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PROCESS FOR PRODUCI NG ALKYLENE OXIDE Field O The

I nvention 5 The present invention relates to an

i mproved process for produci ng al kyl ene oxide by
epoxi di zing an ol efin using an organi c hydroperoxi de.
Background O The Invention Many different nethods. for
the preparation of al kyl ene oxi des have been

devel oped. One such nethod invol ves the epoxidation of
an ol efin i FPWEW@RMCMAWSM an
organi ¢ hydroperoxi de as the oxidizing agent.

Higld Of The DBERtiohescri bes a process conprising reacting

propene with ethyl benzene hydroperoxi de to obtain
- pr opyihe peesent iinkentiordrelatgsite ay improvedprocesd for ptodpting wlkylene oxide

ethanql .is s equently de rated.to obtain styrene,
%ﬁpeﬂg*zéngaml?ge §Pﬁ?¥53ﬂ‘§tﬁ¥%f)gﬂ”&fh‘for ot her chem cal
RekerbhnhOf T OnVénfigf 14, assigned to Sumitono, describes

a prqcess rel ati t xidizin 5 1is0 | benzene

al soﬁ%mﬂ‘%m} C‘B%B?fg ?"'t EIWQB{%F&&?%&% _ er?}_@ﬁ%qm'é been
deeelepddde0ns sach meihid Shivolvs [the epdridativh ©f @ROXEftATH @Miqaid phase
| ene to produce propyl ene oxi de an

l‘gécggg S39% B AEgARic Mgpnﬁ% Eﬁ‘rtPF oHdgg}gonggt. P C-1010372 describes

d DRREAPYHBHSRE rédoiRY ProgeRe WHER VeilkybBBkRY BYRESHAE®R to obtain
via a hydrogenol ysis step, to |soBropbeenzene

Rrerpi@soxidgsad 1-pbenyt etbanol oFhe epheay. bis pkspigigntly gebydrated to
SRR SHEHE Siich ik uﬁﬁ}drsﬁnﬁﬁxgn%éﬂe@ Srlofifer QARSI s 20

step, "~substantial quantities of |-propylcyclohexane
and NeBHE0Hidnassl o Snwiomedicaaibesmprogsss rating to oxidizing

M8 ( F il Al ) B! BHRIANRr Poroxide g an

axygen qarriem fariiee dpputidatiparadiprapylebeth mbduse plopiyiege prideianded,

_ . . : . erizati

ER0b el ol oot Y e R e BT O O

th}_adrhtpd/Hﬁkogdnhteé, vaa 43hm@noiyais stigp, ealisepropylbédzers! (kyrhaapand

S e R B SRS STRARE, PR o crogenoyes

sndlpﬁyilbbmm qamﬁ;&eb;] m@f@ylcgi&olgrﬂihﬁé alnfdzlu%yn@dﬁrﬂf are phduced as

a enzene, W t.h oxygen e a enzene .

RETERE P or e G B e Rty by Erogriaon REpeIGiop b umen and

aipfiachicthy seeéneditadodmarmiva M@%eﬁa{oa@ed Afdribe drddiced,

fracti.onation, to separate, al kyl benzene from ot her

reqifive ip the et hr@w%%awmmf&e@%yl benzene

hydr QRS IFentiRumBsHEM 53 b alssigheand ShdlEe ﬁesQit"ibc%Q process for producing
0

al kyl phenyl al cohol coul d be converted . .
eHeodanownap axismneionpounds) yugh Arprepyjene oxide, by oxidizing

AMAAMARCNEAPSIZE® AP Rk Ybhfied bl okidizidg@NSiRhSne with oxygen.
desirabl e to devélop a nore effitcient process which

The sllcylbenzane hidropaupxidgis eonedesttoalisinhsayl flsohel grhidris dehydrated
At hydBpaieh, BIE0Nly ARuaG, 36 8 Ek HftndbakitANehiUhe

preducts for reuse for making alkylbenzene hydroperoxide. Substantial quantities of

alkylphenyl alcohol could be converted to alkylcyclohexane and/or dimers/oligomers of
alkylbenzene as side products.
It is therefore desirable to develop a more efficient process which would combine

multiple process steps for converting alkylphenyl alcohol to alkylbenzene and fractionation
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1 into fewer steps and yet accunul ate fewer

undesi rabl e side products of al kyl benzene, such as
di mers/oligoners and al kyl cycl ohexane, to mnimze
| oss of al kyl benzene utilized. Summary of the

I nvention The present invention is directed to a
process for preparing an al kyl ene oxide, 5 which
process conprises: (i) oxidizing an alkylbenzene to

instorfawer s4eps end yohecowpate favgr W%@%wwts of alkylbenzene, such

P ey RBEb. ) Bt SRt PRborpod ilapd

Anmary Ol e flaventemi n a pr OdUCt stream corrprl Si ng an

ilolr%loun %yr&étd 'él%ﬁs’%cﬁlm‘f‘t%?‘?éw st ?‘%5% ditene oxide,

obt alwm:(tq)roassmmw product stream conpri sing
al k I hen al cohol .and (b al ene_oxi de I,V
Feonidly apxitity &8 qidenteit 1o oufln X e, neric sleghpecoe

conpr|3|ngy@bﬁy@ﬁmgnyl al cohol to a reactor haV|ng a

. 1ot srtking ol Rat oh o 6 cserte fafi<prolide Soaind in st

stre am c o [ipﬁvﬁtﬁ ladd glcﬂh ko sHhsin g brcﬂh&%ﬂ@dm cmﬁﬂﬂmrm@me bkide

the c c dIS Iatlgn zone g convert

al kyI Iyengotide aa@é?ctgwaé%ﬁ# gtep (i) to
al kyl benz smemqaﬂa rekidbATProdRaCdile A caanisﬁsiﬁgeﬂkﬁpﬁeni&ﬂaléM1 and (b)
separating_al kyl henzene fromthe reaction m xture

fracti onaPkylgndexifs, ati on. Detail ed Description of the

| NV it ON fechinB 3PIchR WpBE 8Pinl %maltﬂ}aauct e R B8Sn e Mlkylpheny]
t he present i1nvention enable fiiclient epoxidattion

of an ol eflcehdbjo emﬁonhﬁgnmpatﬂlmedlﬁnlb@eg gong; apkconeyrrently in
converting, %g‘gmphenyl 25 al cohol to al kyl benzene for
reuse as an oxygen carrier, and also accuml ates fewer
undesi r ab{ag contaetingr thel u@ﬂ;@abﬁr@udtwl:rm zomprisisg elryphenyl alcohol
diners/oligqﬂﬁy y '?ﬁﬁ a r r gor

as a particula ﬁgﬁggg?ﬁénb&ggg ¢ @%@Eﬁ HI%@%ﬂ 6%?vm¢ the
di mer s/ ol i geikylpheiyl akiokyll mehtzmmduq:lrpudiucteslredmrto ragcyiblaezene and
process are cracke | benzene and recycl ed for
reuse, and tfﬁrgl?ggcgm&xmguﬁ% cgnzen’e i s thereby

m ni m zed(b) 3iephating liodimkar fivmPalicweactibn haixame Byhdractional
pr esent proces;l ut| i zes al kyl benzene

Detailed Description of the Invention

It has now been found that the process of the present invention enables efficient
epoxidation of an olefin by combining multiple process steps for converting alkylphenyl
alcohol to alkylbenzene for reuse as an oxygen carrier, and also accumulates fewer
undesirable side products of alkylbenzene, such as dimers/oligomers and alkylcyclohexane.
Furthermore, as a particular embodiment of the present invention, dimers/oligomer of
alkylbenzene produced during the process are cracked to alkylbenzene and recycled for
reuse, and the loss of alkylbenzene is thereby minimized.

As represented in Pathway I below, the present process utilizes alkylbenzene
hydroperoxide as an epoxidizing agent to produce an alkylene oxide from an olefin. The
alkylbenzene hydroperoxide is converted to alkylphenyl alcohol during the epoxidation

process, and the alkylene oxide is separated from the reaction product to obtain a residual
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hydr oper oxi de as an epoxi di zi ng agent to produce an

al kyl ene oxide froman olefm The al kyl benzene

hydr operoxi de is converted to al kypphenyl al coho
during the epoxidation process, and the al kyl ene
oxide is separated fromthe reaction product to obtain
a residual 2 product stream conprising al kyl phenyl

al cohol (also known as al kyl benzyl al cohol),

BIOHYAL (RENaTE rOTIPRIGING palkséphfpvlyalaq;]heé {9ipe dmpencas aligbenzyl alcohol),
Bl S LEBINRE X A e o i i
andy fay gp,geﬂqé toPeeyfvert aajl_:)ﬂphepyﬂe alcphol to alkylbenzeng. Preferably, the
e R S T R e e e e

foraaatalyicdractiomsal distiBetion meacten tt teer contacted withfixad bedicamlytic packing

fixed . hed t,al.yti c packin in the catal vtic .
1 6 Pl SRt ooneB Brler & eonliutefly ST PO & Sheren ibvdgation-
hmbef @hﬂi@nd&b@tﬁ;ﬁﬁﬁaﬁﬁbn' ad&yﬂfdogmml () ithél_ldliv_ea'chdimig t1':»oint alkylbenzene
ractl,onate ang renpve the [ower pollln I nt. .
PRt O b ooyt QBLation 778 o chylaiah kPBF i ig popyered to
ZRyleydiohetknd tdr | dimbrs OF allgiphesylialcohsl. Unbivettall alkﬁﬁhcnyl alcohol or
%{ﬁk cycl ohexane or _ di nErs ofoq%cyl h,enq){il_ | .cohol . . .
& Fortndp| 1on be yeiluxed dp dhe satabic jpigtifalioy, z9pe patil being
SRRERGAUS alkQIbeRzeh&TA Healitly H&déJ\ﬁtEEJaﬁh%He&ia@h@ bé Liilddedl R provide

zone until being _converted to al kyl benzene. A heating

e beat aesied foreetivtilgtiongpdtioran be utilized to provide .
the heaf oHRGASEA{RAIAL o HhS bl‘ekérﬁ‘ﬁdvgﬁﬁd'n?ﬁ&lv?'%er@%r golymers of
particul ar enbodi nent of theﬁgr esent 1 nvention, heavy

dllyfeenzenss, pish \asequmend dimagrs, indeninethe satabytie Histidlaemmede having

BRHTE ST Bts eed IEER phCarEiflcid Bn0 SP00 Biof the
eatatyticphigilatiomfegetbno | Thef difrierstay polymepoint therbotton hfthe reactor can be

Tkl p e ool 9 SR 8 oo RO TR o b 8B oKW Botom

ftizembaoft the neatdlytichdistiliation aeactyr anensebe toniat Indircoracking @actor to be

rt of the botto tream of .the catal ytic
B aetah P B AR HioRoR RTodhs morh pfivibinnes mgh os cumene.
I eactAw a tpartieslar bybsdigiemadfole peesent, invéhtion,f thy @dttbcktream of the

So0ic 0B SR R gRure it et dbufici SR woeci
allyTsnbéreNalk y1pRenly DAIESHA] Sdd My BentdiR (sueBlad h%ﬁ&-&‘nethyl styrene) are
dlstlllatlonratorcnbesenttoaflafer or a .
wpapted |o4t ifigme A Al ﬁ°hm't?@ﬂz‘%‘ﬁ’é,eda'?a&’§ltﬁﬁ'é"r1ﬁ“al}m
abtinhed reaétdr. e Aydvidd ANSMRAzehS HiodbrdSligd iR EBleh ¥ént to a reactor

st%&ene) are separated out from al kyl benzene
for

T ipeprarking the Fegovar rrdiolisagear e dNeRliRItng illpgratiye sxqmmles of side
Sbdict binfd Rdd B8MIAE ditn%—é?ﬁattb%adf et Kitiiae 22 8Bretiny-2,3-dipheny]

di mers/oligonmers are then sent to a reactor 25 0
hjane ged 2 dodiphenpipertanel (Red Bairveyd®. Non- | i mi ti ng
| lustrative exanpl es of side product diners nmade
romthe dinmerization of cunene include

, 3-di et hy- 2, 3-di phenyl butane and

-met hyl - 2, 4-di phenyl pent ane (See Pat hway H).

[
f
2
2



3 Pathwvay | H Rt R R air R3\ R3 alkyl be mm
hydroperoxide (ABH R R, R2, R3 - H or alkyl 1 + R
>~ RQ OH R Alrylene oxkie :p, | alkyl benayl al cohol
\I 113 RO+ R r / Rt alcenyl benzene R3 +H2 R2
I R, dinersof akyl bennne + 6R, + Hydrocracki-ng akyl
benzene al kyl cycbhexane 4 Pathway 11 H cunene
curmene hydrope oxi de (CHP H propyl ene oxide CHP
di met hyl benzyl al cohol cohol) H + H20
cunyl al cohol al pha-nethyl styrengog AMS) +H2--> + +I
] R, Rz
. .
+ —

Ry

R. Rs

ki ! alkyl benzene hydroperoxide (ABH)
jp—

R, Ry, Ry, Ry = H, oralil 1 "R okfn

RQOH

R
+
: &
R Aleylens oxide @ alkyl benzyl akcohol
Ry

/

H;0 + N R,

akenyl benzene

Ry
Ry
Ry
Ry
dimers ofalky]l benzene + &
Hydrocracking / Re Rs
alicyl benzene alkyl cyclohexane
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ANVS cunene dieters + H2 5 Although ethyl benzene is
t he al kyl benzene conpound nost wi dely used in the
preparati on of an al kyl ene oxi de conpound at present,
it has been found that the process step for oxidizing
an al kyl benzene can be carried out at higher -
conversion and higher selectivity if the al kyl phenyl
conmpound enpl oyed is an al kyl benzene in which the
al kyl 10 substituent is a branched al kyl substituent
conprising from3 to 10 BRERWaY Xbns. A nore
preferred al kyl phenyl conpound contains 1 or 2 al kyl
substituents. An al kyl phenyl g&ppound cont ai ni ng
several substidyuents, particuljarly 2 or 3 al kyl
substituents, hps the advantage that it can contain
sever al hvdr01 oXi de g&oups~Ayparticul ar embodi ment
pf  t he presen ected to the reaction
n which the gl Kyl phenyl compdlind is 5 cumene, as
| lustrated in Pat hway | |cumenehydsoperpride GHP)or
Drt ho- di pbgo- propyl ) benzene or m xt urgs
DX dat | of the al kyl phenyl can be
Sui tabl e process knomn in the art.

