1 5 JUN 2004 WO 01/46102 PCT/ US00/ 34843 PRODUCTI ON OF PHENO.1 R NGBy
REACTI VE DI STI LLATI ON BACKGROUND OF THE | NVENTION 5 Fi el d of t:he nventi on
This invention relates to the production of phenol and non hegdbarly to
a pr oces?ofodf“lp??oduci ng phenol and acetone from cunene hyfggg"g‘i%e (CHP)
using reactive distillation. 10 Description of the Prior Art Phenol is an
i nportant organic chemcal wth a wde variety of industrial uses. It is
used, for exanple, in the production of phenolic resins, bisphenoi-A and
caprol actam A nunber of processes are currently in use for the production

of phenol but the gj pr | di t (o) jon of the
total 15 producticnhgiggeHgﬁf52%?ﬁé&égg#ﬂgguggéézégfahaggugﬁgﬁ%ccounts for
over three quarters of the total U. S. production. The basic reaction
involved in this process i hydr oper oxi de into
phenol and acetone: COH5C( CHS=E® S6+H5 OO O The reaction takes
pl ace under acid conditions with the yield of both phenol and acetone
general ly beinq 40 percent or nore. On an industrial scale, the cunene
hydr oper oXi d&igl¢ ofgdnygntioReat ed with dilute sul phuric acid (0.5 to 25
percent concent ratﬂh%vﬁ%tioﬁ rbIBRE6 M 'pRd0EiR Yhend Bnalnére Cj)%@l@-ula?{ﬁ(tt@r t he
cleavage is conplete, the reaction mXxture is separated and the oil | ayer
di stilled toacgibesss foneroghene Phenml aad acelgee fiegeeragnanxdiorRarmade (CHP)
aIpha-nethyl§Eﬁﬁqgﬁﬂ3@qﬁ&ﬂgm§pone and tars. The cunene may be recycled for
conversion to e hydroperoxi de and subsequent cl eavage. The phenol
produced in this way is suitable for use in resins although further
purificatjon {s - reguyi a pharmaceutical grade product. The
heterogeﬁgoudescgf et E)q(J[rR'Ite hydr operoxide (CHP) over 1 1 5 JUN 2004

Phenol is an important organic chemical with a wide variety of industrial

uses. Itis used, for example, in the production of phenolic resins, bisphenol-A
and caprolactam. A number of processes are currently in use for the production
of phenol but the single process providing the largest proportion of the total

15  production capacity is the cumene process which now accounts for cver three
quarters of the total U.S. production. The basic reaction involved in this process

is the cleavage of cumene hydroperoxide into phenol and acetone:

CeHsC{CH3),00H = CgMsOH+(CH3),CO
20
The reaction takes place under acid conditions with the yield of both
phenol and acetone generally being 40 percent or more.
On an industrial scale, the cumene hydroperoxide is usually treated with
dilute sulphuric acid (0.5 to 25 percent concentration) at a temperature of about
25  50°to 70°C. After the cleavage is complete, the reaction mixture is separated
and the oil iayer distilled to obtain the phenol and acetone together with cumene,
alpha-methylstyrene, acetophenone and tars. The cumene may be recycled for
conversion to the hydroperoxide and subsequent cleavage. The phenaol
produced in this way is suitable for use in resins although further purification is
30 required for a pharmaceutical grade product.
The heterogeneous cleavage of cumene hydroperoxide (CHP) over



various solid acid catal yst has already been reported. For exanple, U S.
Patent No. 4,490,565 discloses the use of zeolite beta in tHe glieAlage of
cunmene hydroperoxide, whereas U. S. Patent No. 4,490,566 discloses the use
of a Constraint Index 1-12 zeolite, such as ZSM 5, and European Patent No.
492807 discloses the s use of faujasite in the same process. The use of

snectit ' ; ' t | i r oxi de
o descr el Foldp U Rl et R et hocl HERBRER  Fopexdinp® TS FRENCRE

di scl osd9) fpdsskskerthé hee o pecide tetain the gwagle ofaneharet one by reacting
cunene Hé&rroperoxi de over a hetero%ggeous catal yst consisting of either an

i on exch%Fgeeradde, wheieas U Patand N idat3Q:p@8 disslasesihe pse of e ersterintpol v
251 oo HERCR127epiRISLOR SO HAIS, BnBE oot R Tid, S8BT DSt Ore®,, o

genes al lye ofi krgbsie infthe sahedpraicess. The uge of salecliteeclapd Y PrRtddid uatdiglege at
tenperatures in_ excess of 350C. Catalytic distillation has been used to

pr oducedecereresion af Rymenetydiopaspygglizdeswibed indhdepatendie, 4, 87 bBMaker

Clune, 1087) 00 RARRERE 4 8381985 didieda protets 6Pt orlt SR GldineBob ' e
use of heMaGeRPEby RRIRY edmeneaidFerexiddvverhalatslogensbedta

ifa‘lz’tfsta| kyl ation
and ol igornerization processes using catalytic distillation. 20 U. S
pat ent SRNsiFirgsY aier @e ishiexpharge resi having Buleniosieid functidmgiitaor en process

for prepari ne from nd propyl.ene in.a zeolitjc catal yst bed
o b TR HERT Epdl 85 1 2GR e RS At Ryt SiPsch SRR 2B

wi t hdr agificd, raMiir) €itHis bhb Izicbeia. SUNHete RPpoRIciPEatalyRE de sy he fixed
bed and unreacted organic aromatic conmpound may be taken off as "an

over headsedas they hysatas, ang assugbmre neharently Lasteble atiteaipesatores ipr ocess for

r enovi ng){c%lsglbq-as hyl styrene from adm xtures with cunene by hydrogenati on
usi ng catarytic I'stillation to selectively hydrogenate the side chains

Sho B educe Camyic daiatoalBsctein oo mgheycaiamng. oyt oduct
t oabinePIRPBEDEME behzanee Seeoishoemaker it alc Guerrneb iCabelyx Disdileomphenol |
acet oneyaid AP IERYNG! ¥ £ quund (B 7fr ocess
U.S. Patent No. 4,935,577 to Huss, Jr., et al. Discloses the use of Lewis acid
promoted inorganic oxide catalyst systems for alkylation and oligomerization
processes using catalytic distillation.
20 U.S. patent No. 5,055,627 to Smith, Jr., et al. Discloses an alkylation process
for preparing cumene from benzene and propylene in a zeolitic catalyst bed
dispoased in a distillation column reactor. The alkylated benzene is withdrawn from
the distillation column reactor at a point below the fixed bed and unreacted organic
aromatic compound may be taken off as an overhead.
25 U.S. Patent No. 5,905,178 to Hildreth discloses a process for removing alpha-
methyl styrene from admixtures with cumene by hydrogenation using catalytic
distillation to selectively hydrogenate the side chains and produce cumene. The
alpha-methyl styrene is produced as a byproduct in the cumene-phenol peroxidation
process.
30 U.S. Patent No. 5,463,136 teaches a process for the decomposition of
cumene hydroperoxide to phenoi, acetone and alpha-methylstyrene, which process
employs a reflux-cooled reactor.

%]



enpl oys a reflux-cooled reactor. 2 1 5 JUN 2004 European Patent No. 0018159
teaches a process in which cunmene hydroperoxide i s deconposkd JUN Zikenol
and acetone by mxing it with acetone and a catalyst, flowing it wthout
substanti al back m xing through a reactor and controlling the reaction

t enperature evaporating acetone and thus reducing the acetone 5 x
concentratio } ! SN : i is an object
of the presegtwté%%/ﬁ?imoéghﬁ)&gpg\al?g%ta pr%?e@fsoc%%'r{\ﬁg&éﬁﬁﬁrleb E. LT

26- 11. 2bpdroperddddd iddcatfifosett toypHenol anbrackbonbUly RNy WSAB4EA3nerAdYCt | ONn
of pheno%tﬁgg cetone using catalytic distillation. This process would

pr ovi de® I8¢ i wiheyt ybelaniakbasiansig tpugh areattonand eoatreling

excessi Dl ) and. uf i i de.s hi heat of
Feact  on® (EIoR S PE B W FAIBRS N AL 0E FMETT g poi ne
decosiposbdentrationifebil ehigturs ittheasours@ bPite. reabMARY OF THE | NVENTI ON The
present invention relates to a process for produci ng phenol and acetone
from cunmene hydroperoxi de, wherein the process conprises the steps of 10
i) introduci 1 Ldg ed into reactive distillation
col urm COITpI’ﬁgSI ﬁa%ﬁw{a’gtﬂl%g'ée%gﬁéﬁpf’ﬂﬁ"’gﬁ’d rgt"’lalt‘;’l %ﬁf%ﬁsﬁé?ruﬁﬁ and at its

| ower portion a catalyst bed, at a point above or at an upper portion of
said catalyst bed; i) mxing a diluting portion of acetone with said
cunmene hydroperoxide to provide a diluted cunene hydroperoxide; 15 iii)
directing said diluted cunene hydroperoxide through said catal yst bed
under conditions sufficient to effect the exotherm c deconposition of said
cunmene hydroperoxide to a product conprising a heavy fraction conprising
and a

Za



ooz Lo

vaporiretd NER fractife Lt:Torrpri sing acetone; iv) wt hdraW| ng
2600 as bottons fromsaid colum; 20 v) flow ng said vap gdﬁh‘fﬁgﬁhosrms

