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concentration stage, to 65 to 90% by weight. in a second reaction stage,
cleavage, the CHP is cleaved into phenol and acetone by the action of an
acid, usually sulfuric acid. In addition to phenol and acetone the cleavage
product has other compounds which can be formed in the reaction steps
20 preceding the cleavage and which are not converted, or are only partially
converted, in the cleavage. The most important compounds which can be
present in the cleavage product in addition to phenol and aceione are, in
particular, a-methylstyrene (AMS), cumene and acetophenone. In addition,
small amounts of dimethyl phenyl carbinol (DMPC) already formed in the
25 oxidation may be present in the cleavage product. Further impurities
comprise compounds such as methylbenzofuran (MBF), hydroxyacetone,
mesityl oxide (MO) and carbonyl compounds such as (acet)aldehydes and
2-phenylpropionaldehyde, for example. After neutralizing the cleavage
product and any removal of an aqueous phase, the cleavage product is
30 worked up by distillation.

Various processes for work-up of the cleavage product by distillation are
known (Ullmann’s Encyclopedia of Industrial Chemistry, 5th completely
revised edition, Vol. A18, 1991, VCH Verlagsgesellschaft mbH, Weinheim).
35 Inprinciple, in all these processes, the cleavage product is first neutralized,
with aqueous sodium hydroxide solution, amines, aqueous phenolate lye
and/or ion exchanger resin being used. After a phase separation, the
organic part of the neutralized cleavage product is transferred to a first




The process of acid-catal yzed cl eavage of cunene hydroperoxide into phenol
and acetone has |ong been of particular industrial inportance. In this
preparation of phenol from cunene by the Hock process, int@aMayi2605 reaction
stage, the oxidation, cunene is oxidized to cunene hydroperoxi de 15 (CHP)
and the CHPVPE2#H&En concentrated in a vacuum distill ati oFCT{HRRL14030
~concentration stage, to 65 to 90% by Weight. In a second reaction stage,
cl eavage, the CHP is cleaved into phenol and acetone by the action of an
acid, usually sulfuric acid. In addition to phenol and acetone the cl eavage
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: of water, hydrocarbons boiling lower than phenol, such as AMS and
cumene are distilled off overhead. From the bottom of the column the
organic phase is taken off and applied to the top of a downstream column
in which water is separated off from phenol and high-boilers which are
25  produced in the botiom of the column. The mixture of phenol and high-
boilers is then transferred to a crude phenol column. The residues
produced in the crude phenol column and in the pure phenol distillation
can then be fed to a cracking stifl in which the residues are worked up and
one part of phenol is recovered. These recovered products of value can
30 again be transferred to the hydrocarbon column.

EP 0 032 255 (UOP) describes a process for working up cleavage product
in which the organic part of a virually neutralized (pH =~ 6) cleavage
product is again washed with water and then the organic part is transferred
35 to a crude aceione column in which the crude acetone is separated off
from the remaining cleavage product. The residue remaining in the bottom
phase is transferred directly to a cumene column in which the crude phenol
is produced as bottoms . product ‘which in tum is fed to a purifying




cunene i s again prepared. AVMS and cunene can al so be separated off in an
azeotropic distillation with water. The bottons product remaining in the

10 second colum is distilled in a crude phenol columm. TheMagR005ant crude
phenol can be further purified by an extractive distillation with water
and/or by tWOAAPA with an acid ion exchanger and subs&&H&R1/14030
distillation. In the latter process co"rrpounds which are difficult 15 to
separate from phenol by distillation, for exanple nesityl oxide and
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an aqueous phase and an organic phase. The organic phase is transferred
to a column termed the splitter in which the cleavage product is separated
by distiliation into an acetone-rich fraction and a phenol-rich fraction. The
phenol-rich fraction is taken off at the bottom of the column and fed to a
25  phenol purification, which can consist, for example, of one or more further
distiltations. The acetone-rich fraction is taken off at the top of the column
and fed to an acetone column, in which case base is added to this fraction
before entry info the column In such an amount that the fraction has a pH
of approximately 9, so that the organic acids which are also present in this
30 fraction are neuiralized. The mixture arising in the bottom phase of the
column which, in addition to water, also contains hydrocarbons and the
salts of organic acids, is transferred to a phase-separation apparatus in
which this mixture is separated info an organic phase and an agueous

~phase. The organic phase can be freated again for recovery of cumene.

35 ‘
Furthermore, processes have been developed in which individual fractions
which arise in the work-up by distillation of cleavage product are treated -
specifically. Thus, US 5,487,816 (UOP) describes a process for separating




~sodi um phenoxi de. The m xture of AMS and cunene which has been freed from
phenol is fed via the top of the colum to a hydrogenation. In US 4,262, 150
(UOP), also, the sane colum circuit is used as descri bed19 Mayi200&P 0 032
255 (UOP). The difference fromEP 0 032 255 is that, to neutralize the

cl eavage pr¥QIH613%n extracti on colum is used instead offCTEREVHnpre
~conbi nati ons of nixers and phase-separiation apparatuses. US 3,322 651
(UOP) describes the use of nitrogen conmpounds, in 15 particul ar am nes, for
purifying phenol obtained in the cleavage of CHP. US 5,510,543 (GE)
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virually the same conditions are used in which the bottoms product
produced is predominantly phenol, whereas predominantly AMS and
cumene are takenh off overhead. The crude phenol taken off as bottoms
- product in the first column is fed to further work-up steps, and the crude
25  phenol faken off as bottoms product in the second column is fed back to
the first column. The overhead product of the second column is treated
with sodium hydroxide solution in a wash column. The overhead product of
this column, which comprises AMS and cumene, can be fed to the
hydrogenation,
30 .
' In US 4,251,325 (BP Chemicals), the work-up of a fraction which has been
- freed from low-boilers and acetone is optimized such that the cumene
column is operated in such a manner that at the top a mixture is taken off
which comprises cumene, AMS and hydroxyacetone, where the latter is
35  virtually completely separated off from residual crude phenol, and thus -
need not be separated off in a complex manner during the phenol work-up.




5 Vvith t he acetone. The m xture contai ning AMS and phenol is separated in
a colum in such a manner that in the bottomof the columm predom nantly
phenol is produced, which can be fed to further work-up, #Magodhe top of
the colum a mxture of AMS, water and smaller anounts of phenol is taken
of f, which YP¥#¥ i s condensed and adjusted to a pH aboFETEPBYINH adding a
. basic reagent. This achieves the phendl being principally present in the
aqueous phase, while the AMS is present in an organic phase in which only
smal | amounts of phenol are present as inpurity. The phases are separated
from one anot HéP 4538%0¢h Hé@P} desaribes dine wopaup ol a. frattien whichacompridesse can be
fed to a hydr ouasakinfBne WHen®), e PaEPMSUrRBESSEr eddmbRN k to the
colum as ref L@ﬁ Ion US. 371? 205 L%D‘& t he stharBég éﬁ?oo@?%tﬁﬁ%the
bottom of the CPuBPeeREst HHig yc%?'lﬁ‘?ﬁ’ B LePYing g UBGRE@CPm cont r ast
to the processvhidebesicbeaty ilow pBesola®ncatteationOffpm thgaotas frattiors Thiecisgr ound a
- different 20 GRhievadBy'dperdtingshe cORRAE oluhth i %futchwéﬁnér“fﬁat‘\epﬁ\'ii&?ﬂ% oper at ed
- under virtuallly the Sa %ndltlmare us I N &qu the bottonms product

- produced is proéd’HPﬂeH&rﬁr\r@N@ dn &ke ?‘éeége?ff BBEA qn}}’-ﬁ(ﬁ?@*‘aﬁ'@d‘-‘@umne are
‘taken of f overheanderied ancudin ipteeaghasedkeparafién assseht Amnwatepipodsibly i n t he
first colum isedBf it @ cféae henol taken
of f as botton&ﬁgho d%t:iﬁﬁég\gﬁg?%é umegﬁpgﬁgg%%Fﬁ% gﬁaesléf |§rst

col um. The oV&YREEY ymgop ge reftxefpothsr paition L the ardapic Rhask sodi um
hydr oxi de18ol s fazhta & washarsin wiith phendbesiowey WhieH v dd ieérfaré withhihe col um,
whi ch conpris i 30 In US
4,251, 325 (BP%%@%@} afd %ei'ibm‘ﬁ?ﬁ'?ourﬁ%b% Bliades et e RHE AR b0, 10
from | ow boi | & $heHydmsenalinn. ifgompa sidezedtean dakeoifzef thecumaneneolumdl um | s
operated in stisdreaisaniey dfhﬁ.fmhtibﬂﬂa:dn‘i}ﬂismgﬁmgaﬁn? Scwﬁéﬁ@'a%ggan\’\hi Chl I
conprises cu t e.t atter is virtually
conpl etel{ sg%grggrﬁ@('ﬁ Fﬂﬁéﬁ](n@%e%?ag@arﬁ% ?'rb h%é‘hgﬁlﬁm Enﬂs‘? ﬁ%derﬁ?gd not be
separ at ed18f f &' teansirfchie Admhree-sgoietign vresqlhEheiaquesus phasel@hivhy 2005
]‘!‘D 02/ 461%_ Peﬁhmﬁrﬁémzoﬁisu@d%mom éﬁd@El )TH@%?Qddgﬁﬁhéééew_ maﬁk-.UP of a
raction i C ; : en wat er and. | ppurities, for
exanpl e hydr O%og@g?%ér]gﬁﬁ'le?ﬁ;\/gl\nggﬂggg W‘Q&Rﬁ%’?‘?'ﬁ%ﬁ?ﬂm%gh{% T EnDVi ng an
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aqueous phases is evaporated and fed back in the vaporous state into the

20 cumene column above the side stream takeoff. A crude phenol fraction is

taken off from the botftom of the column.

A further process is described in US 5,064,507 (Allied). In this process the
cleavage product is first separated from the crude acetone in a crude’

25 acetone column. The botfoms product is transferred to 2 cumene column
in which cumene and AMS are removed from the cleavage product. The
column is, however, operated in such a manner that a certain portion of
AMS is still present in the boitoms product, since this is required as a
reaction partner or solvent in the further work-up of the phenol to remove

30 MBF and other impurities. This bottoms product is reacted with an amine,
preferably hexamethylenediamine, in a reactor having plug flow
characteristice to convert carbonyl impurities, for example acetol
(hydroxyacetone, HA) or MO, into higher-boiling compounds. The product
thus treated is further worked up by distillation. By the purified end product

35 phenol, flow will have passed through a further four columns and two
reaction zones. |




whi ch has a very | ow phenol concentration, fromthe total fraction. This is
5 achi eved by operating the cunene colum in such a manner that a m xture
of cunmene and AMS is taken off overhead fromthe colum, whieg200xture is
- condensed and run into a phase-separation vessel. Any water possibly

present is YOIH#HEed of f and di scarded A portion of the W@Hi’é‘mﬁhase i s
fed back to the colum top as refl ux. Anot her portion of the organic phase
10 is fed to a washer in which phenol residues which would interfere with

‘the hydrogenation are renoved fromthe phase so that this phase can be fed
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there is takenygéf ias 'bééh'ééba‘%ﬁ@@rfr&'hn&eA Medehfing it Bo8oR st éébtoﬁéeo”opl c
m xture of water and ﬁd é %\h ctllon s also condens% \jfag
transferred t SUgia8 m r APPSR 87'0 P HiEeated, 47 & Vel dipffiaten can
conpri se phendlolurgn freguchoa manvek thap asepgeus Thistuse géidhocquhrises whisodl

COWP“ Ses QUWMMIBMS%(Maﬂh@w oﬁﬁercﬁfﬂ?ﬂn“? hiﬁnfxﬂﬁe%%ﬁhﬁ% phase
in accordance Wt

Dhaces | o o e PoRIsToen il PBEIE redPT AT SRS O Y 4ees Pt STRHE 50 cumone
col uim above- tdopdenshsl. sthee sondatisedffartion of dde mikkns|is frumdiackrintosthet aken of f

;r 8214t 287b?5§ Odag&n, .hemnah L th(%esdﬂn[' B?fmﬂ,f%&kbﬁ HESE Pio%etf Wis HS
separated fr or’FF'f' “c?ﬂ\‘ifée@% Eo'?q??”éaf@r‘ﬁﬁl%? ‘;gg%ﬁ'ﬁ%g@? EBFUWna" %ﬁe bot t ons
product i sotrdopbebeled the tep.Clhearaponnisipontiormwitich c:htemﬁartmmdeﬁm-ar e
removed from thgefd Sﬁé{ sDrIle’éStto J%Fh&"k«/’é%érﬁ f:{}l l’?s%ed In

such a manner that a
bott oms pr oducﬁ'St'Hé’ﬂ%é?Oﬂ'-fW% nsphwpwan%zggafraqt@acww ﬁéﬁt'?%rfu'éhersol vent
i n the furtherworked upp isfakeheofpiremothet wacuanpuietiiBiolyRiolant fsrhes sidepuriti es.

