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SELECTI VE OLI GOVERI ZATI ON OF | SOBUTENE CROSS REFERENCE
TO RELATED APPLI CATI ONS [0001] This application clains

wae b@dbsnetit of prior U S. provisional applicae@Dmns2008/078585

Serial no. 60/982,984 filed October 26, 2007 which is
hereby incorporated by reference inits entirety.

FI ELD [ 0002] The present invention relates to the

sel ective oligonerization of isobutene. BACKGROUND

[ 0003] The selective oligonerization of isobutene is
an i nport angECHET R DITEUNIERIZAPRON IGIISUBYTHREN € t he
i sobutene is contarned rn a refinery C hydrocarbon
stream such as Raffinate-1 and Raffinate-2. [0004]
EROSSHAPLIBENEE! 1) R ONED WPPLICRTRONA! L ract i ve

TeedsTocK ftor_ producing octenes wth zeolite catalysts
W88 Hus eThia remigatomhadaimg drdongit of Reorrlé§uprovinignd @ppliveson Serial no.

y&%,d%'fﬂé QERPSE1887 Qhich &SR rdo mo%pa%d reﬁ%e in its entirety.
AT Pt

en i sobutene I's pres I'n sig
Eﬂﬂﬂmitles (>10 m% in the ollgonerlzatlon

st SUc he anount.o&
e e A R RS
BAGKGROBND:e for sone end uses such as certain

B < B B ectif aliroB TS o sl v i T BedRe gy reaction
pmtichmml wlidde ﬂfeQd&lm&néTEst dpkaiteddnltayrefigdrin €, h@MBBEIbon stream, such as

E%@g &%gﬁ_ phase- out of MIBE because of
wﬁﬂﬁﬂ Mitcerns, this reaction is no | onger an

pob4jact Fyecxamphod, Gheat NV B dnSARAEH scdASCkafof 9ﬁddh&1ng octenes
i nterest has focused on selectlve di neri zati on of

t he
VEbGe R ecafalyShr Befaes: GRraaedhasErns. gle reautingx agipice have triple

sraslidgner l@ﬁt tﬁﬁ‘@ al?dﬁlf‘@n\%e%s ﬁ@@e@? VERQUREREHS if BFcsent in significant
produci n dehydes and/or al'cohols. [0005] Anot her

watﬂﬁfzs > qﬂem%é inethe ph@mﬂrizgtméﬁfrdz@@k dHchogs WigoRiffiagier 1 e amount
bﬂrlf)ﬂ%rﬁféﬁédf dEALd PPrefNes to a level which is unacceptable for some end uses such

as certain plasticizers. In the past, this problem was generally addressed by selectively

reacting the isobutene with methanol to produce methyl t-butyl ether (MTBE). However,
with the phase-out of MTBE because of environmental concerns, this reaction is no longer an
attractive method of removing isobutene. As a result, interest has focused on selective
dimerization of the isobutene to produce octenes useful as, for example, gasoline octane
enhancers and as feedstocks for producing Cy aldehydes and/or alcohols.

[0005] Another use for the selective oligomerization of isobutene is in the purification of
C4 olefin streams used in the alkylation of benzene to produce sec-butylbenzene, an important
precursor in the production of phenol. Thus, even when present at only low levels (< 5 wt%)
in a C4 olefin stream, such as Raffinate-2, isobutene reacts with benzene to produce tert-
butylbenzene. However, tert-butylbenzene is difficult to separate from sec-butylbenzene by
distillation since the boiling points of the two butylbenzene isomers are very similar, 169°C
for tert-butylbenzene as compared with 173°C for sec-butylbenzene. Moreover, tert-
butylbenzene is known to be an inhibitor to the oxidation of sec-butylbenzene to the
corresponding hydroperoxide, which is the first step in the conversion of sec-butylbenzene to

phenol and methyl ethyl ketone.
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C4 olefin streans used in the al kyl ation of benzene to
produce sec-butyl benzene, an inportant precursor in

wa b@psaeuct i on of phenol. Thus, even when pr eBENUSHNS/078585

only lowlevels (<5 w% ina C4 olefin stream such
as Raffinate-2, isobutene reacts with benzene to
produce tertbutyl benzene. However, tert-butyl benzene
is difficult to separate from sec-butyl benzene by
distillation since the boiling points of the two

P@b&]l benzeReniplORS rRéS fHelhy dﬁhéﬂzb@(ﬁb ofli@Sbufent ¥ disclosed in U.S.
ert-butyl benzene as conpared wth 173 0C for

Basent Dl 0PBbEh e e which pdavadefinig Bpdsigk phiainmgigobpigng psigybutene(s)
§ QofiGet@D whth Rk Al Abtel Qﬁélﬁ@bé}% LR cQﬂHﬂ‘?cfnﬁ in ludmg a tem erature below

sec-butyl benzene to the correspondi ng hy er oxiI
HR Cattifettevettprellw padective dimeripatioh ef sobwvencgp mm@ ylpentene(S) However,

ﬁl%u%u{hi/ d%g%%se%i)e&rg tdogee{ﬂigfllgéngct%tfgrylsob%#éﬁx lc?lhversmn the catalyst is

et o exa rocess
fhundtoi agatdpally atfthg @mb@bw\@nﬂl@yedl scl osed in U S Pat ent

00 %]6 Q%AS %atel’lt 6%4 9@3 glscq%sef el ?SS)% fretﬁe con urr nt éhmerltz'ﬁnon and

ai nr’'ing |sob ‘ehe P's EOnt
hieladgenativat et ivbatknd én bEEﬁglﬂndleﬂillaﬂOﬁl ohoilummsreacml Mtamgn@ both a

) t | 500C effect t | |
SFRBA Dhe PRt HeboButiereo o o s Phbi sEHPoREges Fesin, and a

Injalne¢eitionabalyon glthtalia SGrpi OV ES ScBP PERE St dn@rﬂiarg)h Iswpport There
elecélve for jsobutene conyversjon, the cataly i S

B drindieasion dhat thpprapsss giouldpigleatyieh fimspee is HW%X‘/‘éH a mixed Cy olefin

&&907] U S. Patent hb. 6,274,783 discloses a process

for the concurrent dimerizati on and otydr ogenatl on of
[088%)ut eHe>- Pﬁtelat N9 Rg08.989 distlpeapipsieesdPiita Pradyetagrof hydrocarbons

ARG Ridhi REnP AhRbLE s%r@rﬁoz@hy&&a%%w%maﬁu@hs@b%teae by means of
zeolite or an acidic cation exchan resin,

RgHOyERatizadan with apig setalysthorhesein de r@ﬁ%amnl rPaCﬁtel@ &lcamed outina
A6Resiies u@fﬁﬁ% f@e@rcroht%fm 150%\1{%9@& uaﬂjchféﬁ gf 1'e§s th$h 20% by weight and

i ndication t process woul d sel ectively dinerize
Wil b godat gatiorpf émmr péﬁcﬂinwsolbtémergrefaé?e than BOpE&Tably, Seraqbiag atp reaction

{é?]pﬁrgglr Oca?lag kS5 EOSFQ?) é, ﬁr ojgr@s%ﬁre oquetsl?ﬁanpg R/ﬂ’ldcatnh U feed space

ns W t tane nunber starti
ﬁeimntldawd rles ddmos?) bt sSmtahItBacmil quplyssodatseid go bl}clurbaﬂ@smrbrlc acid

supported on a solid carrier, a cationic acid exchange resin, a liquid acid, a sulfonic acid
derivative, a silico-alumina, a mixed oxide, a zeolite or a fluorinated or chlorinated alumina.
[0009] U.S. Patent No. 7,112,711 discloses a process for oligomerizing alkenes having
from 3 to 6 carbon atoms, including isobutene, in the presence of a catalyst containing a
zeolite of the MFS structure type. The process is carried out at a temperature comprised
between 125 and 175°C when the feedstock contains only alkenes with 3 carbon atoms and
between 140 and 240°C when the feedstock contains at least one alkene with 4 or more
carbon atoms

[0010] U.S. Patent Application Publication No. 2007/0213576, published September 13,
2007, discloses a process for the dimerization of isobutene at a temperature in excess of
240°C in the presence of a multi-dimensional molecular sieve catalyst containing at least one
10 or 12 ring channel, such as ZSM-57, ZSM-5, FAU, Beta, ZSM-12, mordenite, MCM-22

family zeolites, and mixtures thereof to produce a product low in triple-branched octenes.
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selective dinerization with acid catal ysts, wherein
the dinmerization reaction is carried out in a tubul ar

WO e@eps22usi ng a feed containing i sobutene i n PCT/US2008/078585

quantities of |ess than 20% by wei ght and with a nol ar
ratio of |inear ol efins/isobutene greater than 3,
preferably operating at a reaction tenperature ranging
from30 to 1200C, at a pressure of |less than 5 MPa and
at feed space velocities of less than 60 hr 1 .

