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SELECTI VE OLEFI N OLI GOMVERI ZATI ON BACKGROUND OF THE
I NVENTI ON FI ELD OF THE | NVENTI ON The present invention

woeb@nesi3to a process for the sel ective oli gomecTasko06033056

of olefins such as isobutylene to formminly the
di mer wherein a selectivity enhancing nodi fier such as
t-butanol (TBA) is enployed, and especially to an

i ntegrated praEessTIVRDIEMNIGIEGOMERIZXTION formed in a
reaction separate fromthe oligonerization in a safe

and conveni ent manner and the nodifier formng step is

i ntegrated int @adsREENE OF AHEEMNENTZ@N On procedur e.
DESCRI PTI ON OF THE PRI OR ART The ol i goneri zation of

ol efi ns such as pridpyP&eTUEIINYERTIEN: catal ysts is by
now el ré‘s'éﬂi’"fhv nﬁtlérWeléléé 10 r@@és%rfop% b@ley(v% ollgomerlza—

3,760, 0 catal ysts are known
tl@@@tolebrms ismh a@lﬂ&@@umﬁn@ tg lﬁq>mumemlhﬂ1ajdlrr|@w§prﬁm |ac8%@qtlwty

oferci P FioRIRE s 5h o R A P8R R Eip BB Lo Bkt 6 an

indegratedtpiragessuieraindbe mogifier isfomna imaereddtipe sgmgﬁmmr@éhe

oﬁ’%b%‘er tl&l? P58 sfe érfa%n(/éﬁ h)nt rﬂgrqn{redrndl{% %dlf%rll Brking step is
suppor as ac on,

on carri vated car
irtbeagmiedemtoetbe Dvartaﬁ@hgembmatlah omeedne. Wi t h netal hal i des

such as Tid 2, l'icotungstic
acid on silica %%éhﬁﬁ(?bwosogﬁlﬁn% @)Fg?‘c':ﬁam d, BF3H3IPO4
and B’n@bﬁgmneruhdhpd roblefihsisnctbas ipcoptend, udihg aaudnt catalysts is
b uor| el O‘ﬁ gori des of S, Se, N, P, Mo, Te, W
YUV SPE) ! el ow 300 degrees C, and AICI3 with
cocaAQIdxésérﬂ)eﬁiuﬂhJ 85 3(60®RB| § netriver of télalyatedare known for this

BPEnR . CE RO e b g@nFBTHCG g 28N  KieSbigunr,

siedeiuhisd s&gbtﬁmefx p?&nlwgtgdg/g? Ry rGIil :Fte‘?tP@Btﬁ?’ii actiyatcdenatural
i al en |S | ustr | ve
oy Gitiss 2LNALDE MBEETED SURh i ANk Trelas spiiasaBetes such as

tHEREI df Iinhs(li) e camabtudqaﬂ%uéﬁ&aﬁéﬁ E:labl%‘ﬁs s&@ba@ yabwmaed

di nerijzation usin with neth et her

3PP ehauxity, sctlwa?g ﬁ?rbgnsa}qnemd d\é@"e rmfﬁa%h%'sd@% Fugh &8eTiCl
héﬂe?@fduye@tds%dvﬁw elllé&hﬁgyﬁbcacﬁpbﬁi sfiiedigal e ?dhwéphoﬁ%bd.c

atr:rlg BFL,I—?;P&ngn(? B%;;Il-lgggt d?huy%rox%uériggﬁ(t: %2!% HF, eangSﬂ%o(r)ldes or
oxyfluorides of S, Se, N, P, Mo, Te, W, V, and Si boiling below 300 degrees C;
and AICl; with cocatalysts such as dimethly ether, HC! and nitromethane. An
especially preferred catalyst is a sulfonic acid-type ion exchange resin such as
Amberlyst A-15, A-35, A-36, Purolite CT275, and the like. U.S. Patent 4,100,220
is illustrative and teaches use of TBA, water, or mixtures as reaction modifiers.
U.S. Patent 4,447,668 describes isobutylene dimerization using A-15 with methyl
t-butyl ether as solvent.