- fracti on upwdpa3-tMFiough the catal yst bed and at |east a portlon of the
~reactive distillation colum; vi) condensing said light fraction to provide
at |east a portion.of said di | uti-ng portion of acetone for subsequent
m xi ng with said cunmene hydroperoxide feed; 25 vii) optionally w thdraw ng
a portion of said light fraction as overhead fromsaid colum; and viii)
repeating steps i) through vii). Steps v) and vi) can be used to control
di lution of ib@d&:ﬁﬁ’ﬁ@ﬁ pRerfctandbhceeNsInD cSHBEE distillatiod. UDHis pri@esklwe@tio2
PCT1US001348 hydr oper oxi de feed, e.g., by setting the reflux rate of
acetone thr oWMdaamelhnﬂ afrreacting sumengbyilrepesoxide Whish wouldeveidc unene
hydr oper oxi de throu t.he reacto i s _preferabl ate
sufficient t&"R@é’d’e @‘ 1&5‘@&?9&‘5 @é@q@fepghydmpﬁﬁ}@f%% H?ag"ﬁf%g“ Bt al yst
tenperature I f t
i sot her nal Sera I on !’f&r@e@%éraggﬂg}?steg vetgo%lwg?, lgs({lg%ée?l? &efégﬁxgg%’:ugﬁal t he
present | yscl grodgdty)caglesacepatudes operation under conditions of tot aI
reflux with all overhead product being returned to the colum. The
diluting portion of acetone can be added to at |east one of: 1) the upper
portion of the distillation Y2 I NBANTRS ion of the
distillation 10 colum, ups ' d, e.g., at the CHP
feed tray, and 3) Tﬁtepx‘ésb@imﬁmﬂf{(&if:@mésqesIa%%ée@ﬁ@rpmdnbmtgq;heﬁa andit r oduction
to said distillation colum. Recovered Ooverhead whi ch contains acetone can
al so be addedicefone €tonycumensriydraperaxides whorsin the Psodess ¢dmprisgs theyssapsiEd i n

S oh nor i1 boi F.”h@‘ir&s{dﬁﬁlé‘éérc&%{eg? rRneg et g inG AN rpatipp COTPOUNS
a- met hyl Styf%‘mr(qﬁw Qtf@‘ﬁ%§%@ﬂ‘énh%ﬁﬁl&h&ﬂc&ﬁm%ﬁh@ﬁ@lo@&uem can be

used to assist I n nal tal Ing t tal-yst bed at a
portion a catalyst bed, at a point above or at an upper portion of said catalyst bed;

ii) mixing a diluting portion of acetone with said cumene hydroperoxide to
provide a diluted cumene hydroperoxide;

15 iii) directing said diluted cumene hydroperoxide through said catalyst bed
under conditions sufficient to effect the exothermic decomposition of said cumene
hydroperoxide to a product comprising a heavy fraction comprising and a
vaporized light fraction comprising acetone; _

iv) withdrawing said heavy fraction as bottoms from said column;

20 v) flowing said vaporized light fraction upwards through the catalyst bed
and at least a portion of the reactive distillation column;

vi) condensing said light fraction to provide at least a portion of said
diluting portion of acetone for subsequent mixing with said cumene
hydroperomdc feed,

25 vii) optionally mthdramng a portlon of said light fraction as overhead
from said column; and :

viii) repeating steps i) through vii).

Steps v) and vi) can be used to control dilution of the cumene

Enpfai AMENDED SHEET



tenperature at or near the boiling point of the reactant quuqq_hmlmnovide
preferred isothermal operation, while elimnating reactor "hot spots.” In
anot herwaspegioz t he present invention relates to an appar BELYSPBI84D0
prepari ng phenol from cunmene hydroperoxi de which conprises: a) a reactive
distillation colum conprising at its upper portion a distillation colum
and its |lower portion a catalyst bed; b) a | ower outlet downstream of the
catal yst bed for renoving high boiling bottom products conprising phenol;
25 c) an inlet at or near the bottom of said distillation colum for

i ntroduci ng heatopeRidy/deaPEE QXY dettihgatt Riluardi®onacdlpsd meaugradaisai d
catal yst bed;  d) an upper outlet for renovi nqwl ow boili ngoo eéhead roducts
conprising &eldMmmel Nelawd Aewof hechiuttgaumenstyapesxiagin ‘@%ﬁ & "G et for

cool i ng sai d; tSi R eLS WehEgl ver
upst r eam of 'ssaﬁ)?)r fﬁég{yhﬁéﬂﬁﬁ{ﬁgé’#%ﬁ?ﬁ {%ﬁciéﬁi%é@%él}ﬁmgum 01/ 26102

PCTI [ } SO0/ 348#8chy nmaintbipingf cabatysité robershirelabararase Hie poibtaieaist ddke toid ect ed
and/ or returped to, sai LSt [ ; : S
"ler at hn SRS Rbfhsrafdrei Bh of by, oUER i SUFL At 2
over head progusdesitly efdimed bravess aicthdes opération usdeftvondippay oft total cefluxfwitht her

conprise an el enent sel ect fromthe .grou consisting of h) an overhead
products inl @L Oé(‘?n}faldo%‘?“%g’?PPd%”&?e"s‘gi”be g‘?‘%’i“ﬁ | ati on colum for

i ntroduci ng over hepst ginaidy postichradmceiahel carebeiadeed tooatdeasd ode ot )it i on
an over head BPBALEPACT R HFURIPLEILTESD J0E HEREBRBII RSO ORRG  cumrent
hydr oper 9yi dgofieed LHR%EERAMAld GRbigstibebes.of af thert P dewd gy, Gndene
cumene hydroperoxide feed prior to its introduction to said distillation column.
Recovered overhead which contains acetone can also be added directly at one
or more locations to the catalyst bed in amounts sufficient to reduce formation of
heavy compounds, i.e., compounds with normal boiling points greater than
15 182°C, e.g., dimers of a-methylstyrene (AMS). Such interstage injection of
acetone diluent can be used to assist in maintaining the catalyst bed at a
mmmmmmammwmmemmmpmnmmemmmmmmmmpmwmmdmmd
isothermal operation, while eliminating reactor “hot spots.”
In another aspect, the present invention relates to an apparatus for
20  preparing phenol from cumene hydroperoxide which comprises:
a) a reactive distillation column comprising at its upper portion a
distillation column and its lower portion a catalyst bed;
b) a lower outlet downstream of the catalyst bed for removing high boiling
bottomn products comprising phenol,
25 c) an inlet at or near the bottom of said distillation column for introducing
cumene hydroperoxide feed at a point upstream of said catalyst bed;
| d) an upper outlet for removing low boiling overhead products comprising
acetone;
e) a heat exchanger upstream of said upper outlet for cooling said
30 overhead products,
f) an overhead products receiver upstream of said heat exchanger having



hydr operoxi de; and j) an overhead products |ine which recycl €sh ovietltiead
products to one or 15 nore portions of the catalyst bed. The process and
appar at ugygof1/defi@ i nvention can achi eve at or near 100% cd’Wélﬁgp@ﬁ”Bf
cunene hydroperoxide at long on-streamtines with high selectivity to
phenol and acetone and with extrenely | ow coproduction of high boiling 20
inpurities such as 4-cunyi phenol, and 2, 4-di phenyl - 4- net hyl - | - pent ene.

Mor eover, the present invention allows efficient use of the heat of
reaction evolved from deconposition of cunene hydroperoxide to effect

separation of gl Qner frfiRiinidisal eehieéal predgets aretaipeted Bnofor tdternedade t@idn
product m xture. Such an arrangenent mnim zes reboiler use, reducing

energy costs, dwﬁliat@nm%m@iaﬁ*g 25 hi gher yields, good product purity and
~lover capital i nveﬁ)rﬁ%@rthea@?dﬂﬁc%%t%ﬂ i ePhortioh oPRAYNGNGat o @dRim©il
n e

depicts a fl ow diagram for nbodi ment of the present 30 invention
wher ei n ref | ustordoieodring everhradadadeds eailuk frem $d 6iceivRe di still ation

colum. 5 1 5 JUN 2004 WD 01/46102 PCT1US00/ 34843 FI GURE 2 depicts a flow
di agram for an enbodi ment of the present invention wherein acetone is

i ntroduced at the tTie afpardtes darmsfuriheaciroprisearnueamentdisiesded fjormibe 8/aRe

cat al yst bed, and/or rfecycl ed into the cunene hydroperoxide feed. 5 FlIGURE
3 depicts a fIORFGPam for an enbodi ment of the present invention

wherei n acetone is §nmeddead mbdideintedpt afowanodiostaf spigtdigiiatias epemn

O o P e Wit aieRnd Rorl S Bfef B i byl BERERPT! ON

OF SPECI FI C ENBCHI at’i on, a reaction zone

cont ai ni nqocat@nest shig inlet foemtrodlicn@curhemechydiopdroxide;t ower equi pped with an
over head condenser, refl ux

. unp, . rehoil er over head. recei ye control
i nstrunentati on. Fe‘éé”@&%‘@g@:%%d“éipgmier‘fﬁ?%ﬂ'&&%‘ges WOVE %rgg%éa{% S‘F@St bed.
Products are cQRidiriousbpers8o@IRd Jpe@sarh e ssigaskd fonintroducing cumene
hydroperoxide, and
j) an overhead products line which recycles overhead products o one or

15 more portions of the catalyst bed.

