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the Invention FIELD OF THE INVENTION 5 The present invention relates to a
process {5 ofd1@3sel ective dinerization of isobutylene andcasysetoesssy to
the use of C3 and/or C4 al kane as dinerization solvent together with the
provision of tertiary butanol as a selectivity enhancing nodifier during
the dinerization. 10 DESCRI PTI ON OF THE PRI OR ART The ol i gomreri zation of

ol efins such as isobutyl ene BMEI O EFIN QUL IGOMERIZATIONWN reacti on. As
described in U S. 3,760,026, a nurrgg SthSeftis known for this
reaction including cold sulfuric on Kiesel guhr, 15
si | i cal al unPRLBaETHE INVENTIONd W t h Ni, Co, Fe, Pt or Pd; activated
natural clays plus activating substances such as znO metal lic phosphat es
such as Sthose oflTherRigsentinyentian relates ta aproeass fry thausalestivedigerization er s
such as ac VAt t al
hal i ders sutc? }é%tbﬁw gﬂﬁ Erop'o\{ @nggg‘g sda\c d%@é? i C?ﬁﬁﬁgassfcﬂgxe\gg%gorgﬁ
silica gel asolehd tmlgeﬂ"rdnomhytmb cpravisibn BI3tEREY dndamhi3EBC3; selectivity

di hydroxyfl ur obori c amfi HE  a %ﬁfd uor.i des or oxyfluorides of S, Se, N, P,
Mo, Te, enhanRciag pegifierduring IM&HEatBE3 di met hyl et her conpl exes; BF3
hydr ocar bon conpl exes; BF3 SO2; and AIC 3 with cocatal ysts such as

di mret hyl ether, HC, and nitromethane. These catal ysts and dinerization
processHs, DES@BIH‘@IQM@%THE@’B@EiAR’bnS 25 are known in the art. An

especially prefer at al sylfonic acid-t on _exchange., resin
such as Amber| yst-lr igom Zaﬁ%rﬂ eaft ojefr , ﬁsd¥M9P§0H8W| %?éd'

di marlzatloQa I8 idfa kRowhtrBad®inmy! t-butyl ether as solvent. Cur

Patent 5,877,372 describes the selective dinerization of 30 |sobutyl ene

using a sul fon| cﬁeﬁcﬁdsmwdnmcldt%l?yzw OR6r i ra:mbemoénaﬂalm eo& known for
enhancin difier.and isooctan uent .S t nt 4 b
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15 silica/alumina sometimes promoted with Ni, Co, Fe, Pt or Pd; activated natural

clays plus activating substances such as ZnO metallic phosphates such as
those of iron (lll) and cerium optionally supported on carriers such as
activated carbon, bauxite, activated carbon alone and with metal haliders such
as TiCl> heteropolyacids such as silicotungstic acid on silica gel and
20 phosphomolybdic acid; BF3H3PO4 and BF3HPO3; dihydroxyfluroboric acid HF
and fluorides or oxyfluorides of S, Se, N, P, Mo, Te, W, V and Si boiling below
300°C; BF3 dimethyl ether complexes; BF3 hydrocarbon complexes; BF3 SOz;
and AICiz with cocatalysts such as dimethyl ether, HCI, and nitromethane.
These catalysts and dimerization processes, including operating conditions,
25 are known in the art.

An especially preferred catalyst is a sulfonic acid-type ion exchange
resin such as Amberlyst A-15. U.S. Patent 4,447,668 describes isobutylene
dimerization using A-15 with methyl t-butyl ether as solvent.

Our U.S. Patent 5,877,372 describes the selective dimerization of

30 isobutylene using a sulfonic acid resin catalyst, tertiary butanol selectivity
enhancing modifier and isooctane diluent.