@@liclam R. ﬁ%g@ Gat &l vak sz?"[’gda%a\/gl 160 (2@)@5)”15159 4l§1‘4§<5’?l§i56ft&1 on the
acid supported on a solid carrier, a cationic acid

eHEomaHEFbion © P ispbpicatp e aelidjacidcagglystopt 49°a@nd 10 bar pressurc and
Q@WHSQI | MR 2eQitS kél d%%daéa’céfs)s{%%zsﬁ fmbét%da Qxﬁ)%d h%h%ﬁﬁél'ah‘?vny, but

or a fluorinated or chlorinated alunm na
thataghyityNdropiredldrastizallyl ovirth¢ eswrse af %rh@@@s STlﬁlé) rwas attributed to “the

‘9] ]]%?gﬁ rof E‘?g gbo?éclﬁgp\@g’l Htao\ﬁﬁ&gelfs rll%meQEhé ]pﬁte%%Fe? GmT}’TS'et B oreticular

utene resence o
aodit msmlmbealyztdél intcenteest, BllrmveWESnsWrthm ﬂayaled Dytpiéter 'cibhet 2 hours.
d out  at eratu Ctgu

ess .| S
RRpficerAbSetRE kol AveRiheTREL By b IBTRI LRF Fhey prprted a
BWkiempsratd, ImoiBechaf bioves aif (ﬂrﬁMﬁlMﬂb éztmﬂgeiire ]sél@ctafﬁ Gn@ 4@616 catalysts
n the feedstock,contaips at t. one al ken ith 4
B S SRR A ShE RO B rrdeacs Bingh R alp e Ayt e reason
R bihis eatilt Gnddaund2O0dd,02 ih%f?i@vednﬁhlthé prdenSe pt aFhetivildid sites in
ss for t i i zation. of

2007, discl ose pro diperi

P%‘g%t”éﬂl? ctermng f‘gf?ﬁ%?éﬁﬁ F%’lﬁt%c%%taj r@%'é&%@“}aﬁsﬂf‘é allows the
RARANGEIRE & JULR -WdioiBNEGERPA v BINe GHE dFodatt@heof high molecular
catal yst containing at |east one 10 or 12 r

[
erighirdigomsry dvﬁl%thzsmhswpormgpow\@y Kpdiayge iin ptalysis Today,
wer dgnite, MCM 22 famly zeolites, and m xtures
t hereof to produce a product |ow i n triple-branched
SUMMARY 0011] K. Hauge et al in Catalysis Today, Vol.

fb@% ( 209153nepa@]toec€' OR HO& R Qé% ergﬂl QBrotcgkg f&J 61%991@{1%1%%%581?6%, the

of pure iIsobutene over solid acid catalysts at o
piaekss Corhpisingreestaciing agfpels®ok Wlmrlsmeneobzmt itk asafalyst comprising a

1\5137I 25 q{nﬁh ﬁ‘fo‘(l;ecf;le aC\? IQE} @0 dﬁﬂ)% E}fca&i@g t(l)'] "8 IflJIl ZE sﬁh isobutene,

act vVity ut t IVIty ro ppe rastica
$ahrécomdltupsse1ndﬁd12g hempsratifl frsmwhsut a6t@ iodemts elwntléoc'(t h e

@ﬁgﬂggg{’l&%nvegfent?yé%axd CPH& %8n52{n81\r/\§ g%rplgelrét Qe abou%iS%QC to about
120°C and/or a pressure of from about 345 to 1379 kPag (about 50 to about 2000 psig).
[0015] Conveniently, the molecular sieve has an X-ray diffraction pattern including d-
spacing maxima at 12.4+0.25, 6.940.15, 3.57+0.07 and 3.42+0.07 Angstrom. Generally, the
molecular sieve is selected from MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36,
MCM-49, MCM-56, UZM-8, and combinations of any two or more thereof, especially from
MCM-22, MCM-49, MCM-56 and combinations of any two or more thereof.
[0016] In one embodiment, the feedstock also comprises at least one additional C, alkene,
such as n-butene.
[0017] In a further aspect, the invention resides in a process for producing sec-
butylbenzene, the process comprising:

(a) contacting a C4 hydrocarbon feedstock comprising isobutene and at least one
n-butene with a catalyst comprising a MCM-22 family molecular sieve under conditions

effective to selectively oligomerize the isobutene, said conditions including a temperature

-3-
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acidic resin Anberlyst 15, in contrast, showed
activity that |leveled out after about 2 hours. [0012]

waewonsizeyg to the present invention, it has noRCDESIV08/078585

found that, when operated at |ow tenperature,

nol ecul ar sieves of the MCM 22 fanmi |y are selective
and stable catalysts for the oligonerization of

i sobutene in the presence of other C al kenes. Although
the reason for this result is not understood, it is

Behigygdisthal 1dhenRresenasy ¢id E&ﬁaﬁﬁ% pYRIuaRE ‘An $kRft ddprising
pockets on the external surface of the zeolite crystal

ispbutgnriofigomess e reidrat kepewagnRpicesis the reaction
prodygy s %Qpa%hg Keh& ath‘a'%P&Q’n &i@&{eqmm @18 ofdbftg the
production of hrg ecular wei ght ol igoners inside
the Zebl i pentpféméssaalsatrlemron@dl tyenk sepiaeige ieblawith dpenzene under
Si Yand V! e )
Sk L B BMPRY 0015 L9000 s s
me@@nemaZ|ng i sobut ene, the process conpr|3|ng
acting a edst gck IS e wth a o
BTy < b S PER T S 2 P “RRFLER ool o 5 wos
lslﬁtdma’ne dongimperfsone? fte 6 twtve sich a@lftogDB‘rBJ’ $ »e?o9subdtene. Preferably the

gﬁ\otgsggrgtselﬁée%schQ\gaétsﬂléeo gﬁl:{lrt]cf:l din %61%1%6‘% % %Jsrogutene, such as

fﬁ@sﬂt\h&m I(b)@n‘&f{%{ Jisobatesk, Cf@lﬂdslahipWﬁom HD%I;M)GO 2 vtftennﬁfbatehé e In a further
rom about C to t 1200C and/ or . a sur
W%’ﬁ‘f%%tff“d Yegpegr ?‘@ %%@C?((CQB‘BUW%IG?%%Q% s b‘ﬁenes and the

midBibns §4A0kR]ysCora\seREteMtlcy thdt REd FOht@G 1L A8) FigBMErifd8 %0 @hbre than
X-ray diffraction pattern includi ng dspaci ng maxi ma at
.q.

of gl n-Butepey. 15, 3. 57+0. 07 and 3. 42+0. 07 Angstrom

Wr al legﬁEl%@thg{Zqu%HG%Efﬁgl_l@\é%mkl)ﬁs& %(!l)%%_@@z*mf rtﬁ’éTéfﬂléent with water

mmrzag ANEABS! U Sparies Gam&idn%@lraéh@ 6 camiprtingt dest part of
ARNISLUARE Reini RSRRE Bhich MMM 22, MOM 49, MM 56

nbi nat1ons of any two or nore t her eof . [0016] In '
9A20]le nbbd ione nembodireent. e s plbgkticl gatalysimspinpases a2 Medse2 family

Q0R.AddidLonal C al kene,

[0021] Conveniently, the process further comprises:

(e) oxidizing the sec-butylbenzene from (c) to produce a hydroperoxide; and

(f) cleaving the hydroperoxide from (e) to produce phenol and methyl ethyl
ketone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Figure 1 is a graph of product isobutene concentration against temperature in the
butene oligomerization process of Example 1.

[0023] Figure 2 is a graph of n-butene conversion against product isobutene
concentration in the butene oligomerization process of Example 1.

DETAILED DESCRIPTION

[0024] Described herein is a process for oligomerizing isobutene in a feedstock wherein
the feedstock is contacted with a catalyst comprising a MCM-22 family molecular sieve
under conditions, including a temperature from about 45°C to less than 140°C, effective to
oligomerize the isobutene and produce an effluent containing less isobutene than in the

feedstock.
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such as n-butene. [0017] In a further aspect, the
invention resides in a process for producing

W@ emwbuosgbbenzene, the process conprising: (a) PCT/US2008/078585

contacting a C4 hydrocarbon feedstock conprising

i sobutene and at | east one n-butene with a catal yst
conprising a MCM 22 fam |y nol ecul ar sieve under
conditions effective to selectively oligonerize the

i sobut ene, said conditions including a tenperaturefrom

%ﬁt 45h&fe%§§técﬁsc§n bRapy HAHRAE BB S&itsnhe MoBeEhd) Including a pure

ucing an effluent conprising i1sobutefe oligoners
’é?h}“@ﬁlsﬁe?él! Inegegerab hewpvas the fredstdk)is ge pk@ﬁmc.@@ﬁﬁ)%rb@n mixture

écﬁl%ﬁm§ ﬁgblﬁeﬁ%ua{n%nﬁ léa Ofe I%alefnttlaﬂée ﬂ&mel %}teﬁ@—n,t aﬁ—t 611?&16—2, trans-
b) wt

sai d l'east” one n-but ene separat ed ) '
beneeher mirderes dickopf. aﬁudnolsﬁmd@u}mdwcahdn imxttilge can be obtained by

Se?@ glﬁggng g{l}éal% ‘f%(%%gﬁ %ﬂ%aﬁg,;]gé% 3 dglghtpﬁ ?ﬂﬁlﬁse cgtagtlc cracking of

hapdﬁlaa: ardbﬁlnerfré?aut&t Bedstwbsipnd bpsomprsian & ng@natse butthmemethanol
{oglro 1, oalnpns {"h pereser 811%0Hlerlzgt108|p?gcesfassthen serves to f:(?uae tHe lhobutene

