; e3e2| i 2yddef Ffi 66i Ti P[ WWO 02/ 2G380 PCT/ USOL/ 29938 HYDROGENATI ON OF
CLEAVAGE EFFLUENTS I'N PHENOL PRODUCTI ON The present invention rel ates
gener al | ywbo2/keeps ovenents in the production 10 of phenol wnBUsky29%pr oduced
acetone is substantially imedi ately hydqrogenated into recyclable
i sopropanol byproduct, and al pha net hyl styrene byproduct is substantially
si mul t aneousl y hydrogenated into cunene for recycle. In addition, the
met hods of this invention reduce the formation of undesirable byproducts
whi ch woul d ot hédWXIDROGENAEIQGN ) 1L EA BAGE ERHFLAZINTS INJFHHENOLy i ncr ease
the difficulty of phenol purificatPBODBETEON real i zi ng further process
ef ficiencies. BACKGROUND OF THE | NVENTI ON Most of the phenol used in the
United States and el sewhere is nade by the I~ 20 oxidation of cunene to
form cumene hydr opgg Bfé‘séiﬁ‘ﬂn\feﬁh&rpi@ﬂe@%’en@@ﬂ?%)ﬁﬁf)xb'vélﬂel% incthe MR the
. cunene hydroperoxi de to produce phenol and yielding acetone as a major

copr od@ct . Th%plfqnphwh@*p@pcqmociu@ed pestrteds sybséandslly immpdiateldrysipegeortiede, whi ch

d h di f d
produet s, pl IR ey R R BRehor e he BB R bbb b ocesses

i ncl ude sul fgmtahaau ﬁmuﬁammbly@llyd@i‘gemétm&ec@ﬁ@lem #8ydleninadddipazene. The
conpound is purifie @yhrectl fication. Major uses of phenol incl ude
Si 1

product i on ofheph@h@i églVﬁstl@h@dp%@rthe f%‘mﬂaongW@pﬁ@i@b}’de%s a selective

ol oyl i ¢ acP kAR PREHETIS Botfa oldtel AR PEG Run¥tir e "o

picrigpacid dlfgaﬂm ¢fifhahol patifitsionaheephanliBiog fitleabssceasefilgbhciés use as a

| aborat ory reagent. Special uses include dyes and I ndicators, and
slimcides. The conventional phenol process, which dates back to patents to
Allied 30 Chggkﬁggg@ﬁﬁ@ﬁ@ﬂpﬁhgz¥ﬁﬁgghfﬁ¢ Co. in the 1950s, is econom cal as
| ong as the acet one coproduct Because the end
uses and rate of Yfanbfthé phermmemdlina}mcUm«mtSImtes ehid éleawhehoisenele bywhd h phenol

general ly experlenc hi ghe row h has been_a desire to
pr oduce phen8¥‘@?@h gﬁbéﬁgcu“mn?&Y%?P?’ ﬁjgu EEE%W?@@@@OPn
addi tijgn, the, gxj %ﬁb%e%m%h%%oﬁé?oﬁ&@%o&y& ﬁél%ﬁ(}?el&ﬁ%‘géet eso

results in the formation of sone |evel of dlnet | phenyl I no
al so known aasdnmmnhymbéwzyﬂhaﬁﬁﬁhﬁblnﬂkﬂw@ﬁmﬁm@dssmhaedu@nmbywdbhydrates

in the cleavage s stemto for yl st e. as_a significant
process 5 by FOMBRES K] dl‘r?H%FD ﬂﬁgc QCIE BW}{F é}ﬁﬁw’%{l%p?@%t with the
phenol in th@l(ﬁlh@t@vﬁﬂﬁao‘ét@h@mn%(an@ﬁﬁﬁl&ﬁﬂ 1 a0 DtRr phdtesheser i € i nto
AMVS di ners both of which are heavier, undesired byproducts, and lead to

overal | yi el thclusssulfpnsiienseiorinaion af besewsdidation oh jersend ahhg s

recirgul at ed an , the cleavage system the acetone
has s%gm a &8 endqg)?ﬁh? rﬁ]{er@r%gcﬁn??es 10 originating fromthe acetone
such as nesi tyI OMe(jiﬁ RES &ﬁ&d}ﬁﬂ@d}dﬁd&(ﬂ&)@@dummdﬁ@hermhobéﬁm anidtplra, pera-
conventi onal proce ses for prep r|n nol is that the conventlonal

cl eavage of PBiREHe f V?%t ﬁﬁ-\}‘gé hff%@?%rp’is i the manufacturc

of cyclohexanone, sahcyhc acid, phenolphthalein, pentachlorophenol,

acetophenetidine, picric acid , germicidal paints, and pharmaceuticals; as well as
25 use as a laboratory reagent. Special uses include dyes and indicators, and

slimicides.

The conventional phenol process, which dates back to patents to Allied

Chemical and Hercules Chemical Co. in the 1950s, is economical as long as there

is adequate demand for the acetone coproduct. Because the end uses and rate of
30 growth for phenol and acetone differ, however, with phenol generally

experiencing higher growth rates, there has long been a desire to produce phenol

without acetone.
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requi res heat renoval to control exotherns, particularly because CHP at

hi gher tenperatures can undergo a dangerous thernmal deconposition. In
convent i anab2/4i@spr ocesses, cooling can be acconpli shed byrPerv&HZ9938et hods.
In one type of cooling scheme the effluent, containing approxi mately
stoichionetric |levels of acetone and phenol, as well as |esser amounts of
AMS is cooled and recirculated at the high recirculation ratios (between 20
- 50:1) that are necessary to control the exotherm This results, however,
in 20 hi gh | evel sIngddifn, thasidation o€ evoene heimgnphedieprroxidd écHR) gt y

reactive condition eadj.n o _hiah,l evel f, residues |] as
i mpariti es 1B MR RALOEHE AR o U e b ST AR g Rl s
Several pri okndd apdi@ityibdiayien @hde@mped. DMBAALBRGuaHE Rhydiig i the
dr awbacks, problens, or limtations of conventional phenol processes. U S

Pat. 25 No. Hiezhmvegosysoecadpun alpba metinfstiiens 6AMSe o3 poicaifsantispessn by
referegce, tEaGHGSATHY AN ﬁ%ﬁ 3%9%}?&%?%eIPJyQQ%AchitH%?egﬁien&%gl?ﬂé sing the
steps 0Of dec 0S1 ng cunmene hydroperoxide rna first stage, and subjecting

t he product dfsa\taJ%e s?étélﬁfto plodge: af?ylhmemg enad digterizoimo 3869 \?ﬁnﬁ%dﬂ&l t (r)]

convert AMS in the first, stage.e uent streamto cunene ich is then
recycl ed. Th@fwﬁ@arar%heawo 1ﬁ§@wbﬁwgctéc%wd lepd tggveralgicldbpsg2) that the
first stage i . I : - |G time in the
second reactgéﬁ%g%§?¥%%%%ggggﬁﬁ%gﬁﬁiﬁk%ﬁgﬁgggég%%gﬁggg%P%%%B§§&¥he resi dual
CHP t o phenot.gaiic: deatgnsysend thoaretdibYas sieappeendnceg toforirhienpDiBés  1V0
02/ZGEBO PCT/USI |1 1/ 29938 3 (sane @S DNPq% an%ﬁD Cup and to effect virhially
cgnplé e h{d??@@i&ﬁi_Wnékggnggiﬁgngzygg? Lax1ge g @ﬁ@F?PnTbcaria_;gQO
obser<~es (col. 3anbiBPsroBRIPIh b tRnalfrBE&RSS 6N P, or

w t hout the recycle d? %Dportio% of Phe aggﬁgne producfﬂﬁ.gﬂwaggﬁly,

t herefore, tthat{beCanvantivfd@lgamagenif cdoese hpdroperoxide enpgldy exotherntiydndgenat i on

of acetone in the hydrogenation stage. This concluysion i eaff.irmed by
Cator porti offgUEF: PERBRRAF bRl ienty: rutg iy dgpaite CIye fidlenes g, |
Tndeed, cl ai fBidpetftueeEa iifler %ddn%gl%ﬁ?ﬂiehh&l&ielﬂmﬁésﬁtﬁﬁi 9 chRveatipRiihod of
maki ng phenol and acet one. us, Caria 090 does not address the probl em

of how5t o t r BEesEBEIMCoNEngRas e recaaisberliey sokrap methoids. phoehedypoef i nto a nore

