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PROCESS FOR PRODUCI NG ALKYLBENZENE Field O The
I nvention The present invention relates to a process
for preparing al kyl benzene from al kyl aryl 5 al cohol.
Particularly, the present invention relates to a
process for preparing cunene from cunyl alcohol.

Backgr ound ggoCESS FERPRODUCING ARVLBENRZENE

al kyl benzenes can be generated from al kyl aryl al cohol s
FﬁﬁYQ?ThQEQ%Sﬁé i nvol vi ng dehydrati on and
rysts. Substantial quantities of unde3|rable
10 The pragemtduvdntion ke€lates teod pmc@srfef p;tepahﬂgr aihylbembhefrom alkylaryl
reaction of_ alkyl benzene durin rocess
alc 03 Hartspdartys the praseshinveniioniel raa&reaess %ﬁﬁrenﬁwas “cumene from
Cmﬂt 0l(also known as 2-phenyl -2-propanol) by a
e-step process whi ch invol ves dehydration to

M@@flﬁﬂm ntdorf ol I owed by the hydrogenatl on to

et EURye et ARgbraskae cons F| e ou alkyiarcSRerols by o

prdéb%ei'i‘x%lv%gb abpakdtRn SR drbiedREs. Sub |diﬁﬁﬁ@4%edqaﬂﬁicmrable

curmene dimer are produced as undesirable
mdbypfpd@& @res upeadlyu generated Heomefurtpérs repetiore of "allbenzeame) during the
rogyENe can stay on the hydrogenation bed after they
PIOGERE. produced, (before exiting the catalyst bed)

r eshlik iald® kndwinftBatf dbinidnecal b6 é@ﬂ@ﬁt@&lﬂlﬂn @ﬁm alcohol (also known as
clinmerization thereof. 20 U. 6, 455, 712,. 02/ 48126,

2-phenyi < wopampl) hy@ Woitple-sten nmceg%wgwbdnv@vgmhydr@on to'c-methyl

w@gﬁ% OXI %ﬁiﬁ%@?ﬂ%ﬁ&eﬁs l%’? a| N %F&J}gng #éﬁ%ﬁ lyéd reaction,

andlihel dabseqaent! fractiohdl distilpkied isteptto redvivar curfierdl Sdbtintial quantities of
stream conprising an Oxirane con'pegund ang an

"P%PP(W%‘P ¢xagg and climens GEBeIAe DEerhiced @3 undeairable hyhproducts because
o8 POAP (903 PRI e B0 BRI B oYyt by gty ar

proﬂychdo@emrep re@jsinlg) theecatalyst. bed)kydsaitipg iny theofiyrther hydrogenation or

oun S a e dehydrated and hydrogenated to produce
foll owed by fractional distillation to

r ecg\@ 16,458 m' waloamsws hyeBOZUEENSS afd WD @bmluﬁaééigned to Shell
0.1-10 wt. 9% of i-propylcyclohexane i s produced

&hﬁamxbdleclgwe prooehs cor Imctms an fallydaryl, hwérogemm(sé, such as

ot AR P FRS 4PFH 0 S L g i
an Oitirafie/dotpod®di pides A1RyleyihlyQroyl d@ﬁﬁéﬂﬂd@ﬁu@l & afRySalcobol (also

relatlnghto oxi di zing cunene to obtain
kngvay 38 o %’é’h‘?éﬁ@i’ﬁ?@})o% eedle{% ha{ﬁrqm?gﬁwwarbqn@ﬁnq‘ 6F 2rprepyl-3(2-

SRR, Bl ASTEN! RN FooBRRETE: Tffrct
hydxogeniatedr tog @eadued, alk'ylaaarlﬂs)g dfab}gmdl by ifractibes, distillmumene recover
alnd lg, %ﬁ ﬁzlasegungene 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 distiliation 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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~1 repeated use. During the hydrogenolysis step, up to

5 wt% of cunene is dinerized to produce cunene diner,

an undesirabl e byproduct. It is therefore desirable to

devel op a nore efficient process which conbines the

mul ti pl e- step process into fewer steps and yet

tudey Dhutinyl UsSogenBRk s&g:r , SapCoTE A% JERuBHE lis dimerized to

with a snaller quantl y f undesirabl e by-products.

proippssrpens dioks, am $icksent i nvention relates

I h the ,.
oy G SN P A ORI ) B
miltipRcsté prvtesingd Ma@rstﬁps &h&q‘wb&lecﬂ%gi ggad hos a more pure cumene
structure RLR2C(Ph) wherein Rl each is

Prognst b mﬂbrﬁymafmsmlgbmwdnam ng 1-10 carbon

S@t’l"%d’i}% tveﬁtﬁﬁlSt one of RlLi and R2 is not a .

y ocess conprises the steps of: (a)
f eedr h@r&ehﬁﬂdeﬁdmmt&mrpr&ewfoa Ipkodupingniel alleylb&izehe having the

stojoti O BeReCIaPRY 9 en Gt %ﬁcﬁ&% e 9 $ikyiefd slcoho)
haﬁrﬁtgz%é’étnﬂe%ur@ IR R %@‘?h@@f—l‘ WctcllfR L%ﬁg Igfamgeh%‘r "AShydrocarbon

Ph) OH wi't rogen in t cata
gr@lmhaﬂatlrldhca_rbme atoenscamt/etr leadRicRR Q(fFRy), (a;-.ldtRa RieR G(Bdrdpen, the
ver a cat t C rrprlsmg Goup VIII or a Goup 1B
pr?%Psd?omIg}F&s?}@/s? arating RIRZC(Ph)H fromthe
I @) Ciek@Rg h Xfeéll Esttdam Ribm] p!’n@ﬁ:? Qlk?iph@hﬁt laicbﬁ&l' BBvihg the structure
produce_at aHpOS|t|on upper fromthe catalytic

di stBiReatEe t@mgeept@thma@@lm@sm@amg ZRe62C( Ph) H
hﬁ’é c? c@réﬁﬁ?ﬁ'ﬁﬁ%r@&%em rati on of RLR2C(Ph) CH t han

eamfromthe distillation colum reactor
) eoneactiagcthe Noad IstrBarh i d@ﬁ:pﬂsiﬂgSRER{G(PE)C@I amttx Q@dﬂfgen in the
the aI kyl aryI .al.cohol include cu al cohol ,
et hyl %ﬁy talyic | distilation rzoms mn@tﬂé(eﬂgltv» Ry&i(BRYQH (to. IE
2-pro I benzene
[ ngl uggdt%lgﬁe%égﬁﬁallng%wg@%zog%gr Lgﬁéﬁh@% zﬁ%lrt ho, or
par §ipsepadfing Raﬁgfﬁ(d’p)ﬂi YrooethzeeutioBmirfurd i pby finétiomal distillation to

t he Fi reFl i.s a flowdiagramin ch tic form
of an ﬂgr"f‘t paqmgqx.'élnpmm e capglytig 7 e atlon zone a stream

Descr | wmﬁth.ﬁg RIRE(PRYERAVIRS 2 IRficRd S&E@ﬁtrétfb‘ﬁetﬁtlk{i’QC(Ph)OH than

relates to an i nproved process for converting an
al kyl pflhé rﬁ;ﬂd strzamafram ity distdlatibi golemzreasor 45i ag. ovértehdws

£] d h f ¢
G s e Pl SR R ST Rt By alootol,
phéBé Gty aliiolwl, RA@ y/hoamed) ot para-di-(2-hydroxyl 2-propyl)benzene, and that

for the alkylbenzene include cumene, diethyl benzene, and meta, ortho, or para-di-

H over a

(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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containing feed stream 101 to a catalytic distillation
reactor into a feed zone, contacting the 2 alkylaryl
al cohol -containing feed streamwith a fixed bed

catal ytic packing 106 to concurrently carry out a
one- st ep dehydrati on-hydrogenati on reaction,

laRRRLE mm-gge € lWaufa BRbd il ERhpkic packing 106 to
aﬂé{i%{ benzen% prodlce ish t evggiteaal ??ﬁ: lg’iasti I .a‘t:i%aﬁ g
copeureently cagitysbul baoressterp elebydratied-hyfdrogenation gdagtion, fractionate and

refi e GRRDE ROt RFVIRESooa PEAERd B L oofAAR fstlation zone by

disMIRaHP befoR bi Qohvered tb lltyleiRibheRare & diﬁ@l'sabﬂlﬁ.lk?lﬁgenyl alcohol,

distillation zone 105 containing catalyst unti
whilecunsonvestedealkyleryd |alophbk nr elkylarylfaloelzal | aogtinie, toc be wifiuxed to the

tipag..eda 104 .can. be uti]ized t.0,provi de heat
cafi53is ReHRRSR o foocfibeing shtshE BBy iR OByt B ik ytbenzene.
A Hediing|dedick WthIRAtiA heliaMDdeal bR \itiliesd R provide ekt Aéeded for the
.enhancing the 10 selectivity of the reaction to

dls&ﬂ“ﬁ??‘b@iﬁ»‘z‘@?e, such as cunene, by continuously renoving

th | Q. t. .
o o T fatfo Bt GRAfioh U fravi i dn R antage of enbincing the
selfﬂ_:téﬁtycaﬁﬂlé peaotion ttailkiivljbbjmbndi siith lab aﬁﬂnegle, m{geroﬁﬁi:lmly removing the
t oncurrent cat tic reaction an ract,i tion
P%Cbﬂgﬂﬁmenﬁ gﬁ%‘_ﬁéj} é?%‘&ﬁ?lt‘{ﬁ%ﬁ ep i figica %kfquolraﬁan reactor. The
coR@dLs Sftallie dRIRdHohLY oggrati@ﬁéfy{vme gé‘ﬁclﬁ’tleﬁp kl:%(lt:at‘iytf’d' Geaction and

hi gher thah those for the corresponding produ
fragtiénapibe rof reduct, 1Benefik fipme thenfact that tiie boilipg peinde sf the majority of

