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PRODUCTION " Field This invention relates generally to the production of
gasol i ne boiling range hydrocarbons by the oligonerization of light olefins
and the saturation of the resulting heavier ol efins. Background 5 A
continuing demand exists for the conversion of |[ight hydrocar,

- octane notor fuels. The al kyl ati on of ilsobut ane wi t h propyl e @@nmmmmmmmn
anyl enes using a hydrofluoric acid (HF) catal yst, conmonly r

HF al kyl ati on, has provided a highly successful nmethod for the prsdf€tion
“of high octane notor fuels. Despite a long history of safe 10 operation,
recent concerns over the possibility of a catastrophic reIeasﬂWWNW“WWﬂﬂMML
fromHF al kylation units has pronpted the investigation of no

alternatives to the HF alkylation process for the production of N
fuel s. One existing alternative is a S|n1Iar al kyl ation process that uses
sul furic acid, as ) f ) Ry decrease
the degree of ¥R SRR S o K- aci d, the
sul furic acid 15 process is still per ved as pOSSIb|y presentlng the sane
hazard and is not as econonically ad ageous as the HF al kyl ation
process. Therefore, processing substitutes for the HF al kyl ati on process
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to produce nDtor fuels nown an racticed do nof " produce the
sanme quﬁ thepliga@eyizapen B’ﬁéﬁ?’ﬁ EFE"%‘?“déF"esaﬂﬂ?t neof H?ﬁﬁ%gtr&al“ﬁ% plgfips. and
operate. One such alternative is the dehydrogenation of isobutane and the
ol i goneri zation of the resulting olgf, 4L produce gasoline boiling range
hydr ocarbons. The ol i gomerization d%ﬁkgé%fpoleflns i nto higher nol ecul ar
wei ght notor fuels using a solid phosphoric acid is well known and its use

predat es t heAHongihliyg dkmaid pHiae @@smc coferdifm 6F B@r&&%&ca&sﬁh into Emgh octane

Ona ooy et bRR, D BRVBGY Be bR b Bibelfndnfifles! iy GfRRACAARL 10"
pol ymer hydrefngriceacid (HE) @@lmcﬁmm@l)h;nﬂmndrteas Hlﬁell%laeﬂ, rhag m?‘ddqﬂcehisbh
streans sﬁc&dﬁ&%ﬂﬁn 161 {8 utﬁ&i bforﬁ 1t BctRtHset ReR! qbesaﬁe a @hofhisk

3804
di scl oses dehydro enatlon of omeri zation 003 2
1 adk | ofBTENGS GRS CORoPRE oYpy ??Msﬂ'wﬂd 58 b oo Bask of, %FF‘E&@
i nt o pr elkylativmasits i hae. prompict yilie cinvestigationt ofofmogificatione brs alteimat s foudiesH?a?nd
Tubes prag@ua g%(ceg ?&%@gﬁ&&cﬁ&n of bt hQR”erdrﬁaééléﬁBg oilteHaabé i3 @fllins i

di scl ose i S not

tre
benef i cAHPL af‘Bﬁ‘ PEAESS| HAtoUses é‘(’:‘f‘i’l‘}n%‘“dp%gl?c"é‘& w"&o%rw e&flsb‘ %%a‘“e a8 ower
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and a sétjtﬂnfﬂgFQ}ﬁ othe. HFt ali%la@‘\‘ lRFCtCPFér dispretore, o Propessing W\Pé‘ﬁt“ieﬁ)rf% (Shepﬁgw de
I mpr ov edikyhitien pedceRAreddtillasougtt) goner i zati on zone and saturation zone that,
in conbination with a dehydrogenati on zone, can provide an attractive
alternative to HF al kylation. This invention integrates the oligonerization
of Iight ol efQthes methedst efecomphiningtisobrtapy withelight dlefing| toj prgdunci Hoior fuelypre
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cat al ystthdaylxgonenda;msqftﬂmwsdnn&dk@mmlnredus«v gmohm bajling edngo hmrowbnmgThe
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ol i goner I on at lower pressure is
partlcufg%ﬁﬁmgg% ?§f§$o&ﬂen&¥ﬁ§q§§#%gﬁg$§§§??gn zone and saturation zone
are integrated with a dehydrogenation zone to provide a source of |ight
olefin feed. Ifleo kiywrcalHyiirokreav the elsfinie aydrperiaini seeams plobeceddyyuligogeriatioon i s
nore effjc e . (o] rat i ng
pr easar &> el biiih 23024 Btacd) MidldGesudnBRIAGH, o et SMEoRRaliSn BRI GH' C2,
range from 136 to 1136 kPa (5 to 150 psig) while operating pressures for a
typi cal oligonerization zone will normally exceed 2170 kPa (300 psig) and
will often be about 3550 kPa (500 psig). By recycling saturated oligoners
to reduce fouling 3 0 oligonerization zone pressures nmay consistently drop
bel ow 2170 kPa (300 psig). The operating pressure differential between the
dehydr ogenati on zone and the oligonerization zone may shrink to | ess than
1034 kPa (150 p5|g) and ellnlnate t he need for any. duaI ‘stage conpre55|on
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. Z.8 F E B 2003 3 benefits fromsuch recycle by both inproved sel ecti i §EB 2003
and i nproved operational costs. Accordingly in a broad enbodinent this
invention is a process for the production of saturated oligoners. The
process passes an oligonerization zone feed conprising C3 to CS 5 ol efins

at oligonerization conditions into conact with an oligonerization catal yst
_at oligonerization conditions typically including a tenperature of 93 to
260C (fzediondo pdadue} a, jetaiporat fusl ¢hadfis @by hp@ogtmRa ihkOpremmurh@atolimei Jhe

