PROCESS FOR PRODUCI NG SEC- BUTYLBENZENE CROSS REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains the benefit of prior U S.

provi si onaib 2appl4emat i on Serial No. 61/104,280 fil ed Cct eo&rusi@9/025088 whi ch
is hereby incorporated by reference in its entirety. FIELD [0002] The
present invention relates to a process for produci ng sec-butyl benzene and
for converting the sec-butyl benzene to phenol and nethyl ethyl ketone.
BACKGROUND [ 0003] Phenol and nethyl eth ket one are inportant products in
t he chemical industryPROGESSY OINMeING SEEC-BYENVLBENLENE product i on of
phenolic resins, bisphenol A, e- caprolactam adipic acid, alkyl phenols,
and pl asticizers, whereas nethyl ethyl ketone can be used as a |acquer, a
sol vent and for dewaxing of lubricating oils. [0004] The npst commopn route
for the pr d RP Y fENX kel PREId ST ehydr ogenat i on of

sec- butyl ggg%%UB—F%B£;EimrTh‘##&r1Jzn%¥;iQGErng—produced by the

aci dcat al y1@@1hy drTatsiappliaafiorbeltien el beRefit of gaordl .8, proosmel ep@icatsmaicaalSBA

manuf act ur tion of bhu ene. Wi th sul furic i d.has been ..
acconpt 1 onal i ar STy E5iulhr Bt T htod e Hosrfe 28 et et o
absor pti onFIEDDO5] Currently, the nost common route for the production of

phenol is C rocess. This | three-ste rocess, in which the first
e i nvol VAO2E Ky RBRRSHR Giveridinshls & ¢ HogRa SyiewbeRE SHr pirted e
fol |l owed byowxitihgtihcac-Bhitylbaezcatlitiihendl and hethlstiye &@oimedi ng hydr oper oxi de and
t hen cl avgg&aga t he hydroperoxide to produce equi nol ar anounts of pheno
and acélon& VJ%Q., the world demand for phenol is growing more rapidly
than that figyospcetran®i ahdmdtéi &th@Aetdnb arcCiapbrift prsdapy i€ fR dhehrhl Meust9. t hat
for butenes is likely to increase, due to a deve| opi.ng shortage of
propy! ene. Frhgemplepplrnakds pppfel s & pipdusios ohahaghc desinsr dyphert Aséf eed
and co- pr odyaemctiRt fiflic Sk PLADR, SRLIIRLCERAWRERE A8y &My 18 (R can be
attractive alternative route’to the production of phenog. [0006] It is
known t hat e @llacamet. aolvept andifprydewreing ablubbgstibgodo- produced by a variation
of Bﬁtlxb;'log fodiPCe el Rodticilincie e ! RENBRARoR B hillig PP 1RRAE! ¥ by
dehydrogenation of sec-butyl alcohol (SBA), with the alcohol being produced by the acid-

catalyzed hydration of butenes. For example, commercial scale SBA manufacture by
reaction of butylene with sulfuric acid has been accomplished for many years via
liquid/liquid extraction and gas/liquid absorption.

20 [0005] Currently, the most common route for the production of phenol is the Hock
process. This is a three-step process in which the first step involves alkylation of benzene
with propylene to produce cumene, followed by oxidation of the cumene to the corresponding
hydroperoxide and then cleavage of the hydroperoxide to produce equimolar amounts of
phenol and acetone. However, the world demand for phenol is growing more rapidly than

25  that for acetone. In addition, the cost of propylene relative to that for butenes is likely to
increase, due to a developing shortage of propylene. Thus, a process that uses butenes
instead of propylene as feed and co-produces methyl ethyl ketone rather than acetone may be
an attractive alternative route to the production of phenol.

[0006] It is known that phenol and methyl ethyl ketone can be co-produced by a variation

30  of the Hock process in which sec-butylbenzene is oxidized to obtain sec-butylbenzene
hydroperoxide and the peroxide decomposed to the desired phenol and methyl ethyl ketone.
An overview of such a process is described in pages 113-121 and 261-263 of Process
Economics Report No. 22B entitled “Phenol”, published by the Stanford Research Institute in
December 1977.



hydr oper oxi de and the peroxi de deconposed to the desired phenol and nethyl
et hyl ketone. An overview of such a process is described in pages 113-121
and 261- 288 20fo/@2m8ess Econom cs Report No. 22B entit!| e@CTRIS2000/052630
publ i shed by the Stanford Research Institute in Decenber 1977.[0007] In
addition, it is known that sec-butyl benzene can be produced by al kyl ati ng
benzene with n-butenes over an acid catal yst. For exanple, in our

I nternational Patent Publication No. W06/ 015826, we have descri bed a
process fol0097bdudr mgdigpeniblis keepvmiahyec-itrienzenst entebe Predugericty pkrigdnee i s
nitially eoBkAcked Mhiiha droAlioubiallng. ROGat MIATE Al k¥ BhARyGPMIchl OnS

wth a catalyst conprising zeolite beta or a nolecular sieve of the

fam ly to Broldaten ale- aVRYVALESM we fhevedescaberthpinsbares Sacprbdicyigbplivreinand The
secbut yl be oXj .
hydroperox?%ggﬁg é%%%g&ge %@ﬁg%%%ﬁ%%ﬂgﬂgﬁmﬁm%%ﬂ£@£?E@F&gﬁ%@$gf%¢%ﬁg:

[ 0008] Al t hbkybphon hencbthmlmvmlr y ciatalyol weabrismgt 4eelital eyl art 2 @mplfcrlhlabeh:zerwé thei t h
butenes is Y55 r to that et hyl benzene .and ction, as
he- car bon Mt BT T & Gk Rkl G S O TR PRRUAL SR ABEY “HR' sP0uucs
i somers aI$mymmmmﬁaseghmF@kmﬁxampl@ndmmhynbanmeneMHaamOﬁ& h&quﬂmmdels
propyl benzene has two isoners %c ne r opyl benzene), and
butyIbenzeﬁgxﬂg@“péﬁpﬂﬂgﬁgﬁpgﬂ (ymmﬁg q§§8g and tert-butyl benzene). For
secbut yl bena®sg pmcmluagu tﬁélcheinilsttySde‘rmhh #talltyatich RF Bdnzénenwith hiddres is very
tert-bghylben ene, gl Ibuten S n§ groQﬁct formati on since these

by- pr odtict '™ é\}‘é tB% OF (7§ s 3\‘/‘ PoPEREIYe @ H WF‘%’B‘hz‘%‘ 2Rt Hfence

are diffi Clellk?rlahﬂg se@aliadr@sés e ﬁlﬂﬁbé@lﬂf)ﬁr&ﬁ@tz a0RcRYald Biichdcal iR &ks@pict abl e
bel ow). Butyl benzene Boiling Point, But yl benzene 169 |-But%lbenzene

171 s-Butyl Wf%w@e liaf‘s)nﬁlSB{!i*FSfP’E?@W?@ﬁénel@S YO BHOYF (BHEEG ard n-PORYBERZIYenzene

and especi ghd Youhy@8dnzdhdt ¥dsbRRZ 8RS §nkNoWN tQ, BRd | BRILRIVIRAZNEO tHIE sec-
oxi dati on of sec-butyl benzene to the correspondi ng hydrfoperoxide, a

necessary huwfbeazcap Mreductipe oriodRIOTEH of MyENAR Net Kyt REDBBCRREC pihol |
However;s alphé}@ﬁﬂhenes by-product formation since these by-products, have boiling points very close

to sec-butylbenzene and hence are difficult to separate from sec-butylbenzene by distillation

(see table below).
Butylbenzene Boiling Point, °C
t-Butylbenzene 169
i-Butylbenzene 171
s-Butylbenzene 173
n-Butylbenzene 183

[0009] Moreover, iso-butylbenzene and especially tert-butylbenzene are known to be
inhibitors to the oxidation of sec-butylbenzene to the corresponding hydroperoxide, a
20  necessary next step for the production of methyl ethyl ketone and phenol. However, although
by-product formation can be minimized by using a pure n-butene feed, in practice it is
desirable to employ more economical butene feeds, such as Raffinate-1, to produce sec-
butylbenzene. A typical Raffinate-1 contains up to 2% butadiene and more than 5%
isobutene. With this increased isobutene in the feed, a higher by-product make is expected
25  even with a highly selective alkylation catalyst. Moreover, butadiene, if present, poses a
significant problem since its alkylation product, phenylbutene, is an oxidation inhibitor and
could react with another benzene to form diphenybutane byproduct.
[0010] There is therefore a need to provide a process for the production of sec-
butylbenzene by alkylation of benzene using a mixed C, olefin feed, such as Raffinate-1, in

30  which the formation of undesirable by-products is significantly reduced by subjecting the

0.