The process and apparatus of the invention can achieve at or near 100%
conversion of cumene hydroperoxide at long on-stream times with high selectivity
to phenol and acetone and with exiremely low coproduction of high boiling

20  impurities such as 4-cumylphenol, and 2 4-diphenyl-4-methyl-1-pentene.
Moreover, the present invention allows efficient use of the heat of reaction
evolved from decomposition of cumene hydroperoxide 1o effect separation of
lower boiling products, e.g, acetone, from the reaction product mixture. Such an
arrangement minimizes reboiler use, reducing energy costs, while providing

25  higher yields, good product purity and lower capital investment.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 depicts a flow diagram for an embodiment of the present

30 invention wherein reflux acetone is introduced at the top of the distillation

column.



zone by the distillation process. 15 Catalytic distillation |1; ﬁ@g ple .
only for chem cal reactions where the distillation of reacti ?\ ?r@onents
occurs wo dieigane tenperature range as the reaction. ThBET/USHEMEES on
above the critical point can be a limtation, and the presence of
azeotropes or close boiling conponents may cause difficulties. |Inasnuch as
distillation colums are typically operated at higher liquid 20 and vapor
flow rates than conventional reactors, the reduced residence tinme in the
reactive section of the colum of the present invention will mnimze the
formation of bypr¢guoRs:. 2EBbaétslaSﬂcﬁﬁ@i@giaaMdfaatéwadﬁdaﬁ@mttﬁm@pﬁeb@wtcase of CHP
deconposition as the dehydration of phen propanol |l eads to the

f or mati on omvanmwpﬁ@uryr@?éor@ptﬁ/s)trodaw% ’)c/ G@Pfﬂgérdl‘ﬁ%‘&? UANeCAYBR. coul d
undergo furt H?éct%?atfo‘%@%é 4S8! ﬁﬂféli ARk F@cryuéaf.m@me Qlrh@RRYdréadrbage and
coke formation nim zi ng ty formation“of heavy conpounds will extend
catalyst |ifé&edf a heterogeneous catalyst is enployed for the reactive
oot Ponl nel cac” HEbRE ABBERTANE daBRRT I AniRimERriRe grRaR 1 of
reaction 1ncl ude eratud sure ranges that are Suitable for use
in adistill at«eonom:whamm aGforiauie 1mtmduhed Bt thie tmzat thefdistialéan eolymn,

deconpositio fera t P concentrations, of
the order of o %@@%&v *%%c%ﬁaﬁ%gepq‘f roéH]?/“'t'r“lfl‘% YD1 5 JUN 7004 WO
01/ 45102 PCT/ us00134843 vvt % and nost preferably 0.5 to 5 w.%, e.g.
about 3 wt.% Srangefrom25to 95 wt . %
preferably 75 : :1,‘ and needs to be further

di | uted, 1@referabllﬁcbté|ﬁi%eﬁgm@uori@rémloatz@w@camtaeahg teatmigbtds filehintood of the

dllutlonlevel can be achi eved setting the reflux rate 5 thr hthe
tower, or di (r@EHPRALLAIPWE' ?%épﬁeé’yvyl %’&IOWB?‘T’\@&HW@BFI‘F al |”ﬁé’”5lpef%}?g t he

cumene hydr ORGER%LEGeESGE- anﬁ%lnﬁ‘oﬁnéthﬁrﬁéntbf@w Wé@donhfddehﬁgarﬁmwﬁdacéd)r t he
maj or comnponents i nvol ved t he deconposition of cunene hydrogerom de.

Acet one has @bgif@mq catalys! t?)edld’rpé\)\ﬁ‘éﬁ AFFPNIREOYRY FRMQVEEHrom e ettt ther naj or

conponents, ﬁé SPMnd a&hhétfoﬂtﬂré&sbt s separation in a reactive distillation
col um. CI her | ow’ boi | onponents may
Catalytlc dlstlllatlon is suitable only for chemical reactions where the

distillation of reaction components occurs in the same temperature range as the
reaction. Thus, operation above the critical point can be a limitation, and the
presence of azeotropes or close boiling componenis may cause difficulties.
Inasmuch as distillation columns are typically operated at higher liquid
20  and vapor flow rates than conventional reactors, the reduced residence time in
the reactive section of the column of the present invention will minimize the
formation of byproducts. This is especially advantageous in the case of CHP
decomposition as the dehydration of 2-phenyi-2-propanol leads to the formation
of a-methylstyrene (AMS), a reactive intermediate that could undergo further
25  reactions such as dimerization, oligomerization, and coke formation. Minimizing
the farmation of heavy compounds will extend catalyst life if a heterogeneous
catalyst is employed for the reactive section of the column.
The preferred conditions for the decomposition reaction include
temperature and pressure ranges that are suitable for use in a distillation column.
30  Due to the high heat of reaction, decomposition preferably takes place under
ditute CHP concentrations, of the order of less than 50 wt.%, preferably 0.1 to 25



al so be present in the colum, e.g., nethanol, acetal dehyde, g @hfﬂﬁpzene
TABLE 1 Conponent Nornmal Boiling Point (C) Acetoneb6.3 Cumenél ﬁ

a- Met hyl by 2p265. 5 Phenol 181. 8 2- Phenyl - 2- Propanol 192. 6 p%qensunhmanezoz 0
01 15 The catal yst enpl oyed can be either a honbgeneous or heterogeneous
catal yst. Suitabl e honbgeneous catal yst systens can enploy a suitable
catalyst such as dilute (0.01 to 5 percent concentration) sulfuric acid.
O her acids such as perchloric acid, phosphoric acid, p-toluenesulfonic
acid, and sulfur dioxide are also effective honbgeneous catal ysts. 20
Suitabl e het e It f TBNE

hydr oper oxi dghlqﬂ'(‘: %@gﬁﬁ@e@%@%?%ﬁ%%s‘i Q%u%ﬁogﬂsf%% I'Eig g@?a d| scl osed
in U S Pateht tdeger camgﬁgéﬁﬁm%ﬁmfsm%l ptefénabiyy7 Slto B vzté’(alege BOSAG@h as

ER A ao807, chbcetd aeed ) b Phish Pt ot AR e85 R0, ' 1o,

exchange r esi|ggelbaCongoldd tlsejbrmnncte\mtcm belachicosdmby totting tHeetfunopd y aci ds,

such as 12-tungst 0 26-2001 15:43 LT 281 834, 5752 P. 04
e 110 2061 BB iAS Tl plcitestly BT LT REuTRA EheTERA FonB e AN Uy
titani a and ziheGkishe HjdEetsedt feed. U. S. Patent No. 4,898,995. Additional

solid-acid catalysts suited for use in the present |nvent|on I ncl ude t hose
conprising a sulfated transition nmetal oxide such as sulfated zirconia

together with an oxjhgle 10fstd fhemo%apa@n#@spmtswcsfqneambr&da@waﬂ@wmd
described in U. S. Patent No. 6,169,216, as well as those conprising

m xed oxi de o teedrPERMAPHIIH ehymeneVydmnesxide  foetong P%ﬂﬁ@ﬁiﬂ‘:@@%rl bed in

10 lower baoiling point than all the other major components, thereby facilitating its
separation in a reactive distillation column. Other low boiling components may

also be present in the column, e.g., methanol, acetaldehyde, and benzene.

TABLE 1
Component Normal Boiling Point (°C)
Acetone 56.3
Cumene 152.4
o-Methylstyrene 165.5
Phenol 181.8
2-Phenyl-2-Propanol 192.6
Acetophenone 202.0
15 The catalyst employed can be either a homogeneous or heterogeneous

catalysl. Suitable homogeneous catalyst systems can employ a suitable catalyst
such as dilute (0.01 to 5 percent concentration) sulfuric acid. Other acids such
as perchloric acid, phosphoric acid, p-toluenesulfonic acid, and sulfur dioxide are
also effective homogeneous catalysts.

