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PROCESSFOR PRODUCI NG ALKYLBENZENE Field OF The
I nvention The present invention relates to a process
wo evospopari ng al | cyl benzene from al kyl aryl al eohok2004/020811
Particularly, the present invention relates to a
process for preparing cunene from cunyl al cohol.

Background go@Ess FERYRODUCING ARYI.BENZENE
al kyl benzenes can be generated from al kyl aryl al cohol s

Piggcﬁi%%989%ﬁoth°|Ving dehydrati on and hydrogenol ysi s.
antities of undesirable side products
ar e Ths padselt igeseiontrelaiel tooapfovedsHfer prepaits Ayloénzene from alkylaryl
ahg%lbenzene during the process. It is also known that
alcofiple feriictiatbe thfoprercat By CRIICEIFRP 2RTOEATS FOr(RIPRABIG FYSNe from
cu I%bagﬁnyl-z-propanol) by a nultiple-step process
I ch 1 nvol ves dehydration to onethyl styrene foll owed
Bablerbiwed 6f The freeatioon t o cunmene by a hydrogenol ysi s

fixed-bed reactiqn, and the subsequent, fractiona
di st 13 5R9BR ¢t BeTaREy 6 LR raERE g, P ALY alcohols by a
prééadidvbl s @Ehydrﬁ,[dhpéﬂd?ﬂﬁdxggﬁ?ég@%. R HstattE sk R ofakRlesirable
_produced as undesirabl e by-products because .
SHQI pleductetay |usealive gengtated/grom dndheurresieorc ah Adlidenaena Huring the
rOh(%drogenation bed after they are produced, (before
Iy ?%ing the catal yst bed) resulting in the further
hy diToenat kiwvnothadéuikdnie Zah be pehdielee Fom iyl Acdthd (Aldknown as
WD 02/ 48126, WO 02/ 48125, and WD 02/ 48127 assigned to
2-mheayl-2-erqpamelpa iy mulipde FleR erecepy phElsnyelves dlweratgn 4p crmethyl

; : ‘ _

854k DYSFERRIULRCTL RAED ) FROURRL R s,

ang tlgdsubkegicnefmtoaalpdistdliation atepax irecuver congeuSdbsandiabguantities of

i—p‘g!)ﬂk %%%ﬁ%%%&%gub}%g 1r?1§1{] %;e @E&cﬁ@p@ Sé% glﬁggsliragfecb%bgrloducts because
el e 5 5 -

aldﬁlﬁ dn%thﬁ@tg?%? ( }@(/ISZSE) Qﬁcpaﬂllle)ne%%g é&fien l%ehlérég% %3?@101?1;@% after they are

ydr oxy- opyl ) benzene. ylary

pradepd uthddorareitdeh yitr astelysiahed)hyadnitigeniat 8¢ fiother dgdmeenation or

al kyl. aryl (s), followed by fractional distillation to
dHP@E%VgPﬂ%¥ faryls, such as cunene or dialkyl aryl.

0. 1118, 81599 0f, WORRMRIbeyWPHEA81S, hed WOBRLBU2Adssigned to Shell
undesirabl e side product. It is difficult to separate

O1l Krosnpamu disclpsé reoprosessefres tegetingaan jadpdarylihgdiopemikidets), such as
R T N T —
anlo&li@hé B@MpOureXardi & Biftylaryl hydroxyl compound, such as cumyl alcohol (also
known as 2-phenyl-2-propanol) or p-di-(2-hydroxy-2-propyl) benzene or 2-propyl-3(2-
hydroxy-2-propyl) benzene. Alkylaryl hydroxyl compounds are dehydrated and
hydrogenated to produce alkyl arsfl(s), followed by fractional distillation to recover
alkylaryls, such as cumene or dialkyl aryl. 0.1-10 wt.% of i-propylcyclohexane is produced
as undesirable side product. It is difficult to separate this impurity from cumene by
fractional distillation due to the proximity of their boiling points.

WO 01/70714, assigned to Sumitomo, describes a process relating to oxidizing
cumene to obtain isopropylbenzene peroxide as an oxygen carrier for the epoxidation of
propylene to produce propylene oxide and cumyl alcohol. The cumyl alcohol is

dehydrated and hydrogenated, via a hydrogenolysis step, to cumene and recycled for
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cunmene to obtain isopropyl benzene peroxi de as an

oxygen carrier for the epoxidation of propylene to
w@e@doesspr opyl ene oxi de and cunyl al cohol. TheCT/UA3004/020811

al cohol is dehydrated and hydrogenated, via a

hydr ogenol ysis step, to cunmene and recycl ed
repeficl AR8ADAANYIRe hiAMoLBDIYRe st'%%f A998 B0LYRI Sf Slrfdhe WRIMErized to

5 wt % of cunene iS5 dinerized to produce cunene di ner
prefucepiiegiorditsicn abypdestiable byprodiiet. t her ef ore desirable to

devel op re _efficient process Lch conbi nes .t.he ..

mat 01 e TS LS PRy B e PG CRTRGEEMT Sombines he
mgpleGiepVibyesP iRid UsRsr stepPik g&trs%le@tﬂmy réxiueed! & tmdve tpré@ cumene

smal l er quantity of undesirabl e by-products. Sunmmary

progiuct wiidh p spaHern aiantitye!f ypdesirableibyvspdycdn rel ates to a
Sl AEERE S gt g on ol benzene bavi g (he

(al Sbe prsem iasensiok ytlatey to apootss|fpr pradudige bl elksibetttsne heving the
I T Ol A e A
hatifg$le QREHRE R&g@(Pﬁﬁ?Rﬂ?‘h&@in@g al?da?y ?e[ecgg? ﬂédrgggle or hydrocarbon

process conprises t steps of:
gragipr leaving: bitPrdashangatainie yang g gdst ahe ofi®, bal/Rags hbtea hydrogen, the

structure Ri Ph)OH to a reactor having a catal ytic
p“ﬁ????Pﬂﬁ?F%%éggﬁﬁ?%(b) concurrently in the reactor (i)

c@ntRedihg Ja ta6d fBREMS tEABMIAS MAKkYIFhAF] RiEAe AV Wd Rtructure
hydrogen in the catal ytic distillation zone to convert
RiR@@%ﬁﬁfhypﬂéoEﬁ@@@tPhWHg@@@@b@C@@ﬁékygmZ@nnprising

IB nmetal, and (ii) separating
3%%%%{%%%&P??€%F%%%ngaction m xture (i) by fractiona

di s{i) | doatdceing tthe gecidsig@ndtcompHsiag tR GOCHNOH fiihydi6gen in the
catalytic distillation zone a stream conpri sing
R R2C(PfAlHih Sistifgtieon Zaug de ForvHE dhReGtBhg@H to RiR,C(Ph)H over a

ORi

di st 1T bepinpials iyl #8702k GEAR I Rl 4

Non<{ii) separatigg RiREPhH from thx ssapli@smixtute(§) tal fkyctianalldistillation to
al cohol include cunyl- al cohql, phenyl elhgj,alpohol,

and orRrﬂgl,lcerr%tt &, PO APRST. (Qrgmnﬂgiﬁ, Gg(tﬁlrytlc istillation zone a stream

2- Pr OROmRRRECRR, CHH RAtnd Predhf& Mnk¥liRERA %@%RQC(rPh)OH than
i ncl ude cunene, &lethyl benzene, and neta, ortho, o

par a- the féedsprapfiom thenizsitletionBedlefn Destariaptn omerbéad he
Zkggﬁﬁggﬁﬁg}ﬁlﬂﬁugﬁfgl q%ﬁvvgk?%g _ng: élﬂyl%qu eaﬂ%hlolc in]::ﬁliig] Cl?lfnyl alcohol,
phenyl ethyl alcohol, and ortho, meta, or para-di-(2-hydroxyl 2-propyl)benzene, and that

for the alkylbenzene include cumene, diethyl benzene, and mera, ortho, or para-di-
(isopropyl) benzene.

Brief Description of the Figure

Fig. 1 is a flow diagram in schematic form of an embodiment of the invention.

Detailed Description of the Invention

The present invention relates to an improved process for converting an alkylphenyl
alcohol to alkylbenzene. Fig. 1 shows a simplified flow diagram in schematic of a catalytic
distillation reaction embodiment. The process involves feeding alkylphenyl alcohol-

containing feed stream 101 to a catalytic distillation reactor into a feed zone, contacting the
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Det ai | ed Description of the Invention The present

invention relates to an inproved process for
wa@omsmoizsmg an al kyl phenyl al cohol to al kyl bene@rn®es2004/020811

Fig. 1 shows a sinplified flow diagramin schematic of

a catalytic distillation reaction enbodi nent. The

e v k h a t gk
1Bl R AL g T Hhefth VAR 37 PO SRBER PAMES 106 o

comdmh@nﬁy foamgt @une one&tﬂpadd:hydgattohéahk;@eaa‘t;dn reaction, fractionate and

al c Lni n stream
rergaeg 911%@339 OB BB BHo B i the Mﬁ fisglation zone by
disANgHcH séfoféelkarﬁig é&ﬂv‘éﬂed‘ ysl mges}abhe&né QACh&s of alkylphenyl alcohol,
fractionate and renove the’ | ower boiling point
whalk kynicheverted eelllgrlmdh abdhcvlnort Hkylentl ailgo&lpb coltawe |t dtej whluxed to the

co S R e o B HP & A Ry SRS S BB o allotbenzene

A M%itlh% d@ﬂ@@ﬁz&’tﬁ%%g@hgdﬁbﬂ)& la@bé aiRiedab padKyed ﬂhé)hbat needed for the
al co continue to be refluxed to the catalytic

dlSéIﬂé‘WHIIea‘ttIO@n zone 105 containing catal yst until they
are d y .
o AT LB AL 08, AB0HEE  lpncin
seleﬁﬁd@d)ff thé rdabttortliosdlkylbaizend) suetnsd twenebg cﬁlﬁimlbyily @emoving the
disti)lation gperation node ?rov i des an adv
1

of
produpiatkylhgnzepe thseneidractippa) ditillapien indhe patalytic 3lstﬂlatlon reactor. The
e o] I
coffdiSLOCGEANR | ENARGDE SHIRI itk CoroRHAS olialyREPYialflon and
fradiistatibh aif ipooduich bdneﬁtcﬁbml gthfactchhsIt thlel‘tanlungwpmaacmfotﬂle majority of
uou a ICdIS ation o ratio
g e e B R thast oh S orek P Pen g onics Al Ienzenes.