RS Y B e i o it b ipensenes
Th@aﬁﬁkéﬂtiiﬁvéﬁt%ogﬁﬁﬁie}isﬁﬁthé@%ﬂ%rﬂég%s By 19@bling She arequired capital

fractionation steps in a single reactor w thout

e qwgh operatiag motiple deysiration and gatalytichysrpganplyisis reactions
s S R0 AT o 00§ B Bl ot

witha ita| accompimyiiied hematichange ghipMient @Ed| dohtrbly, a TRt édiibination of
ectivity toward the saturation of_ the al kenyl

20 se, ) ) . | .
caiglylic @stﬂlaa_a% a8 the pariieHar entelyte Aydiogenationeaction tpsulisyin a better
sclftR g towpll he Gt bE AN ctitn, pREVRES FBH (e 0B fation of the
alkylheeyladldohioh mithoat Inahogenhtien of the aromdtizttionds. of

R1 h)Qd and the al k enzene produced _ ha

ot r oot Tt s PR b Mrobiert RaveRGndhe il algobol bas o
forttAHHRAE Bf OR, R, CTPRJOIE 25RP hE " aﬂﬂbgezeneggéddﬁé’ed dRsCar Bdbture of

atons, and at least one of RlL and R2 iS not a,
RiRy@Pbyfe rivherain R spd Rof ¢ach ésrp dyyidrnmen oofa hyvzoqartesegioup having 1-10

' ' t | kyl afyl hol | al cohol
car 3 BB e et os i and oo e el o 1 bel ow
shows d dpatifie iidOEinias ofithe fRbRAt VLAY tHROAIRY1adyd aRoRAILB a cumyl

cunyl al cohol and cunene dinmers, which are
alcohed_agf tag gllylbenzege proghesdyis sumsne Behde 1 below shows that cumene has a

o TR gt BORTMEARUIANG ol S NSHELA! G BTES dimettyl

'S recovered Tromthe over
2, 3sdigkenyitavarebade2-ideehyt-2idadiphényhesht i) etep PElieréfosscuiene 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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catal ytic distillation zone, |eaving unconverted cunyl

al cohol in the catal yst bed 105 for reaction. Any

curmene di nmers, having the highest boiling points, stay

in the bottomsection 3 of the reactor, and will not

be distilled out of the top of the reactor. Them xture
ofathe tresctor) abd &l @lot b Wistities loat of & ﬁﬁﬁ'dﬁh&"?&ﬁcﬁﬁntﬁc%lxtum at the

cunmene dieters, if any, can be withdrawn as a
batiom. ghthe geactor 83 phich maygapaincsoe dimers, B amy, can b& w1thdrawn asa
bd&ﬂﬁmf fg# €, C cunyl alcohol 201 Cumene 152-154 at

|s ene 165-169 iso- r |lc clohexane 155
2 neth | -2,4-di hen | enane 3PABBRA dineth |-2, 3-di
hen | but ane 300-320 I n anot her speC|f|c enbodlnent of

Cd wdesent 1 nvention, tﬁ@ Lkt ICOH sy
e FESRJRALS TTAIT B, Tne

aIcohoI and the alkylbenZ(
ol 1o, v—alcehel—can--alsd hp et hyl phenyl al coho

i #0 &kmn_aq 1-hydr oxyl { B0bheny| et hane or
Clmmenxvpt hyl henzene) 10 ahd52#84 al kyl benzene produced

alpka-wethyistyrenzene. | n stil | 165Wa69er speci fi c enbodi nent

ispropikeyclohesmat i nventi on| 1§f1ie al kyaryl al cohiol 1s

2-mrthyb-2, 4ngibhenyBhtme dl - (2- N300-3%)1 - 2= propyr ybenzere;

dirttethyi2 B%ﬁﬁli%)_{rtbﬁt&%‘)py' ) “P3Ea820°"
e520d o

(Z-Nydroxy-2-propyt)cumen Ay e-exy—2—prepyH)

cumene, or mxtures thereof, resulting in the

al kylh beothen ssecifidt ambodiidat of BRy Plare.s}ent Gh\%‘ﬁﬁbﬂ,p%'e)a]kylaryl alcohol is
be u1 es thereof. ticul arla)l/k
c Eéﬁ&%l &ﬂéf{y F)gan;e produced 1s cumene, The ylaryl alcohol can also be
cttftangl albrol 60 BhbwA a8 1ORMAA! éﬁ’{éﬁy@ gl hydroxyethylbenzenc)

al kyl enzene 'S ara- (1"sop
aﬂ%ﬁlﬂtﬂb}dbwemduwdns ethiy] 'bdnzelﬁr @s still anotierePpédifie embB&itnent of the

b5 b, ESAACHeho 3m h  ronyt
TR e o
BYr-Tronyl) pameneg gr gnxtyrels dhgeafhresulting in the. dllﬁdbmdnmﬁaa ortho,
%@*@’é’% %1% i dming %0/ %rp%/gwla%p | OE H:]%@Magyl #{cohol is
paitahth -(Rerydraofyl-2¢iropyljtehzérie Raldy e ( SikyWenddrey | 8 N77RRi-(sopropyl)
benzene.

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 (R{R,CH(cyclohexane)), and’
less than about 0.1, particularly less than about 0.03, 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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As a particul ar enbodi nent, any heavy di mers or

pol yners of al kyl benzenes, such as cunene diners,
made in the catalytic distillation node having the
hi gher boiling points 25 than al kyl benzenes and
al kyaryl alcohols, fall to the bottomof, the

el Wb, db Praduoa b8 &8 all8MWcnPéned Osiich m%?g%eﬁ& SOptiHally, the bottom

oligoners in the bottom of the reactor

stigrmiig frgokionated ta remove dkylpheny etcnboh stkensdbenzeie, andVon alkylbenzcne

WHER eagg %3 bx’ilﬂtig'e ret b '%fﬁ?ﬁy ﬁ%@ﬁ?@ﬁ é'gact%ru (Pﬁwr to being

hydgocgatked.e . Ha®l aihb)d:mbi%&: 28t ted/h
Optibriallp; rpgiﬁgnyl 5 Cl%ﬂioqdrégem ydrocracked at

fract| onat ed to renove al ky
the, pRUGR) o &y eenetor. s Nowylisiting Kushetiveerampleshofitideproduct dimers made

R i pfeatn T 8 nc 5 iy 2 Sk s g 2 meth-24-

dlplgdnylpealahy Ihetrativeeind abnMnitAFRXAmMGRE & suitable hydrogenation or
h 0 ena /?L%/%?ocracked it 5 the bottom of the '
YB@? T GoRyerting ﬁlélk&bmne% toplkylbgazene, such as

colﬁﬁiiﬁﬁg B 3%%51&1-’13% &p&éﬂoﬁ ?nghe 3 y %tﬁﬂ hcgﬂ)ﬂgﬁgﬁacntane to cumene

m@udm‘ltdﬁglyst@ sompsipg Gnmim\féﬂl amml gli' Gr?]quj IBatrietad oaaGupport, particularly
nan |mt,|n exa of suitable hy enation or

m??ﬁd?od%ﬁ’rés% E%?EF‘@%‘? gmy é’r atioym, apd |IH§}‘€3| e AsSuppOrt. Non-limiting
111@&‘&3&’4'@%3( bP s%bﬁbﬁ biﬁ@Kl@E‘ Eeili S Cﬁgéaialuﬁﬁﬁh‘f e4dd Molite, such as

3-di rrea/kf/ 3-di phenyl butane an
ordggife; N MOEFI gﬂ-M@Iﬂmtte, b@taaadm,e}nﬂeta-aed)lud,eY-zeohte H-Y-

||J
ze&lfﬂe onéallﬁcggg%gfxf IBgJalé:Pf t{)ﬁ ggeep pfvgp om, the catalysts
conmmpmsm apahtl (atl it houip 15e4virt!) lﬁﬁ'@ﬁ!&rﬁﬁ fedefilabBit B2 93P l%’dirf calculated as

illustrative exanpl es of support include

I N
thfsWF’ﬁE’agf] '@P FI?G&HA on therbasis ofithe totaloweight ofithe patalyst, of Group VIII metal

T bet a- z eg? ite Ek“%gz eoFH 1%1%101@ %r g%g:clgﬁjg OR%# ?Z‘i‘weeom'l W@Pmm"tefs

and nmdzﬁqmr!suchulaar peliditintin/pekd, pﬁllddﬁ@n&il@&? NtobialtiiRbhiath, nickel,
t.he, ca aI%/ t.s 15 contai n from about 1 to about

preferbly, deparifsd o & FYPPOFtoRICABBRNY positcg o 3@EBPOR In acidic hydrogen
forer I Thiel 1848 @ a‘ﬁcldfchﬁy hﬁe i rﬁ&?@ i %%o%msﬁe?fﬁfl'eichangeable

of the total wei ght cat
catipms qre  laydrogedyr ) pond ( hlsnémaWnrrf}ﬁTer ‘ﬁpsotm 1)nTh¢)&}roup IB metal-

coﬁﬁgﬁ}%yéea agys Onﬁe%eggbqt aﬁopggq . Oél IB a’f’lt &{’er 889 ?ovggrtlcularly from
aboup 30l %/ i raboi mm%,%@i@bamcﬂm{r Fronk lapodteRP s} E&%&gl %, as the

g referably deposited on a support 1 n aci

We}ﬁﬁg? 6’&9"2‘1@ hasisithe Totel weight offthe aatalysts ofig ditoue B frotaly parhcularly
% i on excha abl £ ati o

on E38R¢ BoR ilee Wyl s SUGRACACERE mBRdeR Tons ®Specifi

noﬂFhmﬂﬁg) epathflesedfabuchC omhBisRi Hgludat adtm §t§ SRR c¥pper, Raney
contain frog about 10 %.t o about 80 particularly
CORPEL 1) CORPSTFIISRISy, {YPREFAIRS, 70COBPEHBIG Cijmmmcupmne;/zmp/@momum

copp Qﬂidhca'so rf@ﬁe?/z Am A co?ﬁetyzﬁglpuﬁe S?Qiadﬁfmfc%%gﬁ%'nd adium/H-

basis the total weight of
Mondenite an@ ather copparibps@beatalystrsystems) Frompbott 86.0% 16 about 100.0%,