[ [ yi d phase in

pxi dat ig0 R b n + he

t he prd e 5 Py'“&dllunt his diuent is
prefera? y a conpound w*BH™ ﬁ&i‘qugﬁmMQQQEﬁgg&m

[ eaction conditions and does not react wth the
starting natelials and product obtai ned. However, the
di | uent can. gl so be—a—ewnpo necessarily present
during. the rleaction. For exahple, if the al kyl phenyl
s cunene thexdiluent can b mene as HRl| . The

pr oduct obt ed in the ste r oxidi zi ng

al kyl benzene an, be us%d]1a A e h(Aﬂs 10 the step for

. . cumyla

epoxi dati on-of ol efin, "Sonme c npounds can be separat ed
of f or only part of the product obtained can be used
_pext step~apéd ps can be used in part of a

' ferent progess.|In the epOX|oa on @ ,

R0 PETOX | > ~@ Ahe preps
én Ht opbr bxi deli g conact e

0 in in the pPxesenhce o a cafalyst to 15 obtlai n™En
/1 ene oxi de |axd hydroxyalkylbenzenngAdﬁﬁfalyst
ich can suitdbly_be used in sSuch proc ZCOompri ses a

G oup . or VIB netal, partlcularly t| ani um
contalnlng or nDbedenun}contalnlng catal yst such as
ica apnd/or silicate, hetero eneous

f : f Zk\lﬁlﬂ?@a@v@%ﬁ 15 e Al heneTs CompPYlBRStpvidely used in the

prépaddtiys lof af\aRkehé 64il@dipound at present, it has been found that the process

step for oxidizing an alkylbenzene can be carried out at higher conversion and higher

t hereof. The
i ed out by any
FQr exanple, the

selectivity if the alkylphenyl compound employed is an alkylbenzene in which the alkyl
substituent is a branched alky] substituent comprising from 3 to 10 carbon atoms. A more
preferred alkylphenyl compound contains 1 or 2 alky! substituents. An alkylphenyl
compound containing several substituents, particularly 2 or 3 alkyl substituents, has the
advantage that it can contain several hydroperoxide groups. A particular embodiment of

the present invention is directed to the reaction in which the alkylphenyl compound is
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suitabl e catalyst is described in EP-B-345856. Such

catal yst conprises titaniumin 20 chem cal conbination

with a solid silica and/or inorganic silicalite which

catalyst is obtainable by a) inpregnating the

siliciumconpound with a stream of gaseous ti-tani-um. .

tetrachl ori de, b) cal cining the obtained reaction

pr oduct of ste and c) hydrol yzi ng the product of
dpgsmen s g ‘P‘g ether BTy mide <& ertdozliliseoerepidibenzene or

el Abdhes and pressures in particular, at
tenperatures in the range of from0O Cto 200 C

pr ef eThpkﬂxydahm efibe plaripbenyl carbbef qarrind 2t by ey sudfebleprothss known
D E S CrdY ek ﬂlg Gid &l%ﬂ% | d odso%t kﬁﬂﬁ; h £ in the presence

reaction mxture 1< ai ne
o ard8pindr Thus diless is prct'mgbljoa qpalppsmhwhmhy's htmndgmdar e, reaction

n of .fr 100, x. 1
RpRBRHE F G anFrehd. hficine 30 Te bl g, et Sotkindd However,
thee dilwent mncthttal mmpomnt ridcgssﬁrﬂy pregdnti dering the reaction. For example, if
it m cont ai ni oxi de cat I ysts discl osed
{hﬁ“%"éﬁ ‘f fﬁmf‘iﬁ'ﬂg@ @efﬂmgﬁa“ 30 WD 01/ 56693,
whit C ITheyoduet md@edhdymamt r SxifizinigGlkcyfeufeme carfbe used as such in
i tani.um so rce a quaternary a ni um as a
'ﬁl ﬁ‘ﬁ?&ftfép?’ﬁ B4108 9F plefif- SoRe GBS, Can e SePatased off AF prjy gart of the
protik Yobiained QAR BB EiAEd i Hesit REept MANPaRL Gan BeNGsel 5h AR 68 different
the obtained solid in a soI vent to obtain a catalyst

PycFenovi ng the tenplate, which is optionally
SUbS%@hﬁ:bﬁdﬁdn)blf@feﬁﬂst fﬁ{m l@y&%ﬁerbﬂnﬁé bbtRitled in the step for
a

exa a suitable ep0XI tion Catal yst Is a

@9114% alkylpenzens hydeopersmida isnontgeted withioledin in the dresendeloé a catalyst to
tﬁ!?ahq On tend 5430 gﬁﬂ%ﬁo@%&%ﬁ%&%&l ﬁ +A1a§¥ whichcald lmtab}y be used

U. S. 4, 6606, 692 an rative exa
iBf Sush gRIA¢ess wompHiRte ru Moo AY BRI MBhgore ¥R peteks parta:ularly titanium-

G§RREIQ b Bl ph vt spphosiapiym, il andor e
hete@ogenens , tit@gym BaBlyst 68 heteB@enconsSmblybadnubd BataEEiS& padicularly
4
Pk AL ) depeeogl a bimesiSase” Shek. oty Bmprices, ffagiom i
ohemédl mmblantainnghlmhec:hn?ahcat h?dfmahﬁkgaﬁic siﬁttﬁmd bathi utalyst is
0,422 t or a un- cantal n ..
BT W@ ing e ofiRRq Wies SHEAR. O G¥yops titanium
maﬁlonﬂe 1) ealpihﬁxgesf olﬁﬁméd‘licf)eaafoﬁgﬁdﬂ{uct %wsa@t 4) Oéhd\M)h:Jydro]yzmg the
ene oxXl de 0 e rep
@PE?%E?P;PShﬁW & BReraYH Procerds P'rIB?PPEM‘? Gmyeraeg?swaﬂ pressures,
lﬁbﬂiﬁﬁulaﬂmﬁt&np@ﬂtﬁfe@ frPdRt Yanké ONfroin DOC Go 286 A Pre¥trabl in tﬁ% réhge of

% 1(2 géjl ar enbodi ment of the present i nvention, th
7 - 15200 Gp Ehfepreaisesyesesnnat sifead oy fame @y ﬂwApact:lﬁrénnme is

NGNS 110 MO fiqilid 8D %hﬂ%fﬂeﬁ@ pFRaRE neR bd BRisfaty. d In éeneral

m xture conprising the esired £Noducts IS sepdrate
Ifrtssmstd:mbcat&byWeoﬂ'fnmnaltkwumeo ni’e conmpound can

t hen 153 arated{ there ct.ion product . n,

way Igﬁﬁ 18 T FRBI% To® t&Wﬁoa%mWﬁ F"@H‘"? catalysts tholude
tltamum-contalmng silicon oxide catalysts disclosed in U.8. 6,323,147, ES 2,165,771, and
WO 01/56693, which may be made by mixing a silica source, a titanium source and a

quartermiry ammonium ion as a template in a solvent to obtain a solid containing a catalyst
component and the template, and extracting the obtained solid in a solvent to obtain a

catalyst by removing the template, which is optionally subsequently silylated. Another
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the art. The liquid reaction product nay be worked up
by fractional distillation, selective extraction
and/or filtration. The catalyst, any solvent which

m ght be present and any unreacted olefin or

al kyl phenyl. hydr oper oxi de maybe recycl ed for further
utilization. The epoxidation process step can be
carried out MAt the catalyst. in the formof a

W&?ngéx aifable epodidationicalalyshiscp syndetic @pohtacontammg
1‘%@ hed dbs%n@édef 2 'EelobQto, aes0948| Sopl BRI | #.5.4,410,501,

cations. The g)rocess may be carried out in a

U969 %nﬂ@ﬁ Yet?8. Wustrativie ovrsmples of oerganic cmelypdenum-
ik f Uatht &Bﬂege il eé‘%tﬁ’fz%'imygﬁ 7bﬁ? @?§§§93 012,
he’ ef T tient

t hr ou the cat so t hat
Ve, YR B é,éﬁile%':’»s S SBARES, V.5, 607423, BPISAT3, U s 3,480,563,

O aars, O R R e TS FERSs hn'elfmBle 33 4 et

talnadmmatenalyshndlﬁddshha catalyst ddserityed ﬂllwtﬂ Bp80, &%?m for a tungstun-
one-con

‘%H {h}%@i};ﬁno goﬁr{ﬁwg’g?ﬂﬁﬁkgt one (al so knogm as

"ac et’mm @lefin uskteinethapdoydsh ef the peesti isvefBRewillldpe @ik ialkylene

SRR prpash A CheBl i P oniBe B Ao 48 pafhon atoms, more

prefenblyzidin Ryo 8 @Abas hiohg. AHE paticidhemtidBRit of the present invention,
Q%ﬂkggerOX|de%w th an acidic catalyst such those
ﬁlpﬁ@""%f SQK0oWR &S BEEPYIERE)- cat al yst used can be
sul f WtitRe a&icﬁssxohydﬁ thé Eéldiﬁdaﬁoﬁ%a%mf} e PRl nGixidfd Et)mpnsmg the
ul fur d| oxi de and fur trioxide; organic acids

PrRsio s aeRaRRtnd eomR theatalyst. The gikyleprexifi¢ epmpound cen then be
sepRaed ﬁﬁtnfmeacmlp%&eﬁn %HJ/ Rap R6S; REGHA 6 t%%hﬂabééﬁ' stoﬂle@x&' difiled in

such as silica-alumna, alum

f%@(é‘ﬁ%élquélsteh@mﬂm@ﬁww w@towdsmdﬂ frastional dlstﬂlahon, selective
kHEARh Wit HiFatR] Fhe LHRLS! 9%;19?19&9 Eﬁlﬁch ﬁﬁu‘?gur  present and any

mol ybdophosphosphori ¢ “aci era
usrrarted olefie stalkylPlniHiydropatokife amay buswctcled‘fw firthen nﬂthzaﬁon.

o- 0001 e YRG! sep Gl Rl ki o gk BRusey i o of o

shery; & oV, beithne arfbédizddchedt Hopeventafiedibed u5phafeln¢d & large-scale

30 Cto C. The al k
lﬁtcnlgr ope&ox cﬁ:\n ¥ BeCed kﬂlaé(c?ee 8@8&—1"]’1%’%? %’P@H %et POgPReY, semi-
coﬁumbusl)yl ot @ont;nuehsly pheniiquid coaipgnié &):acﬁntsefna?ttﬁﬁitf be passed
%@? @P dg?‘g a:la? g:&aeijiﬁ nﬂ&gfg{ L {fr%énﬁéngg@erlg %ubstanttally free
ﬂmyml:radﬂﬂom de. However, is preferred to subject
art ,of the eac |on duct of the al kyl benzene
ﬁydr 65 @madicylar ¢ ﬁtaﬂ? & Rresent @Y%et,maﬂtoé ﬂtf’d?,mduct of step (i)

igheed MBS idabtin dfmwheﬁﬁm BREEOHdPRMRih & phdROLShound and
The react, on of aIkyI henyl hydr oper oxi de F ro uce

kB eIMtAiniEs FREReRRdy |4S>ﬂnetbylo@atbﬂskwwpﬁatsq Jeon as “acetone”)
wh¥reniliothiabéhe Whiihen8! Fhel HeRBIR TohpobibtthitdaGal 354tAH Substituents.

substi tut ed
The reaction of the alkylphenyl hydroperoxide can be catalyzed by contactmg the

alkylphenyl hydroperoxide with an acidic catalyst such those containing sulfur. The acidic
catalyst used can be sulfuric acid, hydrochloric acid, perchloric acid, sulfur dioxide and
sulfur trioxide; organic acids such as benzenesulfonic acid, p-toluenesulfonic acid,

cresolsulfonic acid and chloroacetic acid; solid acids such as silica-alumina, alumina and
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al kyl benzenes from si de reactions, e.g. ethyl benzene
and 1l-nethyl styrene. In order to further increase
the yield of the present process, the desired products
of phenolic 15 conmpounds and ket one-contai ni ng
conmpound(s) can be separated fromthe reaction - — -
product (s) in the phenolic conpound-producing step,
after which either all or part of the remaining

feidie donorxchange mesins; heterapglyasids guehoas ymgstagiticie: acish tingstophosphoric
%lfy FiolFHAB M, _#] | d6vd. aeieRbt galsﬁﬁﬂﬁl a@ﬁ@‘iﬁd/&:ocresolstﬂphomc

enzene. ore t he process according to

pridere pised. iﬂwamunbof qatadsfstioctisiugedcie mprally insthe equae of fromg 0&001 Yawt
{< §"ivt,pt9ASéq 8I thg Q&c@&eﬁgﬁlﬁg ts? be. m ﬂfg gca%@%ante% %ratbnéet is usually

one contal nrng conpo reac
mfth&hnge@ﬁfnqm3(h1mmddﬁfactl ng either all or part of

Ec,th:pr 15 nﬁ%@gﬂﬁyﬁr&%ﬁr Oduitﬁlg&ie&gﬁl E‘yﬁg -mcn in3§ reaction to

yxleldyj:hamltnen@npcﬁiadﬁsp mom Compougdsohivei bed supa:mhd! off from the

noI i C@‘mg E.ytgga%'py%g ho'a{]q;{g)egﬁlegél We anﬁowever, it is

meﬂm@ ao adubj&& wapthe N¥dctioh GRGMRIct dF &h@'aﬂ?‘lﬂéﬁfbﬁe ydroperoxide

B e B s e oo saei B s phesotic osound.
COoNMPOopHRdestiion oE bk Hide BPEducd phéndB as uh@ fusuall
hydr ogenati ng al ky pheny%b]feh%hol ?géht ains sid c AP0 Y

Prederse by-Perdugisi yE:bmémﬁ% whichswe fequently fovask ergsvaneu@substltuted

SlAYLRERE SR 3Had/ r@f{ch Békhy%e P&nd IDRethfPS{ ) In order to
g@hduct of the henol I ¢ ‘compoun produc:| ng step can

gremcrqasﬁ tthvey@lcbpf ftlw mgsgntopreness. iy desity mredwcts of phenolic

%r@ Ia_?l c conp oun'a prodtci ndb%wtlcg% g{fgggggeggjatgggg?mﬁe%e reaction

modicthia the ahttmbm cqzmm!md{prqﬂhcmg @tepf ﬁﬂrfvﬂlictxmthen gl or part of the

RGN, SbO Bl 5 OpDIE o MR ] B {187 £5°Clhvering
iyiplegghalcaheback|té ylkplbemsehe. Athexwifore,. the pfo'has dmdmgi to the present
LR 5B R PR e BT Rl BP o PRRERS o5huna ana
dtarealohiainiyqpeipotnd frosiuhé regotidnerodust aNthisasp, lsid ventdcting either
REPERRE o L PP il U R 8 o368 g, e

Flkylphiy] elcolidd &o MilieyIEnkéheC CERMHHSHS PR BIEH Gid) %ﬁin@@ in Whé lpBenolic

Ieast art of he reacti on products other than
%{ﬁ‘@ ghaloton aﬂi&'ﬁ% ORE-YHFR ArnPFRicTeRfifpYsahdo jthe step for
geﬁﬂ{ﬁ% alk9l