U.S. Patent 4,100,220 describes isobutylene dimerization using a



WO 01/51435 PCTI USO01/ 00538 sulfonic acid resin catalyst and tertiary

but anol sel ectivity enhancing nodifier. M nor anounts of butanes are shown
in the dwesiiaads on feed. Considerations associ ated wth Pogussobessy| ene

di meri zation involve renoval of the substantial heat of reaction and the
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an espe r.ed p actice, y but anol t hat derived
rom i nd oxniohEdeh \ﬁtyl & 4irtie) pilich B TR o Bes et guention,

starting rrabﬁw.cpés 2p tbdeSQ VB thesss G:jetéﬁvél‘yéirrew @©n of dimer is the 15
ultimate product. BRI EF DESCRI PTI ON THE DRAW NG The acconpanyi ng draw ng

is a schematic representation of an especially preferred practice of the

i nvention. 20 DETAI LED DESCRI PTI drawi ng and t he
process represented therein, wéagrﬁﬁﬁlﬁméﬁﬂ-ﬁﬁct fromthe Oxirane
process forns thg aéas‘raﬁﬁcéwpthtth@q;reMt%\yea{nonTa%ré@ééé %r%robfdbﬁrfe e fed
via line 1 to dehydration zone 2 wherein 25 the tertiary butanol

dehydr &tled dnm%ui@@pda@fc@huhdenmwthq)pmuee@f both aose‘req:tsmimerwammmg wat er

di roct ea wi LR SR Rdfolel A e rBEbhGS B Ra iy GoavEiieobiCine

di meri zat i oglkahe iasadiivient. eneawaaspbmbﬂgkgﬁefe@é@%ctﬁ&ezm@ ftambll ducheas
herei nafter descri bed. 30 Product iso lene is renpved from zone 2 via

line 6 and @ sesvedfrom ﬂ’@r@Z’é@n%ﬁf%ﬂ@%om@/ﬁ@ilﬁmbiéangkmf@@?‘ﬁ%ﬁe%@ _
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di neri zati on
15  ultimate product.

BRIEF DESCRIPTION OF THE DRAWING

The accompanying drawing is a schematic representation of an

especially preferred practice of the invention.
20
DETAILED DESCRIPTION

With reference to the drawing and the process represented therein, the
tertiary butanol product from the Oxirane process forms the process starting
material. The tertiary butanol is fed via line 1 to dehydration zone 2 wherein

25 the tertiary butanol is dehydrated in accordance with known procedures to
form isobutylene, water being removed from zone 2 via line 3.

A portion of the tertiary butanol is directed via line 4 for use as a
selectivity enhancing modifier in the dimerization of isobutylene which takes
place in zone 5 as will be hereinafter described.

30 Product isobutylene is removed from zone 2 via line 6 and passes to
dimerization zone 5 wherein the isobutylene is dimerized in high selectivity to

diisobutylene. In order to achieve high dimerization selectivity in zone 5, the



WO 01/51435 PCT/ US01/ 00538 provision both of tertiary butanol via lines 4
and 10 in selectivity enhancing anount and of butane via |ine 10 as

di meri zaty,QgyEiss4ent are inmportant in carrying out the praspgs b feed
conposition to zone 5 is adjusted to provide a selectivity 5 ennanC|ng
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preferably |f oni t.al yst, such Anber | yst  A- 15 of Rohm &
Haas, at di ﬁéﬁ Sﬁu%a%ﬁchegﬁ’ﬁ@ ifPf ﬁﬁ@t Wf@?\é%ya'l%t%ié‘é bsu 2V
reaction sebon&emrétwnt Aot Aelefeneit WhichC Bbaiefh @&\fi}#/' ¥ Zyopat s of
trimer are also fornmed in zone 5, e | ess than 10% %e converted

i sobut yl eneachigwed egenerally 39 %o 8P avti% @ikanerkasedin totalfea to gese Ber t i ary

butyl al cohol, I ted i sobutvyl.ene a

i sobutyl ene di ner hiéaﬂﬁa'qd d%‘ﬁ?ﬂ%?%ia@eesgmea{'zﬁfﬂﬁ B p{%‘a ﬂ%ﬁquiﬁpez%e 9
wher ei ny eonuarbutanalor privives Uhereofinsar @ﬁlﬁi’fsiéiﬁdcﬁ b& e tvsliine