Thi's bottoms g;rtl%gHﬂaHeﬁff rm %d %ﬂ)&%daaﬂ Igﬁgt'b‘?‘fe fthﬁ&%ftlgélaﬁgge pelow the

hexanet hyl enedi am ne char erl s I'cs to
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All known processes for work-up by distiliation of cleavage product are
relatively complex, since usually two distillation columns alone are required
for separating the main constituents of the cleavage product info three

25 main fractions, crude acetone, AMS/cumene and crude phenol. Further
work-up of the main fractions to remove unwanted byproducts, for example
water, requires a lot of equipment. Al the processes currently used have a
relatively high energy consumption, in parficular a high steam
consumption. Since the production of phenol comprises several million

30 metric tons per year, even smali savings in costs of energy or capital costs
can be critical for the competitiveness of a process.

The object of the present invention was therefore to provide a process for
work-up by distillation of cleavage product from the cleavage of cumene

35 hydroperoxide in which, with a small energy consumpiion and low
requirements of equipment, the main products acetone, cumene/AMS and
phenol can be separated from one another and from unwanted
byproducis.




~cunene and AMS. This crude phenol is treated in a vacuumdistillation
colum in such a manner that a vaporous m xture which conprises phenol 5
and lowboilers is taken off at the top of the columm. ThigMay005€e IS run
into a condenser in which the predom nant portion of the vaporous m xture
i s condensedodme condensed portion of the m xture is recr/bmekdosnt o t he
colum, in which case the purity of the phenol taken off as product was a
function of whether the condensate was fed back into the colum at the 10
top or below the top. The vaporous portion which, inter alia, conprises

| ow boilers and acids, is fed to a further treatnent for exanple a

- further dlstlllatlon cQ onprisi.n ctlon whi ch can be
‘further wor ke(?"'UE;; ﬂ%’f@%ﬂb%ﬂiﬂ%ﬂ?ﬁ)ﬁﬁfﬁg 393%’@3%& ??‘fagﬁﬁiﬂdl&gl ¥m, from
a side streamdi tmﬂ?flnmtmhell'saldlfwbemjlraa SIr@etdlsimaldrhmpethe qaainst age

bel ow the 15 | iR o e
5,122,234 (Al ng(}i § Laf 180 We@ §é;’55rlal%6 %r\?\ifa&? dréﬂ%::\?lﬁ %ng?l?y run into

t he col um ndeﬁ?')gé’r?ém?%pﬁqn WFL%&W&HWPE'G" eﬂ‘lﬁ?‘@eWﬁl By GEHRMaANt | y
conpri ses Wt epreosgsgshartbiheiremouiief uowanted Dgpradiicth isvalxt singplifisd.part | y
condensed and returned to the colum. Al known processes for work-up by

i stillation cdPaesalt snEniph Herde piitef g ddrfossidegdnd g 1 0 "
constituents oforitheworkeu by distialivocf Cleavagemmdectwodmed it t!mniea)nage crude

| ?cetone AMP/ ceirediiand WBFB?)%M?J&%&S'WQI&W&J&%N%&‘DF&%OH% fthé Nea ot
of equt prent . ATRUE B et SEEB SRttt g ol SR Fros a 1o

_ SPel ati vel y high
energy consunption, in particular a high steam consunption. Since the

production of whsre%seﬁpmnémﬁﬁﬁa@ﬂé%@é td4 hrgtu%oﬁ%oﬂmnrfoﬁﬁe%ga&%nyear

even smal |l sav I.n.cos ene I costs can be critical for
the conpetiti Vh%g@%ﬂ%ﬁmr&otﬂ?@gg@ pﬁ‘ﬁ%"’gﬂ]"gﬁﬂg ogfi Orp HRUMANSS BYRAFORSIO¥AR | on was
therefore 1 ptleavage as pladved i tlaim 1howkiclujs dimeatisened Isath that ef cradeavage
Cml | ener gy cooaone eRAtn RonBHIRG ot 18set Mok o g"’%f et B 1
‘products acet o%é( %ﬁ@'ﬁiﬂg QJ(r)fBe cBﬂ'EWola Y 15’5 P'é(?"mpﬁﬁ'i‘%ﬁ’é anot her
and from unwanteast 75 hyoRightof phendisan 26 Gaken\wtf ﬁZﬁéBdﬁﬂnBﬂﬁeEmeﬂMBO 7
Surprisingly, hidR%rREEN VRN SokipRbed ¥t IERAT AidrBlgatitBns | SRV BGReR 0duct by

20 and/or o-methylstyrene can be taken off from the side of the column.

The present invention also relates to a process as claimed in claim 21 for
preparing phenol and acetone which comprises the steps
~  oxidation of cumene to cumene hydroperoxide
25 - cleavage of cumene hydroperoxide
- work-up by distillation of the cleavage product mixture produced
in the cleavage of cumene hydroperoxide, which comprises resolving the
cleavage product mixture into at least three fractions in a single distillation
step.
30
The invention also relates to phenol that is obtained using a process as
claimed in at least one of ¢claims 1 o 14.

The invention also relates to acetone that is obtained using a process as
35 claimed in at least one of claims 1 o 14.

The advantage of the inventive process is that the separation steps chosen
in the distillation substantially simplify a further work-up of the cleavage




~distillation into three main fractions in a single distillation step the

. main products can be effectively separated fromone another with a | ower 5

energy consunption and | ower equi pnent requirenents than i1&MayA008ary
processes and the renoval of unwanted byproducts is also sinplified. The
present i nv¥R%@H3%t herefore relates to a process accordi FFHEPOUI4H | for
the work-up by distillation of cl eavagse product produced in the cl eavage
10 of al kylaryl hydroperoxi des, which conprises resolving the cl eavage
product into at |east three fractions in a single distillation step. The
present i nventproduel mixture|catafdhe individiiad fiactiens which drerobtdioed fbe gepar at i on

by distill ati ofjeffagel AUE BlAdRCt [fM f m&wﬁ@d roxi de 15
cl eavage as cl %%edw: i Eﬁgl ai m§1{5 V\hlr{:nhﬁelhgé‘g?cfneflh%l one sug%ﬁ%@?a@ir ude
acetone fracti r@gﬁﬁ?ﬁﬂgﬁn}é apd, guneng Jfomy, theephgnol-sentaping iesidugnche  t aken
of f at the topthefcleamgeaproduct mixturadmngiderallly tinaplifies the anpkiupi oijthet | east

75% by vei ght  gerBReaRbintd BEdlak 8l thdtsibhe Ml LAl Qhnldae ! ym and a
fracti on which corrﬁtr.l ses at | east rV%l:?’::o>|)§|£e<'slcetone and cunene 2(5> and/ or

a- met hyl st yr en®WVERHIET  RIRERSSER+ Inr MEYRN ke VaEOypceinpe cigmaes IMhiepr esent

i nvention al sopherioktiels fraction gndisaemousd fromi ischy thediyairaryadetbos bepigepar i ng
phenol and aC%@B@é‘WH‘P &ﬁi‘%fﬁﬁc&rﬁﬁoﬁh@%vmﬂ%h@ﬁéﬂ Q&Ii@ep&H%{%@ to
currene hydroper,oxi gde 25 - cl eavage cunmene dr 6per oxI - WOrk-up by
distillation ANaQLARY W @&@“&%ﬁﬁ%@fﬂtﬁﬁi font Bhﬁswiemé@&llatm, arpcolmitiesvage of
cumene hydrtopearukingesteavhi coinsumption elswee bothei regolttish intd eaMagparstRMUCt
mxture into a I!,‘,seast three fractions in a single distillation step. 30
The invention a?sd relates to phenol that is obtained using a process as
clainmed in at least one of clains 1 to 14. The invention also relates to

‘acetone that iGoraparetdnegthususignanpr sreessseds the SinvkAlivee rbdesat nhgagt one of

clains 1 to 1 : e e jnyentive process is that th
~separation st éﬁglgﬁgﬂ%%ﬁeqtﬁgg@%& i‘ll"?eé 3_(0 algugest Ee aqquaé'?‘isrpwmsy a
further widk- UPOeRsseheinc whiphahrdroxyaveioneoBs renpeysdl fipgl ke RUTPLERROLY14030 8
product ni xt urrgagtionowith PReheidialsbdirl a highet iooalIWig fbf @h@n@l%aé&f@nf rom the

hyar oxyacet ondi® AN PErtorl B e, 5o aRa e B, FiF restaitaYor
_ . procedure requires a relatively high energy consumption. In addition, in
' customary processes, the yield of phenol is decreased, since the
20 hydroxyacetone reacts to exhaustion with the phenol, or expensive
chemicals, for example amines, must be added, which must themselves,
or their reaction products, be removed again from the process in a
complex manner. '

25 The inventive process which avoids this problem by separating off the
hydroxyacetone together with the cumene from the cleavage product
mixture also requires a considerably smaller amount of equipment, since
the separation of the cleavage product mixture into three fractions in a
single distillation step decreases not only the number of the required

30 distillation columns, but also the number of reaction apparatuses which are
required to decrease the content of the various byproducts in the fractions.

Depending on the way the individual process steps are carried out, that is
to say oxidation, cleavage V{fith possible post-heating and hydrogenation,
35 the steam consumption over the entire process per kg of phenol can be
markedly decreased by employing the inventive process, compared with
customary processes for which a consumption of 3.2 kg of steam/kg of
phenol is quoted (from: Phenol/Acetone/Cumene, 96/97-2, from Chem




t he cl eavage product m xture considerably sinplifies the work-up of the 5
phenol - cont ai ni ng residue, since the steps that are carried out in
conventional processes in which the hydroxyacetone renai n$9 Maytbes

phenol -rich_fr L.on and is renoved fromthis by the hydr ne being
reacted wt 00%@%118? to form conpounds gaving a higher boi ICT?%%@%‘ Ft than
phenol and whi ch can be separated from phenol by distillation, are omtted
10 and the. steam consunption is lower in the resolution into sai d
separation § OO%? ed with customary processes, the inventive process
has a substanPYSiem Sopth\Bfoagway. Jiasish Newnkerk 40891 Gvpreaes of th 15
processes in vihedivemnjide proycese tranenargy cevsuvtioh forithé Prepir @St ghenbeact i on
wi th phenol , %ﬁi@h §u1 H’éﬂh@éof%&éf% k‘p}’ép%%iﬂg%spﬁlﬁﬁ&% ’cgﬁizeelgxaﬂg f he

phenol content 'in eava € produ tdycedure
requires a rel%ﬁqr%%? fa‘bﬁ?ve epepding nauinthe ovey 1R adieh i Be, ll'iﬂlVld@alstorrary
processes; # Eaabomhﬂlbrmbn@ih Emod:essSsﬁEs rp@ seheds olf; ehehgeld0oh )ﬁﬂéﬁ?lymc eto nel
reacts to ex [ exanpl e
o e, must  BeoARg e e UEEF can B, FEREES héieatelt Wciiated 49y Seuct s
be renoved agaPRCEISRIR Mibighr A éssreapted vithahenpkie fernhigh-balersThe i nvent i ve
process which avoids this problem by separating off the hydroxyacetone

~togeth th

const der abl y siel e+ PERBsRt B hachresil AR 8¢ tetel cbiptel R the o
cl eavage prlodudesentxtinr & | mbl‘ﬂtnhrlee defigest | ahs 100%a sepanation dpctential,at i on
step decreasesina@éemhy bhﬂ‘:emu%rd?biattébﬁu’f&‘aéf rxﬁ%@ﬁwa‘ﬁhﬁ lih H?ééé’s'& col umms,

but al th d
the Content - ofSHaRmSy rawgsajaﬁsa%ﬁwm‘bﬁ 7 s Borabld Tonanesi be oot na>®
way the indi vuranae ipwbichss similap separatiaapotestial dipresehtThieshotiom ebthe

oxi dation, cleayags, wath Fié?ss%{ybﬂhé RGRM- &aa«rv'tns fﬁ&d?@@rtﬂeféfﬁeca'n Afh a a3> the

t t kedl
decr eased 1y '°“5a3¥)enrgnqtﬁ@ﬂq‘°fﬁv@f Ahs o abre cnpn hetin ook inbermry
processes for rahgeabave tres uppermst platess i akeprddncet withmtHeg definitigh dnat i s

quoted (from P hae@@bérﬁﬁ@ﬁ rﬂéif%f?%ggﬁ/ I@ ac%ﬁrcfgrneén ml%%el}‘fﬂifogOQS VO

02/ 46132 PCT/ EPQ1/ 1403.0 é e‘"@é own,  New Yor k
10591). By me i&e W@é@@“t%@@ﬁb?g%ﬁ/@cﬂhﬁwmmfor t he
preparation ofthpﬁ_ét_lqbla,te
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The inventive process can be used for the work-up by distillation of
mixtures of substances produced as cleavage product mixtures in the
cleavage of alkylaryl hydroperoxides, in particular in the cleavage of
cumene hydroperoxide into acetone and phenol. The cleavage product
25 mixtures can be obtained by homogeneous or heterogeneous catalysis.
Preferably, the inventive process is applied to cleavage product mixtures
which are obtained by a homogeneous, acid-catalyzed cleavage. The acid
homogeneous catalyst customarily used is sulfuric acid. The alkylaryl
hydroperoxides can have been prepared in various wéys known 1o
30 - chemists. Preferably, the inventive process, however, is applied to
cleavage product mixtures which originate from the cleavage of alkylaryl
hydroperoxides, in particular from the cleavage of cumene hydroperoxide
(CHP), which have been obtained according to the principle of the Hock
phenol synthesis [H. Hock, S.Lang, Ber. Disch. Chem. Ges. 77B, 257
35 (1944)). Obviously, the inventive process can also be applied to cleavage
product mixtures which are obtained by processes ‘which are
developments of the Hock process, in particular developments of the
process steps oxidation and cleavage




which is suitable in each case for preparing bi sphenol A can be markedly
decreased. Al so, depending on the way in which the individual 5
abovenentioned process steps are carried out, the yield ofgpagrobdsin
relation tq the cunene used can be nmarkedly increased, conpared wth
processes iMWOWHI®%H HA is reacted with phenol to form hi glﬁ’pg@??lé‘ﬂ?” For the
pur poses of the present invention, th& total nunber of plates 10 present
in a colum is defined as 100% separation potential, independently of the
nunber of plates, in order, in this manner, in the case of colums having
a different nunber of plates, to be able to specify the range in which a
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catal ysi s10 PrsefioabNgOH, mennonie or iavengnivn éydraxideaqmdrn oyahie kelseafoage
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cl eavage. The acid honogeneous catal yst sul furic acid.
The al kyl aryl hydroperoxi des can have been prepared in various ways known
to 30 cheni st ShePpldfeamablsp, bé eljustade by ivsimgpibncechande wesies befose apwl i ed to
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hydr oper oxi de ticular fromthe cleavage of cunene oxi de