Byl IaltbB&Mafd QRyIRGRERS ?-meﬁ‘fyl StyReab! ét& lfi*hf’;‘fefore, any

enbodlnent ogﬁﬁhe present invention, if part of -
1*%911 sﬁ%wwtwm@é\&fé 6 ftiepeqalic compeindamoqus SEﬁPeWJBPh i sent to
U6 h gt dh el A PIBRdS 9105‘19)1 Q‘SM ke ﬁr&ﬁlcts of al lbenzenes

alk henyl Can be cunhene, gl ves phenol
!Ib e prqqeasmag (sHoihsnzene @@dfpohmthyhﬂyqsn@ dibe irsagtiest wpduct of the

phenolic compound-producing step can be sent to the step for hydrogenating alkylphenyl
alcohol as such, or the reaction product of the phenolic compound-producing step can be
combined with the reaction product of the step for making phenolic compound from which
alkylene oxide has been separated off, before being sent to the step for hydrogenating
alkylphenyl alcohol.
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Subsequently, at l|least part of the reaction product
cont ai ni ng hydroxyal kyl phenyl, from which an al kyl ene
oxi de conpound has been separated off, is subjected to
hydr ogenati on. The hydrogenation treatnment is carried
out in the presence of a hydrogenation catalyst. 15..
As a preferred non-limting enbodi nent, the step of

converting al kyl phenyl al cohal in the residual_
pr oduBhe deiredphieneficoriprpnd and ketope-containing gompeundican be separated

£8incthd keabtidhl prbdulct 8f 1he I'ﬁhex{oﬁé‘ Ebipdhnd pRRIuBRE SRS $n ARy Biown to

f eedi ng al kyl phenyl cohol -containing feed stream’to

someone gkilled &n Hiesart. [Preferebly, the pbenpl and kgtone precsubstantially removed
SR b 84 S Sl L B ol St o

therreastior prodycts athey then tphenddin eoppeynd2d ketone-containing compound is

%%p%k hl?t%g{ |onreact|on whil e
ractionatin nd*renovi ng the | ower boi ling point

al ky| &enzerteujar etibodithennof the predent! inventiod, dtpaktl eft the mlkylphenyl

éﬂie SheRide R bopled A i o rbatnRf REVGH bt pompound, e

thﬁ)ﬁsﬂe, 3l titg| givee PYénod kbd Baton@fin the phenolic compound-
aI henyl al cohol continues refluxing in the
B '@é/ distillation zone until being converted to

“al kyl ©ieapeily, At e ph Of GR\estiolpioduéiedhiaithg %ardi@ﬁlkﬁphenyl,

%P %&Etl i zegeé!eo provi de the heat needed for
t PHfe comgownd: QF%/PF?? derafated off dﬁ S“blected to
RytR6gehhtn, nnﬁe ?ﬁ@gélﬂﬁ&l HRamARY a9t @@fedolueNhame! PYsdnbE of a
sel e ct|V|ty of the reaction to al kyl benzene, such as
topFaabyt | nuousl y removing the product

al kyl&@@ f'b?reﬁh at | %‘e%@hmﬂs’ntsm steplof @hvieftin g'ﬁﬂcylphenyl alcohol

catal ytic d| st I react or conti nu
@athalr9q1¢1@l trosiuet| ytrgamda alpdhenzdneris cmnteth ogbMigs catalytic distillation

AR T pEaG! BNy LA A g v«
entglytic d!;tllbtxon rekdtor iptoeanfped zdneodvotagting the hlkgiphenyl Hashol-containing
Ec? Ssﬁ’ein? E}P 4 fdal P Qﬁﬂ PQJ]G%%U t.Co]c co%c%nﬂﬁﬁ%a%e 3ut a one-step

e present inventive e
M@unm—hmgmmungmmﬂionpwhﬂm fractivabtingydndcreshiosing | thatowen boiling

B R prbgtlced 5 o 0GRl %ﬁm‘%r%%ﬁﬁ{"ﬁ?e?ﬁn before it is
converted ® dhdylc@ﬂahem R dlimers ad:ﬁ/amcszlpmtgrl agsana ik unconverted
ion.s ep a sin

ctio wel | fra tio l e )
sty HeoRe, o e AR RS S S Rmg oD (i fetelytic

diktellatiog C.oHE ansli Hign, &ﬂive&éﬂcfbaﬂﬂﬁbﬁﬁbhh@@m&atﬁgchewce with heating
co trols. The conbi nailon of catalytic distillation

a eqnbetiliped tq Pegvidedhe hest needed for Bigdistillation rpactied.i on

r esulthe daﬁlﬁc@étﬂlﬁﬁmﬁ@e@éﬂoh Vhdd¥ providida@hdladvaRtage of enhancing the
satuyration of the al kenyl chain produced fromthe

wlestvinaefi thpregstiona alkylhedzennuch asquassae|by qmmwmly removing the
&HcP ARG ehRRe 9

AMAE0989AAe l ARBUNBID NS iy JARBEE) o, T

¢onBpEye | catlitic distillation operations with concurrent catalytic reaction and

fractionation of product benefit from the fact that the boiling points of the majority of
alkylphenyl alcohols are higher than those for the corresponding product alkylbenzenes.
The present inventive embodiment of dehydration/hydrogenation in a catalytic distillation
mode provides further advantages by‘lowering the required capital expenditure through



10

15

20

25

al kyl ene oxi de produced i s propyl ene oxide, the

al kyl benzene i s cunene (al so known as i -

propyl benzene) and the al kyl phenyl al cohol is cunyl
al cohol (al so known as 2-phenyl-2 10 propanol) as
illustrated in Pathway H Table 1 bel ow shows that -
cunene has a significantly | ower boiling poi nt than

bot f{]&ﬁ g’bﬂﬂ?l %Pngy‘% and@&g%]ajml ﬁét% Ichrgarcgons as well as

&mhhidn steph ﬂldoh@gwh'&ﬂﬁi Wiouttd Sephlid BYdbFenatidh fehaor with its

catal tic distillation operation, cumene is recqv

Solest aghpngy oqyipment, and conbrols-  (The @H{ba}ﬂ%l% oééatalwc
di@tmoﬁ BoRTike erte j{tfc Hdsdgehdtidh 'r&@h&?ﬁﬁ.ﬂta'ﬁ@\bbw selectmty
unconvert ed cu 15 al cohol in the catalyst bed fo

oarhdie sptusgtion drrf thanglkenyhehaindpiodnosd fami thy dehydration of the
AlicEpRaY1 alfol, 'vmoﬁ%y&fo s b,gyﬁhgtlﬁ,ﬁhpgg,mm section of

the reactor, and w Il ed out of the top
of tHAS PespetiBe cmbpdiment ofi the presenh dnvsotiony the olefineis propene, the

ﬂg?ﬁﬁ(fr éﬂm‘}?vﬂgbs&%edg%typt Str glggﬁ%%g{ rrpou%g}" @Eolknown as I-

Pepylbenzene) apd the aliryiphenyle]colivl is wnmplyl albahoh (ﬂlso?lﬁ:bwmmﬁﬂﬂlenyl-z—

ﬁ%ﬂéﬁopy@%ﬁan e\‘ﬁ&% Sﬁne 8% 1%Betow shows that cumene has a

ng@tmﬂy 1dyet -boilingqropt pimntl:mﬂeaﬁﬁ)ﬂ -akidfiol and cumene dimers, which are

d? %]I? t“ﬁ Wdlgﬁ%ngﬁygka% agzp“e‘gﬁgﬁpélgaﬁéqo ;gf;‘c Jhegefore, in the

c(atd(lj)ﬁm dmﬂ\ﬁn?ng@&ahohydﬁvhmahyis-r&cdﬂﬁeﬂ ‘,ﬁlloiirﬂihg o9&he&dd or s1dg~dravs& above
S ST B b i e Lo FONGS
z&fdheﬂinlrrme tcaﬁIytsf be&d m erﬁmf réaBﬂtﬁﬂ tAz@rbunIeBE dirAérk YlaRH@ e highest
al.cohol, .is or

lmxlm(g?% SEY It}lg bﬁﬁ%‘ﬁfﬂ% ﬁg gwéeacmr g wilj not be distilled out of the

18)y df thé\reattd?! OPNd hix@E8BN@e battom of the reactor, which may contam cumene

(gé hydr xy 2- propyl )cunene, 2- (2-hydroxy-2-propyl)
@M@Wﬁa glfom piEsemof | and t he al kyl benzene

i's rreta ortho, or para- d%ropyl) benzene, or

mxtures thereof . In a pg r__enbodi nent, the

%ﬂiﬂpﬁe yl al cohol is pgrBuiling Point at 1 Atm. Pressure, °C
- (2- hydr oxyl - 2- propyi ) genzene and t he alkylbenzene

duﬁaypﬂb(ﬁ;mdi - (1 sopropyl’) bgmpgne. AS a particuarar
—enbodi-rent

of the present] invention less than ahout

oMmEN%, 5 particularly | 493211f4n about 0.5 % and nore

Aol hétiRtele | €SS THaAN anqys_1@e 2 76 by wer giht—of

iso-propylcyclohexane 155
2-methyl-2 4-diphenylpentane 300-320
2,3-dimethyl-2,3-diphenylbutane 300-320

The alkylphenyl alcohol can also be ethylphenyl alcohol (also known as 1-
hydroxyl-1-phenyl ethane or hydroxyethylbenzene) wherein the alkylbenzene produced is
ethyl benzene. In still another specific embodiment of the present invention, the
alkylphenyl alcohol is ortho, meta, or para- di~(2-hydroxyl-2-propyl)benzene, 4- (2-
hydroxy-2-propyl) cumene, 3- (2-hydroxy-2-propyl)cumene, 2- (2-hydroxy-2-propyl)

10
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t he al kyl benzene produced is converted to al kyl

cycl ohexane (R1L CH2R2CH( cycl ohexane)), and |less than
about 0.1 % particularly less than about 0.05 % and

nore particularly less than 0.01% by wei ght of the

al kyl benzene produced is converted to side products in

the formof dieter(s) or polyner(s) of alkyl benze ne.

10 As a particul ar_enbodi nent, any heavy dieters or
pronspapersmixtured teotept and thewalkydbeagenc s metamertho, dirpsrasdi-(isopropyl)

PR LA 6 o) S R o

d"'@mﬁ“z-aﬂpwm abd)tlle @ﬂqytbfanzmelm qopropy benzene.
di st t 98‘% ol .
bloft Io}r’n“l gf e reactor cantb?btgb\#{ E%?%\X%dggoggiglﬁ‘nﬁomﬁ'o %,

paricubartyt lesm thetnrabeut (a%h, axamarp pamiowihdly leksethdnr sbotf G & cweight of

48 oSk Bvioed 5 lgten T BiCAPFR Yot 8 GRIR BB ohenaney,

atidsless| thai abont 6.01%particlaely 14k thadtabedtr0.05 % exid mBrerafﬂiilhrly less

i S PR B viahF o B RS hgsigne et comiekgt Bofigt tion in the

foutta lof disneR(d)ErRlyntddls) oNd@ityibenzddde di mers or ol i goners
can b hydro enat e% drocracked at the bottgm of the
 eact &8 3oy hegvy duners opRobrgets of alkylgenggnes, such

& QERb dﬂhéfErrﬁadEBiﬂQhé eamysu aﬁﬁna&ﬁhlmeq{av&gnﬁ er boiling points
i ncl ude 20 2, 3- di et hy phenyl butane_ an

Sy przgnes i SIPPP L Aloabels, 41 BHBe hotiom b sty istltion
1ehdtoiS 1R aint s 8P GligomdRa tHeBotibrl Bf B8 28HR1oF Efgﬂ;r?e vit H{d}%m & a part of

hydrocracki ng catal ysts for converting

the kyttore sFeameandran lortionaly be fractionated tcavcmn olkylbenzgne, alkylphenyl

t
ﬁc&op hﬁqehg&lll%n%ﬁen pe téa%%' t g cunren trllagon column; and the
stmlalry ¢rgn divagys omhggme@cmuwbwqubnﬂyézediydmgeﬂmiupg 13 fixed bed
l..0 u ul t n
5423 o S AL o 5, ORELRL e dimr o
tdimpmsman Norhyﬂrugmmadglydtdcmskeﬁaﬂtlthebmommf ém redetod.  Non-limiting
SHRAREL oL RS 50 k& i M gl e
bfbﬁaneﬂe;elll Bidﬁ)hehylﬂmt@e 280 E#Iiﬁth)lfl Y; #ﬁphdntylpentb:heYasz@Gﬁn tise Pathway
e l.ike articylar e ment of .t
§r o UiBrstysoimd Bt siauteker of SHRRR MHPORTkRe Gatalysts for
Qnilerfitg dmtees @Bqubo%z&m to ﬂEﬂbéxﬁéﬁeaﬁch afs CONVering W 3-8iméthyl-2,3-
%gﬁ H£¥ d cal c Iaggd as, t he ME|%?t of the 30 netal
o ‘*Efﬁ'g.ag G244 e tg clupeRe ipglpdn Gptafysts gpmprising
Gio0p VIN| thétal G Group B dnekdl QR Qv.’tbb&rt, paRtcalarl§ %&9 Wheprising copper,

princi pal catalytic component, alone or Wth pronoters
Péﬂﬁdl%d phafiaym and pigkel en s supaert: urifgjolimgiting illustrative examples of a

d&ﬁﬂ:drt’iﬁbﬂ&é Siliba) Sfiica-sRRAMA 4dd FeoRi] %&h gﬂtvfo%@émte R E g{ﬂﬁ&ﬁte, H-

deposited on an_acidi c support refera

Mexdgnite, hptarasglits, Fobata-zephite, ﬂémht%cﬂda'-aeoh;ed rang ethe hicg In one
Jaficar @ﬁﬁ@ﬁm@ié)to/gﬁfl% gesefu fbfveﬁt%ﬂoﬁ?é %Qagg& %Bﬁtsmcﬁa&.ﬁ Bt 0.1 %wt

are hydr ogen
to gbait Givbyt, patiiculariy frpm| aBowtd) 2 Vons dm 2 &bwi n@ctdacchwhe weight of the

rRétho%rtﬁpk%lscmﬁfﬂo&I vae%ﬂ)c of the catalyst, of Group VIII metal or a Group VIII

metal compound as principal catalytic component, alone or with promoters and modifiers

such as palladium/gold, palladium/silver, cobalt/zirconium, nickel, preferably deposited on
an acidic support which is preferably in acidic hydrogen form. The term “acidic hydrogen '
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10%to 80% particularly from30%to 70% nore
particularly from50%to 60% as the weight of the
oxi de basis the total weight of the catalyst, of a
Goup IB netal, particularly 5 on an acidic support,
nore particularly on a support in acidic hydrogen - —--
form Specific non-limting exanples of such

at gl ysts_i ncl ude catal ysts conpri sing copper, Rane
Sheany 5% 6F e TS gl et g (+) ions ( aiso known