U.S. Patent 5,877,372 describes isobutylene dimerization using sulfonic
acid resin catalyst, TBA modifier and a diluent such as isooctane. The use of a
selectivity enhancing modifier such TBA is important in order to achieve high
dimerization selectivity. The addition of water to the dimerization reactor has
been suggested, as in U.S. Patent 4,100,220 where the water reacts in the



10

15

20

25

30

sel ectivity enhancing nodifier such TBA is inportant
in order to achieve high dinerization selectivity. The

weaddiosons7of water to the dinerization react or Poagsbhmen33ose

suggested, as in U S. Patent 4,100,220 where the water
dlﬁ%ﬁﬁét&ml Reddi@diwier iisobutyineg éacioan VBAh Sesolalgoy|bBe Ratent

m TBA, See al so U. S. Pat 6,613,108 ich al
66058 Mo hAeR SuarRSHS Waer a0ghen i e dieizalRh Feadbsy
pr okl @RIBMYHhCRhiER Seblis frbmn’ﬂhbf‘@icﬁtdﬁml of Wﬁtebfto\/meedlrrﬁaazatlon
the dinmerization reactor is th

d
e GHIS TE SYAPLAER ot o s oten fiet Bues Dequcbel ey catdiyet
%@gné Q6 e RRaEPASRNRE oMdldr, tHehe fsea tSal deridmky F@NERDANolled

uncontroll ed runaway di nerization to occur dye to

runBwag dimeriedpe (hasqu dugfto theeexo MR UG LRNRERE GO HE

| NVENTI ON I n accsigifpaer ot IHE Reviausgsat i nventi on,
process is provided for the oligonerization of an

ol efinreosaisianae WithHa presprt iNvention, BrigEPRSeiSoproyided for the
I\fa?n?e?fzbﬁéri}%f SR E\' %haé@fé%u@lfené‘ i f)l’egénéé*% aab%le-Eﬁ’ﬁty

f or ned part of the overal
ephaycegsarbewntiaf aampéél@t ﬁlﬂch@%)aBétV@Qr?'@rﬁﬂ'P tieodifier is formed as

pgrlr‘%'ogcﬂq% o'vétaa'il céfsaB%Jto I Qr}gact,tgre séﬂHréf%dgGﬁwi 100 &f%oW%trl%tlon

lon reactor 1s substanti al
resactur deod tBRI Eﬁrdrl_asﬁ}ﬂl Rf| @isteDrE inteEhBRAMIaeTZadion reactor is

nyi, rawing is a schematic representation of
S@?ﬁ%@%@% a‘ﬂﬁyéjpr eferred practice of the invention.
DETAI LED DESBRIEF DESORIPTION@T EHEDPRBWMING dr awi ng and
t he ocess repres
sui t I ST GENRE A S A eEfoud BRRhietinh of egpesialy
p%ﬂ@’lfqécppnaaﬁc&a @fathahry&htlsmch as a sulfonic acid ion
exchange resin. r 20 is provided
which preferably i @Egg&%%bﬁ @[\gams cat al yst
Contwltﬁleﬁbferﬁnceatct thie Eﬂgavahg hma!ghwe procesy uicpeedeatsi tHerein,
to use | ess expensive atlo cat al yst uh.s ,
25T Pyl & S ENE Prcl e el it b pecRid aGpppropriate
c§ttafy§figm(%mé§ﬁ é@l?ﬁﬁl@lzdgﬁi i@h%‘xpl‘ﬂang@ r@%?t a@lnwdhssmzalteylr&mor 20
fe o0 reactar Vi a wat er fed
is BEVidRd ichi RraferRaly3is P?Ph?aswﬂ]ﬁ?%aﬁm\ﬁe Cat?iﬁf%t‘f"é’&?'”ed in
rédthdr R BoulALiels q&té‘ﬂéé@%lé R GVREs tdkpesdivé hediadoh ahtalyst
solid catalyst thus avoi di n? the possibility that

se¢ieRs geldure testwsnindoe hydatientegCtrét bed in the absence
A feed stream which contains olefin, preferably isobutylene, is fed to

reactor 20 via line 1 and water is fed to reactor 20 via line 3. In most effective
operation, sufficient water is added to cover the entire bed of solid catalyst thus
avoiding the possibility that olefin could contact the catalyst bed in the absence
of water which might result in a local runaway reaction. A cooling loop is
provided whereby an aqueous stream is withdrawn via line 4, cooled and
returned to the reactor in order to remove reaction heat.