L dostt bl b SRl ol ERYEIR AL LERTR, DN SR NRE BRI O o
process scheagtdrte dnt@hpricdmivedl mes"séxsahmﬁéwAMSQfs dobrdhudregeniatedon in the

presence of carbog%l conpounds, The carbonyl bond in the acetone byproduct
can be hydr otfdhahiegh rearontitian 1w (BPWRA . Judged strictly as a byproduct,

however, i SO@?}QB@‘]@'&M‘[ lﬁreqecés'é%g‘ﬁ%@ﬁtrd{%é?{o{t 0. 858LE08:s, Adbdv@Lty an

appr eci abl e though’decl'ining rcentage o e acetone in the world is
produ@éd fr ohighdoptsogded ARS andfasetat beikg ptds&it udder. hipldy ré&actild, 786 ( Ar aki

" 786), which is.incorparated herejn by.reference, .teaches. a process for
preparing ph&MBEHIG: ]f%gn% ﬁléf}eb'felﬁé)ég%lc{”ﬁﬁ’laﬁd\'e‘rﬁlgf'stnﬂgurétﬂeéﬁog’?éadctgmerti ng
acet one copr gauGRGeibis itk aP BRIBPEoNdBA@LibSOPr Opanol , 20 thereafter

al kyl ati ng benzene with the isopropanol and, optionally, w th propyl ene,

usi ng a zeol ite caewralgrior art paigoisdaveendsaewred toeaddipys b orimegrephigeol Wi t hout

t he usual acetone .coproduct. Araki ~786. however, fails to ress the
o obl e of - RO PR aPEEn e R opn AE RenERUTIT bhenoBbrBess By AT iR
conponrgnt s oNot hed4 8090 URTaritr* 090)] WRicEiHAncdparada eteifl BE BiTRREd, t@Bhst age. 25

Somewhat simlar to Araki 786 is US. Pat. No. 5,017,729 {Fukuhara "729),
w uch is al sdtwerseeppiosessdoapépsingpphanet eonanising thekigpeeizlecamposingaches a

oropyl enet o Sy Rt S AR R AR e AL LA b B R RS o

cunmene hydr opeiyaxdgdaatidnGh aaetchdGtapavs dehvettevis i idrirpestapeiedfudntt o phenol
and acetone, 30 (d) hydrogenating the acetone of step (c) intg isopropanol,
(e) dehydr at $¥gnt Revmeap vopahstharreeycded. (The I??ﬁ%lapp?fg}}%t@ﬁé{oteérﬁ@l{% j

- hng th f kg ol et
Lake: 2%pr opy ARG B OCuR RS Rl s SREm s Al SRR 20035 4
time in the second reactor to effect essentially complete decomposition of the

residual CHP to phenol and acetone and over 95% disappearance of the DMBA



acet one byproduct produced upon preparation of phenol is converted into

propyl ene whi ch Fukuhara "~ 729 teaches is useful by itself for any other

uses or whoaebzsmy be recycled to the phenol - produci ng proeeswsolaskishar a

729 is also simlar to the Araki " 786 patent in failing to address the

probl ens of handling the 5 AMS and ot her byproduct conponents of the

effluent fromthe CHP cl eavage / deconposition step. U S. Pat. No.

5,160, 497 (Juguin “497), which is also incorporated herein by reference,

teaches stil (samsak DNPEpaidDICUD a0 ta effacnbltuglyadugldtohydrogartsn afidr essed
specifically to dealing wth the | ess-desired acetone coproduct. Thus, 10

_ the Jugui n " AYB-pit eHPCISps ekbequtly Deqarig | Robsgves(pot RakinesSkcifddays, the

mai n handi ca B gal] uBnest o- AGESSydd o | i gatory

coproduct i onﬁlgftfhb% ?fg%e{s)% of ngg't'gﬁg?glg\&v]ﬂtl%{r% of géééngtlse} b@g@@ﬁg@@t he demand

. for phenol | axteegesduriicli’ Wieaely; thetefbne, thedveahniat' 09 opatat dbesnt” The

i nprovenent of the Jugujn 497 patent is .stated to be {col. 1, line & -

col. 22 I nec%temPlﬁteﬁg? ](11’%70%?“4‘ gf aqptops ip e lygugeasting 1488 488 one produced

into isoprop i ' IrRast tter to the

stage of al kg(%ngﬁsgﬁhg:‘reag%%gn laﬁgpgfdogfg?@ledehy} ? ati oélalt%hrtll(%gbé%bée’ne, it

wi | | be convbrestl@dlHgdindeci lamcuokineCariari@0 juspeciiicallipdirgpéddetnta hethadher

tes, h . that f ul ti f this i jon jis hjghl
Cotalyst depEraehps phEHT ST fectpneP ot 53} doqaroSnidSvasabil ¥
al kyl ation cgt@lw &l @ansérf ﬂﬂ@hc@&%&?%cﬁ@t SthehSlaEbARA0RInt8 L@t i on of

benzene in the presence of isopropyl alcohol because they are very
sensi tllve t ousditlgroduct or tepyalesttant okgiwnty redusedntidival ofandesitablm chl ori de or

phosphoric agid catalysts., Juguin,  497.tur o.a.gRecific class pf zeolite
Catal yst vni BHPRGR DRt EanE Y ol it PeC R AP Bkt B RaR  cam
gener at ed by pfbphinghasdi Rrecabit?5f ths apdepylatidhe® iRl presthe: a\earthl] met hod taught
by the Juguin 497 patent is a nulti-step process conprising in seqguence:

an al kyl at i opompayes-( Ehycarbeny] sornd if) the aggtonedyprodygecandiediyderertied® on a
deal um ni zed .20l ] ayi : | 4 ' 0 ratd o) to form
an effluent g%‘rnég%ré%aﬁl[ogi J\rﬁdggi %ﬂ%@gfgéé EPE@?%@&?@&‘}% %éhgggﬁ%,bgéor%clfa é}flo

pol yi 946pr opyldeenzeine than scetand.i ifatt anmppieejableahswihadealiging peteomage éft act i on
and a pol yi sqpropyl benzene fracti on; transal kyl ati on stage (again carried
out using t negaseRe B s Mol ARBRIRTASEPYIPBEREY B AlsIReE. wher o

pol yi sopr opyl benzgne pando, s\WPs 986 20 RET ML s29%3Bor RN TENG: By © T eact ed
to formadditional cunene; a further fractionation step to recdver the

addi ti onal crafemecef fcoches mgna@bkior atdpenng pinenok byl Hteicomest pcess inctidlinge cunene