ﬁ@pﬂérdrz‘fpi’&éﬂ?‘)”?ﬁ@ Qﬁi E&tﬁgéds‘ﬁﬁ-n ¥ contain from
(pper/03| l'ica, copper Zi nc/ al um nuni co al
L0 e B0%n partiptlarly fam) 3% tn7Garoem particularly from 50% to 60%, as the

ggilg?:adltgﬂt&g?l [ cae‘H's ?ﬁlvﬁfﬂhnfﬂhf‘l cag'% um nau% d’”fb“ particularly
o ﬁ@mé@pmporbm psmmpn Sysppars in Endmrhﬁﬁoge{o foom. Specific

nliRing PGl G gk GRINeR) otigh g, CopbpeIBle® copper, Raney
mzn, ﬁ;«pﬁé;]aﬂlohjnnmm Qﬁpﬁﬁjin? oawgﬂ/@/gmmmh ::d:ppfw:hﬁc/mcomum,
S b 0Ny e 2 R S o,
E@m&x&mmfﬁfﬂm allddifintabunBH4) GalladRai/bilicd) bﬁlﬂddﬁmﬂélﬁéﬁ—élﬁéﬁa and
e cdpper-rBRe, RIG: Riferis! Fuih 86 0k oD% prdicklarhy B 20.0% 1o

HI0s%, : Ilhal{e!pﬁﬁlclﬁfoﬁﬁg (wussm b%qtmgggza, g;glr:] ﬁdﬁ plticularly from 97.5% to

| y4 | |

flghieh. it ol wfory Plesipaly B SPO%6 8 LQSUhIbyLBEEN of dimers of
atmﬁbe(maﬁe ds adohvéréee %eﬂﬁylbé;z&ﬁcavsft ?&Mﬁeﬁeﬁmﬁ% 300°C,

or .side draw of é benzene pro uct stream

aﬁ@“laélam }%ﬁaﬁ]t%%ﬁ rendpmyote pytisnlabhrem AR3TE tgﬂ%%?m i s
fed iAY OndnimiRg AlvekatRe le ﬁ:@ %&.ﬁa&ﬂ*ﬁé aé&ygﬁa{ bed Whown as

bed. This configuration [fows t rea

Al ftiliegomnyane) eﬁopqsnmed pratraldyl imthe catalytiaatistillaon reactor at a
SIS, O S SO R APBE RGP of e o o
W‘%"Pé’&?ﬁ“@@ﬁl‘em whitecthe faed Slrm gl thé fiydrogen-containing stream is
t | t
dl e He B ;ilc% b%lg%%géatz{ln%t? on 6‘%{ a%cg’ gllfrgtilgp[ q]]ews the feed
s¢ieayn ad hydrogen the thossdp intontha ded adtbcoh;adtr thel ealiy® Ainfdrale conditions
| |l at b t f
L0 10 GOt B o B0 S o cn
fapintotha Ic?t;ﬂ,yne distiBation yeaptor Iﬁ‘brrﬂibo{ré‘%p fcﬁ&l?tié H{sﬁl@dﬁoﬁ Bed and move
actor ccordip
R L g e TR P
catalytie ntistdltian bed brhmeafek.ylsabmwhn aoCH @4 o ttH@ c&tﬁ@@ic bed.
tre t he hi gher. u be the entry point for th
Qeignall} s Sy pOtRGHH 09 ferd W’ﬁ@ mwlersltem?ﬁw@@weé seffording to
mmaaiuau&abﬂiwtfeaa diesrh] 4.5 ahd BIhGSRE E&{ceﬁlﬁﬁwﬁ&f MUt Bkyiphenyl
rIe of fromO0.0l nefer to 20 meters
a%aﬁ? iR ﬁﬁeé?qd;ﬁtrﬁ%rﬂmhlsh%? aill bethe gnigppaintdor the deed stesny hA non-
ligfild i0MRttide SRDle IrA sRRDIBANR di NG RAE kG Hag bl %(ut&r (ﬁ%}aeter

g meter to 100 neters. The catal yst packing 1s o
frpm G tlemeter to 0 amdtashy apd pstioulaslyt fram O mesergh 1 nesters; and a height

£i081 B Yieles t&bo@tﬂlétér@tah@ gﬂaﬂmm é%Y& o etBrs.

sufficient surface ar or “cat aI contact, and
ef f eEhg vwlystfnaal@ﬂg asnof $u¢g | msuns@do Iadian:apdl,lmt Sow Abroagh the

cArd bidtinliBg vid, WAL [Jﬂ)tvid‘.ﬁfg LEFFRLE 5urbll€ area for catalytic contact, and

effectively fractionating the reaction products. Asa non-limiting illustrative example, the
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12 catal ysts can be filled/loaded into a plurality of
trays/ baffl es/ packings, and the |ike, designed to
provi de sufficient fractionation nechanists, and
maintained in a fl ooded state as the liquid in the
reactor passes down through the trays/baffles/packing.
to the lower trays/packings/baf les in the catalytic
distillation_zone. The material is then fractionated

GHalpsts ran |bs\Elled(lpaded Juto & plurality, i traysbafflesipackingsn and dhe like,
Hewed tdPovial dhifikientRittibhstioR mechdnftis 2RA pdoiddfiSed in laBHded stats

cat al yst are enpl oyed bel ow the catalytic distillation

p et quid Wp%\rea%mﬁm idgwn thasrgh tmetr&s@/aeiﬂa#papkmdto the lower
%ﬁﬂdgﬁ,ﬁ I
E? yl benzene di m=:r(c Sﬁ Hﬂgg@?ﬁé us riﬁgtmﬁf:ﬁ%ﬁﬁa@%axedon

thekyawsnetroy 28 dohal canyentional |fract1¢mhomotpwcm apuoﬂaﬁy, additional

SEARhDE s W LAEP 0 oo gl e BB A o

e mpattaabmwnbhgm reactanta tand yprochmtsr aspecially) defween alkylphenyl
he ca di sti,l| at r

RR0EE A By hS o B Dlcfig i s Redudibe wSRLE alcool content in
thle bottarh f mesreuctbr amhfdtbgealaﬁd) telresidiml prodidt Bhiednt ¥s feed stream to
ﬁlgnta ted WI{ #’:at al st I aded |n@£¥lﬁe cat tte(Ped

ot Ve fimids °§P *N%?f S OB ‘étm%sh eed stream to
thervaulyne rdistiflafidrofehéton adritAfing m%lj]eﬁwhlh ¢ Réhclaf@flkchiPRenyl alcohols,

turelntg(ﬁﬁlxedctal St the | ower. boiling
e

b e ey t¢4 Vith b eatalyst Igaded in ynaatalyst bed
ﬁxfh”&%ﬁmtdhﬁﬂﬁlﬁin%%ﬁbn ﬂﬁﬁsmﬁ'&nﬁﬁﬁnﬂ)ﬁﬁ@ﬁ%ﬁﬁﬁg% Rsidigl reaction

(usuall t he. naj orlt he overhead or sSide draw

IEre n e fixed @Fa}@t %be loyier beilineg gllofibenaenes,isueh as cumene,
PO URVRE thritgh i JQ B FLE Bids ARd aRNe Jeﬁ.ﬁtag Qggltt WE‘ ajority) of

concurrently over the fixed cata

ke W@éeaésorkﬁ&ehdre\ataapxps&e aptalyst bedi ITMhyamasmimlngacnm (coupled

1 SRR Rt hr RERSHRly oI8E e REFERAEH bea, which

gerives 198 botht edtalust ab@ dlistitlatidnnpRBing dntthe tataliytit distiBation reactor. The

IRl RS WL Ak By efyehty BV iy Mt oo b i

@lnteeh Wltbethz emnbdystiforc bomnis;onemtos tallaylhenzeaelsMbmt of aid alkyiphenyl

t | k t
UEHFER| B} Spligrles BBRR ool Bt oY S cfoh o Papsgpty and are
mdmnqty dlyéﬂgﬁhttdﬂotd:lbyih@tz&i&g tih cthel lca:hlbrkﬂ Bedi Opticealsy, ta@dmonal

BF it BnBhes Bho BEVRGRG At 6" Bovite e of
a’llhkbdnbﬁﬁzel‘lﬁ ot toResidat @lawst copglisimgn abmghe%uﬁdeﬁ@anon of

oxj datign _step for meking

¢
a@f‘ﬁkﬂ“ﬁ%’i&‘rz éﬁ%?&?&ﬁ?ﬁb@? B e 6 erled ook docers ig ac¥ @ pxidation

stépe foy amBking | AR EAE NBritdpedx Rl I RANDUE 3N dBRatstl) Sep. t Phé same
q%gl?o gen and/or wat er ‘'separation step to recover

HEERTih Flrgam Catnds sublRet tgch Brdrogsnegndéon dmsgt jeperationystep to
1860vethiird dan Abd/oN EbnRNE Mhe de%%‘& BafRs aﬁ@l)fc mal odﬁé@%ﬁﬁ drﬁﬂgjagent

then returned to the catalytic disti n reactor
sggbgsemph@ﬂg(ﬁlqyg@,agn? dhenjysamted to fthy ¢atadytic distillation reactor above the

dggwgygéidgfﬁf infrhe At rRRpurtRGBh “HHePRRARR el GE 0N B8 %al 38 oP§ high

enough purity to be sold as is on the market or can be recycled for reuse in making
alkylbenzene hydroperoxide. The overhead or side draw, optionally having water and
hydrogen removed, comprises from 90 % to 100 %, particularly from 98 % to 100 % and
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enough purity to be sold as is on the market or can be

recycled for reuse in making alkyl benzene

hydr oper oxi de. The overhead or side draw, optionally

havi ng water and hydrogen renoved, conprises from 90

%to 100 % particularly from98 %to 100 % and 13

nore particularly from99.5 %to 100 percent by wei ght
from,0O %to 10 ;/?, particularly from

enzene,
@%Hﬂﬁyﬂﬁﬂér Tromy %> %o ol Q9-pergeat nwright;of sikyibeszang; fom 0 % to 10
pﬁ'ﬁﬁi}a.rﬁzyﬁ-diﬁ 09k to ¥, a@d TuteaRiRMlari 5681 ®% to 1ep%§ceaiwwgm of

% particularly less than 1 % nore

%Hflﬂeem algahgl, llesg Mtah%m S patisuladly lesy than ) Speingretpagicularly less
gf%ﬂ and %?%Wp rti C%JI*%? %?g%% (§w'i/f'%ercenl);lg‘?srmm1

|a§¢1tm€t§¢ pattivalady dﬁSGhﬁlg@ﬁePM byaWhghtb%m ot oligomers of

S, 0S50 1y o 2

mtbyywﬂdtt@iaikﬂcyﬂﬁmxm feed stream conprising cunyl

al co the resent tic tillation
reacﬁgﬂr‘&et hfg&gver e&‘é‘“% S Wﬂr'g?ﬁ%g o’\?éfeq ﬁ%%lawﬁf%t“wym
Cbﬁdlatlaf teactor;, ke overimadhbr side drd® abedecthe astallystrbellydtted GRremoval of

USRS B i 8 00 PIRG4S SR 100
qnﬂm:mmparﬁmlax@ (311 9%6 0;5 :um)g pe}fcéﬂmngdi@t abawt&en% i£>om Wto about 10
artlL C m %to 9 an re particul arl
rﬁfﬁwﬂa@bﬁé&%&{’ f ot W%#’@q‘wﬂw e e tayl pgrreRt bY weight of
duﬁﬁfB albdtad] 18ss Yhan%, R&ubﬁsdwleés&% 1 B@ncke f(ﬂrtlgiﬁﬁx‘?y leﬁs thal% about

rt [ arly. |l ess than about per cen I ght
“ﬁJéY Wﬁgh‘s?fﬂl&qém@ﬂ%’r%ahssébmbost 36, pamcularly less than 1
m,amtd ﬁi&@blzﬂimﬂﬁ@ﬁ 1dsH Qﬁhnloi ? WRER &}%Liefsubxaaiﬁ%:mers of

| ess than O. percent rs or oll

CBF‘en%uFFéﬁ@anl%és Peigyiasty %ss ﬁupth Y.l lond mpre eg@cnlhémlqs than 0.2
p%ﬁgntfﬂirvﬁ‘mﬁﬁbﬂssﬁ%i}l& 1d than 0.2 percent by wei ght

of |so§@ EM eXane. thout limting the scope of
t he NYithoa tinge thei soopeiaf the presspb dodntidnatit tis eroposed that the

per-1all ss_of, the
nﬁgsent ﬁ%}r %@gécs? I's t ﬁe co&gé)gfé%tpﬁ%éﬁxtﬁ Sess 5 dhe,gPFasation of a
pettiond the lejkyhkenyl akblal albanybleh:&ng&bh&mmg efapmtmlthe m@actxon

T NN T
thmtv equaalheevcen rthe rlﬁﬂmgem atddle MkénMﬂzﬁlb,esdthddsO@lpﬁh-methyl

bR DR S S O BB o A i o

alkyrﬂylb@emh on of the side chains of al kenyl benzene.
nt, a reflux condenser is

i ncﬁgﬁ@dgz’%ﬂf“h “@{‘)’g‘ggﬁ’)d“lﬂ? ux condepser is;inclpded, i thersystem. The

| rﬁllﬁrraﬁdl&nrvaiy%v@f thd r4t® o2010120: 1. NRfrALiks, B hikle rztﬁogﬁ@’ be used to

be used to conpensate for a short cat al

%‘BBC“S?‘%% ofnSROtE icafplye Yed. iR equmgreiab sige aipitnl 3y g @sz's bed is

normally provided, and lower reflux ratios and hence higher unit productivity is usually
obtained. ‘

The temperature in the catalytic distillation reactor is determined by the bdiling
point of the alkyl benzene at any given pressure. The distillation reactor is operated at a

pressure such that the reaction mixture is boiling in the bed of catalyst. Generally, pressure
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normal Iy provided, and |ower reflux ratios and hence

hi gher unit productivity is usually obtained. 30 The
tenperature in the catalytic distillation reactor is
determined by the boiling point of the alkyl benzene

at any given pressure. The distillation reactor is -
operated at a pressure such that the reaction mxture
i.s_boiling in the bed of catalyst Gbnerally, pressure
e gange o0 peig lo 490 peig AR PercmpIRyed: pertisulsly SomdhpaigpddO psig (or
Rarottagshl arly fromO psig to 140 prig (or 1-10 bars).