Th@rﬂ‘é%ﬁ . inP&RRhI f)rofvfdégn ffuﬁﬁetf @@&aﬂe@% Eyh Sowdidg R E’&ju'ﬁ%§ capital

the majority o kyl phenyl al'cohol s are highe
expﬁmértmteﬁb@elgh @Pellah% nmiltrrée ddr}dra’i@nmnd datpdytic hydro geHOlYS1S reactions

y .en he ese ent...on, pr.ovi e further
as gvg aﬁ?iiﬁ:égﬂ%&pnl :g r ﬁﬁgsng r?ag alwlg-&)uagﬁfz?ag? Shydrogena“:%lon reactor
wiX RE Nidebpanyidy Qugiheapeid) ci@piidht bid @od@blydr The Wdnibichtion of
cat aI ti ¢ hydrogenol ysis reactions as well as

caﬁﬁmﬂét aiﬂlatlp@ and flespparfieplar %Tahglllcehmaewﬂowwam regults in a better
I .

selﬁ&m{ygé\glﬁxlaﬁtgé Q%g%ﬁgﬁ 8PEhe 2%521 c}i\gﬁr} Erd dgﬁglg éaﬁ'{})iagar‘%lon of the

alkylarglatiedhpt, ivdthdushydrd genbtioh afittle hlvenapiabohdw| ar cat alytic

hydr natjon reaction results in a better selectjvjt
o dnp e IS B 5GP TNCEISI9EE A CnE i the STt glgotiol as a
herdgl t I h
for&{ @ootéleg)gtl on EH(?BJ Cﬁg %?do th§|% g 1326% V?ljoﬁg%(a h[“yn?n % [ ﬁgfcture of

RIRszé(PiabH pﬁm&fmﬂhanﬁr}'ezsmh i n\heritcgen or taHeydaddasHoar grbup having 1-10

I co f. Ph) OH and the
cadpR §iogn 3urel bR UILHS TG S EPUEDRFERG R ReC Phy H
whengl NsRrifiRNeht3Aireae B R FedMOMOSRIbY Eheaautmgrypsl@&m fs a cumyl
group having 1-10 carbon atons, and at |east oOne of
alcghel gRditke allsylbaniepe prageeed is cumene. Table 1 below shows that cumene hasa
lower boiling point than both cumyl alcohol and cumene dimers, which are 2,3-dimethyl-
2,3-diphenylbutane and 2-methyl-2,4-diphenylpentane, etc. Therefore, cumene produced
is recovered from the overhead 102 or side-draw above the catalyst bed 105 upper from the

catalytic distillation zone, leaving unconverted cumyl alcohol in the catalyst bed 105 for

reaction. Any cumene dimers, having the highest boiling points, stay in the bottom section
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As a specific enbodi nrent of the present invention, the
al kyl aryl al cohol is a cunyl al cohol and the

wa@bdglosszene produced is cunene. Table 1 bel oRCHOS2484/020811
that cunene has a | ower boiling point than both cunyl
al cohol and cunmene di nmers, which are 2, 3-di net hyl -

of2hS réhicRhemd Rt ﬁ&eb@@lgtlﬁ’ed'@ﬁtr}}fl the tdly OF @1'3 GBYRE RO Brixture at the
etc. Therefore, cunene produced is recovered fromthe

bogpar oftheireroipr 603 whith-ramasenidiovenetvedimatsalfizsy, tedeloshdrawn as a

erfr the catalytic distillation zone, |eaving

bo%%osr%{/ee rég cunyl al %:/ohol in the catal yst bed 105 for
reaction. Any cunene diners, Thanmg t he hi ghest
boiling points, stay in the bottom sectionof the

CRpR@ . and W T not be distitied oo of —fie tog
the reactor. The m xture affj’ ’{hﬁg BH’FPBL‘A%P ]%rlffésulreeagtor
103 which may contain cunene diners if any can be

cum AWPERIN as a bottom stredth 107. TABLE | _Conpound

Cwmagriei ng Point at 1 Arm PrE®slfde, C cunyl al cohol 201

alghmerthykberkb4 a/ p/ z - met hygsst6a ene 165- 169

isppplcodvhepat ohexane 155 psgret hyl - 2, 4- di phenyl pent ane

23 BryB23- bk hehrade 3- dI PNEfH_Piff ane 300- 320 Tn anot her

4 |~

diégﬁ&-ﬁbgqi 9 'u{EBQ‘ of lllejdo_g‘fd..nt rventton—the

aryr arconor—+S uuuyn cohot—and—the
al kyl benzene produced is currene The al kyl aryl al cohol

can Ialapethee sgdcttid ehBsdimeal 600! preeht ﬁlvléﬂt‘i’cym tAS alkylaryl alcohol is
1- hydroxyl -1 -phenyl ethane or hydrox et hyl'benzene)

cugyyy al@ﬂ@%ﬁ@l%@b%%@ piodeesd ip §u1@@mty hp elkriang, al¢ahol can also be

etlﬁﬁ%/ﬂeh Ia{tlgéﬁbef Igae1§cg Fﬁé\gﬂ:} %F qm%ﬁ h%%}gl an% rtpgsfgrlaro&ézptgylbenzene)

andl lthe( fﬂk}}’lbei’}mmgqbroﬂuceﬁn@ pak/) lﬁ@aﬁﬁﬁl stit another specific embodiment of the
y.dr ox; cunene,

PSS T2 BF oBYARNBREIOL2 S5 (ony arassy 2arr GhyPihydionyl-2-

pré&gyMBBRzenl) 4- '@2"1{"@?(24’%/ % Pﬁiﬁgﬁfcmﬂéﬁg uét Zr'l%rcfr&( ??rcg)é/r?cumene 2- (2-

al’Kyl benzZenes ar a- pro
hydroxpi2xqropys cthena of miRareds it]mné(ffr ieyultlhg &tk lejlaibenzenes meta ortho,

| cohol is 2- hydr o ene and th
Pl RorardinL Bnend S Gt RS bRt A Aty Scohot is
i-(2CkH 6 Wothz&fe tda RLES [HeRY&Rt 159N,
pa?ﬁan( about 1. ir)Jart | (z:ulearl y | ess%%ktﬁ,an a&%utlg §L£a§850pr0pyl)
bepgsne. parti cul ar| y less than about 0.2 % by wei ght of

As a particular embodiment of the present invention, less than about 1.0,
particularly less than about 0.5, and more particularly less than about 0.2 % by weight of
the alkylbenzene produced is converted to alkyl cyclohexane (RiRCH(cyclohexane)), and
less than about 0.1, particularly less than about 0.05, and more particularly less than 0.01%
by weight of the alkylbenzene produced is converted to side products in the form of
dimer(s) or polymer(s) of alkylbenzene.

As a particular embodiment, any heavy dimers or polymers of alkylbenzenes, such
as cumene dimers, made in the catalytic distillation mode having the higher boiling points
than alkylbenzenes and alkyaryl alcohols, fall to the bottom of the catalytic distillation
reactor 103. The dimers or oligomers in the bottom of the reactor 103 can be withdrawn as

a part of the bottom stream 107 and can optionally be subsequently hydrocracked, e.g., in a
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t he al kyl benzene produced is converted to al kyl

cycl ohexane (R R2CH(cycl ohexane)), and | ess than about
w@2@5/0p86¢ i cul arly | ess than about 0.05, and nPCEUS2004/020811

particularly less than 0.01% by wei ght of the

al kyl benzene produced is converted to side products in

ﬁ)&eﬁ%eﬁ%éﬁeoﬁo GloagEd ﬁ]l)r@ﬁlkmkﬂ/zréﬁés( %Ilclpgls AP @%ﬁ?ﬂﬁ iy, 4 AR bottom

a partlcu ar enbodi nent eavy di nmers or

strgdm a$ &ydtivonted m@@mwaﬂ(y&ﬁleMMOﬁlaﬂmglmee and/dr hatkylbenzene,
catalytic distill.atign de hav t he her boilin

wil B A bbiaftig ooy Bl R a0 she Shleis eyt oL 4 to being

hytifoctdtRed OtOmIBnAfY,NBe dRthat ¥t bEgdth&t ichi 8¢ h?&oﬁ&?&@écﬂ{ydl ocracked at
103. The diners or oligoners rn the bottom of the

the beftane pf tiwFreecior. Plondimhinsilstative gsamplespdf side phastucodimers made
I b I
T N T T p——

dlpmmalpaﬂltklyé belagangise HidCRorBEmEUPEBLam$IBd iofnalthdle Hydbgenation or
ottomstreamis fractionated to renove al kyl phenyl ‘
hygrockeking cafabisths f3 iopEHEng iarrs rofaﬂllfégllp%v@mri@ alkmﬂb@ﬁene such as
I C at
B P AR DO B AP e o comn
indDpdd @mij’dtg/(;ompresmg @reup Al mbiaen@rosp dBiméel on a support particularly

hydr ogenat ed/ h dro cked at. the bottomof th
tho%g SRR N FORRCH PRIMGTYON BEHRY: Y6l alekRpPBs? GRPRgeNon-limiting
1111@%1@&%%}(%1%% Somgﬁpdcrf QH&IQ&éT%IIIc%aISII% Rt gn%ﬂﬁ zeolite, such as

i ncl ude di met h 3-di phenyl” but ane an
M@dﬁ@tqn)l‘ﬂa/ﬁ M0r®nﬁheHWp@nnm ebetal-lz¢q]|1$¢ r Atbieteezeatitk, Y-zeolite, H-Y-

R ST AN
coﬂIaiﬁyﬂr(Iﬁﬁ RBEREs] thalﬁ)Iuky‘I/ob&Qnéﬁr@l@ulaﬁy %n@%cﬁ@ Vel Aft, calculated as
2, 3-di et hyl -2, 3- dlg;en yl “but ane” and

thewgightgf the Hwiaéi |Opﬁléfh Stﬁe?ftthﬁ@tqlov%m éha ¢realysleof Gloup VIIT metal
or Q@r@t}qy g%ﬂ gfe?%%&n?%)&gi maara[talgf% 801gpcgqoe raIIdE]le r% with promoters
and oppéifierp aédchdlasl rrpaIIHdaImAgum aﬁﬂlaﬂhﬁﬂ/@ﬂlve@n @balRReSdium, nickel,
%lo n-limting illustrative exanples of support incl ude’
pr ?rlaplé’éIgpg?qu%&il A SHAPAE:, prgfpdabjgéippqs@ed Schsypport in acidic hydrogen
r , t )
for¥P ’lgfegcbl;ng glf FItQéelIII‘cI\I%I g@%%;nttgrm o 5(@% o? Eﬁ%ﬁ Zo?ﬁ%nké%%hlangeable
catum@ f@@rh}l’dmgmr(@ ool aIBmﬂmoWntahéI—ﬁ r eS épntoton’fy €THie Gfoup IB metal-
ain fro t o _about 5%

bout
copdPiefats Bref g SisBueiofanigo o (Catedt bacecpaisulaly from
abdis0ne) @htabeht YHe, "BbRl peﬁ'ﬁc&l% BRI §b&ft 5t0h? {okit 60 %, as the

wei ght of the catalyst, of Goup VIIl nmetal or a
weight pf ﬁ@tcamdmlmmdhm ﬁatdqu;glntmfuﬂp@catdmtabm Gmomfﬁamﬂ‘ahtpartlcularly

0 ronot.er and nDdlflers
on B R Sugob e B ERRNG, § S GworClocaaidls Byiarm Goin.  Soecific
nomHliaKghg e&ﬁﬁfn&ﬁa&ﬂ yudhe B&Iﬁlyﬁt@%n@ﬁd@%a‘@dl?ﬁ@ rdompl%ﬁfgeﬁéi@ey Raney
deposited on a support in acidic hydrogen form
CORPé?F:m §PPPCHERIgMmE, Ny PPBEFENG. or PAPPIE NS/ Chipencs O%Qppemn@zucomum
;gfeg/%l‘ﬁg% gmg@g&ﬁﬁ@ﬁnﬁﬁ& g{@ﬁgﬂ’ a?ulIl;Iﬁl r @ﬁﬂdl(u]ngcar R I)alladlum/H-
Mard¢raiecadtagharicopper-based catalyst systems. From about 86.0% to about 100.0%,

particularly from about 90.0% to about 100.0%, more particularly from about 94.0% to
about 100.0%, still more particularly from about 97.5% to about 100.0%, and still more
particularly from about 98.0 % to about 100.0% by weight of dimers of alkylbenzenes is
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catal ysts preferably contain fromabout 10 %to about

80 % particularly fromabout 30 %to about 70 % nore
w@arosioess@r |y from about 50 % to about 60 % aBRCT/H82004/020811

wei ght of the oxide basis the total weight of the

catalyst, of a Goup IB netal, particularly on an

coR@driéd Go %l:kg/ﬂ%ﬁener@ hQeBBérhiubd fraf! aboiN14°EUBRBEEt J00°C, particularly
acidic h% rogen form Specific non-limting exanples

fross abeiethl &atatoyshoyit 2381 dendcawced patisuledyfrans iahguic 6PEr ,to about
ey copper, copper/chrome, copper/zinc,
copper/ zi nc/'chrone, copper/zinc/zirconi um
coppey d sod-lie@ingCiURHERivE icRehglle Uik RbA1YE0 IR lafdbBEd @also known as
al | adi unf carbon, palladi uni HWrdenite and other = .
Caglbﬁlﬁadstﬁb?@ea zppy B¥jag cafplysts eppleiedin @b dhe slweedosqagn Figure 1, is
0 rti g . . i

ol sty in B il TR o JOBYLR SR 110 (where
alKy(ifEn@ete is técholerad pearpaverhend) ar dige dmorofalioiiendeheifrodat stream, the