and an 5 0. - e e Str | Si i NS SO
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o | goray Ay oSl ok GBI salork hiihudch b KEBIplpaichThdd Ban lower octane
ol P gonkatingsthubis knewa take partipplarly feneficinl rveien sayraiing dsnectenes 19sAStANPht 0 a
saturation zone and contacted with a saturation catalyst at saturation
conditions to saturate olefins in tBe ol i goneri zation effluent. At |east a
portion of the saturation zone effl ream conprising paraffinic

hydr ocar bons having at |east 8 carbon atons is passed to said

ol i goneri zati.on zone, as . 15 said recycle sireamwhile a.portion.of the.
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dehydr dejydeigenationope acad providean atira¢téve aljernative toehalkylatlos. dehydr ogenat i on
zone with a dehydrogenati on catal yst at dehydrogenation conditions
typically including a tenperature of 510 to 649C (950 to 1200F), a pressure
of 136 to 1Tbi inpmuiopsintegratesothe Hligpmarization oftHaght gflefins. wigh Hhe 'sagyragiopf oher s
hy€r oggRuisRg Sligdatayd I RRgllih a Chdrtib® U BRMPIkiaied Joligbmct® Useh | R8ydld a8 thbe
dehydr ogenati on zone. "Aftéer separatin hydrogen stream 2 5 from,} he .. .
dehy dr BHgMRATIZ8HOD 201 eFlie Tgeyrle gfsa&lrhﬁfr‘grogg‘é‘ﬁerﬁd theyoligomerigaionpzanegyll igfibily
the refmilingest Bé dligemeehiiohagaoahiaBist Bpnke @bpdsitivnt ofesikeshil® safprisingly also
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par af f isomeosnt dhaineduced dpuling ptoneded by rthecdcycla cfdidady pharajfine fiomatlieosaturated

cagtal yst: . j j it | Ca ¥ i r.e of
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psi g) , oparatedhe oligdnasization zame Rt lpwer pegspwet i ve to produce an ol i gomeri zati on
effluent conprising C, and higher isoolefns. Effluent fromthe

ol i goneri zatj on zone_passes W thout K separation into a sz%_t urat.iop zone al ong
with the hyPPEHEAD &t JQWEH Prossaresis particplashy Begpiaciplovhecthe Alisemsrizafinerons 406 on
zone efdohid6i6h 28Rl afty hitep@aed Withna dehydogdenbtidn Bork0Q@3préviiatdisairt®bf ¢ighvblefih at
sat’.urateitegn onditiﬁ)n? to_saturate.ol ettzglgs h{{] the fli onerization effl utegt.
A5 calsfla T wpisaToTow Rissdine Peratioh St i dehiirpeemtion # Wrs flicienlly myegrit
separ awithnthe mhigomerization\zene as statapertiag psesseandecmagasi sOperatiBg aratsires forethe
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show e IJaChipRgh 3550 @mﬁﬁﬁ?ag).zoﬁysreeyam edRiBfld PO ORErand RAND FRilhg
Det ai | ed Description 15 The esséntjal operational zone for the ,Practl ce of
t BPs | AUBOISIFALIPE ZONEPISSSUERS FBaY consisERtly deapt hedny 26ALKPa(300psi@. The operating

0: ! goandss'ﬁﬁrtE |i9fferé M HefwRen Y &ehyﬂx\ggeﬁdti@ﬁ zbﬁmupmermﬂgwmfeﬁz%fﬁ)ln ztB_he may shrink

ol i gonerj zati on Rroces s .kno ._many na suc s catal ytic,
condenEnlesb eanBAs sl Brigh sl sNipe e ATGRT ik dual Seiae oy resSiop etween

ef f ect theOzohes h Thesai Integsateddéhydeogandtionl, phigmidiization aed shtwration y@iesarrangsmeras
SPA cat al ysts and honogenous catal ysts such as borontrifluoride as 2 o
described in US- A-3,906, 053, US-A-3,916,019 and US- A-3,981,941. The
preferred catal yst for the oligonerization process is the solid phosphoric
acid (SPA) catalyst. The SPA catal yst as previously nentioned refers to a
solid catalyst that contains as a principal ingredient an acid of
phosphorous such as ortho-, pyro- or tetraphosphoric acid. The 5 catal yst
is normally formed by m xing the acid of phosphorous with a siliceous solid
carrier to forma wet paste. This paste may be cal cined and then crushed to
yield catal yst particles where the paste nay be extruded or pelleted prior
to calcining to produce nore uniform catal yst particles. The carrier is
preferably a naturally occurring porous silica-containing nmaterial such as
ki esel guhr, kaolin, infusorial earth, and di atonaceous earth. A m nor
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5_conposition such as a | ower phosphoric acid content are however pos?i b‘i 2003
Further details as to the conposition and production of SPA catal ysts #aﬁ
be obtai ned from US- A- 3, 050, 472; US-A-3,050, 473, and US-A-3,132,109. 5 1In
this invention the oligonerization reaction zone is preferably operated at
tenperatures and pressures that increa%e the conpatibility of its effluent
.conditions with the inlet conditions of the downstream saturation reaction
zone i bdnefitsdroin swch reeyodt by bottiimporved séledtivith endimsgroesinoptehipnalopstsat i on
reacti on zone effluent conditions. The preferred tenperature of the
~oligonerization reaction zone will typically be in a range of from93 to
260C (200 tAcaudimplylinoa dagadiembodiment thjspinyantiop iea pPrOCESS g@tg@eoproqiu%wnlofg to
232C (ga%a{e? (ﬁ%%@ers"“ t’I"hep obdsS Uﬂa@srek yan%l%o%e&ﬁﬁh&neiﬂiﬁr by r(%‘ﬁtﬂrﬁfnﬁsemto Cs

catal ysts o 04C ( Pressures wth
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3549 kPa (100 t psi when using this invention to reduce t he
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production of nore Cb isoner o The feed to the oligonerizati on zone
r eact | BAMANE PLEQRSrIZAHPR, 25 A |as‘B'd€9$°tl SOJ&HB]Igé‘"‘frFﬂB aEFnBaSg?Qr 10FG Raturaden. ZoHCn
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but it may also constitute all or substantial quantities of C3 ol efins.

