WD 2010/ 042314PCT/ US2009/ 057941 1 PROCESS FOR PRODUCI NG CUMENE FI ELD
[ 0001] This invention relates to a process for producing cunene and
particularly, but not exclusively, to an integrated process for producing
cunmene and,, erting the cunene to phenol. BACK 2] Cunene is
an inportgﬁb9§W@g£ diate in the chem cal and pol yner in/uéggﬁggngjth
gl obal cunene production in 2006 bei ng about twelve mllion netric tons and
wi th gl obal demand of cunene being expected to grow by nore than 4% per
year during 2006-2011. [0003] The najoriity of all cunmene manufactured in the
world today is used for the production of phenol. The demand for phenol for
t he manuf acture of Bi sphenol -A and subsequently pol ycarbonates is
accel erating, ow ng to therRDCESEENRPRADDCINGIAUMENDBf pol ycarbonates in the
el ectronic, healthcare, and autonobile industries. [0004] Cunene is
typically produced commercially by reacting benzene and

FIELD

[0001] This invention relates to a process for producing cumene and

particularly, but not exclusively, to an integrated process for producing cumene

and for converting the cumene to phenol.

BACKGROUND

[0002] Cumene is an important intermediate in the chemical and polymer

industries, with global cumene production in 2006 being about twelve million
metric tons and with global demand of cumene being expected to grow by more
than 4% per year during 2006-2011.

[0003] The majority of all cumene manufactured in the world today is used for
the production of phenol.  ‘The demand for phenol for the manufacture of
Bisphenol-A and subsequently polycarbonates is accelerating, owing to the
broadening applications of polycarbonates in the electronic, healthcare, and
automobile industries.

[0004] Cuniene is typically produced commercially by reacting benzene and
propylene in complete liquid phase or mixed gas-liquid phase conditions in the
presence of acid catalysts. Benzene feed in stoichiometric excess relative to the
propylene feed is typically fed to the reactor to control or minimize the
oligomerization of the propylene which subsequently causes coking and
deactivation of the catalyst. Older processes based on solid phosphoric acid
typically employ a benzene to propylene feed ratio of about 8:1 molar, The high
benzene to propylene feed ratio employed in these processes is also needed to
limit the production of polyisopropylbenzenes, mainly diisopropylbenzenes and
triisopropylbenzenes, as the polyisopropylbenzenes produced over solid
phosphoric acid (SPA) catalysts cannot be converted to cumene effectively and
have to be used as gasoline blending stock and regarded as a process yield loss.
The high benzene to propylene feed ratio also results in large amounts of

unconverted benzene in the reactor effluent that needs to be recovered by



propyl ene in conplete Iiquid phase or m xed gas-liquid phase conditions in
the presence of acid catal ysts. Benzene feed in stoichionetric excess
relative to the propylene feed is typically fed to the reactor to control
or nininl Ehﬁmgbkgonerlzatlon of the propyl ene which, ggg y causes
coki ng and eactlv ion of the catalyst. O der processes ase on solid
phosphoric acid typically enploy a benzene to propylene feed ratio of about
8:1 nolar. The high benzene to propylene feed ratio enpl oyed in these
processes is also needed to limt the Broduction of polyisopropyl benzenes,
mai nl'y diisopropyl benzenes and triisopropyl benzenes, as the

pol yi sopropyl benzenes produced over solid phosphoric acid (SPA) catal ysts
cannot be convdkdladort sdcuepehe befkf @abd wedyr. apah avesd facthe nkedPas gasol i ne
bl endi ng stockplgngSLSUI &gqmjps a process yield loss. The high benzene to
propyl ene feed results in large anbunts of unconverted benzene
in the reactorﬁ@@ﬂlueﬂwuﬂhmmxneé@sﬂumc@@nmwcdveﬂbd&bvﬂsdh@%%*¢éﬂ|on and
recycl ed back fng R Ja6a6k0kn1e BOR ROl RSRALACK Qi Rk Ry SRABROCES S e
uneconom cal . Several processes based on alum num chl ori de catal ysts,
devel oped in thénpo8okys rdgagies e eapitdiheorcstipeeyc eligro thegeropansene to

propyl ene rati Ref @ SRQULs Rindenlln@Nihus ipSvdaeAUSHALGs thRunsaRioh@lhand operating
costs related to the recovery and recycle of excess benzene, and thus

i mproved the pfbwss nergibRioBPEBREsRRETe PRIdPd R Herdygtion secltion of

pol yi sopr opy! bgRzeRgsnah®ril fducRdnicno 1 vk M}@L'L@ﬁoﬁﬁ&ih@tﬂs afe t he
al um num chl ori de processes due to the | ower benzene to gg“gsne rati os,

t he pol yi sopr of§ sBrPEReeels? ofldeddi /' t Hese PPFOEEs S8 @an fectively
transalkyIatedumgmhﬂh@nmﬂn&nhﬁbpﬂﬁamaﬁmaddmﬂmeakc@wnemagnandxnhe over al
process yield |s JL.pr ove nlflcanhlﬁ Lﬁ qse@ on Sﬁﬁ catal ysts.
However, the i Htféﬁﬂ&’f% ‘“b‘f‘ APPSR |08 “‘18 P& ySTYHtS the cumene
pl ant brlngs mmnhhkﬁmaﬂhmmﬁmmfoﬁthm&mmﬁnha@xmpmamm,mauhﬁmﬁanmm, and pl ant
gg?alo%fonggl asg()s? nv11(§n%?§tdp Iem mdmt%%é gﬁ@ﬁd{lﬁ%ﬁé\u Wl SQFhUEs% 8]:’71 ;Bren

chl ori de procedses 1H0a1v£1yb$em\bmdtuu oi[tl@i)@@]vﬁhe\smnt«wbdtuﬂ:)tci bm wfereol ite
catalysts based, GUIRNRLECANOhAGLAS:d. Dk N8 1R AR, r evol uti oni zed the
cunene manufacturing i ndust ry catal ysts are non-corrosive and
envi ronment al | iP0%8ni ghhe imhdudiise obfeolile shiplyes kraecddupsesicgiiplosied intinat es t he
environmental , 1‘5@! m\ex@ﬁm%m/@cngm %@Jl&ﬁMnﬁxgﬂggxn&smﬁlﬁlrﬁt %()lhu cllﬁ]%tsal um num
chloride catalysts. The zeolite based rocesses are abl e to produce cunene
at hi gher prodtiemoperiopiye adensraweaglly puig- tihanst Hoseipsydrtolusol i d
phosphori c aci diniMst i 8RlitohBeRas fdintegaln olhaghies @ﬁx&rrﬂbﬂcﬁtdIQo efd ect

al kylation at mld conditions and with feed benzene to | ene rati os

bet ween 6:1 antfuBingmpbfosfe cagpsivndbe roWsrPHHaROTHES & P8 gﬁmﬁn processes
based on soli duFﬁMxSQhﬁfgh& B6dud, poMy kRl biloBdst | Iymgl pEOmMkEeRBe®bh goler i zat i on

and catal yst cokin .achj eve a cat ne to two years.
More advanced 28 P g Q%““’@HhBF‘EVXH§U€% Syge @h&ghgﬁﬁﬁyﬁgﬂﬁé? cumene

t echnol ogy IicansedmbmnBadgemhLL@eaﬁmmgopamekabha»u&uapebahedau extrenely
Lg.\tNaPigtzegi C][ nglré ‘toh%w &trl?)lw\c/rendg alf%sg Ounlwpd 1'1‘1 A]In{)%ssm Vmwde(maqn FVving
polyisopropylbQNEMnesaamemmcmdm0@¢ua@thMMbemzenelmd<pmbpym@nguratios t hey
can be very ef fdhﬁ'»?mlt}i gL %ﬁl%%l %¥+1%69) Wo ‘ar?eﬁ?x%rlgvdtn&dp/(&gyGAQ pddi ti onal
cunene, and théir effect on over process pertornmance I s nengglbIe 3
Mor eover, the sugmkmycadtdYédUﬂ@FWﬁML%<mhemawﬂuwh%bﬂw%ﬁ%bWw8?%96 benzene
that has to b eI K%{Ef?,g%@%@&, oﬁu,ﬁtt(,'al lxq'ita,il)l@l? 1&99&;&@(9 5’)1%9)'151% 15th>eolr’>elaCt or
results in S|gn|¥ reductions 1n Ital investnent and operating
costs of the cWﬁbherbwaﬁwhﬂf@QGWﬂﬂm%mﬂhpFﬂﬂg Bt oo five N, Mplenol and

Bi sphenol - A pr ggitebh fdre rlagm%y@ mdaa&m@ﬁugr%@iu&@mem@cwa@,@ﬁm préhrhed to the
i mhal ance of the acetone d%ct produced fromthe phenol plant. Acetone

and phenol are”ﬁ?bdﬁdeémah*dﬁydﬁbWE%Wnﬁf%$§W%“&“ﬁﬁl%ﬁ“ﬁéﬂ?d”%?&nlcunene
but are used afddanARRMON MR @Y erlecCo®lean ﬁi@UsQ)«,H(hﬁdh@ idasmgibreeam

Bi sphenol - A production process. The excess acetone that is not used in the
producti on of Bi sphenol -A has caused sone concern from phenol producers in
that it nmay create a supply-denmand i nbal ance and di srupt the econom cs of
t he phenol production business.



[0008] I n addition, conventional phenol production is based on the use of
propyl ene feedstock and the need to | ocate phenol plants near a source of
propyl ene has becone an inportant issue with producers. In today's ol efins
market, thepg js,Als0 a supply-denmand inbal ance in thepsypphwesPr opyl ene
produced from conventional sources such as ethylene plants due to the
availability of feedstock that generally favor the production of propylene.
Thi s i nbal ance has forced phenol producers to build their plants closer to
f eedst ock supplies rather than to proddct outlets. [0009] Nunerous research
efforts have been directed at solving the acetone inbal ance and propyl ene
i ssues described above by recycling the excess acetone produced in the
phenol pl ant t doppedusesigifiremnecdulion iethapdu] ofWScatred berone Ut Ha0, 553

teaches an al kb()l k%élgp)gu&'i Q)C %ﬁél}liuﬁr& ‘é‘@o%@y&%% ?&erc!ic%orrrgs%ﬁst ﬁld%é/}fiﬁﬁjz]macet one to

formcunmene int ﬁresence 0 gen and a zinc oride catalyst. In
addi tion, US Patletitns2n UiRcap80 inveawtre snd dperaprgodeie ol thhcvofnerltitene from

benzene and is pangl. 10t TESENER. Qe r gRhRsahebefiog met al
sel ected fron1g?gﬁp L%*fhﬂ?ﬁ%g%gffggﬁgﬁfg%ﬁg.B%OOl%?OS Pgtgn#ONo_

5,01.5, 786 t eathescrahisr geedssomgreopreapariang (pHendrbalagesnylr 8%y tthe st eps of :
(a) al kylat.ingphenzenruiition] SOBRARENAN. WSlnE «8d FRAbI Lepodical st under

| i qui d phase conditions to synthesize cunene, (b) oxidizing the eunene from
step (a) with HotheEgigkhoky GoRT raHe SoBLGTEKE RYidiobed sbanderofigpelubj ect i ng
cunmene hydr oper.oXidie i@ id@edothfRYAIRphehos X PrhRsics&r@Rbsnahe andss 4 acet one,
and (d) hydrogenating the acetone from ste dr ogen gas under

) U etone from ,écg wth h{‘, ger
liquid phase cHfidrt fBhe PHtHe] SoproPatsioni BRPIe e M Fasr ¥ 8t ep (a).
[0011. ] US Pat eqincdNo frod,Bdnbd} fidQucdisSE lhasie sad cpiito e eglf @inapd gpatineg phenol
conprising the steps of: (a). reacting benzene with propylene in the
presence of an“ﬁﬂﬁﬁWh@hf%%Wé??ﬁzmﬂgﬁg¥gyafﬁo%Vﬁ?ﬁésize cunene, (b)
oxi di zi ng the @oo&ne Iofadsitiep choamkntiinhinpirndl gealuaionox pgen dnahe usreole

hydr oper oxi de, (¢ Aactg\céeav cunene hydr.oper gxi.de i nt henol and
acetone with aw%%@ﬁﬁfé“%%&béﬁkgg (d ﬂ?%f%g%ﬁgﬁiﬁahiﬁéhébg?%ﬁeaof step (c)

wi t h hydr ogen gasylinathes ibsopropainpbriinn isive wigh esdnes. ofn edhydplogenat i on
catal yst, (e) ﬁl?ljﬂé(ld[h%ﬂ' i@gilsti)hde a\!pﬁgpé Q %llba@ojnccsgne@lc (ngpl)ll o Qmﬁfrlgrﬁyl ene in the
presence of an acidic compound, nd’? recycling the propylene of step (e)
in a liquid stapéicebiignemvmipnal F@OES Fuclr & @tlan plans dugo e vabliligi scl oses a
process for produeiog tHEh%@:Qkadly favor the production ol propylene. This imbalance has

forced phenol producers to build their plants closer to feedstock supplies rather

than to product outlets.