I N par
(CHP), ‘whiteh i‘:ﬁ%’sﬁ Hedi? e@% according to the principle of the Hock
phenol synthesis [H Hock, S. Lang, Ber. Dtsch. Chem GCes. 77B, 257 35

brodubt” mixt ucizoounf 6 BV BERGR B AB Al RRIRRRY Bl e et o of
the Hock proc®84talizing,agentc Glegragrpwdggiobiuesusyally contajo @sporfor of
oxi dati on andwateraVhisavatdd ciape280bved R 8 /nding? kR6Wh EPds4RBEd in
20  the art, before the cleavage product mixture is fed to the inventive process,
by adding further water or rerhoving an aqueous phase from the cleavage
product mixture. Preferably, the aqueous phase is removed from the
cleavage product mixture in at least one phase-separation apparatus, for
example a separation vessel or a coalescer. Very particularly preferably, a
25  cleavage preduct mixture which is fo be worked up by distillation using the
inventive process has a water content of 1 to 14% by weight, preferably
from 8 to 10% by weight.

_ From the neutralization or owing fo the use of salt-containing process

30 streams, the cleavage product mixture can contain salfs, in particular

sodium saits or organic ammonium salts. Usually these are removed when

the agueous phase containing them is separated off from the organic part

of the cleavage product phase. To carry out the inventive process it is
advantageous (because of the reduction of salt deposits on heat

35  exchangers; fouling), if the cleavage product mixture, before the inventive

~work-up by distillation, is treated in a manner known to those skilled in the

art such that the sodium ion content is less than 200 ppm, preferably less

than 50 ppm. ' )




10 If acid is used as catalyst for the cleavage of al kyl aryl

hydr operoxi des, in particular of CHP, the cleavage product m xture is
usual l'y, before the work- up by distillation, adjusted to1amay20053 to 10,
preferably of 4 to 7. This is 5 achieved in the manner known to those
skilled i n VA& py addi ng a base tg the cl eavage prod§dERH ¥ e. The
base can be, dependi ng on operating ¢ ndi tions, a byproduct fromthe
overal |l process, for exanple a phenoxide |ye, an al kaline wash sol ution,
as produced, for exanple, during the acetone washing, an inorganic base,
for exanpl e sodi um hydroxi de 10 sol ution, NaCH ammonia or amoni um

hydr oxi de or arheingeniive (1a6&ss it %sclﬁé@fﬁérélnaﬂe@u@lﬁ%aé’éxﬂh geIhe erlQr exanmpl e

hexanet hyl ene e H e adjusted usi ng i,on exchange
resins befor eq’t’:ﬂn%);1 dlsﬁ-’(_g%'? OF?#]S@{E?\%?? He &"ﬁ]cﬁ"’%’é d; i of such
resins are kn 091?3‘99§3talﬁl§‘s@f%|ﬂﬂd deavaget ofcCHPY mt@utab@pmmssbetrige

cl eavage r @actregtictdab m,lgmda@cbgyﬁgcyédton of catalyst or neutralizing
agent, cleavage product mxtures uSually contain a portion of water. This

wat er can be renoved in the nmanner known to those skilled in 20 the art,
before the cl ciageapagelptdust rixivre ¢an, idegending len how dig 'pmeps etgss, by

addi ng furt heroxiwiigh éléaﬁé@ﬁw&mﬁo@'bléﬂkl R 25&uti2Mdn gﬁr} rﬁ;}?rﬁs e

pr oduct m xture, Prte e Cﬁl ueous as IS renove

cl eavage prod &P 'derp@q Squs ?B‘g 9a5ieP eargé’ﬁﬁfe&’tqlﬁnmaﬁﬂﬂ&!%t@s f or
exanpl e alSepavaiet and thesmain prodacts phbrsl@rd. acétone @wmecs:bmhgynﬂéﬁ&er ably, a
25 cl eavage profiete WhidHi€ WMHeS&ed Sint ebeox iFﬁ 'tbh%ﬁg@n\% g%{fotu'son using

the inventiv s has a wat er con ent 0
preferably t & e iz ng to

f er abl %HE{O@C”F% 0‘36 byE*XARPht & mpﬁlw%@nﬁh L(Mlaﬁ) Aceiaphenomnsi
t he use of salhydm)oyaeetone\g p(ldRESS p&@nﬂbuteae@,, t enehigiepd @ﬁ@,@ct
m xture can c r_or. anmoni um
salts. Usual I ;Q/ﬂ% ﬁfhggﬁ %'Scraé%dp@“kp(gy ”q‘?‘ﬂ%'s’%g‘#e;@&%?bﬂggg rg%ngr 'ﬁﬁg themis
separ at ed18f f (Mcarﬁ'l%e W@éﬂ?%y gpmpowTdsy frr W@@@X@nm&@p&me To
carry out the andv2phinpppintediehyde. Bref@éb@ﬂ&ﬁ@%ﬁaé@ﬁﬁém ixtdrg e

reducti on of r cl eavage
ot i o empgeggaﬁ ekt 96198, AWEHACS KRB 1538 45 by Mgt ¢ S2v 2
in a manner kAGRIPNE0SttRGAY byiweighi ¢fcumene, 4rio 8%dy weight ohaMSahdm i on
content is |e280ppantc28h yweigitreffably | ess than 50 ppm 19 May 2005 WO
02/ 46132 ESZT/ EPO1/ 14030

According to the invention the cleavage product mixture is resoived into at

least three fractions in a single distiliation step. This is preferably achieved

by transferring the cleavage product mixture into -a distillation apparatus,

preferably a distillation column, which is dimensioned such that resolution

25 ofthe cleavage product mixture into three fractions is possible.

Very particularly preferably, the cleavage product mixture is resolved into
three fractions such that at Isast one fraction comprises at least 75%,
preferably at least 95%, of a ketone present in the cleavage product before
30 the distillation step. When a cleavage product mixture from the cleavage of
' CHP is used, this ketone is acetone. Preferably, at least one second
fraction is obtained which comprises at least 75%, preferably at least 95%,
of a substituted and/or unsubstituted phenaol present in the cleavage
product before the distillation step.
35 |
A third fraction obtained in the inventive work-up by distiliation of a
cleavage product mixture preferably comprises at least 75%, particularly
preferably at least 95%, of the mono-, di- andfor trialkyl- substituted




11 The inventive process is described hereinafter using as exanple the
work-- up by distillation of a cleavage product m xture produced in the
honpbgeneous aci d-catal yzed cl eavage of CHP, without the prosrRg008ing 5
"restricted to this node of carrying it out. This cleavage product m xture
can, dependVR§2#13how t he process steps oxidation, cleasd&RH1493%hossi bl e
' post-heati ng, neutralization and/or phhse separ ation I nt o aqueous and
organi ¢ phases are carried out, in addition to 10 water and the main
products phenol and acetone and the starting material cunmene which is
unreact ed in thenzere gaed preseat kotheosipavage praduobdneforbym distitation dtep. exanpl e

‘a- met hyl st yr eng th\Mme ofgdk mQﬂlatioHﬁfjé‘éI@é tﬁ%ﬂﬁ Haut enes,

3- net hyl I t b, f
(VBF), et ty RGRPEE ofs C%E‘?h'aﬁhp%ffr%boﬁiaﬁﬁ%m%lv %ewaa%ﬁd%? th%sz Barpl e
hexanone, heptRratticwaryprafezatyy ehlpast Bﬁ%onﬁaﬂhdemm:a rressnt irmtie/cleavagec| eavage
product i xt Ur;ﬂ‘od:&‘&'ﬂéfdré@ﬁe atsnina%ﬁtsté&aﬁ@ af [ P?’S%’eggﬁulgﬁy p@@%&:hfyﬁ to

of ANS and” 200 5B P8 ssHipey o Botseit 08 (REAG9B NIORHGn | o

" the cl eavage  phefohedhe distilation stap.r esol ved into at least three fractions in

a single di stiIIation step. This is preferably achieved by transferring
the cl eavage mxtureigé nto a distillation apparatus, preferably a

distillation c fipctiem which compasemthe kelone: AnAceiossy s prierably of t he
cl eavage pood Lremoned(taﬁrthe rtai]i of thy distillationt dcoliran Theeesornd €racli@l which

particularly py into
three fracti ons uc FQIn-Ye ﬁthiéc?ﬁ &'g%gg '{agééfﬁ%érﬁoyg#% ete?:éygqﬁ(glw ip?t 75%
preferably at theaRettamopt dhe Lotdnandher dyehfraction,nwhighe SpRMPSISES otiect bef or e
30 the distil Imiremedstmonoy\mn ahdedre richgbsisgitiied wanseHs eudsdPmhtipg cl eavage

of CHP is us Pref .rab al_|east one.second
fraction is o&q(gi a&llte]h V\lﬁ]e\x' ﬁ&?gﬁéno‘?(fs él%ggreld cR0P "7%% p?w%}eat')ﬁ ﬁ?kﬁ'f' F_Zast 95%
of a substlpt ut@ﬂ"@n%!ﬂ@rstrﬁﬁ%’lﬁk@@ﬁc@ﬂc doe gisdilidionraberans Prajerahly, the sidage
product bef or eticha ikabif ksJ ﬁtuatmj ab&R thd¥edd bhikdvideasiodas mitakngg in the

inventive m”ihé'B?lB%g% tdh '%%f“%.f%“%?ﬁ{h%ﬂ ; 2[ oduct m xture preferably

conprises at leas partrcul | east 95% of the
mono-, di- and/or trialkyl- substituted 19 May 2005

The inventive process for work-up by distillation is preferably carried out

20 such that the bottom temperature ‘in the distillation column is 140°C to
200°C, particularly preferably 170 o 190°C. The temperature at the top of
the column is preferably 30 to 90°C, particularly preferably 38 to 58°C. The
temperature in the column interior in the region of the side stream takeoff
is preferably 60 to 120°C, particularly preferably 65 to 90°C.

25
It can be advantageous to feed back into the distillation column as reflux a
portion of the three fractions taken off from the column from the top, from
the botfom and/or from the side stream takeoff.

30 The recycle from the bottom into the column is preferably heated via a heat
exchanger, in which case the heating medium used can be steam or a
process stream having sufficient thermal energy. The recycle ratio, defined
as the amount of bottoms product recycled in the vapor state divided by
the amount of bottoms product removed is preferably 0 to 10.