Typi cal ly the olefin feeds can have a C3 to CS ol efin c%ﬁ@entr tion 81{‘ at
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50 wt %.j.s.Qbut t I t 5
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the Tepdq HPle a&'ﬂr{n_t gefe%yété a&tehﬁn ciiithdes GOSRUd %ﬂagé&@rdmoﬁo&tﬁ@ﬁeamen

| ar ge anounts o nter the ol i gonerization zone, he practice
of thi eligemesivetion cweﬁwlsrfaplaalm wcbléwoaqteﬁtpﬁra@aﬁtoé@@ tpr?é%%n&@@,éq 0 °B), ¢

c un t fge 1 i
38 onElise B o Eods T 100 LSRRI, bl PARVI S 1o THE, BRENE RO DARIALE
and upam ooligoraeization aefélienta eaMprising pkef %Hll&heéoﬂﬁﬁpleﬁés c8 Efflvent; fsematfthas.

Addi ti eng@ﬁe&aheﬁwn@amésf wnh&ttrseﬁdmtsd intcp'é%‘dtu%oﬁ z%ﬂ@%lcﬁigt with tK8jdropsh Of
heavy paraffins in the goneriz on zone and rabi)%w#”i roduce a
mi ni muBiream.20Thg sa’%‘@@"%ﬁﬁ“%é‘é‘tf?‘é? a*ﬁ‘aplé&qmqt@att% e situet AndeRy rg&rhw rlam
and will nore z 5 typically produce at |east 25 w %of C$ and heavi er
paraffins at the inlet of each catalyst bed. C38 paraffins are particularly
preferred and will preferably conprise 5w %as mninumto a first

catal yst bed to as nuch as 50 wt % of the mass flow 'through the

ol i goneri zation reaction zone. The heavy paraffin conponents may enter the
process with the incomng feed or may be 2 o injected into an

ol i goneri zation reaction zone at internedi ate | ocations. The different
catal yst beds are preferably contained within one or nore cylindrical,
vertically oriented vessels and the feed stream preferably enters the top
of the reactor. The catalyst is preferably disposed in fixed beds within
the oI | gorrerl zat| on zone in V\/nat |s knovvn as a chanber type react or
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concentratl on of the feed to the oligonerization reaction zone wl|l b?Bq:tEB 2003
| east 50 wt % and nore typically at least 70 wt % . A hi gh percentage”of
the olefins in the feed streamare reacted in the oligonerization reaction
zone along with the isobutene. The olefin conversion will typically range
of from80 to 99 % . The principal oligonerization products conprise C- +
~olefins. 5 The oligonerization effluent containing the unreacted heavy

par af ftaﬁi‘rat@cﬂﬂcétzil?sﬂa@%&tiﬁatlbﬁ dofdiviynsOlosfatupate ofufihs G Qlﬁdo@lﬁgi)nm&s&tsn Eﬂlubﬁte At
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ef fl uestaturﬁuedmttehm ocbmm |C78aandoheammepamtﬁhs pr At deablay}mmﬁa ofi gxectdcpvéredt he
sat urat. i on ight ends. Lower

o1 essoruisd Sl Rhoter o AR QIR R rE At PRI e Hrte i Fect passage of
the pol ynerization effluent to the hydrogenation reactor. Exothei-~nicity
will typically cause the saturation zone to operate at higher tenperatures
than the oligonerization zone so that quench fluid and paraffins in the
effluent fromthe oligoneri Z2nafdlescuiptionof the Beavingi t i onal heat sink
material for the heat rel ease of the saturation reaction zone. 15 Before

entering the saturation zone the oligonerjization effluent is first m xed
with a hydr b8 isiansegmats rspqeshmowrdingim oft thealpventiom shqvypg dirincipal

Ig@st Prdcesin z@ﬁesmfﬂrr@g%apllﬁﬁgﬁme@jl edthe hydrogen contai ni ng gas stream
wi Il have a hydrogen concentration greater than 75 % w % hydrogen.
Hydrogen can be recovered from a dehydrogenation section to supply a 2 o
maj. or anount of the hydrogen input for the saturation zone with the

remai nder of the necessary hydr SR tql from outside sources as a
make- up hydrogen or where a dehM—gﬁ%ne is not present, outside
sources may supply all of the necessary hydrogen. H gh purity is preferred
96 Lhe MAKEnY ReHEIO0RRfal AP nd BEAUCDR s Rbichlifn AL Ad'B1ENALEARG
enfering the saturati on zone there ucin e vo ume o
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reaction zone and their relativéely high_ _vapor pressure can .increase the
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30 The make-up gas streamis mxed with the oligonerization effluent in
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W t hin the hydr ot r ea one pi Calgl%/ t%ncl ude a terrpetgﬁture Iﬁdthe range

of593 ¢ailgstae noomyllys é[ fﬁt theeac Ptﬂww?ut Withgp gilisequp sohd gaygicr 60700
psi g) fotth Awet fastdl trﬁisrﬂayte&ﬁ@cee vAtiaed hnd oknfchehed td smemcdwlyst partwlesf\enabl Y,