[0009] Numerous research efforts have been directed at solving the acetone

imbalance and propylene issues described above by recycling the excess acetone

produced in the phenol plant to produce cumene. For example, US Patent No.

2,410,553 teaches an alkylation process in which benzene is reacted with acetone

to form cumene in the presence of hydrogen and a zinc chloride catalyst. 1In

addition, US Patent 2,412,230 teaches the production of cumene from benzene

and isopropanol in the presence of a pyrophosphate of a metal selected from

Group IB in the periodic table.

[0010] US Patent No. 5,015,786 teaches a process for preparing phenol,

comprising the steps of: (a) alkylating benzene with isopropanol using a zeolite

catalyst under liquid phase conditions to synthesize cumene, (b) oxidizing the

cumene from step (a) with molecular oxygen into cumene hydroperoxide, (¢)

subjecting cumene hydroperoxide to acid cleavage to synthesize phenol and



conprising the foll ow ng successive steps: (1) benzene is reacted in an

al kyl ation step with a feedstock conprising propyl ene and i sopropanol in
the presence of dealunminized Y zeolite with an Si OVAI,03 nolar ratio
ranging fr 512§1‘);09 37{) to obtain a product which is fraclté{){}%h@qﬁ;ggl recover

t hree frac I'ons cont ai ni ng unconverted benzene, cunene

pol yi sopropyl benzenes, respectively, (2) at |least part of said

pol yi sopropyl benzenes fraction is reacted with benzene in a transal kyl ati on
step by contacting a dealumnized Y zedlite with an 5i 021A 203 nolar ratio
ranging from8 to 70 and cunene is collected, (3) the cunene obtained from
steps (1) and (2) is oxidized with air to obtain cunene hydroperoxi de which
is cleaved w t heeane,acd d) bglrabtaingatha amtoot tom seb (Phethdldragd gacetdone, whi ch

m xture is the C | ect phenol and

acet one, and (ﬁ uu{ ﬁmgc S (?&ong mL(EIS(Q rﬂaeagolkv%uﬁ?ﬂg laé?l()yslcg?zl) (3) is at |east
partly hydrogeHftHd iU daiestole. oPAATRY tdhelbses @t prbwss & PI‘OQQJ%, panad y recycl ed
directly to st g(glggllsﬂl thLQQ]l’ss 1L{§) PQ&I@QELH[\Q\L \&@th%ﬂ)"lsylzpu mmc%csgrﬁ@%i & method for

t he preparation tmene conprising react I Sopropanol or a m xture of

i sopropanol an#dupmopydhionde V\WﬂmﬁbXb‘énZ'éhéViv nulpWés@hé’éd‘éWg depangnyebl jte

catal yst havi ngqa (ﬁl \Qla( Mokl @g&{ o AlhQe %,@I@{%%l;m&haa Qi Licavflerei n the

acidity of the catalyst is nod surface addition of water, and

wher ei n the i s&pPHIamdfroResEadic igloghes! rfé‘éi agPIR Y hofetfitis 6MFNGde one in at
| east two procRaFogShMIE the agéor{uQQ l4pER W]ibh%aﬁo@&]ggdd 66 1s05BSandl RACESS N

whi ch benzene is al kyl ated with i sopropanol xture of isqpropanol and
propyl ene, undé’?"““ﬂ?‘e@sﬁﬁyé”’é‘d’d“(f“e‘ﬁh@’r“‘af‘dr‘léhyétfﬁﬁﬁ 'thfb‘r‘fg“’ﬁﬂlﬂlt"lr‘éls“b“é?ﬁgfng to

conpl et e gas phlasgampﬁuihla (d e Pr esande dompble, neiagt iepclsgatd on and in

t he presence of a cat ? %‘/st conpr.i sin betas zeolite and an inorganic |igand.
[ 0015] US Pat enPoR ST #3pio)iB 3 ligyid SpIa8eP{@nr ocess i n whi ch benzene is
reacted with i amm]opam)lmual on &5, 130,407 xiedow 'rahnqnx:epiysf endyciignpltech@, pr esence of

a zeolite catalyst. and uynder m xed as- onpl.eLe 1iquid
phase, at such“t®¢ lé)““nf"g‘tﬂag)wé"ﬁdsumm\g ir e (ﬁ%t“m'ﬁe“ég%(glﬁltdga[i? on of water in

the reaction | blG[!.IWdh phasisocrlsummtmhg gtmeylutuhcam i®pOpGoppnthe Phrecnpavient shows
that the beta galAlsk | SSKEA, And AUEANRI 6Bt Rkl WA s L0, Ipi Sture

| evel in the reaction d was  mai nt ai ne ppm However, the
cat al yst deact Plvatledpls@ﬁg%ﬁi\fhﬂélant fractigiiend tohrecqyei g¥esr bd%@ﬁ’t emtaining react i on

l'iquid exceeded, 8,000 anmnug 91911&]3 Slnncl%l}lxshﬁroﬁylmll&u QELleftlxt,I?O(p'i gpanol with

benzene produces one nol e of water every nol e of |sopropanol consumed
during the realtitonrt of aid rl’@’s}tSPIi’f@il?>i”2ﬁ’|’%‘3'lES B2cgOD ispisAititat B PPHCh8 4 eact i on

l'iquid descri b@@llsmnyxé{l%n%b%@twmmgﬁ%ammaums,%emamﬁlagml(bmam limt to
the design of the reaction system Such a {)m restriction wll

require a very " 8Rf AP BRENG E%@é‘? 7(b“f"d\?x}é.’i“é‘t“wofl?huﬁi hide FUREE PBATMEY st em and
woul d require lr@mg@pmmﬂas) i€ gubiRAEIh dlISLUQ)htdﬂliuﬁlm@dl()l’i&ﬁildtﬁ\\ﬂﬁhﬁnger s and
decanter, and hi gﬁ %nerg% ﬁ ukﬁnlétl on, Z ul tlln% {O hn %dgl tal and
operating cost 8§ FAYIERIRAFHYC ¢ Plab‘f‘b‘liré PR ﬂéﬁ‘l é‘é To81TH The 8, 000
ppm | i mtationisdesarichi@dicl h &ErRat@nteNaoll&) bilkdolhad aa:lufne and (4) the

acetone obtained at the end of step (3) is at least partly hydrogenated into

isopropanol that is then at least partly recycled directly to step (1).

[0013] US Patent No. 6,841,704 discloses a method for the preparation of

cumene comprising reacting isopropanol or a mixture of isopropanol and

propylene with benzene in presence of a beta zeolite catalyst having a SiO»/AL O3

molar ratio greater than 10:1, wherein the acidity of the catalyst is modificd by

surface addition of water, and wherein the isopropanol used is obtained by

hydrogenation of acetone in at least two process stages.



significantly limts the integration of phenol and cunmene production, since
it requires that the isopropanol feed to the al kylation reactor is
substantially dry. In contrast, the crude acetone produced in a
conventiongl, z[?hﬁ)’fﬁh plant (in whi ch cumene is oxi di zedp W E3odREREHI ar
oxygen to cunene hydroperoxide and then cl eaved to acetone and phenol)
typically contains 5-10 wt % of water. Hence this |arge anount of water wl|
need to be renoved, either before or after the acetone is converted to

i sopropanol, before the isopropanol cad be fed to the isopropanol

al kylation reactor. This is particularly crucial for optimzing an

al kyl ati on process in which | ow benzene to (propyl ene+i sopropanol) ratio is
desired, becauéldin sSUtho@.®asicloisaprepanclwhhlenwonstalkyled vdthma) or

f raction Of t h%ﬂgrgedgtﬁt (QI'CK RQ[U}L ?1 15% }é}éhﬁt !ingn 1{) @&Eoﬂncﬁp I’ktssraﬁ‘ §l‘l(110% ITDl sture
that comes with'i ure cont In the reactor

hi gh, even befmneuaddlumdmab ﬁmusmuma=ms¢@ﬂddudéﬂImﬁwt%emaﬂwyW&tlon
reaction. Sinc u‘!\iﬁéﬁﬁ tﬂu%cﬂlxm dcCithntand B 1(1 PRYSC ((1qma@rg@ttc%ﬂﬁr1m%ddsopr opanol ,
reduci ng the water level 1 n acetone and I sopropanol "I nvol ves significant
capi tal invest meht aphth inrbdialigagbnsunption. If the 8,000 ppmlinit on water
content in the?ﬁiﬁY'a@i@@u&eﬁ&téﬁﬁ1kkqyk@uﬁdﬂmQ&»e&DamQdeﬁ&Q§mantla||y or
renmoved, significant savings in capital and utility costs can be realized
[0018] I n accor BafeVl tHPEREOp PR At MG SR BRIt TRAY HER Be At found t hat

when an MCM 22,4810 daiysdn@ Gl migd e ye- ll'qﬁd Q)H&L O(Mﬁ@m@h'ud IRRidapHsye, alt ion
catal yst, benzene can be al kyl ated w a mxture of

i sopr opanol anﬁ“bﬁﬂﬁVF@Hdehp¥hé“‘“@séhé@“b ldH HIP%WbV%&%F“%%HI in the
feedst ock wit hpgllid sHa@iik hbtGantr BS qsplaf fi BLC]BdumnshOat ehytisd b&l abiysi ty. SUMVARY
[0019] I n one as t he |nv race s u1doroducmg

esl (?h d <, Qttl OB 5 N0LS r P(l’g lt, rcac on was
cunene conpri sk Q Bradse ey oty ¥ag | f?ééﬂﬁ conpri § enz&he"and a further
feed strean1compmmskmgpbsdnmmg@nolHOWu&rnh«tmmeq@&au&mmrmpmmamhand

propyl ene in t hﬁn?fut xﬁolgtcwletr tqf ‘él‘fflfn rnaclr(gnfaimc uxccu?\kfﬂﬁ (X)%tp gOITpI‘I sing at least a

nmol ecul ar si eve an a ation zone under al kyl ation
condi ti ons of HW16]eastingaitadllglatibn qluNlimpthaéwuhh‘dvvmmmdat%an@rwleOfncent ration

in the liquid ?rhlbsi%r 9\1 Aotk GRS Spre Qmmam oJ GRAGE 1Rbed 8RS bhe PALuQf Sai d

i sopr opanol enzen to pro u e an e uent stream COI’lt al ni ng cunene.
[ 0020] Conveni eﬂft$900 nrhewdemie et ezetipo Hawd deserited it BS thieny ¥ @idd2phase is at

| east 100 ppm a&ktf%*l %ﬁllﬁtlnl lh?nﬁﬁ& H@Ql@u&p(mth 19&11@%%@@1119 sath 4 €8st pphy 000 ppm
General ly, t he' up he concentration of water in the l'i quid

phase is 40, OOU“ﬁp‘Fﬁ“V‘PH“@H‘@ cbwddiwﬁfwwﬂéﬂ WARCRHYT At FAHOBAY Wt er in the

l'i qui d phase rgngesuld fcqlmbhﬁ%w@@m&@%@ndmmb QRQpsP M cebghcr@andet ween
10, 000 and 20, 000 ppm 021] Conveni ent | sai. d %kalatlon condi tions

conprise a tenﬁ%ﬁ%ﬂuﬁ%‘Bﬁha%ﬁﬂt“?ﬂ@TWﬂ“dﬁBU?E§55 AR WESUHPBUYE  about 100
kPa to about 26:s8Q8d KE’MU@-Mh @rOE{QL ailuﬁlﬁtnhcﬁl of benzene to C3 al kyl ating

agent (I sopr Op?ﬂﬁgﬁ tﬂbd’a@% pm IPXM%QE ucn Q(ltlr(?(?%epamm 0. y() ﬁt’ 1%”‘)& sozone of

about 0.1:1
significantly limits the integration of phenol and cumene production, since it

requires that the isopropanol feed to the alkylation reactor is substantially dry. In
contrast, the crude acetone produced in a conventional phenol plant (in which
cumene is oxidized with molecular oxygen to cumene hydroperoxide and then
cleaved to acetone and phenol) typically contains 5-10 wt% of water. Hence this
large amount of water will need to be removed, either before or after the acetone
is converted to isopropanol, before the isopropanol can be fed to the isopropanol
alkylation reactor. This is particularly crucial for optimizing an alkylation process
in which low benzene to (propylene+isopropanol) ratio is desired, because in such

a case, isopropanol will constitute a major fraction of the feedstock to the



7 [0022] 1 n one enbodi nent, the nolar ratio of benzene to C3 al kyl ating
agent (i sopropanol plus any propylene) fed to said al kylati on zone ranges
from0.3:1 to 10:1, such as fromO0.5:1 to 5:1, for exanple froml:1 to 3:1

[0023] I'n o&gfggﬁgg?pent the tenperature ranges from 100 49Q03RGfes SUCh as

from 150 to 0024] Conveniently, said further feed stream conprises
i sopropanol or a m xture of isopropanol and propyl ene wherein the

i sopropanol to propylene nolar ratio ranges from99.9:0.1 and 0. 1:99. 9.