Bt eRe pre con ions ar e sel ec
tdnad¢ntiatien &fthd elefitic C@mcmdasaohaastutehan 0.3 wt%

t th 0% ut
5951 &P SR o T JOB MR TS St PHERR TR gy eenersly
salagd m‘“ﬂ? refiRiyCeniplbWel aear backidee qbsddasd(oleimpﬁ tﬁees stédm cracked

east %.0f n-butenes and. the conditions
é}‘ﬁ‘f‘ﬁl S§zr§‘im ﬁaé%gaé?-ééﬁs@r%d&ewe%tngs%ﬁea Yt S’&tﬁcﬂ?jl P I}Ydmgena“on
0l b B VRS Ut iR e MOMMDERI fduh drdckell Yatohe RbM) MrdORUFBARS?2 (the product
[0019] Conveniently, the process further conprises (d)
econtnang iy remevabiof M@Htenwatl% ISQRPIERe ANEY Berils sigepbRgeked butene

Rfch . U@ne?ﬁl)ﬂ tl%@ep &fcdtnk Mavd g&mpo§1ﬁbﬁ’s wRmh akd WwBght(ddees indicated in
converting at |east part of any isobutene remaining in
I?NﬁbP@PWent to an ether. [0020] In one enbodi ment,

the al kylation catal yst conprises a MCM 22 fam |y

nol ecul ar si eve. Table 1
Component | Crude Cy4 Raffinate 1 Raffinate 2
stream Solvent Hydrogenation Solvent Hydrogenation
Extraction Extraction
Butadiene 30-85% 0-2% 0-2% 0-1% 0-1%
C4 0-15% 0-0.5% 0-0.5% 0-0.5% 0-0.5%
acetylenes
Butene-1 1-30% 20-50% 50-95% 25-75% 75-95%
Butene-2 1-15% 10-30% 0-20% 15-40% 0-20%
Isobutene 0-30% 0-55% 0-35% 0-5% 0-5%
N-butane 0-10% 0-55% 0-10% 0-55% 0-10%
Iso-butane 0-1% 0-1% 0-1% 0-2% 0-2%

[0027] Other refinery mixed Cy streams, such as those obtained by catalytic cracking of

naphthas and other refinery feedstocks, typically have the following composition:
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[ 0021] Conveniently, the process further conprises:
(e) oxidizing the sec-butyl benzene from (c) to produce

wa@2dvadsaper oxi de; and (f) cl eaving the hydr opePORUS®08/078585

from(e) to produce phenol and nethyl ethyl ketone.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0022] Figure 1 is a
graph of product isobutene concentration agai nst
tenperature in the butene oligonerization process of
Exanple 1. [0023] Figure 2 is a graph of n-butene
conver si op.geahost ppoduel i sobutene concentration in
the but engQhhgomerigation process of Exanple 1.

DETAI LED BEaGRLETI ONy[5QQ24] Described herein is a
process f e plijgomerijpg,i sobutene in a feedstock
wher ei n t@gte}‘lee;dstac syeontacted with a catal yst

conpri si ng, STH%/ nmol ecul ar si eve under
condi ti on % udln Iemperature from about 45°C to
| ess than APE?% effg%m\g}e to oligonerize the

i sobut ene an produce an effluent containing |ess
[09b$jut efie hydragurban frivgofeedsinat ko0 SpnvEheont efedsoskes, such as

IPo‘? té‘ﬂ%vel? Bl%ﬁ&sslio%tt{ﬁ‘?&ﬁg %Q\?:ttﬂé R %mgsc%g&s%ﬁb%

ure
hovvever thpyfeaedst ock =i0s1 ar?o0l ef i ni c C hydr ocar bon
m xt ure c@®ndpanai ng i sob-@het’@nd at | east one |inear
but ene, n&aweldienbut ene- £,0-tives butene-2, transbutene- 2
or m xtur &utdnber eof . Secle-49vaP4 ni ¢ C hydrocar bon
m xtures @Garenbe obt ai nedokys wieam cracki ng of et hane,
propane, sbawes LPG ard)-10 @bt napht has; catalytic
cracki ng of-mapbithas ard-mihes refi nery f eedst ocks;

by conversion af o enat es s net hanol

5 oG PR STHETESTAE Bt QB BB GS GEsDE e in the
bro@t SEINES olini@Ee pritRss. Sobut ene concentrati on of

fOrng]o' e{nl r'clldc%‘ugfL tQ yoq[}rle?Cl?;dkr)gcgrbrgnxgolﬂrﬁpeonents commercial C,; hydrocarbon
mixtures typically contain other impurities which could be detrimental to the present
oligomerization process or to use of the hydrocarbon mixture downstream of the present
oligomerization process. For example, refinery Cs hydrocarbon streams typically contain
nitrogen and sulfur impuritics, whereas C4 hydrocarbon streams obtained by oxygenate
conversion processes typically contain unreacted oxygenates and water. Thus, prior to the
present oligomerization step, these mixtures may also be subjected to one or more of sulfur
removal, nitrogen removal and oxygenate removal. Removal of sulfur and/or nitrogen and/or
oxygenate impurities is conveniently effected by one or a combination of any of caustic
treatment, water washing, distillation, adsorption using molecular sieves and membrane
separation. Water is also typically removed by adsorption.

[0031] Conveniently, the feed to the present oligomerization process contains, by weight,
less than 1000 ppm, such as less than 500 ppm, for example less than 100 ppm, water.
Typically, the feed contains less than 100 ppm, such as less than 30 ppm, for example less
than 3 ppm, sulfur. Conveniently, the feed contains less than 10 ppm, such as less than 1

ppm, for example less than 0.1 ppm, nitrogen. Ideally, the feed contains less than 1000 ppm

water and less than 100 ppm sulfur and less than 10 ppm nitrogen, such as less than 500 ppm,
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[0026] For exanple, the following olefinic C4
hydr ocarbon m xtures are generally available in any

wOo edopnsn2y7 enpl oyi ng steam cracking to produce PCEIE1088/078585

a crude steam cracked butene stream Raffinate-1 (the
product remaining after solvent extraction or

hydr ogenation to renove butadi ene froma crude steam
cracked butene streanm) and Raffinate-2 (the product
remai ning after renoval of butadi ene and i sobutene

30 ppmal ?f)fﬂd@at&I SR CRiBE XSG ALBRE,, %Js?ﬁt@erab@[é@sr ?hlahMOO ppm, 3

these streans have conpositions Wth t he viei ght
Prah@elsP I WREH S W] Hrqees respadsiEtigw, Tabl e 1 [0027] Other

[@gi]ner Yhénoﬁgcgne%atﬁnr @a"{’ﬂﬁs’t eﬁ’rab‘i:(@eésin ttﬁ'ﬁg?esgptp%&?sd 1sb5(t least one

catal ytic cracking of naphth and ot refiner
mekedaraes of thy M@M}ﬂﬁamw eAs ired hoeingthic tgym “MCM-22 famlly material”

GRTRERA PSRN T 3y PSR AP
ADfably weHlotd "3 ot den encorfa@@Soimt % | so- but ane = 10-45 wt %

ot ai OGP G o1y S FORTGY Ty GERGE Be e Gt dge block uni
cf@lt RaRrblunit tel hawey MO Wiftanswrtd ®pdlypt. @& luhy ckibi@ spftial arrangement
@fo A \«F &3 %815@3{51’ Ig{ﬁ!%eoé}m@ri{loor&}/ | %Qeedegcrl _es the c%)sta{ stglcture Such crystal
structures are discussed in the "Atlas of Zeolite Framework Types", Fifth edition, 2001, the
entire content of which is incorporated as reference);

. molecular sieves made from a common second degree building block, being a 2-
dimensional tiling of such MWW framework topology unit cells, forming a monolayer of one
unit cell thickness, preferably one c-unit cell thickness;

. molecular sieves made from common second degree building blocks, being layers of
one or more than one unit cell thickness, wherein the layer of more than one unit cell
thickness is made from stacking, packing, or binding at least two monolayers of one unit cell
thickness. The stacking of such second degree building blocks can be in a regular fashion, an
irregular fashion, a random fashion, or any combination thereof; and

. molecular siecves made by any regular or random 2-dimensional or 3-dimensional
combination of unit cells having the MWW framework topology.

[0033] Molecular sieves of the MCM-22 family include those molecular sieves having an
X-ray diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9+0.15, 3.57+0.07 and
3.42+0.07 Angstrom. The X-ray diffraction data used to characterize the material are
obtained by standard techniques such as using the K-alpha doublet of copper as incident
radiation and a diffractometer equipped with a scintillation counter and associated computer
as the collection system.