35
The reflux of the overhead product taken off at the top in the vapor state is
preferably condensed by a heat exchanger and returned as liquid to the
distillation column. The reflux ratio, defined as the amount of overhead




WO 02/ 46132 PCT/ EPO1/ 14030 12 benzene used present in the cleavage product

~ before the distillation step. In the case of work-up by distillation of a

cl eavage product mixture fromthe cleavage of CHP, this tdmag2bogction
preferably conprises at |east 75% particularly preferably at |east 95%
of the cumeW@ %#¥sent in the cleavage 5 product before tHEWREVIAP%Gt i on
step and at least 75% particularly pr‘%ferably at least 95% of the
a-met hyl styrene present in the cleavage product before the distillation
step. The first fraction which conprises the ketone, or acetone, is
preferably 10pnodustvietumed tindhe digunt siabe diidsd by dhé @maumit wiovefiemdsecond

fraction whi chporogQEmEemoRsd I \stefdrBSy b?ﬂ%%,ﬁéﬂiéﬂﬁk‘ﬁl%%%ﬂ?%jtowenm s

preferably taken off at the bottom of the col um. hird fraction,
whi ch conprises the wunreacted nono-, di- and/or trialkyl-substituted
benzene used iin ihteasaai iBetliastion takenwiiifirom ensitie skeamdgleaadi whinhpearses t he

cunene, is g akggingde witef BAMCAN Helhiviaky ﬁﬂﬁ‘hhélrﬁgéés iAfa b edée;gr%tw | on

col um. - Pref er abl t he side tream takeoff |[s situated abo e feed of
cl eavage pr odu%'?pa%‘i@%fé’apgjteoag‘ﬁ’?gag?ﬂjﬁﬁ%,re%ecﬁ‘ﬁ refluy te dbe SPBINRE at t he
si de. The i nvesrganie portareof tiis rfractiok,- the dyuedus tpokticmt oDthis frapiief er abl y
carried out ; t ; b&{!{e & [ 47 ' ' jon colum
is 140C to 2(2)@?.‘5%'H Eg}ftdl? u?'glr%ﬂd Q{) e? ggr; ggﬁ@ﬁ%g%ﬁp#f%@mﬁgﬁrg%g{ﬁ%ure at
the top of tHRAYSSHANRP ’%“rﬁr@?/ S 19rganie) rogiagpe! thig, fractionaprey repveiesr abl y 38
to 58C. The tsspaeatalyuoehé distifetionodalumn. ThHeerdflax ratio bised qytenambubthe si de

stream t akeof f_¢ | ! k1 I [ 65 to
90C. 25 It canOfb%aéc%Cg\r’lv?geg?gﬁg ﬁ%é@e@ggﬁ%%ﬁt&n‘{e@%fﬁ% %ﬁstrﬁlfgﬁj t)&/n‘?”col um as
reflux a por tVeshParickiady prefewmbly femilhtp 2.akhawater whichiis fepirculatashie from t he
top, from thehbotdlamnasshd de fedimtbhiestcolampt meas tigiigodl vagér Ehger ecycl e

fromthe bott | they,colh.umm | r rapl at I a eat xchanger,
in which caseoépﬁfee%@%t'lnnth%m!alg'irﬁﬁn#%gegdﬁaegﬁ%ﬁyg%goarg% ?_ " P%c%@gu'itt ream
havi ng suflfd cifepirculaied sad the ampunt oherganisypiiaee taleneff sareieembly 85l tohe anount
of bottoms profhjofery qrividubsy Prefdrabapar ios batrte dieWiafibr F thbhérfg@m'c’:unt of
bottons produc rﬁqgg%/ﬁgs W"d%a%iiﬁr%?’ n0 }ro JIR §5 él:he rre{il Ué 0 r#he
over head prod _ccf ThReN % B 1 qch ?rﬁe ¥ 8pBYe-a¢RgTaten p?ﬁ‘@”«?r ably
condensed by dsfiechio BxibranwgErupas isdhefiactioriaken gffiat the tophend dottoml |-at i on
colum. The r edflthx disBlidton ddinhmerheaentdific? HPtHa adifeo BEARAGS the third

- 20 fraction obtained from the phase-separation apparatus is fed to work-up or

disposal.

However, it can also be advantageous to feed back a portion of the water
provided for the work-up or disposal into the column in the vapor state,

25 using a heat exchanger. The material is preferably fed in below the point at
which the cleavage product is fed info the distillation column.

~ Further work-up of the three fractions obtained in the first distillation step is

‘preferably performed as work-up by distillation and can be performed as

30 already described in the prior art. The work-up can be performed in

particular adapted to the composition of the fractions. Depending on the

procedure of the inventive process, interfering impurities, in particular

hydroxy ketones, can be present in the second and/or third fraction. If the

hydroxy ketones, for example hydroxyacetone, are present in the second

35 fraction, this fraction can be separated off, for example from phenol, by the
various processes described in the prior art.




19 May 2005 WO 02/46132 PCT/ EPO1/ 14030 13 product returned in the liquid
state divided by the anmobunt of overhead product renoved is preferably 0.2
to 20, particular preferably 2 to 4. In the case of the f{@shaiQoos aken of f

. fromthe si %'ﬁ%ﬁzm takeoff, which can 5 conprise water Pﬁ?}h 20 ;ae
divided into two phases in a phase sepgration apparatus, 1t cah %e

- advant ageous to recycle as reflux to the colum the organic portion of
this fraction, the aqueous portion of this fraction or a m xture of

organi c and aqueous portions. Very particularly preferably, the aqueous
portion and th& & B%’R'Peiaﬂﬁrﬂrﬁfﬂﬁregf emhpgim%&fi%ﬁ igyentive cyreress, 1tbissispar at el y
to the distill apemtedat suth aTihennef thax thafriventhas Btrdoradtion &

f SdTpiies
| ed wat f WAt t ' Ly 0.2 to 3,
Very parti oul algit 307 ePERibly S edgee. AR bhichaRl BrEREN allefet oLl ed
to the col urm®8%n 9bdhe dydioxydeetenesceiiesant innthetnleavageipfoduct\befiore teat e,
preferably $n distildtionustdp. dhahe cadd of wefik-tpx by Alstilatonsad aaa@éb%fﬁﬁe 15
er

recirculated a e t .0 ' ase. takep off .is . pre agﬁ/ 0.1to
10, very parti%g &&gﬁﬁgeql%ﬁgé%ﬂi%p@!s tﬁﬁé?ﬁa@ﬁ%ﬂ RERITTabYY $QTBPIRSSani ¢
portion of thi &tleast¥0%raidhe bydrowratelnne presenttimtheptieawgequadadtibeforeppar at us
is fed to furthpfdi¥gEKoNRtepas IS the fraction taken off at the top and
bottom of ‘the distillation colum. The renai nder of the aqueous portion of
the third 20 fraction obtained fromthe phase-separation apparatus is fed

to work-upl®r THesdusiihge ldbies &pe oftcacyingadut thomveniansregesiiis that theed back
a portion of t} ' [ cdi l.intao,the
colum in the vgdrgﬁf{?é?rg %H%gqgsérﬁéeﬁtanﬁetﬁg tiil{(déﬁ'g%o& ?éﬁﬁﬂﬁﬁrffelpﬁgp S
preferably fedWaHr Sk tis fiactomolhn hydroxyaertonetvedeninanty pagsesdusr it f ed
i Bt ot hg di st Ih tHeaaq:MDLlsQ;bhmi inFhit ﬁﬁse\lwdaraﬂbnoépﬁdﬂﬁlué NrRE chrt Qﬁ%é gas )
obtained in the firs ISt tion step is refera rforned as work-up
by distillati o%egﬁg %%'ﬂ t%'% 83‘?‘“& Wed sﬁpleﬁagm?re@ggg&ggﬁﬁ %‘@oaq%’of-'ﬁe pri or
art. The woT k- bgrtiearpfiibe jaird Gantien.i Preferably cthicaaquedaptiivise conrises rgtosi t i on
of the fractiopgst PepsnshrisuIaily Fp'l’é‘eréHhP%%!r%dﬁveH“ﬁaﬁi&M%ﬂk' %r‘éfé?él?lgess’ .
interfering i NQ%JIUPT‘% | Eéc%a’rtlcul ar " hydro é Eia,ctio es, canh be gre ent in
the second and?of QRitPa WAKXYRGFONE tPre 'H}E dayd ieimsnes andgr 8kl e
hydr oxyacet onegordaipingrfeandion. i n t he second 35 fraction, this fraction can be
separated off, for exanple from phenol, by the various processes descri bed
inth i t. 19 005 _
'n € pr Izod’ 'aft can Jbe a!l\gi\}én?ageous if the cleavage product mixture is resclved, not as
described above into three main fractions, but into at least four main
- fractions. Such a fourth fraction can be taken off from a further side stream
takeoff which is disposed above the side stream takeoff via which the third,
cumene-containing fraction is taken off, and is disposed below the top of
25 the column, and/or can be taken off from a further side stream takeoff
which is disposed below the feed of the cleavage product mixture and
above the bottom of the column, and comprises at least one organic acid.
As organic acid, this fourth fraction can comprise, for example, acetic acid,
oxalic acid, formic acid or butyric acid or a mixture consisting of at least
30 one of these acids. Preferably, such fractions comprising at least one acid
can be fed to a neutralization upstream of the work-up by distitlation. It can
be advantageous, fo provide a plurality of such side stream takeoffs in
order to be able to eject from the column these fractions which comprise
acids having varying boiling points.
35 .
In a further particularly preferred type of carrying out the inventive process,
the first fraction which, in the case of CHP cleavage, comprises at |east
75% of the acetone present in the cleavage product mixture before the _




WO 02/ 46132 PCT/ EPOL/ 14030 14 In a particularly preferred enbodi nent of
the inventive process, this is operated in such a manner that the
inventive third fraction conprises at |east 20% preferah}ygtoohgast 50%

and very pa ly preferably at | east 90% of the hy ahfnes
present in ?Jr?e&}é&k%%vage product beforesthe 5 distill atlonq’géléﬁll}]l ns(at he case

of work-up by distillation of a cleavage product mxture fromthe cl eavage
of CHP, this third fraction preferably conprises at |east 90% of the

h t t h eavage product before the distillation
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the cl eavage p\ﬁ!ﬁi@!d%v@@%lg'ﬁétﬂoﬁilrfg%t\t% atibndS descri ped above into
three main fractions, but into at |least four main fractions. Such a fourth

fraction can be taken off froma further side stream takeoff which is
di sposed adbvelo ramevelthesimpeaities,dke atéione xoinire mushbe debigtled in such a

| d t top of
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which is di spo%t@?:?"b@'ﬁﬂ tWialler  Fgctian inrwhich asgtaldehydeoacaiimulatesumay bad  above
the bottom of taken off atithe tandf thergulumR.STIAS flaBRsH cNR ﬁ‘érﬂé@'r@clﬁtﬁﬂﬁed As

aci d,

oxac aond. ey 8o bestdt balhah BRI L% o The GRG0 Be o
| east 30 drbe d@mwﬁ@@@yarmmtham@ﬁ@d@imdp -ergighed fragiion catsbe coppleiéipgrat | east
gne aIC: dt can ;feﬁﬂi @dnd@s@dnﬁﬁgrgﬂu%?éﬂooﬂeﬁﬁ&% eifgﬁeﬁ gfnofuﬁteo ﬂ?xgﬁ tfs?% ch si de
o b £l 10 it 5, AR ARAT e 56p Bhel bbb ortocte
fractions whi dharbeutpry pmfelabiw$he1aoetalgehyad@‘emg:hbd|ftaungn fotrahsferr8d i n a
further parti Gihas oy |rpb§|ft%t69éjreta¥’9&1 Q;f)p gk fn%lQHEaégﬁ Hé&‘(g%ﬂ%ﬁe rocess
‘the first f racc}atlnolq(emse Eé prov1de§ usmg w?uch eat excﬁgl?gge?' the acege:lc?eehsydg- St

enriched fraction can be condensed in whole or in part, in which reaction

apparatus the fraction is brought into contact with a reaction partner which

has alkaline properties, preferably with sodium hydroxide solution, and

very particularly preferably with a 5 to 20% strength sodium hydroxide
25 solution. The temperature in this reaction apparatus is preferably 20 to

60°C. The pressure in this reaction apparatus is preferably 0.1 to 2 bar. In

this reaction apparatus the acetaldehyde reacts due to basic catalysis in

an aldol condensation reaction, for example with itself, fo form 3-

hydroxybutyraldehyde (acetaldol) or with acefone fo = form
30 hydroxypentanone. In particular the acetaldol and the hydroxypentanone

have a higher boiling point than acetone. The reaction mixture from this

reaction apparatus is recirculated io the acetone column at the side. A

further portion of the overhead product of the acetone column can also be

ejected directly from the process and fed to a work-up or thermal
35 utilization.

‘At the bottom of the acetone column a mixture of compounds which have a
- higher boiling point than acetone is taken off. This bottoms product can




75% of the acetone present in the cleavage product m xture before the 19
- May 2005 WO 02/46132 PCT/ EPOL/ 14030 15 work-up by distillation, is
" transferred to an acetone colum, preferably in the vapofg piuabeos
preferably at the side. In this colum the acetone is separated from
i mpurities WoW/4d3Z%xtent that it nmeets the requirements JCTERMWMOHcet one
(nmeeting the pernanganate test as spedffied in ASTMD 5 1363 - 94).
I mpurities present in the crude acetone before entry into the acetone
col um which cone into question are in particular acetal dehyde as a
conpound havi sgrprisewinteali,i sgap @nmurth ad @aredrenandiod A8 pekioklsarewhi ch

have a hi gher yAtenidd R Be LBSBNBSHIAR wilt? TP AP HALFoR fiond Ryl ©s. the

acetone col um, nust be demg{lfj{ed I n_suc n\pe he pure acetone can

preferenti al ng’sgﬂatﬂoékﬁﬂum BrRNes %“P%wr%amméh%mctmiapeaaat%act ion in

whi ch. acet al déhypiiicdau rsodnine shydegxide sdiutioan opfwatet drite theomeebnddrg col um.