20 Suitable heterogeneous catalysts for use in the cleavage of cumene
hydroperoxide include solid acid catalysts such as zeolite beta, disclosed in U.S.
Patent No. 4,490,565; a Constraint Index 1-12 zeolite, such as ZSM-5, disclosed
in U.S. Patent No. 4,490,566; faujasite, disclosed in EP-A-492807; smectite
clays, described in U.S. Patent No. 4,870,217, ion exchange resins having

25 sulfonic acid functionality or heteropoly acids, such as 12-tungstophosphoric



© NPS26PER%INt 1636, 297, 488 LThe process of the invention €3h 8o ﬂspééghgl%

2tdite2@at al yst conprising an oxide. of a Goup |VB netal E‘)’q%"%nﬁd wi t

- oxyanion or oxide of a Goup 10 VIB netal by cal ci nat i bA -of e oxide
species at a tenperature of at |east 400C, as disclosed in U S. Patent No.
6,:169, 215. The nodification of the Goup | VB netal oxide with the oxyanion
of the G oup VIB netal inparts acid functionality to the material. The
nodi fication of a Goup |IVB netal oxide, particularly, zirconia, with a
G oup VIB netal oxyanion, particularly tungstate, is described in 15 U S
Pat ent No. 544303 ineAREppdh, 30ckpastsilidag alnynii, tikmat ancegitbomia, Risples¢dhin
Proceedi ngs 9th International Con ess on Catalysis, Val ldge 4, .B&ﬁqes
1727-1735 ( LbBBaterT Mo, B A8EI9poAdditiopak @lifiasid (AR PURISPRYESBMSE ch can be

used in the present inventi i ncl ude. t hose i ; : Lhciently
large to phyﬁreé&‘P‘I‘9"‘3“@9“%?@%‘?“31‘95,%053955%% Wﬁ%&ﬁ%ﬁ%ﬁlﬂgﬁgﬁéﬁggﬁve | ar ge
pore crystal Ll 0ar Bl ARMAIshEuTiA Be bARE of 165 oP ST 6f itdipaddl | owi ng

zeolites_ zskE 3 M 18, ZSM 20, zeolite Beta, zeolite L,
mor deni t e f kin@@hdse as d@RHbédinW.SaRatentio. &, %2 aes welles tiose spaNHNAg f or s
of the above. FOr the purposes of this iﬁvention, . zeol | t(i Y.%%f.l udes
zeolite Y inaimizedoxidpof persum aad p Grayp BB fmeatal; ¢8- Zreonium; CRiEnpel iy 25

. including fr r k a ] ed zeolite, e.g., ultrastable Y (USY)
descri bed in U-b; E5Io 0.-84%%].”2@'5293, 192 and LZ-210 described in U S. Pat. No.

4,503, 023. The | argf Re¢Rs LMkikentich efd 5o 5xra wsid scil dealyprecompsisingf ¢ hi s
I nvention generally “can possess an aiéha value over a w de ra(gl%e of from
| ess than 1 tan osscderofB00up VB metal madified withan exysaian o ABwle-of 2 @OUP neasur e

of zeoli e aqih o LuneLlnalu ¥ ol 1o ST RAEAER, SUBT DK, 20- 2001
US0034843 103% %:xgs-c}osg% B.S. patent No. 6,169,215. The modification of the Group IVB
metal oxide with the oxyanion of the Group VIB metal impaxts acid functionality
to the material. The modification of a Group IVB metai oxide, particularly,
zirconia, with a Group VIB meta] oxyanion, particularly tungstate, is described in
IS U.S. Patent No. 5,113,034; and in an article by K. Arata and M. Hino in
Proceedings 9th International Congress on Catalysis, Volume 4, pages 1727-1735
{1988).
The large pore crystalline molecular sieves which can be used in the :
present invention include those which have pores sufficiently larpe to physically -
20  absorb 2,2 4-trimethylpentane. Representative large pore crystalline molecular
sieves include, for example the following zeolites: ZSM-3, ZSM-4, ZSM-12,
ZSM-18, Z8M-20, zeolite Beta, zeolite L, mordenite, faujasite, zeolite Y, and the
rare earth metal-containing forms of the above. For the purposes of this invention,
zeolite Y includes zeolite Y in its as synthesized form, as well as its variant forms
25  including framework dealuminated zeolite, e.g., ultrastable Y (USY) described in
U.S. Pat. No. 3,293,192 and LZ-210 described in U.S. Pat. No. 4,503,023,
The large pore zeolite selected for use in the process of this invention generally
can possess an alpha value over a wide range of from less than 1 to over 1000.

"Alpha value", or "alpha number”, is a measure of zeolite acidic functionality and
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201 aJ94 2roc L

hOy-BoE29% ulltPy*3descri b&H tdgether with details of its neasurement in H 5
oHat-200. 4, 016,218, J. Catalysis; 6, ‘pp. 278-287 (1966) eqmgmlmmcma 79034843
. 61, pp. 390- ¥W3-1PEF80). Zeolites of low acidity (al pha Ja ues of |ess than

about 200) can be achieved by a variety of techniques including (a)

synthesizing a zeolite with a 5 high silica/alumna ratio, (b) steam ng,

(c) steam ng foll owed by deal um ni zation and (d) substituting framework

al um numw th other species. For exanple, in the case of steam ng, the

zeolite can be exposed to steam at el evated tenperatures &Lgnl%gﬁ from
about 260C ( E0pee fubly dessaibedtrgethen @b Kptailnaf {3+ BeapaepEntiR S $ 399C

a mospher e of 0168 8ck CHABYS S P TR o) S and s Ry~ SESRERA 0 ol

which 'S _SUDSGAR). %ﬁé‘*fiﬂg% deiiby81pE ObibCof 16sshBl bidu DUGPEAFYY. can  be

acconpl i shed*at 1o erat ur sing el evated pressure, e.g., at from

about 177C ¢3BORM Yy edrivty oBELGIQIBERIudNg (4) syndiesizipgutzeeli® with about  20. 2

MPa (10 to about 200 atnospheres). Specific detajls ever al. .st eam ng ¢
procedur e 1bighesilieaialyminaaate.(Bhstearaing; é&?‘ﬁ%‘ﬂ% 0 ‘PWU?&)'EF%P’.“W"“

4,326,994; 4, 374,29 d 418, 23 | de. fr e | : ny of
t he foregoi ng® g@é@ﬁﬂ&@‘é’fg éﬁ%&wg%ra?%%gsu‘gg‘?ﬁfl P {3]@(')’?‘9 e{chg. ;gg%s@eﬁ (E:’a]%]lq%ﬂ

el i mifnat ed og,d.qffueathity, the AliMEan béiekPoded!tk yicamaa glRard aempasnrdsbed i n
U S. Pat. No. 4,520,221 OQher |ar g)et pore crystalline nolecul ar sieves

whi ch can be rarpént fromtabeutZB0PE ¢SUNT) tornbent §4HCi(W200TE» and prefarally Siam cat es
d/ | ;oalum hat es, &..0-. PO-5,. VPI-5:

2111 coal unt nebmisRds BT G sbou s’ (1 oo R Eapestit 4an besapo 40,

SAPO-41; 19ing a%c%ﬁ"ﬂ%??& %@Atﬂi&ﬂ%@@ﬁm 8%am UP@A QuAsHheA doasistivg of

descri bed 4,440, 871; 4,554, 143; 4,567,029, 4,666,875 and
4,742,033, 25tekicardar gasoviiiel iscubstantillyinest trtbe zenliter Astindacteatmanioadhange

' f ul talysts in th t i ' h terized b
Substant | al  B6RERISTES ghOwer IomREstrER 10, e Hied RFOTIE & Apgpn rooft )
concent r at i o7qengiya i b8 HAET7@RPYbvith fomBbbit 16wtk e0bMPA_hydr ogen

I on per square ne urface area. The cation exchange resin can contain a
smal | anmount (06 togtiont 20Q emessphérygs)b Speeifio detatls ofstveal sapinggracedusesvei ght .

TR T Qe O e from the distibees of U PR REERIR 094145 73,296 and
4,418,235. Aside from, or in addition to any of the foregoing procedures, the
surface acidity of the zeolite can be eliminated or reduced by treatment with bulky
reagents as described in U.S, Pat. No. 4,520,221. "

Other large pore crystalline molecular sieves which can be used in the

20 preseﬁt invention include pillared silicates and/or clays; aluminophosphates, €.g.,
ALPO-3, VPI-5; silicoaluminophosphates, e.g,, SAPO-5, SAPO-37, SAPO-31,
SAPO-40, SAPO-41; and other metal aluminophosphates. These are varniously
described in U.S. Pat. Nos. 4,440,871; 4,554,143; 4,567,029; 4,666,875 and
4,742,033

25 The particular class of macroreticular acid cation exchange resins useful as
catalysts in the present invention are characterized by substantial porosity, high
surface area and a low surface acid concentration, generally less than about 0.5
milliequivalents of hydrogen ion per square meter surface area. The cation
exchange resin can contain a small amount of water, generally between 0.5 and

30 20 percent by weight. The macroreticular resins utilized in the process of this
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QQﬁﬁrZWIBOO34843 15 JWK 2004 i nvention are characterle %@e presence

of acid functional groups and a structure having a hig qb@ﬁ# of true

porosity while possessing rigidity and being subject to mninmumvol une

change when i mrersed or renoved from solvents or solutions, 5 The

macroreticular acid ion exchange resin used is typified by the presence of

sul fonic acid groups, e.g., the sulfonated styrene-divinyl benzene

copol yner exchange resins such as those commercially avail abl e:as

Arber | yst - ey 1@@‘@& Harth %9&”@ Bﬂ?é‘srehcy&&famﬂﬂa&napgﬂeepéma XN-1011,

Anmber | yst Ite” 20 10 Perfluorinated ion-exchange

pol ymers, or spaetishaving obighidegict eStrucporpsitswhide prsstssingrigiditesnd kaingex change
pol y#er contai ni:ng sul fonic acid and/o

carboxylic aci Qu persed
within a net wobiectop WWIVOM%@%Q&WL%‘WW o1 re@oﬁedjﬁg@is ﬁ.’(cpsds 0§are al so
useful as cat ai)#sts I n the present invention. The solid catal yst can be
shaped into &° gas ‘variety of particle sizes. The 15 particles can be in

the formgf a powdgfe macrBfctibihLaci®londxoknge dosin osdddg typifiedibyabe an
extrudate. In cases where the catal yst- is nol ded, such,_as %gwﬁxtrum on, the
catal yst can preseasd @mm@mmmw 8g thegrulfgnated syTeperiyiay ¢ hen

extruded. The sent ' catal rraybe
conposi t ed vvictoﬁ ﬁ"ﬁéﬁ‘?@?‘ng%ﬁsﬁj a{p%otg sgﬁéénﬁltnkgsgl I}Ei}'{\é ?jﬁfagr‘&nﬁﬁd
catal yst and fsurhtngsPXNPITDS, R&b@ﬂw«em-ulormlmmmmoammeﬂynh as

alunina, silica-alumna and silica are sui table with preference given to
silica as a n$N-HBdind Ashbatbie 200t her bi nder