vapor Do b aREReeds br PRUSTEL Rhiok dnr A PE derdiPAiNe, MRRe patigr st

t enper particles. Thetanper is grefekebly ansturaily aiccurhiag pordns rsﬂtd:a-fceatdumtg maieriabosuch as
ot el b, REDRARSHEE SR AShaBKELSRRE, A e AR PR
h§@r ogedditivesrsusie ge emiverak tir, quliﬁrpﬂr @frér ap{ yronecompunds, lmlqdmgmrh@a)me oy bhe

i nl et §&cfe8qg‘tﬁe°catrﬁgr t‘allh&@éﬁ% ifsZfkh ah@gﬁﬁghﬁgozﬂﬁ SombiitiBh & &hd @éilrxexl' and the

hydrotreat ment reactor contains a fixe rotreat ment cata

Cat al yedditivesmyeferabbs comprises dA-30& o5 8 Gafalyshi ‘é’“br‘-%‘c&%a“ﬂ% lbging the &BP&Hh@ﬁal
hydr ot gaat | THe Gadiahy Thay: cSrRpiNeNRROFNSS Ble ftAYcarfiét Alatétiala-CAMHRL fFEN this
netallic elenents from both Goup VII'l and Goup 15 VIB of the Periodic

Tabl e have been found to be particularly useful. Goup VIII elenents

i nclude iron, cobalt, nickel, ruthenium rhenium palladium osmum indium
and platinumw th cobalt and nickel being particularly preferred. The G oup
VIB netal s consist of chrom um nolybdenum and tungsten, w th nol ybdenum
and tungsten being particularly preferred. The netallic conponents are
supported on a porous carrier material. The carrier material may 2 o
conprise alumna, clay or silica. Particularly useful catalysts are those
contai ning a conbination of cobalt or nickel netals ranging from2 to 5 wt%
and fromb5 to 15 wt % nol ybdenum on an al um na support. The wei ght
percentages of the metals are calculated as though they existed in the
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saturation reaction zone enters a quench separator. The 5 quench separat or

di vides a high proportion of the C4 and | ower boiling materials fromthe
saturation zone effluent to provide a guench streamwith a relatively

~higher concentration of Cg and heavi er hydrocarbons . The recovery of the
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continuous catal yst 15 regeneration section. A catalytic dehydrogenation
reaction is nornmally effected in the presence of catal yst particles
conprised of one or nore G oup VIII nobel nmetals (e.g., platinum iridium
rhodi um palladium conbined with a porous carrier, such as a refractory

i norgani ¢ oxide. Cenerally, the 2 o preferred catal yst conprises a platinum
group netal conponent, an al kali metal conponent with the porous carrier.
The catal yst may al so contain pronoter netals which advant ageously i nprove
the performance of the catalyst. It is preferable that the porous carrier
mat eri al of the dehydrogenation catal yst be an absorptive high surface area
support having a surface area of 25 to 500 n2/g. The porous carrier

material should be relatively refractory to the conditions utilized 5 in
the reaction zone and may be chosen fromthose carrier materials which have




S preferred, but the particles may be as large as 5.6 nm (1/4"). The 98 FEB 2003
ptati num group conponent nmay exist within the final catalyst conposite as a
conmpound such as an oxide, sulfide, halide, oxysulfide, etc., of an

el enental netal or in conbination with one or nore other ingredients of the
catalyst. It is believed that the bestgresults 1 o are obtained when

. Substantially all of the platinum group conponents exist in the el enental
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to 1 w tin. is preferred that the atomc ratio of tin to platinum be
bet ween 1:1 and 6 1. The tin conponent may be Z 8 F EB 2003 12

i ncor por at e@hé néawyt;bneafﬁatcainpbm@tscmmaeﬁtei ﬂlelpioﬁﬁslw&ﬂlth@hic@mﬁgnfwd ol Wbet 0

Chb eI e BF oot SPPBAR Aot BB A DU aPT g G S SO Shent
i nvol viesls aop pexdéerablyatontaimed withig ohdrer proepeylatdrioal, gértichity pneﬂteﬂ vessels and itteer
mat er | 1%|ed sfr0 mﬂ) é@faﬁlard&ﬁ&k bR, Pﬁ'%f‘ﬁ{e! RO fhe tAA &H@@?{rﬁ&bgﬁ diflostd'fn fRLd | €7

materi a tron o atlnun1conponen I n-conponent -
see usbwsgwrrme the Pligyrerizagan 37@0% iR tWhap pe keqwib s 6f Chambepfypreiepcior structure.

dehydr pggpaly, o cRABS-tWhd teab®BUNill Edhtan aeas&teﬂcte@atﬁ@habac&t I1h f £ chdBRe RGN
on_t he cat al yst Séﬁl ﬁ1and the properties of the d E%d)&a gen %tlon zone ffged
the defReiPhg@Rracants daw thronely  ferivh ¢f) laggs diameley aip § st he fiemperares o
oper at ghe@dactaniid mayl bb @tthed comitlled eg eétgrbaﬁgeaﬂdhﬁdaMelamerl ifero Hgdroadrbonsab act

r egener at of the deh

he
oot ot hERisily colfemirailn ool N AR b GRRPER A Ml T FRE iRl
t he detaaysigbmatceive emiratptedinter mfectiom of 2 auenchayatenaisto sontd] waiperaplres from