i nt d i de: | tep t th
hydr oper oxi dBGPRET SRRtFET e itareat ebgancditih e PhER{ Frb RP . ep ¢ o
separ ape 5 phepalicityiags! emeencanidh tHel ifdrbpanol 4RI §1§tﬁﬁ’1_a9%<, Wwividpepeead,i ng the

acetone info isopropyl alcohol in the presence of a nickel-on-silica
cat al yst, andsingegedlitaeptelhiel o prsluepgumeriec tigtsiby dermaing phenol withew th¢ kyl at i on

stage. The J in . 497 t S t e ow 10 ndl e AVMG and ot her
byproducts i ﬁ&#Lé;ceteO?‘f% ICSE%?SQT é%ﬂash%g]%qﬁ%g?%ra@%ago %\éldé%sgtor& ﬁ@\%mtl\éi m nim ze
formation of héwsd Barelleothe AEE SompOneds amd the illek byproeii compBndhg dhainnet need

in this as for, an integrated cunene-based, phenol production nethod that
reduces the umeitiTom herClaR glearaesddscHypasdincttages r om Al vl S and acetone. The

af orementi oned dr el b b atd o t [ vercome, in

whol eggr in part, %V\Amf@ﬁ@ﬁgﬁ%éttﬁgc&i%&o %?&Siﬁrﬁ'elﬁé'isgq}%? (ggﬁ}hn aegr at ed,

efficient, | o@9)edidue apbenmrpgpatedaseinby cierdicel Mukuites ‘12Pdecbermt | on of

cl eavage effluents. OBIJECTS OF THE | NVENTIL ON Accordingly, a principal obj

ect of this MEHEP BRENCSPEOGUEHUNRTBRESS AYPBRERE 1Y FIaL0S Biress Witk| ude a

* hydrogenati o CHhQR: 04 3 is a
general obj egrtoﬁ%lgﬁ% ?\C{%h}htr?\g}g%?@gﬂﬁf Eﬂ)g’?‘ Bﬁlggh%%%h?%éegﬂé%g@mﬁ%ﬁ% phenol

met hod i n whhydropdiexige,i(pcicpbdlcavmpsimais| hy dopproxdiedts pisodlomd bygomgduct s from

* the cl,eavage stem are converted.by hydrogenation jnt oducis which can
be r eé@cl ed @%V@'é’ég‘at“f}g @WeaCS‘Pn?rBF %tgﬂ @gl}tggsmpﬁque&s tﬁr)]g{gl@géatﬁleqft e they can
fiu~ther isopropanol of step (d) into propylene, and (f) recycling the propylene of step (€)
to step (a). It is also possible to take a propylene product from step (e). The



25 react to formother heavier residues. A specific object of this

invention is to substantially sinmultaneously hydrogenate, utilizing a

sui t abl e vhyds/egemat i on catal yst: (a) substantially all of p¢heseacwbizne

coproduct in the effluent fromthe cl eayage system of a phenol pxocess to

i sopropyl al cohol; and (b) substantially all of the al pha nethyl styrene 30

byproduct in the cleavage systemeffluent to cunene. O her obj ects and

advant ages of the present invention will in part be obvious and will in

pa;t appear ?@Jt(ﬁie/ﬁ@ biadict prbéuded\wpoh F@paﬁﬁﬁﬂbﬂplt@b}/m@@ﬂ?ﬂgﬂeﬁod V\llo .

02/ 2GE80 PCT/ USQL/ 2993 is pnot lim met hods and rel ate

_ appar at us, i PRPEY enayh ﬂ%@@é@@ﬁa? %@%@SWGM@Y qﬁfgﬁénl‘:éﬂﬁﬁb\’féﬁf’b and the
rel ati on and 3 of espect to

teach of thewg{c %?pgealge&%%{rr%ﬁ? ?}é%%ggr%ﬁkaﬁggﬁ%ﬁ %R gr?ﬁ%%ﬁ and the

. acconpanyi ngsidiilantonhe Avalii‘ 386 patadiif fabng orsldodss ﬁ]ﬂd}rdcﬂemabf lmudlioptitehe net hod

and apparatu herein described w ] appare e skilled in the

ot Cona a1 A R e rhemedishchrareutsl B SR Ron B G { i n 1 he

scope of thedédwg;agiiﬁgﬂ.ste UVVARY OF THE I NVENTION 10 In this invention,

acetone and al pha nmethyl styrene in the effluent fromthe cl eavage system of

a cunene- based phBdIPapiax si$0a498 (brguin ‘HYaY, M@lé;ﬂnais eldo éndoytcamitd bérkin

si mul taneousi}ifl nunedi atel trea .of the. c

te
Cher eby possPHIECIERSE kDol 2R R TS oh B P nndT DGR bam of ¢ he

hydr ogenat i opq&tRRd aidiflcBRY € ealihy Rahknd Es@d&%@é e80! doptRtubOnMikep in
place of 15 propyl ene to produce cunene. gdrogenatl on systemof this

i nventlidon caﬂletiegullnt &Yt paterd olbarkest(pel. & 19@6’ é&él owadaps theamalay as t o

oty st yr enburitpa BiS RhuRhety Shalr bt FRLn EGRRDRb B fondie e

active styrepis té:p@icatcvema:pemnfotfpmrfoomaﬂge h%&iéhfa&d $aiqtheAs! ifdro®es and
cunyl phenol s. conpar abl e i nportance, 20 elimnation of the acetone can

reduce the aBWch trgpl@faptd%bﬂ@@r?b%rf@rﬁc§topﬁ 't Hee ismrovesient of henfegwen d%avage
systemto fof &k&'@%ﬁteﬁ%hé(&% TRYE k| gﬁhbhﬁﬁe “-‘%ngééngt ﬂ{t%ll o separate from

phenol , such™as hydroxyace nesi t TOXI nzof ur an.
Sel ectlison of h?d)pgcmﬁmn@ﬂe abmdn@gmﬂaﬁadomoommmshlcbh@n dmdmtre@/cnﬁg atyi ng out
t he i medi at

AVE i 't cRRIGBHDY 0F GHict ISP BHS BB TR) S o eV SES RPN AORn THE.

DRAW NG Fi g. ik, bypén Mﬂ% doh QM RghamosehfARri cal Iy illustrating an
enbodi ment of a phendl production process incorporating hydrogenation of

cl eavage effl uent §hamgtmleel59’c7lp@teof furthenertese Hopeedubtisuamsdndpragice@ft he

present inveption, 0,7 DETA .DE PTI ON OF
PREFERRED El\/gw ﬁ&‘ﬁﬁ@s‘d%@éé%%ﬁ%ﬁ% ﬁﬁ?‘ﬁ%&@? hfl?ﬁsé:ﬁ%%‘énti on can best
be under st 0ogo¥nti @ faChlk raﬁoi&@ﬁta&b@ “arknofedapeeno ik Eh@ionbf ak %&hbﬁ@m (such as
stream 62) as produced conventi onal cunene oxidation technol ogi es, and

cont ai ni ng pbénreRd lnyth@nw&we@ﬁwémh@cmbw@wmd@re VeBEensiEye W@ t h | esser
amount s _of d'x)ﬁ%% hyl Fins‘%%\,@'of‘{%{ng ARbentiREAL R%’ﬁ{h%”c%lor g%r ﬁfa&[p mr”Z! ‘i’é

conponents, IS ed to vage react or syste eavage

react or syst esmlifis, J@gmn@hyﬂmma@wﬁechw@@m caﬂaly@t?wﬁ@ﬁﬂladl yesad
deconposition reaction to phenol and acetone. The gm d cat al yst in reactor
10 may i ncl ubNA&BE EABlGIn Hicimesererd thesteun gepgreted by dehydliationot gi oxi de,

25 isopropyl alcohol.