This fractigon ' i t Lir t o] col um,

N which clse len T e*%gz"ﬁﬁ%a@& o8, 67 2B Etichsatlrt MechRfi. R

“acet al dehyde- &XPMPIRe@cpialaal B rapabe pevapigapeye 9 resycle ar perior sidbRsed. The

reflux rati o; bdttbmsesrodacittbetharcolumin f theetdpox state! Preferably, tHeviedgeleby t he

anount of the, S # ' ' 0 . Lcull y

preferably, t ﬁ%ﬁcﬁ%e 'g|t§3@agﬁ%ﬁésﬁ‘i‘1§%§% %gc?fljtg‘%%f)é&?'rgfﬁ%&@? ﬁcélg%feﬁfléhmhol e or

in part into # MWOIEUPHY Wiipalion: I partisulah i ko Hscadyvaptegeousdrdre@ier20 can

:ci ke}[/v! se be préa:dimgbfmm dmilmhﬂdblsaire@fﬁhﬂ{h@ﬂjottb\;\hﬁ_ﬁﬁ@ﬁ@k@ﬁé\ﬂ%a enri cthed
raction can i r n ich reaction . apparatus

the fraction B@“@'ﬁ%ugfﬁ%ﬁmﬁg é@ﬁ%’iscﬁﬁ%deﬁ%ﬁor%a@m%'ﬁe [?Q}Lmrm V\)HFEEH has

al kal i ne propébiieas angrAffis g epriehadh sodi um hydroxi de sol ution, and very

particularly preferably with a 5 to 20% strength sodi um hydr oxi de 25

~solution. Thetenperature in this_ reaction paratys,i refer 20 to
60C. The presgb?ggfeﬁo?%icglu%& PEiea @a?'%ﬁ‘ra%%i %”%rﬁﬁé@gﬁﬁ?ﬁ@ P?t%ZZ bar. In
this react$oncalipur ad utempesattoetoff ddhjoebbUaciss egiablistedbathe beftahysis in
an al dol condesthigératite’i§ 3ibiepably HOr ok AR %a\‘ﬂchl?ar'ﬁréi%?éb%x 56 HosEPC3-
_hydroxybutyralc.!.ﬂe de eE%cet al ﬁ%lri E&r W tpl acefﬁgeﬁ to for ?38?
hydr oxypent anong. PSS ELE 23RN B CeVE 18 B mireaTu FRER9B FRMnone
have a hi gher whigh thegoyseiacetonieds tateat his. prefecably 86tto G9°@i Xbhaineetbnem t hi s
~reaction appagafiin ipfefeRibly tusai®dot 224 ‘H?e&éﬁéa@%@ag{é&'. YHe el ffeathde. A
further gé)étlf o%f they‘%\éc%eadgéro uct . of , the_ace (lgne cql unmm can_,al so be
ef ected dfd ec kPO TN MAETIS LIS ACHANG isfaken it PieRigblyn Ariegig of
the column in which this has a separation potential of 80 fo 99%,
preferably 90 to 85%. The crude acetone, that is fo say the first fraction
from the first distillation column, is preferably fed into a region of the
acetone column where this has a separation potential of 0 to 30%. The
25  reaction mixture from the reaction apparatus is preferably fed into a region

of the acetone column where this has a separation column of 0 to 30%.

The organic portion of the third fraction from the phase-separation
apparatus is transferred to a cumene column. This is preferably
30 dimensioned in such a manner that compounds which have a lower boiling
point than cumene and/or AMS, for example water or acetaldol, can be
removed overhead, and compounds which have a boiling point which is
above that of AMS and cumene can be removed at the bottom of the
column and the compounds cumene and/or AMS can be taken off from a
35 side stream takeoff. Preferably, not only a portion of the product taken off
at the top but also of the product taken off at the bottom of the column are
fed back into the column, Particularly preferably, the cumene column is
dimensioned in such a manner and the process parameters are set.in such




35 utilization. At the bottom of the acetone colum a nixture of conpounds
whi.ch ‘have a higher boiling point than acetone is taken off. This bottons
product can 19 May 2005 WO 02/46132 PCT/EP01/14030 16 coeamfayS®osi nter

alia, snall of cumene and/or AMS which are trans jnto the
L > ey

acetone col the first fraction,fromthe first di 81 col um
and conprise conpounds fromthe reaction apparatus, in particular sodium
hydr oxi de sol ution or water and the secondary 5 products of acetal dehyde

formed by al dol condensation reactions, for exanple acetaldol. It can be
advant ageous t® Matd\at|thatza puxtureotrken afhBiompibet side speauekeafd ot hettaml urm i n

the vapor st ategidi @irebadd/dirddig id 88)dPogemitibf. 1S 0.2 to 400. The residual
portion of the bottons product can be fedg to work-up or utilization. In

particular, it can be advantageous, to recover 10 residues of cunene and/ or
AVB present i nThéeupsne coluprod grefematiie eperated ibhostichns pravuectthalr aporti ons

thereof intso aempyERMGIE SF WMol 170AB ig stéBﬁEﬁst&E §§§et %\Eoﬁﬂfé ERfT e, TNE

acet one colu | referahly operated suc e top of the 15
col um a terrpng?@f% éewpes%-wféolsweﬁ?@ 'XSJ[J%F‘? ippeire: Bniber at ur e

is p[} ef erabl y dinére :40Mn piathei side: atream&émcﬁbframaufﬂhibb tBd Cumehbeaaridéarper at ur e
I'n the aceton o] : e~ Gl m 0 ' t re
acetone is taﬁtg% %W]f%&apl{e@f %ﬁe{%ﬁ)ﬁ%@@() 12@(@% EI'&% %gﬁeo\ggh%glgl %‘ﬁH&H
preferably hasPrefereblyias 104088 hearetisalgiages. The sidacstmane fakeal freeof f

f rlom whi ch\% hewkidh &thé CRinfstR aﬁd/batmsqé ft?ké’at _Bff|€i§ qraségdt{:y %itht@ﬁﬁh%eOf blt he
col umm in whic i S .has aratiaon. potentia . erably
90 to 95% The'%gfoud%f "Ege‘%“ﬁﬁ'@%{ Wﬁ{chﬁglsﬁpssgfepﬂ@%pp P&efﬁlﬁge{?’ Jﬂ%rofg)?'om t he
first distillatheprgasiephasd of theethirdetacfion drom the fiest digdillatiorotoluma isacet one
M xture from thecraay, ?"’ﬁ“ﬁ"’“‘&""?‘*ﬁf@“ . el i e I e B e
acet one col umﬁ%ﬁéﬁ‘e@wﬁ% “‘r‘?ﬁg?ag ggﬁg/"ation columm of 0 to 30% The organic
portion oftsthe third fraction fromthe phase-separation apparatus is

port i on ofLst ' th - apparatus is
manner that coiRAIe PRIk a0l fo dipeiisor I ciimalls ColRAT SO " 2 o1 °

AVS, for exanpiid hdeast le BEeREiHs streain takeoft whishda diskasreabovarihe
conmpounds whi cdidd1atream fakedil M@rpehidh sdmete bad/oRPMS id hahowld AdM taed cunene

can be removed; gl AeoRMA %Wdolge!&nethe top of the column, at least one further

- - 20 fraction can be taken off which comprises at least mesityl oxide, ketones

and/or water. By providing one or more such additional side stream

takeoffs, the overhead product in the cumene column obtained can be a

product which essentially comprises acetone which is free from mesityl

oxide and which can be fed to further work-up, for example in the acetone

25  column.

The second fraction taken off at the bottom of the first distillation column,
the crude phenol fraction, which has a hydroxyacetone content less than
500 ppm, preferably less than 100 ppm, and very particularly preferably
- 30 less than 10 ppm, is preferably transferred at the side into a column which,
in the further course, is termed the crude phenol column. This column is
preferably dimensioned in such a manner that compounds which have a
lower boiling point than phenol, for example residues of cumene, AMS or
acetone, can be removed overhead, and compounds which have a boiling
35 point above that of phenol can be taken off at the bottom of the column,
and phenol can be taken off from a side stream takeoff. Preferably, not
only a portion of the product taken off at the top but also of the product
‘taken off at the bottom of the crude phenol column is recycled to the




colum and the conpounds cunene and/or AMS can be taken off froma 35 side
streamtakeoff. Preferably, not only a portion of the product taken off at
the top but also of the product taken off at the bottom ofigifag2005um are
fed back into the colum. Particularly preferably, the cunmene colum is

di rensi onedWPH2/4i18h a manner and the process paraneters HEEPOYINH such 19
May 2005 WO 02/46132 PCT/EP01/14030 187 a manner that a mixture taken off
fromthe side streamtakeoff or bottom region can be fed directly to the
hydr ogenati on. The cunmene colum is preferably operated in such a nanner
that a 5 tenpmhatorRartitulddy prefdablg, the csdaphermsiiedusin it imémsiondd ihhe

I . Th | 0 :
n the  cumenc EuTERIE S erboedd E dinBl aig St b Wi ©

and/ or the ANBPPENelgkestioprwithdrawp dfam dm pidelgireen talmoff o bededie col um
preferably haduttBert phedd! phefiwation citcas bigase admtsdcsdas b teabadeadepel from 10
whi ch the guneg Q@Qér,\%{}]ﬁ' |- g i . hn the
regi on of '?)he (l:o um rﬁrﬁa |cfﬁsf?lé"|(?§sﬁég pgﬂlé%pcgrtﬁ%?%%H%%Eaz(ﬁbi%ﬁ'ﬁ%fﬂhs to 50%
The organic ptadee Bhendlgolumn as Keflg%t i on fromthe first distillation col um
is preferably fed into a region of the cunene columm where this has a
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colum, at le t.her 20 fraction can, he taKen off i conpri ses
at | east mesi ?élﬁwpg%?gfg%ggg(ﬁg@a pﬁﬁ@ﬁ'oﬁ’ap%@ & %ﬁ%ﬁr%(ﬁam ﬁ%&ﬁﬁw nor e
such addi t i onavhich ghenalris aient ofk isopreferahiyh 4 20\te 1904, particulst pieferably cunene
o e 1T om T B s R e or
is free from ngsi oxi,de_.an i C f . -up,
example in thgs?%ﬁ:e ang Sigg %Eﬁ%ﬁgkeﬂ%eﬁgrgc\gﬁﬁkf“?'ﬁcﬁ%w t'%ﬁ@??rbf) &t the

bot t om of 16he prefesablyiina radicn dfdhe colunmmin whidtethisr hakea péjgaratiorf patenfiain, whi ch
has a hydr oxyas@oasemeties beddheiSirddiah fronPthePMd ditfifish Holomd, §ast ikhan 100

ppm and very particularl ref er abl 0 less than 10 ppm .S preferably
transferred atoriy¥ 9itg ?rﬁ?g e%ftﬁ#?"%ﬁiag& Pedi 'H?q ﬁereﬂg’t"t plcthecoyrige, is
termed the cr ypdenphehohn adietaihis Fds 3 sepdraiion patential of 0 to 80%.

20 It can be advantageous to recycle the overhead product of the crude
phencl column to the first distillation column. This is useful, in particular,
when the overhead product of the crude phenol column comprises
relatively large amounts of cumene, AMS and/or acetone. The botioms
product of the crude phenol column, which comprises compounds that

25 have a higher boiling point than phenol, can be fed, for further
concentration of the high-boilers, to further distiliation and/or cracking.

Despite the advantage that, in the case of cracking, valuable compounds,
for example AMS or phenol, can be recovered, and thus the overall yield of

30 the process is increased, it can be advantageous to dispense with crackfng
of the high-boilers, since the apparatus requirement and the energy
consumption cannot always be compensated for by the higher overall
yield.

35 Preferably, the bottoms product of the crude phenol column is transferred
to a further distillation column which is termed below high-boiler column.
The bottoms product from the crude phenol column is preferably fed in to
the side of the high-boiler column. This column is preferably dimensioned




preferably dimensioned in such a manner that conpounds which have a | ower
boi li ng point than phenol, for exanple residues of cunene, AMS or acetone,
can be renoved overhead, and conpounds which have a boilipgpa§ 2pgsnt above
t hat of phenol can be taken off at the bottom of the columm, “and phenol
can be takeWO8F#618F om a si de streamtakeoff. Preferably, HIEPOBHIP a
portion of the product taken off at t e top but also of the product taken
off at the bottom of the crude phenol colum is recycled to the 19 May 2005
WO 02/ 46132 PCT/ EPO1/ 14030 18 colum. Particularly preferably, the crude
phenol col um $ushdihat peinpoentisi that basveha doiliagpmintdndhée regign of tesballinganet er s

are set in suchoig GOl Kicbxanbid feshiles Tk BRERANCIHERTAMNS of LRgRAS SI de

stream takeoff can be fed fo ré er phen u tb@ . It can al so be
“advant ageous i F1l P& [&uRves oveaead.sppd W%ﬁ’r'?ﬁﬁa ebeve A edwgpaeipt a
portion of themarkecly ebovaltteat aif phent wanhbe tekerdefiphieta botibmnof g8 ref | ux.