| sobutyl ene,_ al kane di I uent, and tertiary butyl alcohol and small anmounts

of C8 s is zc?&a’ﬂ%ﬁ an@%@@f@r‘eﬁﬁﬁ?/bﬁ usefine 10 to di nmerization zone 5 A
smal | purge of ti} cycl n iary
butyl al cohol | e\%fzghgn% |h:,e %@%?&PQ |q|ﬁ§?§§§ayésc&ﬁi?§8g 31; & 3R ‘i)
recycl ed t odimoerizationo cataiyaterprefmabler i 3ulfomigt wtidalresihokatalygitkansh aasl
i sobutyl ene ,val UF Aﬁ] ﬂgoﬁ Iling stream conpri sed of al kane together
wi th isobut Qﬂg??éyﬁ fhel> g a%ﬁé’@@n@thm@amom §ORJEPB Mharelyy  zone
12 whergg n bhGeddindyhy rﬁféeacaehxé tifh a mer
gasol i ne corrponen’?és“7l dr ogen |g%|rcnlt F@%&?nﬁeﬁ {?‘%8@ %%%Fhe proé%ct
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renoved via line ag oduct suitable as a high octane
converted ISO ut?/
The reaction mixture from zone 5 which comprises tertiary butyl
alcohol, alkane diluent, unreacted isobutylene as well as isobutylene dimer
20 and trimer, passes via line 8 to separation zone 9 wherein by conventional
procedures a stream comprised of unreacted isobutylene, alkane diluent, and
tertiary butyl alcohol and small amounts of Cs's is separated and recycled via
line 10 to dimerization zone 5. A small purge of this recycle stream may be
necessary to maintain tertiary butyl alcohol levels and is provided via line 15.
25 This purge can be recycled to zone 2 to recover the tertiary butyl alcohol,
alkane and isobutylene values. A higher boiling stream comprised of alkane
together with isobutylene dimer and trimer passes via line 11 to hydrogenation
zone 12 wherein the isobutylene polymer products are hydrogenated to
polymer gasoline components. Hydrogen is introduced via line 13.
30 The product stream from zone 12 mainly comprised of isooctane with
some isododecane is removed via line 14 as product suitable as a high octane

gasoline pool blending component.



gasol i ne pool bl ending conponent. 3 WD 01/51435 PCT/US01/ 00538 The
production of tertiary butyl alcohol by neans of the Oxirane process is
wel | knowo emsiays del y practiced on an industrial scal e. Sesgt/0isu1/00838anpl e,
U. S. Patent 3,351,635. Likew se, the dehydration of tertiary butanol to
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i sobut yl ene4fgpggsoncentration, and to aid in renmoval of the reaction

exotherm 15 I'n'general, known ol i gomerization catalysts and conditions can
be enployed in tlhe eimguzationz afi isobsitydene Soi tambbrlaneadivithortie i prasethe
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catal ysts can be used including those descrit In prior art such as U. S
3,760, 04b. swestaglialdmpsoversant inatgastion peledivitgtothagtimer exs nsmpacdd 4s

Anmber | yst A: . > |ike is especially preferred. A feature of
t he present O%%\%'%Y‘@ﬁ@gt@%g‘ Slof terti ary butanol as a selectivity

enhanci ng nodi f i Gecbndiyhe; olafdlkaris, REfetably @Nbutdhe TO RNHIBYEY a8* J{Eféiftyi ng
agent which is used is at least 1 wtrm% _p?ef erably 5 to 15 3/( a% aged on
the wei ght ¥ Birdernephagcepdeaghiong saleaiivity plbys refiicisgt isabutylene edeed on
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al cohol and 1 ower aPkane, reactron se '%butyl ene of at
| east 9@ based &m general, known oligomerization catalysts and conditions can be

employed in the oligomerization step. Suitable conditions include
temperatures broadly in the range 0 to 200°C, preferably 10 to 100° C, and
the use of pressures sufficient to maintain the liquid phase, illustratively above
50 psig, e.g. 50-500 psig.