by- product formation can be mnimzed by using a pure n-butene feed, in
practice it is desirable to enploy nore econom cal butene feeds, such as
Raf f i nat ew@,20t04pr68duce secbutyl benzene. A typical RaffiPo&UUS200906268@i ns up
to 2% but adi ene and nore than 5% i sobutene. Wth this increased isobutene
in the feed, a higher by-product nmake is expected even with a highly

sel ective al kyl ation catal yst. Moreover, butadiene, if present, poses a

significant problemsince its al kylation product, phenyl butene, is an
oxi dat i on if¢Hithia BietreatEcH QUPEST that telsgitively dpdicerethe Jever @hdsobutenpif, where

di phenybut ape. HYREQRUE tnr thé RAd QhthJREL&sdivt bR SLIRIE: RufieRd. to provide a

process for the production of secbutyl benzene by al kyl ati on of benzene

usi ng a mi HH1C ollefinptidnelBatens FahlicagoRA¥of WHAGR1DE26 disciprice that krebdterrenitd on  of
undesi r abl e .byr-®or [ | QL Ly, SUby [ feed to a
pret reat monlgr oeact (RaFml Sl ERDUPERN R YR R D80 B
wher e ppeseMlBE. pubath wnef iha ftdden fleadkytioh olibengxreds prodecd wsdupytbevahaabl e

n- but enes. [0011] Internatiopal Patent .Publicat] . /01582
i scl oses. PhEtey tonteandd ity A ln B ER AT AR S A apepune
di meri zat i ot asing @ack iandommtthand tak alieoleadtioe ppaitice iMVIBESultpniaodinglo stageoOf t he

feed in the al kylation of benzene ta produce sec-butyl benzene. .lLn. practice,
hovever . wetiadlefh it ERAEAG pEe RiEeRebuBie BF 4Feh St ubaebheE have
found t hat sufSiciegtiywet @tvean dicoificari idvatidy Ibasedchd rte@dtity \lben2pe prodsgtion tin itlke

diffi cglt in a Sifgaglla'i stage of contacting to secure sufficient conversion
of i soblt eAePsegep WOPREP| evel of this isomer sufficiently to prevent

si gni fi cantsunsorARNY Y| benzene and tert-butyl benzene production in the
subsequent “al kyTati on step, SUMVARY [0.0121, Accordingly, in one aspect the

i nvention A¥¥2Hes AcRordinglo Qs $B5Ct HedBYRitiAY rSklen il ¢ PEnsss? dofebrofsdigorecess

conpri si Ngpufyen&ROLRCIHHAE @&nfpfispkef i ni ¢ hydrocarbon feedstock conprising
i sobut ene and at |east one n-butene with nmethanol and/or water in the
presence of®an ewtagtient &k plefinighydigabon feedidick comprivny behutepe apdatdedseenq vel y

oxygengse ihSpRE GRE XihnBl SUKE Gaitr {d the hre§dntd HEM aclﬁp&fta@s{‘ M&Qudd@xsc_%nhi%i&%m ene

than the feedstock; (b) separating sai 8 first effluent into a first heavy
fraction ricHbetiva toxylgetatye oxygsedi tswhetcrm dnd pfodpest a |firgihefilfigny contaming Ieks i n

said at | e%[)utg&ethgk@g}e%&%&pd i sobut ene;
(b) separating said first effluent into a first heavy fraction rich in oxygenated isobutene and a
first light fraction rich in said at least one n-butene and isobutene;

20 (¢) contacting said first light fraction with additional methanol and/or water in the
presence of an acid catalyst and under conditions effective to selectively oxygenate isobutene
and produce a second effluent containing less isobutene than the first light fraction;

(d) separating said second effluent into a second heavy fraction rich in oxygenated
isobutene and a second light fraction rich in said at least one n-butene and isobutene; and

25 (e) contacting said second light fraction with benzene under alkylation conditions and in
the presence of an alkylation catalyst to produce a third effluent comprising sec-
butylbenzene.

[0013] Conveniently, said C4 olefinic hydrocarbon feedstock comprises more than 5 wt%
isobutene, for example 10 to 60 wt% isobutene, said first light fraction comprises from about

30 1 to about 5 wt% isobutene and said second light fraction contains less than 2000 ppm
isobutene, such as less than 1000 ppm isobutene, for example less than 200 ppm isobutene.
[0014] Conveniently, at least one of said separating (b) and said separating (d) comprises
distillation. In one embodiment, steps (a) and (b) and/or steps (c) and (d) occur substantially

simultaneously, such as by catalytic distillation.
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(c) contacting said first light fraction with additional methanol and/or
water in the presence of an acid catalyst and under conditions effective to
sel ecti veWw9 20uygeasat e | sobut ene and produce a second ef PCHArsRoooO/I6ad Ni Ng

| ess isobutene than the first light fraction; (d) separating said second
effluent into a second heavy fraction rich in oxygenated isobutene and a
second light fraction rich in said at | east one n-butene and isobutene; and
(e) contacting said second light fraction with benzene under al kyl ation
condi ti ons [%mgl i n e peec gplodinend thy twprstagiex 9f eonfastingc@t #dy(s takoplpscoadeerg third

eff  uent compIhiSh PAEEGRY I AEMEERR oA Hhe GRVEA SMbohMetindah fantttcObigd

inic
hydrocarbon feedstock conprises nore than 5 wt % i'sobutene, for exanple 10
to 60 W % ipkebinttendistiseiipebcpisingtunity.ght fracti on conprises from about 1 to

about 5 wt %{d{gpbu sak | i i ont al n
2000 ppm i %%Efeng$ﬂgﬁb qégﬁkggéfgﬁggmi%%%%ﬁgﬁgf%ggg%%H@?a%%%ng§§§%%£PIess
t han 200 phem sdeast enrveof g0l 4jch@rgevienii, eniivdpporiatcid, ealstteropdyaotd adiadzeolite.

separat 0 (P At SBh g RPRNALNGn (dy GOTPLLSES chatlld b ollurd O 80,

enbodi nent occur subs anPlaIIy
si mul t aneoddi/to swah 1 @SChy peatuad yf atwudbGtd doat S@NPi® OW5]to 1365@RRa)eadioch ment ,

the two st of .contactin a) and (c) take place in a single integrated
process un??ﬁﬁﬁ%%ﬁﬂggﬁ%?h%%g% i ment, the two stages of contacting (a) and
(c) take pl@ae] i n Coweeniting | sakit C uleiesBidigatboh fedstpdOfifher Compevek ®ntadiyne sai d
acid catalyst in each . of (a) and (c), is independent]ly selected from at

| east Ihe 8rd & PR _eﬁg%%enPQdﬁ%gadWBr ol prfadigna sy Bgsst yBePl and a
zeolite. Typbedhkdt, sdide, Somié hy RERRAMQAYEEk fulth@@6RpHdes (1?)0 BRE, bethdieRNpri se
a tenperature of about 300C to about 1600C, a pressure of about 50 to about

500 psig (426 spid SEEOVK PYYroseREOnPrequSt? f Pragtcoptaiinga frstitthay SAPO ppm
[0017] ConygRiehd | Yaid $@HyECndrEidnitich MYIPOCAIRAL §LQHS bﬁ@l‘éﬁi&i@ iy &@Earbon
conpri ses butadi ene and the process includes sel ective hydrogenation of
sai d but adifeedeogkabripy tespdd contagtipg ) anpbefiidriasend kehit fragtion|nsior ) widspatesitg bon
f eedstqgk further conprises up to 1wt % butadi ene and said selective

hydr ogenat i on produces a product containing | ess than 5000 ppm but adi ene.
Sai d sel ecl®018] hydr ederizr iasnechile beentiondertdeedn o mpresassdfocaradheng phaesol and

Pt oce boR A8 ALyPIAOR L8, 38 figeni a1 ra () or on said second 1

(a) contacting a C, olefinic hydrocarbon feedstock comprising butadiene,
isobutene and at least one n-butene with hydrogen in the presence of a hydrogenation catalyst

20  to selectively hydrogenate said butadiene and produce a hydrogenation product;

(b) contacting at least part of said hydrogenation product with methanol and/or
water in the presence of an acid catalyst and under conditions effective to selectively
oxygenate said isobutene and produce a first effluent;

(©) separating said first effluent into a first heavy fraction rich in oxygenated

25  isobutene and a first light fraction rich in said at least one n-butene and isobutene;

(d) contacting said first light fraction with additional methanol and/or water in the
presence of an acid catalyst and under conditions effective to selectively oxygenate isobutene
and produce a second effluent containing less isobutene than the first light fraction;

(e) separating said second effluent into a second heavy fraction rich in oxygenated

30  isobutene and a second light fraction rich in said at least one n-butene and isobutene;

() contacting said second light fraction with benzene under alkylation conditions

and in the presence of an alkylation catalyst to produce a third effluent comprising sec-

butylbenzene;