For the conversion of a cunyl al cohol -containing feed

st r eafi9r theonyewsion af @ qwmyl pleobol-centaining feed streambe prsissyre can be

B0 5 040 g 308 1310 %% B iy fom o

pigite 14{hpkig @ll‘ dodd hapalt lteunmmwdhdt smatnaimdﬂat aﬂam IIB|415@ °Cat0
B 92} o 600 o 8 R GG 3B 8. 01 v
nonlipitingt qxngpbx theygresentt precess eperates m octrad ppsane delowt 50 psig.
PIREHIA0 P PERY T ol i e 0 PGP i anmeRie to provent
nmmmdambymertzatnqm mtmmmmﬂtsaebtﬂwy YHEHE aaﬁmm Aﬁd;oapo psig

er sel ect vi can b achleved At a
LSI P Lﬁléerﬁ Pf)‘% t'tf’ﬂ’e° fithe fractar iy E'Ethﬁlh%oo °C,
Mdlmlt@t 5% q@atmwap Qind i150 f z;.tloec ih BRtaAOfic disti A 26h0 IBe feed

tp nd 150 to 210 Cin the catalytic
tPight ity Bhare Dalost B2 ZiRY YAt SHFF 276U Mo GBS aMIin the ofher
sclditivh ipiraflleRY nd & bédFor 0Y 96 alibuy €6 gaamoaﬁﬂ_t, FBEE0. wt& E hifbrs per

he ot er, congdj tion paraneters, can fromO

TapGHE Va5 usphhersip, megns thenyoy meexht of fsedparihoar entgsiog the reaction
BigtiltatioN HRMor 5 ubi® S/ighedrebillysi TR RS edda, UNi t wei ght of

feed per hour entering the“reaction 15 distillation
r eactt apeillugiyative \qxpmgple, dfe tesidanly prodiet sttesny éalc torthe Astalytic

ﬁﬁhlla'tll)ﬁ‘&t Hlinsg r&?li@fgﬂk g?rdrﬁ%‘ﬁfﬂo%sdoﬁﬂﬁlls f@&gg%{g lgbr - Patticularly

fed to the cata ation or
frexa &t Griof 18r Yoh gmik mgmtmhﬂmfmmum% fio' 40n%4 byowteight GO aﬂéylphenyl

Qf%lm ‘{%@5 Wto fgfofo 'Bbaﬁuc{?ahg fq&o% %{9 AF% % %’1 Are 'ag@ﬂ@qr vfrom 60

Yorto RY% byoweight of alikylpeozernies fromr0l 8 t6 mma aﬁm%lamr £6m%h % a8l %, and

rly fr 0._20. %
1Bl SRRl o] 0 Yo Ll P B waigne e Shenyumabndiod Boptd 6 1,25 %,
Hadticslatky ffuml OK%Dmer (o &, tand uuim lpyrfu‘cﬁm% (&03%; 00/205 gé Byby weight of
en enzen a rom ()
a\j@"?"“% &\Y?'S? %’-ﬁ? A5 SCI%Hg@tfaam exirRle ghp P%‘é}lé&qﬂgbodlmmt
cff r thenpteséfi tlﬁvdﬁhaﬁ, e mﬁ@]@t p@ﬁlllclt %&tkaﬁﬂ lt REN3ane hydrogenfanon reactor
er I T1LC_I ustrati ve exa
e BT YR 100t BRECUIHY i 5 2 2o P, ST Rsvtculaply from 10
% &5 40k dly waighdluCduns)) aREKY; ﬁ&ﬂotemé diye%fyﬁﬁart | Cu? F % t0 95 %,

actor 25 ¢ ntains from1l %to 100 9
4 grigrs, efticplarly fogm SR Je e 98 éc;‘?}t peighted 9mn¢n@mﬁm 0 % to 20 %,

particularly from 0 % to 5 %, and more particularly from 0 % to 1 % by weight of alpha-
methyl styrene; from 0 % to 5 weight percent of ethyl benzene; from 0 % to 5 weight

percent of di-, tri-isopropyl benzene, ethyl benzene, propyl-benzene, ethyl-isopropyl
benzene, etc., or mixtures thereof; and from 0 % to 25 %, particularly from 0 % to 10 %,
and more particularly from 0 % to 5 % by weight of cumene peroxide.
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%to 40% by wei ght of cunyl alcohol; fromO %to 99 %
particularly from25 %to 95 % and nore particularly
from60 %to 90 % by wei ght of cunene; fromO %to 20
% particularly fromO %to 5 % and nore
particularly fromO %to 1 % by weight of alpha-- -

nmet hyl styrene; fromO %to 5 wei ght percent of et hyI

benzene; fromO %to 5 weight 30 percent of di-
tri 1B Whtse o504 Srerman e by & oih 38 & el product

S 8O Sen 7 A ol AP FIR, o1
than Shoby »mshg qucrtmqny. mmr@y%bmzeae,%tm baaieyhit pmybbenzene

;
cat aﬁ g gr st |?I at| on‘lal:[n‘émﬁ’s 15&6f5" THE Thrbdind %1 gre cycled to

react such as a resi
m@@l@m ppoxsctanexa riwdnogm;nommctm dluvu smﬂumnqﬂmﬁm rdne twendc reactions.

lg%y en g‘fﬂ%aﬁmf%&&ﬁ% ?&I%Im o ;g%g e"ﬁ‘@’, ﬁgf‘a&‘e less

mmglﬁlr use axf)ﬂie ﬂmmmcrdmgtth)the pnmm ﬁﬁﬂmdﬁﬁaiﬂﬁg are generally
€3 I £0 ar.e
cyc “3"? oﬁgéﬁ% Yo it &"’859‘ @ %x“’t &E@ oﬂf‘ﬁﬁ vSe R step () of the

prewsd of thehpresens ijitention moraeratsummdue of ‘paﬁlsd'ﬁktltuted alkylphenyls.

BRI RRRY. ol et O 196k Pl SIS R, 7 A of ellyiphenys

for @éecinl the Predess!SL e prédeBt AVARRE Sard G5ed-SlibBShiie® dr Mara-substituted

aﬁg' se i nvention, as they are generally |ess
i‘?ﬁf‘?‘??@s Preferably, at | east 80 of owt of the

al ky I efiéeRaseverl buiRSip! JT 16k Fdackive) aJEflenE&es B BE BRRes? faccording
t he resent |nvent|0n are neta-substituted or

5éh'=spr§%95'slr1m§r%dt 15| eengotiy myaferred that ¥ propese pemptises/a fugther step
Hyedhich Ok f@ﬁﬁt {}EH:P o ti@elﬁisf f&éﬁdcygﬁgbgﬁé c %p?{ﬁfd &L removed.

the al kyl use 1n th rocess o
Bsefarably; syc \Peqwsserﬁpam@pmqs aulyedbiog jat lgasy gard pf the product of step (i) to

dPF1de o %E'btut’c&grgsrmmckwﬁg %l?ﬁ@e?l #ﬁg.ﬁe R&%Hég prng@g Sog will

bui | d-u reactive a
cg@’@g.ran‘eﬁrgvely dargh emoumé o€ tebs rea@ts»ntalkyla,ryls tTlanpxedm:e carebd sent to a

Q0 S se f urt

BESIGIEEA s JUERA0ESTE 15 R ERo Tl il e Broifict can be
cainrectyd Mz@n&iucmammmmeeammmﬂpmﬁd@foe itaah pe c?wei;]led into

St { { t t

BEBSERE oGhifing A Tl i Stpk ot Lo
Sr ) ?W‘Ft hgﬁn%?ﬂtmnlslfatb ivstsBee@ljstdd) sucl;f%t thﬁlcﬂuﬁicrent to support the
ipstill.ed o Wi are|lative ar

hygrogenztion seaqtipy and, Fﬁﬂ?aSF?/%‘ EPRi Jé’“plf??&h)é?e cafbsk séﬁtle%t a
smha;mamcamﬁalﬂmlfaymgmﬂﬁrarwaso 42 lifenPIBEnARO Yo duc Irh@msmnt
I)F{qansal ¥ at I&%? unit the product can be 20 converted

Feo S ormeenon gt bropresank it thesystem tp degrivailabls for the
rd:at:tuﬁﬂrhiJ@ r!r‘oﬁfli\ﬁﬁfutl%3 Sxdni16) a SRR QOIS of BRI ’ﬁgwall_hprowded to

S|Eq%0e al kyl substituent on the aromatric grou
risvdresgn rite dhenlignidhandate) apsemmodate HhQ mamrq of fhis reaction

bgwegﬂggg%dtaq gidpport the hydrogenation reaction and
repl ace hydrogen lost fromthe catalyst. At |east a

Hydrogenation carried out in a reactor for catalytic distillation requires only a
fraction of the hydrogen partial pressure required in prior art liquid phase processes for this
type of stream, but gives the same or beiter result. Thus, the capital investment and
operating expense for the present hydrogenation process is substantially lower than prior

art processes. The lower hydrogen partial pressures allow for the use of the more active
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stoi chionetric amount of hydrogen relative to the

al kenyl benzene (produced in transient 25, before

converted to al kyl benzene) nust be present in the
systemto be available for the reaction. As a
non-limting exanple, a small excess of hydrogen flow

is provided to occlude the hydrogen into the liquid

and to acconmopdate the nature of this reaction .

BRtplyRtcat the lgwer empenaturesguithout syduholainogenatingathe aiogutio part of the
bfbdficer eactor for catalytic distillation requires only

a 30 fraction of the hydrogen partial pressure

r equi Tledpresenp catalytia distillatipni ragtion sdsopbenefits fasn theving Ithesreaction
. t o.Ql t a or.better result.
bREY soRblREly e oo, (ot Tsiieal Frgon Rty and other
Stnantdomr;])pnmﬁmb rémocted frem dle resction mh quisklyub hptassmd, 2ddhying the
. [ n, Orior. t .processes. T ower rogen ...
liEiEbod PR stbhionR. | MR e Al ghe ChisprRsnls B dolise, the
fefoperatiat WE treadtiord feconfrolsd by tHacHoiling Soint bt 1he Uhixtis! il the system
hydr ogeﬂgw he .ar gg*%i ic part of the gr oduct. The
PR _ ‘gfttwﬂa? PP AP TReRe Rethug Pubne Bopsatedn tamsperature
itr © giveD \Prddghrk. N A £ 2slit,08) gredf A4H! lof BB NGAF FRNateYofVehdlion and
illatjon, therefore, the initial reaction products

&Iﬁ%ﬁ%‘m&f Pragiugts caLbA wchispesoreguiating themistearpressein 1w, adjusting
e aAgby uZ S0 fasinc \ebittdl ¥f AodRA ARk HuBon W& 4h E%éé; Boptrol of the

l.i kel i hood of side reaction(s). Moreover,
Hifereadings Meh & Hpraatisgie grosepation; dmerration apd oligomerization. A
fuPBG UeRB¥it! tRat GRS irbdetibe Qiag %aﬂ‘x o Qit#lk@g ﬁiggl;lﬁ%? o b qualslg'ﬂ g effect

m xt ure at the syst' em essure. reac
Gatnihp jnteraluredlex porvides ¢ [theugatalyrt, therebyicodecisg polymer build up and

t LV.EF e. a_resul.t t. .

CRERUh Gty iRl iy Y vt Vhe gk W olp 26 B tiguia
justdelomithe casalyssbediwoslintillstexan be achi eved by regul ating
t he t r [e. so,. adi usting .the thrqughput
gi ve:%?ucrg ﬁ?}e&ﬁ %g%#} ' 8?’{5\{8?’ edp’rugtg% g‘?’ éxﬂ?%??‘?‘b?ﬁ"f’ﬁﬁ %’cfgfﬂipnst % both a
catadiyst) mgba disﬁﬂatir]oml(jpaoﬁng.hﬂ‘_lae pardeulste &:&ﬁiy@nﬁlaﬁﬂﬂg}:aﬁ?oe in any form,

tic.ri r.Qgenat i 0 i merizatjon an )
0 ?tg%n(% P18 a‘l’fr}? .mﬂggafsa‘?‘f?é‘?np Bﬁ'ﬂ”@? pica f"ch%}k"“f #reasquable reagtion rate.
Itreay dmi apdwden) eadlbiriegilar eliviikd bi &hgrashtd, Sniall bed@SiHdNEe like and
effect. that gg |£Itajernal reflux provides to the = .
CEER el SP-TOHInE SKERIEY 9hibe sBugtrRg of heaspiplytis distillation
bedk intindef dispasing PaiticMlate. catdls® imikibdrial Wit a 'BRYou¥ Aidke Vf Ghreen to
the range of 0.2-20 LID (wt. liquid just belowthe
coneiny e Patglyey/api Braderfimilten surtopes in Ahesfogm of = metecma structure,
sREPbo ) Brd Mebth BiblMe ERGARE o Uty Rt Qfimildr %&E&h&[}ﬁ% in also be a

oth a catalyst and a distillation packing.

%io{ss @E?P’a’f‘@dé’&flbﬂﬁﬂ toprlep materiak apclbes steinlssystéedwire mesh, filled
vt & phiicRla@ cabil iR MithiSd @g@éﬁﬁg %fa.l%é’]lésf biffh@ Q;%t&ﬁ)#{ gtﬁl%ﬁlr% can be
| rate. may bé

area to all ow a reasonabl e react

- Pat INgB.| 5,36615¢ 644,242, 5301443, 350, dndAgage, smal |
beadngRthdbtohydtdsEndiB catalyst may be used. As an illustrative embodiment of

the present invention, the hydrogenation catalyst comprises a metal on a solid carrier which

metal catalyses hydrogenation. In one particular embodiment of the present invention, the
catalyst comprises from about 0.1 % to about 5 %wt, particularly from about 0.2 % to 2
%wt, of Group VIII metal or a Group VIII metal compound as principal catalytic
component, alone or with promoters and modifiers such as palladium/gold,
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conpositions thereof. Non-limting exanples of the
structure of the catalytic distillation beds include
di sposing particulate catalyst material within a
porous plate or screen to contain the catalyst and
provide distillation surfaces in the formof a wre
mesh structure, such as a wire nesh tubular structure
o yother simlar structure. It can also be a 25

‘E‘V@ veg ot WW‘%@%SWM depasitedopit o8 supporthsuch as
o Qs ool oyl iEmfiE e bk, fibhica bhehor il ilicp-olumine,

partl cul ate catal‘gl C rmterl al .
gabjes resimar (g likee Ona rilhistativecxamipliervt . sBitabiRntatalidirsmaterial

%éé }1 ?%génatg?gﬁlﬁg}?@alp?é%abr}gw})g ??4€87 ‘%& i ed on an

mr@matmnppm enedouhi susht asoflumink ccagvons eedlitd (3vehn bd beﬂe*nite or H-

AP LOR. I i, 050 T 5 o) o

H&Ppabbxtwwsﬁ@mmmdof t he present |nvent| on,

thec r om_about 0.1 %to about 5

B Bt oS BB U Broarmt v amtion Broup B apealpof the
mﬂdmmm oﬁﬁlerﬁelﬁ Quh alcbppeRlrethsed QIR WRRCIAR dafame \cBbonent,
atal |,one or W|th prormters and
ﬁ% ““Ba‘?“?‘gﬁf’rérﬁ-‘ ¢fb pg) chromjum, zinc, zirconium, aluminum,
magde&dmu Blrdre |eh‘.mi mea Gibliy Y GBI T, rﬂaﬁi&ﬁiaﬂ% RioRE SEpBiYd on a

de osntg? n a support such as zeolit

dgqggq,aé@n he, Gronp, 1B metatgentairing matﬂw@ preferabbngontain
m&moafo 10580 96 Par@uiéHy Fom 36 ‘%{o%‘% Ik g%IFxZ?h'QIP%{O ‘J{;I?o 60 %,

ke. One illustrative exa

4’?&1?1% eight of dheppxide basimathe weight dﬁtbg rcawst ad Iau@Ioup IB metal,

/o 0 t r
appr opr i gl%/g ﬁﬁr?sorﬁr%%fﬁgfn S u%alé‘ggﬂlgs l%cé‘i“%o?f’mmm‘any
Haiabile eonpsuien siies MSALIENTE 66 dhavisg Mproidmitely) SOWt.5% bf 6abper on

