %n%r ocess according to claim 20
wherein said mxed C4 streamis froma nethyl ethyl
tertiary butyl ether process or an isobutene
purification process. 23. The process according to
claim 22 wherein said mxed C4 stream contains | ess
that 10 nol % i sobut ene.
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