The crude en I ' # nerat | t at
the top of I%!:he@:!(’:lI(J)l‘f;lili|'rni"l:b'mrghat%l ' n%ﬁ 8![1, ﬁ?éeﬁgﬂﬂi'%ttﬁg ﬂég%l%ﬁ%kre@f i‘e@%gf%e @% to 10
180C, I's set. BUIGISROL % RIBRYI takai off Abthsshatiamaf {hetioh beles matsmirive

t enper at ur e i nrecheed riodtheploelunmin. cHeumeilad rative fori ¢ Dvedesdt plodaét i rom
whi ch phenol i f e e 0 rei Gl f er abl
10 10 1900 TS areN O onid 2P TREChanke brotuich oeCbe BAI) EcRpalol PLOMY
stages. The siRefgablyatherarleytiizationnf erhars pregst of stheakigh-beller i s 15
pref erabl y10 n eoluragiipreférablyded bhckintd the\dhiddhphdnictchlamna separ ati on
potential of 30 to 90% The second fraction fromthe first distillation

colum, that is to say of the crude phenol, is preferably fed into a
regi on of the TEhaidigh-beiles solusy igmrafpiebly epsratadaty suctepanavnenthgbieenti al of

0 to 80% 20 |erperatife oflvem 4600 s s6t dtaRY 4O of it eMamAsatheedust of the

d henol t 0. t he, f] istill : . Th ful,. i
partroular - vEERaRut s Reapty 1a6id o0 e NG cohin® R Corpr | ses
rel ativel Y9 arligs 2ipidthearstionl slages. Thabaiinnioprodoet foore thertrudb gheoos
product of theconirdA®s phasablycel Wb a MalchMofAEHdHSESIer eORAH R Rls 25 have

of the. hi gh- ol SePgHAT P A & 20 5 P on “andl or cracking.  Despi fe ¢ he
advantage that, in the case of cracking, valuable conpounds, for exanple
AVB or phenol , Tieaphdifl FraeRFtaRéh oft BfltHeNide StRearR Y&k of YheE bR phaAalt he
process 13 NCIARRS San'te 188 REtAIVRAM-GS B Wathididh. FREASBN i phaas "9
fraction is treated in advance in a reactor. The treatment preferably
consists of a treatment with an acid catalyst in order to convert unwanted
byproducts into compounds boiling higher or lower than phenol. Very
particularly preferably, acid ion exchangers are used as acid catalysts.
25
For the further work-up by distillation of the phenol fraction from the crude
phenol column, this is fransferred treated or untreated info a distillation
column which is termed below pure phenol column. This column is
preferably dimensioned such that compounds that have a lower boiling
30  point than phenol, for example residues of cumene, AMS, acetone and/or
water, can be removed overhead, and compounds that have a boiling point
above that of phenol can be taken off at the bottom of the column and
phenol can be taken off from a side stream takeoff. Preferably, not only a
portion of the product taken off at the top but also of the product taken off
35 at the boftom of the crude phenol column is recycled to the column. The
refiux ratio, defined as the amount of refiux at the top divided by the
amount in the side stream is preferably 0.1 to 1000. The recycle ratio for
the bottoms product is preferably 0.1 to 40. Particularly preferably, the pure




. of the high-boilers, since the apparatus requirement and the energy
consunpti on .cannot al ways be conpensated for by the higher overall vyield.
35 Preferably, the bottoms product of the crude phenol colgiyidos
transferred to a further distillation colum which is terned bel ow

hi gh- boi | er W&d2#PA2  The bottoms product fromthe crude PHEATIOVESILUM is
preferably fed in to the side of the?high-boiler colum. This colum is
preferably di mensi oned 19 May 2005 WO 02/46132 PCTI EPO /14030 19 such

t hat conpounds that have a boiling point in the region of the boiling
~point of phengpherfobrcauranpise dimanistbred af quchnal maoneerad M mocesset one,
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above that of nol . can be a]léer}f . ) ) .

Preferably, no O'Bn%?“ff BE?AM dAkeA {Q'ﬁ% a5 RELY eontent lees than OEI% Ay but

al so of the prwdight, prefeesblpidssahan fe00586 bynweibhit Taishpwb-fiwnobcasdeum i s

recycl ed tag thgqggl %Jr}@.ea #o\"ﬁjrfh%}hé’?for t he overhead product is
50 30 The bot )

preferably 0. ons product can be fed to cracking or
preferably therrmal utilization. The overhead product of the high-boiler 10
colum i s prefEhaplie pleshddasliminris préfbmbiy optratet cneh thenlauampetdtarebfgh- boi | er

" col i f ' t f 90 t
T80C s set o TR YOG Ol ih Riet e FBRAE, THE holom BHREANIL R ©F 0 1°

preferably 120peferablyd201n 101G Hhedemperabednthenure phanehcokanmatte to 70

theoreticalo st¢igestredieiaROT GFE WhRHUGE Puié® PhERG i€ talde S plefer@Blyumm is

preferably fed,inio,at-EH f L.gh-boj ler, col u thi.s , has a
separation pot Qg‘{oa?g%p ’ ?6'%@%8%%01?ﬂ@nﬁ&ﬁgﬁa?lyg‘@? H@ﬁ%@ﬁowlpalat t he
si de stream t ataged. Tote side streard dalsiodiioom verdche thieunwne phendlds takentaff isur t her
Advance 1n & roseayolueAseITIARD tgidr TP (BD Ry ERhIR (S AR Pent |
"with an acid C%qparé}gn Pﬂteafiﬂe&t g@%d"ﬁ{ir ?F'ﬁrﬂkéHPleﬁaCthﬁB'@ug}es chﬁjtago
conpounds 15oi | phenohicgliem isrpretenaly fiéch intp lreregion ofethy pyremthieoal eslgn

- .preferably, acjRereQfisheshPEaRaticH SoteaRl of 50 8 B6bCBEAO I the %’éid:noéf t he

e T e iR o ot aealn DA Ah e g TSR ot on
col um whi ch iwhick theepuiegihenopamithgtaamol col um. This colum is preferably
di mensi oned such that conpounds that have a | ower boiling
20 It can be advantageous fo recycle the overhead product of the pure pheno!
column {o the crude phenol column. This is useful, in particular, because
the overhead product of the pure phenol column frequently comprises
cumene, AMS and/or acetone. The bottoms product of the pure phenol
column which comprises compounds that have a higher boiling point than
25 phenol can aiso be fed back into the crude phenol column or fed for further
concentration of the high-boilers to further distillation and/or cracking.

The inventive process can be carried out at a pressure of 0.05 to 2 bar.

Depending on the established pressure at which the individual procéss

30 steps are carried out, the temperatures in these process steps must be
 selected accordingly.

The inventive process can [lacunal in an inventive process for preparing
phenol and acetone which comprises the steps
- 35 - oxidation of cumene to cumene hydroperoxide
- cleavage of cumene hydroperoxide
- work-up by distillation of the cleavage product mixture produced
in the cleavage of cumene hydroperoxide '




30 point than phenol, for exanple residues of cunene, AMS, acetone and/or
wat er, can be renoved overhead, and conpounds that have a boiling point
above that of phenol can be taken off at the bottom of thgggﬁ&gﬁﬁsand'
phenol can be taken off froma side streamtakeoff. Prefera , hot only a
portion of Wed2{eldHuct taken off at the top but al so of tREA/EPPBHOH: t aken
off 35 at the bottom of the crude pheAbl colum is recycled to the col um.
The reflux ratio, defined as the amount of reflux at the top divided by
the anount in the side streamis preferably 0.1 to 1000. The recycle ratio

Iﬁr t he ligt fvca);mg@whm“m mpﬂsq@nefsemglme&iehv?ge ﬂfbduegﬁmt@ﬂel ilﬁfd G RESf er ably,
e pure . d . . ol colum is

di mensi oned in gucﬂgg[éregnlﬁgér é@é%ﬁlg@%fﬁggé&[ 'séggﬂ?%{%e?fg@ﬂs@ 'nivﬁmé‘{?ch a
manner that a POFESHRERM! Garabe iperraipd fitiaadpry favormhle marmer i teram ofkeof f
has an i npuritgnargptent | ess than 0.01% by weight, preferably |ess than

0. 005% by weight. This pure phenol can be 5 fed to a store or directly for
further use. The pure phenol colum is preferably operated such that a

t enper at ur e of The Byeptive) prpcess fos dhe aorie-we by glistilatiannef & oleavage productoot t om

t elrrper at ;JI’ ;ahi. smixurel @rathicgd 180 the ?&%ge‘rbﬁ érﬁf’ﬂ}lﬂéﬂm Wdidbﬁiidiﬁile?%et pEem'
colum a e side. e e r.om whi e pure. phenol is taken
off is prefera%ﬁggéu!%gﬁs‘bé %éaéﬂ%é{%r‘%%%%ﬁﬁﬂ %ﬁ'?fﬁﬂ”tpmeﬁrb'l"?iﬁwyenas 10 to
70 theor et i cal disifiafige coluppe feri erpasatingaby distilabion cleavagevpraduct ixipese phenol

i s taken ofd ifomPief elcabhye St sdhenk imydidperdxR@ AR Which "BeCAYMTR jsh Whi ch
this has a se aratJondpoterHtel al of ﬁ}oaéto &RS% he f)heno fraction fromthe
crude 15 phenot MEGPIFRAY I SIFLR D1AGNe] Ak g qriteaceiongirariogrcomptisig @ phenol
col utm  wher e lea$ts73aby sveighiaf acetone pan batakeh off at1be top &fAke cbiummat in the
region of theyGed pRBndItaciof&3nipiSin %a%ggéﬁfﬁycﬁa&gigggw@&érﬁ}l cAR pkne ' egion

from which the, pur nal s t hdiawn ) _advant ageous to
recycle the o F‘%éé’% %PIES&H&OB? \gk e B@P'@“pﬁ’f@n@lﬁacﬁ‘?ﬂ Whieh epraprisesralde phenol
col um. THiSs ilsasidwHdxyacstopamhi cumene ahdlbausrethylsgrenecsdndadtaRendect of the

pure phenol cq#méﬁi@g%@méglmﬂprises cunene, AMS and/or acetone. The
bottons product of the pure p%enol col umm whi ch conpri ses conpounds t hat

‘have a hi gher boiling point than 25 phenol can also be fed back into the
crude phenol cHBieuinvective eistiflationf oolumar prefeoalse Hasad inbmbel dfthedviegibalboi | er s

to further di sdthddsaps Q@t@@@?? a 'Eé‘l‘éhﬁ ﬂ:-ger-gﬂﬁ A0WCRE I M QGRS Pe
carried Ouzto attra%spgrgggx%rig tﬁe ﬁétﬁaﬁgnocgumﬁrié defined for the purposes of the
present invention, independently of the number of trays, as 100%
separation potential, in order in this manner, in the case of columns having
a differing number of trays, to be able to specify the range at which a
similar separation potential is present. The bottom of the column, that is to
25  say the region below the first tray, therefore has a separation potential of
0%. At the top of the column, that is to say the region of the uppermost
tray, in accordance with the definition, a separation potential of 100% is
present.

30 The inventive distillation column has at least one possible feed which is
preferably present in a region of the distillation column in which this has a
separation potential of 20 to 50%.

The inventive distillation column also has at least one side stream takeoff
35 atwhich a fraction which comprises at least one hydroxyacetone, that is in
the case of cleavage of CHP, hydroxyacetone, and a mono- or
polyalkylated benzene, in the case of cleavage of CHP, that is cumene
andfor o~methylstyrene, can be taken off. Preferably, this side stream




Dependi ng on the established pressure at which the individual process 30
steps are carried out, the tenperatures in these process steps nust be
sel ected accordingly. The inventive process can [lacuna] hgng# Jdopyentive

process for B%?B@l%i ng phenol and acetone which conprises tctfﬁpﬁf/ﬁ%% 35 -
“oxi dation of "curmene to cumene hydropergxide - cleavage oft e

hydr operoxi de - work-up by distillation of the cl eavage product m xture
produced in the cleavage of cunene hydroperoxide 19 May 2005 WO 02/46132

PCT/ EPO1/ 1403 21_and | C onprises sol vi.png. the cl eavage product
M xture 1 nto dekacl 8 ngtRIGh o ApgisReot e asiigio apdm Fhmnh dap. By
means of such sepaiatioanpotestialpis otfe s 9ptic nukfetabiy 160 o 8P thusntha sigey
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ac r
cl eavage of afe@Rysal SROPS @F Sfe i RIcdRrablyninsialied ibetwesn Fhﬁ thidieth eadage of
CHP,. i s pr ef effalty-fiftie atagecd out in an inventive distillation colum for
separating by distillation cleavage product m xtures 10 fromthe cl eavage
~of cunmene hydroperoxide, in which the colum is dinmensioned in such a
manner that a lesanibe scvaniagepua iitthe inveoliyer distillagiontcolunambas z6easy onei ght  of

acetone can beuitirkraiid®biredth thkébft Swisith bRRcESN WHith ébm;ﬁféégeaft g&égpeb%f raction

conprising at |east 75% b i ght gf .phenol. can be . taken o e bottom
of the col um *F{M% aﬂdaﬁzl“rg\f%etﬁﬁ‘?'&ﬁﬁcé ganig agid '?'8 fﬁ@&ﬁ FPSERR Gt one and
cumene andPor for esamplest yoaticeacidn okalict asidn farfific cicoor thutyris deidpfort e
col um. The i pyeRtd Wendisaid ! i b I of :
theoretical st a\ﬁ% oF .5@;%4 8lf %H)éa%;t)gﬁtémpgéféagrée}%ﬁe‘r%%f;[/&?gﬁ'{%%ﬁg The
total nunber &0 gbaye apais higlow fhe fredgneans paeios beloyy @ndlor abges i ned f or
t he purposes die side sireagetakeofiventi on, independently of the nunber of
trays, as 100% separation potential, in order in this manner, in the case
of colums having a differing nunber of trays, to be able to specify the
range at Whi ciihg inypnveaprosesarand be ipveriive apparstuprase edrscritied imdhe om of
the col umm, t lipdwihgs (FIge5t 2l 2 1Y WaPicPreRRIpRY Wioutithe ! plobass of i ef or e
has a separ at |agﬁ I%gt egtil al é)t];'icteg{%tﬁa‘t t.he tc%p oi th(; tcol um, that Is to say
the region of a lstp ¢ingdLe ese types of implementation.
Fig. 1 shows diagrammatically an embodiment of the-inventive distillation
20 column. The inventive distillation column K1 has a side intake into which
cleavage _product mixture SP can be fed for work-up by distillation. The
overhead product KP1 and the bottoms product $P1 can be taken off at
the top and botiom of the column, respectively. The inventive distillation
column has in each case reflux systems by which the bottoms product
25  andfor the overhead product can be returned to the column in whole or in
part. In these reflux systems the heat exchangers WT1 and WT2 are
installed, by means of which it is possible fo add or remove heat energy to
the bottoms product or overhead product recycled as reflux to the column.
If, in the inventive distillation column, a cleavage product mixture which
30 originates from the cleavage of CHP is worked up by distillation, acetone is
enriched in the overhead product. In the bottoms product predominantly
phenol is enriched, and compounds having a boiling point higher than
phenol.