ar | cidic hydrogen form
L T RN G
aboun ¢ 0010%, G6ll 3hore i farSlRly SbA%atRPP?5%, BAA68t 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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copper, copper/chronme, copper/zinc,

copper/ zinc/ chronme, copper/zinc/zirconium
copper/silica, copper/zinc/alum num copper/al um na,
pal | adi unf car bon, palladiuniH Mrdenite and ot her
copper - based catal yst systens. From about 86.0%to

conbertéd th0dkflbenzeRe B4 terpetabirerdm %@h@@c?&aw@ttswc articularl
about 100.0% nore fartl cularly from about 94. 0%t partiewary

ff%oﬂhmlﬁéé?@/oto gbout| 2335Ce apd maore pamticularly forma pont 15825°€%to about
2ds6cabout 100.0% and still nore particularly from

about 98.0 %'to about 100.0% by wei ght of diners of

al kyAbe non-liesitihg illisiraiveedahpde, ties @t&yh@ﬁsﬁﬁﬁtﬁnaﬁeda(also known as

erature fromabout 140C to about 300C
At GaHLAHop Zone SEVREGaalESERPIOYRBOANS, fEstadetharcads Figure 1, is
Poﬁﬁfohb& Héﬁfahg @Tésa?%igﬁ’é d&ﬁﬁ&oﬁ%@&% ﬁ:?t%ekﬁ? ifé top 110 (where

non-limtin tive exanple,
alkylbmzbileaiswmvbmd aé ah ovethemi)or aidle deave of ﬂkyllab&ene roduct stream, the

st!%alélllat égtﬂ?ﬁlo e haV| n . cat al %%‘P 10 gn'éoﬁ% e|5¢a$t21?below he
fahbﬂlccﬁktﬂhdﬂoh%eﬁ' 1951 |’flﬁ§ b@ﬁﬁéﬁ&fdﬂ%ﬂﬁ the 8! g%xegﬂ &# hydrogen to

the top 110 (where al kyl behzene 1's recover
m@{ﬂeume@ta)th@rbeduané apntagt tie eatﬂyttbmiﬂz:eﬂm pormlitints duscritsed) herein to

e S A, AR 38 ol A8 e oy

dxsiﬂhﬁbﬂl k@bto@ nop Qﬁaﬂcﬁl@ thJ Bataly6io ﬂ{s'hﬂﬂﬁ&i &1 MO$&%OW into the
f ed stream and hé en to 10 nove up into t

iccgigtiation; hed d seonfarieithe hudrogenifed &om below the catalytic
th h
d‘ﬂﬁéﬁé‘? DE® 1077 & 3t RaoBUE RRAFRATE ol ol ghFark SRl e reactor at the

cambttmlquullatloﬂ izehé |10$tt Neb inteaizdad Lbib e scop® v tHeliavention, one may

dcatg} i C dIStI|t*l 2, gn bed 105 and noves down into the
ey Uy Reyid;of the, feed sirgan 10d tntg sepctes eceerding;tp dhe concentration of

thd f [
L e
streqm,ethe hlEh;errlqnmﬂu thaentri epoikﬁ fontind feed cstidirnt 101 Bé.i 0 non-limiting

105. inte t the scppe, of the
i3y PRamelgiog sy bace HtopyrepBimbascin evier diaggter from
bt eIk to HbBuf 2@ eheérs, 2akCh it arl Hdaf abAR
: of the feed st}leam e.g. theg-Hl ghef t he congﬁﬁﬁ%rl tgnabout 10
mekrs;tand adl@cght ﬁtﬂ@hybo% O&aometer onabont20Emeters and panticolagly from about

1:@&&11%% &he entry point for the feed stream 101
non illustrative exanple of a suitable

cat Ehytcamlyﬁcsﬂidhﬂlaﬁmbm Roh€Bed 905 Néam BE pabkey nﬁ'aﬁ?%@i to provide
om 20 about 0.01 neter to about 20 neters, and
“ITEQ  rastrigtion for sapazationt 6 worrhimiing dlugisive exemplreinohudes adding

re& a&t | cgf ih fa%f_ ?g?n ta %tﬂ?gtefuta{eﬁaf%?i% ﬁf(? ]@St ®The catalyst

matmlala can bﬂshapm aidysmm ih sddhl dsaivay as 26 idbie dmpfived Affidiency in a
sufficient restriction

R i 0 O keon IRaskad pofarms ot dekciio digfistions, and thus
fudcfi@ﬂlﬁg Qs KRffh '%Qtalﬁfsaﬁﬂ Hﬁﬁtlﬁﬁ&ggﬁ% mhdgﬂégs? g'a&hgg id 8f such a

the catalyst material in't
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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mat eri al can be shaped and sized in such as way as to
inpart inproved efficiency in a manner achi eved by
conventional packed colums for fractiona
distillations, and thus functioning as both a

catal yst and distillation packing. The catal yst

theatiys bgthienexPlowet Gy The HhdtérPal 36 thefl fRictioNttdd'6n HdNBer tray as in a

flow, through the catalytic distillation bed, yet

copventional sfractignatigr jtewetat Optionadlye addiionab rtraystpatkinge 112 without
A miting ik lustrat i | he, .

ek employBs BB bl bR attiBhiTbed' Fos” 13RS Fuplpaciines can be

belaw ihaentedpdint of Hydapdadostaniigg fed ktiearh 108/ bski/bFbdlb® the entry point

flr ac .3{ ass?é down through 6 the trays to the next

0 @ﬁéF ?fg%ﬂ. heangeare designadstorimpgove seprTatinnagpng the weactants and

' ' t ion t e

ottt Spphiarty bifdin, ARAYEAH! Mol WBS'4RYBHIBRe FiEXs)oligomers

e et mr e oot of t Rescl 0301 The foed
e . ese.tra pacCKl ngs can, be el ow e entr

st3B ROL SronfRyEiEe et BAELAR ArrEnt BUlacyl B0 ik g com aloool, i

contth@ilyl dtRBd Witk e YatalyRiloddeg ih ‘iﬁéjcaﬂlkgaﬂgd]lgja ca@ﬂgtriﬁE distillation

are designed to I nprove separation ano the reac
rezgiign ilmﬂefl@ét and e@(p;;smaauly,y;m lea_;snﬁing Eaéﬁdrl]pinb(tm‘g ialfeationated in the
nzene di.net (s [ s thus reducing
R R T T NN T N—
throagh tthe cafaBist bbds &ghay el RBEVIAL a6 A Elsgﬂuy u@ﬁ{ajoﬁty) of the

b%i@I i ng reactant al kylaryl alcohols, 'suc s ‘cuny
ovsthead ST sidediraw ghovethel catalyss hedic iTae hyiltdgendtioncraactionsiboupled with

[ . ' catal.ytic.distillatiqn
e s e Kol ooy P g bl e
asbetic tatalystrandt distillation bacldhg @ tHeardtdlytid Mistilidtionadadisd The unreacted
cat.al t'Bl%@e l:? r b@l | i ng product al kyl benzenes, , .
alkTphendk alcohels and ey Denasmes 2tnicB bgbind i thet catglyst hdcand are in
ftask WhN v i t"]ké'g‘%%l loni
coof t he, tﬁ%sagﬁzga%{' E?nv??sagn g?gw ove eyh%i chgto a fs{lk%%%{l alcohols
are @Yﬁm%@eﬁqm jatenylbemzenemwhich lqnl}efkimi ih Im'anﬁiﬁiity fd!i(ﬂhﬁng)nediately
i gpat.i on _occur, concurrent over the fixe )
Ti’%%i%‘{‘%gﬁ%éﬁ‘yhﬂﬁfﬁs é‘_é%fe%a‘&‘ysta‘%e%ﬁﬂ? 2w %dlglitl%packmgs/trays
o84 & . .y o ) )
Fnes pP YR EbERe Sleudl5ic SRURRMAL Yl 1ol bdlide! Bl purification of
allyThenrgnen Ehe evmsheadr192|ox ideidedw aboverthe batalystttekdyis dptiverily subject to

e, ] t. wth the catal yst.for conversion’
= Dol SO 30allon e i i) Pugpien, RGeSty e demse
watte and roptiedallyodfial with|depiny | a@emZaRoR Bs Wid16dul A i e8 X alkPibenzene
tranal ent, and_are inmediately hydrogenated to

FeCRr R 58 éﬁé%y‘ﬁlfﬁl fordeuss: ar fanthegretugped tontie| distillation column at a
poiafl gb&ﬁeoﬁ@lcaﬁ@ﬁg: (gtgl.?liiﬁ(tfvoﬁﬁ%nggs Ja]l%flﬁi Sr&diR 'C@Ife F Dove purification,

the catalytic ation zone 10 provi
The deiwatemd ioyarhead oalsidgl drewz eptonallipcha0ingr weRd add Ay@fogen removed,

i d b h tal yst bed i ti I b t
corffides Het By o0, b SBowE ] %% cermtiputit rom Spout 98 Hedobeut 100%
andirdiOpatic@Bd{ Hont SHRY D91FE 1HSHAR lop@feﬁ{en?ﬁ}gw%%%?%hég enzene;

cul ar %ieves,  an

dried with drying agent such as no
fromy pbauhch Yete abpwic by 86.cpartiuiatiy froms \abbeid 0 f%r tor shime 596 and more

parliEul&ﬂ'jP it ra%&f@%t& é‘oéu?? gelrgetnlt ly%e':io t gfo al.lﬁyrﬁnary?talc%hol; less than

about 5 %, particularly less than about 1 %, more particularl& less than about 0.1 percent

by weight of alkenylbenzenes; less than about 5 %, particularly less than about 1 %, and
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25 point above the catalytic distillation zone as a
refiux stream 111 for further purification. The
de-wat ered overhead or side draw, optionally having
wat er and hydrogen renoved, conprises from about 90 %
to about 100% parti cul arly from about 98 % to about