Conditions are maintained in reactor 20 effective for the reaction of water
with olefin fed via line1 with the formation of an alcohol dimerization selectivity

enhancing modifier such as TBA. it will be understood that olefiris other then
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of water which mght result in a |ocal runaway
reaction. A cooling loop is provided whereby an

waqueadsi3streamis withdrawn via line 4, cool eBCams2006/033056

returned to the reactor in order to renove reaction

isBe@tlenCwadi bd puRteal, emdmim\g anixtacksi of olefiret suchthear C4 olefins
effe éefor th reac i on of ter with olefin fed

t
Wi iSoppiyiane,1 iR \ef PYRPRY! QJh al cohol

di meriez lokpier @@htamtng\/pﬂoyiuemﬁeam mg\ldhméléssemtleﬁly ovatarsfree is
TBA. It will be underst ol efins

PR TReH s oS i (B Asr e T8 2 PRER IR AQTIeR iba rggycle

stedfh ifiden Patchor! 100@AIch Ghsobé&dr asoiéw trhheaoémhah@éree td eemove
formthe nodifier conposition. ifier cont ai tna Pe%el

heataRfueaction: dhmarpRwh o et fpf A W%t'em'?t@@

sirpsisRd t&r%wdeamé)rdegﬂe& Oameaft @F hBdiéa rblafife 2oWaRSA in
It is admxed with a recycle streamfromreactor 10

okigsineetizatien mEskPdBol ed i n heat exchanger 8 to renove
geat 1t &f pdsSifd ‘Eogibss The eﬁﬂ’@%ﬂnoffeeﬁfﬁﬁjié‘a'cﬂr 1bQﬁirongﬂ réadi6r 20

| S rralntalne at a | evel ficient to rovi de the
agldrdieaigd dndhatdrawingoei fheefeeﬁ!e@laﬁn wantks éwé*qdnw dhat only a

pghlbg%?%"sleé ?tf\llr(])%peer‘gg%?) fooLth Ol‘d ﬁzr sl e n'eee%‘%g s‘iﬁﬁ of

entire o to reactor ough reactor
reacthiré®t ed in the drawi ng or the feed ol efin can be

di vi ﬂeﬂe t{bateo?\mt%né‘ %@(txin%llé?@ﬁé &l "trgéf"%sfr&f‘%teferctlve

20 in or € hecessary size react or
omhmenzatlelaof tre feed abefindi Theneactior effvient tommaeacior 4P fresses

V'8| @Fdfgm{rﬁ \ﬁgeoe %‘;A ¥$e&c’ uen 6\/% dhqg cB I r}i dfegc\ggécéhsanger

rom reac
SWemrblremrrﬂngittﬂreastodlml ateda pradochstresny Whe:hsmaseamVimlirtﬁﬂ to -

1s cooled |n h xchanger 8 [ 0
oSt B6e T ol ot ool B BB e 8O 25 istygton
are ¢é@pldlyseto smaterwocdwnmdlmhdvm)) oti@nmwaﬁamlelsatnerm‘ww’r gan

nmeans, such as distillation are enployed to separate
bEredGlEd di mer from other materials some of which can

be recycled. EXAVMPLE | AXAMpPLBUrity isobutylene feed
S b g B ool | Butifg rom 7oA
d@hﬁfrbfbrﬁﬁsrmyé‘d dethevdiafin ford id thio ek@r&plborﬂ'@omfm ethears is
(BPGTnd & eitndd WPRe TSR T o el A ot
iCARRIvid 1M B &6 tHeSsthsREl clrulating via line 4 to cooler 9 which is used to
remove heat of reaction in reactor 20. The temperature in reactor 20 is
maintained at about 60 degrees C; generally, temperatures of 40-100 degrees C,
preferably 60-8 degrees C are especially useful.
in reactor 20, essentially complete conversion of the net added water to
TBA product takes place and the reaction effluent which is the organic phase
essentially free of water passes via line 2 and is combined with a recycle stream
in line 5 and the combined streams pass via line 6 to dimerization reactor 10.
The oligomerization reactor 10 is likewise packed with A-15 sulfonic acid resin
catalyst; conditions in reactor 10 include a reaction temperature of about 80-100

degrees C. In reactor 10 the isobutylene is selectively dimerized in the presence