10 - Perfluorinated iun;exchange polymmers, Of porous microcomposites
comprising perfluorinated ion-exchange polymer containing sulfonic acid and/or
carboxylic acid groups dispersed within a network of a meta] oxide such as silica,
e.g. Nafion®, are also useful as catalysts in the present invention, ,

The solid catalyst can be shaped into a wide variety of particle sizes. The

15  particles can be in the form of a powder, a granule, or a molded produst, such as
an exﬁﬁdate. In cases where the catalyst is molded, such as by extrusion, the
catalyst: can be extruded before drying, or partially dried and then extruded. The
present catalyst may be extruded by itself, or it may be cornposited with a matrix
material tb form the finished form of the catalyst and for this purpose

20 conventional matrix materiels such as alumina, silica-alumina and silica are
suitable with preference given to silica as a non-acidic binder. Other binder
materjals may be used, for example, titania, zirconia and other metal oxides or
clays. The active catalyst may be composited with the matrix in amounts from
£0:20 to 20:80 by weight, e.g., from 80:20 to 50:50 active catalyst:matrix.

25  Compositing may be done by conventicnal means including mulling the materials
together followed by extrusion or pelletizing into the desired finished catalyst
particles.

P _The cleavage reaction of the invention is effected by contacting the
curﬁenc hydroperoxide with the solid oxide catalyst described above in the liquid

30  phase at a temperature of 20 to 150°C, preferably 40 to 120°C, and a pressure of
-69 to 6895 MPa (-10 to 1000 psig), preferably atmospheric to 2758 MPa (400

: 10
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N @FT98 ridy4be used,B'fofT exanple, titania, zirconia &t dAHer 8t aU’ 7

26%Hdé@0br clays. The active catal yst may be conposite B@g% phe nmat S9P03¢843
anounts frompz@OiHEEr to 20: 80 by weight, e.g., from 80: 20 g -50 active

_eatalyst:matrix. 25 Conpositing nmay be done by conventional neans including

"mulling the materials together'followed by extrusion or pelletizing into
the desired finished catalyst particles. .The cleavage reaction of the «
invention is effected by contacting the cunene bydroperoxide with the
solid oxide catal yst described above in the liquid 30 phase at a
tenperature gf OTBQﬁgﬁqggﬁnmhgggrably 40 to 120C, and a pressure of -69 to-
6895 MPa (- 0 1000 psig), preferably atnospheric to 2758 MPa (400 10
EnPf al ANENDED SHEET NOU- 26- 2001 15:43 EM LT 25-11.-2001 10203-1 PCT 281
834 5752 0 R7 15 JUN 2004 US0034843 4 psig). To effect the contacting 14A
EmaanBsAMENDED SHEET NUV- 26-2001 15:43 ~MC- LT 26-11-2001 f 281 834 5752
US0034843 15 JUN 2004 of the cunene hydroperoxide, the catal yst may be
contained in a stationary bed, and the contacting operation takes place
continuously, The liquid hourly space velocity (LHSV) based on cunene
hydroperoxide is within the range of 0.1 to 100 hr"', preferably I to 50
hf 1. The cunene hydroperoxide is preferably diluted in an

. . - - .. P - = ]OA
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5 BPMgaRT%sollveht i nert %6 Whe cl eavage reaction, such a§8beﬁzen§?52g{$®g; 43
Zﬁunea@01and nost preferably acetone. Control of the dilution |evel 8
achi eved by setting the reflux rate through the towel, orl bilB¥eliy adding,
the, recycl ed overhead containing the solvent to the cunene hydr oper oxi de
feed. The use of a solvent is preferred so as to assist in dissipating the
heat og reaction (about 252.6KJ/nol or 10 60 kcal/nol). The packi ng which
may be used in the distillation colum enployed in the present invention

is selected as a function of the efficiency necessarx for the t|IIat|on
operation. The thackneng bydropbexids) &wt@mwmw;baekmﬂ@g h &‘HU%%Y known

to the skilled person, suc

h bed
ext rudat es orangé%F@tﬁé‘E‘ﬁPﬁﬁmﬁ% F§ %qn%&&tlggéwne@{cg dd[}ggﬁw% %réeoRgscﬁFg

rings, Pall rjg bab Qﬁhu%lhh?% fbRxRRG& BN theralges! 84dde0packi ng
and | ntal ox sa e pac I ng. e packing can also be selected fraom

structured pac| I:\Pﬂa&@ablj(brto é&hn’pl"éhe @n@ﬂbhﬁﬁo@:@@d@tmp@&rwlé{d’é‘#ﬁﬂw 880| d by
Koch, or SULZER CHEMIECH or SULZER (r egi, ster tradena %sg sol d Sul zer.
20 A distbib Lﬂrgafgcwlasm\mrbw theg! eb‘@gﬁé%a&"% sp asp’?“&&%‘k"s Yo h‘é“‘B? sent

i nvention is

AR por and
col |l ection, ﬁ{‘g,{n % @)9 \é@mﬁp ,&Qfﬁﬂbﬁdxgﬁﬁ%gﬁg}?” but i ngvﬁgg which is

known to theseamgl th@ﬂefmrrswnhrough ﬂﬂrtbwen,lbadxrcc&lytaldémgn]mrccvdﬂd pwsthedd t he
distillation zone to which it be

| d Kk
distillation qqna@mmg thessodvangitotbe aﬁg&%&%@&%gﬁpgg@éfﬁgﬂﬁ}%n t he

tray can be sel | MaxQndilae skill ed
person, in pa?’?ﬁ’&fﬁé? a%)gorq'sg’isalt dd ﬁ}aﬁxﬂgtﬁe{)ﬁég?i‘é@%gﬁnﬁgoﬁagor val ve trays.
The oper gy ongPkcaymicdf. al ytic distillation colum according to the present
I nvention |leads to a distribution-of conpopents,. throughout tﬂg}e& m and

30 catal yst bed. THbe paskingrwhigh mas bemusedhin te distlshagfo t he
o e RIS e B g B e st o0
distillation operation. The packing can be sclected from packings which are well
known to the skilled person, such as solids in the form of rings, poly-lobed
15  extrudates or saddle packing. Non-limiting examples of packing are Raschig
rings, Pall rings, Intos rings, Bert saddle packing, Novalox saddle packing and
Intalox saddle packing. The packing can also be selected from structured
packings, for example, FLEXIPAC (registered trademark) sold by Koch, or
SULZER CHEMTECH or SULZER (registered trademarks) sold by Sulzer.
20 A distributing tray which may be used in the process of the present
invention is a simple teay which allows the upward passage of vapor and
collection, then overflow, of liquid, as in any distribu‘ting tray which is known to
the skilled person, in particular if the major portion of the distillation zone to
which it belongs is composed of packing. When a distillation tray is used it !
25  accordance with the present invention, the tray can be selected from distillation
trays which are known to the skilled person, in particular perforated trays, bubble
cap trays, or valve trays.
The operation of a catalytic distillation column according to the present
invention leads to a distribution ‘of components throughout the column and
30  catalyst bed. The concentration of various components may affect the optimal

performance of the catalyst by retarding desired reactions and promoting

11
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g4 Troe r.ouz -
15: 44-EP\\ [F 4426- 11- 2604L2b1 b, 54 : (D 1 5 JUN 20 4 undesired ones. [Ropseac
268chi-2o@1 opt i mal operation of the catal yst bed, the -bed can V.¥J7 US Egﬁg
-1 a 17TAE MP f a AVENDED SHEET 1 5 JUN 2004 be | ocated al 5alijd8liti on
wi thin the columm where the conponent concentrations are optiml. This may
" lead to the presence of a separate distillation section acting as a .

stripper positioned below the catalyst bed. 5 The invention will now be
nore particularly described with reference to the follow ng Exanpl es
Exanple | In the process configuration of FIGJURE 1, phenol and acetone are