[0034] Materials of the MCM-22 family include MCM-22 (described in U.S. Patent No.
4,954,325), PSH-3 (described in U.S. Patent No. 4,439,409), SSZ-25 (described in U.S.
Patent No. 4,826,667), ERB-1 (described in European Patent No. 0293032), ITQ-1 (described
in U.S. Patent No 6,077,498), ITQ-2 (described in International Patent Publication No.
W097/17290), MCM-36 (described in U.S. Patent No. 5,250,277), MCM-49 (described in
U.S. Patent No. 5,236,575), MCM-56 (described in U.S. Patent No. 5,362,697), UZM-§

-7-
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Butene-1 = 10-40 wt % Butene-2 = 50-85 wt % | sobutene =
0-10 wt% N- + iso-butane = 0-10 wt % [ 0029] Any one or

waeyonseeur e of the above C hydrocarbon ni xt ur BGT/US20081€78585

used in the present isobutene oligonerization process.
[0030] In addition to other hydrocarbon conponents,
comercial C4 hydrocarbon m xtures typically contain
other inpurities which could be detrinmental to the
present oligonerization process or to use of the

I GHBEATDOTS. PathUKNS. §o¥aEIoh e rﬁlfxtutr&eth%@s €8¢nerally, the molecular
ol i goner | zation gr 0Ccess. For exanp | e, refiner

St hoss oo ot bty Soant ) ohipet dguENGRRnd MCM-S6
§ghgyfnj§purltles whereas C4 hydrocarbon streans

obt ai ned by oxygenate conversion processes typically

B83%lai nThmMRYtEdfaoNlygankedy sad omt be uscthinstheppresgnt prpcess in

Eufbg c[)@%ﬁﬂgor&' g aHFt'Sé GO e Q’coéxj}l Ml b e Fﬁ)ﬁer such as

eéte to one or nore ur renova
ditmegen reanaI and oxygenate reanaI Renoval of

ur d/ or npitrogen and/ or oxyge riti '
@Hljé em 2% resen ?l ef%otn% dz%lon &r]oecesosrls é&é&é}lﬁfﬁg npelllatlvelf/qow temperature
aﬂfrclﬁlm)bumst"f:etatlrthan WEI°Er swiasdsi fingm abowtIOPCab iaboyt 120°C. The

SER AR R e dotEs PRESE IR B JiRbeRurfo P Beetzy will be between

SDS0B4H :hr@llnaboﬁtoﬂiﬂﬂ) kRN e 0ite30t dnyl, abbﬁt@(ﬂ)ﬂ@dig),Qyﬁiblﬂlyhbetween about
sent. ol i rizatio c i ght

F3re7§ <and ghoqt fg](ﬁ;&ﬁﬁﬁ? Ogbg(woagg ag §8§ RSIR): gl@.‘il)\ B%rﬁmfep% (he butenes are

anaamlgy lie e tiqian phild c@lﬂﬁg theab1 %?meﬂ_yﬁioﬁ%rbdéss t Mge bﬁ)@@bs can be
contains |less than 100 suc | ess than 30

UGS A [2eCqNEROUS i N2 @afﬁbrﬁm%?@ﬁ fage inChpfaif emheymquq@referred

é&aﬁﬂucﬁl@ %&bsﬁsth'e%ﬁené haq id 9reIPeQ£Bly MR tRSWIIE 8RS LRBRt & a LHSV of
pm for exanple |ess than 0.1 ppm nitrogen. |deally,

@h@gt 4 terbopoHt dinrpdditier; dhe prasesy g@daewﬁducted in any suitable reaction zone

such as, for example, in a flow reactor containing a fixed catalyst bed or in a catalytic
distillation reactor. Staged reaction in a number of series-connected reaction zones is also
contemplated.

[0037] The present process selectively converts isobutene in an olefinic C4 hydrocarbon
mixture to heavier products, mainly branched Cg and C;, oligomers, which can readily be
separated from the product effluent by distillation. Of course, in the case of catalytic
distillation, reaction and separation may occur simultancously. After separation, the
oligomers, eg the Cg and Cjp oligomers can be hydrogenated and used for fuel or other
applications, including solvents. The remaining iso-butene deficient C4 hydrocarbon mixture can
then be used as a feed, for example, in the production of sec-butylbenzene.

[0038] Although the MCM-22 family zeolites employed in the present oligomerization
process are highly resistant to the aging problems reported with other zeolitic materials, such
as zeolite beta, in practice the catalyst will tend to slowly lose activity and require
rejuvenation and/or regeneration. The catalyst may be rejuvated by treatment in an inert
liquid (such as a non-olefinic hydrocarbon), and may be regenerated by contacting at elevated
temperature with an oxygen-containing gas.

[0039] The oligomerization process described herein employing MCM-22 family

molecular sieves as a catalyst is effective in selectively removing isobutene from

-8-



10

15

20

25

30

wat er and | ess than 100 ppm sul fur and | ess than 10
ppm ni trogen, such as |ess than 500 ppm 30 ppm 1 ppm

wowioenss2gul fur, nitrogen respectively, nost pre¢EUSI90S078585

|l ess than 100 ppm 3 ppm O.lppmwater, sulfur,

ni trogen respectively. [0032] The oligonerization
catal yst enployed in the present process is at |east
one nol ecul ar sieve of the MCM 22 fam |ly. As used
herein, the term"McM 22 fam |y material™ (or

h cﬁﬂJﬂH?&f tihe  SHTkdnY "an@at 10R! SRUb@itiGHaPYE o0 I
tiﬁ?hKﬁhZ% Sgﬁl gﬂEWh%%ﬁCNL ““?aﬁ?|y zeolltem)a €5 dienc. In

PaiaGulpd edie prRsessris pdRcE VO redugiiy he dfolvtery eoptegt pip @estregp gpntaining
FOOSTW 1@%&1?&1@,%91{ QieRfoﬁﬁg‘tE al kd A& ﬁih‘ﬁ bdi ng, f(bs'uaplés #Mkds than 0.2

ceI whi ch unit cel framewor K t opol ogy.
Vo LRveR t by thas Ol Sspiae. i Mor@mrange@nmﬂt a éeﬁedap@wmﬂmlw at least 90

{VI% tof ll%qteh& {hlar ?e%erq §%§'{%§S‘ ocf on a fé@ﬁg n%‘?éﬁlléh kff %vt‘%l'b% said n-butenes.

crystal struct structures ar
Elnfsmué@mdscvhutenhéeﬂoﬁmt aﬁluerit cze dieh e uFerdaamvﬁmdﬁtofﬂy ﬁm,sfbr example, a
entire

f:near Quteen%l oihggrlﬁérlzap 10 rocess t% producg hr (I)lnt @1 Ir) oqeﬁns 0L <t:or tf(lje alkylation of

I'nCor pora HE e BPERE e ar’ sieves
lf)ﬂ‘n@dfﬂe@zvﬂﬂﬂi&ﬂ’buﬁeaem@rcdiﬁga‘tfee—bblyiﬁed:telng bl ock, being a 2-

@) W ns | ?thlatll o (ﬁ&ﬁ%@%g} h %%@%ﬁr@{% &t 1}(7[8%?% %ﬂﬁ@isrﬁolecular

m\%fas rtEebJ:dj(alyHﬁ s desttitictl i€ @ltbrnithinalkPes$ PulslicaidreNul WIOO6/015826 the
si eves nmade fr$p1connon second gﬁee bU|Id|ng bl o¢

PRV b 5 eGP OGP GHECHR 0 BFulr, 18 Found that

b uGKD ﬁﬁ:spres\éﬁte&%oﬁlehﬁh@loh PYRessOb romIce tﬁeh@ﬂbt@éh% dd)ﬁieht of a butene-
cell thickness is made from stackin

nm1%fegqlstcha%1@h gsv\%afﬁ%%pw agss thap Ogﬁgp/v rtﬁetre%%tpqlt feed can be used

fohdll%}faﬁ@ $nzedRitR hagk &%Cﬂltysfécsléc $EGRREz A INRR R, kil Abunts of
bl ocks can be in a regular fashion, an irregul ar

feEPhdhenzonc aad duiend akignns Poduced yluspgicralioilaion tskreraspfoduced to
9&9 low @él? C%@%s&hﬁﬁ@@bﬂ?ﬂ&z@ﬂe &Bﬁ%’f @agll'ﬂl@hr beocron{'fé?f%q ®"henol and

di nensi onal or I mensi onal Ination of unit
metlhyls chial/ikstpne hley MaiZing tesvoek butplbelzegy .to [ BOBBE  sce-butylbenzene

%cﬁ%&ixﬂfe aﬁh %ﬁ/eﬁstl %Iﬁ?e Wp&%x{d@mh i a111 Q(?\laﬂtgge Bihtﬂg’ fvention that

ar SleVGS
the catalyst employed for the selec‘uve oligomerization of the isobutene can also be

employed, under alkylation conditions, to alkylate benzene using the effluent from the
oligomerization reaction.
[0041] The invention will now be more particularly described with reference to the

Examples.