G20 0 B bR ERE BV LY 2 222 et e

@iyt A/NHEBE Hed I69NMBIL

Catgﬁpe(ature from about %%@g%m?gﬁéggﬁ?ﬁ%ggﬁgﬁuémlandhymngalm

mqygri oub dhe ped andncaniacit the 880y st enddyotht @B8iGonadescnibed herein to
articularl.y fromapoyt 185C.to abqut, 2250C. a .

e RRRSTRR Wl bl Potte i B8 ¥ Tesonis, (o the cattyti

dighiliatibn teabioP M0 e0athboab S RV diStiCatoal el 105 Ghd hidve@HbWA into the
zone havi ng catalégts enpl oyed) 105, the shaded area

catahytic ¢siildationsbads 19p end i eontagiscint alrogen; fedt fiemcbglatvythi ceatalytic
. ghist | [ - I I he topn 1
hBELL bl 100 Kog6! ol BROE RELOY LGy B escor a e
catalydie distAlatioh zahd Y0 eNElgended €l Ginisthe 8adhe dfle iBREtion, one may
stream and the hydr o(gen- containing stream 108 is fed

deyigh Hier eryrRos o8 thayerd e L (it yeapior arcording & therponesatration of
theﬁﬁe%d stk 9.%!1{}1691&1% 118 c@ﬁﬁgﬁ%té dxpgfr'] g%eﬁk?g%%%Pﬁ%%ﬂd in the feed

ydrogen to-nove tp info t con
streza,athg dtighandgr wilh¢he emtdy poinn ordthscliced sttednerldil rbet 0 A non-limiting

TR % A8 S b AL e o
abd:illggﬁ@)P ek %0 &HboRPAY acidr€ zﬁﬁtﬁrﬁl&%lé‘rlﬂﬁ%h' 530%} :Ognmk%{?eg fo, g,bout 10

and noves down into the catal ytiic distillation
mel@s; add: dgltt dions alydué 0 Ryrdetegtorabbet (r metetse hrolpartienlarly from about

lytic djstillation bed 105. As still another
11%%%@?5% FV@&I?ﬁgsfeed streamenters the reactor at the

cat ghyt datalghis distillafid0RoddP&l 105.cablobe pRERAMRA kP WayTid provide

t he scope of the invention, one may design the entry .
sulbisiont restriqtin fpaapartipna A Imp-Himitng ilnsitasive ssaoplgi ingudes adding

1.0Nn: hg f t g 1h L gher

sohABASRRERE 3 QRRh K0! SRl L AR Fy B O A0 e oot
materead cah heasimpddhandhiighiein syzhwdsl Wayg be tenhpart paproled @fficiency in a

the feed stream 101 be. A non-limting 1l lustrative
maBRERTECYSH by semteripral pacidy eolemgs £oy Piagiorgh disedlations. and thus

fuld@SnRB LWt a LaBiiRt 8hd WsBMhtion packing. The catalyst packing is of such a
nature as to allow the vapor flow through the catalytic distillation bed, yet provide a
sufficient surface area for catalytic contact.

As a non-limiting illustrative example, the catalysts can be packed into a plurality

of trays and maintained in a flooded state as the liquid in the reactor passes down through
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about 0.01 neter to about 20 neters, and particularly
fromabout 0.5 neter to about 10 neters; and a hei ght

wo c@gioedssut 0.2 nmeter to about 200 neters, andPCT/US2004/020811
particularly fromabout 1 neter to about 100 neters.
The catalytic distillation zone/bed 105 can be packed

thé fa@y the¥extt Qowsrayd eTiRUh filefhiER thene$dckibaitt®Bn Y lower tray asin a
separation. A non-Iimting illustrative exanple

copyratigaels fraatdenegos t fowst.uQptiopallyki additional aadistiackingo t1e without
cof LR ShmTB Ry LR 48R0y T 65 Bt Shpsoctines can e

belowpthetenirppoiay edhafrb g@meainihg féednsena 1 08ehiY BeloWhe entry point
conyenti onal packed colums for fractional

of fhesteef |sherB L. anbarerflesisnedhéa iTeproNHe Separaionrrnaongatha reastants and

distd ti i h t s ' i.s _of., ..

P LSl AR Sl Mo B SR ST NS BERE e ctigomers

thusatedhging alldilgtenyl altolan doatint yrethepbowin &fahs uéalfc!tcﬁr! B3 The feed
surface area far catalytic contact. As a non-limting _

strpqtn J 0T Fatpipiedhighe bel inevaaceart allpders! dsphobie Specaerm ¥ sobol, is

cotilally 3bhiadte@fwith’ @Y S2@RG: 1B A € Qaﬂggrsfib&#ﬁoégg.ﬂ%lﬁﬁ@td%tillation
as the liquid in the reactor passes wn t hroug €

reacigy gone 1 9hendeponciromtly, theagsultifih ecantivre miigurd & firdeionated in the

fxpd 850 PR E e Bl P o Vi Thstindy SR S Curidi pass upware

thrbngly lepdliOsdd bid whi 1Y kedoRbal ¥Sta Bire @MRIPURI R of the
the catalytic distillation bed 105. These _ .

overheasoosdk Aragsakoxn the caielysivbeadh elhsnitydyogsoatinn tehction (coupled with

SRR R L6 LS, 308 @O i e

as bothi qapil v and Gli:sa'_ﬂﬁili(?rﬂphgﬁﬁigriﬁ thé l@e;(tﬁl ﬁﬂ%ﬂ}lﬁticﬁlﬂféﬁcﬁor. arl;}lc? unreacted
t en a en al conho ‘

UG GRS ke pariaries dof hasing dutdos Agalyst bed and are in

corthdt WhiD ﬁﬁ%&g‘caﬂrsﬁ 80l onG ORIEhto léglggn}%?é B0 goff ﬁﬁ h ﬁlé(ylaryl alcohols

reactor 1 e feed stream containrn |%
aregishydmatgdrte donaakemilbopkarey whiticokiglesist Bligdhsat, addvte immediately

[ ' | | ith th it al yst
P ETRGF ' SraBEe o G RodaPRIgAY. ationdl qurlgngsirays
114 eRCEémPIdyP BovEORe c@ﬁﬁftﬁod]&ﬂ[a&i%gtﬂioﬁe té} g?ov.ri@es gjrgfgg Qurification of

reaction mxture is fractionate t fixe
alkgthengepst Thetdverlicaddd2 bosiflé drgwrbodleitite catakyst bahiz@ptisnally subject to
S men ass..u rd throu the cat gl yst beds
a h;’ﬁfé%‘erlgyan ot rv%ag%rvgelpgr&tl 15 S eppi;&)r {ec? dr(ggephaél%{,i;éj rgmom,)the dense
watef ahdieptoilljeBitdoritts delendhgent 3RAVE MBRcERE &le¥&! aB@ikylbenzene
The hydrogenatjon reaction (coupled wth dehydration
recqyrded Fat bs seraeied fontess. ardheur bemtised e the fistiflaticmdcolumn at a

poiﬁ?&@dv}éfthe Qﬁglyti%ﬁitﬂaﬁ&{ %?ﬁee%i 2 ?%?u?{t : aeta]%I Zf‘]]t fqar%m?{ purification.

distillation’packing In
The dactabered Shehent engtedral, kyptiphsity hadihg egdrsandndrogen removed,
are |eft behind in the catal yst bed

Congll?{é%g l ?rfegt’z@gﬁﬁ aeto fPeut YORo, particuipsly fFom aberf R % trabout 100%
and bR FrHMIBENESRCaboYPES 5O tol Hufh Y i)é’%éﬂt b?ll &8@1&%‘ ST alkylbenzene;

from about 0 % to about 10 %, particularly from about 0 % to about 5%, and more
particularly from about 0 % to about 1 percent by weight of alkylaryl alcohol; less than
about 5 %, particularly less than about 1 %, more particularly less than about 0.1 percent

by weight of alkenylbenzenes; less than about 5 %, particularly less than about 1 %, and
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are dehydrated to form al kenyl benzenes whi ch only
exist in transient, and are i medi ately hydrogenat ed

wo o008l0b3sFbenzenes in the catal yst bed. Opti onaP¢CT/US2004/020811
addi ti onal packings/trays 114 are enpl oyed above the
catal ytic distillation zone to provide further

md¥ ! prii@add P Nesef thah ke)b'oﬁ@ @219 'ﬁ@rceﬂ—thﬁ owsicheadd drs0br Hig6mers of
draw above the catal yst i's Op%’l onal ly subject to a

allyfepneenss lssscthet algt ér%smmaanlso Fess thap abeutr 6 .0ansk more particularly
I r and optionally
le%Yﬂnd%gﬂE(ﬁfgrrgér%bWeégl%togglgﬁﬁc §ﬁ)rl%o egul ar sieves, and
aI kyWhera ze fredr @eames@tpisy bemyeealchas if ged l‘t(elﬂlﬁeeprdéént catalytic
can be returned to the distillation colum

dIS&H@WPH ERE0R thheveehaad| \Peios side saw rbgyedhe %ﬁléfstd%edaafter the removal
e fo hy

of gﬁﬁ%lfﬂl’%l(gﬁ’té él?f@f@gl’% &sgésjl gﬁ]l %)rogyv b o}f) ?(?%ﬂr)] |106 b2 V]i)artlcularly from

abcmﬂ%r%atn dbbutdi00ge rand ey pakticulartp fiose sbdut 99{156%60! hb&ﬁ 190 percent

ARG 21 TRl S5, 518 b,
%Odeoﬁb%ﬁtl&Yarl’Wﬁ&ﬁtabQﬁt @‘VJ‘%' a@@ﬂtzﬁﬁ@rcerft rb?rﬁ/é}gﬁ’clbtf cgmﬁ alcohol,

to about 10 % particularly fromabout 0 %to ab
less ghanzabguird Ve nprtronlaciylless| tharf abmt aljo.uno@ prtianlalyoless than about 0.1
pe1p elrlt%enéy (ﬂ%ﬁ ?hzn a- G{P%y]?/l At hlglﬁc grglal?oui ‘32), E?gx%gularly less than
ab@ar t i%ubil horé @agicthay Ié&otﬂanoabbupﬁrlcﬁﬁberHYbWe tt A dimers or
al kenyl benzenes; |ess than about 5 % afaartl cul ar
olipererstafmengutless than aheifoy %, ﬁ?@fthuiﬂ!il sg/tha@saboum% and more

Pl Qidse RET AR 0.2 St Al TR RerBlea o PR S8

thaWn}hnmtlirﬁﬂzmganﬂ sope ¢rattel pwsattl mvbﬁ&ﬁl tihag ;ﬁbpcw‘ed that the
Wher e

mneR g L R GUR T S g sy rof'arﬁ% BIFSPS receres 1o comdensation of a
poﬂfoﬁsﬁi‘q{hecﬁf(ﬁgﬂédy? gﬂoﬁsl' BlL o ySt g&&alhﬂlgt &%%{Igﬁﬂle reaction

or side draw above t
sys;tgnmyhllch @bclmsauffacnddt drydtogen agdre, conderped Hesidfto obtaabthetrequisite

%to ut 100, %, particularly about 98 %'t
intesE coR s Dpuea it oBiees ity ikdigiReREs: sog 8¢ g methyl
styedeUin ﬂa@@r@@ﬁ&ed}tth@}éatﬂ@b%treﬁflt RURB B§drobEibA B2 Yle Qde/ Chains of

to about 10 % particularly from about % to about
all%ylhmemre partl cularly fromabout 0 %to about 1