mdfR0partianidriyvless [t lsott 0.1 éne@m @b%gtﬁ%ﬁ%ﬁasa&aouhgomm of
a‘%ﬁgg%g{};egigs hy wei ght of aI | benzene; from about
than shett & %, particularlyriesafban abputolfe aaﬂcmre parhcularly
harf by gut 0 %to about 1
Ies%ercent ggb%e ﬁ%?@(ﬁ%lf{’a%cho%{; | ess t han

abouWhErle% fpﬂil“ ttmmt aoﬂpngmg&mﬁy?ralmw ;slfe‘gb tolTﬂl”cG%rtesent catalytic
i cul a ess abo ercen wei

ailflfling rﬁs{?z%thegverhegﬁf e Hove Tpcetaniaubad afer the romoval
of eier AdWdt 1RaPde %1%!% ﬁ-o?n ﬁ)a%t oS #Joﬂ{ WO b&Srticularly from

t han about O 1 perce of “dieters
abouﬁ %Go%eﬁosaboﬂt 104] %wruenmrmmdmy fromrabatdg. 5 % 6 about 100 percent

| 2 sgﬁt[‘ﬁla b 3% '%rh %&%{J :y}%we%g %ﬁrnhgéleaﬂg tn!t ggout 0 % to about
5 %l lod sped ﬁhﬁﬁ&ﬁﬁl@y fFrehedRufo op el atidut Q%ﬁ.’r g{@%ﬁ%{gﬂg oP&[H{}l alcohol,

al cohqgls Is fed to the present cataly
lesgithan aboyt § oh nagimilasty, lessian wboutdakh, mze partigiilarly dtsathan about 0.1

peftafihBe bl Sl B by T kb inst e B 298064 b BiigHarly less than
abait01 ¥4, apdhmicre asddudarly kg tekOabo®S). %ﬂeﬁzeﬁbﬁgtwégﬁ & dimers or

% t o about

.and nor articularly from about 99.
oligamens of cuiReng, lgm tha¥ ab0oh 26, pétiolaiiolass Gh sipubid ot and more

arkie % and
pasieuliy e Khdet B0l 0.2 pERHEBY eight bbb clotarlennt by
vei GMithast hmlt;dg ﬂiecwbple ofl Ghe @msschin ddvention)t it5isY%pro osed that the
% nore particul ar

b
m%%@gg ﬁ%ﬁ %xele ng?@%gr{ thepresgat preeessfis the condensatlon of a
pofioRhGE fHet :il}ﬂ/lpﬁélwl %)lh%hoi 8P %lﬂeﬂ?ﬂe%%ﬁan dﬁtalr/ﬁneg vapors in the reaction

particularly |less than about™1

S.Vﬁm,t whigh @p{:lydq%wﬁimmmydmgm lﬂthe qoexdexmed liguidriei @Iuam dlie requisite

i TR BlgB B G580 e et

styrme,t incthé @fdsﬁnde&ﬁ&h& oAl f@bﬁﬂx‘esﬂt # 1h8 My AR ge Mo tht sf&g chams of
%g ropyl cycl ohexane. hout Iim t| ng the scope o

PZ&8%ent invention, it is proposed that the
mec o I veness t.he
oSy BENLIRE HBORIRSS DA LERLANE TP TR Dha B gpmem. The
reﬂuheram kqulg iveryydven kimadate oftlr tos2Os BN Prabdc) ere0ghedirifid fhay be used

ors in.the reacti on stem whi ch occl udes
t°§ ?Dé?tsnﬁorwyah%eﬁa Yt PF% dBreropmergial jsiggi enitse thshcatalyst bed is

yIReMUSd With W&?&M%@%%ﬁ 0 E%\g@e}t E@ Bﬁ;oglﬁgtgﬁﬂl is usually

and the alkenyl enzene as a
01§P9dene in the presence of the catalyst to result in

th t f t h d h
al KK BBATAAE BAgie, oo e S agig R dnboiling Rt the allyl
benzerudgngsT givén p&ﬁédﬂ@l el'«he‘ dlst‘iﬂ’hﬁmﬁ%&ﬁ@ is Uﬂ)grate{de;tl éjﬁre'é&fré Such that

coul.d vary over the rate of 1t I'n pract
the geactin grature isthoilivgin 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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to conpensate for a short catalyst bed. In conmerci al
size units, the catalyst bed is 25 nornmally provided
with a lower reflux ratio and hence hi gher unit

productivity is usually obtained. The tenperature in
the reactor is determ ned by the boiling point of the

al kyFor 8468 V&sigh of AYoutyl %Iboﬂélee%‘ﬁtﬂiﬁn Ba ﬁfei&ih keAbresiire can be

reactor is operated at a pressure SUC t hat

fremcabont B paigxto wbeut 4D0psig, maqlqularmﬁgom abiowf5 psig 4o P60 psig, and more

oG, o PR 8 2o0pt, 150 EEaer roppt, Srieb Bt b opgerstood tha

cuirberebisails dt4dboRs i1 924154 °Cﬁbl0hﬁou1011§h1§§!! Dar), dnf Gt htlﬁ%r pressure, the

converS| on of a cunyl al cohol contai ning feed stream

brcamean Wl rige: o asoiliusioatiyei apoe bmitinguexangple, the present

SR e B R 90 A et pmes

loab préssuke 16 Teduide. thlet tetrperande, &ﬁ;@qﬂe\tdﬁﬂh dﬁkﬂiﬂn&nzatmn and

t about 152-154 C at_ abqut psi g ar
‘ﬁf SYRE Detter selestivity; AL aboyt pﬁl&@ﬂhpemhpnepre@mh éhwemperatm at the

bdttodfof e réftdrlit Highéthhyy bt Bod bE] %ﬂ 18 T0o: ISE rebﬁo%/tv the top, and

present process “operates at OVEY pressure

ateot b@@219r°é}mrth¢)ba}alyuhélsnﬁamtmones operated at | ow
reventing

(v T 7o TG BBy PR RPoi SHSY h ey over a veky wide range
withinehk 'dfhér)’conﬁitmﬁbﬁ&ﬁlin&erﬁ’s cal DO RS abSutPd, ‘T'Slﬁu 't§)about 10 hr'',

the tenperature at the bottom of the reactor 1s
Pﬂﬁh@ﬂﬂiﬁy ﬁﬁma@m&2 Eﬂi)t@aqu@ T osWHS)V ,aasoused]}t'ﬁelﬁ; wigans the unit

whig 43P B8 ot Raf@RY i el fhab (¥ opChdt Weight o catalyst

inthd reactbyy (VWHSV), may vary over a very w de range
W thin th ot her condition perineters, and can be from

abo Allysfratiye,exasenle, the foad streamppntaing fromi abont bk to about 100
%?{ﬁ&ﬂ&ulg%% ﬁl&%} %ﬂfocﬂn %b% tB a@)?ﬁg’ik 9’W5§&/ o‘filg' ?13?1?1?&1}1 ﬁ%mﬂ 10 % to

aboetd( %oby 'dexsght off aﬂkyemyl alevhol; (ﬂ‘oxmsﬁsow OI% wvebcgin 99% particularly from
the react or. ny an illustra

bt ot abiii 454l IR HAGRWAL T a0 ot #o0gti99 % by weight
ofal&endel}; A% At 0% |t@5,$6{1t P ﬁ%ﬁi&gﬁ' /E{Sﬁl b@gpé‘ G tZPSabout 5 %,

% “and nore particularly from about

angrpgre \mei‘tlghtaﬂorfﬁcan Ialyrmtﬁ %a;b abdn|1; %fbyomlglumftallfbn%uenzene and from
S S S Al i s
frday abOUOD1%2A sHoulsky) b Rvgsft; off drép%fbxﬁ%ﬁug\s specific

20 % particularly from about o abou %
IUWEV?) sramplg| ofra partiedan a‘gqulmsnm/eﬁ the giwesent mvemn the feed stream

f b bou ()
o B A COBBSE 1 e G0 AR 2948 s o, e
more rpenmatalriymbm rabclut 10 o abeutt 400% %yt WeighOof cunPodidbhol; from about
&‘e %Q % 7’51| kyl.benzene hydroperoxide. As specific

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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illustrative exanple of a particular enbodi nrent of the
present invention, the feed stream 25 contains from
about 1 %to about 100 % particularly from about 5 %
to about 75 % and nore particularly fromabout 10 %
to about 40 % by wei ght of cunyl al cohol; from about
abButd Viptoadbout 2:0%, Yartivalatly Gendaboat Drog e abistiitt 025, Mdtrore particularly

about 95 % and nore particularly from about 60 %<t0
ff%éﬁ?utg’o%ée BYOWS; ‘G weight ofermend pespxidbout 0 % to

nd. RS &feed AL KhirBfine 4 ACEDARY pobpeld (PBY 'S gnelf contain o

suil ambylt; eqd. lebplimnnBYhyly weightond, cirhen®, aHdbdprép I béhzene, ethyl
benzene; from about O

b"gg‘i?’%’t B‘%’Bﬁﬁ’%‘gﬁﬁp %hfy?'%g‘fmf tbggzleaﬁ- etc.s pF mix®ypsdpgueof. This is also
I ARE strBiatl hwhiflP AL Beled aRithld B°PEBRBe, epoxidation. hydrogenation

et hyl -isopropyl benzene, etc., ur ereof ;
reagiass,fdugiie side adsotion®) % t o about 25 % particularly from

e SR 2 i o
hyifogesatidn§ eedtion r SRIMEAAR h§8gen f’io‘sf SRIh O/ chﬁﬁéﬁgeAt least a

(DLPB), it mght contain a’ small anount, e.g. les

stoichipmeuic @ynqn@g ghihydioger velatine tot thi-allamylfhepzeneprnxianed in transient
] - zene, et hyl-isopropyl .

befike omveRo 8 48 henBl:BP ¥hcutl B et e YRGB BE avalgble for the
redotion.t Ae & howdinmiting)icmplee aCited1P dxéds® Withydeo A" AW I8 provided to

58 Xi dahlgrg, hydrg&gnat ion reactors, due to Si de _ _
ocgluds fhe, Rrdrogen, mig othe Jigid jagd tpacsommndate the ratjresofothis reaction
befteh i tahSasufficient to support the

hydrgggﬁg%‘%%lﬁh@gacti on and replace hydrogen |ost from

t he Hydrogepation garribdasit in a et oot hatalpicr digtiRatunnteqiires only a

0droj]gcgn r%l ative,to the al kenél,ben_zene (produced in )