TR BOLER s AR S RARE R GARD hnsBRE 18, S i?hm copper

ohrosgite Malrﬂt.r@-rﬂﬁa pbtainable froenBadi cnaniesamf CilZe/ 781 REB8t prepared
| I he . Perj.odi ¢ bI e of
oL Bompld 340 UF G SzBushiomt HE' e Gommsipes of these
ceuiyatswan else bem@da‘illcb cathfysta wenefotnd i gvl?b #Yo8 FEHURE &t 1BRGvely low
Jomodi such um zinc,. zi rconl um al um num
RS B S8 Tbrdiniting ibeitva cobaitisaapt of fhe Briseet Gyention, in the
stapcof comartirigcalitylsteny] taloB6 15 W%ﬁ&ﬂe,%s@cat&l?ﬁt& B, ef&%l used
aﬁ%r?a%%gﬁt [ gg?]‘_PTheoC %§ﬂ | B et al - contai ni hg cat al yst
APH °C e 210 °Co Suh estabptomayremprise from| Sypercent by
welightts B0 %pekRnt! By r l r f
i g /@ nt’ By Weidh®! QiR &u%la 8" dxYae %g@t E}g t]o/?ai gvefﬁglf of the

% aste t of the oxide SIS t
cgiplystnef coppen §‘§‘g“=f grehecatalystsprafe@blysontain fidn fbapercena bawleight to

80 PerRerdt ByRRYignt, ﬂTafeﬁQ?fﬂefo!xﬂe lefﬁlIxJ t"bl{ai %glﬁﬁt)s(q% cg.?alyst of zinc.

|nclude conmer ci a e copper
Acpartigulariexamplg @6 tt(elmtaﬂysgcmmal&mmﬁﬂqicgceﬁ%wﬁ/e@htaﬁ 80 percent by

i R LG T M—

percent by weight to 80 percent by weight, calculated as the oxide, basis the total weight of

the catalyst, of zinc, and from 0.1 percent by weight to 20 percent by weight, calculated as
the oxide, basis the total weight of the catalyst, of rare earth. A further preferred catalyst
cont.ains from 10 percent by weight to 80 percent by weight, calculated as the oxide, basis
the total weight of the catalyst, of copper, from 10 percent by weight to 80 percent by
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chromte catal yst, G 22/2, obtainable from Sud Chem e;
and Cu/ Zn/ Zr catal yst prepared according Exanple 3 of
US patent 5,475,159; and the |ike. Conbinations of
these 20 catal ysts can also be used. Such catalysts
were found to give good results at relatively low - .
tenperature. In one non-limting illustrative

enbodi ment of the present |nvent| on in the  ste
v x5 eges e o By e RC, ?‘rﬂeé@w%

by weipBe basib tﬁa tRAPRE tuéietbefcatal of
rom%o Eﬁt{o 25 Su%,h cat al %‘ms may cogﬁrl se fr ySt’

Boyas behtﬁlﬁber m Welght to 80 percent
0§ 5, 8 i 0 Py AR ot

1p patent b wyxghbhtsaummtdmm@nmh@d bg/thmmgmbwe thegotal weight

of G e o 54 S i 30 b B et Vo e

tatalowgiplet aff the loatalyst; af mmtmmfmm@cwwmm@ from 10

Pgl%lﬂg gt “%%g?@ Wb&ﬁ glc g lg{&geeu?%e 81 weight of
tlfwraﬂsfst, o&‘wpﬁeﬂ,c’&onpeo p&aént by wwgmm 80 perBént pervosdettt, dajculated as

cu ed X|de basi s
i basts The i ot af e Eataatt, o zints B ¥ sl weiht to 30
pErBér &yt whight)Bhdd thet ©tal Ovefiht OF fitie &ualya,l ghiircosiiuhs; Wndtfidn 0.05
as the oxjde, basis the total wei f t.he catal

PERent VG WERY 9, S0\ PRTSPRHY, WSt MBS, et yeight G e LgRLys, of
ﬁmm&oma%ﬂﬁa%féﬁw Batalw o%ﬁmﬁ@rﬂacﬁﬂtmbperwat giatwelght to 80

cal cul ated as the oxid the total weig

pemgent @at“@vs}aétcal%lﬁteé eﬁﬁ@romqef ‘eﬂﬁﬁsi‘@ tofgb Peight offhe Wé#lgﬁtnoftcgpper,
i3 RESEGRE bPei rﬁ@% t ty Akt Adafeitlia® ds e GRid Basis the total

basi & the total gy of the catal yst, of zinc, and

weigbheithe 5ata1p;@r @feemc m @ Lprrcenbb3weighl f@é’aQtPeWnW \gﬂght, basis

h I
ﬂ%aﬁur t"{wﬂ?ﬂ er r e cg{ a %%ﬁ%%%gl%bzﬁforlg%rfg{ erce to 20
pbyem&ymglﬁocmlq@@i wethe oxidy, basisghe fotal areight of & wlrﬂheof rare

de, basis the total weight of the catal yst, of
copper, fromb5 10 percent by weight to 80 percent by
wei gffhe cealystuinathe catalytit ldistilatioiezonb asn. be rédmced)y tpadpared and pre-

{5 8 B K3l Sl 0l A s et e
e e o
i e L pibien &8 § enpemtire of Agotposd TIELAM o hid T BF rom

mﬁus*cttb @b&@twlc*cv\ﬁr@dmar@fﬁon& Bisbu€ @Baty@tabomfs @m@tmute while
from 10 percent ht to 80 ag{t?rcent

AU AOANOOIE TORPpHD. 195 e ey o OA 0- QBt i yogen in
nftfb%er?ﬁta%t‘é of 1-2@6 sﬁbdnﬁcallg Q@G‘IQHP%Q Eathl &tls le\%ﬁ't&l:&iuéeoat 150-

ercent asis the tota he

by we
18,%1 oy 4110 }mﬂrszqnﬂéhﬁmtbwhy@mquomwtonolge mﬁez@exmdowed every 1-5

| rge 0 |
hg@%?l%{él glgtgg?yst?,mog}m% u %gm% {&nq%ah)%?urt er pr e ercrg{eéI tis
redaces| fps e finghons tostiverlomr périqieandethen tnpledewhyle muintaging gas flow.

A?i%{ &F(ﬂ%é %ﬁlﬁgp ishcaﬁgédcwu%t@gxf gllo%fmég% ¥ 'tod&ter%a'tﬁe é:ﬂ%low is

stopped. The reactor is opened in a nitrogen filled env:ronment and the catalyst and silicon

carbide are separated by screen sieve.
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15 from 10 percent by weight to 80 percent by weight,
cal cul ated as the oxide, basis the total weight of
the catalyst, of zinc, fromO0.05 percent by weight to
30 percent by weight, basis the total weight of the
cat al yst —of magnesium and from 0.1 percent by wei ght
to 20 percent by weight, calculated as the oxide,
basis the total weight of the catalyst, of r

car t Hhe B 0Theshc purtielos, of periusssk. cHilys prepied iyt | sprpgpputioned
pﬁ%gcﬁl{% ?1% 19&:1@&%%6‘38% S Borbhpladri s¥bL th R \istillation

ow ng non-Timting tllustrative procedure. A
resboaintitrogendilled kedronment. Glastwoolivan alap b bistl FaFEPYT Hhe catalyst

0. Gz h., . j i | :
pg‘@glﬁ‘i’:gg" nﬁ?%%tdlognk{gm@ %}éae% aiéa| ysrﬁ 8ltggl!lrt I'C a&% ttso@ﬂ;‘igl\ll tin 2 pre_ssm_'e
betereRe0-350 psig,atypically betheat 0-150pd S0 Theflovaratedis edjgsted fogpsintain

b 1 Ct baut 10 C. t i;cul . t
S i, groouitcof g fpairef Pt BEi{o) o QILARR A e froam
cﬁﬂtgiﬁﬂ@%kﬁphkﬁ’ﬁ Sehol, fsuctahd y stdam) t:cfnﬂziﬁiﬂ&ﬁée.g.lm_oﬁm_jght %) of 2-

rogen in  nitrogen at. ate - Speci
phbagh S roencirioginyh APRRLE T dod e iy aTton /BRI Bl the
ct&zﬁﬁﬁ l;e?& 'ﬁhel&tlhﬁia'ée‘étéflﬂgf b a&mnﬁmﬂmﬁmgﬁ riowant B??] aitweater and
€ nitrogen is doubl ed every 1- Qurs yntil.the ga
theg. tho TeFIPaRe; 1 e Youp.the AL, B gB Abe PR JEgrRoR zone
Jﬁtﬁnﬁ%t @Bk Yeilalys® IR H8Hink Qllkcytoenbdid] m@heast Qunlidn¢eadtbwater are

eriod and tHen cool ed while maintainin s, flow 30
dhetiled owdim fhy, top kb the calumsy Additiena) ﬁ_@‘&leF%H Hsphcl pisharg cvmyl
affdNo1ohtainthe e, ﬂ.rbgnﬁtnﬁlé ml?ﬁ&ie&lvﬁm d Sight hORP efbessIHhydrogen to

reactor-1s opened in rogen filled environnent an

repiieecthe atpunt ofralkdphenilosicohehrssrkies syylsipphehttaa ipgonverted to
aﬁé)tib%ﬁ%n?,' ﬁl\éﬁaslc%m}tl ﬁpﬁ&sﬂ@mfﬁarﬁbgﬁ Hhzen€ Prscet, such as
cdatalyst, y e afo

prepare re-nmentioned procedure

camend, eadlycseparatos fronk the dpuet watenphesofIt froprsiegally dried fypther with

sagreen in a digtillat . | ' e i

TR e o ik oA it B 1R, Biciblo iy Suck b Ben,

priducedlia laypstity fandre thae 98 witfd prfeably awrd thamfRiwtios Na measurable
eqyl at.or to the apparatus,t.o i.nt a0 e

WeiheEn ekl it & ] A Rur BT b S5 WSy mytbcnzene,

shE¥e ad Elﬁﬂ‘énéﬁﬁgidcﬁ WihgnUddsizeti, tie bmiom;adan betreinowedf bhptionally diluted

anmount of hydrogen fequjr.e or the reactjon "

it WS §E0t P b e, ARG I Rk Adgigpnal aliot

heabGhich Sathead a Stream containing (e.g.10-40 wei ght

% of 2- phenyl.-2-pragpanol (cunyl a] cphol is fed,.

! o Astrne oIl PO SRRats BRI Sarpa ip Sred

RAdS0de WhRP Lo e cdidtatia, ihfotdh St dakdigtic distillaéiae hwde can be

I's lTowered into a heater and 10 then the tergperature £ fron
ysgd which semprisep contprting repgtion prafich ¥ad hyfrogepat 2 temperature of from

ﬂiogbi thla3h L@,H:ééfgxl%ﬁr;;/:ogrﬁom °CCBNLAPE] et oM ¥60L°C to 2800

ower bolli enzene, such as cunené, and water
QY. Srefithbty of B8eh Taotod f01Botg 2t pREsurd16f Rt 100 x 105 N/m?,

-Addi ti onal al kyl phenyl al cohal , sgch as a cunyl
m~,

more preferably of from 0.1 to 50x 105 N/ most preferably of from 0.1 to

30 x 109 N/m2. The ratio (mol/mol) of hydrogen to alkylphenyl alcohol contacted with the
catalyst is preferably at least 0.5, more preferably at least 1.0, most preferably at least 1.4.
After hydrogenation, the hydrogenated product comprising alkylbenzene, such as

cumene or di-isopropylbenzene, can be recycled for reuse in totality or in part. If only part
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al cohol -containing stream is continually added with a
slight nolar excess of hydrogen to replace the anount

of al kyl phenyl al cohol, such as cunyl alcohol, that is
converted to 15 al kyl benzene, such as cunene, and
distill.ed off. The al kyl benzene product, such as

cunene, easily separates fromthe denser water phase.

It is optionally dried further with nolecul ar sieves

of thet hydrogenntedogrioduct] isyfecysles thet desiréfhfeactibk parbbn separsted off in any

e A

al kyl 'fb’hmmybntﬂahomllcﬂe Illmatedaﬂ the! followdr geitinsntati¢e< ©mBddiments which
S d,in the aIk ben ene, nmene
B pibraiea bf diSamatyel nigpcs Bihction Tead o iy e SeBe of the

Qﬁtahﬁiﬁaéﬂu}bndl luted wth cumsne and sent to a fi xed

bed hydrogenation reactor to nake additional alkyl

benzene, such as cunene. As one non-limting

particul ar enmbodi ment anhawitive PadRARidndN treatment in a
fixed bed node w thout concurrent distillation, i.e.
not in a catalytlc dlstlllatlon node can be 25 used

ferably of from 140 Cto 300 C, preferably of from

; ﬁg ?ﬁ@%@?g@téorg a v?%ag’l:z%f%l%{ Oc%ﬁﬁ%gﬂﬁﬁ%oonzﬁﬁcacwlﬁch was

prepared aﬂadeycrdared i rbnﬁsamlc ecosﬁhng to @ige thiiching ofiBB1A-345856.

Pt erahlel ok b 2t OB R 8L oo

nm@h@dh@mﬂﬁmnaﬁamyﬂb3m£Uﬁnbﬁewab59 at least 0.5, nDre

pref e st 1. nost erably a t 4.,
Af t erﬁ %’g“d‘?%’g”é‘ﬁé‘f‘ ygl?‘f%gmﬁ%r g&% dP&fmg 3 hours air was
bubbbedi i iah thedloktyin i tixecreactors leating at the lidipemhe) Feactor. The reactor was

di-i ro Ibenzen can.be r ed for reu 0

crste PRI FROG he FEseu profint bigisd GonipREs 28 Yowt of cumene
hiydisegedd, 01%wt ofltidhent Snd 2 940 |of ehrthe@nipohdsed fraction

' known to be suitable

can be separated off ip, any
to soﬁefaﬁfgwgkm% Goptaing abqut éll'l%’li Hy EREIER PRl ol (pf cumene
hydrw:@deedamedt foea tabtoP Bbhisinink | thé feaH | ma&péatalﬁat &scnbed
%l are provided faor illustrative pur%oses onl %/

%e A temperalERRf 400C) Ostene pxide Wagyparaied pHl thet 55 Yowt
SMNERkrcOhhs chiveted i dotdhe BRI NeNts 1l lustrative
Enbodi ment |- Production of Al kylene Oxide and Cunvl

B:-cohol 10 IA The epoxi dation catal yst was a

cat alpisdy SRALEIZB Shd fécgﬁédﬁ E@h@eﬂmé QRraMIGE YBSictor. During 8

frepared as described 1 e according to the
Q% BT Yeps Gabliwl inagths $5%om of the reactor leaving at the top of the reactor, The

reactor was cooled during the reaction due to the exothermic nature of the oxidation. The

reaction product obtained contained 10 %wt of ethyl benzene hydroperoxide, 88 %wt of
ethylbenzene and 2 %wt of further compounds.