Example 1. Selective Isobutene Dimerization with MCM-22 Catalyst

[0042] A fresh MCM-22 catalyst with a nominal weight composition of 65% MCM-22
crystal and 35% Versal 300 alumina was used for the experiment. The catalyst was made by
extruding the MCM-22 crystal with Versal 300 alumina into 1.6 mm (1/16 inch) diameter
cylindrical extrudate. The extrudate was cut to 1.3 mm (1/20 inch) length and 0.25 g (0.5 cc)
of this sized catalyst was used. The catalyst was diluted with sand to 3 cc and loaded into an
isothermal, down-flow, fixed-bed, tubular reactor having an outside diameter of 4.76 mm
(3/16 inch). The catalyst was dried at 260°C and 1 atm for 2 hours with 100 cc/min flowing

nitrogen. Nitrogen was turned off and the reactor was cooled to 69°C. Mixed butenes (see

-9._
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X-ray diffraction pattern including d-spaci ng maxi ma
at 12.4+0.25, 6.9%0.15, 3.57+0.07 and 3. 42+0. 07

wo\egshsaem The X-ray diffraction data used to PCT/US2008/078585

characterize the material are obtained by standard

techni ques such as using the K-al pha doubl et of copper

as incident radiation and a diffractoneter equi pped

with a scintillation counter and associ ated conputer

as the collection system [0034] Materials of the

MM 22r0f andgl &'on‘lﬂaﬁlltlHﬁj)ewﬁ@Mtl%aucfeg SARN IhPagackd? 4d-6d At &Nl reactor
No. 4,954,325), PSH 3 (described in U S Patent No.

arewsy, wodpd 344y kD (Wegwsig)bdnteng flovswapghicaneduged to 6.0 cc/hr (12
0293832 7ﬁr0duga%rﬂpge1g§1?%5§ 'Qﬁg/zédqorﬁi'% 99&9@ hbak @?tan Ne-Ge equipped
Bitlh Yo mgel)el cq)lnr@ng a( (8% BPr- be@umm 'ancim SOMeRQh a¢lurlﬂat Bivuid samples

l 1101): 1IN0 b
B S AL g Y G AR RE A4 00 i
Weh emipeidoure 56t2869,. 59533, aMCROBbrefmbetscty. biReprésantding. data are shown in
Jﬁ%ﬁggt No. 5,362,697), UZM 8(described in U S. Patent
, 756, 030), and mi xtures thereof. Generally, the

nol ecul ar sieve is selected from(a) MCM 49, (Db)

MCM 56 and (c) isotypes of Fak49 and MCM 56, such as

| TQ %amlilé’) 351 The N 22 famty npiecutarrsieve gan be
useu']ja% G ESENt PrOTESS (i[§ UT uuuH;u5 Ul dl197l Of My Q1
can 'T'é‘mﬁe%tﬁé FEUT Wt a cunvegd Tonat gt al [ oxgde 90

EAASPHT

bi ndelmyRKEh as| at um na. |[0036] e presept
ol i gQiERTI zar‘l on| process i|s conducted at ajrelatiyely

| ow[TGhREEat ur e[ of (fpppmM aboyh 1 A5°|C 1@ 1h €SF boan 4995
suchhaghd om abput (RgPT 10 ahedT [IZ200Gs TheopseSFUD 896
enpl epeehd N The| procsss 1|S nndio Cl|osed.3p7cont4ughs ef, 40bub
genendulefe W Il De bebymeen abood 345 pand aboule4l 3[190.223
kPag 1dopirentt 50 and 4aBput [200814si[9) ,0.18ypi cabhipw DET vwesn
abouyt-Bl3d® and abosd48516 kRag2 (aboud.70800] azdoebpuiy.gss
800 [psk@}ne such|that7at Tleasu3i he butsenes| anssi 0.343
substantially ih thesligui dopbase duriong t he199 0.201
ol i gogeri zati on| pr ogess. |The.epr ocess.2oan pes.sis 9.018

Co" 0.000 1.675 1.559 1.540 1.615
Sum 100.0 100.0 100.0 100.0 100.0
Conversion %

Isobutene 93.0 95.9 97.4 98.2
Butadiene 9.2 14.3 20.1 28.1
n-Butenes 5.4 5.8 6.0 6.5
Selectivity, wt%

Cs;-C, 1.18 1.17 1.14 1.09
Csy 81.01 83.04 83.72 83.88
Gy 17.81 15.79 15.14 15.02
Sum 100.0 100.0 100.0 100.0

[0043] The flow was then reduced to 3.6 cc/hr (7.2 LHSV) and more data were collected
at 3448 kPag (500 psig) with temperature set at 90, 83, 76, and 69 respectively.

Representative data are shown in Table 3.
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In particular,

effective in reducing the isobutene content of a

pod4am Thntata ninrfpbles 1 and 2 show that MCM-22 is active and selective for
converting isobutene to dimers or Cs~. The temperature required for the reaction was mild, in

the range of 69-90°C. Very low levels of isobutene can be obtained by adjusting reaction

temperature and/or flow rate.

[0045

reaction temperature and feed flow rate on isobutene level.
isobutene level of 0.07-0.08 wt% in the reactor effluent, the reactor could be operated at 76°C
and 7.2 LHSV or at 90°C and 12 LHSV. To achieve an isobutene level of 0.12-0.14 wt% in
the reactor effluent, the reactor could be operated at 69°C and 7.2 LHSV or at 83°C and 12
LHSV. Figure 2 shows the n-butene conversion as a function of isobutene level in the reactor
effluent. For each mole of isobutene converted, about 1 mole of n-butene was also converted.

n-Butene conversion increased to a higher level as expected when the target isobutene level is

very 1

1

OW.

S11 -

the process is

The data are further shown in Figures 1 and 2. Figure 1 shows the effect of

For example, to achieve an
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up to 5 wm % i sobutene, such as Raffinate-2, to |less
than 0.3 W% such as to less than 0.2 wt% even to

wo e®g/osfzan 0. 15 wt % NMoreover, even with a f eepPcr/us1008/078585

contai ning at | east 90 wt % of n-butenes, the present
process ol igonerizes no nore than 12 wt % of said

n- but enes. The resultant isobutene-deficient effluent
can then be used as a feedstock for, for exanple, a

| i near butene oligonerization process to produce

Ekﬁﬂﬁ% 2{ §&ButQlbehlens PPEducAbn UK M EVI-BL CALRE aRENBERGe Feed

with [inear butenes to produce sec- butylbenzene

[00é0d0] hieD araryfagpicoef the sarmYERE 2icethlybti (Ae dr MiddeRES” alumina
biﬁhé?Q a@us!}!ﬁ:% %%af;l @iyl ‘Xlasrrﬁ’éeg Q?HIJ Ak afidy&Yibn %? bEI{}%né:@hﬁ‘bytﬁﬁene The
Is described in International Patgnt Publi cation

AedBt OR58ptie forine ot iorremddrlbmal)sdighetoingydindranak extrudate chopped to

}g&%?ﬂg&h&g lgh%{he Hd QX%&EIH%’ S ?and t0) 3%@“&5& %ﬁldgc[ mtd Ini sg‘thermal

resen goner | zat
fbcwatﬁ@s, ﬁX@debe@l mld.mlar ln@ctlos bda/unm@ucsmmet@fof a. 76mm (3/ 16inch). The

epecont.a ni t g? I nat e- 2,
altlal%st tv&ﬁl E)A ﬁt ﬁ% }E (gz arné Swul t 100 tcc m1n oWl rg 1[1)1 10 en fqr ? hours. The
ailrkydnat® thand effendvbédzed Wasghd sethe ctactor hly6(l @/hr untll reactor pressure

I b . Lot
Raded e O ERE S0% MR S0 Bt BRvRRRHRY SR e dusat tp g3 corhr
tohe WHlsy/I) aBiitofic S:E(E@%RIS% 1-Beteieed. 39% Maftahe] @V6% e36Bhitsne, and 0.18%
e resul tant C- bu benzene

OBy LY R aB BB S RBERG 2 SL T LEVBHSY byt ced Benzene butene

P¥iaflafib REs bt ERG-40 91 YbPBBZRNE rind THe QeHdER temperature was adjusted to
sec- butyl benzene hydroperoxi de and then cl eavi

opddBk Prpducty WeiesCOQ?Ft%‘d‘vd?ﬁC&)é éO’éﬁlthqﬁ of il AY &%q%o?ﬁ)@ kPag (300

ﬁsr@tm b B@ld-‘ﬁ%t) ahy/Slal R@Q@&@Mﬁ@' f Bltchh@ns&lies 1bv'aé/ §etermined by measuring
I gonerization of the isobutene can al so be enpl oyed,

um@Peredaa RyenatElonvecorfded 2-busne. t Bhcapaalyshtves e nteane fogh drgs at 1.6
w}ﬁsver Mé‘f@%ﬁlfﬁm 3 'Bﬁteﬁ’é 6&9&%{1 223& ;yQQt 4 Wﬁis\@%m b@%‘%lwersmn,

The invention w | now be nore icularly descri
thien b drefie?. 2 NCRSY mlﬁltﬁé%zmwmses, an@é‘alﬂ\qw@ by, { ok egtin gel .6 WHSV

érvﬁﬁ)bé‘?t%e nc%n%rﬁgl{.i Z%i Q&CWatﬁQn W %gtec% Q:llu)flﬁé the 11-day test cycle.
Representative data are shown in Table 4. Relative activity of MCM-22 based on first-order

butene conversion was 1.0.
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[0042] A fresh MCM 22 catalyst with a nom nal

conposition of 65% MCM 22 crystal
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[0047]

isobutene, MCM-22 is effective in alkylating benzene at 95%+ 2-butene conversion with a

The results in Table 4 show that, with a 2-butene feed containing only 0.15%

selectivity to sec-butylbenzene in excess of 90%.