5% At petilft Sebellndfhat ol Reumsr R mahidRl of A6 astgn. e

reﬂtﬁSﬁtlb haund a!b@UdiveQ thk 1R&S sFeiNfoaye] . bih Mﬁbtﬂ!&t th@fhlgher ratio may be used
pha- met hyl styrene; |ess than about 5 %

to ﬁalmp?lésmeafopfya plast catalyit Aebutinicogymernigl sigeeunits, the catalyst bed is
no%?in%/'rﬁrﬂg@@% ?Gvﬂheatc’ Bl fi‘?ﬂlﬁp&lﬁg a?ld]heﬁger @%ﬂgr t xioldgct:]t }/187 is usually

onmers of cunene; |ess an a
obfaaretli cul arly Iess than about 1 % and nore
cular | ess than abaqut_ 0.2 percent by wei

ar I
s ofar 8 ﬁWE‘i}y {ugh &k &b reagler By wtetarminied; biyy then boiking g@llﬁf St the alkyl
belAiBe Bf £SPBeh PYREUrL OThe AiktilltioR TRRIGEY dpBted 1€ pressure such that

the reaction mixture is boiling in the bed of catalyst. Generally, pressure in the range of 0
psig to 400 psig may be employed, particularly from about 0 psig to about 140 psig (or
about 1-10 bars).
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mechani sm t hat produces the effectiveness of the
present process is the condensation of a portion of

wo b@sabisyd phenyl al cohol or al kenyl benzene- conP@i/ns2004/020811
vapors in the reaction system which occl udes
sufficient hydrogen in the condensed liquid to obtain
t he goeqd @dntvgrs}oﬁllt 61"@&&?1%(@161 ccg}ﬁﬁlﬂ‘%gr}”e&hﬁcrefé 1RY Lssure can be
and the al kenyl benzene,” such as al ph Styr

franm abdg Orses endwud A0 psg,cmrml#&iy fromrabout § prig 13O0 p51g, and more

R P 0 75 B A St
cubnfi¢ BERE at Bbdiel s2YBUErT af ABouted s (136dry eﬁﬁuﬂttdhlgﬁérYpressure the

over the rate of 1 to 20:1. hi practice, the higher
boilig prinagf pEmersewill siseonfers alﬂu_strﬁ@‘fe o Honting: awng/ls,t the present

prgc%gs nﬁat&omefé{e gél Rfetséﬁe I(())%;\VZ SrO P e% | ggéatf?ra1¥1ybthg ﬁ‘%aclﬁogﬁ% 8perated at

loxhllgbﬁureuw teduc® dhie tdnvpertutes tisugdel shtilpt @ivVeﬁfﬂed Ebszmenzatlon and
tenperature in the reactor is determ ned by

achigying Rgttgsekctisity. teabarky psig dmosehesic mwu@ vtbﬁ temperature at the

boﬁBﬁWﬁ@rea&_Bﬁls%%{ek ItlL AAlbO TP 9hd bl%sé){%eibggﬁpq@c & the top, and
pressure suc e reaction’mxture’is bolling in

abbllttelSBe@IZb@ “Cat thleystalytiCelsillatibryzorpr essure i n the range

t 0. 400 be e d, particularly
fr ogqhﬁaj‘c’)%jt W%lgbgbﬂf fyo%&ﬁ Yo %(%Sgﬁway AR RVEL avgTy wide range
w1ﬁﬁ*ﬁ Séﬁe 5er E&i‘dﬁ&{%@ﬁ&b@& ahd Q‘;aﬁ Wﬁoﬁ' aﬁa%ﬁpb 1CRAL fzs' 53&&9 10 hr',

feed stream the pressure can from about 0 psig
parisolarly 4ipen @bogt, 0. @ahl‘t itoubant hf} OIWHSUutas 51sq:1tshqemo n&@ﬁs the unit

a rtlc bout to ab
w3 8t B Gpant flacton HSMTRR ey it g caalys
in BRirk&t@t about 152-154 0C at about O psig (1 bar), and
at hi gher pressure, the boiling point of cunene wll

ri sds ansillypirativie pxermale, the fsedh stream coniging sfempRleoutln® to about 100
%,B{a‘f‘é&ﬁ% Ppﬁgﬁeag)ﬁupg%]% g]?ou‘rfltﬁ Q)/ ea{nlgierggre a%zcshg%r%i gom a oup 10 % to

e reactoris op er

aboutel9y Fo@ vtfe@g]r[te)d utk@raltyh elcbl@d‘lpﬁbmtabb&h 0 ?/JWtbSabbﬁt@BS%t p&tticularly from
rrer i zation and achi eving bett

ab%‘%o@ it Pl?%}“ ?—\t%aa?ﬁé {Rore Picylayly dfiepsehest p@ ‘preeﬁa@m ) % by weight
of ERRGIHRITRE! BEMBoR 0 1f’/h§> Bkt K0 alrtlgﬁaflg ?@%ﬁ%du% OI% %1 Fout 5 %,

t han about 200 0C, and close t 6 abou
and O]EDIG aardcw,lb@jaﬁoﬂrﬁ:ﬂaomt)o 2 ® &0ut h% hy:vv(elgha by hlkenylbenzene and from

DY PR P%%T}H%Hﬁ e b poupie Rairgemore partculaty

froth bbbt ¢ b 1&tBsEr §0Rdit W@ hPef 'aﬂ@ﬁ&h%enea Séé?oﬂﬁef ' Bdspecific
about 0.1 hr 1 to about hr 1, "particularly from

illyghative @caznni@ of atmrtam@menﬂ)oﬁnnmt dﬂ’d&/prea@t usenhtiner the feed stream
unlt f of eed nt eri o
RSB By AR SEMERRSy LB 754,

mdiapaitﬁtﬁﬁarly from about 10 % to about 40 % by weight of cumyl alcohol; from about

0 % to about 99 %, particularly from about 25 % to about 95 %, and more particularly from
about 60 % to about 90 % by weight of cumene; from about 0 % to about 20 %,
particularly from about 0 % to about 5 %, and more particularly from about 0 % to about 1
% by weight of alpha-methyl styrene; from about 0 % to about 5 weight percent of ethyl
benzene; from about 0 % to about 5 weight percent of di-, tri-isopropyl benzene, ethyl

benzene, propyl-benzene, ethyl-isopropyl benzene, etc., or mixtures thereof; and from
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in the reactor. As an illustrative exanple, the feed

stream contains fromabout 1 %to about 100 %
weamsiessar |y from about 5 % to about 75 % anBCTDEE04/020811

particularly fromabout 10 %to about 40 % by wei ght

of al kyaryl al cohol; fromabout 0 %to about 99 %

ab®@(t :ab laBé ey 5f%, Oﬁﬁrﬁ@ﬂéﬂ #em%obet @OOMtapdet £ 6 28k ﬁEBfeepartwularly

particularly from about 60 % to about 90 % by weig
fropt abguk O 1% Emahewe 5 % by wedhbof cunexeperaxtidsut 20 %

par tWﬁéf‘%: %rijleé{d ft?e%rrﬁ %gﬁlgseg Wltlé)opg%)ox%e& %)@%)g i mtgiht contain a

particul ar rom

sm@llkﬁﬁ@’drbee.geﬂ&s tad %08y akgt, Of %uhRnabitisoppY benzene, ethyl
particularly fromabout 0 %to about 10 % and nore

bepzene, R;repﬁélrheyzmeo ribybisapropybhensenty 6l & mixbyresicgiod. dhis is also
@l 1*6}/'*[ @@ﬁ' ho Bl té&e ro@? 16 %%&‘{)Jl?%l épogfdtat’la% A}%rogenahon

exanpl e a parti cuI
reaictmsamhetmad“eectﬁcaed stream cont ai ns from about 1 %to

b % t I f % to apout 75
o0 i Hdrogepin e PhY ne NG bMeh1BaR i dBoaR: onpport he
hyé% g¥ekight réaf:tl&y mh adpEREOhydbEdM 1880 HbND ¢ tfﬁ?s?m AOeast a
ot B8

% particularly fromabout” 25"%to a
stombmngap teimpuhbpf tlydrpgm wdhasive t6 Ghé/(ﬂlkcnﬂbemten@ Q)l%hhl;ed in transient
out 20

%
befgg? ?(?ncvleﬁg(} ?(gl ni?y]% hoe)ti)(tI /ltvq: Bre g{tgle g)ésteélhao ‘h%la‘éallable for the
rea@ﬂdﬁﬁ | &yllaandnilifiionp alabileOa %nia® SRR off HYARMeNEI s gfowded to

ha- net hyl styrene; fromabout O %to about 5 wei
och & &t h?t‘}im%ftfh}n’fo Hbedismid and denagbayomodatesthe nabwetofShis reaction

betlbe@teggkapﬁ{dcaep@flgf di-, tri-isopropyl benzene, ethyl

benzene, ethyl-isopropyl benzene,

et CHydﬁfgeﬂat)dnum&ﬁed et eofa, reatidr ffooombBBHE distPhation %@@Hies only a
% t|cuIaraﬁ/1fromabout 0 %to about 10 % and
13

fraﬁttﬁneo ﬁgt YEara paytiglmeas s seAvitydgn pEonbligus phase nresegtes for this
typ@f SUQtBAEL th? sdt‘Ee s I(%B?et{e? %qu%tt " 981 SROT f)lzaq n@efﬁtment and

di -i sopr opyl nzene ght "cdntain
opemtmmexpeasq;forltbes presérarhydfogeyativai Ightess @f subseantielly lower than prior

i ST G B 0TS e i o v
catdiybtSafl Fovh S8mbErdRiréOvithh& %Jﬁf"ﬁdﬁ’é@l@ﬁﬁl F eCHEMEHe part of the

around to peroxi de, epoxidation roge at| on
prodgetet or s, due to side reactions. The hydr ogenatl on

r at d.such that I S.SU ent 0 .
Capphf PR RGP SRR Rkl biso e aB e st bE reaction

ocdiltyﬁthg@tﬁbuhﬁﬁﬂy fwigndidti®lagd, ahy ShitiaPredc888 tpréducts and other stream
stoi chionetric anount of hydr ogen relative to the

COTRPRERTF| HErEBIvECE Frowe e dedckon rzan@ |ae ruigkdy g epassibleeredading the
i 26 B0l L L.
tengpesatrke| ofercaetim Bf cdnyrdlleyen the Gviling puisvbOeR ieture at the system
pressure. The heat of reaction simply creates more boil-up but no increase in temperature
at a given pressure. As a result, a great deal of control over the rate of reaction and
distribution of products can be achieved by regulating the system pressure. Also, adjusting
the throughput gives further control of product distribution and to a degree control of the
side reactions such as dimerization and oligomerization. A further benefit that this reaction

may gain from catalytic distillation is the washing effect that the internal reflux provides to

10
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occl ude the hydrogen into the liquid and to
accommodate the nature of this reaction between a gas
wa@ar@saoi3squi d. Hydrogenation carried out in a PERUSIING/020811
for catalytic distillation requires only a fraction of
the hydrogen partial pressure required in prior art
the htdisd tméo%ﬁreaﬁaﬁg g@@ﬁleﬁ Bhild F%n& ¥BRinglorshd EAMystbUternal reflux

gives same or better resu hus, the capital
may vrarewweth@- rangd of Per2it L/ﬂﬂg(vetxb@lné gust b¢10WHbe part@ls'&trhed/wt /distillate).

p¥l ﬁ?’t? af l.on E@% em?:"]o 6 ubs égﬁ 1%12?}{@%‘3]@9 Mso serves as

distRIa8i58 Lp"aslangl ﬂ@mfl@a dohﬁpoﬁérﬁ ¢ffa aistiDithon aﬁ,@tenﬁﬁﬁﬁtlawgtas both a
at | ower tenper atures w thout unduly hydrogenating.the

catadyss mad iacdipidlfation foackiag pridgurerticuiaie Cﬂ)tla]é@ matesigh eanybg @ any form,
strug{u‘?é He%h&{‘ %ﬁi%g E%cﬁh?&rﬂ%? glfeatt? fl&vg P %Fh%hg H&Sn n rate. It
act B rring A ati1on, t%e