[0018] In a further aspect, the invention resides in a process for
produci ng phenol and nethyl ethyl ketone, the process conprising: (a)

cont act i nyoaoh4ede8f i ni ¢ hydrocar bon feedstock conpri si RgThis@dios2sa()

i sobutene and at | east one n-butene with hydrogen in the presence of a

hydr ogenati on catal yst to sel ectively hydrogenate said butadi ene and
produce a hydrogenation product; (b) contacting at |east part of said

hydr ogenati on product with nethanol and/or water in the presence of an acid

catal yst and unter conHripg ohe seqburlberzang drogesadt thijé| sfflesey ge nepdics ajcet

i sobut ene apdiRARAUERIEetdiRE ofRf Tl uent; (c) separating said first effluent
into a first "heavy fraction rich in oxygenated i sobutene and a first |ight

fraction rich ith saideaing|teasic-tofdbonzdng thedreperaddé Somutetrerodudy phamat atst i ng
said first fkﬁ@gm$gg&%gon wi th additional nethanol and/or water in the
presence of an ac catal yst and under conditions effective to selectively
oxygenate i[#dBLt eheyenduhodiee, the secoimu refidds uen procem fei pnoduging @bsnol swbut ene
than the fir tlg&?ﬂ&K%&§ﬁth8&%S&§%)se arating said second effluent into a

me TISINg: . .
second heavy Fraction rich Ih oxygenated i sobutene and a second |ight

fraction rich i6)saidnattilgeastC,onkfinicbtydo@riand ftcdgbekt enmprifihy oatiaet i ng

said second |ight fraction w benzene .under .al kyl ati gn condi ti.ons din
The pr esendePBFLd iAoy FE PRl s B S4ie? b i PR i e
C(r)]_rrp (r]I [ s; P? coeIghahy Iuhk&lg zerrt&u'c(ng)gffaxiivg kdéeﬂ@titdﬁﬁg@%@ndwiay% haﬂmgand‘ri] f)ﬂ)ﬂ"}l@&i d
third e ent 1o produce secbut nzen oper oxi de; an cl eavin

t he seépbu#?$Sgﬁ?@ﬁﬁmﬁ95$d$§F%EW§?tﬁ?ﬁ g?ﬁg?%;groduce phenol(a%d methylg
ethyl ketone. [@919]scharati®l sad fitst tehicn@fRe e firstt vy MMEMYn A¢h eskyd8GatddN a
process for producing phenol and nethyl ethyl ketone, the process

conpri si ngiso ‘é?j’necaé‘ﬁta%’éitihﬁbt fracony ity in shid ahlott oRe-Bpncrasd #ePWele: conpri si ng

but adi ene, i soby enecoﬁfa@t_i%tsaidef?@tngﬂﬂﬁadﬁo@%ﬁ@@di%ﬁqlﬂ m¥BLRARAY o AREIEOHR dnat er
in the presence of an acid catalyst and under conditions effective to

sel ecti vel yressapgehs wikentadys swbinderongiianysifsauiedo seleqtively ogygangie iobutene
contai nkng ah&ﬁl%dﬁc_%%%éoﬁﬂ%fﬂu@ﬁr&oht%infg‘?@sg%tﬁ%&e thi) 1n ARAfi A aGicpal d T1r st

effluent into a first heavy fraction rich in oxy%enateé‘lspbqtene and a
first light fratbi orsepdretingsaidsegond afflucetanto agerond heayy draeticarrerhiis otpigereatest

isobutene and a second light fraction rich in said at least one n-butene and said isobutene;

(e) contacting said second light fraction with hydrogen in the presence of a

hydrogenation catalyst to selectively hydrogenate said butadiene and produce a
20 hydrogenation product;

(f) contacting at least part of said hydrogenation product with benzene under
alkylation conditions and in the presence of an alkylation catalyst to produce a third effluent
comprising sec-butylbenzene;

() oxidizing the sec-butylbenzene from said third effluent to produce sec-

25  butylbenzene hydroperoxide; and

(h) cleaving the sec-butylbenzene hydroperoxide from (f) to produce phenol and
methyl ethyl ketone.

[0020] Conveniently, said alkylation catalyst comprises at least one molecular sieve of
the MCM-22 family.
30 DETAILED DESCRIPTION OF THE EMBODIMENTS

[0021] Described herein is a process for producing sec-butylbenzene by alkylating
benzene with a C, olefinic hydrocarbon feedstock, such as Raffinate-1, which contains
isobutene, typically in excess of 5 wt%, and optionally butadiene, in addition to one or more

n-butenes. Since the isobutene will tend to alkylate the benzene to produce the undesirable

-5-



(c) contacting said first light fraction with additional methanol and/or
water in the presence of an acid catalyst and under conditions effective to
sel ecti veWw9 20uygeasat e | sobut ene and produce a second ef PCHArsRoooO/I6ad Ni Ng

| ess isobutene than the first light fraction; (d) separating said second
effluent into a second heavy fraction rich in oxygenated isobutene and a
second light fraction rich in said at | east one n-butene and said

i sobutene; (e) contacting said second light fraction with hydrogen in the
presence ofoROHgfH ivduivdednaenccadateydutyibsngcar etheinjeseyt PRPeRsd & a8 gpigal

but adi ene angh; PLAIHCRAnBY BFAHERRNIRE PIOIES and/b) nMALAGH AGoabichERRL Part

of said hydrogenation product wth benzene under alkylation conditiors and
in the presenue tlofisehytear kythe fiedviodka tRepyrsiing an the redgrné craplonidrthe epétjonerith
conpri si ng 4Secs I i i gL zi - f sai d
third effl tﬂ%n‘t%attp %L%d{%éﬁégﬂlg}agﬁﬁmﬁﬁeﬂg ééﬁggﬁ{l/%?oo%gglg%g& le%gg(;l%h %:ﬁ%(ra%fvi ng
t he secsbutgyhbedfemghhyddapby diiildion pahusefl ps, for eproplo.cefupheroblveard Whetay|

et hyl ket one. 02 nveni ently. ..sai d, al kyl ati on catal yst npri ses. at
Ceast one N5 dEUNG siay SROIET natiitR g i g RE L Y Dheef BRER O e
EMBODI MENT 8y 0@ fiorDefslne hibelicnk e Bitenek especpiilg dewse-2,orhigt @dbe umgl to produce

sec- butyl benqz]ene b@é a# | ati ng benzene with a C ol efinic hydrocarbon

feedst ock, *4IEHLECRUPRAS- 1, whi ch contains i sobutene, typically in
excess of 30022p4 anthgomt ipeeaht yretdettraclit gitecesd, i agdidfinenhiddocart®n feedIDEIRS

n- butenes. Since the isobutene.w!ll tend to al kylate.the benzene to produce
Che undisi FREMEREBoMeRY 4 1 S0o BUPYEHEAAde At eI §iib B saered Ha
present pr@eRss doR@lnitthesssafard POCOI FHm, R ds- 18dsam PIoBt gpRatioeibmple 16R&han
feedstock with water and/or nethanol so as to selectively renpve the

t
i sobut ene 20 PHE. PRI Sek lespdarEPhgrBnsuches feagent O¥hpIByier tawls Bsct i on

W th the w808 MmO butBERANQlch RYERRBEBR sdtkCar SRPINERRJ G B aRl RGPS OF
et her, which can be renoved fromthe product by distillation and used as,

for exanpl &nzgng tg@rodyee wedyinbsptene Whdgleyiele f eedst ock al so i ncl udes
but adi g5e, J1Il6iPHSHFRALHTR Hee®@t 1! SO 1 ncl ude sel ective hydrogenation of the
but adi ene T0 butenes, especially butene-2, which can be used to produce
[0023] Any C4 olefinic hydrocarbon feedstock containing isobutene and at least one n-
butene can be used in the present process, although the process is particularly applicable to
feedstocks containing significant amounts isobutene, and optionally butadiene, in addition to
linear butenes, namely butene, cis- butene, trans-butene or mixtures thereof. Such olefinic Cy4

20 hydrocarbon mixtures can be obtained by steam cracking of ethane, propane, butane, LPG
and light naphthas, catalytic cracking of naphthas and other refinery feedstocks and by
conversion of oxygenates, such as methanol, to lower olefins. The present pretreatment
process then serves to reduce the isobutene concentration and, if present, the butadiene
concentration of the olefinic C4 hydrocarbon mixture.

25 10024] For example, one olefinic C; hydrocarbon stream generally available in any
refinery employing steam cracking to produce olefins is Raffinate-1, the product remaining
after solvent extraction or hydrogenation to remove butadiene from a crude steam cracked
butene stream. Generally, Raffinate 1 has a composition within the weight ranges indicated

in Table 1 below.



addi ti onal sec-but

yl benzene.

[0022] Using the present pretreatnent process,

a C ol efinic hydrocarbon feedstocks containing in excess of 5 wt% i sobutene
and up t ow0 2et0/R21s8t adi ene can be converted to a producPCrarst@ons2ego0 | ess

t han 2000 ppm such as |ess than 1000 ppm for exanple |ess than 200 ppm

i sobutene and | ess than 5000 ppm such as |ess than 1000 ppm for exanple

| ess than 200 ppm

but adi ene.