G & TbYHeETH eartig Rressitedequired) iR prge AT digeid Rhasuprecesses for this
typR! 15 Gl buk vl Cinfeor Berftt ekl CIHhg! thel\Gipital investment and

reaction. As a non-limting exanple, a small Exeesy Y
opHgnHenense fow the prrsenti b genatiancprovels it lsebstardintig dower than prior

[ e i aguid and to acco date the nature of this ,
art b Gbodel Tty A0 BaRGT Breeres aLlowor e Bijunisd maare active
catalgstr atelbwen tteinpedhir@AMithbut SR RIS deRatiies td L&h}a‘ﬁe part of the

uires only a fraction of the hydrogen partia

re
pmﬂl‘%ssure required in prior art liquid phase processes

for o bi y : . t.:0l ves the.sapge of better .

reguflt ij&:'IE'; Jso,%%lg%c ?%l%?l?g% n ?ér%l\%g? ﬁgs_r?t It’eélr‘?g% %ﬁ‘é‘r _%ﬂ‘%tthe reaction
occgrpE senduaently evifh distittation, dthe gaitial iredttibh Q5B&scts and other stream

substantially | r than prior art processes. The .
CORARERLS | 478 116 ﬁe‘g% ¢ peactian zene 15| iicklprast passibie reducing the

likeXihBBd Sfagdd at t e o,
W t hout unédﬁeﬁg%??oggﬁﬁ%’gb \g&gﬂr& gent}g?i‘{?ﬁ{ %ﬁl?ﬁctgfar? |]?8111ng, the
temperséiure tof rEamdioprisscentrolied by ythé boilingt pdihadbf die redaid Mthe system

0 Benefits fromhaving the reactjon
pre?skuse. ’Phe Eeat o? reaction simply greates more gofl-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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occurring concurrently with distillation, the initia
reacti on products and other stream conponents are
renoved fromthe reaction zone as qui ckly as possible,
reduci ng the 25 |ikelihood of side reaction(s).

Mor eover, because all the conponents are boiling, the

the cRABRE, 3héteBy MdubRg PolRher ﬁmaq? £ $AGhDYF e gaagﬁ!é i Iﬁ&mal reflux

poi nt of the mxture ‘at the system pressur eat
mayyanyswer themangenfl02-20 64D éwt. dagnid jbstitielawthewatalyst bed/wt./distillate).

I nckease, tn. tenperat ure t.a give ressure. As

res’gﬁ ’cgtgiyg}ceg}%?e&gg!engp?%%nm 5&6 Xxyg{_dp ORLPIRCET slso Serves as
distilpiohi paokiagdi.e.JitSikrd EothpdenObf BdAMGESn Siterk ww& both a

by reaul ating, the system pressure. Al so,” adjusting 30

catalyst apg reodigtiliationgpagkings (Fhenpartiewlatercatalyst matesthl can be in any form,
' ri j: [ r.ol t j .
sty sl hiBh pVach Gufhcf il ieck W 8 iBly 4 Riropibid Fractign rate. I
may bt ) owder) edmdll irfepuldr hdhinke of tfragent¥p¥mghi beall§ @il the like and
catal ytic distillation is the washing effect that the , .
conyrioeitions, therent) | Nons igfiaik examaples: of iecstogiu 9 the qafalytisgistillation
v AGAE PO AL il il Bt S goen 1
contam thel ¢atplyst apd protidé distitisteoncanrfabsssin the form of a wire mesh structure,
ed/ w./distill iie). The catal ytic naterial errpIoned
ar ture. It'can also be a

SUCh 35 129 Wi, TIPS BIPHAT GTTupa: 88 any alber swiples st
flexib18,! denbiaidi@ dpBA GifdsA IubilaCmatekibl, IsAck? af Q8 NeeP fwife mesh, filled
distillation systemfunctioning as both a 5 catalyst

withy acpagtielilate icatabyticomatstieki Specifitexpaples ofilthe eatalystastymture can be

t.erq n,pe i fgr r yct ur si ze ' .
foulf 5 3 ST G, crneBher Al S ool "5 AR S ppich are
incorperateddRreif b reftfencdimthéie etirgginvder , smal | irregul ar
chupks or fragnments, small beads and the |ike and o
con%as sytable; hydwogepationneptalyst ey thg esednphssillustrative non-limiting

t{4C ' | Shlil | @td s ipclyde . .

exafplel kD DI ElbEaf BF Bie’borhl, Pt o Hiengy Biiyged s Y6 principel

catapydicoosmpdiing  alons Gir ewlth t rofdtet® ahd i modiffiersC aichl ¥ tpalidium/gold,
istillatiagn sur,fafes in the formof a wre

.0Vi d
palldiiy/stvety s ZICQRIER, Jickel,preferably ndqpgitada P s3 supRart such as
- ol \ . t . ! .
zeolfﬂlé, Ahid, FRE bRCR] hihics ! dartsdnl! %ﬁmta,ut%xh{ng@ﬁ{}é?tg§ ?ea%?ﬁ ofj‘thehhke. The

exi ble, sem-rigid open nes suc
catajistsseamtain dkogn sbexd| 0. Witbwt toesbiont Savitepartivilatly drom about 0.2 % to 2

oo RBo IR o B R bl e Ty e gl e et eiEBy B tstalyst, of
Grofp 348, 161 oft s TH3up IAII hetdf SorRPAmdNMPpSrtediéh Z%ﬁrr_ie?ghﬁéﬂculaﬂy a

are_ 15 incorporated herein by reference 1 n thel

zeolggat Opeilipstraive examplofe smjwblegatrdyticomaterisladopyrisnnpallsdium oxide
' rat o Nl imiin exanpl es, . & oup .
or pRf i Breteritly Okl PEdout P R ReRLialy Soy rodium
suctaas tdtempia| raitoa) zeslitbalsidh s ahsMdeNi) or silielCeTRE ghinda alumina
roHDt ers ind nodi fiers such _asppal | adi uMgoI d,
S“pfg)é\e atRRRAT aperk catalysh shsclospd dBnDutn Pafi dxe| 4.832.88@ rmay also be
acce?g&gg;lted on a support such as 20 zeolite, alum na,

ire brick, punmice, carbon, silica, thernmally stable
r egisnotber parcdlakembokdiments aif ahey ptesent dmteation,f Gmp dBomttals of the

.0..1.9 to .about 5%, particul ar ro bout 0.2 %
Pen?cgc able otqilements, such as cgpper, are used Xs tfhe pg'xnngip% cata?ytic cgmponent,

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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%, calculated as the weight of the netal on the
basis of the total weight of the catalyst, of G oup
VIII netal or a Goup VIII netal conpound supported on
a carrier, particularly a zeolite. One illustrative
exanple of a suitable catalytic materi al conprl ses

to raab:htasn Wrparsicaarly Frox abstt 1300, 4sabaditeioe%a bl a%g%ir@t&bm about

orted on an appropriate suppor t - medi u

p
Os%ctﬁ abgutaﬁm% % thecueigbinof the okxi eba(sxs ulhiotal weightoofithe patalyst, of a

al umn ort er based
Grlp Ip, bl eR Ty B Py B SEPOR, SR Sheyie, SBRRE e s imotude
cohmeraellﬁ Wﬁhb& coﬁ@ercﬁrhﬁﬁcmﬂyﬁ,UT%G Qﬂﬁﬁﬁlg %ﬁ{)ﬁm%el& B wt.% of
esent_.invention, Goup | B netals of Peri odi c
|98 glicarehprass exiudaic ap ﬂtrwgeqxtrudate), @btaﬂnadaée fihm Sud Chemie;

cogéérr@ir%ﬁc %%@r% 25‘?'%951 le ?ﬁ%xﬁ] W ; Pde Cw/Zn/Zr catalyst

onoters a er’s suc
prmaruﬂomcurdmﬁﬂuampwl 3 lof U@lpaieﬁt 5ﬂ175 lsgﬁﬁxmuﬁkd B Combinations of
net al nt ai ni ng cat al y%s preferabl y contain from

the3s il Blsq be albssﬁt eseyatalysis; €| prefepably gedugsduwith dilute
hy@&@gda Irﬁu&@%é#be?&e%e é&ﬁ‘”' cularly fromabout 50 %

to about 6 as t t of the oxide basis the
t ot alhegstalyat twubsdmwnﬁy Eddyeed byohydroged. The citBlysebed in the catalytic

Sone specjfic illustrative

| arl
ashior” HoRF  dan e “pRBRRR fich g SR o fpRpwg on-fimiting
ilhBireiivapRatdiny SA. cathly6 6 éﬁﬁﬂédﬂﬂq@aﬁé@ﬁit&%ogn% O%zed/d e.g. 620

of 5 copper on silica as a press extruda
meghytRaftirdese Sl'he éﬁﬂmtnla imized withaguoerChidusng Suchms[ﬂlé?rand centered inside,

o SRR sh1 PR oty 8 o BF o kR sFioh Mol g wool o

kedgShe astalyst(<) uﬂfﬂicé.ﬂgle oamiyst besldwiyGedicen Bl Mkt e eatalyst particles

ese cat al gsts can al so be used. These catalysts are

to ﬁ?@?‘%?ramo Edudbt W02 1ietba migdefofem abouhilt G ¢eabout 10°C,

re BB N0, 88 AT B e BB R, 0001 o

abagit §t1, Ispedificailyzahoat lozm be. 1prmo|&|a ddrvigen i @.:tﬁfg‘en\éaataeﬁtéoaf 1-200,

spepitealty 20 /o, BEeeaeiivie alowed rq‘ifés&%;ﬁ%a?is%& fpr 1:10 hours and

thefs ifle dr@gﬁ cofiteA®in 1HB HitrodRR'it UGkHKiSa e\ﬂﬁ CL, %.Hﬁl‘h il the pas is 1-10,
as cen ere