I'On 0cCC concurrent di st
may rbeta pbwileqehiatinirfegody chsnlanek ﬁta@mentst srealinbeadspamk teslike and
are. rempved fromihe.reaction zone as [

ul C as, . .. .
congositions dhergaly NPHEMEtHE aRwIsSRIdEe é?ru@ eof}r(%éeeﬁab’ﬁlesqlsnllatlon
bedMiﬁﬁQ?f@ 'Eils Qﬁﬁg%ﬁmﬁ dte bh8I Hﬁ%ﬁ 31 }%’(ﬁléﬁébggite_ bP&creen to

nper at u reaction 1S contro i1 ng
conpnm the atalys endipxdvideediatiildtioa sa;yfscesrm mln@ﬁsmrd. a Wire nheshtstructure,

f reaction.s reat es nore _boi ut . no
sucl s b A0 WAt BB FUP G Sor AgP0e P i sTRstia Ty can also be a
flexii§18 Udcmi-rfei@ 'opaih n%@ﬁ'tulﬂflarclﬁﬁt‘éﬁgﬂ s@MEhs bthRIdsasRePlvire mesh, filled
reacti on and distribution of products can be achieved

witlyy pasgenlate icatplitisemstpsielenBpecéfis axamples o6 thea@qt@lm siggctubre can be
g S f t t 49 d
fou%‘?sﬁ rbég ulgat 'N\f)ﬁ d tZl(_t)%% ng’e 4999 5§gm ré%lﬁ%g? lé 3%8 710, which are

tion"a gree’

incdrp&@tddmﬁelﬁbyhef&%nﬁﬁ inehdiz aitirery. and ol | gorrerl zation. A
further benefit that this reaction may gain from
cat Any siigatle dyfraggrdtion sasalyania P8 ¥ efAéé%lu%twave fee-limiting

exalfnnggr G%u ?FIII lrlﬁ(etaﬁ | l‘%elﬁerfo(ahh’?aﬁrl to?lE)fe?l?entt%Ei%rl%Qa as tl'%e principal

ting po yner and co e cataly
catdlyiice mmbom@ﬁl aﬂ)onerasy wah yprometerd hed rmn@ﬁexsf SL&hZaSZ@alﬂ.dlem/gold

patfyliyngailvii ff%fgl}elhl%grvﬁﬁc bt E}ite%t ¥y ispesited OB ISBRRAYL such as

zeolif®, hREniRY HeGeRat ﬁtﬁﬂlcgr&fﬂﬁﬁls sﬁic§ OthehaiSstable resin or the like. The
di stillation packin i I's a conponent of a

catadysts c¢ntan|f0nngbsmte0ﬂ ! amcto alhwhg%ass patibularly ftoad ylstut &% to 2

viusplebietie Ehe BeRRFOLR mel i bR ol g cotatvst, of
GroRp OVIIDgSta3 bt fi Gﬂoﬁfﬂ tVIﬂUIhEﬁP Sorﬁﬁ Qhdt éﬁpﬁ&ﬂtéﬂf\brﬁ alcBARS Wi Gilarly 2
reaction rate. It owder, snall irregular

ZSObtm D E llé\rstmﬁ‘afgwmme 0§ww1tab Visataterial ¢qmqmsamlallad1um oxide

orp r ue a%’re?e({?b lg' a? yti cI I m H’ noér??ggosp cff“é’agft medium

sucﬂl SPaisiigh, PRFBIG Ltle@lit% (Sa&maysmofd&bﬁé')l &l silich hiThe agamma alumina
porous plate or screen to contain the catalyst

Supmlwﬁ GaPRr shaspd pefadyst sdisqlesedsiny §-3-h8ak dien 6§2a935 rgay also be
acc@Rsfle St ructure,

As other particular embodiments of the present invention, Group IB metals of the
Periodic Table of Elements, such as copper, are used as the principle catalytic component,
alone or with promoters and modifiers such as chromium, zinc, zirconium, Group VIII
metals, etc. The Group IB metal-containing catalysts preferably contain from about 10 %

"):
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such as a wire nesh tubul ar structure or any other
simlar structure. It can also be a flexible,

W@ e0sA03360 d open nesh tubul ar material, such aBCT/US2004/020811
stainless steel wire nesh, filled with a particul ate
catalytic material. Specific exanples of the catalyst

to ﬁid’u%’ 80 gy ?a@tﬁ!ﬁl&? oMW ot eto ARkt 70NOS me'sfe $akicattbly from about
53 559, and 5, 348, 710, which are

50 |°/m @toatwﬁ 8D &6, aschemsighy of érfeecv@dﬁ;basnmth@ iRk weighi @%thy catalyst, of a

ui t bIe nydr.o enatlon ca
Gty B Aty b RAT RE PhgReC A g Shedlhy iBRuHRTE sadlplgs inctude
corimetdiglyPamligsle eoprbbe silica Eh@[ﬁ@ﬂﬂ%f&f @auﬁlg@pﬁﬁ)xirhﬁely 54 wt.% of
princi pal catal ytic conponent, alone or wt ters

CORPSH ORSHICR a8 rasPrstrc Pl ats 1] fggn@d-,p;gtmdgte) obtamable from Sud Chemie;

co %U tnjle{? gér;cglggtr G—Q?@aloﬁ{aﬁﬁﬁﬁeoﬁbfﬁn%; (F'(&lléﬂle ald &ﬁ/rfz%%rycatalyst

eposi Support such as ze€o dm na
prebﬂnedl@,cc@dtﬁgCExam;ﬂe Boof USi pited, 5,4 et 59alahy the ditbe C@abinations of
or the like. The catalysts contain fromabput 0.1 %wt. .
thept, CABEE SHnAlSS P2 turS%ﬂL f}lmse 5 P R0, tlugedypyith dilute

hy&@é&}ﬁh%@ééeﬂ%efd?gﬂwIamse@f the netal on the basis of
he total weight of "the catal yst, of Goup VIII netal

or a h@rccatax#ySVISI snbmuatﬂmdmdrw Is'dmgsntﬂcb autalgst bad i the catalytic

. | t t |

cisBfffen PoRE P ¥ 0 PRI AT PEGHNFISas UB bl adflH B a6 imitng

illRfrathd pracédure. PlchRiel dubhed aMd%iied 1§tooal%%pnawpweae@| g. 6-20
on an_appropr iate supp port medi um such as "al um na,

meglamggislesy Bbe patelygtgs ohixeskwith peldnert djuent sugh op SiC amheentered inside,

%ﬁg@ﬁ@o?ggf%a%bﬁé@ %%\r"%e%g I{%gp 518 %%%%ggglé APl lsattedb\glth glass wool to

keapcthe pitallybtes) if\lacd. e cB&[}Ist Ewlcﬁﬁly esduoed B}E‘Héﬁmgfthé &alyst particles
present inventiaon, ﬁZ%Q | tals of the Periodic
S

to =réﬁn1éer6tﬂreepéﬁgn@'aout sléQ Ccéﬁoﬁéi“e oArfeomygbauial *Chie about 10°C,
parﬁﬁlglgﬁn%gf ?1 GehR! V5 op ﬁ)oﬁﬁ‘ﬁp %m(}‘ & st Mwiffd BoRA O%E %) 001 to

I ers such rom u zI'nc, “zirconl um
about 1011, ptafisallyedbout TiHe .00 pNtl B ﬂ’[ycﬂmgerc anhatogemgt a rate of 1-200,

soegiicply Begty L) Theoady S albtled SO aisasoug t5y Tafh hgurs and
theﬁ@l'ié hfdib il %nfeﬁ@fﬁ ﬁ@%o&g i ‘d&?olé’cpé’\%try 6% P{Suré‘ﬁnﬁlhtﬁe gas is 1-10,

i ght the oxide basis the total weight
spe@pftcally §t5 wbbo hydep gampin| iBirogana The patﬂb’ﬁtlslraducyd (fw aﬁnal one to five

%Irdz:lrgls &G:e ac‘?gfq%g%hﬁ ] lxﬁslﬁﬁn%tnig}éseﬂfe)\g{g qogEng, tgme reactor 1s
cap-ﬁe@ SthofiealioRn @8R AXto@Hk@! d Fe %‘&? 1¥6w0fs sEQPREr T Yeactor is opened

Silica as a press extrudate or rmed extrudate),
in ppitraeenzhiled evaionDeat anddhe eatalyspd silican sprbids asasepatpsed by screen

sie$z.22/ 2, obtainable from Sud Chem e; and Cu/Zn/Zr
cat al yst prepared accordi ng Exanple 3 of US patent :
5, 4The 1520 nantl pdngcled b€ redueedidagllysgnprepired MBS ¢he afore-mentioned

al ysts can also be used. These catalysts are
pro,s?(ég@?/agml?,adiegd)@géae%quogp |ngﬁd@ of porous plgte or screen in a distillation

reactor in a nitrogen filled environment. Glass wool can also be used to support the catalyst
particles. Hydrogen gas is added via a regulator to the apparatus to maintain a pressure
between 0-450 psig, (typically between 0-150 psig). The flow rate is adjusted to maintain
twice the amount of hydrogen required for the reaction stoichiometry. Feed stream

containing alkyl alcohol, such as a stream containing (e.g.10-40 weight % of) 2-phenyl-2-
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hydrogen in nitrogen before they are used. The
catal yst is subsequently reduced by hydrogen. The
W@ 210al0y360 bed in the catalytic distillation zoPeT/vsmwobe20811
prepared and pre-activated by the foll ow ng
non-limting illustrative procedure. A catalyst is
pro&em h&gn ANdech §§g )‘ﬁ@tiﬁo RPERRN MRS EYctS! FEG befowd thcatflyst beds.
sh, particles. The catalyst 1s mxed with an inert
Thelibotiemt sestioh cfsthsi @staltdionershepeds ilosédé intoa asherian @wlsthen the

e S A7) BELTRIGEL Do g ek S e cpuiaining the
catflyRC Lowdtotldidd ¥ Slbenzensd, QWY ad QIGRT alY whRRtak O distiN& out from
catal yst particles to a tenggrature of e.g. about

the teqpo 8o colomay Additignal alyl fefcohelabinlitas B oo sleabrrontadog stream,

. 1] I f . ) C f. o

e Y PR b AP B 68 monnt o st

alcstpCéich cal duynyd idasthol) .that is cOndddtedtto MMfyehzoms suth as cumene, and
nit rot%en at_a rate of 1-200, specifically 2-30 L/ Hr.

distiligd ofht Bhealkyl kengeneo e asocumsag Peoduct ealy sspayetes fiom the denser
- Okl . i t . .

walkt BlBOHS BniREasd g bR SO Rbycslbr Sfr suitable drying

agehtsl The spkathehram! bychZasSounten?) prpduaegdiasianpurity rod geore tHamed8 wt.%,

Pref oA S o NB ARV A Bl Hf sy Fihaleobol (<0.01

wit. M) i€ ForraChi tRY alllyRnt &RC ER dsScunfRP §Foct. NUEL BLLiRW B8 bottoms
any air to enter and the gas flow is stopped. The

canr beaeanaeveds opipenally diluted with cogene fand Isent torw ifiked ived thydiegenation
t he, catal yst.. and .si.l.i con carbi de are separated by
realtQF oo AR R B e B B *oF °r etucea
cat ghy iventisreRal 86 ibystiakd Bf QF Foll®Hink ANEsHra0K 0 ¢oMbdlRnents which
are | oaded onto bed supports made of porous gl ate or
aregupaded for iusitasion [pugrdsenonly fae Gire pot Etended oy dmif the|seepe of the
. Vi nt. G ass wool can al so be used to support
ms@ﬁtelh(é%?fgﬁyst particles. Hydrogen gas is added via a
[lusiegtivieaind ICohgpat e pplaydarheits t 0 mai ntain a pressure
bet ween 0-450 psig, (typically between 0-150 psig).
The flow rate is adjust e]g_ to maintain twce the anount

L S FUSHIA ol plytio Hatrom 041G v 1Alephal toGmen

ﬁ(% i,.Ni yi sal-cohol, such as a stream
IA"ﬁ rﬁ{om—é;g—%%w il faﬁ& n(; tﬁ'ﬁ < okof) 2- phenyl - 2- pr opanol

( cuAytoraherinly) availablk etbppat on tsiicadéasdlivdt] atiem) aveidalofrom Sud

from bel pw t he ca(ial_yst bed?. The bottom set%ti on of . .. .
Chemig 19 tthen Biorenied asiag dhe itellovging maacsdrico g the setalytigndjstillation
molifeetileniemperature is raised until the liquid

refl'uxes in the distillation reaction zone contai ni ng

t heFivat@hms tof Swveheindd Tid6g edppyt bersdkvresytalysic(Bnas tablets) was

, .and distilled t.he, t f
o R i D il PRy The cortye! SEnma iR & grpms of 80
medH G088 cHBIAE ah cBFerSl 1RAB a bS cAOBhE Bl sRAPRAc fdbe Between

slight nol ar excess of hydrogen to replace the anount
bedsfof %pkryq:sh SiC and glass wool. The reactor tube had an internal diameter of 1.5cm.