[ 0025] Conveni ently, the process furthef conprises recycling at |east part
of said effluent streamto said al kylation zone. In one enbodi nent, the
process further conprises cooling the effluent stream separating said

ef fl uent st r eanfkylatoo racwaterby 3-8 agiseousatshneantandraand@rdheticc st ream

conposed nai nl Mluq}cl(n&tlﬁgenﬁlcﬁnﬂ Har T‘I%]; & hb@\r&ernﬁm %G(q{u;ngp}{l%lsluﬂglsat | east

part of said aromatic streamto Iatlon zone. [O In a further
aspect, the |nmeﬁ#ubﬁlﬂ@sﬂb@@omﬂﬂaﬁmln@@g¢ﬁﬂ@d“pﬁ6@@$§>ﬂ@%“bﬂ@ﬂUC|ng cunene

and phenol, t h?ccf?)ﬁpgﬁfsﬁoﬁgm&! ?cd@cgng the water level in acetone and isopropanol

involves significant capital investment and utility consumption. If the 8,000 ppm
limit on water content in the alkylation reaction liquid can be expanded
substantially or removed, significant savings in capital and utility costs can be
realized

[0018] In accordance with the present invention, it has now been found that
when an MCM-22 family molecular sieve is employed as the alkylation catalyst,
benzene can be alkylated with isopropanol or a mixture of isopropanol and
propylene in the presence of high levels of water in the feedstock without

significant adverse affect on catalyst stability.

SUMMARY

[0019] In one aspect, the invention resides in a process for producing cumene
comprising contacting a feed stream comprising benzene and a [urther feed stream
comprising isopropanol or a mixture of isopropanol and propylenc in the presence
of an alkylation catalyst comprising at least a molecular sieve of the MCM-22
family in an alkylation zone under alkylation conditions of at least partial liquid
phase and with a water concentration in the liquid phase ol at least 50 ppm to react
at least part of said isopropanol and benzene to produce an effluent stream
containing cumene.

[0020] Conveniently, the concentration of water in the liquid phase is at least
100 ppm, such as at least 500 ppny, for example at least 1,000 ppm. Generally, the
upper limit on the concentration of water in the liquid phase is 40,000 ppm. In
one embodiment, the concentration of water in the liquid phase ranges from
between 8,500 and 40,000 ppm, such as between 10,000 and 20,000 ppm.

[0021] Conveniently, said alkylation conditions comprise a temperature of
about 20°C to about 350°C, a pressure of about 100 kPa to about 20,000 kPa, and
a molar ratio of benzene to C; alkylating agent (isopropanol plus any propylene)

fed to said alkylation zone of about 0.1:1 to about 100:1.



(a) alkylating benzene with a C3 al kylating agent in an al kylation zone in
the presence of an alkylation catalyst conprising at |east a molecul ar
sieve of the MCM 22 famly to produce an al kyl ati on effluent stream

cont ai nin éﬂﬂ%@?ﬁ;{he reacti on being carried out undqgjg&%ﬁ9%k@4 r partial

I|qU|d pha h a water concentration in the |iqui ase of at |east
50 pp"; (b) oxidizing at |least part of the cunene in step (a) to
form cunmene hydroper oxi de; (c) cleaving at |east part of the cunene
hydr operoxide in step (b) to forma cl davage effluent stream containing
phenol and acetone; (d) separating at |east part of the acetone from
the cl eavage effluent streamin step (c); (e) hydrogenating at | east
part of the acmozne ﬂhomlaﬁMﬂn@ﬂ)um0mﬂmnmni@bpm@pamdbpﬂahdm;%&m. (f)

;teg)pl)d( Ia;I g at | F s%ls);[()p no Iglusoc]:nytppoep)fc%cgﬁ)&lotg‘%ﬂg lalkgzlai()%tzgﬁ)e rgl?gcs E‘rgnﬁ)?ﬁi:fjtoal kyl'ating

10:1, such as from 0.5:1 to 5:1, for example from1:1 to 3:1.

[0023] In one embodiment, the temperature ranges from 100 to 300°C, such as
from 150 to 280°C.

[0024] Conveniently, said further feed stream comprises isopropanol or a
mixture of isopropanol and propylene wherein the isopropanol to propylene molar
ratio ranges from 99.9:0.1 and 0.1:99.9.

[0025] Conveniently, the process further comprises recycling at least part of
said effluent stream to said alkylation zone. In one embodiment, the process
further comprises cooling the effluent stream, separating said effluent stream into
a water-rich aqueous stream and an aromatic stream composed mainly of cumene
and unreacted benzene; and recycling at least part of said aromatic stream o the
alkylation zone.

[0026] In a further aspect, the invention resides in an integrated process for
producing cumene and phenol, the process comprising:

(a) alkylating benzene with a Cy alkylating agent in an alkylation zone
in the presence of an alkylation catalyst comprising at least a molecular sieve of
the MCM-22 family to produce an alkylation effluent stream containing cumene,
the reaction being carried out under complete or partial liquid phase and with a
waler concentration in the liquid phase of at least 50 ppm;

(b) oxidizing at least part of the cumene in step (a) to form cumene
hydroperoxide;

(c) cleaving at least part of the cumene hydroperoxide in step (b) to
form a cleavage effluent stream containing phenol and acetone;

(d) separating at least part of the acetone from the cleavage effluent
streant in step (¢);

(e) hydrogenating at least part of the acetone from step (d) to form
isopropanol; and

$) recycling at least part of the isopropanol in step (e) to said

alkylating step (a).



8 BRI EF DESCRI PTI ON OF THE DRAWNGS [0027]Figures 1 to 16 are graphs
plotting aromatics selectivity and cunene sel ectivity agai nst cunene
productivity per gram of catalyst for the processes of Exanples 1 to 16
respectlva&xzoﬁﬁIﬁL;ED DESCRI PTI ON OF THE EMBODI MENTS 0028 bfenes | bed
herein is a process for produci ng cunene by the aIkyIatlon of benzene with
i sopropanol or a m xture of isopropanol and propylene in the presence of an
al kyl ation catalyst in an alkylation zone. Typically the nolar ratio of
benzene to the C3 al kyl ating agent (isdpropanol plus propylene) is

mai ntai ned within the range of about 0.1:1 to about 100:1, typically from
0.3:1to 10:1, such as from0.5:1 to 5:1, for exanple from1l:1 to 3:1.

Where the C3 a R;@mtm&&gﬁNQﬂ)mﬂm VENGS xt ure of i sopropanol and

propyl ene, the pm t rop |2 e re generally
ranges fron199m82g L861 81 ‘8 &h ﬁﬂas f%%gﬁlégm*n\% 1&@%@&% 0029] The

al kyl ation reas%xmangmmmndU@$eUXh®WayPen@ematu%é%bmféwdmwxggcﬂto about
350C, for exanpkﬁt@ggﬁtugggga& about 300C, about 150C to 280C and as a
pressure of about 1 bout 20, 000 kPa, for exanple about 500 kPa to
about 10,000 kPa, so that at least part of the reaction mxture is

mai nt ai ned in bpeahiEybesPRASACNGE M9 INBRDINENTs [ 0030] The cat al yst

enpl oyed in the al Kyl atton zone conprises at I east one nol ecul ar sieve of
the MCM 22 fani0P38] As’)“té%fé’dd REPIBIiN PROFSS {08 PITUGRE @RGRGDY GF B8N { he MOM 22
fam ly" (or "ngtehial wah 1((“@)11&@&)22 nfi0del of "isoPFfopalVCMigropadrc iy teat eri al " or

"MCM 22 famly zeolite") |ncludes one ? nore of,; . .
presence of an alkylation catalyst in an alkylation zone. Typically the molar ratio

of benzene to the C; alkylating agent (isopropanol plus propylene) is maintained

within the range of about 0.1:1 to about 100:1, typically from 0.3:1 to 10:1, such

as from 0.5:1 to 5:1, for example from1:1 to 3:1. Where the C; alkylating agent
comprises a mixture of isopropanol and propylene, the isopropanol to propylene
molar ratio in the mixture generally ranges from 99.9:0.1 to 0.1:99.9, such as from

90:10 to 10:90.

{0029] The alkylation reaction is conducted at a temperature of about 20°C to

about 350°C, for example about 100°C to about 300°C, about 150°C to 280°C and

as a pressure of about 100 kPa to about 20,000 kPa, for example about 500 kPa to
about 10,000 kPa, so that at least part of the reaction mixture is maintained in the
liquid phase during the process.

[0030] The catalyst employed in the alkylation zone comprises at least one

molecular sieve of the MCM-22 family. As used herein, the term “molecular

sieve of the MCM-22 family” (or “material of the MCM-22 family™ or “MCM-22
family material” or "MCM-22 family zeolite") includes one or more of:

] molecular sieves made from a common first degree crystalline building
block unit cell, which unit cell has the MWW framework topology. (A unit
cell is a spatial arrangement of atoms which if tiled in three-dimensional
space describes the crystal structure. Such crystal structures are discussed
in the "Atlas of Zeolite Framework Types", Lifth 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,



nmol ecul ar sieves made froma common first degree crystalline building bl ock
unit cell, which unit cell has the MAW framework topology. (A unit cell is
a spatial arrangenent of atoms which if tiled in three-dinensional space
descri bes r | structure. Such crystal structur JALscussed in

t he "Atla§&§50§@%§ﬁ?e Framewor k Types", Fifth edition,ﬁég%%guﬁhgggntire
content of which is incorporated as reference); nolecular sieves nmade from
a common second degree buil ding bl ock, being a 2-dinensional tiling of such
MAW f ramewor k t opol ogy unit cells, 9 formng a nonol ayer of one unit cel

t hi ckness, preferably one c-unit cell thickness; nolecular sieves nmade
from common second degree buil ding bl ocks, being | ayers of one or nore than
one unit cell thickness, amelgbmoftohe utiagedinhiofnesypprefetahianoneniumilt cel

t hi ckness i s made ﬂ&agkgtacking, packi ng, or binding at |east two

nonol ayers of one unit Cell thickness. The stacking of such second degree
bui | di ng bl ocks camdieuian siaves egatkaftonf asiimom se@nd idegreg bibislingf Bsdkson, a random

fashi on, or any co ion.thereo WP&EQM}ﬁéwﬁgﬁM%§mU%§8rby any
siona [

i nation f;. and
2ige favers of one,or morehan one un .
regul ar or random 2°8F MeRSoRal’ OF “3X A e conbi nation of unit cells

havi ng t he MAW f r améworkthto ped wgycell [1g03Eds Mbhedulran seilang padkingt e MCM- 22
fam ly include thosg lLegil ar, S S DAL NG & ek, e fLBRE bon pattern
i ncl udi ng d- spaci ng’%‘ﬁa iaﬁ%&tétﬂ“’l'gé?“%g%@, kg & 15,3 57+0. 07 and 3. 420. 07
Angstrom The X-rayudi fcomictiferns dhallims udeds wcan Ghadp acteeripy &skine 4aterial are

obt ai ned by st ar]darilchttlﬁpﬂm&*fgﬁ‘an@&ﬁ RShib 6 Jﬁ:v@l)lglhﬁ’adgﬁ)%}e@ﬁ aff copper as
incident radiation and a diffractoneter equi pped with a scintillation

counter and as$oci ardgulabpipyes aradadytdng reglldr a8 riAMs $EAIORDER3] Mat eri al s

of the MCM 22 fam l(Mncin@i%dei'd%mWﬁ%g (ﬁf%ﬁc&ilp@ngviﬁg‘ i wPak-etvoho.
4,954,325), PSII-3 (described in U S. Patent No. 4,439,409), SSZ-25