Such a product

represents an excellent feed

for the al kylation of benzene to produce sec-butyl benzene in high yield.
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The present

pretreat ment proceSstleEN SENVES QY Teducqotidte T sobutens, concentrati on and,
if present, the buE§§E§ﬁe—eﬁﬁeeﬂt%%%%§E.Gf&%Qe otretigCAhydr ocar bon

m xture. [0024] Fo xanpl e, lone olefilnic CA_hydiocarhon stream generally
avai lable in any refi"fi&ry enpl oyl stieam €r4cking to "pt'dbduce|ol efins is
Raf fi nate-1, the prig#iet remai ni i af tler s&l®vent |extratti on or

hydr ogenation to renove butadi ene froma crude steam cracked butene stream
Generally, Raffinate 1 has a.c osition within the i ght ranges .i ndj cat ed

in Tabl e 1[Y4E6bw, Pikrge 1nep0@2<§§ SHeAms, 84oh 8 thPsproRiaineEby c3talyiig Cragkingot s

those obt ainggfhdYngathed Yficsy feb@edekGypafalipaphtthamliantgbRpssiticaf | nery
f eedst ocks, typically have the foll ow ng conposition: Propylene - 0-2 W%

Propane - 0-2 wt % Butradilele - - 0254t % But ene-1 - 5-20 wt %

Propane - 0-2 wt%
Butadiene - 0-5 wt%
Butene-1 - 5-20 wt%

10 Butene-2 - 10-50 wt%
Isobutene -5-25 wt%
Iso-butane - 10-45 wt%
n-Butane -5-25 wt%

[0026] C,4 hydrocarbon fractions obtained from the conversion of oxygenates, such as
15  methanol, to lower olefins more typically have the following composition:
Propylene - 0-1 wt%
Propane - 0-0.5 wt%
Butadiene - 0-1 wt%
Butene-1 - 10-40 wt%
20 Butene-2 - 50-85 wt%
Isobutene - 0-10 wt%
n- + iso-butane- 0-10 wt%
[0027] Any one or any mixture of the above C4 hydrocarbon mixtures can be used in the
present process.

25  [0028] In addition to other hydrocarbon components, commercial C; hydrocarbon
mixtures typically contain other impurities which could be detrimental to the pretreatment
process or the subsequent alkylation process. For example, refinery C,4 hydrocarbon streams
typically contain nitrogen and sulfur impurities, whereas C4 hydrocarbon streams obtained by
oxygenate conversion process typically contain unreacted oxygenates and water. Thus, prior

30  to the pretreatment process, these mixtures may also be subjected to one or more of sulfur

removal, nitrogen removal and oxygenate removal. Removal of sulfur, nitrogen, oxygenate

-7-



Butene-2 - 10-50 wt % | sobutene - 5-25 wt % | so-butane - 10-45 wt % n- But ane -
5-25 wt % [ 0026] C hydrocarbon fractions obtained fromthe conversion of
oxygenat es0 20100132%8 net hanol, to | ower ol efins nore typipcalusgodayms3e he

foll owi ng conposition: Propylene - 0-1 wt% Propane - 0-0.5 wt % But adi ene -
0-1 wt% Butene-1 - 10-40 wt % Butene-2 - 50-85 wt % | sobutene - 0-10 wt % n- +
| so-butane- 0-10 wt % [0027] Any one or any m xture of the above C4

hydr ocarbon m xtures can be used in the present process. [0028] In addition
to ot her hy#EpPWEis boRoOBEHEHHe atfectedcBmeBe OF &1 cambinjigh o LRBGIE At egater
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conbi nat i orsmlﬁfr andilesithm 10 g, FEchtas lasgthen l\ppmhfomgxandﬂeslte:;slthemto bppm admgept i on
usi ng nol e sieyes .and/ or, e se tion Water is.als il cally
Farmoved by UATh: peSHTE BoSG erng GnitgHE o thepisy 4 gt L R s ant
process congdit,ns deesbed dvate, 1000, ﬂlﬁﬂhn@ﬂghnta@ch a§§ropﬁam: 20e pmmanﬁg)aigeﬁo( arrpl e
| ess t Han 10 ter. I n addi op &)Be t ot al ed t]épl cal cont
| ess thdn 1OB° Eﬁfﬁnté éfﬁ“%PsPrP%?%S(} %H SHkppiAn SFeBrpr XF"é%% UHEHC ?’sn
8 ullf ur and stEsylbéitnel O TR MesufibidNmagurk €86 théiaBe Jprwamed ftmouga% 3Riahonl BRS t han
t
bpm nlclegx(f)a%g r]to make a mixture of acetone and MEK, along with phenol, preferably where the
molar ratio of acetone to phenol is 0.5:1, to match the demand for bisphenol-A production.

Feed Pretreatment

15  [0031] An initial step in the present process involves reacting the C, olefinic hydrocarbon
feedstock with water and/or methanol in the presence of an acid catalyst to reduce the level of
isobutene in the feedstock to less than 2000 ppm, such as less than 1000 ppm, for example
less than 200 ppm. To reduce the isobutene content to such low levels, the oxygenation
process is affected in at least 2 stages, conveniently with the first stage being conducted in a

20  fixed bed reactor so as to convert most, typically 94 to 96 wt%, of the isobutene to methyl
tert-butyl ether (MTBE) and/or tertiary butanol. The effluent of the first reactor is then
subjected to a separation step, for instance, distillation, to produce a heavy fraction rich in
oxygenated isobutene, and a light fraction rich in at least one n-butene and in isobutene. This
light fraction is fed with additional water and/or methanol to a second reactor, typically a

25  catalytic distillation reactor, whereby the overall isobutene conversion can be increased to at
least 99.8 wt%. In addition, by conducting the final oxygenation stage in a catalytic
distillation reactor, the unreacted C, olefins can be separated from the heavier cther and/or
alcohol products simultaneously with the oxygenation reaction.

[0032] When a stream is described as being “rich” in a specified species, it is meant that

30  the specified species in that stream is enriched (on a weight percentage basis) relative to the
effluent stream being separated. For illustration purposes only, a stream rich in oxygenated
isobutene in the separation step will have an oxygenated isobutene wt% greater than the

cffluent stream being separated.



[ 0030] Al though not preferred, it is also possible to enploy a m xture of a
C al kyl ati ng agent, as descri bed above, and C3 al kyl ati ng agent, such as
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that the al kylation step produces a m xture of cumene and sec-butyl benzene.
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to make a m xture of acetone and MEK, along with phenol, preferably where
the molar ratio of acetone to phenol is 0.5:1, to match the demand for
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mat ri x :
rate declines.

20 [0036] Where the C, olefinic hydrocarbon feedstock also contain significant quantities of
butadiene, the feed pretreatment also includes a butadiene removal step, either before or after
the isobutene mitigation step. The butadiene removal can be effected by extractive
distillation, but generally is achieved by selective hydrogenation in the presence of a metal
catalyst, such as palladium, at a temperature of about 0°C to about 100°C and a pressure of

25  about 100 to about 1000 kPa. Typically the butadiene level is reduced to less than 5000 ppm,
such as less than 1000 ppm, for example less than 200 ppm.

Alkvlation to Produce Sec-ButylBenzene

[0037] After pretreatment to reduce the level of isobutene and, if necessary, butadiene,

the Cy4 olefinic hydrocarbon feedstock is fed to one or more alkylation reactors for reaction
30  with benzene to produce sec-butylbenzene.

[0038] The alkylation catalyst used in the alkylation process is conveniently a crystalline

molecular sieve of the MCM-22 family. The term “MCM-22 family material” (or “material

of the MCM-22 family” or “molecular sieve of the MCM-22 family” or "MCM-22 family

zeolite"), as used herein, includes one or more of:
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containing fromabout 0.5 to about 20% of copol ynerized divinyl benzene.
Resins of this nature are manufactured and sold commercially under various
trade narw® 2010c32%8 Dowex(r) 50, Dowex(r) M 31, Nal cite@CY/USRIOR052630
Anberlyst(r) 16 and Anberlyst(r) 15. The use of this type of catalyst is

di scl osed, for exanple, in U S Patent No. 4,144,138, the entire contents
of which are incorporated herein by reference. [0034] O her suitable

catal ysts include kiesel guhr inpregnated with phosphoric acid as discl osed
in U S Patrent Nolecgapgovesagdartont prcamimentayti drgrassyio uildigdblockprdgnat ed

thereon as gﬂ %\ﬁl g c'eﬁl h&é‘ tﬁe %/EOS pﬁ%np%\%orlé gcfpg%g?% 2(%1%11‘[%%11 tl%'ab%)glhﬂed} ﬁﬁ%%ﬁl%llty aci d

catal ysts | Chcl u tungsto osphotic acid
support ed ohatping afﬂuca if tedini thige-damcabipsal spags deicgleds diwedystal stic@ire. Fack nltvstNo