The catalyst was slowly reduced by heating the catalyst particles at a rate of 3°C per

minute from 20°C to 180°C while flowing 0.05 wt. % hydrogen in nitrogen at a rate of 10
L/Hr. The catalyst was allowed to reduce at 180°C for 2 hours and then the hydrogen
content in the nitrogen was doubled every 2 hours until the gas was 3.2 wt.% hydrogen in

nitrogen. The catalyst was reduced for a final two-hour period and then cooled while
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al cohol, such as cunyl alcohol, that is converted to

al kyl benzene, such as cunene, and distilled off. The
wa@bdogloodsemzene, such as cunene product easily BEPHSBED€620811

fromthe denser water phase. It is optionally dried

further with nol ecul ar sieves or other suitable drying

s | C iRb QM ESA i ¢
mal 0 o e R e B b e DRI Gy air 0
entest arfh thblgasrflaw wabitepal Kile rehatahwhs osmed iras ndroggh filled glove box

| coho] (<0.01 wt.% .is found in the alkyl benzene,

andsifie fagyscaeieop %W@rﬁxﬁw%@ky &gt #6V%ot t ons can
IB.R&, 11610OP R AH UG Yoedidiily@d Wi th cumene and sent to

a 11 xed bed hydrogenation reactor to nmake additiona

al k¥he beX¥zmagh paticles af ratmreh &-36Pheatilystepitepard Wiyl the peocedure of

it BRBSTrl dfere Sraohd Mt B B TTORNFRERG om tone

Vigbsx B6lhimin Wi e thtbidal difnbtel BE 1ScaRewalle ikidd DaftREN filled glove

Invention. Illustrative and Conparative Enbodinents |.
boy. | A geeH fri¢ogeolFlers v emd ntas usad &0 yennortohs toptalygt pytickss. The column

| ; :
N
seghidnt 6Atheatatorsibr calal36hé disdMati dnablydrdgen gasSweds fddetivea b segulator to

further processed using the follow ng procedure for
thet appaafiis 40 R4 & PICPIUAT PERYCHDd g xeiar nEhf How pptgevas adjusted to

ma%ﬁﬁﬁwﬂ:fe R Se B zirro%gg régﬁ &.rforotge $¢dcti6R soRhM &y, 50 grams

mmtablets) was crus sized into 6-20 nes ,
of pahtnyi-2gwopanioé (catdl sthol)denmidvechdei Ghendénl graa pddsalfto 8ie 250 mL

o Sppiriatis SRR PlEbah HGBUSbECNABH S 5P Sopat lovered
int%qh GeARtarRl tAS BriRPure WB rAiSRCHR thRRIDAMURE Inthe 'Vnéﬁjg?/x column

iameter of 1.5cm The catal yst was slowy reduce ‘
corfigiatngribe edtelygatlaimes boihiag chwbesanst water wers wstillsd Qupaem the top of

m nut e m 200C t,0.1800C whil.e fl ow 0..05 wt... %
e AR Eay P e G B QER ftc mter xcess of
hydiagal ¥stepl@s @kl au@sht to? dueddcgcatol 18400&ad 06nv2rtB®Ub Scumene and

and then the hydrogen content in the nitrogen was

distilierh PEd The erpene perfiust gasily| sepiyated dfsomebe depsepwaggr phase. It was
i ' T t t e

orf AP0 bl L0950, A FRLANAS, THES P R R e 2

belgws Ab eowidfthe torc proldictgstrebineproéaetip (aftsnseraayzap @d the water), had a

w t hout allow hg an ir to enter and th as fl ow was .
Pu%te/&g SBCTTHCJ0a Gt Nede YO Hegor 6 e ¥i-9) aggs found in
the%u%/e%e?%m%{! GhBe 163t bﬁ%tbo%{%ssc'ah'b%qram%%cf'o?ﬁﬁi\ﬁ{fdﬂuted with

ed stilTation

separ a y screen sieve. |IB. Catalytic D
curlisriersgpd Fe®86 aCated byd hydrogenation reactor to make additional cumene.

Table 2
Results of Catalytic Distillation of Cumyl Alcohol to Produce Cumene — T-366

Component Feed Top Product*
2-Phenyl-2-propanol, (wt%) 99.2 <0.1
o-Methyl styrene, (wt%) 0.4 0.2

Cumene, (wt%) 0.1 >99.5
Isopropylcyclohexane, (wt%) 0.1 0.1

Other, (wt%) 0.2 0.1

Cumene dimmer j <0.1 Not detected

*after removing the water produced

14



10

15

20

25

30

The 6-20 mesh particles of reduced T-366 catalyst,

prepared by the procedure of I|llustrative Enbodi nent
wo 200800850 oaded into the reflux zone of a thi ckcwabioedo20811

31 cmlong Vigféux ¢olum with an internal dianeter of

1.5 cmwhile inside a nitrogen filled glove box. A
1C PTBldafthih P adliotl-Afs cuBlst vas used to support the

} colum was attached to a thick

wal Aadileﬁe off{1 50@ grachshuftso dmedmptdeske,(hindhg der foawing priperties: a

Surgbﬂottom nt of the reactor for ca

o8 9 A A DA B %Hefg%%mmﬂéa%?a%%oﬂwé e e fagpigyl 1 micron

a c%aoﬁaﬁnéa@@hﬁl ISuptfkd® N6 3L/3; And b SSIAL sﬁh&hefoV\ﬁﬁﬂiiuﬂa @6 of 11.1),
bar. The flowrate was a usted to maintain tw ce

90ngramsmfrmnm¢mhlyldntjgférandelédﬂt¢@cpff105 M méirie agig Wesnbeated to 50 °C.

Lol t ra
o0 e SRR o
delf)h@éckwaté@ NTRils Bt OGS dMdrdersitd witlhammontven hit@skin nitric acid was

contai ning the cunyl alcohol was | owered. into a heat Xf[

repgrigd tifece Sfithe frathy PRMEENR FUEAE et MITIE pAcid jegeh dime.  After each

tredt ehfeﬁ% %oh@ rr{alae%lag IV&F iU e BT @Qg{e@'vﬂ'tﬂ‘g/afep @nd dried overnight at
catal yst. "Lower boiling cunmene and water wer

120li°6% i Phidivantwis addetine thepreofitet toea dovelimfi.0. A ddetcemnay weight by

cumny cohol was nt| nual |, dded . w t
trof1oH} vk EBAGUETI g iR éﬁn%m{ge’g%?@@l%ea lafiihptife and an excess
e §BIWES 589 dran€ BIRAGnARIpalladi
of I St L?]léd offplte?hed\ébﬁfrdéne pls%guctgtreasu s%apar%%ea fum pitrate in
308 gmnstdfeledmmérwammeed agfiagéo this smtsomfbﬂg grratd of agrtheium nitrate.

ThB rpabﬁlcg%ra qo}.}xlapgﬁwgso ‘r%x%% glp gébllfehg%‘if; &8#1 %{a{ggss u% %eaéu%lalateg mordenite
hawih§ ﬁﬁimr(ﬁ)géléﬁ%mtﬁ)ﬁfa% ¢50 PE IRV Ehoé) dff16.698t Bho palhﬁdm@-contamlng
purity of cunene of >99.5 w.% No neasurabl e cuny

maaflendtisovas(adfoonlymixggl and shenoiSozrerms ok @S@@ﬁh@@l@%@lﬁ@tna (Catapal
B \é/\lmf [p‘t ggg’on[ug%fma‘il arygngr}g rﬁ;og% t thCﬁqﬁﬁ)Q(%lgégré@%}})olﬁ@lﬂgy an LOI of

28yt vag eniid emdr glasidlr td eikRkEhaddixtirovads eureleé. anfathkel .6 mm
2 Results of Catal¥t|c Distillation of Cunyl Al coh

exireapesorierecdregnamar 1orlkBEshponeht a%@&nmﬂammdoah@?wmg air at
508°C N6 %DVI\F% /;”?g@ Qa{t%lyév%a?crg&eg ('aﬁd %zl-d & é/gb rH{ésh particles and then

styrene,

furkls® myalmgenyteﬂ alsaalie, p(cwe@z@re Gasld&cibdd redA élwb% fa@. the catalytic

0.1.Cunene dimmer < 0.1 Not detected
dlstlllatlon mode experiments.

ID. Catalytic Distillation Using Pd-Mordenite Catalyst

The reduced Pd-Mordenite catalyst, prepared by the procedure of Illustrative
Embodiment IC above, was loaded into the reflux zone of a thick walled 31 cm long
Vigreux column with an internal diameter of 1.5 cm while inside a nitrogen filled glove
box. The same procedure as described in IB above was followed for the set-up and
operation of a catalytic distillation operation. The results are provided in Table 3 below.
As shown, the top product stream produced, after removal of water, had a purity of cumene
of >99.5 wt.%. No measurable cumyl alcohol (<0.01 wt.%) was found in the cumene
product. When desired, the bottoms can be removed, optionally diluted with cumene and

sent to a fixed bed hydrogenation reactor to make additional cumene.
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*aft errenovi ngt he water producedl C. Preparation
of Pd- Mordenite Catal yst A m xture of 1500 grans of

WG oEs00a38mr deni t e,

(having the foll ow ng propepPCT/ES2004020811

surface area of 430 square neters per gram an average

crystallite size of a

round 1 mcron; a cyc

| ohexane

adsor pt Hap.uPt @kevRE DIstflafsd 85 2-pRchA 20RbAIncE LRbGds t O
alumnaratio of 11 eh’Pc% mr’d&ﬁt@@t tam’mm umnitrate
and 15 liters of 1.5 WM C acio as heated to 50

ﬂf" and ot 1 rLg¢ fAr -F

T DLI T LA

COF]iPPP@rted of f and wash
water  This treatnent

AEAT it Ayt

2-Bhienylz2-propanali, (wi.©) aci
anmmoni um nitrate and

d9%As repeated tw ce

of the Mordenite with

nitric acid each tine,

g%lla‘“ ' a’g%lwsvﬁlﬁation Top
s ££§£E

viPH fresh
After each

o-Vegdt spithet(Re. %90l i d
washed with water and

podri al

was filtered oiNot&etcted
dri ed overnight at 120 0C.