cataly s

annl 2peisR e ppistoRin" dabkal AP ol betaed oy RO Dlritgilecd,
oB0de hgmmbgléqﬂmedng: injegtian sigeangbatralrorhenefits th;mrmm by pRIVingtas agmanensicear).
dehydr ogenati on of isobutane using a continuous catal yst regeneration
system are described jn US-A-5, 227,566, US-A-3,978, 150, US-A-3, 856,662 and
US- A3, 854, g8¥ith fhe additionref dhe heavinparaifin gedpa thegeomhingshfesd de dhesoligomerizationyy a
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advant ageously maintain production while the catalyst is renpved

replaced. In a typical noving bed reaction zone fresh catal yst partlcles
are fed through the reaction zones by gravity. Catalyst is withdraw from
the bottom of the reaction zone and transported to a regeneration zone
where a hereinafter described nulti-step regeneration process is used to
recondition the catalyst to restore its full reaction pronoting 2 5
ability. Catalyst flows by gravity through the various regeneration steps
and then is withdrawn fromthe regeneration zone and furnished to the
reaction zone. The arrangenent of typical conbustion, drying and

redi spersion section in a noving bed may be seen in US-A-3, 653,231 and

US- A-5,227,566. 3 o Operating conditions for the preferred dehydrogenation
zone of thIS invention will usually |ncIude an operatlng tenperature |n t he
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Low conversion and | ower pressures for the dehydrogenation reaction Zbh&EB 2003
al so pronote 1 o savings in equipnent when integrated with a | ow pressure

ol i goneri zation zone of this invention. For exanple a reciprocating
conpressor may be used in the recovery of recycle hydrogen fromthe
dehydrogenation effluent. Hi gher presspres within the dehydrogenati on zone
~and its integration with the saturation reaction zone al so reduces the
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fromthe effluent streamvia line 57, Aliné 56 carries the vapor effluent
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hydr ogqagé:@flframnusngogoreamthat recycl es hydrogen to the dehydrogenation
zone feed via line 22. The dehydrogenation zone of this invention may
operate 2 5 with a relatively inmpure hydrogen stream A suitable hydrogen
recycle streamfor this invention may have a hydrogen concentration of |ess
than 90 wt % . Acceptabl e hydrogen concentrations nay be as low as 70 wt %
and nore typically about 80 wt% , wth the remai nder of the

hydr ogen- cont ai ni ng stream conprising C,-C3 hydrocarbons and typically sone
smal | concentrations of C4 hydrocarbons. The purity of the hydrogen stream
to the dehydrogenation 3 0 zone may be increased if desired by chilling the
overhead from separator 54 to decrease the carry over of inpurities into
stream 22. The remai nder of the hydrogen-containing stream recovered




from separator 54 serves as a hydrogen feed to the saturation reactof 8£&8 2003
her ei nafter descri bed. 2 8 F EB 2003 15 The bottom stream 60 from
separator 54 is comnined with an ol efin-containing stream 58 to provide a
conbined feed to the oligonerization reaction zone. The ol efin-containing
streamcarried by line 58 supplies addgtional olefins to the

ol i goneri zation reaction zone. The olefins entering through line 58 wll

i ncl ude nornal butenes and i sobutene and may al so i nclude C3 and 5 CS
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Addi ti onal heat recovery fromthe separator stream 96 takes place in
exchanger 98 to initially raise the tenperature of the dehydrogenati on zone
i nput stream from dei sobut ani zer 10. The preferred arrangenent of this

i nvention uses dei sobutanizer 10 to performa 2 o sinmultaneous distillation
of the product containing separator overhead streamalong with the initial
production of the dehydrogenation zone feed stream The preferred

dei sobut ani zer vessel separates off the |ight ends as an overhead stream
100 whil e sinultaneously supplying the previously described dehydrogenati on
zone feed 16 as a sidecut. The dei sobutani zer columm design is arranged to
provi de a high concentration of the isobutanes in the feed to the z 5
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range of from 60 to 99 wt% Typical sources for this feedstream are field butanes, refinery C4

saturate streams, and butanes from gas recovery units. The isobutane stream can be obtained
from refinery butane streams or other sources that will provide a butane rich feed. Preferred
dehydrogenation reaction zones for this invention beneficially integrate the dehydrogenation zone
5 with the oligomerization reaction zone by the use of high pressure and low conversion conditions.
The lower conversion will reduce catalyst deactivation and, particularly when combined with
higher space velocity, will allow most dehydrogenation reaction zones to operate with reduced
regeneration requirements. In addition, higher pressure conditions in particular reduce
compression requirements for effluent separation and improve process efficiency.
30
Catalytic dehydrogenation processes and reactor arrangements are well known. Suitable
dehydrogenation processes will admix a feedstock with a stream comprising hydrogen and
contact the feed with catalyst in a reaction zone. The preferred feedstocks for catalytic
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30 inorganic oxide such as alumina, titanium dioxide, zirconium dioxides, magnesia, silica alumina,

alumina boria; crystalline alumina silicates such as naturally occurring or synthetically prepared
mordenite or a combination of one or more of these materials. The preferred porous carrier
material is a refractory inorganic oxide, with the best results being obtained with an alumina
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paraffins. 25 2. The process of claim1 wherein said oligonerization zone
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hydrocarbon. The concentration of the alkali metal may range from 0.1 to 3.5 wt %, but is

preferably between 0.2 to 2.5 wt % calculated on an elemental basis. This component may be
added to the catalyst by the methods described above as a separate step or simultaneously with
the solution of another component.
30
The dehydrogenation catalyst may also contain a promoter metal. One such preferred
promoter metal is tin. The tin component should constitute 0.01 to 1 wt % tin. It is preferred
that the atomic ratio of tin to platinum be between 1:1 and 6:1. The tin component may be
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In preferred form, the dehydrogenation process will employ a moving bed reaction zone
20 and regeneration zone. Moving bed systems advantageously maintain production while the
catalyst is removed or replaced. In a typical moving bed reaction zone fresh catalyst particles
are fed through the reaction zones by gravity. Catalyst is withdrawn from the bottom of the
reaction zone and transported to a regeneration zone where a hereinafter described multi-step
regeneration process is used to recondition the catalyst to restore its full reaction promoting
25 ability. Catalyst flows by gravity through the various regeneration steps and then is withdrawn
from the regeneration zone and furnished to the reaction zone. The arrangement of typical
combustion, drying and redispersion section in a moving bed may be seen in US-A-3,653,231

and US-A-5,227,566.