(described in U S. ‘@2t No. 4,826,667), ERB-1 (described in European

(Pg-t ent Eod 029338) , (ves&iidrbeded Bf WheSMARRLEMMiINO iRl (o BolechiTQ- 2
escri ne

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 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.
[0032] Materials of the MCM-22 lamily include MCM-22 (described in U.S.
Patent No. 4,954,325), PSH-3 (described in U.S. Patent No. 4,439,409), S8Z-25
(described in U.S. Patent No. 4,826,667), ERB-1 (described in [luropean Patent
No. 0263032), ITQ-1 (described in U.S. Patent No 6,077,498), I'TQ-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 U1.S. Patent No. 5,362,697), UZM-8 (described in U.S.
Patent No. 6,756,030), and mixtures thereof,

[0033] In addition to the MCM-22 [amily material, the alkylation catalyst may
comprise at least one medium pore molecular sieve having a Constraint Index of 2-
12 (as defined in U.S. Patent No. 4,016,218). Suitable medium pore molecular
sieves include ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, and ZSM-
48. 7ZSM-5 is described in detail in U.S. Patent Nos. 3,702,886 and Re. 29,948,
ZSM-11 is described in detail in U.S. Patent No. 3,709,979. ZSM-12 is described
in U.S. Patent No. 3,832,449, 7ZSM-22 is described in U.S. Patent No. 4,556,477,



in International Patent Publication No. W97/17290), N1CM 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

(descri bedy i, Mops fLatent No. 6,756, 030), and m xt ur espdhgd6@fos70P033] I n
addition to t% 22 famly material, the al kylation catal yst may
conprise at | east one nedi um pore nol ecul ar sieve having a Constraint |ndex
of 2- 12 (as defined in U S Patent No. 4,016,218). Suitable nmedi um pore
mol ecul ar si eves include ZSM5, ZSM 1110 ZSM 12, ZSM 22, ZSM 23, ZSM 35, and
ZSM48. ZSM5 is described in detail in U S. Patent Nos. 3,702,886 and Re.
29,948. ZSM 11 is described in detail in US. Patent No. 3,709,979. ZSM 12
is described i ASNK2S.is Ratrivad inNG.S. Bye@BR0. 44T 0.85MS-3P & dbexsibed bddSin U. S.
Patent No. 4,5 0,4ZS [ Pat 4,076, 842.
ZSM 35 i s descrﬁd? e§7)|4()1% éz %1@1318 é;n@f’eﬁﬁhk&% c'lc@uult}ecﬁl\lhlllg IIeJ;In}rDNer

particul arly destrdbed in 1]. S Patent No 4 234,231. [0034]Alternatively,
the al kyl ati onpgpgfal yﬁﬂumlﬁ me%op%l@r P Eéinprdd 8% R MRkecul ar

si eves having a Constral nt I'ndex I'ess in addition to the MM 22

fam |y materi aPore Swiceds] evpaby@egof @I%Wéewdwéhaévegl fddticnde Weol i te bet a,
zeolite Y, Utgrsiablgni 1(1!&@%) SM&@UM};@|p§1@d}u¥u{1@ﬁatwﬁncldﬂ9r/@lﬁlﬂi te, ZSM 3,
ZSM 4, ZSM 18, and ZSMm Zeol i i s described %5347 Pat ent No.
3,923, 636. ZeolS& &OFSNE: é@““P‘éblbl§§HWb88al‘i“‘t‘i“‘UdSY (pah Bnpoggie 2, 983.
Zeolite Beta |§SM91$QSMb1%daddI’V‘1N4 2. Paﬂlwmm is ®s30& ROYS. manat Re. No.

28, 341. Lowso m_Ul trast Ym)leu siev |bed|nUS
Pat ent Nos. g‘g; (fEJZ/ ‘éﬁ&fé 2&3‘“ 6"?’6“b“%5 1k Ur'}ld}‘i[’ ‘%1(‘%@&01 ‘fogm Y) may be
prepared by t he cmhaldmfloundmnm NJs. S %(R’a)tﬂemhd No. N3, ZMQA 799w Zramxln te tIFIP-Y
IS desprl bed i pitngtd uUY mio (,Clgjn I(SW @)’SY 18.de scr@budwblrlq au,tm (I)ss“ é“) nl%t’ Ql(dal ! y

occurring nate allabelns nt , such
TEA- nordeni t e §.849070. ByantnhigibddcyY motidéindat ¥) 1pa>etpaxr@duﬂ bx)lm mdh@at@tmcbn m xture

conprising a tetraethy Aamdi ol 8 disclosed
in US. Patent I\EQ B‘Y‘%mq% 4é?r?d %%ggiq%oggm%%%%j Eﬁr{pggﬁd\%t fgrlﬁl ecul ar
sieves may be #4@d5as Mérdengd kyh arioty cavaing spagik Hout AanyvdrndE or matrix,

i.e., in so- Cal Jn@lgll(,slglllltS Q}legldllf/\oﬁlmduﬂpt(ﬁr Q?ﬁtﬁc\ﬁ@ 1%1dc;1ﬂ>epr«%lc@@1%lna§ si eve may
he conposited Wlt another material which is resistant to t eterrperatures

and ot her condieajlionsmisiysl egBrlising ¢ HaraghRyirapiign degee sn)-sutkidnat eri al s

i ncl ude acti ve,gpghii.nagidog it € hhah Noandes ¥ Hatisos g4 natural Iy occurring
zeolites as wel| as inorganic naterials such as ciays_ and/or XI des such as

al umina, silicH03%|iths-RPyrnivAlscularsiueinmay bt ticdmsah® AlYARY G9P mi xt ures of

these and ot hegimxi &binded orhlemixawem sﬂBMchDQHﬁiohthﬂ'onﬂaP\u&aeluk/My,Qmﬁui yi ng or
in the form of 8e| at i nous Erem es or gels i ck’u mxtu&es of silica
L

and metal oxi dEECCHH S ‘10§‘8"‘b‘é VR ORE G VY é‘“or%i“a@[ ©yPe binders to
nodi fy the rrectaal@a:rmaxlu pﬁd)li)ﬂhtxt L(ﬁ}ﬂmﬁxﬁs &Hﬂ;ﬂo)@atxﬁllly.shlkﬂﬁuoh()c.ascm stSutn its

manuf act ur e. in con equl r sieve,

i . e.. conbi nedmf“hrédf) W]{Eﬁ d({j‘]}“'ﬁ“éénéﬂtw’ &LHICIS ancgl sgr%cuc oﬁgagnin% y oC urmﬁg itself is
catal ytical ly aoctikeve wilys ohec,age ntahaalnmnh@fc&ly&mdamdmdurs seél 2@ @luiiniat y of the
cat al ySt l naCt llL\{ie SIETBA d?ungl d., SIlI?OLTI\Ildt ?P ly i?]grn\é?d g'l ng![ll yseﬂt (%L‘Lodng(?)n\tl,{ Ol t he

anount of conversi on tal ned econom cal ly and
orderly w t houtxidetl The lawer mdy be cithcr ndturdlly occumng’ or in the form of gelatinous

precipitates or gels including mixtures of silica and metal oxides. Clays may also
be included with the oxide type binders to modify the mechanical properties of the
catalyst or to assist in its manufacture. Use of a material in conjunction with the
molccular sicve, i.c., combined therewith or present during its synthesis, which
itself is catalytically active may change the conversion and/or selectivity of the
catalyst. Inactive materials suitably serve as diluents to control the amount of

conversion so that products may be obtained economically and orderly without



enpl oyi ng other means fir controlling the rate of reaction. These materials
may be incorporated into naturally occurring clays, e.g., bentonite and
kaolin, to inprove the crush strength of the catal yst under conmerci al
Operatlng,&gggf%yggf and function as binders or natrlqqﬁﬂkg&w@b§4patalyst.
The relative proportions of nolecular sieve and inorganic oxide matrix vary
widely, with the sieve content ranging fromabout |I to about 90 percent by
wei ght and nore usually, particularly, when the conposite is prepared in
the formof beads, in the range of abolt 2 to about 80 wei ght percent of
the conposite. [0036] The al kyl ation reaction may be carried out batchw se
or on a continuous basis. Mreover, the reaction may be carried out in a
fixed or novi ngn gcﬂuxedmbemu@pemagmonmnsnnhomeﬁb%unpmeﬁenneé typically
with the al kyl at [ t n of

series- connect%dgggﬁupgﬁ aﬁ%u%aﬁﬁgﬁggg s??gaﬁbg§ %qgﬁﬁt%%tlon
reaction is gethercalsh ypuopdr ol @d @@lyasurtdel amhn«ewé (@@gmgamnﬁawwdl@orrpl ete
conversi on of fR&iofd alidtklal! pg QPG m('aawpmo!raaqw%r@amwapyl ene) and
hence the effluent fromt atron zoné 1s conposed main of cunene,
copr oduced andm@b@eﬁswateﬁlmﬂﬁﬁ%a@@@dmﬁEhZéﬁe“d%hd“@UHeF“%e%EKWon product s.
Part of the eff|yankoh sbohdyPloGBb: Yo f)&&M@lLye\Qxéh@d&]hﬁor@-h&}ﬁyﬂ)abirﬁl@laﬂsane in order
to control the reaction tenperature. It is, however, i mportant to avoi d
excessi ve bui | Wbghofompasisrs pispalein dhadprmac] brady dnde Hrea N RENCE t he

al kyl ati on ef f jydido weshdercbRasihe Raidokidl | y dewatered before the effluent is
recycled. The effluent stream can be cool ed, s @53%@% into a mater-rlch

aqueous streamil a Wat dkIHBI BREE" APBMRE | CUEH tpf i €i A “cunene,

unr eact ed benzamenuoa@ms@t ReFeot@ant feaniop nad u@mmdl?)ar ﬂh dOfXL(l dnen(azlmgrrat ic stream
is then recycle % daIk | at.i qn reactlon(ﬁone é y u&m%g a catal yst
conpri sing at “éa SPob e B 8&var°§‘%VeWb¥“¥ PR 240 ° %9 i s found

t hat the presenmuahkykahmmnn@nmcessmumhwmuamméhmmuahemanﬂﬂkﬂwﬂmhe presence
of water in the QU|d phase of the al kylation reaction zone. Thus, whereas
it is normal to é%y al kyl ation feeds so that the total water content in the
l'iquid phase r@8&ti oritheedkylmionsreveivy isogvnfilpicpehicy wehd Welcwres0 pmm), it
is found that ) P Wok; s of at |east
50 ppm such aguhi%rf? ag}zg)rﬂ{pig c%ﬁ\?ﬁs%on oqlfhuq ec‘drf}r\g{a@ngvg EP (13\@3%(%n(% ﬁl\ég ?r‘]% such as at

| east 12 1, Oomom@wmbﬁwéwenUavﬂheaéﬂmahQQBﬂﬁﬁmvomM%HWHP“§H@Wﬂ¥Pcant | oss of
catal yst st ab' “n‘i&{u Qﬁln)guc@(l] | ¥d bRE WHRRCLnrbdol thePRnd NJ CARESALEAL T ONn Of

water in the liq ase Is 40,000 ppm In one enbodi nent, the
concentration @Wmﬁaté art phthe BElupr i RicbaxaclPhrgasalitadin B iRENes, 500 and