20 Known dimerization catalysts can be used including those described in
prior art such as U.S. 3,760,026. The use of sulfonic acid type ion exchange
resins such as Amberlyst A-15, Dowex 50 and the like is especially preferred.

A feature of the present invention is the use of tertiary butanol as a
selectivity enhancing modifier in the olefin dimerization.

25 The amount of modifying agent which is used is at least 1 wt %,
preferably 5 to 15 wt % based on the weight of olefin plus modifying agent
plus diluent in the reaction mixture.

By carrying out the oligomerization using both tertiary butyl alcohol and
lower alkane, reaction selectivity to diisobutylene of at least 90% based on

30 isobutylene converted is achieved. The remaining reaction product is
essentially the trimer, little or no higher polymers are formed.

From oligomerization zone 5, the reaction mixture passes to zone 9



30 i sobutyl ene converted is achieved. The remaining reaction product is
essentially the trimer, little or no higher polyners are forned. From
ol i goneri aqfg1%14380ne 5, the reaction m xture passes to zonec/usdi1/vBE3s
01/51435 PCTI USO /00538 which is appropriately a distillation zone.

Unr eact ed i swhichylseapprapriatelg a distiliatibn ai%éuclbnﬁéérctécﬁﬁé/oﬂlﬂfléhe?bﬂ@?@
nodifier as remains in the mxture are separated and recycled via line 10

to zone 5. |¥lugRé@Ng BEEmsrary indyl alerhal mediflenas semaingeinytheamixsureotre
L o Yl $andafRand o0 VR AR 2o 5 o1 Lo ihMa flai e ",

zone 9 which requires the provision o ertrary
to the systemaybersorae ylehytidtionlof drtibry isutgli dibstiol doasheBaref Iogs of terednyi n

zone 5 ccor di to i.ts equiljbriumw th isobutylene and water. It is
advant ag ousblﬁbﬂpaq'ﬁﬁlé?'d?éoﬂgténwbﬁb regeiges e prexisiaiyel tertiary v @rahdl ¥igs such
that net teri el Yo thidsyaéy! al cohol change is near zero. The isobutylene
pol ymer product passes via line 11 to hydrogenation zone 12 wherein the

unsat ur at ed pol ynkegiagy eoutyldatogbnhtie ceither acarsudeset eor prddudedown Fonecadur es
to saturated_pr

oduct,, .nmai nl.y i sooct ane. drogen is introduced via |line
13. 15 ProdRCHTIGHh 19 dlsecaiirim \/%@"’U%”Fi%@n Wateindt SA0\REag8RUSHOr ect | y

to a gasol iggerhleenithntherrRAldsast hebﬁeéaiﬁ&ﬂmﬂq?ohrﬁﬁtf&ﬁ 5G4R ¥h&SORBY l'(e?ﬁQr;Pf

{
hi gh octane gasoline bl endi ng hydrocarbons. e toll owng exanple
i |1 ustrd0es huiyl aleekelichenge Renearzaig. t o t he acconpanying drawi ng, tertiary

but anol f ' | ide/tertiary b | f
Phe feed to the  CoRIHMIRRE RSB EE Bas s bR the e 6. R oderaion anol
with the remendewitrepitd unmugne@wym%oa@-r?/hbeyéna&ée,iﬂ%cb&%r{% of

the tertiary butanol is fed to dehydratiion zone Z via line 1 wherein it is
dehydr at ed avithkpawngreceduieg teowmatusited peadust.amainhp isgogtanea Hydyafeat ison