10

15

renmove heat of reaction in reactor 20. The tenperature
in reactor 20 is maintained at about 60 degrees C

wgenroakily, tenperatures of 40-100 degrees C, PCT/US2006/033056

preferably 60-8 degrees C are especially useful. In
off tRBABX fotfhed 85 s&ittdralol ty ferompiisabeatyleeviahidoseledtivithe Effleent

added water .to T product takes pla and the
rogaeesn O 19 QUEOHIER PeribReTgHBLEH B 588ier 8 back to

re2eeR N0\ liXed 5 86d BfanddeE EfflDasSRInY etolérde via IRfRa7.i S
conbined with a recycle streamin line 5 and the

he, .

conbl el tablsak shaws, the skeam tows sbveratg Rints in the
rdRB6h Uyshn, HRE ek GRS ighadn an poBiAgs Per UsburSofl kHeeWhAsus
packed 'wth A-15 sulfonic acid resin catal yst;
CBRANT®BNs in reactor 10 include a reaction
tenperature of about 80- @ gegrees C. In reactor 10
the isobutylene is selectively dinerized in the
presenceof the TBA forned in reactor 20 to form
diisobutyl ene in high sel ectiyvity. SEFMERPSHr om
ERReESt 10 is difvided with a®portion=circutated -
tduaeaigh cool er 8 back to reactor 10 via lines 5 and 6
leghelyisvet ef f 1 uent bei ng M8cov¥red via |inéd®?! ThE@e1089 30
Biﬁjlj; W ng Table | shows the streamflows at various
tpAd-fiteBe-2 N t he reaction system the flows being given.
tibpappbunds per hour of the vari ous cofponeifs. TREEPHE?| 4
?‘@j’b fh.flows Ibs/hr Conponents Stream # L1203 455807 636
imaRHeMes N- but ane | sobutyl ene 100 97 89.3lel 1183610289 1.1
Qe rinetme@ertenes s- but ene- 2 trans-but ene-2 t44381t af§p55446351-5
ﬂ‘gﬁﬁ é5.3881 19 4 sec-butanol Diisobutyl g 18g>go28 08
SRATaLod 162n6 Di net hyl hexenes 3.267 4.367327 1.1

Witdrer Tri met hy) pentene1s.60_4. 41%15 5.195551446_%%5

I~

401 101

‘ EXAMPLE 2
In this example, in place of the high purity isobutylene feed used in
Example 1, the olefin feed is a mixed Cy4 refinery stream. Temperatures in
reactors 10 and 20 are the same as in Example 1 and the same catalysts are

employed. Results obtained are given in the following Table II.
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Trimers 2.376 3.1 76238 0.8 Tetranmer & Hvys O her
Trinmethy | pentenes Water 1 200 100 101 300 401 101

wexMvRLE32 In this exanple, in place of the hi goTwseiosy33056

i sobutyl ene feed used in Exanple 1, the olefin feed is
a mxed C4 refinery strpsBbE Tenperatures in reactors
10 and 20 are the sane as in Exanple 1 and the sane
catal ysts are enployed. Results obtained aLg given in
ddigort@d | oW Nng TBalld: || 4 TABLE Il sStreamfsows Ids/hr 7
icompenent s Stream # 1 242 4246 6 7 isobutthe 2.9 2.4 24
ThUaNg 6 2.4 n-butane 17 % gzz 51.6 68.83%7. 2 %4 1725
RIRIEyl ene 38.65 34.9; 953.4 13.35 hfenent 25.
‘Q:ﬁt:ggneg;tal 9 97.2 24.3 1, ngutgg)jedl ol 0.9 019 1.822.4 (&
'l?epe2625625 224%6 trans- but gne- 2 9.
2@?2@“*5‘94 8 8.7 t-but anoIO%O 5050 5.4 %2 1%1 sec%gut an%
shetidand. 28 0. 57 Dii sobutyl ene 58.5 78 19. 571D nexdsyl 057
Pieobdiriess 4.5 6 1.5 Qther Trinmethyl pentengs’ 6 882 19.5