40, 000 ppm  sugh.ofsol Rt MREM LRpQRAAreandis 2wA00, PPBlan&t £b6idl@Wedi®e W t hin

t hese ranges can generally be achieved by suitable contr of. the water
content of theP¥dugI%yREE 'rige abﬂﬁfmfm#F%d%&“ﬂh%%bﬁ%“ﬁé?t gf”d?? fng), the
amount of al kyleak wnalef&wama bEBRYEI auueamsl/xaryatmelmaummcmmmn of
T o Chebt SO S0 P o STEP el BB BRED' Procese
for producing mhemﬁlqnhm &mqﬂuag(mmiﬁghﬁk&duprQQSScmdhﬂmCUﬁEmﬁlprOdUCGd in
hydr oper oxi de. PEUGTedgnd! 15 Fr areenyStanarr| Haht PEpALLIeatl f Ang
phenol and acetamne. The acetone is then separated fromthe cl eavage

pr csent procest e R Sk € lab SRR aRe ROk it LN S Dal ™ Sps can be
Pound |np for e&aﬁﬁlemmu 8. isPatmhthaNdie Besot7alp2@ion \giicets %smgw@brpgrated
herein by refe[gnee., B@ %sTn%e of \&Iahfama@l@tlﬂﬁlig phys ro(f’gﬁnﬁfqllﬁﬂm 1Gacli&PPr opanol

can be found in, for Pat ent : 321, al so incorporated
herein by ref er(@gcéhus whpruas it is nonnal to dry dlkylatx()n des so "that the total water

content in the liquid phase reaction medium is very low (typically well below 50
pmm), it is found that the present process can operate with water levels of at least

50 ppm, such as at least 100 ppm, for example at least 500 ppm, such as at least



Exanpl e I [0040] An al kyl ation test of benzene with isopropanol and

propyl ene was carried out in a fixed bed reactor, made froma 3/4 inch (19
cn) diameter Schedule 40 Stainless Steel 316 pipe with a total |ength of 34
i nches (86\509[@0/‘) A, storage tank was used for the benzege/isaRlepanol

m xture and another tank was used for propyl ene. A positive displacenent
punp was used for feeding the benzene/isopropanol m xture into the reactor
and anot her positive displacenent punp was used for feeding propylene into
the reactor. The flow rates of the benZene/isopropanol m xture and

propyl ene were set by punp settings and nonitored by el ectronic weight

scal es. The reactor operating conditions were controlled and nonitored by
an automati c cofOin ¢ysdnemeass P tpinowitbdut sibeficagalotser cadlfsl signlitywas

circul ated back. to . the r e ept i f . Q.eontrol 13

t he tenperatur§u¥rg ﬁbuﬁggﬁﬁﬂ“ubgtgfgxuﬁb&]n %ﬁé“?gga@¥ggﬁR§h react or

ef fl uent were &ndl0yped hynt \71/0b0|eilew|ne1t1tL Packeatidn 588@cSe rtheagluid) phazgs

Chr omat ogr aphsran D&, )ﬁ%lvﬂ:@@g SU\’} &nla 48 o%ﬁ&ﬁﬂ@&kas%w\%ﬁ(ﬁ%%ﬁd e(p(l)(;@,rm haVI ng an
i nsi de di aneter of 0.2 filmthickhess of 0. m and |e

meters, and t heot héYdt%rhe%thpp'é@wmrehs en sagirlyre dMHPwa@NAU@gIvurm haV| ng
an inside di angf,g61 @finOws@ fRenf b 1 tb'aﬁ?lﬁ@ﬁg%g@xﬁl Qi ()pmuh@cﬁ@dﬂu@lngt h of 50
nmeters. [0041]60 grans of an MCM 22 catal yst was | oaded into the fixed bed
react or . Befor@ymﬁel%eﬁ%@ﬁeW|é@ﬁ%@baﬁb*mﬁ$%%hr€“véé“1Wﬂﬁbﬂﬂ&éﬁolnto t he
reactor, the fgaedalodcthen@aator consisted of pure benzene and propyl ene
and the catalyst erformance was stable. The | ene feed i ght hourly
space vel oci t y[OPH |évymmeghéneﬂhfm1”0f%ém%éédmb@ﬁ%eﬁe1%8“ﬁf“ﬁ91ene ratio
was 1.2:1 nol atumead @orinb @ar @AGH Qﬂeg,tdrﬂdeﬁrodeeﬂmebﬁwﬂw@ Mﬁ&)llZB@uchThle react or
circul ati on was ve}asted tP controld 1 nE se. across

catal yst bed b&% @@“‘Aé"ﬁBVﬁ“Fﬁ”ﬁﬁdﬁV% ‘*”%PWS?S? K& 8 %‘nzene f eed
was repl aced widntena hglnépaisxédeC Ofas ihs tdumgneo fiydtopato¥udi So pieapdnol foamdch 99 wt %
gejpréﬁgle( ?Qgpf’ gga%g%aucgﬂuen sm,%;[n) E()%Fﬁllllét phléxrl( 91 %(gnqgv\%h% fcfltz 1s§}9§nd
stabilized at aphewénmhemekkah@@bﬁb&@hﬂwmmuBﬂn@ua&Shvghmmpﬂvkembe in the
broguety on of RALKSARL IPADEAEEN it [N ARTRLAE SUkLR ARIARAN AP opy! ene)
selectivity remal ned essent | Yange t hroughout the test, as shown in
Figure 1. No g¢leategslsos cqnamufepnslgli rhey oaenrsihdmh Haggng Ne SéX i a8ichfis US PAT No.
6,512, 153 was QbSEsVES humebp aprxﬁc%nelﬁenver sm%me hﬂy@@%nam the
|sopropanol conversion was 99% The noisture |evel he reactor was about

20 ppm wi t h thé"lb@ﬁz‘én‘emf‘eeb’u&‘hé)“ abogranple dos, bﬁww% ‘t@i%*” also

benzene/ i sopr opa&Pral Kddik By reilth@ccor respondi ng i sopropanol VElI SV was 0.01
and the isopropanol to propylene nolar ratio in the reactor feed was 2:98.
Exanple 2 [0042] 30 grans of an MCM 49 catal yst was | oaded into the fixed
bed reactor depgdmfed above. The reactor effluent was cooled to near

anbi ent tenper e anpd hen the free water was renov a decanter A
portion of rr}[)h e%ﬁlg{gct O/?n ; Fugnlf,sl of benzene with isopropanol dn(? prop?lcne wa

carried out in a fixed bed reactor, made from a 3 inch (19 ¢cm) diameter Schedule
40 Stainless Steel 316 pipe with a total length of 34 inches (864 cm). A storage
tank was used for the benzene/isopropanol mixture and another tank was used for
propylene, A positive displacement pump was used for feeding the
benzene/isopropanol mixture into the reactor and another positive displacement
pump was used for feeding propylene into the reactor. The flow rates of the
benzene/isopropanol mixture and propylene were set by pump scttings and
monitored by electronic weight scales. The reactor operating conditions were
controlled and monitored by an automatic control system. A portion of the reactor

effluent was circulated back to the reactor inlet by a centrifugal pump to control



after the free water was renoved in the decanter, was circul ated back to
the WD 2010/ 042314PCT/ US2009/ 057941 14 reactor inlet by the centrifugal
punp described in Exanple 1 to control the noisture content in the reactor.

[0043] A fe\gﬁzmﬂ% sed of 88.6 wt % benzene and 11.4 wged sopkepano! .
equi val ent 't0 benzene to isopropanol molar ratio of 6:1, was fed to the

reactor at 134 grans per hour, giving an isopropanol WI SV of 0.5 hr-1. The
reactor circulation was adj usted to give a noisture content of 10,300 ppm
in the reactor. The inlet tenperature Mas 210C, the reactor pressure was
mai nt ai ned at 470 psig (3342 kPa), and the reaction took place in conplete
| i qui d phase. The i sopropanol conversion was 100% t hroughout the run. The
Cumene/ | sopr opanoimpseluectiscwibby bbserixsebld nTohicsdsexlanpl ewes cffivert hi gher t han

the Curmene/ (| SPRL QQﬁ’yr}Q(k FP[VQPML\EQ??’&?%U%%I l Izsyll QQ§ @B%ﬁgmb@plgx@np le 1, due

to reduced polylsopropy enzenes ction at her behzene to
(I sopnpanol +Prapippehelh « Ghioopick CtPhWSX &(Ml@lmmmﬂ pminside digmelgi Jus exanpl e.

As shown in Figw g2 g4 R %@kﬁ@sts% %sﬂtpnped'ﬁ(fl %gﬁr&?%()mﬁr§5ﬁmh@()ﬁ)bxr&'léghOUt the
run and no gradual or rapi as shown in the Exanples of US Patent No.

6,512, 153 was @hperd/sih de%&'r‘ﬁﬁl éU’ ONvogdpmhbavigg ipadctiicde Ypland cat al yst

| 0adi ng descr | RpdrhnEXRUR® ZubehAcSed shlldhl s exanple. A feed compri sed
of 79.6 w % benzene and 20.4 w A)lsopro anol , equivalent to a benzene to

i sopropanol mol08#!r atf0gras cgamMiaa? ‘fdé‘%irS‘tW‘t“l’i‘é“‘r‘é‘é?d@“df"“‘é?“dﬁa‘b’t" ams per

hour, giving aperbs RS RRARANsopMfaRY 0kl vas Miroduced o the aQitior, tlﬁlté&im ation was

adj usted to give a noisture content of 10 Wg n the reac} The inlet
tenperature wa¥ $%0EaCQhenNEd by P dEY P @ é’pﬁ&] At &'l &1°U70 psig (3342

kPa), and the pe@ahinon waockbll ace: Ipftbpy’llﬁhﬂfpicedl ewlig'hqwndlyplqase vd&he i sopr opanol

conver si on was thro ho t mene/ |l s ro no selectivity
observed in th@qg\{a 4514 lfl‘ 6\)63?’”?’1’1 X mtph(étyl%“b (r)\\/”éla?lph %i} mille 2, due to
i ncreased pol y|hsmapxylhwbemzleammpva@dw{‘l dihe ataubomnlammn\zemé)ust@xl josopr opanol

ratio in this S llut lul )prddm 15 dlur(])ss hlg cd[nﬁg’mé tllg \ga_’t()'g’(L Y&k (‘R‘!;II Qrmance was

stable after the ini ment was no gradu or rapid aging
as shown in thbéﬁxan'cptceshwoﬁru&j@lzlélatie&mltwmgplc@,u@wgl} as@uwasorob@e,rq}éd 15

wt% isopropanol and 99 wt% benzene and the reactor inlet temperature adjusted
to 147°C, the Cumene/(Isopropanol+Propylene) selectivity went down slightly
and stabilized at a lower level than before, due to a slight increase in the
production of polyisopropylbenzenes,  The Aromatics/(Isopropanol+Propylenc)
selectivity remained essentially unchanged throughout the test, as shown in Figure
1. No gradual or rapid aging as shown in the examples of US PAT No. 6,512,153
was observed. The pmpylunc conversion was 100% and the isopropanol
conversion was 99%. The moisture level in the reactor was about 20 ppm with the
benzene feed and about 2,100 ppm with the benzene/isopropanol mixture. The
corresponding isopropanol WHSV was 0.01 and the isopropanol to propylene

molar ratio in the reactor feed was 2:98.