100. A cunene'? oXI1 de-contal nin eed [1ne 1I0 containing about 80
wt. % CHP introduces feed through inlet 120 at a point above catal yst bed
130 where it is mxed with a diluting portion of acetone derived from
colum overhead to provide a dilute cunmene hydroperoxide m xture which
passes through the catal yst bed 130 under cunene is hydroperoxide
deconposition conditions including a tenperature of about 50 to 90C, a
pressure of 0 to 6.9 MPa (0 to 10 psig), and an LHSV of 0.3 to 5 hr-' to
provi de a product conprising phenol and acetone. The catal yst bed is an
unstructured packed bed of solid catalyst. The catalyst is in the form of
pellets, typically greater than 0.106 cm (1124") dianeter, such that the
catal yst bed void 20 volune allows for liquid flow down the bed, and vapor
flow up the bed. The catalyst is prepared as follows: five hundred parts of
ZrOCz 8H20 are

produced 1o {r g}ag@%ge“?m gmggmaeogh;auan b e chitfsehed, tld-8ed om col um

11A
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dissolved with stirring in 3.0 liters of distilled water. To rEi @ution
Is added 7.6 parts of FeSCa 7H20. Anot her sol ution contai ni n(_tl,j M rts of
concentrated NHAOH, 54 parts of (NH4)6H2W2Q4oxH20 and 2940 parts of
distilled water was prepared. Both 25 solutions were heated to 60C and the
heat ed sol utions were conbined at a rate of 50 parts/mn using nozzle

i xi ng- bEHecaledatt a pesifiomwithdohpesiunan where Hacrsaonent CRPEEORISATE 9 by

t he additi.on,of concentr a ' Le.: . T : en put
i pol v PSR edB ey R R b Y S e I B LY o8 RS TS, e
pr oduct Sirqj@q,o\gﬂ@n@g%v@p% bytafvsk be@t i on, washed with excess water, 30
and dried overnight at 85C. The dried product was calcined to 800C in

flowwng air for 3 hours, and then formed into 12 WD 01/46102 1 5 JUN 2004

catabyst. bed enBHeR I GREPE RSl el P B IR RIC AR o1 11

cat al ysti|idi@fg #@ndies W t hdrawn from the reactive distillation colum
through lower outlet 140 and are sent for recovery in the distillation
section of the plant (not shown). 5 Overheads containing acetone pass

upwar dl throiu the colum and through upper outlet 150 and thence to a
heat ex uch as condenser 160 and thereafter to over heads receiver

170. The ace@hgs ﬁﬂﬁﬁea,brﬂdmggambh&ﬁchm@a, phehbidardvacétonm draeprocesid er
through |ine 180 or recycled as reflux to an upper portion of the

di stiPl'| #ororewaeRaThYEIOpeDXide: ifpre deaetinfe istigtrd RARN 0P eed EUPENRD
R s N R e
conposi féathshreligh Helet pR0patsa dinteabaved catstyistrbbd d1 30 adiece itcisnpoeidt wiinsa ar e
Pr OV e ng Portion of Acetarie darved Trom colimn overhSad 1o provide-a ldta Simere !
hydroperoxide mixture which passes through the catalyst bed 130 under cumene
15 hydroperoxide decomposition conditions including a temperature of about 50 to
90°C, a pressure of 0 to 6.9 MPa (0 to 10 psig), and an LHSV of 0.3 to 5 hr-* to
provide a product comprising phenol and acetone. The catalyst bed is an
unstructured packed bed of solid catalyst. The catalyst is in the form of pellets,
typically greater than 0,106 cm (1/24") diameter, such that the catalyst bed void
20  volume allows for liquid flow down the bed, and vapor flow up the bed.
The catalyst is prepared as follows: five hundred parts of ZrOCx 8H:O are
dissolved with stirring in 3.0 liters of distilled water. To this solution is added 7.6
parts of FeSQ. 7H:0. Another solution containing 260 parts of concentrated NH.OH,
54 parts of (NHa)eH:W:204xH20 and 2940 parts of distilled water was prepared. Both
25 solutions were heated to 60°C and the heated solutions were combined at a rate of
50 parts/min using nozzle mixing. The pH of the final composite was adjusted to
approximately 9 by the addition of concentrated ammonium hydroxide. This siurry
was then put in polypropylene bottles and placed in a steambox (100°C) for 72
hours. The product formed was recovered by filtration, washed with excess water,
30 and dried overnight at 85°C. The dried product was calcined to 800°C in flowing air

for 3 hours, and then formed into



Acet one0. 0099. 578. 43 Mesityl Oxide0.00_ 0.000.00 Cunene7.700.00 %ggr@g](%
Phenol 0. 170. 0067. 67 a- Met hyl Styrene0.270. 009. 47 Acet ophenone2. 92
2- Phenylwad-9Paepanol 7. 870. 000. 00 Cumene Hydr oper oxi de81. 80FTOH00H4843
Wat er 0. 000. 431. 25 Exanple 2 In the process configuration of FIGURE 2,
phenol and acetone are 20 produced from cunene hydroperoxide in a reactive
distillation colum 200. A cunene hydroperoxi de-containing feed |ine 210
cont ai ni ng about 80 w.% CHP introduces feed through inlet 220 at a point
above catal yst bed 230 where it is 13 1rn 15:44 E1 LT 26-11-2001 a , tbl M
Y4 D! D4 15 mmetzoomammmﬂetmwee@tweaﬁeaadmatmtq' thg cpatyst bed. of acet one
derived fromcolu L9 o) | de
nﬁhé’qtﬁgng%ﬂweﬁ'ﬁeg\/ olgr%eg %8 E%@w&rﬂﬂg Q%ﬂ%ﬂ%%l?gﬁ

~ m xture which passes rou é ca
bydr oper oxi deaedmm:rmsmthdmwmfmmhlthe oem:twmdistﬂdjatang calutmﬂrtpmugh Uoveer cofletabout 50

b 205 o P etk fr dgsienat e SRURURR shton 2 helemifRd Rorli st bod”

i s an unst r usidihesdPesitatingedehe poaks dpwa:wmaiugaahae@gmhmd thidugixanpl e 1.
Phenol and ot her heavies forned pass domnwardléﬁjthrou t he catal yst bed

and are wi t HPP&ERARUTSIGPOLanS th@mipxﬁehemt§t<¢han@?f heas GRvdenssr J8818NE ower
outl et 240 ange.@tfer ﬁﬁarerrf. ds'TB&VNE Y0l frnkNRetindldohlainPBveRedd o the

pl ant (not shown). Overheads 10 contai ning acetone pass upwardly through
t he col um andthdmawodrioruthpaeceivariterough line 180 or recycled as reflux to an upper

portion of the distillation column 190. Dilution of cumene hydroperoxide feed with
10 acetone is controlled by varying the amount of acetone recycled to the distillation
column, i.e., setting the reflux rate through the tower. The compositions of the

proposed feed and estimated product compositions are provided below in TABLE

2.
15 TABLE 2

Feed Overhead Bottoms
Product Product
Acetone 0.00 09,57 8.43
Mesityl Oxide 0.00 . 0.00 0.00
Cumene 7.70 0.00 10.26
Phenol 0.17 0.00 67.67
a-Methy! Styrene 0.27 0.00 9.47
Acetophenone 2.18 0.00 2.92
2-Phenyl-2-Propanol 7.87 0.00 0.00
Cumene Hydroperoxide 81.80 0.00 0.00
Water 0.00 0.43 1.25

Example 2

In the process configuration of FIGURE 2, phenol and acetone are
20  produced from cumene hydroperoxide in a reactive distillation column 200. A
cumene hydroperoxide-containing feed line 210 containing about 80 wt.% CHP

introduces feed through inlet 220 at a point above catalyst bed 230 where itis

13



=) jo ) o4 L

F={=}"
~50:-aRd" t BBite :ito a ﬁ%ﬁﬂjéxchanger such as condenser 260 and thereaf[ﬁ§0dgag43
20\VidrHe@ids recei ver 270. The acet one-cont ai ni ng over head gn ﬂ Wi t hdrawn
“from the receiver through line 280 or recycled as reflui t4d gwﬁupper
. portion of the distillation colum through Iine 290 or through line 292 to
a lower portion of the 15 distillation colum (at the CHP feed tray |evel).
Alternatively, or in addition, the recycled overhead is directed through
.line 294 to the cunene hydroperoxide feed 210 as a' way to effect dilution
as required. Thus, dilution of cunmene hydroperoxide feed with acetone is

control | ed byiyaryitng dilisngpmtion obhcemretdemired frovywlmn overhped WiOYINPat i on
colum, i.e

| ower por"[ i 65dig;ctc;txg'gnél E‘,;&ﬁ;'ﬁ&%ﬁ%@&:%%?c hS%g@t&SéE {b&f"t% NYZS?BE{PE@ glrjllg’/ o
composi 11 ong VRS HIRS0F BEoBEPY CRCcr i) CoREioRE HTRR S RAREe | o
oo P S RSO3y SER G s (O gD S L0
Acet ophenpnez, 399" 80 oille 2-pRbduty beriphsing phetol 28Y eebwg. Jercatalysybed s
5 ”EZaEOQE/Er'\'DEE @;stHtEEgT;ggg Rééc%d%ﬁc_l )0? sﬁI;dSJa?aTys]t a%géscé%cé; {n' Exalml;lic 12%mbsol- 2001 281
and other heavies formed pass downwardly through the catalyst bed and are i
withdrawn from the reactive distillation column through lower outiet 240 and are
2 sent for recovery in the distillation section of the plant (not shown). ‘Overheads
10  containing acetone pass upwardly through the column and through upper outlet
250 and thence to a heat exchanger such as condenser 260 and thereafter to
overheads receiver 270. The aciétonc-;ontaining overbead can be withdrawn from
the recci;-'cr throlugh line 280 or recycled as reflux to an upper portion of the
distillation column through line 290 or through line 292 to a lower portion of the
15  distillation column (at the CHP feed tray level). Alternatively, or in addition, the
recycled overhead is directed through line 294 to the cumene hydroperoxide feed
210 as a way to effect dilution as required, Thus, dilution of cumene
hydroperoxide feed with acetone is controlled by verying the amount of acetone
recycled to the distillation column, i.e., setting the reflux rate through the tower, at
20  upper and/or lower portions of the distillation column, or added directly to the \

CHP feed. The compositions of the proposed feed and estimated product

¢ compositions are provided below in TABLE 3.