gg%ﬁgﬁgpen;wgutw ether 5.4 7.2 1.8 Tri n%%ss 4.58 6.

wilcaeer & Hvys 0.06 0.08 0.02 Watess413 185 0 0.

T

ges101 .3 303.9 405.2 101 .3 4.68 6.24 1.56
Tetramer & Hvys 0.06 0.08 0.02
Water 13 185 0 0 0

100 101.3 303.9 405.2 101.3

The reaction conditions employed in reactors 10 and 20 are generally
known. In general, known oligomerization and hydration catalysts and conditions
can be employed in each step. Suitable conditions include temperatures broadly
in the range of 0 to 200 degrees C, preferably 10 to 100 degrees C, and the use
of pressures sufficient to maintain the liquid phase, illustratively above 50 psig,
e.g. 50-500 psig.

Known catalysts can be used for each step; preferably the same catalyst
is used in each of the reaction steps. U.S. Patent 3,760,026 is illustrative. The
use of sulfonic acid type ion exchange resins such as Amberlyst A-15, A-35, A-
36, Purolite CT275, Dowex 50, and the like is especially preferred.

A feature of the present invention is the use of alcohol such as TBA as
selectivity enhancing modifier in the selective olefin oligomerization, which
modifier is separately formed, whereby the presence of water in the oligomeriza-
tion reactor and the accompanying problems associated with uneven distribution
of the modifier throughout the reactor are avoided. To this end, the hydration
reactor 20 is operated such that the stream passing from reactor 20 to
dimerization reactor 10 is essentially water free. It is an important feature that
water be essentially excluded from reactor 10 in contrast to procedures favored
in the prior art. In the operation of the hydration reactor 20 both aqueous and
organic phases are formed and there exists in the reactor an interface between
the organic and aqueous phases with the modifier distributed between the

phases. Operation is carried out such that the organic phase containing both
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The reaction conditions enployed in reactors 10 and 20
are generally known. In general, known oligonerization

weandarsat i on catal ysts and conditi ons can bePempiseye33056

in each step. Suitable conditions include tenperatures
otyﬁawovmbaiﬁéh% sagtgetedivid lihe 2288 degrieahe Cimprigdtionalebytor

w&ﬁ 100 de es Cl and the use of esa%res .
i+ gl%cmeoyg SRt l5i Arguated ; Iarl(j)ughp ggeé 0 remove reaction
ekbihegh! atibwetategbane t@%p}éﬁe\tgrese irg. reé@to50@0 pareg. regmam in

catal ysts_can be used for each s %% Srabkét B .
aggoreaeR Witly senventinaal enamegtg, PR igdorugAP GHTEiep odifer
iMthe st tide 26@r Pdfbdsss 'df lopraéAatibyY thuéfm thé %aﬂfe time the

sulfonic acid ty gf i on exchange resins such
skagans pasenialswalsr §se, i captainbig lgps than@psys ! "‘M\?\é‘é@t%’o

and {/88old kel ﬁn&ﬁrﬁ)%ﬁhéﬂﬂa}io@ Fft@es @4n R érﬂ@ldyéﬁ soth BB ehe
present 1nvention is the of al cohol such as TBA as