Example 2

[0042] 30 grams of an MCM-49 catalyst was loaded into the fixed bed reactor
described above. 'The reactor effluent was cooled to near ambient temperature and
then the free water was removed in a decanter. A portion of the reactor eftluent,

after the free water was removed in the decanter, was circulated back to the



Exanpl e 4 [0045] The sane reactor setup and catal yst | oading described in
Exanple 2 were used in this exanple. A feed conprised of 72.2 w % benzene
and 27.8 w % i sopropanol, equivalent to a benzene to isopropanol nolar
rati o of fed to the reactor at 55 granms per ; an

i sopr opanoW%Wél@?@VO 5 hr-1. The reactor circulati onhl\g/\&/a&gmsﬁgd)ﬁ)é?gld to give
a noisture content of 10,400 ppmin the reactor. The inlet tenperature was
230C, the reactor pressure was nmintained at 470 psig (3342 kPa), and the
reacti on took place in conplete |iquid4gphase. The isopropanol conversion
was 100% t hr oughout the run. The Cunene/l sopropanol selectivity observed in
this exanple was | ower than that observed in exanple 3, due to increased
pol yi sopr opyl b&m&nmm [Dy onluMmrongdatpmh\pwmmbelnmemlm»m i sopropatel ratio in
this exanpl e g re 4, the catalyst performance was stable

t hr oughout the“‘f’h‘r‘i‘“’“ﬁ%l‘”ﬁém U3t or rapid aging as shown in the Exanpl es
of US Patent Nt!)1)4'ﬁ 51/21&&63()%38L0b)$6866’d% enamplaed 51E0®%6}<55h@amé,ne react or
setup and cat aI I oa | I d this

exanpl e. A feed W‘ﬂ”m i “Hgmqg %pﬂfgﬁgw éﬁ)zé% (glnﬁv g@”d %E}ﬁcg)gﬁr opanol ,

equi valent to aw%gnmeme b@lrlgmpg apasoropaml AYH$af @S0k '2: The wagof ed to t he
reactor at 55 &FC%%()IP\%(SAH ML t( \Vé D801 ! c%ﬁl%%?@{'ﬂﬁ?do p\ﬁﬁsl}{llg,fm&t(g hr-1. The
reactor circulation was adj ust ed to give a noisture content of 14,950 ppm
in the reactor TheThiet Eembatiut erp@ HEE Uhercwy PR30C, wasHesipgaek s A7(orsigssur e was
mai ntained at A& psi gnd B3A2cR Rk pﬁ&dmtc&ﬁpl[t@ﬁghdl ﬁﬁ.sé 0%k ispBsfol N conpl ete
i quid phase. The 1 sopropanol conversion was hr oug hout the run. The
Cunenensopr opaffdversian ggt i W% rrosiet eduin Tihf %‘“‘é&%ﬁ’r?ﬁ’f"é‘”\%é‘“ SHYight 1y hi gher
than that obsepyeded N gxanple 4exaflpe towsl i ghichy lower pcddyl sepnpyl benzenes
production at the hi gher noi sture content in this exarrlg{L shown in
Figure 5, the EAPUIC{EEPTHBPYIGTRARATE WREIENABPEEhrBUGHD %“”rﬂ and no
gradual or rapiduagi ngﬂ;asopﬁm@mzumthmﬁxam)l es OhighdS Patnem Ne» 6,512,153
was observed. 16 Example 6 | 1 t rTF [eac tor setup g cat al yst

| oadi ng descri BEE™PH™ é‘?%l“@‘“)éa% é‘hé@ﬂl AP SR ANPT & d“}R‘Teed conpri sed
of 72.2 wt % bestwenen augd&?m&amtl% pstopnopana stabkgbriovglanbe o aed benzene t o

i sopropanol nol ar, f was f 5 ans per
hour, giving aﬁraduafor %plda uixg Wnl t gdﬁ‘?lulﬁq%ﬁ%{egétﬁl 3?? glﬂ ation was
adjusted to gi vlauacd*ml sture content of 20,000 ppmin the reactor. The inlet
tenperature was 230C, the reactor pressure was nai ntained at 540 psig (3824
kPa), and the reaction took place in conplete |iquid phase. The i sopropanol
conver si on wasE&009 8hr oughout the run. The Cunene/l sopropanol selectivity
observed in thigaxanpl.&a @ Seabmd uﬁJdnhqd@ai}atxo&xh@e(kv&@lbd I exapRle 5. As
shown in Figure 6, the catal yst performance was stable throughout the run
and no gradual “or urph Bissihge-ad e sompised oS opednisnese wid 0d Bt ent No.
6,512, 153 was QQ&@;&M&QWUE%@HRJ, € bdnzene (o isopropanol molar ratio of 3:1, was fed to

the reactor at 75 grams per hour, giving an isopropanol WHSV of 0.5 hr'. The
reactor circulation was adjusted to give a moisture content of 10,400 ppm in the
reactor. The inlet temperature was 210°C, the reactor pressure was maintained at
470 psig (3342 kPa), and the reaction took place in complete liquid phase. The
isopropanol conversion was 100% throughout the run. The Cumene/Isopropanol
selectivity observed in this example was lower than that observed in Ixample 2
due to increased polyisopropylbenzenes production at lower benzene (0
isopropanol ratio in this cxample. As shown in Figure 3, the catalyst performance
was stable after the initial adjustment was made and no gradual or rapid aging as

shown in the Examples of US Patent No. 6,512,153 was observed.



[ 0048] The sane reactor setup and catal yst | oadi ng described in Exanple 2
were used in this exanple. A feed conprised of 72.2 wt % benzene and 27.8

w % i sopnpanol , equivalent to a benzene to isopropanol nolar ratio of 2:1
was fed thEQEN%eg?Ior at 56 granms per hour, giving a”ﬂ&ﬁﬁﬁ&BR@ﬂ?ﬂ WISV of
0.5 hr- € reactor circulation was adjusted to give a noisture content
of 23,700 ppmin the reactor. The inlet tenperature was 230C, the reactor
pressure was nmai ntained at 470 psig (3342 kPa), and the reaction took pl ace
in mxed gas-liquid phase. The noisturk content in the liquid phase was
calculated to be 18,600 ppm The isopropanol conversion was 100% t hr oughout
the run. The Cunene/l sopropanol selectivity observed in this exanple was
slightly higheExmhma4that observed in exanple 6. As shown in Figure 7, the
catal yst perfo ce. thr ol g as shown i n
t he Exanpl es opﬁﬁﬁs % u% “gf gé%y§3§&§1 g?vgg% EEX%gﬂQ '8 [0049] The
sane reactor setmp“dndHMﬁxahmetAWEadmmgndE§dpPbeﬁ*wmmExaﬁﬁVéVQVMBre used in
this exanple. o r@@iﬂolc&m &8 Bln,dif 1g1s¥\ﬁr ﬁap&% z{}%t@)n)@l 247 wik 1¥h t(P 17
i sopropanol, eq ht' to. enzene to 1 sopropano lar ratjo of 2:1, was
fed to the rea@tdﬁﬂatMSﬂé@mmﬂwfbev %UU?algwwwwgﬂéﬁﬂﬁgdbPéﬁanolmwvISV of 0.5

hri. In additiQe.R% @\Hyll(ﬁrl&eds \ﬂ@iﬁsufdetq g‘\@ AN sthiB GG oft0, @ngpﬁﬁﬁ drer hour,
gi ving a propyl ene WHSV ) he overall Benzene fo

(1 sopr opanol +Preapg éﬁe)nlmnzyﬁmwawe we\é the Zeagtonpgs st &vap BBHREARDl to

propyl ene mol afy¢f Atd @342k e @nd @R GLa0onf B&IpINRSH 6npi&e hz[dae plﬂa@@cllﬂi’
circulation was adjusted to give a noisture content Pn1|n t he

reactor. The |HP@?WT@dﬁ@%éfﬂﬂ%“%BQ%ﬂﬁ@$““¥Hé”?%a&T“QmBWegﬁﬂP@m

mai nt ai ned at 470QiQs1 Gsddd4r tkPahmpaRds idver eadii oRedvadk Rimge3j n conpl et e
i qui d phase. The gropylﬁg ?nd i sopropanal Fonver5|ons wer e bdth 100%

t hroughout t hed¥un? A% Wﬁ>?ﬁmﬁ?@ PEE  DFECHORt A YOFT pBPY DY mince was
stabl e after tReprbfndliralo iehangenpia ﬁhﬁemeh{hgopnopamah*ﬂmdmwheme)

atel teﬁél \l;:a;?/ngluﬁést gtguht ﬁzéoulgj(l)u? Nglfun l?mcg I]%lglddud ()q lx:%)(c;pp dfﬁ szagpgxg)@éﬁgg\%epﬁ) ‘ Lgt io
Exanpl es of USE BaueﬂmiNbPa&uBmZ}1B3i&ass®b@enwed Exanple 9 [0050] The sane
reactor setup and catal yst | oadi ng described in Exanple 2 were used in this
exanple. A feed conprised of 72.2 wt % benzene and 27.8 wt % i sopr opanol ,
equi val ent to Bemupaé to isopropanol nolar ratio of 2:1, was fed to the
reactor at 56 gpads PRI sttmy Ldug} mgdna dm@g%ﬁp@mucnw&%\{ x%mgk& hfl. In
addi tion, propylene was he react or ?rans hour, giving a
propyl ene VVISW%@N“@1Qmﬁﬂxw“W%eAévéFQPW“BeWi@ﬁe“”d*@%@bﬁﬂoﬁédﬂﬁ#PropyIene)

mol ar ratio Waﬁol;r%ﬁén(l] @fﬂg ASACH h%Q‘QIIQR@-ﬂ@ﬁroﬁa‘ﬁolpﬁ@ﬁ)ﬂil@ﬂﬁ omokagfeiatio in the
reactor feed was he reactor circul ati on was %Psted to give a

moi sture conteﬁ%rb¥m1§}§05“ﬁﬁh1Pﬂ“ﬂﬁ@“&éb&ﬂdﬂ““#H¥”SKF terpéf&at ure was

230" ) C, the reagti®fciRiIRRRW SR clbi\i@{iemgmaﬂ Nesutcoddf op$4.950(p3did (kPa), and the
reaction took .Iace,in,nixed as- I|qH g Bha§e. The qn[sture.qgn{ent in the
liquid phase ?“@eﬂéﬁPﬁ?éd“f W H5- 800 NS PHAC OTRESSBE OBy PEHE ™SRA" | sopr opanol
conver si ons MBﬂH)@Qﬁ@%ﬁﬁ@%@hhﬂﬂ“g&@ﬂhlbﬂem&mnncéﬁm&hmwmdmmhFlgmre 9, the
catal yst performance was s nitia

CUnene/(IsoproﬁgﬁdpﬂﬁﬁBBerweY“12@ @PO$$?mL“NBn g%dﬁ%“%dkopobﬁd]aging as
shown in the Exanﬁheedm&v&ﬁﬁxEﬂUemhm&bmsem&ﬂzhkﬁa was tabserewed in

example 4, due to slightly lower polyisopropylbenzenes production at the higher
moisture content in this example. As shown in Figure 5, the catalyst performance
was stable throughout the run and no gradual or rapid aging as shown in the

Examples of US Patent No. 6,512,153 was observed.



18 Exanpl e 10 [0051] The sanme reactor setup and catal yst | oadi ng descri bed
in Exanple 2 were used in this exanple. A feed conprised of 87.1 wt%
benzene and 12.9 vvt%isopropanol, equi val ent to benzene to isopropanol

nol ar rati was fed to the reactor at 95 graps, py , g|V|ng
an isopr op‘gﬂg{m&i—é of 0.4 hfl. In addition, propylene Wé.l%g )Q%h

reactor at 9 grans per hour, giving a propylene WISV of 0.3 hi-4. The
overall Benzene to (Isopropanol +Propylene) nolar ratio was 2.5:1 and the

i sopropanol to propylene nolar ratio i the reactor feed was 49:5 1. The
reactor circulation was adjusted to give a noisture content of 8,500 ppmin
the reactor. '"I'"he inlet tenperature was 230C, the reactor pressure was

mai nt ai ned at 14>7f&1m66 g, and the reaction took place in conplete liquid
phase. The pro ne .and i sopropa ver .09t 0% t hr oughout
the run. As sh ﬁ @" giite 1o T“Ejg d(‘:“gta SL% mf’fdw"ﬁ glmmstable after
the initial chaagesudm @m&emqﬂ(Izsm@docpammeﬁ@@wt‘érber)/cwedné@f Bwittey due t he
|ncrease of benzene t.o Qpr o | +P b tlh hegi,nni ng of the
run. gr aduaIIS()pr()]) ?()1 Lqé ?1 IRK) Pgrlllgbnﬁ L(UR(YIJI(?’AE% 11{.0 lldQlO% \?as S( Igat ent NO
6,512, 153 was tbbsamvred SGEmwmuellwl qw)%@] 1%)%!&%"111‘%@{ of hset s and
catalyst |oadi pg,desenihdl uEAanBli, 2 wEhs: Usath bddbgpfiaml e A feed
conprised of 72.2 enzene "an wt % | sopropanol , equivalent to a
benzene to i sofsrapardbt intlcameregrd \bdséf’o"é the reggier REUIE oy AkEsERor at 56

grams per hour s4ogic%i Bg4aibaj, 3RPHORARRIN Wk Ji=Y iPforthide I h(?mcﬂ-pha:rhel He€act or
circulation was adjusted to give a noisture content o 300 ppmin the

reactor. The i WPREePaEQpBERINMEs WY Snpehoy He ‘Y‘éa@t“ér““bf“ég‘gldﬂé‘“\}%as

mai nt ai ned at 410 p§ioPset33A2nik Badnpland sinligr b eactisaiedigotunpleacersi n conpl et e
i quid phase. The isqgpropanol conversion was d\%}aO%throu}ghout t he run. As
shown in Fi gur&o¥qin It‘f%\‘éc Abaraadyst ERPR KBS AR TR RT A HR Bfgout t he run.
Exanpl e 12 [ 00&3Julh@ rgadviifees Ghdn if BieURadgscHitpethn INEOATPI 8 Raswas used in
this exanple. Thirty grans of MCM 22 catal yst was | oaded into the fixed bed
reactor. A feedtprised of 79.2 wt % benzene and 20.8 wt % i sopr opanol ,

equi valent to

Example 7

[0048] The same reactor sctup and catalyst loading described in Example 2
were used in this example. A feed comprised of 72.2 wt% benzene and 27.8 wt%
isopropanol, cquivalent o a benzene to isopropanol molar ratio of 2:1, was fed o
the reactor at 56 grams per hour, giving an isopropanol WIISV of 0.5 hr'., The
reactor circulation was adjusted to give a moisture content of 23,700 ppm in the
reactor. The inlet temperature was 230°C, the reactor pressure was maintained at
470 psig (3342 kPa), and the reaction took place in mixed gas-liquid phase. The
moisture content in the liquid phase was calculated to be 18,600 ppm. The
isopropanol conversion was 100% throughout the run. The Cumene/Isopropanol
selectivity observed in this example was slightly higher than that observed in
example 6. As shown in Figure 7, the catalyst performance was stable throughout
the run and no aging as shown in the Ixamples of US Patent No. 6,512,153 was

observed.