cat & YL, WhFhaldIp g fleTcraton an i foduced wih the Teed ts
stream denpri sed Byodeet fbin 2onhPH2 Branseleidt Wb 6ne 14larfPedie bbisehy directly to
a gasoline blending pool as this stream is essentially comprised of high
octane gasoline blending hydrocarbons.
The following example illustrates the invention.
Referring to the accompanying drawing, tertiary butanol from an
20 Oxirane propylene oxideftertiary butanol process forms the feed to the
system. This feed comprises about 94 wt % tertiary butanol with the
remainder primarily water and acetone.
About 250,000 Ibs/hr of the tertiary butanol is fed to dehydration zone 2
via line 1 wherein it is dehydrated at about 371°C and 200 psig using an
25 alumina dehydration catalyst. Water formed by dehydration and introduced
with the feed is removed via line 3 at the rate of 60,000 Ibs/hr. A product
isobutylene stream comprised by weight of 96.5% isobutylene, 1.0% tertiary
butanol, 0.02% water, 1.3% acetone and 1.18% others passes from
dehydration zone 2 via line 6 to dimerization zone 5 at the rate of 190,000
30 Ibs/hr. A portion of the Oxirane process tertiary butanol also passes to zone 5
via line 4 at the rate of 20 Ibs/hr, (this flow is intermittent as needed), a recycle

isobutylene, butane and tertiary butyl alcohol stream from zone 9 comprised



but anol, 0.02% water, 1.3% acetone and 1.18% ot hers passes from
dehydration zone 2 via line 6 to dinerization zone 5 at the rate of 190, 000
30 I bs/ hgyo ¢1/293¢ 1 on of the Oxirane process tertiary butardr/edosnopasses to
zone 5 vialine 4 at the rate of 20 Ibs/hr, (this flowis intermttent as
needed), a bYGYSihRt of SNBW rgbs@t?lenléusarse/o @ﬂ@bﬁee"étfs%rtérﬁéw bbtyalaﬁ:@hel aﬁa ream
fromzone 9 conprised 5 WO 01/51435 PCTI USOL/ 00538 i'ght of 31.8%

i sobut yl ene2.5%. GoamdiCanisoalkapes passeaaltheuaie oéﬁZ@H@D Iawar via e A tand C12

butane. CompRelEon 1% Aol s R BB e D A S AR o

feed streans to Zdreecdmbined feed stroasistto @on)s M@vashtconipositiohddy Weighttof| ene,
4. 5%terti ar% but anol , 44% Qut ane, 0.3%water, 2% hig hoer al kanes and 1.2%
ot hers. Zond8&s ispbutylengthp Apéﬁﬂ@w hitaRola4486 butanenitc3 écwaterr 8% higher al yst

and the |1 quydf.eed ?Z’EPBEr?é‘r%e ?Fg%eﬁéggé@eoa\‘}wt& Qs WftonipOLi@s! 9 at

a liquid hourly space vel OCItyO Ion m X urelsrem) ed
from zone 5resin dataigstBarahthepbde Se¢d is tOntaetzar with dhe satwy} atht902Cnahd ght er

material s ar dlstlll d gverhead at 60C._an 90 psig and pass via line 10
to zone 5 a§ Qs aya ewﬂﬁwmv,ﬁpeﬁ?ys%w@gﬁh amount of 6650 | bs/hr is
renoved via |ine r kSl by
wei ght 95% di i S(;rg%t ?%ﬁ%ﬁ?@%?w eydb gdr)]ﬁe@g %ﬁhgrfaﬁaﬁsgé% ?gce

ot hers f@ssespatatiobZzonee WEemﬂlghﬁBMehaﬂs/dne distitled ionertehd at 807 agénat i on
zone 12 wherein.the i sobut rrers ar ro ted to isoal kanes.
O ogon < 509 AodeRgsvaiTa 1o B 50aE Bratmtou ST Beas dhpp g Srsan Thg

hydr ogenat i &t 6850 IISHRPRITERDVER Vifironsi s used and hydrogenati on
conditions of 150C, 200 psig and weight hourly space velocity of 5 hr' are

enpl oyed. 20 The Trirsednb@gemt Isghutydenebalimer mixture ucormnprisiog oyl ameightvi9S% known
nd reacti,on, conditions. Although a

P oot ar s s AsdSlefieB b8 HigRor BBb I s e S b A on Al essPa Aot o

can be 1giseghe T@teaspcpmmtatlt%nﬁrhelahlmér ageBatydPogéRfin 26ne X0t WhkRiR theol ed
recycle is advisable with the rate of recycle to feed about 3:1 by weight.