30 Operating conditions for the preferred dehydrogenation zone of this invention will usually
include an operating temperature in the range of from 510 TO 649°C (950 to 1200°F) with an

operating temperature of at least 593°C (1100°F) being preferred and with an operating
temperature of 610°C (1130°F) being particularly preferred. A relatively high operating
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Low conversion and lower pressures for the dehydrogenation reaction zone also promote
savings in equipment when integrated with a low pressure oligomerization zone of this invention.
For example a reciprocating compressor may be used in the recovery of recycle hydrogen from
the dehydrogenation effluent. Higher pressures within the dehydrogenation zone and its
integration with the saturation reaction zone also reduces the equipment expense associated with
hydrogen supply and recovery. Use of relatively high pressures within the dehydrogenation zone
can also result in the recovery of a hydrogen stream having purities of 80% or greater with
minimal cooling. The low conversion operation of the dehydrogenation zone allows utilization of
such a low purity hydrogen stream due to the high amount of isobutane recycle that dilutes the
harmful effect of any olefin carryover to the dehydrogenation zone. In addition, the supply of the
excess hydrogen from the dehydrogenation zone to the saturation zone results in the recovery of
excess isobutane in the primary fractionator which would otherwise pose an unacceptable loss of
such hydrocarbons in the operation of the process.

The process and different operational steps will be described in conjunction with the
attached drawing.

A light hydrocarbon stream, rich in C, paraffins enters a deisobutanizer column 10 via a
line 12. Column 10 also receives recycle material from a hereinafter described saturation zone
effluent stream via a line 96. Deisobutanizer column 10 provides a sidecut stream 16 that
comprises feedstream isobutane for a dehydrogenation zone.

Line 16 passes the dehydrogenation zone feed through exchanger 98. Heating continues

as line 16 first passes the dehydrogenation zone feed through exchanger 18 to recover heat from
the dehydrogenation zone effluent 20. Depending on the composition of the dehydrogenation
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The figure schematically shows the operation of the dehydrogenation zone with a catalyst

regeneration system that supplies regenerated catalyst to reactors 26 and 34 via line 38. A
catalyst transfer system (not shown) transfers coked catalyst from the bottoms of reactor 26 and
34 via conduits 42 and 44 respectively and into a catalyst lift conduit 46. Conduit 46 delivers the

15 coked catalyst to a regeneration section 48. Catalyst regeneration section 48 reconditions catalyst
by coke combustion.

The effluent 20 from the dehydrogenation reaction zone contains at least hydrogen,
butane, butenes, some light hydrocarbons and small amounts of heavy hydrocarbons. Line 20
20 passes the effluent from the dehydrogenation reaction zone through exchanger 18 and into a
separator 52 to remove the various heavy hydrocarbon components from the effluent stream via
line 57. A line 56 carries the vapor effluent from heavies separator 52 to a hydrogen separator
54 for the recovery of a hydrogen-containing stream that recycles hydrogen to the
dehydrogenation zone feed via line 22. The dehydrogenation zone of this invention may operate
25 with a relatively impure hydrogen stream. A suitable hydrogen recycle stream for this invention
may have a hydrogen concentration of less than 90 wt%. Acceptable hydrogen concentrations
may be as low as 70 wt %, and more typically about 80 wt%, with the remainder of the
hydrogen-containing stream comprising C,-C, hydrocarbons and typically some small
concentrations of C, hydrocarbons. The purity of the hydrogen stream to the dehydrogenation
30  zone may be increased if desired by chilling the overhead from separator 54 to decrease the carry
over of impurities into stream 22. The remainder of the hydrogen-containing stream recovered

from separator 54 serves as a hydrogen feed to the saturation reactor as hereinafter described.
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C, 1somers Effluent piping 74, connected to the outlet of the oligomerization reactor 70,
recovers an oligomerization effluent stream. '

A line 76 supplies hydrogen to the effluent from the oligomerization reaction zone to
20 produce a combined feed for the saturation reaction zone. Line 76 receives hydrogen from the
dehydrogenation process via lines 78 and 80. Any outside make-up hydrogen enters the process
via a line 82. Preferably all of the effluent from the oligomerization zone passes, together with
the added hydrogen, directly into a saturation zone.

25 The saturation zone saturates the unsaturated gasoline boiling range components and
unreacted light olefins from the oligomerization zone to provide an alkylate quality product
stream. The saturation zone will typically use a plurality of reactors 82, 86 arranged in series
with feed passing through each reactor. The series reactor arrangement permits control of
temperatures.

30

Line 84 carries the combined feed in indirect heat exchange against the effluent from the
saturation zone in exchanger 86 and the heated saturation zone feed flows via a line 87 into the
first saturation reactor 82. The preferred arrangement of the hydrogenation zone will be a two
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via a line a 85 into a second reaction zone 86. To control the temperature exotherm from the

first reaction zone a portion of the heavy hydrocarbons pass as a quench stream via line 88 into

combination with the first reaction zone effluent 85. The now saturated oligomerization reaction

5  zone effluent passes via line 90 through heat exchanger 86 and via line 91 to a heat exchanger 62
to recover heat from the saturation reaction before entering a quench separator 92 via a line 93.