m xe an inert diluent suc
sperificplie 5 'art %t hydrogensingtivegenr The t:ailalysuisaredhmedﬂ‘ena fimelone to five

hmﬂ ec%ggt Q?% c)oo{1 ﬁ \gﬁl l ataﬁu%ﬂ]\guiggg% agwfv §|<%9\?q}1§g5, tléger%actor is

cappednlwu:thdutkm dniyhif BCenterlaal Ve g3 |
gger ag ur g{wg{% e.g. about 150-2 OQI(%% sﬁo%yg%lgrlge re?ctor Is opened
in aa{fB gemiilted envippment pod the eaialystand ailicn tarbivieawo sepatiatél iy screen

sieye0 about 5 C per mnute, while flow ng about 0.001 to
about 0.1, specifically about 0.02 - 0.10 wt. %

hydfhrgéfﬂ& mesh tpactipdes of raluced Qatalysi - #ePared Hietef hﬁ?é—hﬁéntmned

‘o LJH Tecg)% is allowed to reduce at
p ci qag? pntp Botth magde of perpusiplatsyarrsstren in a distillation
reacﬁﬁ:{h’lhlfhr}%itﬁg gbg;fgﬁald;ﬁnbirr@&ﬁ&t' &1H4OWBL PSSR B vhed td] SiPpBrt 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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speci f i caIIy 2-5 wt. % hydrogen in nitrogen. The
catalyst is reduced for a final one to five hour
period and then cool ed while maintaining gas flow
After cooling, the reactor is capped wthout allow ng
any air to enter and the gas flow is stopped. The
propaaslt (Eﬁm'yﬁ al@@lﬁﬂf 2ds fédlino el iRARBoA é&lcﬁﬂ' fediy 'ble: Leatalyst beds.
and the catalyst and silicon carbi are separate cb
cadiem seaion; of dhe Tintillstion reastdr isalawertd dntof a rhedier enhd then the

tﬁﬂiﬁ" 1 iS4 Bt e e S ratloR 7o ptining the

catalysteeDower Boi thaudyhmzms §u@ECa§ Quefle,2and! WhteH 82 dibtilled%ut from
envi ronnment . ass wool can al so be used to support

theitap of the golusan. Agiditional alkyl alpohobgueh ane cmyha;ldrdmlﬂaoaammg stream,

is doBithalyfaded oils QAP EBISexbbs W hDMRigkn B RighRE e griount of alky
alcdhnd, Suchvas aimyli slcotwl,uhbets %@:Bﬂt?th@hlkyﬂic%t@@ bWth as cumene, and
cisffl 2h She k! Behgne Sieh anrumern mﬁu&t&%&k%aﬁtm the deaser
wa&k'%ﬂa&s Ilamséﬂt{%ﬁﬂi‘lfﬁﬁ ﬁﬁ% n‘{/’]ﬁ! ﬂ} techls ) e?e?f}%lgable drying

12 propanol
a’gﬁlﬂtﬁe 'Idlr: Qﬂkyllb enzems; snetnas cuménep prdinbedvhids pﬂﬁtyaéiymbrdoﬁdﬁ 98 wt.%,

o505 0 S A AL G2 6 o (o

wt.%9)ii8 €suridnnl the a8/ henGbtie] sﬁ&f W&ﬁﬁeﬂc“'@&ﬁﬁct d%'% +cP the bottoms

reaction zone containing t cat al Lower
canabkwm@wﬂe nggonaélucchlmi mﬂmmmenarmkdvmem arfixedi bm ]h)lrcbogénauon
um. Additional, alkyl
O&Q%ﬁtﬂong&ﬂgy %‘ﬁﬁl CUMSAS 2i ni ng st ream

| s 'l?hm irivenigdd Wikt euumtda E’y el ﬁnbwmﬁ Aus@tHRSSmdiments which
gen to replace the anpunt of al Kyl al cohol, such

hydr
are JEovided forlegblon Rupeses enlyccire et isendeilyo it dioscope of the
insSHGRvéRiopumene, and distilled off. The alkyl benzene,
suc as cunene product easily separates fromthe
Ve @aBmbddimesopti onal |y dried further

MAth nDIecuIar sieves or other suitable drying 10
.gents: The .Ikylbenzene. Sfch as cunene roduced has

m@:@e@% {‘4’“%%?&&&23@@ @{,#iwr ggcohol such as curryl
al coho in the al kyl benzene,
sucth mmemmﬂg waddlnletcop}thenn chil$dar edalystha'-B68, t fafable Fom Sud
Che 3%9‘% opal, Igtg uted with cunene and sent to
e 1§ SRS PRGeH o SpY b FONGHBE Ao urmAY 98 Bisa stillaton
modd dypkriRpgene, such as cunene. 15 The invention w ||

be illustrated by the following illustrative
entfBue gsams oftfiudhChemiz Fri66i chppef on silitasatalysi (Bmm tablets) was

o058k 3 O LSS b d DB o
meﬁmiﬂhﬁh&iarbi@e b etitered irisideOa 69 cial lbﬂ§ Efaﬁﬂés¥ %te%m%i’ﬁme‘between

% ytic Distillation of Cunvl Al cohol Cunene
beds of 20 mesh SiC and glass wool. The reactor tube had an mtemal 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 houts and then the hydrogen
content in the nitrogen was doqbled 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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| A Preparation and Reduction of Catalyst- T-366 A
comercially avail abl e copper on silica catalyst,

T-366, available fromSud Chenme is further processed
using the foll ow ng procedure for the catalytic
distillation node experinents. 25 Five granms of Sud

maﬁit&mﬁg gas 06w CARBE EodtihgStHe! feacto vk Eﬁﬁpﬁ%&ﬁ?ﬂlﬁ@g any air to

crushed and si zed |nto 6-20 meshparticle
enf@amd %tgaﬁ/ﬂ;@“ﬁwa%itomhmt@pwss fopexed inestitrogén filed glove box

nter |nS|dea_ cm | ong. st ai nl ess

an&?{ete%ﬁgﬁ' %‘?d?ﬁﬁ 8 ﬂ@ébgfsc %’é’gﬁ Si C and
ipDadtillatibe 966 & had an internal dianeter
of 1 5cm  The catal yst was ow y reduced by heat i ng

t he Tha6a2Q mesly anticlss & reducgd r’%ﬁ@ﬁ oatabyet, peepasdl by thet procedure of

I BRI el S M) c

Vlgbtmwdmwnbdumeﬂial dfR6Etdr f 125 bﬁuﬁﬂnﬁﬁﬂstﬂb aMhifrbigen filled glove
nt in the nitrogen was doubl ed every 2

o S e s ol mangnosd, o BoPpRYE Risoealys paricles. The column
waf) 'a&idhg& Ho a@ﬁk%ﬁg% ﬁ&??ol%@g%@@gwp(ﬁas% éﬁﬁl&?k ed as the bottom

t wo- hour period and then co a|n|n
segipent of they reaatorcior catallytio distitliaton. éﬁtﬂmgenvps weapiddl via a regulator to

W\,egtggroﬁ% al | ovwﬂ?g p@ﬁ%ﬁ%ﬁ to nter iﬂﬁﬂ%?vf)r@glwas adjusted o
maintdih @%@'tﬂéf 8mBsk ofHydrdges rs@ﬁ&hxg; th@rfeaéqohls&ﬂam&aeﬂ d80 grams

wer e separated by sCreen sieve.
of %Ph@ﬂﬂﬂaqmmowmngylwml)m macacb Ghmaamnsradded to the 250 mL

adPESEh € paEFESE0 e T8 Ak SR ST bl owers

intd mhentérnmdnis tethperanine wak ratsdd it tﬂtﬁbdtﬁﬁi rém:xemﬂ ﬂ’l’égflgreux column
r colurm with an internal dianmeter of 1. _
fm%P Seatalpsta Lower b@bﬁgpmnma@ water wm«hstﬂledmt from the top of

I "
tho S, PLACIRL i 1o0L W36 ConebaBltp RO 0K o SRER) Pl xocss of
hydpagennto replace thetanmomat! off | cusdy! vddéaHal shatvwdsd aSnytdlmied ot éudkene and
I sti ation.

aistifig° SRR ooiuehe Predin iy Sapraige) oty e Gengen avater phese, It was
optl%ﬁw atug fhthdFBith AN nidldMBe SiHvas. PRRAS&GIE 2D grc%c'?degaﬁn Table 2

The flow rate was adjusted to nmintain tw ce
bel%ouﬂm showrp e topeprodet siread riroducetie(afiencemaonal of the water), had a

B Y A T RN ST

the Ehmsﬁe pRodnt m&mgdealra@qnetbb&oﬁg ichn %rremwai fdpaaﬁaug diluted with

-y

cont ai n| ng the cu al cohol was | ower ed
cumens ppd 2 fized genatiomrcagtar @euaknﬁddhthnlabcumqm d
L;{“X‘fgf;;t? bt oo cotddd o0 e 't o ”3& iy
di i3 of Catd istillationt of Cum 0f pduce Cume 366
ctm—al-cohoel—was—continuall \ added.\w 1‘ h._a Q| i ﬂhf
| Comipgnient o Cess of hyd| Beggh t o repl ace tTFP@PJﬁ@lm’F
‘PWQ-MBF(W{%?[ §9 GUTTVET T eUtO &re atreh
o-Methyl styrene, (wt%) 04 0.2
Cumene, (wt%) 0.1 >99.5
Isopropylcyclohexane, (wt%) 0.1 0.1
Other, (wt%) 0.2 0.1
Cumene dimmer } <0.1 Not detected

*after removing the water produced
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distilled off. The cunene product easily separated
fromthe denser water phase. It was 20 optionally
dried further with 3A nol ecul ar sieves. The results
are provided in Table-2 below As shown, the top
product stream produced, (after renoval of the water),
RMRalodft >99.5 wt. % No neasurabl e

cuny al coho <0. C % was found in the cunene

pr odbnnxtuwmﬁnld lsﬂesg;m@ofhs 1 cmrdmgecﬂmvm ﬂaerfdmnf g properties: a

{ t
s RO 30 s ot o AT o OB eI piZe Fffind 1 micron;
a cdblohetne adsdrgtion tiptaké ofal6adcy, Iaﬁldta ﬁablak lsBich 98 aﬁﬁmﬁhlaado of 11.1),

Al cohol to Produce, Cunene. - 136 Component Feed T
9004 geams; of arpmppism pitrate andahd hters/\pﬁ/aéd\flznmcoacl azawéxeﬁed to 50 °C.

o 558, 0 s, T B P9 o

delﬁmzeah watkr.nThis trédmiertof titaverietile vith tatimdréam wittge ihgitric acid was
g rodyced 14 1 C. Preparation_of Pd-Mrdenite
‘yg‘fc )2 @ngponinmoniiraigand fittiey acith sashJ@mp: e After each

m&ﬁ@ﬁt 18 118 rf R W R HIRQPEE ah& Svashed M%@@a@p%ea overnight at

0 square neters per grany an average Ccrys
12% |°Ee Balladium melas] addedr tonthe zeolitec too hdeval eofali3d rp@toenh by weight by
and a rmla& silicat

treftfieRt Wisf o FodsotiisDinin SGRETERe FeTARIRS BHNA YR SEna AR an oxoess
of Hanlonhen Ritdke ﬁreémwhw dxgéalﬁﬁgr@ s&egaae Jf %ira&;ﬂné Balladium nitrate in

and stirred for five hours lid materi al “was
308§ gtatr@rtﬂdiemmzed veptevand addingtto tiis s¢1ut1m 4.93 fgranj%ofﬁ:mmenuum nitrate.