was added tp
Cuggirl%:eﬁ)tw@y wei ght by

Doyhe zeolite 1o a Ie\

ebgogf 0. 35

[ reat ment W|th an aqueous

RS AR S OA TN

"Rl adIITIIU I.Jdl I d.UI Ut

tr-ate—and

i'trate prepared by (hl §sol vi ng

__6,_55_gx_ans_ooi__t_eLLam_ .
Cugreng g, £86"ohat er anf<&dding to this sol ufi

divmpnitrate i 08 arahs

grans of amoniumnitrate, The palladiums¢lution was
Othdngwté6)} mul | ed with 1082 grans of deal unm navéed
nordenite having an L (loss of ignition at 750 0OC

Foaftet rBQEVS bf @hte0. 6% The pal | adi um cont ai ni ng
nmordenite was unifornly mxed and then 338 grans of
pseudoboehm te al um na (Cat apal B which is
C 2 iS d ot g fuggee Conpany)
vvasded and all owed to m x.
f -6 mm extrudates

o8 v&a@ peép"are‘d%c&ﬁmlgqy Exa@ble325f 06, Paast Nix@ber 5,475,159.
fl ow ng alr at 5000C for tvvohours The

QipcH K bed in ITA
and 2b '6 ggvégéfgf il r&% ?gst g‘iz&tng flgcf F'ﬁcf sﬁg‘d into 6-20

desCri bed‘g ove

medl GartRigze fIlhBRiafa$yst s haedlwith 45 Egrsﬁls Iolf ESK)I mBSHJSIIhB@l carblde and
Pd- Mordenite Catal yst The reduced Pd- Mordeni
centgried 1gide 2 B9 epalBy S‘Byﬂftsﬁ gtephisacian fube fetwyeen @e@sr o 3Q/@esh SiC and

g1 "B rehdk ]ia&gg gl%dc Spde B i et rﬁefl\lﬁj?af’glglgﬁewas slowly

a thick wa ong | gr eux co
redunédbn aleatdlgaﬁlmtceilal}mf pdrtibles ai avinatk @f |3ﬁ@ ipete manwie throog 80°C to 180°C

f|| ed box.. The same proced S rib in
lg Aol 08 ol budtedor pRosetat hael EETIE: The Gpatyst was
auaws@tcalleﬂﬁéecatdﬂs@bc Ifdnai hewts QRE kiRth (RO hydBEed Esikdrt $n BHethitrogen was

provi ded in Table bel ow. As shovvn the top product

doghled averp r%bpmeur,mlathc @RS WasrBvant.6f hyskiegen, inalgogenpThe eatalyst was
recﬁlfcecf FT3Yhat two-hour period after which the gas was switched to 99.999% hydrogen

wer @x&ﬂtau
IIcaIC|ned in

1
gao

and the reactor was pressurized with hydrogen to a gauge pressure of 290 psig (20 bar)

while the catalyst bed was maintained at 1800C. The hydrogen flow rate was adjusted to 2
L/Hr.

Avocado Chemical) and 74.5 wt% of cumene (obtained from Aldrich Chemical Co.) was

A mixture containing about 25.5 wt.% of 2-phenyl-2-propanol (obtained from

fed the reactor at a feed rate of 33.5 g/hr. while maintaining the hydrogen flow rate and a

bed temperature of 180°C. After a week of operation, a sample of the reactor product was
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of >99.5 wt.% No neasurabl e cunyl alcohol (<0.01

w.% was found in the cunene product. Wen desired,
WO b@sloaissons can be renoved, optionally dil ut eRCMIE1004/020811

cunene and sent to a fixed bed hydrogenati on reactor

to make additional cunene.Table 3 - Catalytic

[ R

c e S SR B I prlpontained 8.1
wit. Pe%@hml-éll-gmp:mob Xt wt.%t ofomnEop Pt wdleelpha-methyl styrene, 0.1 wt.%

¢ 2 Phenyl 992<Olal\/bthy|
of Eprop SRt RS RS viech ki hetdlitenenc. (ot % 0. 1

IC99x& B PCaRMEENT Lo aMman eAlcoWbl 10 CRmknd. I?mﬁ}'rﬁe(!ﬁpper o Silica
Dinmer, (W.% <0.1 Not Detected Oher, (wt.% 0.2 0.1

Catalyst ter renmoval of water 1l. Conparative Enbodi nents -
Fi x e
? ar ni ngﬁfgggféﬁé nrglf)eaﬁ%éﬂ%r}] omCB]?R%gtDﬂ %ii?(':%. ca’&alyst described in

Exﬂﬁplla&B({@‘ 3@60,‘ obtdinad fﬂ'om SxaChdrrie3 20fcc Uf the dAallwn fwaNluﬁéﬂe Due to the
. {51 475, 159. HB.  Fi xed Bed Conversion of Cunyl Al cohol
highey asifiién el lb§|rﬁ‘§40€%tTa? @ﬁs‘tat@é%th krsHNg Was Fondigted a¢ @ tggmperature of

15(2?%%???8%“%86125 par’ %flﬁ%:ldielé&%e cat ?I)F}é%@hﬁq't@ngé)dmnyl—z_
propatdl, £8.49rverts of Bhemes . lsiwi.%onipdardittd atydereent.ered% of i-

e,a 69 c i nl ess.steel reactor .tuhe .
ropg R HEHO BRSO TS0 A RIeBE SRS WASS REtRted A SO°C, the product
corftﬁﬁé‘dléés ﬂlhhbsmadz%ehﬂtﬁﬁfd@hn&' ameter of 1.5cm The
cata yst vvas sl o y reduced by heatl ng the catal yst
11 arhteos glygiffer Gdmys £E pentsfitbm 20C to

1900C Wl bGP %%%pgfy@ffh'éﬁé DS PR G2 wes

crusiied1&{d0&izEDInt@ hI fifesiapartichen Ak e fdry, dfh@%ﬂﬂf& Ry &Nfided with 45
the nitrogen was doubl ed every 2 hours until the gas

grapsofB0megh slienpdraskidm and centeted daside 108 ceratoalgyséatmlmssteel reactor
tubb %‘t’&@e‘ﬁ B&fs & E(’) %?ésh 9%@,'9%8 ha@? rv&o%ﬁj ﬁxé &L ﬁg t‘ﬁg'e htag an internal

gas was sw tched drogen and reac
dlamﬁer of @SS Tlmcmlw vbas@i@gl@/rreﬁw:ed byeiegtin® thesaunlest @hrticles at a

Bpsig (20 bar) while the catalyst bed was
ratiygl KOS SRinbie FRBDBE %]eS%QdY}él?eﬂPWP%\Qr%aWe Palagirozen n itrogen

o EPALS I, Bt VS ORI R TS B e e

hydrogen content in the nitrogen was doubled every 2 hours until the gas was 3.2 wt.%

hydrogen in nitrogen. The catalyst was reduced for a final two hour period. The 3.2 wt.%
hydrogen in nitrogen was replaced with hydrogen (>99.999%). After 2 hours, tﬁe reactor
was pressurized with hydrogen to a gauge pressure of 290 psig (20 bar) while the catalyst
bed was maintained at 180°C. The hydrogen flow rate was adjusted to 2 L/Hr.

IE. Fixed Bed Conversion of Cumyl Alcohol to Cumene Using a Copper Chromite

Catalyst
A feedstock containing about 25 wt.% cumyl alcohol* ( >98% purity, obtained

from Avocado Chemical) in 75 wt.% cumene (>99% purity obtained from Aldrich
Chemical) was made by blending. The hydrogenolysis reaction was conducted under the
conditions provided in the Table 4 below. Two hydrogen flowrates were used during the

testing, 2L/Hr or 4/Hr. The results of the testing are shown in Table 5 and Table 6. As
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Avocado Chem cal) and 74.5 wt % of cunene (obtai ned

fromA drich Chemcal Co.) was fed the reactor at a
wo ewd/oosasse of 33.5 g/ hr. while maintaining thePtyusmgenosii

flow rate” and “a béd tenperature of 180Q0C. After a week

of operation, a sanple of the reactor product

e ()

deIWﬁl? T aetdbgltrlggﬁedjﬁélcﬁgmg%sg g@dtﬁhgﬁ?\glﬁne d}bﬁ%@ﬁ‘ct%ﬁe&ﬁ%f about 91 wt.%
putyaeingl 7.2 xp.L6 pﬁnmtonvédecmnyl YWoohaly fenet. %0oflcumenegimers and 0.1

al pha- net rene % of i-propyl cycl ohexane
Wté’(hap @O@OR{AC%I%H‘ fﬂéﬁ“é |1 C. Fixed Bed

Conver si on of Curryl Al coholrape 4Cumene Using a Copper

on Silica Catalyst The experli nent of IIB vvas repeat ed

usi ng the coppiocess (o n fora Bed :

Exarrpl e | B (T-366) obtai ned from Sud Chem e. 20 cc of

cat al vot Was J|cor~| Due—t

ahe
Feec 16 pduréd T-366_cat au/ct 311:5' KW%SYAQSLQE,SM_.

Repgtion Fesmseatareur e of 1500C, ﬁrt%}"czoo hours of
operation, the dried product{contained 9.7 w.%

Presspbenyl - 2- propanol, 88.4 w20baf cunmene, 0.1 wt.% a/
a-nmethyl styrene, 0.1 wt.% of i propylcycl ohexane and

Hydrdgellioh Pite CUMENE di Mers. 1) qup%éxazttgﬁr)at I8QX0C, the
Ca 3Y%5 ¢ (before redyction)

By o

Z=—phenyr=2-pt upaHUﬁ +HP—Preparattron—of—Catalyst fot
Conpar ati ve Enbodi nents HE 33.5 granms (20 cc) of a
copper chromte catalyst (SupleGhem e G 22/2) was

crushed and Si zed |nto 6- 20 mesh particles. As before,
: il ¥ 'S el mathi{(s-232 Gialiysteth 180°C and a

Si C and gl ass wool . The react or tube had an i nternal

CollRREREr of I.5 cm Thg.garal ystT was sl ow ¥ prgglieped by

> rtéﬂzti'gt@%? EB0ETo 16008 whii o 1 ow ng 0.0 w. o

nit t+ A vratn nf 10 |/ Ll
Ot

Thao
— O ull Iﬁflll_t 3WI T = =AY =7 T . T1C,
X%tlaal” n\ﬁa@"taﬂ owed t%%educe at 18Q00C f or <£"]hours

and then the hydrogen|content in the nitrogen was

~

Cudoumb)] @d.%8very 2 hours|da8il the gas was 3.2 94 %
“hydrogen in nitrogen. |The catal yst was reched for a

Isdprdpdlicyciekaidl (vaek) od| ofihe 3.2 wt. % hydrogem.i n
nitrogen was replaced{w th hydrogen (>99.999% . After

ofyeactor pressurized W th Nyygogen to
Cuﬁéﬁg%@%t@gs/ure of 2<P 6'plsi g (20 bar) whil exﬁte

ot 1900 Th

ad
Pe) IID.TIIL atrHhet——=at LO0OU0TC. I'TIc |yU|| UQCII
flow rate was adjusted to 2 L/Hr. HE. Fi xed Bed
Conv el tsRogme iy PeAPOgHEAd t o Cumene Using a Copper
Chromte Catal yst
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A feedstock containing about 25 wt

>08% purity,

. % cunyl

obt ai ned from Avocado Cheni cal)

al cohol * (
in 75

wowoosweissene (>99% purity obtai ned from Al dri chCT/US2004/020811
Chem cal) was nade by bl endi ng. The hydrogenol ysi s
reacti on was conducted under the conditions provided

in the Table 4 bel ow. Two ?Mﬁgggen f1 ow at

during the testing,

21 VHr

The res

es were used
ults of the

t e5bd BYd @ty A9Whol b dighbiR Resalglwitall-22/8 Catalyst at 180°C and a

Asdenpnstrated, this
cunene eruuu;e, SFi

flxed bed pr ocess pro
] Atiar 60 Hg

duces a

79O w04
=

nnnnnnnnnn
ALV AVERW J |

Coﬁmﬁﬂﬂﬂ di nd-0 1

F’ﬁunyl atcohot
0/ L eanr am

ocfﬁ‘?:tm

2-Phiead-J,peaaedls (WEED| e

Conversion Feed rate

4i£$ocess Condition f
3.5 g/lhr (WHSV = 1.0

EeXdAdITe dsS
(;8 9Fl xed Bed

He 1\

o-Retgt storend gupeblat ur e
Flowrate 2 L/H (or

;QQOC Pressure 20 bar
AL/ Hr) Catal yst Wi gh

ﬁ9drogen
t 33.5 ¢

Abdohol to

cuhﬁﬁgqagggeductlon) Taby£85 Fi xed Bed Cunyl
nene Results with G 22/2 Catal yst at 1800C and a