Example 8
[0049] The same reactor setup and catalyst loading described in Example 2

were used in this example. A feed comprised of 72.2 wt% benzene and 27.8 wi%



19 benzene to isopropanol nolar ratio of 2.9:1, was fed to the reactor at
74 grams per hour, giving an isopropanol W1SV of 0.5 hr-1. The reactor
circulation was adjusted to give a noisture content of 9,800 ppmin the
reactor. enperature was 230C, the reactor iﬁa#

mai nt ai ned §30@?32 S|g (3342 kPa), and the reaction t%r Qggwﬁalconplete
| i qui d phase. The propyl ene and i sopropanol conversions were both 100%

t hroughout the run. As shown in Figure 12, the catal yst performance was
stable after the mnor initial change &nd no aging as shown in the Exanples
of (1S Patent No. 6,512,153 was observed. Exanple 13 [0054] The sane reactor
setup and catal yst | oading described in Exanple 12 were used in this

exanmpl e. A feedoganpsl spohaoft @ Qelﬁer\Mtgfd‘b@lﬂ?{zﬁﬁhEmGlﬂldldQ(ﬁ)DB” W Wasifsbpr opanol ,
Feactor at 73 O Aeepar b PTG R o dpr B h T U S BT 0 hro 1. “The

react or circuIaMumn;maskadpmgmednmaxgmvet@gﬁmbenmpmx@mngennmﬂﬁ%15 800 ppm

in the reactor §k\1/e f. ()n'J Gl ngE c?lt ﬁ'en?xd\\@@ﬁg%?%ganoﬁﬂﬁo ﬁ\ﬁtllqﬂarggtgssur € was

mai nt ai ned at %g ?38 ction l'ace in m xed
gas-liquid phawes 1Thenwﬁwsﬁmﬂmd@mnienmﬂmmlmﬁEINquﬁmawﬁaeebvhwwcalculated

to be 13,400 ppm Tn{% LR RPLORBABA wa0 gm&alupguw@%l&%é’/wnmnpug@mt the run.

The Cunene/ | sopropanol se ectivity observed this exanpl e was essentially
the sanme as thaim gbderspeldr i Fheaplghisheerapre wes 23R wHhe TRACKT GIFFWC1Bas t he

catal yst perf Oﬁl%ﬂﬁl@d Wasgo %&15"-@]3@7 I(IthiH@hl@%dclfi(ﬁQO(fkq%c@mjuﬂglcﬁgkfﬂgl as shown in
t he Exanpl es of US Pat ent 14 [ 005 LThe sane reactor

setup and cat aPipst ledH‘i’Ihbv“ﬂé@‘c‘P?lb‘éH“ql OEREIPPY é(‘*'fé“’\}eelr”@%d CHEOR t hi s

exanpl e. A feegaMmkissnd ipfigde 621hu\ic%lﬁeﬁ,&ﬁwﬂﬁ?dn@cndasg?abﬁ d‘ﬂlﬂ(ﬁd igi@pr opanol ,
equi valent to a benzene to isopropanol nolar ratio of s fed to the

reactor at 57 @P%%E”béﬁmﬁﬁdPOW@PWPﬁbmHH“Fé6&?6%&%6@‘V@”‘%%”%? .5 hr-1. The
react or CIrculahhgeuW@&pﬁﬁwu&EeﬁymmngmMetmem@m&hgmeuemmtemthMa15 600 ppm

in the reactor. The inlet te era the sPressure was
mai nt ai ned at %SGPﬂsﬁﬁ“(§B§§QBPB)‘”éﬁﬂm?* & ggéduﬁn o Eﬂg[%ce in mxed

gas-liquid phasgcrvdhe 20 noisture content in the |liquid phase was
calculated to be 14,900 ppm The isopropanol conversion was 100% t hr oughout
the run. As shown in Figure 14, the catal yst performance was stable

t hroughout t heEramplafd no agi ng as shown in the Exanples of | IS Patent No.
6, 512, 153. Exaﬁﬁhﬁ 15

The same reactor setup and catalyst loading described in Example 2
were used in this example. A feed comprised of 72.2 wt% benzene and 27.8 wi%
isopropanol, equivalent to benzene to isopropanol molar ratio of 2:1, was fed to
the reactor at 56 grams per hour, giving an isopropanol WHSV of 0.5 hr'. In
addition, propylene was fed to the reactor at 6 grams per hour, giving a propylene
WHSV of 0.2 hr'. The overall Benzene to (Isopropanol+Propylene) molar ratio
was 1.3:1 and the isopropanol to propylene molar ratio in the reactor feed was
64:36. The reactor circulation was adjusted to give a moisture content of 19,300
ppm in the reactor. The inlet temperature was 230°C, the reactor pressure was
maintained at 470 psig (3342 kPa), and the reaction took place in mixed gas-liquid
phase. The moisture content in the liquid phase was calculated to be 15,800 ppm.
The propylene and isopropanol conversions were both 100% throughout the run.
As shown in Figure 9, the catalyst performance was stable after the initial change
in Cumene/(Isopropanol+Propylene) selectivity. No gradual or rapid aging as

shown in the Examples of US Patent No. 6,512,153 was observed.



[ 0056] The sane reactor setup and catal yst | oadi ng described in Exanple 14
were used in this exanple. A feed conprised of 72.2 wt % benzene and 27.8
wt % i sopropanol, equivalent to a benzene to isopropanol nolar ratio of
2.0:1, wa he reactor at 56 grans per hour, giyi L-ggpr opanol
VHSV of Oé‘ggﬁ&%?ﬁ%‘he reactor circulation was adj ustecr\etﬁc}%é?)\glg‘gﬂrmi sture
content of 5,200 pp min the reactor. The inlet tenperature was 210C, the
react or pressure was mai ntained at 550 psig (3893 kPa), and the reaction
took place in conplete |iquid phase. TWe isopropanol conversion was 100%
t hroughout the run. As shown in Figure 15, the catal yst performance was
stabl e t hroughout the run. Exanple 16 [0057] The sane reactor setup and
catal yst | oadi pgangjpstr i bed in Exanple 15 were used in this exanple. A feed
conprised of 7 wt % benzene and 27.8 wt % i sopropanol,. equiyakent to a
benzene to isoépééano he P PR P8P S §2‘%.ysi,loa\%§§%?“’éﬁb°tddntef%!éﬂu}'/leéct or at 58
grans per hour yergiused mgtharxagopr o pad cbmpAkS\of 87.1 0:1t% bhrzede. anTha9 meact or
circulation was_adjusted 1.0 give a_ ol r L oPE-5, 10Q.peM i N the
reactor. The ilrsl?pemfIJ“?%‘rﬁ%‘rV ‘té] ntﬁrgoeb”\%é@L g(glé(%?(%tdﬁ)el%?%g%p or bF:e‘ssurlbe was

mai nt ai ned at H50capsi g LIBOB pePapur, gimide tahasopraael BHISVook)-phacelri n conpl et e
|1 quid phase. [Jjgioh SR RRANA e QWELRAET 100% i aHgheMbyitie run.  As
shown in Figure 118%”3% q:a'g al §/st p‘“erL or n%a()rll\%gmmgbs st ab| e”tlﬁ’lrégyugﬁout t he run.
[ 0058] Wi | e thwlﬁﬁ’eﬁé)rﬁt hrj -n\)b%_t’i’e@%l Méeﬂbééﬂﬁmé@@:’wi%’éd’ylﬁﬁa “_i"lqutlj*_ﬁ‘t"r ated by
reference to pards sul.ad (RMRAHHIRNSprody RS ndr rAloth MR ¥addsibda W& the art

w Il appreciate that the invention 1Iends itself to variations not

necessarily i | #ldk rHeaerche Fguiioryps ddsed fagise A mossh confas & &ife shoul d be
made sol ely topiha @appanded e gleMBmb@iuRWROSEs, af reRtoe hitkdtengast he true
scope of the present invention. 21 Wiat i zl\c,l aimed is:. ll)1AH )rocess for
produci ng cuneM&NEERbRIEY A cHharesing ok PReg NS PPREMIEYABPAYi g benzene and
a further feedpshN@aaneABPHHaSOHINGnIeHAPE 0PI WO%ahBubur@e ah. isopr opanol

and propylene in the. pre ce of an alkylation catalyst copprising at |east
a mol ecul ar si ‘g’\?&f“B’fl‘g‘H% @%M‘é‘?{y“f"éﬂ?rf’ X‘i"anéﬂldl%{T %ﬁréﬁ{’i‘%ﬁ‘ﬁz‘gﬁ “ Under

al kyl ati on conduhénoRisoppdpaatl+iregasmepardciialy diquicdinpkaseotahehzeuct v a wat er

Conce.nt r.atl on Is% P(hz?nok—!—g)(r]tul’lgm r1]'&1 1S(>eal (ﬁ];p baé m!n%g‘%F Lh%?‘vfrr.)pm) v&dﬁa?%f;}ap%t ! easft part
of said isopro aRoran ’r?énz ne to produce an e uent” stream cont al ni ng

cunene. 2. Thaiprocess iofhe Ckanmesbf WRérentNosap 2. ifdvecdisavedsi eve of t he
MCM 22, famly has an X-ray diffraction pattern including d-spacing nmaxi na

at 12.40.25, 6.90.15, 3.570.07 and 3.420.07 Angstrons.
Example 11

[0052] The same reactor setup and catalyst loading described in Example 2
were used in this example. A feed comprised of 72.2 wt% benzene and 27.8 wt%
isopropanol, equivalent o a benzene to isopropanol molar ratio of 2:1, was led o
the reactor at 56 grams per hour, giving an isopropanol WHSV of 0.5 hr', The
reactor circulation was adjusted to give a moisture content of 5,300 ppm in the
reactor. The inlet temperature was 230°C, the reactor pressure was maintained at
470 psig (3342 kPa), and the reaction took place in complete liquid phase. The
isopropanol conversion was 100% throughout the run. As shown in Figure 11, the

catalyst performance was stable throughout the run.

Example 12
[0053]  The same reactor setup described in Example 2 was used in this
example. Thirty grams of MCM-22 catalyst was loaded into the fixed bed reactor.