35 The inventive distillation column furthermore has a side stream takeoff via
which a fraction that has a boiling point between that of the overhead
product and that of the bottoms product is taken off from the column. If, in
the inventive column, a cleavage product mixture from the cleavagé of




tray, in accordance with the definition, a separation potential of 100%is
present. 30 The inventive distillation colum has at | east one possible
-feed which is preferably present in a region of the distidhaizgoscol um in
which this has a separation potential of 20 to 50% The inventive

di still ati oWO&HHI*h al so has at | east one side stream t akGfERPOI/BE30at whi ch
a fraction which conprises at |east ok® hydroxyacetone, that is in the
case of cleavage of CHP, hydroxyacetone, and a nono- or polyal kyl at ed
benzene, in the case of cleavage of CHP, that is cunene and/or
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be advant ageo Lf.the inventive .distillati colunm has at | east one
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conprise, 10 frefunferfPlife difthtidh 88Ufn RYX3id RV2E! Brerd @bl ﬁ\isaéh@e&ﬁfs but yric

acid, or a mxture cqnsi st of  at | east ane, of ese-acl ds.”’ aci d

t akeof f can bé aﬁ?éﬁlfeg'éﬁ‘eakﬁ\?ge &ﬂ@mmﬁﬁ?ﬁngrﬁéﬂﬁe e fesidual pediosyofhel ow

and/ or abdle thédeqséals shaseamnthekfedivia W50 Tlikzation @niwiovieupr ocess and t he

I nventive apparatus are described in the drawings Figs. | and 2 by way of

exanpl e, wthaqut. the process or the apparatus being restricted to these
Srtiorall ghiurp

" types of inpl furipeg portion R \{Be dnHepusPRaseean Pe datugiasble hent  of
the, inventiveohlingt ivid RW2nin he vapgannstate The liguid esthiey €n divisith | dagki e col um
K1 has a side | kW X1 WAL ca e fed for
~wor k-up by di éaiqp{eﬁg?lg%eol?wgéfég%belft@ﬁ%%fo(\)ngﬁ]%?f'é &é’loﬁlﬁed&? ﬁ‘éa_%éo‘?rfjg'r’r% pr oduct
SPI can béSt akeKiUs 1SRt Ontinaaliyo pnasdditinn, t oif o Mese durtbem sidec sireami vel y.
TEe ib nvent i ve talieaffsISOST and SO$2 68N haqardzmaaqmaecm@srreéﬂguékmsesg by V\ﬂi ch
t he bottons pr - u an be returned to the
colum in mm‘%g%ﬁéﬁaﬁ@ &gﬂéé_gdl %%ﬁgégﬁgz%%u&@ S@%ﬂgag(eh%roﬂgtgtt mmﬁanger S
WL and W2 ar¥ anfsthg peiompgl ienselustn. wiiec sider sireampotakenif S©52add or
renove heat epesfgsablyodisposed between the side stream takeoff SCA and the top of

' 20  the column. Fractions that have at least one organic acid can be ejected

from the column via the side stream takeoffs SOS1 and SOS2.

Fig. 2 shows a diagrammatic representation of the overall process for the
- work-up by distillation of cleavage product mixtures produced in the

25 cleavage of alkylaryl hydroperoxides, for example a cleavage product

mixture produced in the cleavage of CHP. The representation, for

improved clarity, does not show the various refluxes to the columns. Also,
the thermal circuit, that is to say the exchange of heat energy between the
individual fractions or process sfreams, is not shown.

30 ’
Via SP, a cleavage product mixture passes for work-up distillation into
column K1. The cleavage product mixture can have already been treated,
for example the pH can have been set and/or any aqueous phase present
can already have been removed. In the column K1 the cleavage product

35  mixture is divided into three fractions. The overhead product KP1 taken off
at the top of the column is a fraction in which acetone is enriched. A side
stream fraction SCA in which cumene, AMS and/or water are enriched is




the bottons product or overhead product recycled as reflux to the col um.
I[f, in the inventive distillation colum, a cleavage product m xture which
30 originates fromthe cleavage of CHP is worked up by diggjklabosn,
acetone is enriched in the overhead product. In the bottons product

predom nantW9 02/4&nol is enriched, and conpounds havi ng XEPPIHESp0I nt

hi gher than phenol. 35 The inventive*istillation colum furthernore has a
side streamtakeoff via which a fraction that has a boiling point between
that of the overhead product and that of the bottons product is taken off
from t he col urtakenr &if af the sidefromoshtniv K1cAlphenpl-ichchatmwasgaopnat @R isni xt ur e

fromthe cl eavagsh 6 al the/ ¥tcAP R coleh Wé/ 46132 PCT/ EPAI/ 14030 23 CHP is
wor ked up by distillation, via this side streamtakeoff a m xture which

can conprise at |east cunene, AMS and/or water is ejected fromthe colum.
Thi s m xt ur e ikhis fractidreisritemsiarmdliniodh&SEitlet af the pbetere solnamalK2 imwhighpar at us

PT1, for examyh& o@e%%@éb&@duct APAGE tré%ﬂl!eﬁﬁn%%r%’%\@/?@h%&&?@tﬁfﬁé, {n@fcﬁed in

t hi s phase-separati on_apparatus can be returne Istillation
col um. The r d${2K¢R OTH8 tF‘P(ﬁ‘F}eoEPEI‘P‘Héh%F@a i the srhian, @araldrhydegad low-yr t her
wor k- up vi a Choilér-ponthining éctioheAAowkich ds pdiancoft ahitel op dfethe rostumimed to the
distillation r ' j s returned
to the col urm%?\ln t ce)!ﬁﬂrpqyﬁl%gﬁgsﬂgrgﬁﬁjﬁé%ﬂeaéﬁ &;flsatg@t?ﬁ?foﬂoﬁnng?lﬂ%igo@@g agueous
phase can be ¢ WEE’“V@P"BH’Q%NQ"M‘%"% havingoa ailing ryinh whigh| is higharur t her
portion oftot hehaw texnus sueane. The felic® AN Refddtin pakttintoCd WasRs VAR W2 i n t he

vapor state or,l.L,qui tat:e,.d i t , i referably
feg i n bel ow t%ﬂel&?éetga%f Et'ﬁéa Ié&nfg%gﬂe]s %Eg%gc g%ﬁ%&%%&)ﬁl@nal ly, in
~addi tion, one REeduyfiaken eff from %’ﬁd@ag‘ﬁ i§ fadakadktinte besplum K8oShecan be
“provided. The giirsleacstdrRRRA &k ged fro Softher iuSiliRioh esabloyaddl, SHRs petb@sween t he

feed of the cl oduc ) xture  SP.and the bottgmof the cqglum. The
side stream tﬁ?@%@e%qu%sbe ;rjp?é’f g?a%’f%"ﬂ?'sﬁ%&@?‘"ﬂ@té\%ew Pﬁ@fcg‘ﬂa Ostream
t akeof f SEA anvpstewatepfregimand. Anporgen wirihe Fvarked-up dotthens pradactafBReast one

organi ¢ aci d GaR HecreljigBliBe sidbloPBbluhfm K/ um via the side streamtakeoffs
SOSlI and SOS2. Fig. 2 shows a diagrammatic representation of the overall

process for the work-up by distillation of cleavage product m xtures
produced in t He addBionl & atpanist patticy Gk ¢f they dide sireani fastionf 3CAckempl e a
cl eavage produgiunii K1 iLidd ped eSRMMKBNThi sRuaRepdiio P obtiited in a
represent %' OTJhafsg—rseparation apparatus PT1, info which the side stream fraction is fed.

A portion RO of the organic portion of the side stream fraction is recycled

to the column K1. The agueous portion of the side stream fraction

obtained in the phase-separation apparatus PT1 can either be ejected

from the process as process water W1 and/or can be recycled in whole or

25  in part to the column K1 as reflux RW.

In column K3 the organic portion of the side stream fraction from column
K1, which comprises cumene and/or AMS, is distilled in such a manner
that, via a side stream takeoff from column K3, a fraction CAH is obtained
30 which comprises cumene and AMS and is suitable for being fed directly to
the hydrogenation of AMS to cumene. Compounds boiling higher than
AMS or lower than cumene are ejected from the overall process as
overhead product KP3 or as botioms product SP3, and can be fed for
utilization. Optionally, one or more side stream takeoffs KM can be
35 provided above the side stream takeoff CAH and below the top of the
column K3, via which side stream takeoffs fractions can be taken off that
comprise at least mesityl oxide and/or ketones, in particular ketones
different from acetone. | '




I mproved clarity, does not show the various refluxes to the colums. Al so,
the thermal circuit, that is to say the exchange of heat energy between the
i ndi vidual fractions or process streams, is not shown. 304¥h@ySG0s52

cl eavage product m xture passes for work-up distillation into” colum KI.
The cl eavag®O2dedtt mi xture can have al ready been treat RETEPRGHIMXanpl e
the pH can have been set and/or any addtleous phase present can already have
been renoved. In the colum K1 the cleavage product 35 m xture is divided
into three fractions. The overhead product KP1 taken off at the top of the
~colum is a fraction in which acetone is enriched. A side streamfraction

02/ 46135 PCT By endols %gf?t SO PBRY R R E1e o RS 178 e, 'O
phenol -rich boftd e[??‘SB‘EI'C‘P'@P’i?{]"S rerqiig columma drurde plenadis kea@funm K.

Thi s fraction akthemsidesiveich édfuirheotrested $h decaftort HR vaiet enecenpisd) /2 in

RA Cwhi oh @?s°§’§i@$€?¢’59?£%3@?’£§%¥?§§&“¥ Biinbh s3nEiia %6 e Bt | O
al dehyde- and ‘8w Bo‘?‘feéa@ rﬁ’(%ff‘-i‘i’i P4 inded drclnantonthiec golumny KdeThsf f at t he
top of the col bottoms gmotiuct BR4 draen fachahh A4 $9Fed VihicC Bolumnt Keennohis at t he

- bottom of the - and il ris Vi a hoiling point
which is hi ghe‘?&%ﬁ{lﬁ’?ﬂ%%@' chpr %%?t?‘gi?e%fr%g%%é&%.sgﬂ@w BI9CE5° i85 part

into a washer Rgton prodyal 8R6 ndded for ytiizafione The @vedhear preguat KRB fsr om t he

process Vil KPRd bHak intptiesdeslamhdgen of f fromthe washer Wis fed back into

the colum K2. The pure acetone RAis fed to further utilization or

storage. The bottoms product SP2 can be fed, for exanple, to work-up AB,
in particul ar tRe eBidgaheaphwhichtwastreatad in reastort HIS randf trartséervest toetiheup

Che organt o pary renrerliifin 15 s SEARrAIod Il oalimR oty Brt phohdl REHL 112"
fed into col uﬁnﬁl_ﬁiﬁg.is %@r&gpgagﬁﬁ sf@grqficg "?'Ekgbatngi 1??920‘7 Y&, 0r glgrage, a

phase- sepdrat i gherhiling: iactiom whi¢hn isotaken off frdne KSi atebsttoresiprdduat 8PS i s fed.
A portion RO oind &&f@é@m@aumrm,%&é |dﬂé%b611i§§g§&tic§-ﬁﬂlg%1ﬁs§hltﬁa}am recycl ed

to the colum Ki1. The eous _port.ion,of e r raction obtai ned
in the phase- separs %aﬂgﬁﬁﬁyﬁﬁlﬁdﬁ?d'ﬁﬁtp iaqds alsa f@‘j?é‘b?@%mnfw‘bm t he
process as process water WL and/or can be recycled in whole or 25 in part
to the col um gdamplerpf | ux RW
' 20

A cleavage product mixture which comprised, inter alia, 48% by weight of

phenol, 10% by weight of cumene, 3% by weight of AMS, 27% by weight of

acetone, 0.03% by weight of acetaldehyde, 0.1% by weight of

acetophenone, 0.1% by weight of hydroxyacetone and 9% by weight of

25  water was fed into a distillation column as described in Figs. 1 and 2, that
had 90 trays, at the height of the 40th tray.