The overall method taught by the Juguin ‘497 patent is a multi-step
process comprising in sequence: an alkylation stage (carried out with at least one
catalyst based on a dealuminized Y zeolite having a particular SiO,/Al,03 molar
ratio) to form an effluent stream containing cumene, unreacted benzene, and

30 polyisopropylbenzene; a fractionation step to separate a cumene fraction and a
polyisopropylbenzene fraction; a transalkylation stage (again carried out using the

particular dealuminized Y zeolite catalyst) where polyisopropylbenzene and



10 hydrochloric acid, nitric acid, or phosphoric acid, or may include

het er ogeneous aci di c catal ysts such as zeolite beta, acidic zeolite-based
cat al yst swosuehssas MCM22, IviCM 3 6, MCM 49, MCM 5 6, ERBeLI/USIRE38 1 TQ 2,
ITQ3 , S SZ-25, P SH3 and the like, ultsastable zeolite Y, ZSM5,
nordenite, netal oxides, alumna or cl afs. Usual ly a small quantity of
water is also present in this streamto achieve 15 the desired reaction
chem stry. In addition to the deconposition reaction of cunene

hydr oper oxi déendchea@atatial todoh hdditisnab cuthbies; alfediva facti @adibaktepyst em 10
pronote the dehydrati .of the dimethyl phenyl carbinol byproduct to form

~ al pha net hyl $35pVed qa&ﬁ@or@l £y apdiagralipdation; an pxigalien EIHEHEE react i on
whi ch genera r f I stream |2
com ng from %@gg%gpﬁg}%énggkgﬁﬁr gdre’ g@@%ﬁﬁ@ﬁ%&%&t]eﬁ&% ﬁglggﬁeski lled in the
art. These capdiopebride iftatphetolnod atdtone eabthar ftachokatonseadd eepmratpunp- ar ound

cool ing, vaporization of the re volatil e conponents, condensation and
Fof | ux Sof  t hEIVIRDBRT FstPreo b NEALS Miosie BidydrEering HEAEPPIGHE end
conponents f rié%?}t&g'??alg&i‘o‘r?ﬁzigfh%ﬁééﬁbﬂé&%%ﬁ@kei-gﬁ-sﬁ?&ﬁ'EEtlagfrs?, APYecy8aGLe Stream

36 from separa h step acid cl eavage react effluent "12 contains
cunene, phendoprapyktlovi®] ash fted todcratkdatjonestage. Wit duguin & gpbeandoes, and
other minor inpurities. Stream enters the hydrogenati on.reactor system
20, “wher o 1 hoSLadghes BT hARDF AN Fl ShE boRdN S BRI S S ) o

subst anti al | CrgogBlvREEbMgd 8 KBNRini AN, fodthtioH RS taMue dhdduch NUl t aneousl y,
the acetone is converted either partially or substantially conpletely to

i soproidanol . Fr eshstayrdsuwdy dreretemeds abanmsg acddan this e fergpyivtegratgddr ogen st ream
34 fromseparation system 30 are.fed tq raogenation .VWQ. 1)2/2C330

peri USuL 2b05ame e eley BFTe) Befuttishl DY AR s Bloai ey Urogen 1 n the
hydr ogenat i onngdsagisle bypodexs 8sm AL Letohy dATRIABrdnfendbseNGagbatkat
separation stgﬁ?e 30 .and, preferably, recycled to hydrogenati on stage 20 via
recycl e stredhd Bmitationefrthe gHOBI MEOVESEIEOpaIsIe aina/mer, withthsiacthedim st age
30, as well e 3 Wl YA - | ed as
stream 36 to%? ngs 1@?@2{/02@%1 %glg{t:e%gaﬁ eé%ﬁ%ﬁq@fg%ﬁgﬁp Q%P}fe{ﬁ?g?lleggﬁégﬁcﬁlemval . The
products st r eamahidRs hydwopatatige oBOleavagapffiiwhieg i sopr opanol and/ or acet one,
phenol, and cunene (both excess-etunene as well as cunene fornmed by

hydr ogenati on of AMS), is sent to downstreamdistillation system40. In

di stillation sysca®ddR risl he@NroNS separated into the 10 respective
products phenot—44;—acetone 46 (T applicable), isopropanol 42 and cunene
45 which is sent tecadinght,iagninsipahebj&d of Depiemeiitivg intv prheidadihprovat al yst

| oyed, tralizati t | gyi | kal i.ne. ial . either b
i Tect 1 nj ectror kTR KR Sl el B diroRot ey S e rea

this pm nt iguibg process. 15 Isopropanol 42 is fed to a cunene process
allylation unit 50 for use as a benzene al kyl ating material. Fresh

propyl ene 55 nay Bds acerad abiect obbisdruention iepiogislsrappaiagitedZumsne-tre C3

al kyl ating a ; r 3 . : r 2. .are oduced.
The curena st rakieg e I8 MGt BirdRe e HiPER SRR B R BuBne st eam
45 from st agéroflihe akdvdgeaysomiraeshvaité®Bmplfogehat@nintprotiaetowhidatcan st age
60, where the curreng iz@@reacted W th oxygen in air feed stream 64 to form
cut nene hydr 8p&FsRrdes Sedsiomnser mere PREGRRPrewsTiternhegae iacenfutlyr Stream
62 W 45 typig ICL% fﬁ%ﬁbﬂl@?h@at?r?egtreédlfes 20% of wunoxi di zed ctunene plus various
inmpurities an yproducts as di scussed above. The cl eavage stage (reference
nureral 10 i n Fi gA sbedifiaobmedofithistiovention B30 putessmiritlly sivelttneansiyay oper ate at
tenperatures, of about 50C to 100C. C eavage catal ysts suitable for the
present i nvelliﬁflr(?ﬁeqa% Pﬂg@ngals’f“fﬁg’fechﬁ?%fna ?H‘?att?ﬁysﬂ'i gaiis lé%thBY 8l Hfori c acid,
phosphori ¢ - agjchce®ROLI Sl REE BFRleNPRoh8hDeleadBE &istch®OE 4 bEendi préeddS)
acidic zeolite- lggsed cﬁart alysts (e.g.,. R/CM 22;ea I\EI\A%SG I\/[:|\£)4551 alr)1d MCM 56) ;
mor deni t e; até Bopopylayeshohndd &) snbstantiabp el of teradommddhylstyrenk eavage 30 st age

i . . . i o i A 0
][-)(I\)/P\g liO typi %%rloguc(f AR e%vggaos%terznoefﬂugn§£ ccl:ll_lrr%ne.S 20% cunene, and 2 10%