A feed comprised of 79.2 wi% benzene and 20.8 wt% isopropanol, equivalent to



3. The process of claim1l wherein said nolecular sieve of the MCM 22,
famly is selected from MCM 22, PSH 3, SSZ-25, ERB-1, ITQ 1, 1TQ 2, MM 36,
MCM 49, MCMB6, UZM 8, and m xtures thereof. 4. The process of claiml

wherein saj | kyl ation catal yst further conprises at @q‘% olite

cat al yst s\gﬂg@ﬂ@%ﬂ?{ om the group conpri si ngm%SM 3, ZSI\}lL , gﬁ/{&?g} SM 11,
ZSM 12, ZSM 14, ZSM 18, ZSM 20, ZSM 22, ZSM 23, ZSM 35, ZSM 48, zeolite
beta, zeolite Y, Utrastable Y (USY), Dealumnized Y (Deal Y), nordenite,
MCM 22, PSH 3, SSzZ-25, ERB-1, I1TQ1, IPQ2, MM 36, MCM 49, MCM 56, and
UZM 8. 5. The process of claim1 wherein the concentration of water in the

liquid phase is at |east 100 ppm 6. The process of claim1 wherein the
concentrati on afzswateikoprdpabdi@olar qlubd‘ma,seasif& e n@cer 4idprad® p@00 ppm 7.

phase. ranges. bEFheR BooPERg-hOie0 hom 2218, FetirEhald LR 5 1
wher ei n sai d ahdpyledt b qiivec o mabiistuiro nentdnu rof SO0 qxpmrpunl $e racoengée atleir e of 20C.
to 350C., a pr Egl?)yxélgrco\I/ s:I?qg“(k P}% rtué)clt()%gvrcquc as Iﬁlalﬁtqgrcaatnﬁ)ﬁ{Sﬁ ("%470 of benzene

to 03 alkylatl i'sopro ene to said
al kyl ati on zonkPaQ. ahd 1he m@nm@@mp age fﬁh@mplbtydeigsl isec | Ber@ylshetndi n t he nol ar

ratio of b enzeﬂg;irg dn&%orﬂlpﬁ%ln@\tvlrogolﬂg&ﬂ} thQ(luﬁlQ()Ql'[ 919%%\@&&!»% 1@@ uRr opyl ene)

fed to said al tion zone ranges between 0. 3: he process of
cl ai m 8 wher ei B tveaklssiperamatee maﬂ@&dfﬂgé@w@wr &10@1 %ng%@e@o aging

as shown in the Examples of US Patent No. 6,512,153 was observed.

Example 13

[0054] The same reactor setup and catalyst loading described in Example 12
were used in this example. A feed comprised of 79.2 wt% benzene and 20.8 wi%
isopropanol, equivalent to a benzene to isopropanol molar ratio of 2.9:1, was fed
to the reactor at 73 grams per hour, giving an isopropanol WHSV of 0.5 hr'. The
reactor circulation was adjusted to give a moisture content of 15,800 ppm in the
reactor. The inlet temperature was 250°C, the reactor pressure was maintained at
550 psig (3893 kPa), and the reaction took place in mixed gas-liquid phase. The
moisture content in the liquid phase was calculated to be 13,400 ppm. The
isopropanol conversion was 100% throughout the run. The Cumene/Isopropanol
selectivity observed in this example was essentially the same as that observed in
example 12, As shown in Figure 13, the catalyst performance was stable
throughout the run and no aging as shown in the Examples of US Patent No.

6,512,153.

Example 14

[0055] The same reactor setup and catalyst loading described in Example 13
were used in this example. A feed comprised of 72.2 wt% benzene and 27.8 wt%
isopropanol, equivalent to a benzene to isopropanol molar ratio of 2.0:1, was fed
to the reactor at 57 grams per hour, giving an isopropanol WHSYV of 0.5 hr'. The
reactor circulation was adjusted to give a moisture content of 15,600 ppm in the
reactor. The inlet temperature was 250°C, the reactor pressure was maintained at

550 psig (3893 kPa), and the reaction took place in mixed gas-liquid phase. The



11. The process of claim1 wherein said further feed stream conprises a
m xture of isopropanol and propylene and the isopropanol to propylene nolar
ratio in the mxture ranges from99.9:0.1 and 0.1:99.9. 12. The process of

claim1l and further conprising recycling at |east part, £if 1 uent
stream torggizgm}gﬂ% ation zone. 13yThe gr ocess of (F:)I ai m iusaald%urt her

conpri si ng: (i) cooling the said effluent stream (i)
separating said cooled effluent streaminto a water-rich aqueous stream and
an aromatic stream conposed mainly of ¥unene and unreacted benzene; and
(iti) recycling at least part of said aromatic streamto the al kyl ation
zone. 14. An integrated process for producing phenol, the process

conpri si ng: moisture( @hte@ONt dctiiytig fhafeeed stcneamicdnpriotd pgmbehirene and a

further feed stream n nol . or a U e:0f e )r opanol and
propyl ene in t Ky I%Wéo é()ng\érﬂ()fl Wg_?q 07 zptql{og%%oulnlhu Tu f\s Sk{g&corrlﬁg‘lrré:l‘?\ggat | east a
nol ecul ar si eveatadfst pdnkorMohd R, sta‘b&rrhxloyglmm lhmrualai@h(aaglr@ms zlonven inniger

al kyl ati on condj ti N ~spartial liquid phase and with a water
concentration Fyﬁd“}pwoi Q{Iﬁ@tkﬁgzgel 2?5 at least 50 ppmto react at |east part

of said isopropanol a_nd_ benzene to produce an effluent stream containing
cunene; E({Mpl@ﬁ dizing at least part of the cunene produced in (a) to

form cunene
[0056] The same reactor setup and catalyst loading described in Example 14

were used in this example. A feed comprised of 72.2 wt% benzene and 27.8 wt%
isopropanol, equivalent to a benzene (o isopropanol molar ratio of 2.0:1, was fed
to the reactor at 56 grams per hour, giving an isopropanol WHSV of 0.5 hr'. The
reactor circulation was adjusted to give a moisture content of 5,200 ppm in the
reactor. The inlet temperature was 210°C, the reactor pressure was maintained at
550 psig (3893 kPa), and the reaction took place in complete liquid phase. The
isopropanol conversion was 100% throughout the run. As shown in Figure 15, the

catalyst performance was stable throughout the run,

Example 16

[0057] The same reactor sctup and catalyst loading described in Example 15
were used in this example, A feed comprised of 72.2 wt% benzene and 27.8 wi%
isopropanol, equivalent o a benzene to isopropanol molar ratio of 2.0:1, was fed
to the reactor at 58 grams per hour, giving an isopropanol WHSV of 0.5 hr'. The
reactor circulation was adjusted to give a moisture content of 5,100 ppm in the
reactor. The inlet temperature was 230°C, the reactor pressure was maintained at
550 psig (3893 kPa), and the reaction took place in complete liquid phase. The
isopropanol conversion was 100% throughout the run. As shown in Figure 16, the
catalyst performance was stable throughout the run.

[0058] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.



23 hydr oper oxi de; (c) cleaving at |east part of the cunene

hydr operoxide from (b) to forma cl eavage effl uent stream contai ni ng phenol
and acet one; (d) separating at | east part of the acetone fromthe
cl eavage effluenéI stream (e) tﬁ}drogenati ng at | east part of the
acetone separated in (d) to produce isopropanol; and f) recyclin
at | east YWt is elpimegkis: sopr opanol produced in (e) to said con'g az:ti ngy(a).g
15. The process of claim 14 wherein sai d m)l ecul ar sieve of the MCM 22,

i i B e e,
B it e
concent r 8¢9 BFPpéf nﬁd‘? é'?eef)?e?%?'?\%e o %Tgyiﬁﬁ rgégt%@sp% 'ﬁéé%ls'{g %togggrgmlééfl}%r
LSS AR S R M s =
E?E]j:%fgat e iopl e gt el malifg\%hﬂ?%lha S8 TR RLRE B ft AR &P o og
geagggb\ée%ﬁ gakt ? S L @%Rr%spaﬁo Yarlf BEYJeREGY proguc;[eoaé ARl Kibah! on

Zone range

containing cumene.

2. The process of claim 1 wherein said molecular sieve of the MCM-22, family has
an X-ray diffraction pattern including d-spacing maxima at 12.410.25, 6.9+0.15, 3.57+0.07

and 3.42+0.07 Angstroms.

3. The process of claim 1 wherein said molecular sieve of the MCM-22, family is
selected from MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-

56, UZM-8, and mixtures thereof.

4, The process of claim 1 wherein said alkylation catalyst further comprises at least
one zeolite catalyst selected from the group comprising ZSM-3, ZSM-4, ZSM-5, ZSM-11,
ZSM-12, ZSM-14, ZSM-18, ZSM-20, ZSM-22, ZSM-23, ZSM-35, ZSM-48, zeolite beta,
zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal Y), mordenite, MCM-22, PSH-3,

S$SzZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, and UZM-8.

5. The process of claim 1 wherein the concentration of water in the liquid phase is at

least 100 ppm.

6. The process of claim 1 wherein the concentration of water in the liquid phase is no

more than 40,000 ppm.

7. The process of claim 1 wherein the concentration of water in the liquid phase

ranges between 8,500 and 40,000 ppm.



21. The process of claim8 wherein the nolar ratio of benzene to 03

al kyl ati ng agent (isopropanol plus any propylene) fed to said al kylation
zone ranges between 1:1 to 3:1. 22. The process of claim8 wherein the
tenperature ranges between 150 to 280C.

8. The process of claim 1 wherein said alkylation conditions further comprise a
temperature of 20°C. to 350°C., a pressure of 100 kPa to 20,000 kPa, and a molar ratio of
benzene to C; alkylating agent (isopropanol plus any propylene) fed to said alkylation

zone 0.1:1; to 100:1.

9. The process of claim 8 wherein the molar ratio of benzene to Cs alkylating agent

(isopropanol plus any propylene) fed to said alkylation zone ranges between 0.3:1 to 10:1.
10. The process of claim 8 wherein the temperature ranges between 100 to 300°C.

11. The process of claim 1 wherein said further feed stream comprises a mixture of
isopropanol and propylene and the isopropanol to propylene molar ratio in the mixture

ranges from 99.9:0.1 and 0.1:99.9.

12. The process of claim 1 and further comprising recycling at least part of said

effluent stream to said alkylation zone.

13. The process of claim 1 and further comprising:

(i) cooling the said effluent stream;

(ii) separating said cooled effluent stream into a water-rich aqueous stream and
an aromatic stream composed mainly of cumene and unreacted benzene; and

(iii) recycling at least part of said aromatic stream to the alkylation zone.

14. An integrated process for producing phenol, the process comprising:

(a) contacting a feed stream comprising benzene and a further feed stream
comprising isopropanol or a mixture of isopropanol and propylene in the presence of an
alkylation catalyst comprising at least a molecular sieve of the MCM-22, family in an
alkylation zone under alkylation conditions of at least partial liquid phase and with a water
concentration in the liquid phase of at least 50 ppm to react at least part of said
isopropanol and benzene to produce an effluent stream containing cumene;

(b) oxidizing at least part of the cumene produced in (a) to form cumene



23
hydroperoxide;
(c) cleaving at least part of the cumene hydroperoxide from (b) to form a cleavage
effluent stream containing phenol and acetone;
(d) separating at least part of the acetone from the cleavage effluent stream;
(e) hydrogenating at least part of the acetone separated in (d) to produce
isopropanol; and

(f) recycling at least part of the isopropanol produced in (e) to said contacting (a).

15. The process of claim 14 wherein said molecular sieve of the MCM-22, family has
an X-ray diffraction pattern including d-spacing maxima at 12.4+0.25, 6.91£0.15, 3.57+0.07

and 3.42+0.07 Angstroms.

16. The process of claim 14 wherein said molecular sieve of the MCM-22, family is
selected from MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-

56, UZM-8, and mixtures thereof.

17. The process of claim 1 wherein the concentration of water in the liquid phase is at

least 500 ppm.

18. The process of claim 1 wherein the concentration of water in the liquid phase is at

least 1,000 ppm.

19. The process of claim 1 wherein the concentration of water in the liquid phase

ranges between 8,500 and 20,000 ppm.

20. The process of claim 8 wherein the molar ratio of benzene to Cs alkylating agent

(isopropanol plus any propylene) fed to said alkylation zone ranges between 0.5:1 to 5:1.

21. The process of claim 8 wherein the molar ratio of benzene to Cs alkylating agent

(isopropanol plus any propylene) fed to said alkylation zone ranges between 1:1 to 3:1.

22. The process of claim 8 wherein the temperature ranges between 150 to 280°C.