Example 3: Sec-Butylbenzene Production Using MCM-49 Catalysts and 2-Butene Feed

[0048]

by 0.6 gm of MCM-49.

on stream for 4 days at 2.7 WHSV of butene with 97-98% butene conversion, 1 day at 8
WHSV with 97 % conversion, 0.5 days at 12 WHSV with 93% conversion, 1.6 days at 2.7
WHSV with 98% conversion, 0.3 days at 19.2 WHSV with 86% conversion, and followed by
0.7 days at 2.7 WHSV again with 98 % conversion. Relative activity of MCM-49 based on

The process of Example 2 was repeated but with the MCM-22 catalyst replaced
The 1.3 mm (1/20 inch) quadrulobe extrudate with 60 % MCM-
49/40% Versal 200 alumina binder was cut to 1.3 mm (1/20 inch) length. The catalyst was

first-order butene conversion was 2.4. Representative data are shown in Table 5.
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[0045] The data are further shown in Figures 1 and 2.
Figure 1 shows the effect of reaction tenperature and

wo e@d/osd20w rat e on i sobutene | evel. For exanpl BCT/US2008/078585

achi eve an isobutene level of 0.07-0.08 w% in the
reactor effluent, the reactor could be operated at
76°C and 7.2 LHSV or at 900C and 12 LHSV. To achi eve
an isobutene level of 0.12-0.14 wt% in the reactor
effluent, the reactor could be operated at 69°C and
7.2 LHSV or at 83°C and 12 Ehis Fi gure 2 shows the

n- bllf epne—conver SI oRh—as—a anfl faYal 3. | cnhllf ene ! e le!
i (2RS PESTR _effluedt) | Hor>dadh Hblé et i dobisepe L2
conVHRE I HSYel 1 lpe12d o ."2Z utlertlwas—al 512 2.7
Vabyeng Comvie s o 17 06 Sl o7 | 067 Lo Q7 o 10863 o] 097.6

con d. tLS ; tt 1l converston—t+metreasea—+oaHHghet

a + K t Aar At r et anall avial HEP-
| ev gl s PRt tpepy bt set ieolut ane heyet o
I\/CI\/EI sButene & -Butene” | 0000”1 0,000 12 6,000, 1 0:00p~ 7" (1358 “T 0.600
1y 04, 8108 T 0809 TP 147 ) (s E b 111

Z [Ldl d S \U\ 70 WICINF 2471 SP70

i

samy satre Mo 2
al urﬁﬁl‘g‘nd’gﬁ t%“ N Exehpl e428 was4iisedl 356r | t higs
al k) Ao of Uellétlleo‘(ygié‘li r's teblﬁdrs N &t e yat TWeS
In 'B%yl&%ﬁi@h@ a L6 gk (T 3954101y of AET@T | 0.042 | 0.091
cyl i TR et &F T Udat s, odeTaPBBEL 10040 [THHA | 1®HIFCT0.000
| engitip, @03, WaS ai UlgdsgM T8 FaNHo180 T $GoRND1 7oAURE 513
I Nt G BRyibSALEeT Mal [ dpya- T gWes T[T 5685 Bedost UBgIH@ I | 0.013
reaqd; iyt an CUI§$1@8 Al 3EETEF 6@ |45 JBMMN 5649 | 4.672
( 3/ BN enzed€ Catfalysk Wag.4ey i[efaf [ IREHC aftkol | af il
Wi t IHABE cc/mn TTqwag2ni [t 0egen .06 2 how $. 0.d08e| 0.007
nitregen was turned ofgh.oand fenZeng.orasdodd [t molhe 100.0
r eaQiu@dbeaten®8OoreNT| UNti [ [reactdr pregsure feached the
dESithﬁ%IEEE EIPag ([3GR13psi[g).13Bengerne [T b.ow Wagodehen.o97
r edligeght§leenZen®3 cc/[hro.{06. §7 0\WHBY) 0.08ut emenof €edod99. R@RMo
2- byberaylb&za9% Nn- Qutvare, [0991580|I ®xbuit engs7 and.ofh 189139
ot her-Bitylw@asent Nt r odUcem1Br gmoa2syr 0.oge [poo ato.@457 0.014
cc/Bum( 1. 6 WHSV) . Heedobenzeoe) hut@me | modoar | r BDi00 | Wae.0
mai ntained at 3:1 for the entire run. The reactor

t sorpeyRensete lpadant o st ted buylbegesaot defegatlawith 6dutt-s

were collected at reactor conditions of 1600C and 2068

1984Y ( 36tr psily) inj Trdle & shet thaapWidha Zabreenpziser sgtaipingenly 0.15%
%otﬁkgn%,nﬁ@@—ﬂy%r &f&ﬂvyﬁsalgqatﬁ{grﬂeﬂféae BY 9 §BASUSkING conversion with a

selectivity to sec-butylbenzene in excess of 92%.

%
s

Example 4: Sec-Butylbenzene Production with MCM-22 Catalyst and Raffinate-2 Type
Feed

[0050] A 1.0 gram sample of the MCM-22 catalyst (65 wt% MCM-22/35% alumina
binder) from Example 1 was used for the alkylation of benzene with Raffinate-2 type feed.
The Raffinate-2 type feed was a synthetic blend with the following weight composition:
53.43% cis-butene, 41.29% trans-butene, 4.54% isobutene, 0.48% butadiene, 0.09% 1-
butene, 0.09% n-butane, and 0.1% others. The catalyst was in the form of a 1.6 mm
(1/16inch) diameter cylindrical extrudate and was diluted with sand to 3 cc and loaded into an
isothermal, down-flow, fixed-bed, tubular reactor having an outside diameter of 4.76 mm
(3/16inch). The catalyst was dried at 150°C and 1 atm with 100 cc/min flowing nitrogen for

2 hours. The nitrogen was turned off and benzene was fed to the reactor at 60 cc/hr until

- 14 -



10

15

unreacted 2-butene relative to feed 2-butene. The
catal yst was on streamfor 4 days at 1.6 WHSV of

wheioenss2ai t h 97% 2- but ene conversion, 2 days apCHUS2008/078585

VWHSV wi th 95% conversion, then 1 day at 7.2 WHSV with
86% conversion, and followed by 4 days again at 1.6

VWHSV wi th 97% conversi on. No deactivation was detected
during the 1 1-day test cycle. Representative data are
shown in Table 4. Relative activity of MCM 22 based on

fehdisit éorgsrsﬁil%rrea{éﬁécﬁﬂﬂ@ dgs(i’l@H 90@8 Pﬂﬂa 9. Bhl& 40w was then reduced
i SO- benzene | ess oI n tot al butyl benzene

Wdt 63d‘@fhé €2- @MY rapd @@ffu@@d? typoad pagigoguesd from 4 syringe pump at
f)l &/t @V‘WH% 2 "T'h% hre@ctgr Q&ﬁ&?ﬁ?lfee%gs Caﬁﬁfsl%ﬂ nfong600 Feed
yOlA)lsobu ‘ene, ective 1n
bﬁnkwe@mlteng ntdan Zetire wat mg@%meﬁ ay dtlefoe theoenyiey ginon Liuidhpreduct was
it e [ 9
%&(Ie&&? 11Y Xoé& Bas &ha kﬁ%&l&%&%ﬂ gﬁ‘ F}% du%tulﬁ}ogg % e smnN%'& Lflstermlned by
etsatn}gmrseaawd bﬁteBute@mlee fecfea! lfl@@l&S]ThEIwetakysm@m sgfam for 6 days at

2 [ epga t. with the 22 C o
FAATRISS O 5n6 SOATOPE vl SbEng T 47 67 ARRY witn s0%%
qmaei'smh ObéayeattWZJK}H{Sa/ wiith [6260c v dvkibvh, 8/fdI0HGeysallay? @@ain at 1.6

d t t .3 1/ 20 i th., ..
R S A Y
Pranene binietl bn 9ist-98% buéereneaivexws&id, 1 day at 8 WHSV

with 97 % conversion, 0.5 days at 12 WHSV with 93%
conversion, 1.6 days at 2. 7TM&¥ Wi th 98% conver si on,

O | N A\ALIQ\ /£ o
e

SHAYS; at J.U 2YWHSY, Wi ||3,8"9/6 GOy er %I of ﬂllu 3 15

fol bé’ e SHYn ays) & F299 j“4‘3"79"“ °“7'3§""' t '8 130 788 |11.79
con SV tEI cll I [ 1%(.’[ Vll.(} Ui 6 IVL;IVI'4-|-8‘7 Udbﬁl Ulll 6 1.6
fi 5k IR HE],, BET e COWEr s 911 WS 4 593 REPLEFERll V870
dat 1., SRR T T Tab £ ﬁ?ﬁﬁ T T639- BUBYL DETABTIE o4
| e, L4180 cHn\53/° M TObgh PHoY [PERZETTE100Q) [095 EC "1166 ®] 100.0
Wi t o et S5RG iy POAPT The| Tesyits rapi ¢ 5 Snow that,

W tica Z-butene Tepq @enf @i ng ooniyoyr3197% oS0l Ub@ﬂe@.ozs
MCNEZ8, TS efTecti VE gRgal Kysat hagy DERZANE @F4099%%56 | 0.555
2- gl £0€ GQURYET ST ON dM3H N[ As86 | 7.746 | 10.343 | 12.852 | 7.916 | 8.230

oligomers)

Cumene 0.175 | 0.183 | 0.189 | 0.183 0.194 1 0.196 | 0.172
t-Butylbenzene 2319 | 1.577 | 1.521 0.697 | 0.561 | 1.267 | 1.224
iso-Butylbenzene* 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
sec-Butylbenzene 81.330 |83.058| 83.282 | 82.789 | 81.265 |83.453|83.406
n-Butylbenzene 0.034 | 0.059 | 0.055 0.063 0.058 | 0.060 | 0.062
Di-butylbenzene 5.227 | 5.559 | 5.580 | 4.642 3.972 | 5.465 | 5.312
Tri-butylbenzene 1.456 | 0.887 [ 0.926 | 0.495 0.378 | 0.837 | 0.840
Heavies 0.284 | 0.225] 0.200 | 0.225 0.055 10.224 | 0.174
Sum 100.0 | 100.0 [ 100.0 100.0 100.0 | 100.0 | 100.0