Other objects and advantages of the present invention will in part be

obvious and will in part appear hereinafter. The invention accordingly comprises,



w0 02/ 2G=0 9 PCT/ USOL/ 29938 The hydrogenati on stage (reference nuneral 20
in Fig. 1) according to the present invention nay operate at tenperatures
of about WG Amsd50C and at pressures about 50 to 500 psi pcT/Mati/0s3sof
hydrogen in stage 20 to the acetone and . AMS in effluent stream 12 may range
from above about 1 to about 30 nolar, preferably 3 to 10 nol ar, thereby
representing a nolar excess of hydrogen. Suitable catalysts for the
hydr ogenati on stage 20 of this invention include Goup VIII elenments, noble
met al s, ni ckait s wapieited tohthe metimdandd cdatbd aptarans immdvioy ildesverkbstaof .
Hydrogenatlo age.20 may be nob ne erated so as to bstantially
Ry o b PG iR R PO TuD aRs TrereeRpR At %t o eapany Ruch Kool 10
The al kyl at i gy ShB@fekts i@ 856t BUERAAY t1RDthds, s Sxerbplifi@YbPheoPer at ed with
feeds of benzene and i sopropanol or i sopropanol | propyl erie mi xtures at
. tenper at ur esfolpwilgodascBgOn and 20D comprineng digwing. pﬁmsmmﬁczﬂmk pf e-type

catal ysts (e. ta an ory idic eoI teb Iatlonctalysts
(o . Shens ot gl B R R DpfebE R hoEn SR BrBed M8 ane
15 PSH3) . Thgoacdkdidd 1&@1@& ank, %nb@ﬂ@dclﬁﬁ%&ﬁi@hth&ﬂ asabalinsins shaeRsiagen found to
have particular utility in 't he practice of tlvs invention. The follow ng
U.S. pat ent sWihigt thtigsiope af therisvenéigeh of which is i ncor porated herein by

ref erence, teach the preparation and/ or use of various acidic zeolite-based
catal ysts: 6,096,288 (Roth); 20 6,077,498 (D az Cabanas}; W?97/19021
(forma); 6, OSBNMAGARMDDFNHRINVENTAIONO18 {Cal abro}; 5, 437,855 {VaI yocsi k) ;
5,670, 131 (Valyocsik}; 5,362,697 ( Fanglg 5, 346, d85 {I\/bl n@ggl 236, 575
(Benndft); 5, 068, Ibisiwkanyisrsicrione aul alpha mothylscrant; thaefaentdean trobi n)

4, 696, 807 ( , 325 (Robl n);

5,173,281 ( ang?eS’é?%‘igggi‘g%b‘"}sgdé@%@%’é‘g}%ﬁ?‘% ?mgéﬂa 4. 439, 409

(Puppe); 4, 8abstafifalfyZomekineotdy analediatel &c&smtmahetﬁﬂ& dlesape ‘si)hesnutltl ity of

acidic zeolite- b%%yed C.%gal ysts nmateri ali H I J?I on and ther

hydr ocar bon BHSEEYRASSIDE tPiierayRr INORTOBPL by fisk 11’ity3n| “t‘ﬁﬂﬁ%ﬁt‘) B'ﬁ" Wi th

cumene- based bt QEY&id RBycld RaOictPdnOtheShidaR i &S ureral 60

in Fig. 1) 1391 e (I)pergl%led 1V\AB}'EC Oaal r0 and cune lﬁ)ﬂ 11' %s&n?%gr?geratures of

about 160C toperﬂe’nfzderpcrI@S§umBe o'fhcaltwhloﬁemat«mﬂfyspm @Ethmeermurmarebaf ecycl e

to obt ai n reator f{]ﬁentla(gtrea ? Pco sitions frolg1 15- 35
% CHP. It §f%? B L' a%%fyr? H e FéW O MRV 27

PCT /' US01/ 29958dd pﬁf'lty'ilEarl}ﬂl}ﬂtdgeﬁét[(ﬁﬁfﬂa%atrﬁbtﬁﬂbtg%b Oc[he‘éH?ﬁGwﬁQreiﬁl as to

rovi de abou o nol'ar excess oxygen in stage ased on the flow o

p de about 30% nol yg t 60 based the fl f

cumene in fe@dh%vlea\@géés%era; ¢11m1§aﬁ@éﬂleeaatlb§/sw@mc fynqtivaplilgSronT feynfing | owi ng

XDl © W Ll B ek D00 R PG S Lt o

exper poent s e11n11nat10n of the acetone can reduce the ability of the components in the effluent

from the cleavage system to form close boiling impurities that are difficult to

separate from phenol, such as hydroxyacetone, mesityl oxide and

methylbenzofuran. Selection of appropriate hydrogenation catalyst facilitates

carrying out the immediate, substantially simultaneous hydrogenation of acetone
25 and AMS in the effluent from the cleavage system.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a process flow diagram schematically illustrating an embodiment
of a phenol production process incorporating hydrogenation of cleavage effluents
and recycle of converted products according to the present invention.

30



obt ai ned using a batch autoclave. In each exanple, 5 grans of catal yst and
150 10 180 grams of |iquid hydrocarbon was charged to a 300 nil autocl ave.
The bat chyvaubtoakave was equi pped with a t~. ~i n-inpeller agcrasoreperating
at a speed of 600 RPM Reactor pressure-was nmai ntained with a hydrogen
cylinder of constant supply pressure. Sanples were taken at various tines
t hroughout the experinment and anal yzed via gas chromat ography. The feed to
t he batch hydrogenation 15 reactor in each exanple was chosen to be

repr esent at i DETHILERADESGRIP TN OF RREFRREDAEMBOMMENDRrating with a

201 e " e o The R G B S o AP O soae 01 DL B Bt s
Cu/ Mh catal yt Asaag ih38e 91, AfstibARGUCRRs Fredht6B AloréRREd bP Bolv@IRGHAL Ur e of

120C and hydrogen partial pressure of 210 psi‘g. "Feed conposition: 36.1 w %
of acetone, dumienstdXiditionsegbnologivs) andren@inugpahaitlyroenend a0l owBéref

Al pha- net hyl styrene,. 0. 3 % of. di met hyl phenyl car hi nol . 25 . C), and 38.8
Wt % of gghenoﬁy%%ﬁe’flﬁ&ﬁoﬁ% Uigl gfsé{)ﬁg%wgtfg BE%Q?%?YHBI}@@{ ‘Eﬂli]%lgl? | sopr opanol

(1 PA), 2. 96. 814 hhénSiRs aRPbRBAMIIMR SV SHentse REed MR cIe@vz%é'f@dl:‘t‘or sXstem
%.06.710. 519. 025. 4 ND not detected w0 02/2GE80 11 Exanple 1 B

PCT/ US01/ 29938 Iipthe alcavageaeantontsysiam 1), guraénedngedteagxddeugi4goesnarCagif4n

catal yst, and 150 of reaction m xh~re at reaction,te rature of |154C and
hydr ogen’ par e85t 4sSampaafon Bhet GaiEndlianl GBIRIG oUIH BRI o Ut g of
acetone, 22. fnctodd @fndgiﬁﬂﬁdmmgen&ls i e hs SRR cid] sul fuMdéxede,

Al pha- et hyl styrene, 0.3 wt % of di nethyl phenyl carbinol (DMPC), and 37.9 wt %
of phdfiol . = Rbw@ereriaheis, iicsardh avphaspberiooxid A atayrieclpds heigpgawanol (1 PA), |