Tl B oo P e 58 mules, B 18R sFipt bF oA Rled mordenite
havingan LON(10ks 6ﬁ'tgﬁ1tﬁﬂdxt 750 PC SoreFhehrsEN 01629 Thé\bb,@ardlﬁmﬂtmmng

treatnent the solid material was filtered off and

moydente g ag;unHormalyenixgd gand then 3 38 grams gi pserdobochmpite umina (Catapal
3
B ®ilchadid mllagﬂf&gi;hﬂ?: 4 rrenét Evzmﬁ?.hﬁalacﬁxa%agoﬁav%g 2n LOI of

per cent
28 é%l u.tasmulded)rundi allovgedTet ndani The maibchael ivwew erttt-ttda&earﬂndm 1.6 mm

ST LG 3 G i TRehoyit B G E En A hepsalpingis. Moving sir a
SOCB'Oaf@' o Wmtﬂﬁt%as%h@&i dhe EsztPtJ F'2§ méth Pahfies and then

92 grans of ammoniumnitrate. Tepa adi um
furlgbgt dhyfpgenwied nising the- puocedaule waist desdiid®l gr dAsalmive for the catalytic
disﬂlﬁ&:ﬂ ted rmrdenlte 15 having an LO (Il oss of
ool aqx‘?%'ﬁ‘ “for 2 hours) of 10.6% The

ID. [Cultdl il Dfﬁuﬂaﬂétﬁgﬂi_ngg’d-Mordenjte 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 ¢m 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 distillaiion 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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nordenite.was uniformy m xed and then 338 grans of
pseudoboehmte alum na (Catapal B which is
comercially available from Vista Chem cal Company)
having an LA of 28.4% was added and allowed to m x.
The mxture was extruded and the 1.6 mm extrudates

‘ e Listplation Phes
cal ci ned |n rovm ng ;!}_\H.‘., :
catal yst was crushed and SI zeo U mesh particles

¢ @% bed fﬁ'iRe;bL'{E' Py PR ¢ “'”“ﬁ“ﬁiﬁﬁﬁﬂaﬁmw

Uc uci’;.u 117. f"afal\lf|r\ ncfjll Y
%"{7& @?a/?) Est 9%8e reduced Pd- Mor deifd-b
catalyst prepared byithe procedure of Illustrative

o-Misthpkbyinee(wt.%)C above 0.4vas | oaded i nto t he NetfDetzcted

zone of a thick walled 31 cmlong Vigreux jcolum wth

Cutieng, (el di aneter ¢p,11.5 cmwhiTe 1TNsIdg g tr 0ogen
filled glove box. The same procedure as dgscribed in

Iso %@@&ﬁh r—the—set=uparmd at-romof
g Iyt?%ﬁlgi@h qatlg;i operation. The requl'Ts are

C NPV Ac chn\vl\n t he-tlop-—bBroduct

Qﬁpujé UI CaFte Pdhoval of water, hed"@m&%‘%

of r\Jvlrprrgnn Q(Lnf >00_5lwt_ % No neasurable

Q

Other (AP (<0. 01 wt./o0)|®ds found in the cum":rﬂel

product. \Wen desired] the bottons can be rienbved,

dmﬂemm@hbgaldfmteed wi th cunene and sent to a fixed
bed hydrogenation reactor to nmake additional cunene.
(5, Table 3 - Cat aI ytch Di stll I atl on c%f 2- Phenyj

B% -=ed Cat alytl c

-‘u§T 2-propanol, (w.%
99. A oatalyist wah/ptdpyfedsnbwrding,to Emmwe Do N0 PSRt 1eaHB6t 5 475,159,
o ma < 0 99. l Is rpylcycl ohexane (wt /a )

&wn%%/?gtgloggﬁ%%%%vgﬁnmzr- Fi xe(?(ygl ﬁ’r epar at]%%ﬁn%?zed mto 6-20
mesh perigles.HEhe catalyist wias Guinediiwitnds @ppeof 80i mestasiticon carbide and
cenéﬁ-éd:ﬂlg 1ddY 69 cm long stainless steel reactor tube between beds of 20 mesh 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

o
-

(o 2
L‘L

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 after which the gas was switched to 99.999% hydrogen
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. A mixture containing about 25.5 wt.% of 2-phenyl-2-propanol (obtained from
Avocado Chemical) and 74.5 wi% of cumene (obtained from Aldrich Chemical Co.) was
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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A catal yst ‘was prepared according to Exanple 3 of U S
Pat ent Nunber 5,475,159. |11B. Fixed Bed Conversion of
Cummyl Al cohol to Cunene Using Catal yst Described in UA
10 20.0 cc of the above Cu/Zn/Zr catalyst fromlIlA was
crushed and sized into 6-20 nmesh particles. The

coll&it@l, Yisied W vatérend anhlyRed By gﬁ@&ﬁo&fwf‘éﬁqﬂ?ﬂh@' $0d6& tontained 8.1

carbide and centered’inside a 69 cm10ong stal nl ess
widp dephepplat-propaneihBl.Bavtie of ciuere, 6f1 WO%miphka-Bicthyhsiyrene, 0.1 wt.%

Th tof, tube had. an internal dianeter
of%b%%??%h%eé@?fiﬁ/m%eﬂ “TF-educed by heating
Q. HEixed tBYdy SbnRasibh Gdfe 1 AlécHof 181 Crbfemte Usiiig Bt CogpePBn Silica

28Cto 180C 15 Ile ow ng O. . % hydrogen 1n
ogen at a rate of 10 L/Hr. The catal yst was

ny g SRk TE e B b A oo B MIET il dgocribed i

ExhnﬁpfeslB;(fI}-.‘th) tob&iMSﬁ'omSug -Cf&eﬂfﬁ&. O/%mmlsﬂtne Gath.ljrsﬂkrﬁ.{ I.Qﬁ@.(erue to the

. e cala S reguce or aftlna WO- nour perio

highet aefvih o Rhe T Qacs A Sl et EURss00paNGd Hatfemperature of

15670 Ahe J09aRd i ! f, ’ 2.
TRALNE TR ol SPaREETME) SE8 podily DHARIE"Y 1t 2-phenyi2

propancl] B84 betPvwad ernerteai hbdwats LEpka-mEthyl hitgenge0.1f vawe of i-
A m xture containjng

rate s adju 2. L/Hr. ..
ropRlsSpioBExB and st S 5 eigee it A QRSERE HolSO Fothe product
corfifedTies Har Tivadh 2-midyild-propihdp of cunene (obt ai ned

fromAl drich Chemcal Co.) was fed the reactor at a
UL, Prgparation offCatalyst for GempasativeEmbodingints g t he hydr ogen
flow rat ed,t erature of 180C, L Aft a,
of opera ?g - @rﬁﬁ 8?%?03%%8%%&%6@98@3%2) was
crugiedd el sided it SO imedh tpaftiohid AXBRYFS thddYatBlFst yas mixed with 45

chromat ography. The product contained 8.1 Ww.%
gragis esh yilicqrnensbide gud gegiereshinside ariSram langistoinleps steel reactor
tuba! < | r , o i =RLopYl.cychohexane.
58 USRS £ 05 S, g o 1B QUL 6 R e
diagetey of 4iSormoThaCeatylystAlasodiow iyt rdarsdenchddting ghacilalpfgiarticles at a

.0 §i§tica,5 talxos The experinment of 11B was o
Iate_r@p% REY nagvfﬁg?%% éﬁgbbﬁ(”’&w@lq flowing X0 s % bydrogeminchitrogen
o e AT, bt LR M0 SART PSR P en e

hydodgenhmntend ic ¢tk Hitr3gén Gak Aokbled vl 1 BSHIsNIMAFe pas was 3.2 wt.%
conducted at a ter{perature of 150C. After 200 ﬁours

hydspzegjB miressn, Thyeatalysteyagreguens: for erfinal el hourrpagiodyhe 3.2 wt.%
h . . 0% n 0 Y

oSl RRRREN widiyirion 68090005 08002 Bl i roactor
wasgprdssurizedvwithohyfirogentoe gligepressuheN22ppsig (20ba) whdle@he catalyst
b dt he pr.oduct g tﬁﬁl r]leci}l ess than 5 wt. %,

edy5yheieingd gt TS | Therhydroaen los wba wes asbustedt 13 B or

r [ 3 r O« _a .
ﬂE.gigggr 2 }C%nmﬁﬂ ghol, opper 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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15 crushed‘and sized into 6-20 nesh particles. As
before, the catalyst was mxed with 45 grans of 80
nmesh silicon carbide and centered inside a 69 cm | ong
stainless steel reactor tube between beds of 20 nesh
Si C and gl ass wool. The reactor tube had an internal

deHioRASIPIE], tRis fiked Helllprodess He n\w&eﬁg@éﬁ OFﬁ%%ﬂJSPM 91 wt.%

heat i ng the catal yst particles at a per
punitynbaving ?Qmﬂlmcol&&ﬁedMMI ilcalwil N6 W05 oficumene dimers and 0.1

dr.ogen ate of 10 L/Hr. The
Wth% gll E’f%&é’dgﬁlﬁ’&%é E‘Hﬁ‘s *at 180C for 2 hours and
then the hydrogen content Tgbld #e nitrogen was doubl ed
every 2 hours unt|I the_gas was 3 2 W . % hydrogen in

ni trogen. The £EICASSAcONAN .
hour period. The 3.2 wt. % hydr ogen in nltrogen was
~OaeR (500 QQ0A Af hour o !f\C

de o
SS ||rg' 7e£t[ AM 1' ; ‘31,3 ?_ @Yi@;gh I
psig (20 bar) #AiCe the catalyst 25