Butylbenzene
Composition, %

t-Butylbenzene 2772 11.863 | 1.792 0.835 0.685 |1.494 | 1.445
iso-Butylbenzene* 0.000 | 0.000 | 0.000 0.000 0.000 | 0.000 | 0.000
sec-Butylbenzene 97.187 [97.817] 98.143 | 99.091 | 99.244 198.435|98.482
n-Butylbenzene 0.041 10.070 | 0.064 0.075 0.071 | 0.071 | 0.073
Sum 100.0 ]1100.0 | 100.0 100.0 100.0 | 100.0 | 100.0

* 1so-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

[0051] Table 6 shows that the MCM-22 catalyst was effective for sec-butylbenzene
production using a Raffinate-2 type feed. The 0.5% butadiene in butene feed had no
significant effect on MCM-22 stability during the 12-day test cycle. However, the 4.5%
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selectivity to sec-butyl benzene in excess of 92%
Exanpl e 4: Sec-Butyl benzene Production with MCM 22

w@aioalhyee7 and Raffinate-2 Type Feed [0050] A 1rOI/ysmns/078585

sanpl e of the MCM 22 catal yst (65 wt % MCM 22/ 35%

al um na binder) from Exanple 1 was used for the

al kyl ati on of benzene with Raffinate-2 type feed. The

Raffi nate-2 type feed was a synthetic blend with the

foll owi ng wei ght conposition: 53.43% cis-butene,

Aot 1R MarcRdFR] ﬁicrélse%‘bﬂlﬂr&ﬁ}aﬂfoﬁﬁﬁmno ARV "ﬁﬂécﬁﬁ‘ %elec‘uwty

0.09% 1- butene, 0.09% n-butane, and 0. 1% ot hers.

BatsHIcg K Mel$% R-butsac fconyeradn was 8% fam bukong ailigemyrs, 12 1 5% for t

Bjdtﬁgﬁl:z Qﬁ’d ¢34 E‘dr%@é bﬁﬁ%éﬂi@@é el"lﬁ{'@as"‘@sﬁgrﬁ%a‘ﬁ{ @Iﬁnéﬁé M?en compared

sand cc and | oaded 1nto an Isothefmal, down-f

foi rﬁseléts b7e1}1b1€t Yungihe paaceatalyshand hrjutare foed: s$qﬂ®t1mt3améasered with 2-

636,16 S | 0 ]

S 00,5y RO ST Yk P s B0 o

bm:albenzeﬁléh endd% 96@@@1 se@buty lbenrent. oTlfe weadf Bdﬁzaﬂé tyyaesteddesulted a

Lg, aqw rgactor 29 cc/hr untilreactor pressure

FEASHEY { F}é) eS| red— 2068 kPag (300 psig). Benzene flow

was then reduced to 7.63 cc/hr (6.67 WHSV) and

FERR: Secn i Bing S PrTuiaty i OEah Cl Fy SR Tvme

Pas adj usted to 1600C. Feed benzene/butene nolar ratio

maln ai ned a 1 for the entire run. Li i
E‘S uct TaRrOgs Pé@ 1?%%568?"6%9 rbabwgﬁgheal}é[%zgaa@w replaced
by 018 cBIINEONI- B0 MAKSS the Ra@Sat£l @ @Eediim B arkllc MEARII B R (1/20 inch)
unreacted butene relative to feed butene. The catal yst

rutbe st irwtetn Wig 6% &y -4Qt40%e Benghse0 gz apder o gt to 1.3 mm
8%% idcth Ll&r%ﬂ? C‘PHB/WCWI QQ wad o @Weddh fot-BaadpHBV3 WWHSGQ)%butene with

conver si on, day at 2 WHSV with 62% conver si on,
9656 Cometiopy | daYd'rm?é %(@IéVnWl&t ROE3 350 WIS TSN #ndgzdays at 3.2 WHSV with

r |
POPNCHSLAL, (R SAENTHAE Oil, f SaR O Ty Br i

baseborefisoerderbaitenn conyss@nsvas Tdbl e 6
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* 1 so-Butyl benzene |l ess than 0.5%in total

but yl benzene not detectable with GC used.
WG 2@bosR2t hat t he MCM 22 cat al yst was ef f ect i vRCT/082008/078585

[0

051] Tabl e

sec- butyl benzene production using a Raffinate-2 type
feed. The 0.5% butadi ene in butene feed had no
significant effect on MCM 22 stability during the

12-day test cycle.

However ,

but ene feed increased by-product formation.

initial

| i neout,

selectivit
2- but ene conversi on was 8%

the 4.5% sobutene in the
After
nmeasured at 97-98%
leut ene ol i goners,

1.2-1se%plter tbutyl benzene, amd 83%fors 8
sec- biitayd demzene. This was a 8B8gni fli cant2 change skhen
conpamednd WHSEsI t s in Tabl e 42using the sane cai.al yst
and 2pPButeenéofve®d. Sel ect i vi t9p.Ineasur e@.w t h) 2- Biit eng
feed atob@ehe@884 2> but ene conveld7si on (was6422 % f or92.8
but en@uatlicgpdivey.sy 0. 1- 0. 2% f dp0.¢ but|yl b¥iPene, ahe).0
89-91 Selextivi benzene. The use of Raffjnate-2
type fi€ed resulted a 50% actiowi#ty dropd.§3@r MCM 2928
Examplée(h:  Sec- But yl benzene Bridduct|i ond-#Bt h A83
Cat al ysenddpndbRefefoligmtees) 2 Typd-6f&ed |[ 00BPL The pfddess
of Exéipkb#e 4 was repeated|/ but)-148t h [t hel-MEM 2P c A2 yst
repl atﬂ%(o]tyllwnzgner, gm of MCM 49 1.8%hi s [i s .48 sa 1.240
cat al jsotBuipdbsazepet” Exanple P PWEY1 3 nmR-90%/ 20| | n€RI2
quadr [edbivlespenedat e wi t h 608234 49/ 40984 er sal 84180
al um ABWIEERe was cut _tol 1 ’Q-Oﬁ%n( /?ﬂo@srgr‘h\ | eAdeth
The MEbuglo f or 5% 3ba¥<_at3.827_82 \ Q\!42?3
but engliguyeersy n— 1043y ar  P-BIugy wWOR
80- 83%A8dHversion,—and 3 tayd-Zh¥ " 3 8 with 8404
converilon Repr esentati-ve dabhlara shiWdinl Tablld 7
Rel at I ;qmposidonysens 49 baced gn—fitst—ofder
but enfCENIREEES of was 1 1] TaBHdd 7 4 i <0 %Bus w-beniahe
| ess LRAMUPEBENT, ¢« of o thym‘Qﬁ?‘zere OTKUbd M1 £
with Elidbeniingagay oo SR T 08000y g 986
cat al | n-Bulylbenzend o ot i):]'?',\m__,,\ﬁ(i.()ﬁgk,m,,mﬂ.om
iy SRR AN AT: (TSR AN (Y
DTOdU T of uolllg arartrtrfare=zZ type—rreea Iy J70

b utis%%u?ynb nzeQe lgslslttﬁgﬁ SIA)%? %tabgi(#yl‘tpegzene not detectable with GC used.

[0053]

production using a Raffinate-2 type feed. The 0.5% butadiene in butene feed had no
significant effect on MCM-49 stability during the 7-day test cycle. Again, however, the 4.5%
isobutene in the butene feed increased by-product formation. Selectivity measured at 96% 2-
butene conversion was 8% for butene oligomers, 1.2-1.8% for t-butylbenzene, and 83-85%
for sec-butylbenzene. This is a significant change when compared to results in Table 5 using
the same MCM-49 catalyst and 2-butene feed. Selectivity measured with 2-butene feed at
97% 2-butene conversion was 1.5 % or less for butene oligomers, 0.1% for t-butylbenzene,

and 92% for sec-butylbenzene. The use of Raffinate-2 type feed resulted a 50% activity drop

Table 7 shows that MCM-49 catalyst was also effective for sec-butylbenzene

for MCM-49.

[0054]

the mixed butene feed to alkylation gives reduced level of t-butylbenzene and reduced

selectivity (less than 4%, typically less than 2.5%) to C8-C12 oligomers in the alkylation

product.