TABLE 3
Feed Overhead Bottoms
. . Product Product
Acetone 0.00 99.68 27.61
Mesityl Oxide 0.00 (.00 0.00
Cumene 7.70 0.00 8.11
Phenol 0.17 0.00 53.42
a-Methy! Styrene 0.27 0.00 7.47
Acetophenone 2.19 0.00 2.3
2-Phenyl-2-Propanol 7.87 0.00 0.00

1
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X : | T . ZB1 Y34 ool F.ie
“I5P3HIR72904 €unene HydFo er oxi de Water | 81.80 0.001 0.00 0.32 J 0.0B’(sb 82843
2651dmBP@1 3 In the process configurati on of FIGURE 3, phenol and acet oH&°X

" 5 produced from cunmene hydroperoxide in a reactive distil}latjynnigol uim 300.

.. A eunene hydroperoxi de-containing feed |ine 310 containing about 80 wt.%
CHP introduces feed through inlet 32.0 at a point above catal yst bed 330
where it is mxed with a diluting portion of acetone derived from col um
overhead to provide a dilute 3 wt.% cunene hydroperoxi de m xture which
passes through the catal yst 10 bed 330 under curnene hydroperoxi de
deconposition conditions including a tem bowt—50-t6-98C, a

pressure of 0 to 6PChmend Hytwpa®xpki g) .| and8hB0 [HSV &00 13 10 #06ri1 to

provi de a product Comgd St ng phenol and acet@o@. | The 03X g yst héd8l {s an
unstructured packed™bed of solid catal yst as described in Exanple 1. Phenol
and ot her heavies forned pass downwardly through the 15 catalyst bed and

are w t hdrawpxfmem3 he reactive distillation colum through |ower outl et

340 and are Sen or recovery in the distillation section of the plant .

(nott shown) . Over hethd pressss eanfi Ua&@f—EI@UB&s%PHEI@PB PCHPROAIE t he col um

dth h tlet 350, apd the t .heat .. h
Condensers SBIOGarRd KO CUREDLR FOPURERR EupEeor LC Ty TAEH oA S8, "0
acet one- cont gl ping, OGS AEAR 20 Eed AT bb@ STREYVCHP L hr ough
sreritux to

line 380 or ?ecyc n upper portion of the distillation

col unm t hr ougfoldine® fe&Pthedughtiniet320 atiapwidAbovocaalybidwdidforheroit ivf t he
distillation colum (at the CHP feed tr

t ] ay leyel). Aternatiyel Qr in
addi tion, t hixescyth e dilsties pesien o RosseneierEs Bam saumR pvFged o provide
a dilute 3 wt.% cumene hydroperoxide mixture which passes through the catalyst

10 bed 330 under cumene hydroperoxide decomposition conditions including a
temperature of about 50 to 90°C, a pressure of 0 to 69 MPa (0 10 10 psig), and an
LHSV 0f 0.3 to 5 hr’! to provide a product comprising phenol aud acetone. The
catalyst bed is an unstructured packed bed of solid catalyst as described in
Example 1. Phenol and other heavies formed pass downwardly through the

15 catalyst bed and are withdrawn from the reactive distillation column through
lower outlet 340 and are sent for récovery in the distiliation section of the plant

¢ (not shown). Overheads containing acetone pass upwardly through the column
and through upper outlet 350 and thence to & heat exchanger such as condenser
360 and thereafter to overheads receiver 370. The scetone-containing overhead

20  can be withdrawn from the receiver through line 380 or recycled as rcﬂux to an
upper portion of the distillation column through line 399 or through line 392 to a
lower portion of the distillation column (at the CHP feed tray level).
Alternatively, or in addition, the recycled overhead can be directed through tine
396 directly to the catalyst bed 340. This interstage injection of the acetone-

25  containing overbead may be used to control concentration levels in the lower
portion of the catalyst bed to minimize formation of heavy compounds. Thus,
dilution of cumene hydroperoxide feed with acetone is controlled by varying the
amount of acetone recycled to the distillation column, i.e., setting the reflux rate
through the tower, at upper and/or lower portions of the distillation column, or

30  added’directly to the catalyst bed. The compositions of the proposed feed and

15
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NBYE2&iPREt 15 4% the cBMRl'Yst bed 340. Thi's interstage iTyection of tDP'B
2@:061-2@@1 25 contai ning overhead may be used to control concentration 5\99?%843
in the lower d portion of the catalyst bed to mnimze fornﬁmi of heavy
conpounds. Thus, dilution of cunene hydroperoxide feed Widt ezgﬂtone IS
- controlled by var'yi ng the anount of acetone recycled to the distillation
colum, i.e., setting the reflux 'rate through the tower, at upper and/or
| ower portions of the distillation colum, or 30 added' directly to the
catal yst bed. The conpositions of the proposed feed and EnDf ant ANMENDED
SHEET 15 i 4edNpVatebpradidt cbiipéditibhsae” C 13  26-11.-2001 estimated product
conpositions are 281 834 5752 P.13 US0034843 15 JUN 2f11 q { 15A
Emvl anPAVENDED SHEET WO 01/ 46102 provi ded bel ow i n TABLE 4. TABLE 4 15 JON
2004 PCTI USOQ 34843 FeedOver head Bottons Product Product
Acet one0. 0099. 6319. 14
2 .
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Mesi t yl Oxi de0. 000. 000. 00 Cunene?.700. 009. 06 Phenol 0. 170. 0059. 71 a- Met hyl .
Styrene0. 270. 008. 35 Acet ophenone2. 190. 002. 58
2- Phenyiv@aiisogezanol 7. 870. 000. 00 Cunene Hydr oper oxi de81. 80BCDUBOEHH843

Wat er 0. 000.371.16 5 S 16 1 5 JUN 2004 WD 03/46302 PCT/ US00/ 34843 What
1. A process for produci ng phenol

clained is:

hydr oper oxi de, whi

feed into a reactive distillation
distillation colum and at
above or at arvidepaiel@eii TOBLDY, said catal yst
portion of acetone with said cunene hydroperoxide to
currene hydr oper oxi de;
t hrough said catal yst bed
exot herm c ‘deconposition of said

conprising a heavy

fraction conprising acetone;

bottons from said

ch conprises: 5 i)

its | ower

be

d,

15 JUN 2004

is

and acetone from cunene
i ntroduci ng a cunene hydroper oxi de
colum conprising at its upper portion a
portion a catal yst bed, at a point
ii) mxing a diluting
10 provide a diluted
iii) directing said diluted cunene hydroperoxide
under condilagpgss sufficient to effect the

cunene hydroperoxide to a product

t hrough the catalys

distillation col uni

a portion of said

sai d cunene

fraction conprisin phenot—ant—a—-vapotizec—tHieht

1gpi V) V\ngtkdr?vﬁer‘?g saicg"eﬁ@%"i'fi/ Fraeignh hs
olum; v) flowing saild vaparizedFrPeHat” flr aBFA%A upwar ds
tAcbteshe and at | east g portd.@h pf t BB.63eacti vEd.14
Masityl Ofgelensi ng said |i ghodrpacti oo.gpo jprovigleo at | east
FIAEA0 portron of gcet oneydof subggguent mpmg|with
Phenol 0.17 0.00 59.71
a-Methyl Styrene 0.27 0.00 8.35
Acetophenone 218 . 0.00 2.58
2-Phenyl-2-Propanol 7.87 0.00 0.00
Cumene Hydroperoxide 81.80 0.00 0.00
Water 0.00 0.37 1.16
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20 hydroperoxide feed; vii) optionally w thdrawi ng a portion of SSﬂFN?IOdhi ght
fracti on as overhead from said colum; and viii) repeating steps i
t hrough wig)a6180 2. The process of claim 1l wherein steps wCTarsdo/%4843 ar e
used to control dilution of the cunmene hydroperoxide with acetone. 3. The
process of claim2 which conprises setting a reflux rate of acetone
t hrough said columm to control dilution of cunene hydroperoxi de feed. 30 4
The process of claim1l wherein a flow of diluted cunmene hydroperoxide 17 1
5 JUN 2004 WO 01/46102 PCT/ US00/ 34843 through the reactor is naintained at
a rate sufficiygatistchikees:t he catal yst bed wetted, thereby maintaining
catal yst tenperature at or near the boiling point of the liquid. 5 5. The
process of claim1 wherein said diluting portion of acetone is added to at
| east one of:q 1) tmrdaé@%r%&uc% Sedohgndlb&dibid %m%n%wwempaoxtdée | ower
portion of the di stillation colum, upstream of said catal yst bed, and 3)
the cunene HWYHEHEXPBRI&Se feed prior to its introduction to said
di stillat :(son col uningb8,8ing BNEIrRINBG KRR PR oid ey mfa%ﬁam %ﬁ’éuﬁ Qﬂnl uting
portion of acetone’is adde%l to the upper portion of gl stl | ation
colum. 7. Thelypoecewsrising el i wprenmoeias sdistlaor columnmpdodrtsileverof acet one
is added to I
process of cI%Ohﬁ]jrllgﬁ{ea})}eg?%&%%ng;(ﬁrft%ﬁ)ﬂ%%%trét@fﬁ% ngllggﬁgﬁg%?g%géded to
t he cunmene hymdoper oxi de feed prior to |ts introduction to said
distillation col wher o, {Juting
portion of acetoném}g’xégﬁ%m}-ﬁﬁjgﬁﬁﬁ éﬂ%%b%n@re I&%at |dg Se?ioxgdétl]';}e
cat al yst 1fed ﬁrnv:dﬂaadﬂutﬁntcmﬁrfahmdemuemode,reduce formati on of heavy