1.323.529. 9A, pha ca&EFsMu%ﬁ ¥ S)fite beta, acidic zeolite-based catalysts, such as MCM-
22, MCM-36, MCM-49, MCM-56, ERB-1, ITQ-1, ITQ-2, ITQ-3, SSZ-25, PSH3

and the like, ultrastable zeolite Y, ZSM-5, mordenite, metal oxides, alumina or
clays. Usually a small quantity of water is also present in this stream to achieve
15 the desired reaction chemistry. In addition to the decomposition reaction of
cumene hydroperoxide, the acidic conditions of the cleavage reactor system 10
promote the dehydration of the dimethylphenyl carbinol byproduct to form alpha
methylstyrene.
The cleavage system 10 is a highly exothermic reaction which generates
20 heat that may be removed from the effluent stream 12 coming from reactor 10 by
any number of means known to those skilled in the art. These can include but at
not limited to tubular reactors, pump-around cooling, vaporization of the more
volatile components, condensation and reflux of the vaporized components, or
recycle of liquid light end components from the downstream process, for example
25 by recycle stream 36 from separation step 30.
The acid cleavage reactor effluent 12 contains cumene, phenol, acetone,
alpha methylstyrene, water, acetophenone, and other minor impurities. Stream 12
enters the hydrogenation reactor system 20, where the alpha methylstyrene is
hydrogenated either partially or substantially completely to cumene, and,
30 substantially simultaneously, the acetone is converted either partially or
substantially completely to isopropanol. Fresh hydrogen stream 14 together with

recycle hydrogen stream 34 from separation system 30 are fed to hydrogenation



(AVB) to Cunene, 11.323.230.0 10 Exanple 2A: Operating condition: 5 g of
copper chromte, ~42% Cu0/~39% Cr203 purchased from Al fa Aesar, and 180 g
of reactiwo ophsdgoire at reaction tenperature of 120C 15 andchydowemes parti al
pressure of 200 prig Feed conposition: :}? 3 Wm % of acetone, 0.4 vvt% of

| sopropanol, 18.8 wt % of cunene, 3.8 w% of Al pha -nethylstyrene, 0.3 wt%
of di net hyl phenyl carbi nol (DVWPC), and 37.4 wt % of phenol. Reaction Tine
(hrs) Conversi onl2. 54. 5Acet one to |sopropanol (1PA), 12.45. 4A pha

- met hyl st yr eneacti¥pitein20GomRmedOsil 8:8ss2T hydvdpef 2 RSGSOrIRETH11dB0HE29938 12
Exanpl e 2B: %ﬂratl ng condition; 5 g.of copper clwomte, ~42% CuO/~39%
Cr 203 pur chas erg@frsllmrwﬁee\hﬁ@@a@n lsmnga%é abse@ﬁraﬁleaé&ﬂg%% Adst ure at

reaction ter‘r%%fgitag&ﬁ %Cfv ?/OQ%P e{h%%r?&ﬁé’e PRy |€nycf%r SSsireg of 180 psig 5

Feed conposi tion Yo I'sopropanol, 19.9 ~~~t%
of cunene, 3.5 wt%pbrt&lnpiﬁme-mcqirhpdnst g/rrdémr@,ceﬁné%ﬁm%mg‘e 30, as well as

di net hyl phenyl c I nol , .and 41.4 wt % of phenol 0 Reaction Tine
{1ws) C(ﬁwersﬁ%sia@é’,@(%%‘@% ﬁam %%ﬁ?r%lpawbe(r?qsﬁ{edés e 3§ il slegvage

-nmet hyl styre 7 ndi ti on:
5 g of Engel Eg?"é&@tﬁﬁglrﬁﬁé gga II%@% }%é%lggpo%gl I\ﬁ&ilﬂ;&%%t afeyagtg)?gra%l %8%3 of

reacti on m xtmmngnmmpwnl andipecetbus, @hcriol,aa:h@ cangné ¢hortlo gerspanmdnal
pressure of 677\%? 15 ?d %agg shtlon % of ace one 5.1 wt % of

i sopr opanol , UHCBE 1EB 3 @gWE’%OBfO % 18 SEREIRIOBSFERE . 1.0 wt %
of di net hyl pheaylaeas M40DNP@,~un£mQ 1, ﬁﬁh@%%g&@ﬁé&ﬂﬁé flexanol and
42.4 wt % of phenol. Reaction Time (hrs)Conversion0.5124Acet one to

10 respective products phenol 44, acetone 46 (if applicable), isopropanol 42 and
cumene 45 which is sent to oxidation stage 60. Depending on the acid catalyst
employed, a neutralization step employing an alkaline material, either by direct
injection of alkali or by anionic exchange, may also be required at this point in the
process.

15 Isopropanol 42 is fed to a cumene process alkylation unit 50 for use as a
benzene alkylating material. Fresh propylene 55 may be needed to supplement
the isopropanol 42 as the C3 alkylating agent. Byproduct water 54 and cumene
product 52 are produced. The cumene stream 52 from alkylation system 50 is
mixed with cumene stream 45 from stage 40, and the combined stream 57 is sent

20 to oxidation stage 60, where the cumene is reacted with oxygen in air feed stream
64 to form cumene hydroperoxide stream 62 for feeding to cleavage reactor 10.
Stream 62 will typically include about 5 — 20% of unoxidized cumene plus
various impurities and byproducts as discussed above.

The cleavage stage (reference numeral 10 in Fig. 1) according to the

25 present invention may operate at temperatures of about 50°C to 100°C. Cleavage
catalysts suitable for the present invention include sulfuric acid; sulfur dioxide;
hydrochloric acid; phosphoric acid, zeolite-type catalyst (e.g., beta; zeolite Y;
ZSM-5); acidic zeolite-based catalysts (e.g., MCM-22, MCM-36, MCM-49 and
MCM-56); mordenite; acidic clays; and alumina. Feed (stream 62) to cleavage

30 stage 10 will typically comprise about 20 - 95% CHP, 5 — 20% cumene, and 2 ~
10% DMPC.



| sopropanol (I PA), <1<13. 16. 6Al pha -net hyl styrene (AMS) to

Cunene, 65. 895.798.998.8 20 V4' O U2/ 2GGHO 13 Exanpl e 3B: PCT/ USU1/ 29938
Oper at i ngwoandidshon: 5 g of Engel hard Na pronoted N -5256pca/uNii/idass

catal yst, and 150 g of reaction m xturegat reaction tenperature of 71 C and
hydrogen partial pressure of 150 psig 5 Feed conposition: 24.4 w % of
acetone, 9.1 wt% of isopropanol, 18.2 wt % of cunene 4.1 wt % of Al pha

-nmet hyl styrene, 1.0 w % of di met hyl phenyl carbi nol (DWPC), 2.5 w % of

cycl ohexanone+cy cTidheydaogenatondsta@:. (Feftedtohumpdreli) in IRgalptacondiig e the

hrs) Co i on0. 5124Acet to | | (LPA . 710,219 6Al ph
et hyl ot yr SHESTARRF LG e ast P09 csetitr ot A E A C 3 Sopbr at i ng
condi tion: 5,QsQfesERER J0A6G0DPsRT RHBbEEE MY drSZhbn sﬁ%té bacheabbiesdnd and 150

g of reaction mxture at reacfion tenperature of 7 and hydrogen parti al
pressure of AMS peiffjudne eldeand b owly range; fr@d abovataout 1 toodoond) malak,wt % of

| sopropanol, 16. % 15 cunene 2.5 w. % of pha- ne styrene, 1.0 wt %
of 6l et nyl pRETITUARE SBmopmbary aifcoriied §imofir BB Sl O T on i e
(1 rrs) Conver ghigiblZdeAGes fof ehd 18y drsRRAMMe A0l JPAis 4nvRticd theRde (Bopha
-nmet hyl styrene (AMS) to Cunene, 94. 696. 499. 199. 6 20 Exanple 4 A cunene