25 The hydr éxpbwélens pPelmarsn ape obydiogenatad oo dsealkanesy f r Owdtages lig
introduced via line 13 at the rate of 11,500 Ibs/hr, a Pd hydrogenation catalyst

supported on carbon is used and hydrogenation conditions of 150°C, 200 psig
and weight hourly space velocity of 5 hr' are employed.

20 The hydrogenation can be carried out in accordance with known
procedures using a variety of catalysts and reaction conditions. Although a Pd
catalyst is shown above, various other known hydrogenation catalysts can be
used. To accommodate the hydrogenation reaction exotherm a cooled recycle
is advisable with the rate of recycle to feed about 3:1 by weight.

25 The hydrogenation reaction product mixture is removed from zone 12
and recovered at the rate of 185,819 Ibs/hr via line 14. The excess H; is
recycled to zone 12.

Overall selectivity to isooctane based on tertiary butanol converted in
the above system is about 95%. In comparison, where neither the tertiary

30 butanol modifier nor butane diluent is employed, overall selectivity is only
about 30%.



and recovered at the rate of 185,819 Ibs/hr via line 14. The excess H2 is
recycled to zone 12. Overall selectivity to isooctane based on tertiary
but anol cwovwmrsied in the above systemis about 95% | n compamisspensisvher e
neither the tertiary 30 butanol nodifier nor butane diluent is enployed,
overall sel edtaeslainy. is only about 30% 6 WO 01/51435 PCT/ USOL/ 00538 W
claim 1. In a p:T%cess for the s?l e%i ve ol igonerization of isobutylene to

the diner, the inprovelfeAtPTRAPSH XS $elecivel Pligomanizating afrisobulemeytoene in
the presencenafdifpdr- thed ' ted oo : Sﬂnﬁp e 5

ol i goneri zati on Iselr’ecti \rlri?dtré@%‘@eﬁwémg:iﬂncedrrﬁ%n f@fgé’m%l;ibﬁ ﬁ{(ag 'rségg Ion i
exotherm ahe pegseineeyob@sandl. iatkemepdilterstufrf iaonamt $uffipieatdd eenhance

ol i goneri_zation selectiVvi .to.the dimer. 2. A process for the production
of a hi gR- oc?IBEe. Ppr%ﬁ%?t%(%it?\éhe r‘?ﬂ??h?@gﬁ%i%w?tbg?ﬁ)ﬁ%‘g@”&xqt%@é’t ane
whi ch conpr i §@$ tetibg@Rahal iRtamatht SHIIEN B ' i ﬁ\ﬂ@} 90%
selectivity, the (_)II i goner i zlat irgn bei ng carr @Shg’ﬁ% %{ﬁ%‘?’?gﬁ%ﬁ‘f}} g%'ie% aci d
resin cat al ytottherddmer.ary but anol selectivity enhancing nodifier and C4

"Sooctane. 3. Theopr ot s oGt 1okt prefiEon 7 o, Bon<bias Badelra oRoRgG by
15 dehydr at i @ixt@e traainlyarcorplistP| of Aboctane 3Which comprises oligomerizing
10  isobutylene to the dimer in at least 90% selectivity, the oligomerization being
carried out with a sulfonic acid resin catalyst, tertiary butanol selectivity
enhancing modifier and C4 alkane diluent, and hydrogenating oligomerization
products to form mainly isooctane.
3. The process of claim 1 wherein the isobutylene is formed by

15  dehydration of tertiary butanol.
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