Iso

gcﬁgfé&gia%‘é‘"@t%m jO'/Hr., After 800 Houmsl on

roduct * 2- Phenyl - 2{rror anol
OA ’)/IQ

(\At u &t IVCL € 4(Vth/}(> U.

twia | ot vrr an
STYTCIITE, U T
Cu@gﬁgﬁ&mczﬁwté@ 74.8 91 QllsopropylcycloheXd?é? (wt. %

0.1 0.1 Cunene Dimer (wt. % <0 1 0 6 *aftfler—rempving
the*aﬁ@enﬁpvm@&@%ﬁ%@bﬁ@dgfﬂlxed Bed Cunyl Al cohol to

S B T PR 5 AR s s

Wh%H £8Weli &SRO PeRiculaee doht oduaid dﬁitﬂﬂ@@dmﬁhp nr[spaanh oivention. It is,
% 24.8 8.9 a-Methyl styrene, gwg Qfo

however understood that other ranges and limitations that perform substantlally the same

function in substantially the same manner to obtain the same or substantially the same

result are intended to be within the scope of the instant inventions defined by the instant

specification and claims.
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Cunmene, (W.% 74.8 90.4 Isopropyl cycl ohexane, (Ww.%
0.1 0.1 Cunene Dinmer, (wt.%. <0.1 0.6 *after renoving

wo b@smeisss produced The ranges and |i mtati onsP@r/ostodecosil

in the instant specification and clains are those

whi ch are believed to particularly point out and
distinctly claimthe i’nstca tAiM@mi on. It is,
however, understood that “other=ranges and |linitations
that perform substantially the sanme function in

substantially the sanmg panner to, obhai nthe s %r
1. shimsecent foxlnryducine analkyiheatae haviosi the stebre &) ]gg{z (Ph) from an
alkm‘?télgl;l}ﬂ g!%ﬁ?ﬁ‘fa%}% tﬁg stniture @ék?@@ﬂi%@ﬁ%@ﬁfpﬁ%g Ged étgsifs(})fbx

spe I catl on and ims.C'L ATl M
papcess fadingroehedishgam roalpkigingentizdpieeniyhelcnigoltaging the structure

structure of  Ri Ph) fro | k h | | hol
havi ng t ﬁé‘sq(?h%%a %W&F@ﬁ?@%%ﬁ@‘f’ i%g%ﬁb'll@ta}?q:%ongi eps
Oh) (2) bt pif deskasioream compri sing al kyl phenyl
a

cohol having the structure RRR C(Ph)OH to a reactor
havi ng a(i}atertyting the Seedl dtegpimorempaistng RiBCEBMENT matht | jydrogen

in the reactor; (i) .contact.i the feed stream

conpri si ng Bi Y ﬁ#ﬁlﬁ%ﬁ V\ngishh%g]é’r 0GR i‘%% £ %léve%at%’l%?g(%h)o}l to
di stillati o RZORRPE anddbME h Feallifh Ai-ReOthd 0 R R2CH( Ph)

and forma reaction mxture, and (ii) separating R .
R2CH( Ph) (ir separpiéng SaleC B stogr dhpyropptign jmiie by fractional

distillation:t. t i ti r -
e T L
CH( Ph) havi agnd arsedaaedmpeisiag i; RaCHE) dbvik R2€fiék)d Obhcentration
than the feed streamfromthe reactor aftr a position ..

npper from Pﬁé*@a@ﬁﬂ%@ﬁ&hﬁ%é]& fesh syem; ARPBFACHar o faposition

R2 each is tﬁ}gg‘%ﬁ{h ca@alﬂchlreﬁ’&%ﬁ%ﬂe;gr oup having 1-10

car bon at ons east" one of R and R2 is not a
hydr ogeherei2.R Tind Roreaclemsydsogeh air abgdrioparbbmgroup having 1-10 carbon

wherein | ess than 1. 0% Dby [ght of R R2ZC(Ph)OH in the
f eed s”tt?l_é‘éiaﬁ“} %ﬂﬁ%%"r?@gl %qﬁzﬁeﬁ%hﬁmaﬁ% p)r ocess as
cd ai fRd drflesd ?a.'s”&llin?éfrd Zn OMIBr &1 Ryildh@n aleky |t]ﬁ)ﬂle|f1)d% by weight of

al cohol 'is selected froma group consisting o
et hyRph€itih)Qil oothe ifeed/streatn (Lcdmyditeskipl RiRoCH.

3. The process as claimed in claim 1 or 2, wherein the alkylphenyl alcohol is selected
from a group comsisting of ethylphenyl alcohol, p-di(2-hydroxyl-2-
propyl)benzene, m-di(2-hydroxyl-2-propyl)benzene, 0-di(2-hydroxyl-2-
propyl)benzene, 4-  (2-hydroxy-2-propyl) cumene, 3- (2-hydroxy-2-
propyl)cumene, 2- (2-hydroxy-2-propyl) cumene and mixtures thereof.

4. The process as claimed in any of claims 1 to 4, wherein in step (b), the feed stream
is in contact with a catalyst comprising a Group VIII metal or a Group IB metal of
the Periodic Table of Elements in the catalytic distillation zone, preferably
comprising palladium or copper.

5. A process for producing cumene from 2-phenyl-2-propanol comprising the steps
of: '

(a) feeding a feed stream comprising 2-phenyl-2-propanol to a reactor having a

catalytic distillation zone; and,
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propyl ) benzene, mdi (2-hydroxyl - 2- propyl ) benzene,
o-di ( 2- hydr oxyl - 2- propyl ) benzene, 4-

WO 20080836y - 2- propyl ) cunene, 3- (2-hydroxy- 2- PCT/US2004/020811

propyl)cunene, 2- (2-hydroxy-2-propyl) cunene and
m xtures thereof. 4. The process as clained in any of

cl al My LodRuentIBLH Bstibithebucld) , the feed streamis

inc act w catal yst conprising a Goup VIII )
met al or (ip céniacingEBheefertl ofrednnecdepiisng c2-Pabiyé-2efropanol with

El ements in the catalytic distill.ation zone,

pr ef er abl yq’é’f_’}?ﬁg@ st epﬁﬁﬁag)’&'icu msbﬁatbodlp@?? et%. cqpvert 2-phenyl-2-
process fon, prad1iei dithehd BN i OdhFioReiRitlre;2mBY opanol
conprising 'the steps of: (a) feeding a feed stream

conpri si (ip) se2parhtargy buepr Goandie reaction enigtise frawi(igby fractional

Cheul st ditahof o RPaRc 8 a BT bofid Mt bR atplytid distilation
st ream conpiohs, A@redmpdteitsing @nepanal heling diyokogaientfation of

the catalytic distillation zone to convert 2-phenyl-2-
propanol t @-phawsh2-psepaneldhan thefedcitieam ni xt ure; and,

. ( ' i )L“Beg%?r ;e%{ 'ap %h?rﬁ%? g&?ich'itﬁng,t\!;}ﬁe{réﬁaﬁgg ﬁﬁmr@.g: u/g\?t bf 9Bhenyl-2-

(1) Iona atr’on produce,
pOSpidpaol ip ferfeéd Orsainie comteatey to Spdpgicytlbabiann zone, a
stream conpri sing cunene and _havi ng .a | ower

. condBPFoSEIS chimod Bhefi 2 OF Br BRARDI lessrhsn Ahout P-Qatp by weight of

otr _ . . e .
£ 88 pafns BOR,BEP58S UM 2 0% SRl 2 MBI e or
st r 2anethgl-Zénipeh@cpentane.- pr opyl cycl ohexane. 7. The

DO Sk R0l B I,01 %) WBSLELR 895 PO aram

(1)id@ tﬁ@g%%nb@ df 4 Batdlys-dhipeising -aZarduS I RRAY br B ¢tAPE/ IO metal in
2-met hyl -2, 4-di phenyl "pent ane. 8. The process as
c| ailreemtalyticadistiliption enerpreferally Pomphising ipalladiung og goRgusy-

. Egﬁé{ﬁggﬁg tfcg{epgg%lif%lgg Cgln#glg gﬁ%%gg—%ggél%g%r%%l%ﬁ gl%éflté?m% tnhe steps of:

t heacat alpeiing di Fedd |stkin@n c@@Psingr efphe@ypropamili & ng reactor

pal | adi um or copper.. 9. A process for produci ng cunmene

f rom 2- pkemprisipg a gistiPaligl readinpzonsiigdt he steps of: a. .

feeding g feed Sfream eoupsising 2-phenyl -2-propanol

to a reaCtor conprisi ng a distillation reaction zone,

and, (i) contacting the feed stream comprising 2-phenyl-2-propanol with
hydrogen in the presence of a catalyst comprising a group VIII metal or a
group IB metal in the distillation reaction zone to convert 2-phenyl-2-
propanol in the feed stream to cumene and form a reaction mixture
comprising cumene;

(ii) separating cumene from the reaction mixture by fractional distillation,
preferably wherein less than about 0.5% by weight of 2-phenyl-2-
propanol is converted to i-propylcyclohexane; and,

(iii) withdrawing, at a position higher than the catalytic distillation zone, a
stream comprising from about 98 to about 99.9% by weight of cumene
and having a lower concentration of 2-phenyl-2-propanol than the feed

stream from the distillation column reactor;
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b. concurrrently in the reactor (i) contacting the

feed stream conprising 2-phenyl -2-propanol wth
whyasogsso i n the presence of a catal yst conpri BCTYgSH04/020811

group VIII1 netal or a group IB netal in the

distillation reaction zone to convert 2-phenyl -2~

Pr @panol wiiflarh e £6f ! £ Q W?ﬂ@?& bRl 2-methyl-2.4-
reaction mxture conprising cunene; (11) separating .
cunene f diphertylyentama caridodinmitixtlie;, e diphefylagtnofimin a position lower
distillation, preferably wherein l.ess than about 0.5%

by meigh?m%ﬂxﬁgﬁﬁgﬁyﬁﬁﬂﬁhﬁPSﬂgh&mdis converted to

| - propy! gyfLangxange aaqnetﬁj(ﬂz',h-dyﬁﬂeﬁﬂpé&waﬁw, #@d @ dimethyl-2,3-
position higher than the catalyti'c distillation zone, .

a st r eandipbemibuinegn thabnt@bositeagBien (o gtmese.9% by

102 90 o5 TSRS, AL bR SR HARIIAD: 8 i o

di sthel duidn® Prédicbdin KRBCLNT); 18 -combérivdr @VR-REtHy-0M-HipBenylpentane

reactor a bottom stream conprising 2-nethyl -2, 4-

di prehdimsthivl-dredinhenydhuiichy| - 2, 3- di phenyl but ane from a

POSit | r . the. cat al|t i i Sti ' X .
1100 A AT N et Tt s s

andcehitasetwith a Z2at3kysteqhgtyrhd paladan or togpeb dh tlonmiistill @ reaction

from(c) to cunene. 10. The process as described in

cl afPA®, wherein | ess than about 0.05% by wei ght of

the cunene produced in step (b)(i) is converted to

2- et hyl - 2, 4~di phenyl pent ane and

di net hyl - 2, 3-di phenyl butane. 11. The process as

claimed in Aaim9 or 10, wherein in step (b)(i) the

feed streamis in contact with a catal yst conpri sing

pal | adi um or copper in the distillation reaction zone.
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