4, 058, 576 t ctur sngree(ﬁsc%sed T8He aAt?a% ol%eZegﬁtg%r rr'lb‘egv% rk Tylg &g@i é{e Olg QE lenﬁ

these paten S are 1 ncor orat ed ‘herel erence:
condi ti éns eﬁmrecer&erhoﬁwyghznsahcmmpmr&bcagserefermbe)de a terrperature of about 300C

to about 1600C, a, pressure of out 50 to about ,500 psj 0. 345 kPa
and a |1 qued holPIEnSEES VIS SRRy * RS SroubaRee T ha ik 8R4 1 A

general, | @MnsioRaGilih@0f JuERVBN Bt GRSy @k WPoI¥RY enif A0 fBkthiBg € eHohblafrioBBhe
conversion of the isobutene, but the reaction rate declines. [0036] Were

the C ol ef PAit eclhigkersn Pdtrabls aps e-Brkeck thiskneatt ai n si gni fi cant quantl ties of

but adi ene, ot he fgRdRr &8 aiBRbmabithonEddeeeBe bt Iﬁ@&cs V@ erSbeP,
either before or after the isobutene mtigation step. The butadiene renoval

can be 18f f ee¢ @8 niyye dhenrepet injlecdl drgkpesat whereinbthe lgyenof arqry thag %I@h‘ilfét\/éfdl by
sel ective %{8&9&%%h@ﬁoﬂl@tal':ltlgg@%aéﬁ‘g“%?bﬂﬁlng i@ w&ﬁgﬁdlé&%} s ofDUE nidSell

pal | adium at a tenperature o bou 0OCto out 100 a pressure of
about 100 ttloclalbﬁu’tfhc{m@@lnlg@ésucmsp(w@léldbgm haldingt thelike pen eau @lregudar festivoeah t o

oo Al kyl ST P PR A @R, bR AR R A CP et Foat mont o
reduce t he el evemoltulasgbwek em&iedjydanyl fegtiec s satym bdimadii@née or Bhkmehsalnel i ni ¢
eacti on ireRoBenzanat &b Foutu SRR PP EeR MR Cose The al kyl ati on
catal yst uged9j n Mdecaldk Yieadsi 0B theNMOMESSfainsly Gt ih@ B idojecalacdigiet Adihgvn
X-ray diffraction pattern including d-spacing maxima at 12.440.25, 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 using the K-alpha doublet of copper as incident radiation and
20  a diffractometer equipped with a scintillation counter and associated computer as the
collection system.
[0040] 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
25 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-8
(described in U.S. Patent No. 6,756,030), and mixtures thercof. Molecular sieves of the
MCM-22 family are preferred as the alkylation catalyst since they have been found to be
30  highly selective to the production of sec-butylbenzene, as compared with the other
butylbenzene isomers. Preferably, the molecular sieve is selected from (a) MCM-49, (b)
MCM-56 and (c) isotypes of MCM-49 and MCM-56, such as ITQ-2.
[0041] The alkylation catalyst can include the molecular sieve in unbound or self-bound

form or, alternatively, the molecular sieve can be combined in a conventional manner with an
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nol ecul ar sieve of the MCM 22 famly. The term"MCM 22 famly material™ (or
"material of the MCM 22 fam |ly" or "nol ecular sieve of the MCM 22 fam|ly"

or "MCM 220farwd4g2egeol ite"), as used herein, includes ORETAIS2009/062606 :

nol ecul ar sieves made froma comon first degree crystalline building bl ock
unit cell, which unit cell has the MAW framework topology. (A unit cell is
a spatial arrangenent of atons which if tiled in three-dinensional space
describes the crystal structure. Such crystal structures are discussed in
the "Atl as ode pagps sechps ghiips: kuchythe she fiiml pialagen eqtadyst copans betiyeenehpnd e
content of gyhhehid,s i ncorporated as reference); nolecular sieves nade from
a common second degree buil ding bl ock, being a 2- dinensional tiling of

such MAW f 1eBlvor Kn tonp sinbggimeni, tthe ehtelyst fsopnponyl andrbarok sgresh ifengthemughy t

cell thick r = Lnj l4L. .t Ri ot | S
made from glg&m?}grnt%sﬁ% gi;\%h)%%sés?%gn@ﬁ??ﬁﬂﬁgﬁg%}rg)’c Eﬁs&lkdb%g?dﬁgt F ggllévgglwé@%?ﬁﬁea?%a? nor e
t han oné uyta \aebl pltakd civstelsigationtpercessn int pesti¢udarer vapbr plose cybakhizoe puedess cel |

thickness is nmade from stacking, packing, ot binding at |east. two
thaf prevents cautstlc uﬁe 11% s% thests mEgture from rlgmam in the ﬁeo ite cr%saals as
nonol ayers Of “one "uni ce I CKNness. e stacking such seco degr ee

bui | di ng blivegkphzanrybellizatica acegul ar fashion, an irregular fashion, a random

f ashi on, or conbi hati on,t hereof: and . Sjeves nmade by an
aoul o or TR B0 B AR BB e A RS b T DB el | o
Pavi Ing theloMﬂmd dtﬁamem,r Flay leadtdﬁglyted [x@iﬂﬁ&]ata%{bbimuIi@niqﬁidgmfe%p@f foiae MM 22
am include.those nol ecul ar sjeves vi.ng an, X-r i ffraction pattern
i ncl uéilﬁg 89%%%1? AYIHRERY S S&‘E'["itﬁi.bﬁ‘é)z.eé%§e ec?.“@%f- 1%1,th%‘g§ .Cﬁ?(thﬂ‘&f of heovjaters
Angstrom Th@ackmf agte diot flelyi eatdiddd ithpRAethent ClRascaBuBiibeaLent NRIOBEIS tal are
obt ai ned by standard techni ques using the K-al pha doublet of copper as
i nci dent  r ZEHCRIVAS aghigved byicpntpciing direcelitc BilMpE 4t WW&%%@@M@WB iSBe

counter angs a3sobbat REC GO BRYME §6°@ForldEnE Of 418GkT @5 howS ER WkarhNO4R]a d¥RE 6F 1 @l S
of the MCM 22 fam |y include MCM 22 (described in U S. Patent No

4, 954, 325) ab@sHd boyr e ahqub@d Hoursy, Brpigally ethe Waser wpnipgingpoyondsszl ssas to

(descrijged ijdiqll e wWRRhES thN\Atalthe B2 80 BF8)wioREd onlHERS L RELn{ &F thOREAN
Pat ent No. 0293032), T1TQ | (described in U S. Patent No 6,077,498), 1TQ 2

(descri bed [#044] nt dhpatkybrien capditiont caybiipikytindndeNotempgRRscl FXGE) abavrkigs
(described (i, R50°-E2keBlanli®: bewaa gl Moo Mt A3ul $05Ed RELulebr 7000 kPa
or less, for example from about 1000 to about 3500 kPa, a weight hourly space velocity
(WHSV) based on Cy alkylating agent of between about 0.1 and about 50 hr™', for example
20  between about 1 and about 10 hr”', and a molar ratio of benzene to alkylating agent of from
about 1 to about 20, preferably about 3 to about10, more preferably about 4 to about 9.
[0045] The reactants can be in either the vapor phase or partially or completely in the
liquid phase and can be neat, i.e., free from intentional admixture or dilution with other
material, or they can be brought into contact with the zeolite catalyst composition with the aid
25  of carrier gases or diluents such as, for example, hydrogen or nitrogen. Preferably, the
reactants are at least partially in the liquid phase.
[0046] Using the catalyst and alkylation conditions described above, it is found that the
alkylation process is highly selective to sec-butylbenzene. In particular, at a typical benzene
conversion rate of 25 wt% and a butene conversion rate greater than 96 wt%, it is found that
30 the alkylated product (i.e., apart from unreacted benzene) generally comprises at least
93 wt%, typically at least 91 wt%, sec-butylbenzene. Depending on the nature of C,
alkylating agent, the alkylated product may contain between about 10 wt% and about
0.01 wt% tert-butylbenzene and between about 0.1wt% and about 0.01 wt% iso-
butylbenzene. Using Raffinate-2 as the C, alkylating agent, the alkylated product typically
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U S. Patent No. 5,236,575), MCM 56 (described in U S. Patent No.
5,362,697), UZM 8 (described in U S. Patent No. 6,756,030), and m xtures

t her eof . WbI2etul42268si eves of the MCM 22 fam |y are pref @Cras2@9/051580

al kyl ati on catal yst since they have been found to be highly selective to

t he production of sec-butyl benzene, as conpared with the other butyl benzene
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wat er gant actl are not contr overrent
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pr ef er abl y faldoasid a&eh@na/bayilkﬁﬁladhmzaaep;ve&g}emhldyla(bmjt 4 to about 9.

Sec-Butyl Benzene Oxidation

20 [0049] The product of the alkylation process described above is intended for use in the
production of phenol by the modified Hock process, in which sec-butylbenzene is oxidized to
sec-butylbenzene hydroperoxide and the peroxide is cleaved to produce phenol and methyl
ethyl ketone. The initial oxidation step is conveniently accomplished by contacting the
alkylation product, generally after separation of the unreacted benzene, with an oxygen-

25  containing gas, such as air, in the liquid phase and in the presence of a catalyst. Thus, unlike
cumene, atmospheric air oxidation of sec-butylbenzene in the absence of a catalyst is very
difficult to achieve. For example, at 110°C and at atmospheric pressure, sec-butylbenzene is
not oxidized, while cumene oxidizes very well under the same conditions. At higher
temperature, the rate of atmospheric air oxidation of sec-butylbenzene improves; however,

30 higher temperatures also produce significant levels of undesired by-products.