Useogdilepis §s derraines ﬁburﬁ)ﬁﬁtﬁ”ﬁﬁ $M{:3%e selective olefin
ol i gﬁg%utﬁaﬁa.ﬁg fedlire 'af H%fédtnfebéﬁt |h§er§t%'ﬁa|§6m8|é</ofd¥n€8%f the
wher e sence in the oligoneriza tion
lmtw@phm @anatteh @tcammmmﬁnﬁgtlcm SBHIERG InBisk isates @ngjuniform
t e nodi fier throughout the
S%Egg o?%gﬁgkgegcggg.&%ghghls end, the hydration
reactor 20 is operated such that the stream passing
fromreactor 20 to dinerization reactor 10 is
essentially water free. It is an inportant feature
that water be essentially excluded fromreactor 10 in
contrast to procedures favored in the prior art. In
the operation of the hydration reactor 20 both aqueous
and organi c phases are formed and there exists in the
reactor an interface between the organi c and aqueous
phases with the nodifier distributed between the
phases. Qperation is carried out such that the organic
phase contai ning botholefin and nodifier is separated
via line 2 and sent to the dinerization reactor while
t he aqueous phase is circulated through cooler 9 to
renove reaction exotherm Flow rates and tenperatures
in reactor 20 are regulated in accordance with
conventional engineering practices to provide
sufficient nodifier in the streamin line 2 for
pur poses of dinerization while at the sane tinme the
streamis essentially water free, i.e. containing |ess
than about 1 wt.% water. Various other known
di neri zation features can be enployed such as the use
of diluents as described in U S Patent 5,877, 372.
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An outstanding feature of the present invention is the
avoi dance of the introduction of water into the

wologamensy zation resulting in much safer and uRCT@S2006/033056

sel ective production of dinmer product.We claim 1. In
We glaiotess for the selective oligonerization of an

olefin, to the di.nner i .he presence of ;a_s ciiyit
enha cilrh@ &SP if%rrt,?'etﬁ‘?gecﬁrt'}lr% .oﬁgcgpr%rma%%ioé ﬁmcoiér}ﬁ'r tltostéé dfmer
iNP Erey i@re%swcé hg arodidctigity ienhanding shodifeeac ltliae) mmbgovgg?pt iwkich
an olefin an ter, separatl the oduct. nodi r
o§TpSSnpieple fre Sasiean o M Jeptiogbhe fesating ) blefh and
whter! heepRF&mgnase Oprosiatd meginsat psmpdaly efed oof water and
sel ectively formthe di

oligoreANEOIBIR Bofte PIEsnPB AT s4id isgle%a%ﬁf haTegro slectvsly forr
iHdl digieput yl ene in the presence of a selectivity

enhancing nodifier, the inprovenent which corrpri)ses

pr epar i tiiecass; &rmifts Sedsctive @ligomesizaiia i sRDRYlene to
dfipEhIdHE R0 YhiRBEN@NdoMa] efeleGRRAT BhhAMEINdEmBEREY Cthe
~nodi fiier substantially free of water and oligonerizing
imRrepemghiewich FompEsey SsprEiRg dhe §aldd)m§€'|§§'f iy @ dirstogagtiosr by

' I . .

S T gL RR Ay R ol A PSSl reo
of gyatehendepligomeriingl ispbHBteLain dhe diresesisu ) | se¥k segarated

nfyd';f%%é«éa%wifamﬁ Bfsdbl e of a mixture of
S ty e

el ectivi hanci ng di fers, the inprovenent which
conp8i Jbe ppoassacf BpimZewherglnt said moditieaisi TBAL reacti on
by rgagti deqc Lt u tai ol ]
of effnd v POSEeroh 815 asPe hRorRizaoh 1, RebFRis: to
dissubaitydéreo frothe medEicat bahixiure oé eeletivitgeshancingimodifiers, the

BhSSUBEL AR bUFoTlelHrrantb b el RS, B AREPER8h
reoting reohedrscayborCinaixtarel coitaing@ignmixesiuC§ ofeffins adgihdwaten to form
a%)éﬁglg,n gseepra%chjng itﬁc'e usseﬁg iapcoggltsh su @t‘éﬁiiaci&s free of water, and
oligomerizing the mixed C, olefins in the presence of said alcohols to selectively
form diisobutylene.

5. The process of Claim 1 wherein a sulfonic acid ion exchange resin is
used in both reactions.