hydr oper oxi d¥11 elesgniscorhilamstaly nBbob cpper, SHADNPE, andregnidinatipes adce prinmari |y
curene 15, <o Blghndefh YIBBLEREARI, M0 RS 4y eyl ot
hour |y spaceswgiaggallyyfully ol p&tially t@bieft@uttahet shygahadean adopaspybilbdhsgnt about
10 The alkylation stage (reference numeral 50 in Fig. 1) may be operated with
feeds of benzene and isopropanol or isopropanol / propylene mixtures at
temperatures of about 80°C to 200°C in the liquid phase using zeolite-type
catalysts (e.g., beta and Y) or acidic zeolite-based alkylation catalysts (e.g.,
MCM-22, MCM-36, MCM-49, and MCM-56, ITQ-1, ITQ-2, ITQ-3, SSZ-25 and
15 PSH3).
The acidic zeolite-based alkylation catalysts have been found to have
particular utility in the practice of this invention. The following U.S. patents and
publications, each of which is incorporated herein by reference, teach the
preparation and/or use of various acidic zeolite-based catalysts: 6,096,288 (Roth);
20 6,077,498 (Diaz Cabafias), W097/19021 (Corma); 6,063,262 (Dhingra),
6,049,018 (Calabro); 5,437,855 (Valyocsik); 5,670,131 (Valyocsik); 5,362,697
(Fung); 5,346,685 (Moini); 5,236,575 (Bennett); 5,068,096 (Valyocsik);
5,104,495 (Chang); 4,981,663 (Rubin); 4,696,807 (Chu); 4,791,088 (Chu);
5,441,721 (Valyocsik); 4,954,325 (Rubin); 5,173,281 (Chang); 5,043,512 (Chu);
25 5,488,194 (Beck); and 4,439,409 (Puppe); 4,826,667 (Zones). Several of these
patents teach the utility of acidic zeolite-based catalysts materials in alkylation
and other hydrocarbon processes, although not specifically in connection with
cumene-based phenol production.
The oxidation stage (reference numeral 60 in Fig. 1) may be operated with
30 air and cumene feeds at temperatures of about 60°C to 120°C and pressures of
about 0 —100 psig, with cumene recycle to obtain reactor effluent (stream 62) CHP

compositions from about 15 — 35 wt.% CHP. It is preferred to maintain a flowrate



W O 02/ 2GE80 PCT/ USOL/ 29938 14 30 tines the nmass flow of the CHP feed is
conbined with the CHP at the sane tenperature. The recycle stream contains
about 48 wb.0%m@isenol , 30 wt. % i sopropanol and 12 vsrt.. % eorasel/29ke |iquid
effluent fromthe cleavage reactor is f to a fixed bed 5 hydrogenation
reactor containing Rainey nickel catalyst, in the presence of hydrogen gas.
The reaction is conducted at 120C and 22 bar, with excess hydrogen at a
hydrogen to acetone and AMS nol ar ratio of 8:1. Excess hydrogen is
di sengaged f rafmirtiheirsfrEdm @Aty oxidatiorestygy @isomat ptaviderebohny 3% geniat i on
reactor. Acetone conver.sif)g éﬁ i sapr oBa ol %nd AMS, cfgn gfs on to cunene are
in excess 10 BFEIHEFHR STagg AP Gassrrqn B oLl SUPERS iny %‘ijl et*$%8° HhE cl eavage
reactor as degglclibgdcabanamayd partly sent to a separation stage. The
i sopropanol recovered fromthe separation stage is fed to an al kyl ation
. unit using zeol it elhedoBoying exampleodilidertberrdnsrateTthe nethrshof freqaessetd i n t he
al kyl ati on unit it.s conbi ned with cunene recovered fromthe separation stage
and” 15 the ni'R€d"8Preamis sent to a cunene oxidation reactor to form CHP.
It will be apparent to those skilled in the art that other changes and
nodi fications may be nmade in the above-descri bed apparatus and nethods for
hydr ogenat i orExgfhipddseavage ef fl uents in phenol production without depaz~ting
fromthe scope ) iI-NVEeNt.| rei nd it,is intended that. all natter
contained in thgﬁkﬁ%@geﬁol\%&dge@gﬁdﬁ}o%tﬂg ﬁ%ﬁ"ﬁs B%ehxdsﬁ?%ernfj?%} wPeredls
illustrative cbednedaisiig 4 battl angelswNIa cach SRR 5268800 AntdRAaMB130- A net hod

for producin Bhenol conprising the steps of: (3?)%) oxi di zing cunene to form
currenelq'lydrog@ axaraeof lmerd ghpsarbynwaschapgedite a300 vy autnetavs. Ryechadgher oxi de by

aci d cl eavag u{o%lafvgwgs%auigﬁé &h E%Wﬁgﬁnyr%‘;l%% {l&sor?)héﬁ%ﬁ@%\gi %{%ﬁcﬁg%d SEs

cunene, phenol, acetone, vari ous
met hyl st yr enRPNIc Reaetpapatsurgwas mpbhiitadhedow vl o b drogadelshiehyftoageamat i ng t he
acid cl eavage effl uent sérea}m imediately.l O do%t ream from said reaction

step (b) in SUPBRIPEGENE TBIPIPCNETIBiPn Ao TGRS (Housho (e rgeimaeiton
condi tions subkaRkigzddofia ghewtksANBRMShY. MHFREENAEHAGH By aloBBiion

15 reactor in each example was chosen to be representative of that to a CHP cleavage

reactor when operating with a portion of the feed derived by recycling some of the

hydrogenation reactor effluent.

Example 1A:
20 Operating condition: 5 g of Engelhard E-540, a Cu/Mn catalyst, and 150 g of

reaction mixture at reaction temperature of 120C and hydrogen partial pressure of
210 psig.

Feed composition: 36.1 wt% of acetone, 1.1wt% of isopropanol, 19.6 wt% of
cumene 4.0 wt% of Alpha-methylstyrene, 0.3 wt% of dimethylphenylcarbinol

25 (DMPC), and 38.8 wt% of phenol.
Reaction Time (hrs)
Conversion 1 2 3 5 7.0
Acetone to 2.9 6.8 10.7 17.9 249
Isopropanol (IPA), %
Alpha -methylstyrene 4.0 6.7 10.5 19.0 254
(AMS) to Cumene, %

ND: not detected



a part of the acetone and at | east a pact of the al pha nethyistyrene
byproducts of said acid cl eavage effluent stream 15 2. The net hod

accor di ngvb@et@im 1 wherein the hydrogenati on step {d) i rcirades2993s

hydr ogenati ng substantially all of the gl,pha nethyl syrene. 3. The net hod
according to clainms 1 or 2 wherein said ﬁydrogenation condi tions include
provi ding a nol ar excess of hydrogen in the hydrogenation 20 step (d). 4.
The met hod according to clains 1 or 2 wherein said hydrogenation conditions
include a tenperature in the range of about 40C to 150C, a pressure in the

range of aboqb@§§¥593500 psig, and a nolar ratio of hydrogen relative to
t he 25 acetone and al pha net hyl styrene content of said acid cl eavage

ef fl uent st r €3pprgingsonfisigst 5 % of Engglbard F3640,5. Cufiym anddéﬁtgdlfng to
| 1 th t
EH T iy R e T

in the §ange 190 p3dig. 10. V4 O 02/ 2(C80 16 PCT/ USOL/ 29938 6. The met hod

according to claims 1 or wherein said dro enation ste % is carried
out in the pri&sefRpEpeTitign: sléﬂt%ﬁ@f e%?zc%ey%il oWt O‘f'HS@PIf?@@%dfla ¥oditng to
claim 6 wher id f ting of
G oup VIII efdgﬂgﬁtéls 7%@%@&5{@ ?é ﬁ]seﬁ ?@E@?Ogmwgnﬁ %&%&9 d‘ﬁcl aim
nobl e netal s (mpahdéhgvamloﬁphede]s t her eof . 8 The met hod according to
claim7 wherein said catalyst is selected fromthe group consisting of
CuCrzG, N /Na, Cu/ M, and iney nickel. 10 9. The nethod according to
claim1 further corrprl sing the st%?ﬁ@tl@lﬁ TH{l@ﬁhf@epar ating excess hydrogen
fi~oma hydr C\]/(éfb r—effuent—siregm—e ||||" |25uu|the hydrogenation step
(d) and recy%?