A reaction mixture containing about 6 mol of 1-octene per mol of ethylbenzene
hydroperoxide was fed to a reactor containing the fresh epoxidation catalyst described in
Example 1 at a temperature of 40 °C. Octene oxide was separated off. It was found that 41

%wt of 1-octene was converted into octene oxide,
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The hydrogenation catal yst was a catal yst contai ni ng
copper, zinc and zirconium prepared according to
Exanpl e 3 of US- A-5, 475,159. 15 Fresh cunene and
recycled cunene are fed to a reactor. During 8 hours,

~air was bubbled in at the bottom of the reactor,

|l eaving at the top of the reactor. The reactor was
cool ed during the reactl on. The reacti on roduct

. urther'conpounds
‘ about 6 nDI of 1-octene

%‘Ff é‘gp nata"%% e %ﬂéﬂ% 480%&9%?{64:5%ud Chemie is
ﬁmh&e piacssa uaingt thd fbﬂéwmkt pmaslufeommrdtuehemalsﬁc odistillatin mode

1-octene was converted i nto octene oxide. |B. Fresh
B‘gﬁzene and recycl ed et hyl benzene were fed to a

L eactmve F@fsi TS cgamjaloness capper mﬁmlltuab&)kﬂykf t i( Bt tables) was
ottom o tor eavi at e to t,

Fshed Gpd sizpintq 620 mesh padicles, cits @{}Pﬁ hifi Etﬁ grpas of 80
Rledh difoh REHAKALA Qérred fiide raQSQQ:En Ioﬁg sﬁiﬂl&@&tbél&eacﬁi\ €ube between
reactl on product qbtai ned contain bt of

brdn 2E RQ mesty Sip@dglass ook FThespactor m%@thf@ BB %ﬂ?f 1.5cm.
Y cdiyd t%Jshs%w ?%&H&' i§- he@uﬁgeﬂxetdaﬁ!ys{‘b&h%@ at a rate of 3°C per

contalnlng 1-octene

@!ﬂﬁ‘}q fixan 207 to 1§@°¢1y«@r1@ ﬂemﬂa@ Wade g geg uam,tr@g@% g rate of 10
TTx@ E%&g% NGas! dif69/8d &P Q&u@?i %‘P@afof‘ bYithurd 8RCHkP @ hydrogen

a tenperature o Cct ene oxi de was

wpmt i theinitrogen wes doubledl overd 2t11¢al's wnﬁl thesges whs 1.2 3¢ Rydrogen in

ﬁﬁg%e&?%ﬁ%é%gfy%%n stﬁﬁ ong‘{‘ él %&‘ cohg?h:'dWhlle

in@inGoyimg gas| ﬂloﬂPr&fparcaohng] tlmf remcm w@ecmgp@cbwnmmt allywing Ray air to

ratd on. of
E‘gﬁ gPyEF ttl o bds st B0 % BEFVgéa&c&n%% In ao%lﬁg%nl filled glove box
il the MYSt ah%mamidea@ﬁeﬁm B)ddcr&mw is 5

gr arrBA aﬁxt&ed:f(ibemmnhs B&hm mdentté; (havdmg:me mmlmgspropemm a
t abl et3$ crushed and sized i aalgt 6- 20 nes

%ﬁﬁ% EPRa 43 (HaUAte PeTeTer JHIS A RERAERFYRaIEe 878 Af ATgpdgtymicron;

fegdlohzkaneGRELrtRmOipitke BT RN @€ d nidl& lécado GRntifa a6 9f 11.1),

st ai nl ess_steel, reactor tube between 10 beds of 20

OO grasprobppmepium Ritgp mmd i tepseafcl-HM pifaqidrag feated to 50 °C.
heldt it 0& or HvaMB1u8! TRE sclidiE Merial was filtered off and washed with 25 liters of

deionized water. This treatment of the Mordenite with ammonium nitrate in nitric acid was
repeated twice with fresh ammonium nitrate and nitric acid each time. After each
treatment the solid material was filtered off and washed with water and dried ovemight at
120 °C. Palladium was added to the zeolite to a level of 0.35 percent by weight by
treatment with an aqueous solution containing Tetraamine palladium nitrate and an excess
of ammonium nitrate prepared by dissolving 6.55 grams of tetraamine palladium nitrate in
308 grams of deionized water and adding to this solution 4.92 grams of ammonium nitrate.
The palladium solution was then co-mulled with 1083 grams of dealuminated mordenite
having an LOI (loss on iginition at 750 °C for 2 hours) of 10.6%. The palladium-
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The catal yst was slowy reduced by heating the

catal yst particles at a rate of 3C per mnute from

20C to 180C while flowing 0.05 w. % hydrogen in

nitrogen at a rate of 10 LIH. The catal yst was

all owed to reduce at 180C for 2 hours and then the-- - —
hydrogen content in the nitrogen was doubl ed every 2
hours until the gas was 3.2 w. % hydrogen in 15
ﬁ?ﬁ%’g‘ﬁnmomgt% a3 | upiformpiy smixed (and dthew (338 grame|of pseudoboehmite

ta: %F g0 QJPPcﬂdlst d nﬂnc%iﬁif Gvalfdhib Sronl B %L %l{l &tl Ehinpany)

Co0 the reactor was cappe
hmwm@oxamsm% waaadmami allomed tdwmixy Ahe ftimirewss extruded and the

gl 3 g o é%%@?%;?? BT ka5 i B e i Bowing air

scira: fod t\bg/h&m eerhemlmt whd oﬁrﬂ&d lapd siP¥dc1026-20 in@sh pdrticles and

d{@ &Eﬁt | on gaa{ %%Pg@g/b eni tq(;&%%?‘g gmign@"?ﬁéﬁf the

tathlytiodingilafonaedé bpsiiments.sur f ace area of 430 square

nmeters per gram an average crystallite size of around
1 mcron; a cyclohexane adsorption uptake of 7.6

M%sulcato alumna ratio of 11.1),

-._0 qrans, 9t anmoni um nitrate and 15 liters of 1.5 M
1 Aggt ed to 50 C. and stlrredfor five

hour smeTélQo %RJ %ﬁ%ﬁ bf AldudRST-B54 Eﬁm&_rﬂ{eéart 'y | an}Séjedure of

with 25 liters of 25 deioni zed wat er

Bhtstramye ﬁm@émméﬂ%m vegaerioniled intei the reflox zenedfiarthick awalled 31 cm

t f
ViigRae Bl W el Wl FTOH TS lof oYifipec filled
alambmammgﬂfmop eaf@@sa)fwmlawas mnectuppqrhthnmmtysapmcles The

aflﬁfnﬁi M%Q&hgﬁtto ﬁttlnc% %%llg% 2? Hl%gltmﬁgl?/&\?\?@ gﬁs?( W E:l?sérl‘}gd as the

zeolite to a percen
battent sagmentnpf theanacmwfen uatalytnd: dishﬂatlonomydnogem gas was added via a

T U A,

adgustedctoinméntaia ihviael themmuﬁﬂﬁﬂagdnogcn 13Q\fired fothe edaction stoichiometry.

AP AR AR P ol stenst Soray ol s eendochmicn g added to

the 26 kle Aaski wiichl O@Baigsdanmagfeticl SR buFiap aie%uaardhﬁu tdind bottom

avi n.LO 0SS, on | |ni ion at 750 C for hour s
B B B RoaniE o By Lsloatoh as Javreged s & el g then the
temnpéranrd WadTraied @i tﬁmﬂn@s&h&wrm 1 VERQRIQaeh Kbilining the

alumn \g tgpal B which is commercially avail abl e
"gﬁfﬁ vﬁ% | OB ARG Wergalistiled av frae thertop of Higcolumn.
M@ﬁuﬁﬁﬂaﬁnﬁ RoRd1 V4Rt dded BEhT sghl&‘trrﬁo %?Bﬁgﬁﬁggen to

and the 1.6 mﬂextrudates were driedin alr
TERasesth pmeyns of cummibialehehthetived eraverted to|cumenryand distled toff. The

cuihe f‘d?i‘hctt URi1Y WHaPated| BEmCiRb Qfeysgf vs)’@e? r{:‘ﬁ?éés ?tﬁ’@aéa 'agtlonally dried

si zed to -20 mes partlcles an
Wdﬂ@lﬂa&s wglegeiargieves dh resubiviare proyisled @s EABBEQ beiow. | As shown,

the )op"ﬂ?@diﬁzt .t,t&ramt ﬁgducgét(%éftrlﬂﬁowl of 'tﬂelﬁttér? qxag% purity of cumene of

experi ments
>99.5 wt.%. No measurable cumyl alcohol (<0.1 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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I1($1 Catalytic Distillation 210 Il (B (i . Using T-366
Cat al yst The 6-20 nesh particles of reduced T-366

catal yst, prepared by the procedure of Illustrative
Enbodi ment |1 (A) (i), were |loaded into the reflux zone
of athick walled 31 cm long Vigreux colum with_an
internal dianeter of 1.5 cmwhile inside a nitrogen
filled glove box. A small, piece of glass wool was

used to support the catalyst particles. The 15 col um
was attached to a thick | 50 m round bottom

fl ask V\hl ch served as th\gjﬁ%‘%‘%m segment of the

added via a regul ator to ém ggpar at us to mai nt ain a
pressure between | and 10 he flow rate was
adjusted to rml nt a| n tWI ce the armunt of hydrogen

roguirrad o
CZ”%%?@I -2- pr Opano| ((,F aI C0h0|) ?‘mgcégl arrs—of
2PHRAYICEDropbL, tRERX T g mthe 250 i fk@sk whi ch

WWW%W%I ask THe#f1ask contai E%g the cunyl
Fowered T aeater—anti_ mthe
enpe’ g{aufe was rai sedﬂﬁntl | the | |q1|> g?’efl uxed in

IsopsopVicgEiohekaed (W) CqrtLhi ning the cpoalyst. Lower

tor . vwaroe -dictildllod ot fr tha

A JL B ) U | A\ A" NY IIUIIII.II\'

%8 CEBERFm. Add?tlonal cumny! %l conhol was
hZ%bérﬂjﬁaU y added witfh a slight nolaf excess of

vdroaen. to-25 renlade . the amount of |l cumsl

Guigne @imsT convert ed td <@fene and di st Netéstectsds . The

CUTITEY 0 darea Tromrtne aerser wal er
phasefiﬂ #%%@%nawg?i ed further with 3A
rml ecul ar sieves. The results are provided in TABLE 2
] US baalJgam produced,
C Trad purity of cunene
of ﬁfﬁe rEdmed Rd- Mordamws ustalbét,e pmpupﬂ pl dmhpioc(doﬁc of Illustrative

0 Eterlimelf AT CpteleEm R Rl BB B Ik s walled 31 om

16Hg VigedhxWolddnt Witk g idtethab &iﬁinefcﬂ ofi1.5f dnx evhilbébide a nitrogen filled

RUSEITHE sy Pioeaioye Soopy i A0 2Bl APt i followed

Vebety khe sgrpe praceq
ﬁahé’ﬁsadyeﬁd @a@aﬂﬁ ofaT;a c dﬁﬂna’ﬁons)bmﬂommar&mdmd in

T P * - Ph I | _ _
%g’glg\g W@h@ﬂn (%%;@ p@%;gt%?rggm produced{ aigter?'gmgvaf op wélter, had

a purity of cumene of >99.6 wt.%. No measurable cumyl alcohol (<0.1 wt.%) was found in
the cumene product, When desired, the bottoms can be withdrawn, optionally distilled to
remove lighter boiling compounds (which can be recycled back to the catalytic distillation

reactor) and then optionally diluted with fresh cumene or cumene product and sent to a
fixed bed hydrogenation reactor to make additional cumene as illustrated in Ilustrative
Embodiment III below.
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(wt 9

*after

Cunmene, (W% 0.1 > 99.5 |sopropyl cycl ohexane,
0.1 0.1 Oher, (M%e.g. cunene 0.2 0.1

hydr oper oxi de Cunene dieter < 0.1 Not detected
renmoving .the water produced I1(B)CH). Catalytic
Distillation Using Pd-Mrdents Catal yst The reduced - - _.

Pd- Mor deni te cat al yst,
Illustrative

10 Enbodi nent

prepared by the procedure of
I1T(A)(ii) above, were

| oaded into the reflux zone MQN ck walled 31 cm

I ong Vigreux gg
cmwhile insi¢e

I jtillation g
procedures descri bedww (A (| i) above

f ol ] n\nr\r~| f Fald

MO

d| amet ehof 1.5
' e sane

‘?:""E’E‘Eﬂn'ﬁfe*. c distill atl or

] 2herdlirepanohEee s || GatalieDistliation Top

rovi-ded--i-n TABLE. 3 |

Zbh ‘P%W‘BPBG‘H% eWt-%ak t ef

urity of cunmene of >

el ow AQ shown__the tPﬁQd-uﬁL*adurt

9%2noval of water, H&@U5 a
9.6 w.% No neasurdble cunyl

%Mb@lsty(eng,(mw % wd
Wien desired, the bott

194 ound in the cungiiotBeteaiedt .

oms can_be wi thdrawj, optionally

Giirggne) (w86)t 0  renove |
can be recycl ed back t

i0ght er boi | i ng conpqu9gs (whi ch
o the catalytic distfillation

Ts@aaryioyplohexins, (en Pt |

or cunene product and

onally diluted wth [idpash cunene
sent to a fixed bed

Guntbne DavAad, (%) eact or
illustrated in |11l usti

ko jmake addi t1onal G oyg: Detedied
ative 20 Enbodinent] 111 bel ow

Gifter] £¥3h Bs ki@l YT1 C 1

Wb aBARe (wtoes Ul ts
Component t2 enyl - 2- |

Dot T 11 atton of Z- Phgagly
M th Pd- Mordenite Catjal yst

ropanol Feed Catal ytfic

Di Pro
(m‘*"%%f*%%*"zq’iéﬁ%fa et

Detected Cunene, (wt.
SPRYRRYL BXELS

foct Z2—Phrenyt—=2=pr opanot;
hyl styrene, (wt.% 0.4 Not
% 0.1 >99.6

i Ot e,
tecte 0.2

<0. 1 The bottom sh'eam ﬁ'om II(B)(i) above was distilled to yield a cumene dimer rich
mixture that was diluted with cumene and fed into a fixed bed hydrogenation loaded with
the T-366 catalyst as described in II(A)(i) above for hydrocracking under the condition as

provided in TABLE 4 below. The

results are shown in TABLE 5 belqw.