R‘iﬂ?‘é@ﬂi‘?ﬂép"é o

bed was mmi ntained at 180C. The hydrogen fl ow rate was

Pressymested to 2 L/H. II1E Fix¢e@0Bard Conversion of Cunyl
Al cohol to Cunene Using a Cogper Chronmite Catalyst A

Hydeeetall6¥ ra@nt ai Ni ng about 2% 2Wi/HYs (ep BYHS conol

Ca@?s‘é“’wagﬁt' Ty, obrained fT O ’33‘5?@%*92@; @ 75
ot Turrene(>999%  puri-ty—obtarfe
Chem cal) was nmade by bl ending. The hydrogenol ysis

reacti on was conduct ed underaghtde conditi ons provided
|n_the Tabl e 4 beI oW. Tvvo hyarogen fl ovvrat es were used

testl ng a
denonstra , I Scivmmvicionn Sjegeivacs
product stream of about 91 wt.% puri ty haV| ng 7.9

Cofffipotfert! unconverted C ipgkg al conol’, 0.6 W 9 BIodf¥ENE

2-BHef r&ﬂgq b supropyttyctotex as —side
produ c? ZlylS P? oceslss Condi tion for Fltgd Bed

2929 L ~f hy C\I —1 e W = Daar\_t_l_n_nl_

ol UlIT 1 u_Iu.LC AR IERRL \vJ L
a-b}g EF%“[E'Fe(“f Pressl% 20 bar Hydr ogen AW rate 2
L/He (or AUHr Cataly$t Weight 33 5 (befardg reduction)

Cumgge.dwh-%) xed Bed Cum|l748 cohol to Cumene R&¥uwts with
G 22/2 Catalyst at 18(0C and a 10 Hydrogen [FIl ow at e of

Isofrdghicyslohexan8D@vitdaur s | Q1 St r eam 0.1

Cumene Dimer, (wt.%). <0.1 0.6

*after removing the water produced
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Conponent Feed Product
24.8 7.9 a-Met hyl
(wt.% 74.8 91.4
Cunene Diner, (W.%

wat er produced 18 Tabl
Cunene Results with G

Hydrogen Fowate of 2 L/H r

styrene,
| sopropyl cycl ohexane,

*  2-Phenyl
(Wt .

-2-propanol, (w.%
% 0.2 <0.1 Cunene,
(Mt.% 0.1 0.1
<0.1 0.6 *after renoving the
e Fixed Bed Cunyl Alcohol to
22/ 2

yst at 180C and a
600 Hours on Stream

2-Phenyh-propanght (W5 f i

whi ch are beljeved to

U A2 LB ul; GII !
ision and cl ai ns are* ose
particularly point out and

o-Miettiyl B6tdne, Okt)n t he i[9 ant | nvention. It 0.1
however, understood that other ranges and |j nitations
QAMLprm substant i J4lgy the sane functijo9D.4n

subsi antially the sang

manner to obtain the sane or

T

ghlﬂ:i%l allyg 0

esuft—are Tntrended ?
he i nst ant inventions de |ned by

t hn - nc-f :\nf
UHUUI I

Cymqped)imper, A“ET@C ess for

having the structure

T OTT u.llu LI a1B- 1 U \/ I_ I'\
<P‘qlodum ng an al kyl beng'g
of RI R?FH( Dh\ from-an

al kylafkerepiovitigdbe wiater produsefl t he st ruct ur e R R2C( Ph) OH

compearRpeara yRpRERyT oyt i fE el e

%ﬁ%‘h i@ Paims are those

e structure

whttRgfe(Rik&d fopattidubaBi suint out and dlstmctly claun the instant invention. It is,
however, understood that other ranges and limitations that perform substantially 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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having a catalytic distillation zone; (b) concurrently
in the reactor: (i) contacting the feed stream
conprising RIR2ZC(Ph)OH with hydrogen in the catalytic
10 distillation zone to conygrt RIR2ZC(Ph)CH to
R1IR2CH(Ph) and forma reaction m xture, and (ii)
separating RIR2ZCH(Ph) fromthe reaction m xture by
fractional distillation to produce, at a position = -
upper fromthe catalytic distillation zone, 15 a
stream conprising Rl R2CH(Ph) hayifigaarl gwer
concentration of RLR2ZC(Ph)OH t ham the feed stream
fromthe reactor at a position upper fromthe

cat gl yti ' : erein Rl and. .R2 each is ,
hydroger gt acas el e odlohte ol A TG IRP 2550 Rdriem the

at orst k- wate | @fsk | RyEH Fh RIF el &2 4 BkyIWheyl alcohol
hydrogen. 2. The process as claimed in claiml,

whereé i nthecheaal sy htamge R Rphoh ) GH sedmet £t fgf oth@ steps of:
group consistiqg of et hyl phenyl al cohol,

p- di ( 2- hiydr P8Ad NG oAb e&tASRn @Bprising alkylphenyl

m digQ 2 O iris Y, ihﬁﬂ559§’ 5 '§ - r.oxyl - 2-

pr ogyl ) benzene,lrfg FH(I%?héye roxy-2- pRr]op?y E%}:)ur}:ynl'%lnte(? %_re(azc_:tor

hy dhexpndr Y QR IGHIEN &1 A1 1020t 00k Propyl)

cunene and m xtures thereof. 21 3. The process as

cl ai med (bn SPRHCrEndilys in 4 Zeaamwarei n t he

al kyl benzeng . hayj t tyre .of . RIR2CH( Ph). i.s

cunmene, andq%%e%gﬁgﬁkggg yﬁﬂélggﬁglsﬁ§$FWgco éaSlng

st ruct urk) RIKPE RO Gri tls Ryphedyh - 2n ptloPadftal prfie The

process as clainmed in any of claims 1 to 3, erein
in step db3tihkateen zoneane i converheRpRed EPltEOBftoa
catal yst_conprising a group IB netal or a group VIII
met al i RiFREEERR) \ARE EhERia | 2e3 okl o el X ies eramd y

(ii) separating R1R2>CH(Ph) from the reaction
mixture by fractional distillation to produce, at a
position upper from the catalytic distillation zone,
a stream comprising RijR5CH(Ph) having a lower
concentration of R{RpC(Ph)OH than the feed stream
from the reactor at a position upper from the
catalytic reaction zone;
wherein R1 and Ry each is hydrogen or a hydrocarbon group
having 1-10 carbon atoms and at least one of Ri1 and Ry is
not a hydrogen.
2. The process as claimed in claim 1, wherein the
alkylphenyl alcohol is selected from a group consisting
of ethylphenyl alcohol, p-di (2-hydroxyl-2~propyl)benzene,
m-di (2-hydroxyl-2-propyl)benzene, o-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.
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conpri sing pal |l adium or copper. 10 S. The process as
claimed in claim3, whereinin step (b)(i) the feed
stream conpri si ng 2-phenyl -2- propanol is contacted
with hydrogen in the prese of a catalyst
conprising a group VIIl nmetal or a group IB netal,

and ;wherei_n 0 fyr ri C i t st.e
of : 3(‘b) ?ﬁei P%vﬁ%t & ;é\;esvls%gl,alig{qu 16103| [ c?f}te%lgihgr}slﬁhaénmpsz’
t hewheatedlnytthe dildvildeaideoe 2eneng He esmangrde sdhg
from 98 9..9% by wei ght of cunene and having a

|om§r1R2€51f4??$\3trlaﬁi 3% 2 a3k e AMPRISIY )t raf et having

feed,stream_ .20 fromt r t.ar ;5 | Wit hdrawi ng from
e P BaaRE st PO O o igiany 12 pesshal.

2- gt hylm2, 'r%'c%@%nﬁlsp@ltaﬁ%da'}]% daln?to*fy'dl s 1 to 3,

di phenyl but ane from a position | ower than the

cat ahptried n dinstsitleipat(lbon thendecahdit mn( d)s clonwdrd ipiesence of

the _2-nmethyl -2, 4-di phenyl pent.ane d

i Bt R VS G T Fe S o EhAIStth X5 i VITT
(C) metalCureRte @atBl&tAOCESY a9 &idinebid) Jrif8ably
wherein in step SP)(l) the feed streamis in contact

Wi t ROBP&EABANgs Pald@ddsp Grsicepnsal-l adi um or copper in
thesdi skl bl s 63CHhATER" S n G1hPR BHERAYN in
step (b) (i) the feed stream comprising 2-phenyl-2-
propanol is contacted with hydrogen in the presence of a
catalyst comprising a group VIII metal or a group IB
metal, and wherein the process further comprises the
steps of:

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

(c) withdrawing from the reactor a bottom stream
comprising 2-methyl-2,4-diphenylpentane and dimethyl-2, 3-
diphenylbutane from a position lower than the catalytic
distillation zone; and,

(d) converting the 2-methyl-2,4-diphenylpentane and
dimethyl-2, 3-diphenylbutane in the bottom stream from (c)
to cumene.

6. The process as claimed in claim 5, wherein in
step (b) (i) the feed stream is in contact with a catalyst
comprising palladium or copper in the distillation

reaction zone.
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