ng ﬁ%at excess hydrogen backl t 0"t hg hydrogenation step (d).
15 10. The mneddetsheascordi ng tlo tli.ains 23.6r [2 whergin at | east a portion of
t he acet onfa |1§biﬁ@}bfﬁlloagpg{) o%eavage efff | uent |stream ihsI hydr ogenated to

i sopropano T at7ofTt atiph etlhyl styrene is
hydrogenated%ﬂgigﬁggggﬁgﬁgg i kb% ge%gglqn g%gp (d). 20 11. The net hod
accordng t o—elaths e%e%nf°“hstantkal!y |l of the acetone in said
acid cleavage effluent st ream i s hydrogenated to isopropanol in said

hydr ogenation step (d). 25 12. The nethod according to clainms 1 or 2
wherein at | n rtion of a

Operating condition: 5 g of copper chromite, ~42% CuO/~39% Cr,03 purchased

from Alfa Aesar, and 180 g of reaction mixture at reaction temperature of 120°C
15 and hydrogen partial pressure of 200 psig

Feed composition: 39.3 wt% of acetone, 0.4 wt% of isopropanol, 18.8 wt% of

cumene, 3.8 wt% of Alpha -methylstyrene, 0.3 wt% of dimethylphenylcarbinol

(DMPC), and 37.4 wt% of phenol.

Reaction Time (hrs)
Conversion 1 2.5 4.5
Acetone to 1 2.4 5.4
Isopropanol (IPA), %
Alpha -methylstyrene 0 <1 3.6
(AMS) to Cumene, %

20



| i quid phase of said hydrogenation effluent streamis recycled back to said
reaction step (b). 13. The nmethod according to clains 1 or 2 further

conpri si ngotdessbeps of : 30 (e) recovering isopropanol by rdiraisel/b@ss on
downst ream of sai d hydrogenation step (R),; and wO 02/ 26G&0 PCT/ US01/ 29938
17 (f) feeding at least a portion of the“recovered isopropanol to an

al kyl ation reactor in conbination with benzene and propyl ene as needed to
produce the cunene for form ng said cunene hydroperoxide in the cunene
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partial pressure of 67 psig
15 Feed composition: 27.6 wt% of acetone, 5.1wt% of isopropanol, 17.2 wt% of
cumene 3.8 wt% of Alpha -methylstyrene, 1.0 wi% of dimethyiphenylcarbinol

(DMPC), 2.0 wt% of cyclohexanone+cyclohexanol and 42.4 wt% of phenol.

Reaction Time (hrs)
Conversion 0.5 1 2 4
Acetone to <1 <1 3.1 6.6
Isopropanol (IPA), %

Alpha -methylstyrene 65.8 95.7 98.9 98.8
(AMS) to Cumene, %
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h& ()-.3"10% h& ()--10% h& ()- +z10% h& () - ?~\ =: 10FZ" 10%

& ()-m FZ" 10%xa&ple) 3Bt LZ" 10% F& () - M Hpf LZ" 109%hh& ()-MfLZ"10% h h& ()- MO
h10 h10 hpr< = 101 (LI 1090hg! ()o1 " 10% e ()- 1" " 1090n& () 2" 10%
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o 100B ot Rl oy AR b o ol 1 Cond hopagn
partial pressure of 150 psig
5 Feed composition: 24.4 wt% of acetone, 9.1wt% of isopropanol, 18.2 wi% of
cumene 4.1 wt% of Alpha -methylstyrene, 1.0 wt% of dimethylphenylcarbinol
(DMPC), 2.5 wt% of cyclohexanone+cyclohexanol and 39.7 wt% of phenol.

Reaction Time (hrs)
Conversion 0.5 1 2 4
Acetone to <1 3.7 10.2 19.6
Isopropanol (IPA), %

Alpha -methylstyrene 85.4 98.9 99.5 99.4
(AMS) to Cumene, %

10 Example 3C:
Operating condition: 5 g of Engelhard Na promoted Ni-5256, a Ni/Na catalyst,

and 150 g of reaction mixture at reaction temperature of 77°C and hydrogen

partial pressure of 146 psig

Feed composition: 34.6 wt% of acetone, 0.1wt% of isopropanol, 16.5 wt% of
15 cumene 2.5 wt% of Alpha-methylstyrene, 1.0 wt% of dimethylphenylcarbinol

(DMPC), and 44.9 wt% of phenol.

Reaction Time (hrs)

Conversion 1 2 3 5
Acetone to 4.5 9.3 14.8 22.8
Isopropanol (IPA), %

Alpha -methylstyrene 94.6 96.4 99.1 99.6
(AMS) to Cumene, %

20 Example 4
A cumene hydroperoxide stream containing 80% CHP, 5% DMPC, and

the balance primarily cumene is sent to a cleavage reactor containing zeolite beta.
The reaction proceeds in the liquid phase at 85°C and 7 bar (g) at a net feed

weight hourly space velocity of 1.0. A recirculated hydrogenation effluent about
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hydrogen at a hydlogen to acetone and AMS molar ratio of 8:1. Excess hydrogen

is disengaged from the effluent, and recycled back to the hydrogenation reactor.
Acetone conversion to isopropanol and AMS conversion to cumene are in excess

10 of 99%. The liquid effluent is partly recycled to the cleavage reactor as described
above and partly sent to a separation stage.

The isopropanol recovered from the separation stage is fed to an alkylation
unit using zeolite catalyst to produce cumene. The cumene produced in the
alkylation unit is combined with cumene recovered from the separation stage and

15 the mixed stream is sent to a cumene oxidation reactor to form CHP.

It will be apparent to those skilled in the art that other changes and
modifications may be made in the above-described apparatus and methods for
hydrogenation of cleavage effluents in phenol production without departing from
the scope of the invention herein, and it is intended that all matter contained in the

20 above description shall be interpreted in an illustrative and not a limiting sense.
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ou 1. A method for producing phenol comprising the steps of:

|_\

(a) oxidizing cumene to form cumene hydroperoxide;

5 (b) reacting cumene hydroperoxide by acid cleavage to form an acid
cleavage effluent stream which comprises cumene, phenol, acetone, and various
byproducts including alpha methylstyrene;

(¢) separating a phenol product; and
(d) hydrogenating the acid cleavage effluent stream immediately
10 downstream from said reaction step (b) in a hydrogenation reaction carried out
under hydrogenation conditions suitable for simultaneously hydrogenating at least
a part of the acetone and at least a part of the alpha methyistyrene byproducts of

said acid cleavage effluent stream.

15 2. The method according to claim 1 wherein the hydrogenation step (d)
includes hydrogenating substantially all of the alpha methylstyrene.

3. The method according to claims 1 or 2 wherein said hydrogenation
conditions include providing a molar excess of hydrogen in the hydrogenation

20 step (d).

4, The method according to claims 1 or 2 wherein said hydrogenation

conditions include a temperature in the range of about 40°C to 150°C, a pressure

in the range of about 50 to 500 psig, and a molar ratio of hydrogen relative to the
25 acetone and alpha methylstyrene content of said acid cleavage effluent stream of

at least 1 to about 30.

5. The method according to claims 1 or 2 wherein the molar ratio of
hydrogen relative to the acetone and alpha methyistyrene content of said acid

30 cleavage effluent stream is in the range of 3 — 10.
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13, The method according to claims 1 or 2 further comprising the steps of:
30 (e) recovering isopropanol by distillation downstream of said

hydrogenation step (b); and
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