TABLE 4
Feedrate 33.5 g/hr
Reaction Temperature 260°C
Pressure 10 bar
Hydrogen Flowrate 4 L/Hr
Catalyst Weight 33.5 g (before reduction)
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hydr operoxide (w.% *after renoval of water 5 II1
IllTustrative Enbodinment Il (A) - Hvdrocracking of
Curmrene Dieters The bottom streamfrom |11 (B)(i) above
was distilled to yield a cunene dinmer rich mxture
that was diluted with cunene and fed into a fixed bed .
hydrogenation | oaded with the T-366 catalyst as
described in II(A) (i) above for hydrocracki ng under
the condition as 10 provkAREESh TABLE 4 bel ow. The
results are shown in TABLE 5 bel ow. TABLE 4 Feedrate
33.5 g/ hFIXERBED Gwmama‘@@mwmao bar
Hydr ogen Fl ow atWIZH (366 CATALYST AEBZC 33.5 ¢
(before reduction) 25 TABLE 5 FI XED BED CUMENE DI MER

DRDECLI T C \A.l.‘g. T Qi NN

AeTril).

—‘:FG_GHPVENE L\ == | w/ may prw VA | 900 \IOI Al Al t
CempIient cunene di mir s fym %3@ d ProduFé“té&BcelﬁlrrPgﬂ%uc

(FEED) 2, 3-Di net hyl - 2 3- 1"5 a1y 05 di phenyl but ane,
yl-€ie 04 96. 75 49.54 |4 ﬁropill cycl ohexangbg(m %
di Qﬁ;bqta;lg (wdkpha- Met Ryl styrene, (w% [0.20 0.09 5

|||11Qtr:-'|fl\/p Enbgd MM%W
ZM@@MEIPW@%Ottomstréﬂ%fromII (B) (i) &Wve
(WS distilled to yielld a cunene dinmer rich

Cumene, (wt%) ‘ 96.75 99.54
Isopropylcyclohexane, (wt%) 0.08 0.18
alpha-Methyl styrene, (Wi%) 0.20 | 0.09
111, Nlustrative Embodiment II(B) — Hydrocracking of C e Dimers

The bottom stream from II(B)(i) above was distilled to yield a cumene dimer rich
mixture that was diluted with cumene and fed into a fixed bed hydrogenation loaded with
the acidic palladium on H-Mordenite catalyst as described in II(B)i) above for
hydrocracking under the condition as provided in TABLE 6 below. The results are shown
in TABLE 7 below.

TABLE 6
Feed Rate 33.5 g/hr
Reaction Temperature 220°C
Pressure 10 bar
Hydrogen Flow Rate 4 L/Hr
Catalyst Weight 33.5 g (before reduction)
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m xture that was diluted with cunene and fed into a

fi xed bed hydrogenation | oaded with

t he

aci di ¢

pal | adi um on H Mordenite catal yst as described in

[1(B)(i) above for

10 hydrocracki ng under the

condition as provided in TABLE 6 bel ow. The results .

are shown
g/ hr

in TABLE 7 below. TABLE 6 Feed Rate 33.5
Reaction Tenperature 220C Pressure 10 bar

Hydrogen Flow Rate 4 L/ H Catal yst Wight 33.5 ¢

(before reduction)

15 26 TABIE77 Fi xed Bed Cunene

Di ners To Curifized BebChmene Dirhérs Bal CuoénerRednits
H Mor deni t eWiiht RdlpdinntDn FR-MuEdetiteOntplyseAT 280 ne

di ma 'S in cumane Fi xed Bed Product ED
-y 304 pherybtatenre -yt
FﬂfE-Z 4- d| phenyl pm (MF%%%W uct
/‘AE)OA tfim —#5.-99..82—-s9p+ropH ¥ .exan° a4 “00608
%>-DgacthdiZoha- Met byl sfyrene, (wi%9 0.20 .02 Thé
ranges and |imtationg provi ded in the ijnstant
diphenylprtans, (#%0)and cl ailns are those which are believed

to particular]ly point

ot _and distinctl y

claimithe

2-methykR.4-diphenilpastane, t

ot her ranges and limt

(stfekt antial |y the sang

t he same _manner to obt

is, hoddder, unde
ations that perfor

rst ood théd
m

10 function in supstantially

ain the sane or

Gumaensa(mit?o) resul t are i

sutgst antially

nt ended96.@5 be withjin t he $88Re

of the instant inventijons defined by thel instant
Isqpedpyldyclahéxane, gwtdolc| aijns. 0..08 0..08
alpha-Methyl styrene, (wi%) 0.20 0.02

The ranges and limitations provided in the instant specification and claims are those
which are believed to particularly point out and distinctly claim the instant invention. It is,
however, understood that other ranges and limitations that perform substantially the same
function in substantially the same mauner 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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27 CLAIMS 1. A process for preparing an al kyl ene

oxi de,~ whi ch process conprises: () oxidizing an

al kyl benzene to obtain a stream conpri sing

al kyl benzene - hydropendde, (ii) contacting at |east
part of the al kyl benzene hydr opei oxi de obtained in
step (i) with an olefin to obtain a product stream
conprising an al kyi ene oxide (in) separating al kyl ene
oxi de conpound front the product streamof step (ii)
to obtain (a) a residual product stream conprising

al kyi phenyl al cohol ??ﬂ ( | kyl ene oxide, (ivV)
feeding at |east a pa d?f resi dual product stream

CONPI i S to.a.reactor having a

cat aI yt i g:gndcl stfgﬁy}}% %Lmaiﬁﬁene K= S RISERs Fomprises: the
4Bt or Wgesrﬂlbdhmetth@btama cmain Enadising

corrprl shﬁgna,a}ngdqelohenyl al cohol wth hydrogen in the

catal ytic distillation zone to convert the

al 1) phmﬂééﬁﬂslpannfthhe!kﬂbmmppm«om

al Kyl befpeittaniiiélin th BbtBinG prédibt! b
atF)thg al kyi beaiie fromthe re%ﬁgﬁ%ﬁd

fi 2%5 i offRireting; alsylane gxidg mmpoznd fromithe produse stsearméf atdpaliiin

1. furttbedbtﬁ;pwfaeﬁﬂﬂul B&ﬁlﬂn%%lﬁﬁ
al kyl b 3% ving a reduced concent T at on'xé)bful
al kyl ph @? PR%Bhan the feed streamfromthe

r e ¥} or feadinga ap deist iaOpart aﬂome refi@uat Prould istreant 3o}
zone; M gl;gcﬁc\g g m,t he reactor at a position
lower tHPAFRRYA afrghol o 2 rpactayhaying p sptplykc, disWilatisn gens: srd
st r eam cooewoeatly in thedbaveur( ) of al kyI benzeme; (vii)
- conver | k benzene the ottom
str eam(%j rom Eﬂﬁ)ﬁﬁ%aﬁkﬁgﬁ TJLW hepyl alcohol
recycl i ngwith hydepgen anpavtcalaiyhbhuhstﬂlaﬁgd Wm&oﬁt’rﬂdﬂfeed
from(v) The 0cess
accor di ng. to& cl a%‘l‘glm&g &ﬁ P‘dd&tt’%ma?@ﬁg{b THue
at of . rmazeacnonmlxtmn,md
Jsepumngansylbmneﬁom:heraashonmxmrebyﬁ'amanﬂ
o . distillation: :
- 2 'Ihepmcessofclmml ﬁ:rthercumpnsmg
W thhdrawmg a- stresm cénprising alkyl'umanc and having a reduced
l:oncentrahun of alkylphenyl alcohol than the feed siream ﬁ'um the reactor st a position
ebove the cataly‘hu reaction zone;
(vi) withdrawing from the reactor of @ posmon lower than the catalytic
dtsuﬂahonzoneabutbomsheam compnmngdamet(s} of alkylbenzene;
(vii) converting the dimer(s} of alkylbenzene in the bottom stream from (V) to
aﬂcylbsnz_ene; and, :
(vilf) recycling at least a part of the alkylbenzene produced from (v) and/or (vii)
1o step (D).

3. The process according to claim 1 or 2, wherein the alkyl substitusat of

the slkylbenzene comprises a branched alkyl substithent comprising
from 3 1o 10 carbog atoms, preferably wherein thé alkylbenzens.
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t he al kyl benaene conpri ses a branched al kyl

au' bstituent conprising from3 to 10 carbon at ons,
preferably wherein the al kyl benzene. 28 conpound is
sel ected fromthe group consisting of (i) cumene; (ii)
para, neta, or ortho- di(isopropyl)benzene; and,.
(ii1) a mxture thereof. 4. The process according to
any of clains | to 3, wherein at least a part_of the

al k)ﬁomﬁlz@ﬂé sqlerind i e igrIPsPBHEE Of (ihcupans; () parias
co ”%Jt& oh?o-%é() ng%E#l &nﬂﬁ@%ﬂ%&% higuréthBiRE 0!

conmpoun one Conpo The process

adc om.mws@cm@ngfoo ayofielaims { & 2, wlméne# haqt aPatteh

d th
t(lﬁle)o n In Wéf&%?ﬁ g@?é yst conprl Si \I{IVIg a

met amxtxmé @m:ﬂp&ﬁu& l(a)mphhml goroppond end () wiketgnedompeund; p

a bo?’gp%é) 0% f gl &I%mr‘r‘?o%s‘?’ V\V/ﬁ%er%itheﬂl%ggtep
(:\li)alm%b QI hol P t m't hd. ' ceh

a e al cohol is a W rogen..i.n the
oL UBeRt Sheelice | ebPRGLAS i o O35k o

cat &E@ﬁﬁl\@,@bﬁ@%@;&@%@mﬁﬂﬂm&t al or a group VIII
5" e bt B o o Bk, St 565 %Kok oy
wei ghd regfdual produRb eitehin SdEitiely AIByISIRAVE Alb6Hd] fPreacted
propyl ci;cl ohexane, and | ess than about 0. 05% by wei ght

of t¥igh hydregenhianthe catalytie dligidlations zensnipethe sweseRreRindr ('s)
ﬁws%aﬁeﬁga%mymmseﬁgmaﬁm%w to any of

clalrr52t 7, Wherein'in step (vii), the dinmers of
allk yTh?éﬁQféﬁﬁeaC&?rémGdﬁ@éY pEelaims bl m@ i stem (Y K®,

Preged Qﬁan% fb ﬁ%?%é&‘h? g@g@ %tf%hﬁgal&hg :?U&v&ltéd 1offet al

or a oup a net sel ected from

t he pgmfiqorcbbﬂ@nst amblws tbupp@put 0/98%4 i weightplofittheum

and 75! ]1% o eOf clains
1-8 erern ?ﬂoglﬁﬁp{oggg%ﬁgﬁg&@g pr opy ene. oxi de,
t Be ’J&iemmmgdmm ofelnims Ben @, whdrein g gép (viifthe st ep
(ii) ro en ro e f
br odtiFRg BB RoRi e tg M eal el iERE sty o o)
t he apreatalgsts camprisings e SGtonp ¥IEpsetaf or a Group IB metal,
-preferably a metal selected from the group consisting of copper,
_ palladium, platinum and nickel.
9. The process according to any of claims 1-8 wherein the alkylene oxide
is propylene oxide, the alkylbenzene comprises cumene, the olefin of

step (ii) comprises propylene.
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(a) feeding a feed stream conprising al kyl phenyl

al cohol to a reactor having a catalytic distillation
zone;. (b) concurrently in the reactor: (i) contacting
the feed stream conprising al kyi phenyl al cohol with
hydrogen in the presence of a catal yst conprising a
Goup VIIl or a Goup IB netal in the catal ytic
distillation zone to convert aikyl phenyl alcohol to

al kyl bel e Agprodess foapfmwgﬁsnkﬁmaawﬁmm@lphé@ hlcohol,
y

separ at i n% al k‘élf benzene fromthe reaction m xture b
fracti onaf® RQeEEs opRrisestha P8 06 duce, at a position
upEdr ffeedihg B Geed tradny bé %ﬁsﬁigsgk}tﬁ&hﬁ%&eﬁﬁ,a Ractd g a
conmpri.sing al kyl benzene having "a reduced

cau%gg‘é%gFWiof al kyl phenyl al cohol than the feed
st@amﬁ&m&ﬁfmﬁigﬁg&g{: at a position upper fromthe
catalytic reaction zone; (c) wthdrawing fromthe

r eact or (Rytcontapting theorfeadowieam Homprisiog calkyiphanyl alcohol with
distillatig 811;5%,3?3 ngaoggﬁi..i | MekLs)
of aIkyLbenggﬁg%ﬁgﬁﬁ? g%%?er I'ng ﬁ%ﬂ@?égpﬁ%§&§fwa
al kyl benz e fgoupriBithetalin theaatalytic dixtiilétionofietp convert alkylphenyl
al kyl benzepg i ence.of a catalyst conprising
a net al ._seﬁgg*dga&%%&?ﬁ%&gg%ﬁ’pa%%%ﬁ%%' G oup
VI || neiihlseparating @lkyibpndeRe nfbdm| the 1feactine nikt0RE $$ ASctional
descri bed in,.€l.aim319 erein the.al kyl phenyl al cohol
is sel ected ?‘ﬁ%lr?flt ep&?dé’\lg?a o ds PRRRY %Pg frota the catalytic
pa{ a- g! E g gmjnmoy :zoge, amrﬁwl lcyiapmehed lﬁkylbenzent 2 cdha(vizng a reduced
net a- di ( 2- roxyl - 2-pro enzene, ortho-di(2-
hydr oxy! - 20%3198%{??{'5”6852@9(&%‘&7 ﬂ?ﬁ%@%w fsed) stpan from the
cunene, 3- reactor iYPoSiHYn wppeF PN e AR reabtion zone;
(2-9ydroéy-2:£ro yl) cunmene, and mxtures thereof. 30
(c withidrawing from “the reactor at a position lower than the catalytic
distillation zone a bottom stream comprising dimer(s) of alkylbenzene; and,
(d) converting the dimer(s) of alkylbenzene in the bottom stream from (c) to
alkylbenzene in the presence of a catalyst comprising a metal selected from the
group consisting of Group VI metal and a Group IB metal.

11. The process as described in claim 19, wherein the alkylpheny! alcohol
is selected from the group consisting of para-di(2-hydroxyl-2-
propyl)benzene,  meta-di(2-hydroxyl-2-propyl)benzene, ortho-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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