Quench separator 92 recovers saturated heavy material from the saturation zone to
provide the liquid phase recycle stream of this invention. The bottom stream 94 from separator
10 92 supplies the heavy recycle material to the oligomerization zone via lines 69 and 72 and the
quench to the saturation reaction zone via line 88. The remainder of the heavy material is
returned to the separator overhead via line 95 for withdrawal via line 102 from the process as
bottoms product from the deisobutanizer 10. The overhead material from separator 92 and any
additional separator bottoms supplied by line 95 are taken by line 96 and contain primarily
15 alkylate quality product and unreacted butanes. Additional heat recovery from the separator
stream 96 takes place in exchanger 98 to initially raise the temperature of the dehydrogenation

zone input stream from deisobutanizer 10.

The preferred arrangement of this invention uses deisobutanizer 10 to perform a
20 simultaneous distillation of the product containing separator overhead stream along with the
initial production of the dehydrogenation zone feed stream. The preferred deisobutanizer vessel
separates off the light ends as an overhead stream 100 while simultaneously supplying the
previously described dehydrogenation zone feed 16 as a sidecut. The deisobutanizer column
design is arranged to provide a high concentration of the isobutanes in the feed to the
25 dehydrogenation zone via the sidecut stream. The deisobutanizer will typically provide an
isobutane purity of 80 wt% and more preferably at least 95 wt%. The column also operates to
separate remaining C, minus materials from the dehydrogenation zone feedstream via overhead
stream 100. The primary fractionator also delivers the saturated oligomerization zone product
components as a bottom stream 102. The deisobutanizer of this preferred arrangement may also
30 supply a normal C, sidecut stream to withdraw excess unreacted butanes from the process. The
sidecut is withdrawn via a line 104 which may supply additional heat by indirect heat exchange

with the C, input stream in a heat exchanger 106.
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To more fully demonstrate the attendant advantages of the present invention, the

following tests were performed.
EXAMPLE 1

A feedstream having a composition of 13 wt% normal butene, 17.7 wt% isobutene and

69.4 wt% isobutane was contacted with about 50cc of a solid phosphoric acid catalyst comprising

a calcined mixture of phosphoric acid in siliceous base. The catalyst comprised pellets

approximately 6.4 mm (1/4") in diameter and length that were retained in a 22 mm (7/8") steel

10 reactor vessel having a volume of 70cc. Channeling was avoided by carefully sand packing the

void volume between particles. The feed entered the reactor at a temperature of 190°C (374°F)

and a pressure of 3549 kPa (500 psig) and passed through the reactor at a liquid hourly space

velocity of 2 hr'. The oligomerization reaction produced a maximum reactor temperature of

202°C (396°F). A sample of the reactor effluent was recovered, distilled and analyzed to

15  determine the conversion of C, olefins and the carbon number selectivities of the products. The
results of the analysis are shown in Table 1.

TABLE 1
FEED CONVY. % CARBON NO. SELECTIVITIES, WT %
5> 17 8 9-> 11 12 > 12
EXAMPLE1 | nC; = 85 8.4 56 52 28 24
iso-C; = 91
TOTAL C, = 88
EXAMPLE2 | nC; = 81 4.7 66.2 3.9 24.6 0.6
isoC; = 91
TOTAL C; = 86
20
Example 2
25 In order to demonstrate the advantages of a heavy recycle an additional 25 wt% of normal

C, paraffins were added to the feed of Example 1 and run at the operating conditions and with the
same catalyst as Example 1. The oligomerization zone reached a maximum temperature of

200°C (392°F). A sample of the effluent from the reaction zone was again distilled and analyzed

and found to contain a significantly higher percentage of C; olefins. The results of the analysis
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are again shown in Table 1.

Comparison of Examples 1 and 2 demonstrates that at approximately equal C, olefin

conversions the addition of the C; paraffins shifted the selectivity of the reactor effluent

5 significantly toward the production of the highly desired C; isomer and surprisingly away from
the production of both higher and lower carbon number isomers.

As this example demonstrates, the recycle stream of this invention provides a significant
improvement in the selectivity of the oligomerization to high octane C; isomers.
10
EXAMPLE 3

A feedstream having a composition of 8.4 wt% normal butene, 21.9 wt% isobutene and
69.7 wt% isobutane was contacted with about 50cc of a solid phosphoric acid catalyst of the type
15 used in Examples 1 and 2. The reactor vessel and catalyst loading technique was also of the

same type used in Examples 1 and 2. Feed entered the reactor at a temperature of 191°C

(376°F) and a pressure of 3549 kPa (500 psig) and passed through the reactor at a liquid hourly
space velocity of 2 hr'. The oligomerization reaction produced a maximum reactor temperature
of 206°C (403°F). A sample of the reactor effluent was recovered hydrogenated, distilled and

20 analyzed to determine the conversion of C, olefins, the carbon number selectivities of the
products and the research and motor octane numbers. The results of the analysis are shown in
Table 2.