[0050] Suitable sec-butylbenzene catalysts include a water-soluble chelate compound in
which multidentate ligands are coordinated to at least one metal from cobalt, nickel,
manganese, copper, and iron (See U.S. Patent No. 4,013,725). More preferably, a

heterogencous catalyst is used. Suitable heterogeneous catalysts are described in U.S. Patent
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[ 0045] The reactants can be in either the vapor phase or partially or
conpletely in the liquid phase and can be neat, i.e., free fromintentional
adm xt ur evor2otvdseze8Bon with other material, or they can peThrseaghs2esnt o
contact with the zeolite catalyst conposition with the aid of carrier gases
or diluents such as, for exanple, hydrogen or nitrogen. Preferably, the
reactants are at least partially in the liquid phase. [0046] Using the
catal yst and al kyl ati on conditi ons descri bed above, it is found that the

al kyl ati onNor éc1§§,§4$,swlpﬁr@gmﬂ§e sarledtip va axg (@rdromutbyidge kieuclqan nigagancsul ar
at a typi CabmBERZRNG GSMMALENANS 08 OxineRinthIeANd RoAHiR0E, SRMMETRAON rate
greater than 96 wt% 1t 1s found that the al kyl ated product (1.e., apart

f r om unr eadbtidgbdiietranoeledr mepead epmbley hevoregs insed nptal cetgsencgetaitodghetopysi ezl ay at

|l east 9 1 9 - ene. ding r y ng
agont , t e e EFE RIS o B NP nd BBt g Pl hih! |
0. 01 wt % t éring butiydlbenzetriecletdd fretwae Ae.aouta, Al laddmiatvdesatheraet. OT@leniite)o

| sobut yl be%zscnse'\u'r sOrsad fpf'cl{egt%‘taleé irzlcoa‘sort‘ut,]cia he(rjéln%l lﬁ%ﬁleratcleng agent, the

al kyl ated pr 6dUc Q[ypl cal''ycont'ai ns ‘bet ween abou B'G% % and about 1 wt %
tert-butyl pesipne Caing shieblwaatalyabdort the sé2-bntyYbeanohe al lationdktéplarovthi®oN-hydroxy

i so-butyl benz ., 10047]. Al t hough. t | kyl.ati IS highly,sel ective
tovar ds. sesUBUEGeR RS R i S, Pridiatt neatkd Pod Petiodaist PERTR ||
normal | y castt@nde, Sabe 30 Nyt dcydyphtaainpid ©duaihsno-Bshydeik)plalsaliviidec athmchoavomat i €
feed and the desire noal kyl at ecies.. The unreac ro ic feed is
nor mal qu ré‘?f%?@?pé‘ﬁlag?%i e |og1o.-1§-ﬂy§rﬁmh§@9@}£d te(trBC}ﬁWQS\;g@P’é?‘tnl;ﬁ&’ﬁmp@ﬁct or.
The bott om-féy@myhaﬁnib@,nmsadrdiﬁﬁminhaé,i QnhyfrExyhrithé ighidd] SKiinkiedyteazcpepar at e
nonoal kyl at e E_r oduct .from gqr;]%l/ pol yal kyl at ed. product s and ot her heavi es.

Dependi ng drt-thisaRpste. SpN pixaeinvardlits dinide)ls NoWediByhoxyiPeprehetRet at i on

reaction efifs y@0trachibolB¥ REEARST NAB @olytaldidligal fo¥iuate L fearbivrkkwiat ed
products wi th additional benzene to nmaxim ze the production of the desired
nmonoal kyl atedroxysaegimmide; 0048 Thyfrospidatakig| at i@ileni t h NabxHrexyohasbpaprehd i s

typi caliky Qfh@okiffldd N &olN-APaBkKY oRIiQRISBRET OlhepSLRRI A BichHOMMARE N-
al kyl ation reactor, over a suitable transal'kyl ation catalyst, such as a
nol ecul ar  $yévey-of-cyHehcnawt k2 dicarbpxipidezeol i t e beNalydvEMcBsH-¢stdbicxyns 1. 2Pat ent
T N
sui t abl y i Redferday.athe eqapdysatiuNehyslfoxyphalonide.  Another suitable catalyst is N,N',N"-
thihydroxyisocyanuric acid.
20  [0052] These materials can be used either alone or in the presence of a free radical
initiator and can be used as liquid-phase, homogeneous catalysts or can be supported on a
solid carrier to provide a heterogeneous catalyst.
[0053] Suitable conditions for the sec-butylbenzene oxidation step include a temperature
between about 70°C and about 200°C, such as about 90°C to about 130°C, and a pressure of
25  about 0.5 to about 20 atmospheres (50 to 2000 kPa). A basic buffering agent may be added
to react with acidic by-products that may form during the oxidation. In addition, an aqueous
phase may be introduced, which can help dissolve basic compounds, such as sodium
carbonate. The per-pass conversion in the oxidation step is preferably kept below 50%, to
minimize the formation of byproducts. The oxidation reaction is conveniently conducted in a
30  catalytic distillation unit and the sec-butylbenzene hydroperoxide produced may be

concentrated by distilling off the unreacted sec-butylbenzene prior to the cleavage step.

Hydroperoxide Cleavage

[0054] The final step in the conversion of the sec-butylbenzene into phenol and methyl

ethyl ketone involves cleavage of the sec-butylbenzene hydroperoxide, which is conveniently
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3000C, a pressure of 1000 to 7000 kPa, a weight hourly space velocity of 1
to 50 hr 1 on total feed, and a benzene/pol yal kyl at ed benzene wei ght ratio
of 1 to WO 22004B68yl Benzene Oxi dation [0049] The prodect/uskoowins2630

al kyl ati on process descri bed above is intended for use in the production of
phenol by the nodified Hock process, in which sec-butyl benzene is oxidized
to sec-butyl benzene hydroperoxi de and the peroxide is cleaved to produce

phenol and nethyl ethyl ketone. The initial oxidation step is conveniently
acconpl i shetfedssd osmmggstingiie hrdopgrRyiawitha cpplysiie the kmidbphese gt sgiemperature
separ at | 0n oP b1 EBGH TRETRANS KA BIHIBHAON ALOLRG B85 sEHCT s
air, in the [h1quid phase and T'n the presence of a catal us, unlike
cunene, atmbspﬁé@ikPawudomidamtmw)Gfﬂ@mtl@MkM%bam&@hendmomheﬂabsedoébof a
cat al yst 0.achje Fo,

atnDspherlszreZBﬁFéongg% %ﬂgmﬁben éﬁ%mP%é%g a%lugoo IV%Q %%énew

oxi di zes vebqnﬁehilumﬂea:mhﬁbaaaﬁﬂ@ﬂnﬂmbkﬂas;nﬂhamw@hemdhemmﬁgamumemnﬁhe

rate of atnospheric air oxi at|o enz ne [ however,
naher t erpBrobype SRty RipaRucEof ghRRT I YPOTRITH o Nt Hbane. t

by- pr oduct gssidt G03Q%t Luiokabl ﬂrhése@a&ugbwbhﬁaﬂeﬁeomhlaht%st&du&ea udler éatalytic

wat er - sol ubl e chel ate conpound in which nultidentate |igands are

coor di nat edSfH90 Wkast one netal from cobalt, nickel, nanganese copper,
and iron ($@BsM. SThPaheRtt é}ﬁploﬁd%aaem&)vagé\@é@cdw&f £héhddenedts RELBEQGaNeous
catalyst is used. Suitable heterogeneous catalysts are described in U S
Pat ent N8, Betergcrsass caighet.ein the catal yst is an oxo (hydroxo) bridged

tet ranucl eggosgRNIRNRIAe ﬁ%@éeﬁ&@%abi‘ge%aﬁlysf) aheRic Nafurie,a2R2 pSeRloriMagH el N
the catal yst conprises an oxo (hydroxo) bridged tetranuclear metal conplex
havi ng a mpkesgtherier a¢id.c Bydochinyis ?ﬁé‘ﬂ and g-tofypeesppric sidng Ferrigi glipadn: hesang|

sel ected from e Chfur 6 PhuigNe3de M LHEESITRRT §ahoAthENALAGE: et al
being a tr|@§1en% netél(?gﬁgg%edu¥ro#1 ne e, q ?é’%ﬂ’ﬁ?xturé%

t her eof . Thetalysis.i Tlee pitfsatdlyumagsnapfis @degdﬁaglyspatSelrﬁl!rg agide i ncor por at ed
her ei n Ry ence t.al K

sec- but?lb nzeLe g&l %@ggﬁkgﬁ%ﬁ&ﬁwcﬁbhﬂpkﬁ1%%9%%%?5@@%@%Paggahnvb?umne
descri bed hmdrbb@oxw?airehtded\l@ sB¢tite @)ad6 2uchnad ammdlpomalttreohllwrte|Sﬂlchyylum1na
reference, uc htha i.mde,
3- ani no- Nhy Sﬁ’{lﬁkﬂr leya‘?%n*ﬁa %r oodrr%ﬂ}’ﬁ\éﬁ ye F%%SNR% a? g, HCopOm &
tetrachlormmwmhydémxmmhthal|nlde N-hydroxyhetinlde N-hydroxyhlnlnlde