The above examples show that reducing the level of isobutene to below 0.2% in
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significant effect on MCM49 stability during the
7-day test cycle. Again, however, the 4.5% i sobutene
w0 poovkss2but ene feed i ncreased by-product for meERCDOS2008/078585
Sel ectivity measured at 96% 2- but ene conversi on was
8% for butene oligonmers, 1.2-1.8%for t-butyl benzene,
and 83-85% for sec-butyl benzene. This is a significant
change when conpared to results in Table 5 using the
same MCM 49 catal yst and 2-butene feed. Selectivity
[0885Ur eqnih the Brolitt ERenddaekhs e Zl%cabapﬁrgf‘?lg&%éﬂeﬁys k&@Eence to

was 1.5 %or less for butene oligoners,

partigulay| chbndisncats. hag rosingy skdkinghe prtbeh zaéhr@CIafvﬁléat dleinvention
Qfldsa@s frid Qf‘éﬁa[tl%n§ Mfenefc@s§9ﬂ§ aallEd h?}eéo%oﬁl(ﬁlb Yéatsé(n Qﬁéﬁp reference

bove exanpl es s how t hat
$1@dlddqen@,adtehelelyetvé wheidsd islairentr porpbess ol @eragsing therfme scope of

' feed to alkylation gives reduced |evel of
?%éﬁg?ﬁgéﬁgghe and reduced selectivity (less than 4%
typically less than 2.5% to C8-Cl2 oligoners in the
al kyl ati on product.[0055] Wile the present invention

has been described and illustrated by reference to
particul ar enbodi ments, those of ordinary skill in the
art will appreciate that the invention lends itself to
vari ations not necessarily illustrated herein. For

this reason, then, reference should be nade solely to
t he appended cl ains for purposes of determ ning the
true scope of the present invention.1l. A process for
ol i goneri zi ng i sobutene, the process conprising
contacting a feedstock conprising isobutene with a
catal yst conprising a MCM 22 fam |y nol ecul ar sieve
under conditions effective to oligonerize said

i sobutene, said conditions including a tenperature
from45°C to | ess than 1400C. 2. The process of claim
1 wherein said conditions include a tenperature from
500C to 1200C. 3. The process of claim1 or 2 wherein
said conditions include a pressure of from
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345 to 13790 kPag (50 to 2000 psig). 4. The process of
claim3 wherein the pressure is from 1379 to 5516 kPag

W@ 209/05522800 psig). 5. The process of any preckdi/ng008/078585

claim wherein the nol ecul ar sieve has an X-ray

diffraction pattern including d-spacing maxi na at

12. 4+0. 25, 6.9+0. 15, 3.57+0.07 and 3.42+0. 07

Angstrom 6. The process of any preceding claim

wherein the nol ecul ar sieve is selected from MCM 22,

P& ARKL- 25, ERB-I1, ITQI, 1TQ 2, MCM 36, MCM 49,

MOWF56, UZM 8, and conbi nations of any two or nore

thereof. 7. The process of claim®6 wherein the '

kol ecul &r Proresy dor gligemasizingd isphuiegheMig pPRCceHBmpgising contacting a

f#%&o%ﬁ B iGRY 6%%%%213_ tagg'yﬁohl\fyﬂsiﬁ amﬁ—b%ﬁ}ofnolegular sieve

e process of any preceding claimwierein the

figled spodkom sifectpnpe | digomatizd ezidt isdneenadadid | nditios including a
r ocClaim8 wherein the or one

%Pégﬁﬁhagnggg%gﬂggﬁéé%%iCgonprises nbut ene. 10. A

process for selectively oligonerizing isobutene in a

ydrocarbon feedst.ock, c risi i,.sobut ene and at o
Tt o Bets PEHAR Lo ARl ¢ P ERobElt £BmsRurs gom s0°c
oanbacti ng the feedstock in accordance with the
process of claim8 or 9 to produce a first effluent
conpri sing isobutene oligomers and said at | east one

addi ti omd plecab kevrim 1lor 2TWkergih @gidscondifio| ia¢1idcl®d pressure of from
wherein the at st one additional C4 al kene

%ﬁﬂﬁﬂ?ggggﬁgf%még%xﬂﬁﬁﬁor but ene-2. 12. The process of

claim 11l and further conprising separating the

i sobutene oligonmers fromthe first effluent _to g{oduce
% secondheprPriient clping i Whirghthe meesiuraisaften 1B Enerld kiag (200 to

&5 the second effluent as a feedstock for
ol i gonerization to produce higher ol efins

5. The process of any preceding claim, wherein the molecular sieve has an X-ray
diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9+0.15, 3.57+0.07 and
3.4240.07 Angstrom.

6. The process of any preceding claim, wherein the molecular sieve is selected from
MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, UZM-§,

and combinations of any two or more thereof.

7. The process of claim 6 wherein the molecular sieve is selected from MCM-22,

MCM-49, MCM-56 and combinations of any two or more thereof.

8. The process of any preceding claim wherein the feedstock also comprises at least

one additional C, alkene.

9. The process of claim 8 wherein the or one of the additional alkenes comprises n-

butene.
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with | ow branching. 13. The process of claim 11l and
further conprising using the first effluent as a

wo ewdosaek for the al kyl ati on of benzene in theCT/US2008/078585

presence of an al kylation catal yst to produce

sec- butyl benzene. 14. The process of claim 11l and
further conprising separating the isobutene oligoners
fromthe first effluent to produce a second effl uent
rich in butene-1 and/or butene-2 and using the second

ff.f | uenpy Ascds freedel-qrds O‘H orthd1EirR! K¥hAddeOR PhyReO#ERC eedstock
in the presence of an a kyl'ation catal yst to produce

senrisingyiob A at fesst ope grldigtoaslCafadirenp thripresasgcomprising contacting
ﬁ’l@%éﬁ%}fﬂ lﬂ?ggc%ﬂﬁncet H8h Qﬁ@gl%é?css (‘qugpdrlllnsg B89 tgq;roduce a first effluent

contacting a C4 hydrocarb eedst ock conprising

¢anarimging nwbutaek @igomerond eandatdcdsuergnddipipnah Caalkeiteal yst
conprising a MCM 22 fam |y nol ecul ar sieve under

conditions effective to selectively oligonerize the

l kobut el proadsel ot daidi 10, ovksreimik adieay oac adiperbCunlgene comprises

b om A45° p 19 Iefs t han 1400C and said contacting
uten& 1 and or
I'ng a 155t ef fluent conpri si ng i sobutene

ollgoners and said at | east one n-butene; (b)

par at t he ispbutene oli.g rs fromthe firs

T ot SToSFtsa b mo L 1 BF 'y SREPPYRg, SFHAEE by isobutene
J)l%’@»ﬁfeh stCﬂ‘tﬁn fhre it efiﬁlentl(tﬁ bro@@dﬁaﬂg@tdnﬂgfﬂd&ﬁt Shdn gﬁkeﬁ f hideditbutene-2
mnt enzene r ation conditions. and in

bintob® afeoud Sy rined BROERAP, SiecisTRisa 6 arotuee igher olefn
FREtRUbMhdaRZENe. 16. The process of claim 15 wherein

the C hydrocarbon feedstock conprises up to 5 wt%
i sobutene and the first effluent contains |ess than

03,2 Wt YrhS QRIERNSE: cldidy 11TRARY BEARE TOmPhisifd abiAg MR @Fst Lfluent as a
wherein the C hydrocarbon feedstock conprises at | east

@gds\‘mc%f@f the alkyladipe of hetdenchia thopresaes plgan glkylation catalyst to produce
hi#es no nore than 12 wt % of the nbutenes. 18.

The rocess of claim15, 16 or 17 wherein the

conditions in contacting (a) include

14. The process of claim 11 and further comprising separating the isobutene
oligomers from the first effluent to produce a second effluent rich in butene-1 and/or butene-2
and using the second effluent as a feedstock for the alkylation of benzene in the presence of

an alkylation catalyst to produce sec-butylbenzene.

15. A process for producing sec-butylbenzene, the process comprising:

(a) contacting a C4 hydrocarbon feedstock comprising isobutene and at least one
n-butene with a catalyst comprising a MCM-22 family molecular sieve under conditions
effective to selectively oligomerize the isobutene, said conditions including a temperature
from 45°C to less than 140°C and said contacting producing a first effluent comprising
isobutene oligomers and said at least one n-butene;

(b) separating the isobutene oligomers from the first effluent to produce a second
effluent rich in said at least one n-butene;

(©) contacting the second effluent with benzene under alkylation conditions and in

the presence of an alkylation catalyst to produce sec-butylbenzene.
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a tenperature from 500C to 1200C. 19. The process of
any of clains 15 to 18 wherein the conditions in

w@omvaseng (a) include a pressure of from 345P€DUSBFIDW78585

kPag (50 to 2000 psig). 20. The process of any of
clainms 15 to 19 and further conprising: (d) contacting
the first effluent with water and/or an al cohol prior
to said separating (b), said contacting (d) converting
at | east part of any isobutene remaining in said

gf.flue n"rh%\ﬁo@é@s 6f 818 12%herdiRen P OGRRR 21BN #AYst&kc HhBHIB up to 5
15 to 20 erein the alkylation catal yst conprises a

Wwekispbutengrang gherfptedfliicar cogtagg dess than 0P pisgJueads. of any

of clains 15 to 2 1 and further conprising: (e)

oxi di zi ng the sec-butyl benzene fron1éc) to produce a

hidr opeloxprdesss andaiff )5 ar|léaxbicregn thih €4 hydipesprondriddieck eapmrises at

fegs)t ob %(Q,YON%%HQJW&G%G ?o%c{ﬂ%t (Iaﬂ)lig%myikes l?l%tn%llg than 12 wt% of the n-

butenes.

18. The process of claim 15, 16 or 17 wherein the conditions in contacting (a) include

a temperature from 50°C to 120°C.

19. The process of any of claims 15 to 18 wherein the conditions in contacting (a)

include a pressure of from 345 to 13790 kPag (50 to 2000 psig).

20. The process of any of claims 15 to 19 and further comprising:
(d) contacting the first effluent with water and/or an alcohol prior to said
separating (b), said contacting (d) converting at least part of any isobutene remaining in said

effluent to an ether.

21. The process of any of claims 15 to 20 wherein the alkylation catalyst comprises a

MCM-22 family molecular sieve.

22. The process of any of claims 15 to 21 and further comprising:
(e) oxidizing the sec-butylbenzene from (c) to produce a hydroperoxide; and
(f) cleaving the hydroperoxide from (e) to produce phenol and methyl ethyl

ketone.
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