conpounds having amj"&’nFéE%hg ggf-dlcjilD%dp&jn%neq{y%?gp%'?m&&atrﬂrough said catalyst bed

under conditions sufficient to effect the exothermic decomposition of said

cumene hydroperoxide to a product comprising a heavy fraction comprising
phenol and a vaporized light fraction comprising acetone;
15 iv) withdrawing said heavy fraction as bottoms from said column;
v) flowing said vaporized light fraction upwards through the catalyst bed
and at least a portion of the reactive distillation column;
vi) condensing said light fraction to provide at least a portion of said
diluting portion of acetone for subsequent mixing with said cumene
20  hydroperoxide feed;
vii) optionally withdrawing a portion of said light fraction as overhead from
said column; and

viii) repeating steps i) through vii}.

25 2. The process of claim 1 wherein steps v} and vi) are used to control

dilution of the cumene hydroperoxide with acetone.

3. The process of claim 2 which comprises setting a reflux rate of acetone
through said column to control dilution of cumene hydroperoxide feed.
30

4. The process of claim 1 wherein a flow of diluted cumene hydroperoxide

17



182C. 25 10. The process of claim9 wherein said diluting portipg JQNZUU .
acetone is added is added to said catalyst bed in anpunts suffi Cirent éo
mai nt ai WOKHY468Lal yst bed at a tenperature at or near t h@@W$0RE8Poi nt of
the reactant liquid to provide isothermal operation. 30 11. The process of
claiml1l wherein said catal yst bed conprises a solid acid heterogeneous
catalyst. 18 ~,ini i_~t ~rarnl 15:44 Et. |-T 26-11.2001 4. d ddl 0J1I D f
~)c r. 1" US0034843 15 JJN 2094 12. The process of claim1 wherein said
conditions sufficient to effect the exotherm c deconposition of said
cunene hydr opeicggh dee RAGHTiIS BvaiNigionp et araie subitienDiotkeep 3hel &0@yainkkda

pressure. of p i ; ) i . ; . claim]l
wher ei n sai d%\té:%%gi ?ﬁ%@ ,tgg%n ?iﬁﬁlﬁg%@%%%?&eegéﬂua@ &zfggﬁgr%glzgg%?m%
deconposi t i onhefigwadi d cunene hydroperoxi de conprise a tenperature of 40 to
1200C and a pressure of atnospheric to 2758 MPa (400 psig). 14. An
apparatus for preparing phenol from cunene hydroperoxi de which 15
conprises5a) fa reabie pecdisof dibiat 1 omemdt san ddatmgrpcstiongofaiceiong isippdgd porti on
a distillation,cal 1d, ,ts | ower portion.a.catalyst bed; a | ower
outlet downst?é&h 38#]6?%@?3%&%1 %erl?gai%’f'@&h}ee%%\'pﬁﬁﬂ‘ ﬁ%‘d}'ﬁ%@ﬂp?%e’bottom
products compiortsinngf théelstliation column, upstream of said catalyst bed, and 3) the

cumene hydroperoxide feed prior to its introduction to said distillation column.

10 6. The process of claim 1 wherein said diluting portion of acetone is added

to the upper portion of the distillation column.

7. The process of claim 1 wherein said diluting pertion of acetone is added

to the lower portion of the distiliation column.

15
8. The process of claim 1 wherein said diluting portion of acetone is added
to the cumene hydroperoxide feed prior to its introduction to said distillation
column.

20 9. The process of claim 1 wherein said diluting portion of acetone is added

directly at one or more locations to the catalyst bed in an amount sufficient to
reduce formation of heavy compounds having a normal boiling point greater than
182°C.

25  10. The process of claim 8 wherein said diluting portion of acetone is added
is added to said catalyst bed in amounts sufficient to maintain the catalyst bed at
a temperature at or near the boiling point of the reactant liquid 1o provide

isothermal operation.

30 11, The process of claim 1 wherein said catalyst bed comprises a solid acid

heterogeneous catalyst.

18



F=twi} o4 o2 LN )
wroEPCPREN 1514 at or Fear’ the bottom of said distillation col um. f or\ 50034843
26-h128ci ng cunmene hydroperoxi de feed at a point upstream of said cafalyst
" hed; d) an upper outlet for renoving | ow boiling overheatl5priddlidt s
. comprising acetone; e) a heat exchanger for cooling said overhead

products; 25 f) an overhead products receiver for receiving cool ed overhead
products from said heat exchanger, having an outlet from which said
overhead products are collected and/or returned to said distillation
colum; and g) overhead products inlet at an upper portion of said
distillation colum for introducing overhead products reflux from said

receiver. 30 _15. e apparatus of LM i (hges an

el ement sel e ed {&WE%@@ céﬁg@ﬁﬁ@h&?ﬁ%ﬂﬁ@%& %‘%ﬁsﬂﬁ%cegfla/agglloz
PCTJUSO0/ 34843 frommdigi@r oup consisting of h) an overhead products inlet
at | ower portion of said distillation colum for introduci :ig over head -
product s fr ofecesipdsitienef ved cumensclixiropesexide semprsccblenmsratire of 29105 said

inlet for introduci ng cunene hydr operoxi de; 5 i) an overhead products line
whi ch redycl es ovbdG&aands oducts to the cumene hydroperoxide feed upst ream

of said inlet for iptroduci gey oxi de; and j) an overhead
product s IinETCW%ﬂP?% cé@qgggﬁ%)c?gpg%ﬁc% to one or nore portions of
the catal yst bed. 10 16. The apparatus of claim 14 which further conprises

an overhead products inlet at a |lower portion of sagid distillation colum
for introducihg oifdepeccdss qfwd)ﬂjmcl‘yhﬁfﬁm%%ldﬁ%’éisv&“@gt% #‘t"ft %tillation

colum at or near saﬁ)d i.nlet for introducing cunene hydroperoxide.
exothermic

10 decomposition of said cumene hydroperoxide comprise a temperature of 40 to
120°C and a
pressure of atmospheric to 2758 MPa (400 psig).

14. An apparatﬁs for preparing phenol from cumene hydroperoxide which
15 comprises
: a) a reactive distillation column comprising at its upper portion a
distillation column and its lower portion a catalyst bed;
b) a lower outlet downstream of the catalyst bed for removing high boiling
bottom products comprising phenol,

20 <) an inlet at or near the bottom of said distillation column for introducing
cumene hydroperoxide feed at a point upstream of said catalyst bed;

d) an upper outlet for rerﬁoving low boiling overhead products comprising
acetone;
€) a heat exchanger for cooling said overhead products;

25 f) an overhead products receiver for receiving cooled overhead products
from said heat exchanger, having an outlet from which said overhead products are
collected and/or returned to said distillation column; and

g) overhead products inlet at an upper portion of said distillation column
for introducing overhead products reflux from said receiver.

30

15.  The apparatus of claim 14 which further comprises an element selected

19
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15 17. The apparatus of claim 14 which further conprises an over§ TR
products |ine which recycles overhead products to the cunene h;) g@e;g&l de

feed upshoeanef said inlet for introducing cumene hydr oPE€TAXG08848430 18.
The apparatus of claim 14 which further conprises an overhead products
| i ne which recycles overhead products to one or nore portions of the
catalyst bed. 19. The apparatus of claim 14 which further conprises a
stripping section 25 |ocated beneath said catalyst bed. 20

from the group consisting of

h) an overhead products inlet at a lower portion of said distillation column

for introducing overhead products from said receiver to said distillation column at

or near said inlet for introducing cumene hydroperoxide;

5 i) an overhead products line which recycles overhead products to the
cumene hydroperoxide feed upstream of said inlet for introducing cumene
hydroperoxide; and

j) an overhead products line which recycles overhead products to one or

more portions of the cataiyst bed.

10
16. The apparatus of claim 14 which further comprises an overhead products
inlet at a lower portion of said distillation column for introducing overhead
products from said receiver to said distiilation coiumn at or near said intet for
introducing cumene hydroperoxide.

15
17. The apparatus of claim 14 which further comprises an overhead products
line which recycles overhead products to the cumene hydroperoxide feed

upstream of said inlet for introducing cumene hydroperoxide.
20 18. The apparatus of claim 14 which further comprises an overhead products
line which recycles overhead products to one or more portions of the catalyst

bed.

18. The apparatus of claim 14 which further comprises a stripping section
25  located beneath said catalyst bed.

20