N-hydroxyt r[édggi X tIIhcren 19\?ent10n r\]xyﬁ” O>\§}YE§ rrllr%oer"e partlcularly described with reference to the

20  following non-limiting, simulated Examples.

m des

Example 1
[0059] This is a two-stage MTBE process, where the first stage outlet is at 40°C with a 10
degree approach to equilibrium and a 1.2:1 MeOH:isobutene molar ratio. The C4s are then
separated from the MTBE product, and fed to a second stage reactor. The second stage outlet
25 s 40°C with a 20 degree approach to equilibrium and 9:1 MeOH:isobutene molar ratio. The
final isobutene/linear butene molar ratio is 0.0013, i.e. 0.13% isobutene in the total butenes.
The conversion in the first stage is 96%, and the overall conversion after the second stage is
99.8%.
Example 2
30  [0060] This example removes isobutene by reaction with water to form tert-butanol
(TBA). Like Example 1, two stages are needed to get high isobutene conversion. The first
stage at 50°C equilibrium temperature achieves 95% conversion at 1.17 H2O:isobutene molar

ratio. The TBA is removed by distillation, and the C4s are fed to a second stage reactor. This
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1,2,4-tricarboxi mde, N N -dihydroxy(pyronellitic diimde),

N, N - di hydr oxy(benzophenone- 3,3',4,4'-tetracarboxylic diimde),

N- hydr oxywal2eiomi4eiss pyri di ne- 2, 3-di car boxi m de, Nhydr oxPSTAIS209/052680

N hydroxy(tartaric i mde), N hydroxy-5-norbornene-2,3- dicarboxim de,

exo- N- hydr oxy- 7- oxabi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3-di car boxi m de, Nhydr oxy-
ci s-cycl ohexane- |, 2-di car boxi m de, N hydroxy-cis-4-cycl ohexene-1,2

di car boxi m de, N hydroxynaphthalim de sodiumsalt or '

N- hydr oxy- égfaeree Qedvaseinsersian nyitheS0° Preapiipapyn yempdhEurg a t Tiey$10:jsgbutene molar

N- hydr oxyphtiaal k 81198 tmARQLBShoSUi t abl e catalyst is N, N, N'-

t hi hydr oxyi socyanuri c acid. [%052] These materials can be used either al one
or in the pgreamplkce((wmmritivee radical initiator and can be used as

| i qui d- pha o] n (@ st.s b Q 0N - i rier
to provideigmﬁgtgﬁggeﬁggﬁg %%?%%&%E%ﬂkﬁggg?'lﬂﬁﬁg%fgkggﬁ |P?8§§£#%?&?%e
sec- but y| berrgnmethordldat 1Gh nstlepatinel metbam!:iselpercat 40€ bpileem abperatu00C
and about %opo ie%%@§9 ﬁmﬁggqt glg% %p about 1300C, and a pressure of about
0.5 to about 26"8 mospher es ?gb 02600 kPa). A basic buffering agent may
be added t ¢0062hct Whitchthagirdb ibyenpioo desc b&ent deadribk@ynd dltustratod bpgefeteace to

oxi dation. In addition n_.aquepus,. phase. may be introduced ich can help
i ssol ve bauteitsbeit Gk SELRuBaT I sl SRREREepab s SN eiier i bn
in the oxi dals agelSioepriaton@met esaibhilykidpitrated!lewib0%r thid wasoh Nthae réfoRnce
formatign of roducts. The oxidation reaction is conveniently conducted
in a cégal 9‘8‘?‘@/ U879 1o B)ht%% APREN ﬁiﬁlocq"tlﬁ‘é$%ré3&ﬂb%§?%ﬁft§‘§ﬁ?’élﬁglgﬁ{}1ﬁ?%epw6&? e
produced maye haceaneanst ated by distilling off the unreacted

sec- butyl benzene prior to the cl eavage step. Hydroperoxi de C eavage [0054]
The final step in the conversion of the sec-butyl benzene into phenol and
nmet hyl et hyl ketone involves cl eavage of the sec-butyl benzene

hydr oper oxi de, which is convenientlyeffected by contacting the

hydr operoxi de with a catalyst in the liquid phase at a tenperature of about
200C to about 1500C, such as about 400C to about 1200C, a pressure of about
50 to about 2500 kPa, such as about 100 to about 1000 kPa and a |iquid
hourly space velocity (LHSV) based on the hydroperoxide of about 0.1 to
about 100 hr 1, preferably about 1 to about 50 hr 1 . The sec-butyl benzene
hydr operoxide is preferably diluted in an organic solvent inert to the

cl eavage reaction, such as nethyl ethyl ketone, phenol or sec-butyl benzene,
to
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assist in heat renoval. The cl eavage reaction is conveniently conducted in
a catalytic distillation unit. [0055] The catal yst enployed in the cl eavage
step can We u0m@psgeneous catal yst or a het erogeneous ca&Calus3409/0f130866]
Sui t abl e honpbgeneous cl eavage catal ysts include sulfuric acid, perchloric
aci d, phosphoric acid, hydrochloric acid and p-toluenesulfonic acid. Ferric
chloride, boron trifluoride, sulfur dioxide and sulfur trioxide are also

ef fecti ve honbgeneous cl eavage catal ysts. The preferred honbgeneous

cl eavage cal@fdtABMS:sy| furic acid. [0057] A suitable heterogeneous
catalyst for use in the cleavage of sec-butyl benzene hydroperoxi de incl udes

a smectiteclayy sUeh 88,80 di GuIRBLAARE kild Rbtet Eosipkiking- @l um na cl ay, as
described in U S.IﬁPat ent? No.céﬁ%l,%?ol,1 gp%?, t{ie eepgﬁereogilpslc@%sure of which is
i ncor por at ed hefai n dyptartefeer €aokefinjc0ns8icarbhe ffedstekt ¢wrprising| isobotendendrat e

particukarly d I h & f - ' =L ting,
Sl ot 8d bR SEORES ) He EoPRERT S h o el BN R b e
wher e t he ftonditionsefgrivott dekttivedy ety gdOfGsatiutdne andlfrodieg ndestaffproaohntatning
equilibriuq;apo m%&ﬁﬁéhygqyﬂk obutene nolar ratio. The C4s are then
separ at ed #F%ﬁ1‘he prgguc " and fed to a second stage reactor. The
second st age outh)edeparstidO6Hu irtthefu@ degn efrstapgavgatdrtibo reguinl bhygenamrdand

9:1 MeCH: i sobut ene r. i 0. The fi.nal isobutene/linear.butene nolar
Catio s orgBH g irg gk S dion et enESR ERCIs bR RL I SBEE ohver oi on
in theibirst stage i®nRbie @idikdghokastiah Wit an¥iesisl aRthahdl@hd/bheatsiEia ad
stage is 99.8% Exanple 2 [0060] This exanple.renoves, i sobutene by reaction
wi th vat er Piseres PRt Bid sk “I’G‘?‘B‘RP@I“BWN%L@ES‘(‘%;WB |S@eﬁlyelvmygfpat§@§g‘&?@
needed to ggd pldi@R aissAY L ENBNIGORMYRIISI1OR isobitend th&rSthe Hts@G&ht AactRROC
equilibriun1tenFerature achi eves 95% conversion at 1.17 H2QO i sobutene nol ar

ratio. The TBA I8 rewpteinasyiddreond citheniagno aaprend hervedgctgndichdyongerar'econd
stage reactQpyreddtindaGRIRY ﬁght%%c&% 5NN §4i@ hQBastbrlehh-RRQE 88 1s88utdh® and
tenmperature. The H2O isobutene nolar ratio is 4.9:1 in the second stage.
15 (e) contacting said second light fraction with benzene under alkylation conditions
and in the presence of an alkylation catalyst to produce a third effluent comprising sec-

butylbenzene.

2. The process of claim 1, wherein said C4 olefinic hydrocarbon feedstock comprises
20  more than 5 wt% isobutene, said first effluent comprises from about 1 to about 5 wt%

isobutene and said second effluent contains less than 2000 ppm isobutene.

3. The process of claim 1 or 2, wherein said second effluent contains less than 1000 ppm
isobutene.

25
4. The process of claim 2, wherein said second effluent contains less than 200 ppm

isobutene.

5. The process of any preceding claim, wherein at least one of said separating (b) and

30  said separating (d) comprises distillation.