Examples 4-6
25

In order to demonstrate the advantages of a heavier components than C, and lower
operating temperatures an additional 25 wt% of normal C,, paraffins were added to the feed of
Example 3 and run at a range of reduced operating temperatures and space velocities with the
same catalyst as Example 3. Conversions, selectivity and research and motor octane numbers

30 after distillation and hydrogenation of effluents from the three runs with the added C,,
components to the feed are shown in Table 2 as Examples 4 - 6.
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TABLE 2
FEED TEMP °C LHSV, CONY. % CARBON NO. SELECTIVITIES, WT%
INLET/MAX HRS 5- >7 8 9->11 12 >12 RON | MON
EXAMPLE 3 191/206 2 n-Cy 83 10.5 51 6 30 25 83.3 84.6
ISO'C4

EXAMPLE 4 153/161 2 n-C;y, = 545 0.8 87.2 0.3 11.7 — 101 95.0
iso-C;, = 96.5
TOTAL C; = 87

EXAMPLE 5 160/171 2 n-Cy 63.7 1.3 83.1 0.9 14.7 - 99.7 94.7
iso-C,

' EXAMPLE 6 165/170 0.75 nC; = 83 23 753 1.6 20.8 — 97.9 93.2

All three of the runs operated with reduced temperatures relative to Example 3 and show
10 significant improvement to the C; selectivity by the addition of the normal C,, paraffins.
Examples 4 and 5 both demonstrate a much higher selectivity to Cg isomers than Example 3 at an
only slightly reduced conversion. The improved selectivity resulted in a much higher octane
number than that obtained without the C,, components in Example 3. Example 6 demonstrates
that higher conversions than Example 3 may be obtained at relatively higher temperatures and a
15 reduced space velocity while still maintaining a significantly higher selectivity to C; isomers than
shown in Example 3.
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Claims:

1. A process for the production of saturated oligomers, said process comprising:

a) passing an oligomerization zone feed [60] comprising C; to Cs olefins and a
5 recycle stream [69] comprising paraffins having a carbon number of at least 8 into
contact with an oligomerization catalyst located in an oligomerization [70] zone
maintained at oligomerization conditions effective to produce an effluent stream
containing olefins having a carbon number of at least 7;

10 b) recovering an oligomerization effluent from said zone [70] comprising said
paraffins and olefins having a carbon number of at least 7;

c) passing at least a portion of the effluent [74] from the oligomerization zone [70]
and a hydrogen containing stream [76] into a saturation zone [82, 86] containing a
15 saturation catalyst at saturation conditions effective to saturate olefins in said
portion of the oligomerization effluent [74] and recovering a saturation zone
effluent stream [90];

d) passing a portion [94] of said saturation zone effluent stream [90] comprising
20 paraffinic hydrocarbons having at least 8 carbon atoms to said oligomerization
zone [70] as said recycle stream [69]; and,

e) recovering a portion [102] of said saturation zone effluent stream [90] comprising
C, and heavier paraffins.
25
2. The process of claim 1 wherein said oligomerization zone catalyst comprises a
solid phosphoric acid catalyst.

3. The process of claim 1 wherein said oligomerization zone operates at a pressure of
30 less than 2170 kPa (300 psig).

4. The process of claim 1 wherein said recycle stream comprises C; or C,, paraffins.

5. The process of claim 1 wherein said feed stream comprises C, olefins.
35



nx&10% & ()- pT8Nx&L0%Mx&10% & ()- nx&L0% & ()- nx&L0% & ()- nx&10% & § HEB 2003
nx&10% & ()- nx&L0%W &' ()- nx&L0%W & ()- ~B&8nx&10% & ()- nx&10% & ()- MJ
, N7! #8nx&10% &' () - nx&L0%W &' ()- nx&L0%W & ()- pT8Nx&10% Nnx&10% & () -
Nx&L0% & () - 7nx&I0% & ()- Nx&L0% & ()- Nx&L0% & ()- Nnx&L0% & () -
nx&10% & ()- z_>pT8nx&L0%n , @O%W & ()20nNx&10% & ()- M J , N7! #&nx&10% & () -
_ nx&l0% & ()- pBvU4&10% , S10% & ()- ,' 10% & ()- 10*10*10* 9°,' 10% & ()-s

>, ' 10% & () 6s( , TheYyiraiesy of wiajh: v Whédehat leabtSa 'pbolder €¢] (of- said @tibiitz8né) - g

effluent [90] is cooled and returned to said oligomerization zone [70] and said saturation zone
[82, 86] as a quench liquid that supplies a portion of said recycle stream [69].

5 7. The process of claim 8 wherein said oligomerization zone [70] contains a bed of
solid phosphoric acid catalyst and said quench liquid [72] is injected into said bed at least one
intermediate locations.

8. The process of claim 1 wherein said oligomerization zone operates at temperature
10  of from 149 to 204°C (300 to 400°F).

9. A process for the production of a motor fuel product from an isobutane containing
input stream [16], said process comprising:

15 a) passing said input stream [16] comprising isobutane to a dehydrogenation zone
[26, 34] and contacting said input stream in said dehydrogenation zone with a
dehydrogenation catalyst at dehydrogenation conditions effective to produce an
effluent [20] containing hydrogen and C, isoolefins;

20 b) separating a hydrogen stream [78] having a hydrogen purity of from 70 - 95 mol%
from said dehydrogenation effluent [20] and recovering a feed stream [60]
comprising C, isoolefins from the remainder of said dehydrogenation effluent to
produce an oligomerization zone feed stream [60];

25 c) passing said oligomerization feed [60] and a paraffin-containing recycle stream
[69] to an oligomerization zone [70] and into contact with solid oligomerization
catalyst at oligomerization conditions effective to produce an oligomerization
effluent [74] comprising isoolefins having a carbon number of at least 8;

30 d) passing at least a portion of the hydrogen stream [78] separated in step b) and the
effluent [74] from the oligomerization zone [70] without separation into a
saturation zone [82, 86] containing a saturation catalyst maintained at saturation
conditions effective to saturate olefins in the oligomerization effluent [74] and
recovering a saturation zone effluent stream [90];

35
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10. The process of claim 9 wherein the olefin concentration of the oligomerization
zone feedstream is at least 30 wt% isobutene.
10
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