6. The process of any preceding claim, wherein steps (a) and (b) and/or steps (¢) and (d)

occur substantially simultaneously.
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Exanpl e 3 (Conparative) [0061] This exanple attenpts to achi eve high
i sobut ene conversion in a single stage using nethanol. A 10:1 nolar ratio
of net hansbizeoidemae at 400C equili brium tenperature onlPgTASRIOWER3IO8. 9%
conversion of isobutene. [0062] Wile the present invention has been

described and illustrated by reference to particul ar enbodi nents, those of
ordinary skill in the art will appreciate that the invention |ends itself
to variations not necessarily illustrated herein. For this reason, then,

reference dhoul Ghorropssiel dyinaicpding cletip vdisiandent (@2 M) angior yersgeksand (SF

deterniningﬁgggmkggﬁcgggﬁgﬁgﬁhggg present invention.1l. A process for
produci ng sec-butylbenzene, the process conprising: (a) contacting a C

ol efinic hydrocarbon feedstock conprising i sobutene and at | east one

n-butene Wi8t h n‘?ﬁeg[?rpgéss @fna%f ?Fecé@#%%l%i}l{; S@Q%in%ﬁ%%ﬁ%ﬁta%t ig Qa&cd.f (Hag%g& EJR yst an d

under conditions ectrve'to y oxygenate I'sobut ene oduce a
first effl uelependoniyasalictey fremsatilsobuwnend anhan ¢dchanige adst.ophosploby ®epar at i ng
sai d firsthgf&JoeagdiJnékéaﬁ%irst heavy fraction rich in oxygenated

i sobut ene and 4 |rs%(ﬁ|gﬁ% fraction rich in said at | east one n-butene and
said i sobutene; (c) contacting said first light fraction wth additional

nmet hanol and/or. water in.the presence of, an acid tal yst. and under
Condit1 ons e obbs UEbes oL o bieg ey iny e &5 Soif B Saador scE @
? 3 )c ond eff huer) canpisaia ménqg:rdu];a? sf iwabdicene abdud mmgga;] f)ﬂeisﬁiefdfiagchi_t 56 toaqﬁoiﬁto_n ;

separ at .S S e u in a secon ayy fraction rich in
oxygengsedsbggﬁ%?ggéjgﬁﬁiga %%t%ﬁﬂ%$%ﬂ{§PP%%?ﬁ'W“@pgﬁ'in said at |east one
n- but ene and said i sobutene; and (e) contacting said second |light fraction
wi th benzene under al kylation conditions and in the presence of an
al kyl ati on @at al'fseroesss gf tryurrecedingefaing, wherpip spifl Coigiinicsivigocaden degitpdnzene.

2. The proGgasr Qhmpliak MutadiMICLRI theS plobesE 1EIRA NiGechYAM9GRERANL @8 daioCk
conprises nore than 5 wt % i sobutene, said first effluent conprises from
about 1 t obaBéigre 8 biitenssi sobut ene and said second effluent contains |ess
than 2QQ0 ppm i sobutene. 3. The process of claim1l or 2, wherein said
second effluent contains | ess than 1000 ppm i sobutene. 4. The process of

claim2, whérei hhsaiogess ed otkdmet, | wiontin seidt @i plsfinie dydrogerhor G@dppek further
comprises up to 1 wt% butadiene and said sclective hydrogenation produces a product

containing less than 5000 ppm butadiene.

20 12, The process of claim 10 or 11, wherein said selective hydrogenation is conducted on

said Cy olefinic hydrocarbon feedstock prior to said contacting (a).

13.  The process of any one of claims 10 to 12, wherein said selective hydrogenation is
conducted on said second light fraction prior to said contacting (e).

25
14. The process of any one of claims 10 to 13, wherein said selective hydrogenation is

conducted in the presence of a palladium-containing catalyst.

15. The process of any one of claims 1 to 14 wherein said C4 olefinic hydrocarbon

30  feedstock further comprises butadiene.
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i sobutene. 5. The process of any preceding claim wherein at |east one of
sai d separating (b) and said separating (d) conprises distillation. 6. The
process oVoanw/@emsedi ng claim wherein steps (a) and (pLTarsdéoonssBeps (c)
and (d) occur substantially simultaneously.7. The process of any preceding
claim wherein steps (a) and (b) and/or steps (c) and (d) are effected by
catalytic distillation. 8. The process of any preceding claim wherein said
acid catalyst in each of (a) and (c) is independently selected from at

| east one df- anThoiioestt @ I5edp Arocesn S PbeIne TeERd, a het er opol yacid and a
zeolite. 9. Theprocesnch; Ay dif Qe Hgackabl MGG BihhGyaead] i ons

enpl oyed in each of (a) and (c) conprisé a tenperature of about 300C to
about 1600@resencpoé g dufregeatiehenitly o sdecalsdy thy ogenstsi sgid wdgliang pBSE® RikA) |,

and an LFB¥58&xﬁg%§t 2 to about 20 hr 1 . 10. The process of any preceding
claim wherein saird C ol efinic hydrocarbon feedstock further conprises

but adi ene and the process includes sel ective hydrogenation of said

but adi ene to butgnes. 1 The process . of .claim .10 wherein said Colefinic
hydrocarbo%QTeeEE %8%3?%ﬁ¥%%ﬁﬁé%e ?Fgﬁgnggr?gmﬁmﬁﬁ@bbutadiene and said

sel ecti ve hydr o@gnatixadizipg abticesbwaylpemadurc tfroao riidi third gefflesms to haodds®@cppm
butadiene.blzn)The ﬁ%ﬁcess. f claim10 or 11, wherein said selective

hydr ogenat P8 1087 RYTRCER En®¥hi o c4 ol efi ni ¢ hydrocarbon feedst ock pri or
to said contact{ng (&daving3he ebupliepes:s hglropsyxian odf (Nclogirodicd Phdnol dndl,
mhereig sai d s?l ct.ive hydrogenation is conducted on said second |ight
fracti o pmegp! eBYI&s%econt acting (e). 14. The process of any one of clains
10 to 13, wherein said selective hydrogenation is conducted in the presence
of a palladiumcontaining catal yst, 15. The process of any agne of clains 1
to 14 wher dPn sAPriegess|gerhior kY glebral bih LT-eubresip crids G ¢lalrc dydiprarans

but adi ene. keqstddh&orfpBERP &1 wedi@uliliibre addNBorPiAA 8Swof iWsdul@b. conprising: (f)
contacting said C olefinic hydrocarbon feedstock with hydrogen in the
presence of a hydrogenation catalyst to selectively hydrogenate said

but adi gge Ry or Tﬁ@pﬁ)@ésg of any preceding claim, wherein said alkylation catalyst comprises at

least one molecular sieve of the MCM-22 family.

20. The process of any one of claims 17 to 19 further comprising converting at least part

of said phenol to bisphenol A.

20
21. The process of claim 15, further comprising contacting said second light fraction with
hydrogen in the presence of a hydrogenation catalyst to selectively hydrogenate said
butadiene and produce a hydrogenation product prior to said contacting (e).

25 22, The process of claim 21, the process further comprising:

(f) contacting at least part of said hydrogenation product with benzene under
alkylation conditions and in the presence of an alkylation catalyst to produce a third effluent
comprising sec-butylbenzene;

() oxidizing the sec-butylbenzene from said third effluent to produce sec-

30  butylbenzene hydroperoxide; and

(h) cleaving the sec-butylbenzene hydroperoxide from (f) to produce phenol and

methyl ethyl ketone.
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contacting (a). 17. The process of claim 16, the process further
conprising: (g) oxidizing the sec-butyl benzene fromsaid third effluent to
produce swoblwiwlsbmazene hydroperoxi de; and (h) cl eavi ngPCmAIS2009/052630

sec- butyl benzene hydroperoxide from (f) to produce phenol and nethyl ethyl
ket one. 18. The process of any one of clains 15 to 17, wherein said C4

ol efinic hydrocarbon feedstock conprises up to 1w % but adi ene and nore than

5 wt % i sobutene. 19. The process of an preceding claim wherein said

al kyl at i on28at al'lyseroeessrpf preeef cdgimp éﬁé@ Hrvehcrain éaaq% pllagorecagal st COMPIISVERE 22
famly. Zoleaﬁ%%eﬂ{o%ﬁﬁ%@fe AN NOLL- ijaﬁllﬂ?l nms 17 to 19 further conprising
converting at least part of said phenol to bisphenol A 21. The process of
claim 15, further conprising contacting said second light fraction with
hydrogen in,the e

hydrogenatg salﬁﬂﬁﬁﬁgﬁfg%ngh h%@%%%g%@%hﬁﬁlg%gﬁk¥1%%ﬁ8dﬁ1%§§&$&ﬁé85mko
sai d coft ackidmpg(melalysR2. The process of claim 21, the process further
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benzene under al kyl ation conditions and in the presence of an al kyl ati on
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oxi di zi ng hh@_se -th benzene fromsaid third effluent to produce
secbut yl be¥€R Iﬁ;ﬁ Y5&r oxi de; and (h) cleaving the sec-butyl benzene

hydr operoxi de from (f) to produce phenol and nethyl ethyl ketone.23. The
process of one of clains 20 to 22, wherein said al kylation catal yst
conprises at |east one nolecular sieve of the MCM 22 famly. 24. The
process of claim 17 wherein said oxidizing (g) is conducted in the presence
of an oxidizing catalyst. 25. The process of claim 24 wherein said
oxi di zi ng catal yst conprises Nhydroxypht hal i m de.
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