The temperature in the _column was set such that the top femperature was
47°C, the bottom temperature was 179°C and the temperature at the side
30 stream takeoff was 88 to 89°C. The pressure in the distillation column
comresponded at the botiom to atmospheric pressure. A portion of the
overhead product taken off, which comprised, inter alia, 99 parts of
acetone and 0.1 part of acetaldehyde, was transferred to an acetone
column having 40 irays, at the height of the 8th tray.
35 _
- The temperature in the acetone column was set in such a manner that the
temperature at the top of the column was 42°C and the tfemperature at the
bottom of the column was 65°C. At the side stream takeofi, which was




In colum K3 the organic portion of the side streamfraction from colum
K1, which conprises cunene and/or AMS, is distilled in such a manner that,
via a side streamtakeoff fromcolum K3, a fraction CAH i\§phtapged 30
- which conprises cunene and AMS and is suitable for being fed directly to

- the hydr ogeW@t2@#3bf AMS to cumene. Conpounds boiling hi GSYEPPHEA3C AVS or

| ower than cunene are ejected fromthé®overall process as overhead product
KP3 or as bottons product SP3, and can be fed for utilization. Optionally,
one or nore side streamtakeoffs KM can be 35 provided above the side
st ream t akeof f mgnpied &t the lheight loé theopStbfirayhend dohuwhickJure iaastohe dhaisi de

st ream t akeof f gad &ACiH e&_’ﬁﬁﬂ i nmesi tyl
oxi de and/ or k%é,%%g I F{Qﬂ@ gra?tehﬁgas??g?%%% |1M{‘e entéfﬁ%%ha%@?@%e. 19 May
2005 WD 02/ 46 @FF‘EPW%M R C- 29 MenPVE | -RPRYEtp YRighs had o@ict  SPI
from col um Kiagetalelydencontent of i the ppoh wasidengdresed! and| passed4ntoFeom t hi s
col um a .craidewsin ahtd wWhich ke Qlsb pasted, Ber & gmeo%h Y @%Plﬁéz(irél(ij@grofrar cated in

a reactor HR ch can conprise, for 5 exanmple, | ed cat al yst,
and i-s then t\r,guﬁs?r}@ﬂgﬁh SPaP%i‘YQFSF@ﬁrﬁO'%@P- he siweriuee By Bwuweshers i s fed
back into the was 86C.KIhe Thizturd dakemnsi frood thet waBHerf hadmaacdoetalddidydes f ed

into col um KégonkdhtlidtsShafh @b hi gh-boilers, for exanple tar, are ejected
fromthe process as bot?oms iEro’duct SP6 and fed for utilization. The

over head product KP6 is 10 fed back into the colum K4. The crude phenol
whi ch was 10 eafheshottomepiidact frbin ahel atstoms Esiumagdwhieh domprBed,antepgng!  col um

K5 i t LDt R ' which i i t hd t
the i a6 of coriarekinMs B Y e Bien 8y By ooy Doi 1ing

fraction which is taken off from K5 as bottonms product SPS and recycled to
col umm K4, andfte fraction- kih igfDfrbmapk skl iédih thiteol 6NEHeNY8t dbhIRMbRO! UM K5

as over head pr ' o fed.to col 4. EX le 1. 20 A
cl eavage pr oduc'é:%'(tm{{r;r'1]'i %ﬁégﬁ?%%d ggoﬁpsrﬁ-{pgre@&?n ivﬁfﬁéi’nﬁﬂ F‘és SW/@@' Yeasght of
phenol , 10% by RquUsRHS Bhase iiinh, copoprised.iafey Blia, I8%hNBweRiNwbyatee aptit  of
acetone, 0.03%.8% vyeweibht 6f hviretyakeiehy dfas Sepiaioy ph Bl oRbnicahakaphenone,
0. 1% by wei ght C % by. 1 ght of ter was fed into
2 disti ) at ol ﬁﬁbﬁégﬁéﬁ%ﬂ%ﬁ%wﬁm wiotterinche, gk by Weight of

AMS, 2% by weight of phenol and 0.2% by weight of water. After the phase

separation, over 95% of the hydroxyacetone present in the fraction taken

20  off was present in the agueous phase. A portion of the aqueous phase was
discarded. The remainder of the aqueous phase was returned to the first
distiliation column.

The organic phase separated off in the separation vessel from the
25 aqueous phase had a hydroxyacetone content less than 1000 ppm. This
' organic phase was in part returned into the first distillation column. The
remainder of the organic phase was passed into the side of the cumene
- column which had 60 trays, at the height of the 25th tray. The cumene
column was operated such that the temperature at the top of the column
30 was 56°C and the temperature at the bottom of the column was 140°C.
From a side siream takeoff at the height of the 14th tray, at 138°C a
mixture of AMS and cumene was distilled off, which comprised less than
2% by weight of impurities. The low-boilers and high-boilers taken off at the
top and from the bottom of the cumene column were discarded.
35
The bottoms product taken off from the bottom of the first distiltation
column, which comprised, inter alia, 94% by weight of phenol and 1.6% of
- acetophenone, was fed into the side of a crude phenol column comprising




had 90 trays, at the height of the 40th tray. The tenperature in the colum
~was set such that the top tenperature was 47C, the bottomtenperature was
179C and the tenperature at the side 30 stream takeoff wasnM332bos89C. The
- pressure in the distillation colum corresponded at the bottomto

at nospheri cwpddgsr e. A portion of the overhead product RCAKEPAL/BHF0, which
conprised, inter alia, 99 parts of aéétone and 0.1 part of acetal dehyde,
was transferred to an acetone columm having 40 trays, at the height of the
8th tray. 35 The tenperature in the acetone colum was set in such a nanner
that the tenpdriaysalthe hefght obihed?tih tray.chiisi nnlummmafs?ﬁbeaatédtlheutle aper at ure

h b V\/n' h
at the bot t of&indriifaChleUah waiu@aq héto ;SBP r@&ﬁu Mﬁéﬂfeﬁgel thelthi ch vas
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35th %/r ay, and® 'F'PSFHL% %‘ﬁﬁ‘ﬁc}_ﬁo ogccga‘ 'ﬁ'&twa § T %ﬁ'ﬁFﬁ‘QWa\g %Pgnt | ess

t han 0. 25% by atdhghop whihe akee phichol d:cﬂmntvmapmttahan! éo s i distliatibhe

- over head prE;Odlb‘biurMW'?ﬁb tﬁ%@ttéﬁ‘ rcﬂﬁ%é&“iﬁjﬁ@ ﬁﬁ\‘?'&t% cﬁlﬁe]&%an&lé\@ﬁ ver
igh

condensed an ass
of overhead pr"@’?ﬁi‘?"s#? gtafa 3'\%95/009'9%6@% CRAWRT RO |"b|@’h§‘é9l ®ei on. The
tenperature i rhig!'hboﬂms hesre waacdifi@ted! hEherioverhieadt pkeincoiof thisoBottag washer

had an acet al qﬁ%um P 18LBAL 2P Ao IR BORG TR PagAuC T rom

t he acetone c °wat er ,

Conpr i _se
was transferr ‘t’%ghh@# RiiaRohand 54, by, weight of aggiephanongi Ehisdractien ¥iast he si de
st ream t akeof fledbatk dntbithe tergdes pharichicblamn. qhleWbtonRSprobiadtsdrane igH-0 a

comprised | nedferooitmholbichha By KF8 G peratite 3P 20 URe AT, " "
hydr oxyacet oné taxayvhwwa@taeehemirﬁqnt@tm*dm éhaphB%eby wiight. dospdesed,
inter alia, 6§ﬁﬁehm mmm@ftai@eﬁwmmaﬂ%hmwe%tcdrumn%eR&( iofvei ght of

phenol - and 0O t he phase separatlon over 95%
of the hydrox g%fth\épé%raiggﬁmp?rﬁ?qrﬁgf?%ﬁ’r&IOn taken 20 off was present in

the aqueod§ phase. A portion of the aqueous phase was discarded. The
remai nder  of tﬂm&ﬂj@pﬁemaﬁﬁéa\ﬁ@%aﬂeé 'ijhﬂﬁéi écshtéﬁiteoff b%! by Weﬁﬁt'h?t'on

25 aqueous phALBUNRS, o ipar GRaRcAERG COFF GBUEoPRan RO RpmE Thi s
methylbenzofuran, AMS, mesityl oxide, small amounts of hydroxyacetone
and traces- of further impurities. This crude phenol stream was passed

20 through a reactor which comprised 120'm® of the acid ion exchange resin
Amberlyst 15 as catalyst. The crude phenol thus treated was passed into
the side of a 45-tray pure phenol column at the height of the 20th fray. This
column, which was operated at a reduced pressure, had a top temperature
of 139°C and a bottom temperature of 142°C. A pure phenol that had an

25  impurity content less than 100 ppm was taken off from the side of the pure

' phenol column at the height of the 40th tray at a temperature of 140°C.
The fraction taken off at the top of the pure phenol column was fed back
into the crude phenol column below the top. The fraction taken off from the
bottom of the pure phenol column was fed back into the crude phenol
30 column above the bottom.




organi c phase was in part returned into the first distillation colum. The
remai nder of the organi c phase was passed into the side of the cunene
colum_ which had 60 trays, at the hei @8t of the 25th trayqg maﬁgggmene
‘colum was operated such that the tenperature at the top of the colum 30
was 56C and the tenperature at the bottom of the colum was 140C. Froma
side streamtakeoff at the height Cahifdhe 14th tray, at- 138C a m xture of
AMS and cunene was distilled off, which conprised | ess than 2% by wei ght
of inpurities. The | ow boilers and high-boilers taken off at the top and

fromthe bqttom of 0 . iscarded. 3 bqttons product
takentloff B[Fﬁqq‘?é t ﬁﬁ:@?ﬁ 'ﬁ) lb?ﬁ“s%ﬁ@fastﬁhﬁ ‘gﬁ ci%aviq% gﬁﬁd q%m ch - P -
conpri-sed, nhxaﬁﬁ*esabhﬁiucaé%rbxhwamagéf opmmamdh}drﬁﬂﬁeﬁ&xuﬁfset ophenone,
was fed into the side of a crude phenol colum conprising 19 May 2005 WO

02/ 46132 P@ﬁﬁﬂpmhmmm resplving it sﬂeavagaepheqitgjtt mdXtureeini att ray. This

col um vvas eragﬂg i ch a manner] ta tl{i] ure at the top of

the col um! %t t J{IYGCE}@S ?'er?pé?’éﬂ &r €133 ﬂ@%‘ggf Y ¥f the col um was

203C. The fr actl @S F &nk@ut:‘é’gm‘%i:wtéfcoc h@%ﬂ@eﬂi‘l@' col umm was
Irs I'Sti ?atl 0

returned to the col um ractl on produced in the
bottom of the cdugdeillatnen cobhmam vvas transferred to a further colum, the

~ -hi gh-boil er colum, in which t1p gh-boil ers were concentrated. The
over head producfeB‘PV‘Pﬁl g st £9Ctlﬂﬁ‘l gemprasing kehong atshie fwp affraction

whi ch conpri sed y wei ght of phenol and 5% by wei ght of
acet ophenone. H‘% 4&&&?1&&% C%O(q'wpf ed back into the crude phenol colum.

The bottons proguadvieh 4 RecindFradigioheconp®lisiny subitcitured bt ai ned at a

tenperature of 203C, consisted of a tar, which had a phenol content of

| ess than 5% byumemtgﬂitltuwdcphm@ @ihéh@lbféﬁiﬁlea)ﬁ the diskéhlalrionf rom t he crude
phenol colum at he hei ght of the 55th tray, at a tenperature of 181C 15
Thi's crude phenSP %'Hfhad a phenol content of 99% by wei ght. As

inpurities. thigaghHdg PRARPE FheCRM é&ﬁﬁ?ﬁkﬁ@unkéﬁcﬂ:‘éd%érﬁ)- 2dsi -
met hyl benzof ur an, AM5] nmesityl oxide, I'T amounts of hydroxyacetone and

traces of furt handlm'ptlrmllke]; SUBhtBtud;eddlengm(ﬂndsfwck‘awmonasc:ed 20

t hrough a react.ar ,which co ed, ,120.n8 f th e resin

ATber Lyt 15 as StdF REGSH. WREDY M BHlh R el S el uaﬁeied oo
above the feed of cleavage product mixture to the

distiTlation column.

2. The pr.oces's as claimed in claim 1, wherein the first fraction
. comprises. at least 75% of a ketone present in the cleavage product

- pefore the-disti Hat'io_n"step._ |
3.  The process as cl a.imed, in claim 2, wherein the ketone is acetone.

4.  The process as claimed in at least one of claims 1 to 3, wherein
the second fraction comprises at least 75% of a substituted and/or
unsubstituted phenal present in the cleavage product -before the

distillation step.

‘5. The process as claiiled in at least one of claims 1 to 4, wherein

the third fraction comprises at Teast 75% of the cumene present in




the side of a 45-tray pure phenol colum at the height of the 20th tray.

This columm, which was operated at a reduced pressure, had a top

tenperature of 139C and a bottomtemirature of 142C. A pyneyiioesol that

had an 25 inmpurity content |ess than 100 ppm was taken off fromthe side of

the pure phenol columm at the height of the 40th tray at a tenperature of

140C. The fraction taken off at the top of the pure phenol colum was fed
ol umm_ bel ow the top. The fraction taken off

back i he_crude phenol

From the BOE (GARIUFOR RECHRe CRTAROFE o B 144201 SteBA/oRIASH 16 or ude
henol 3040l . 28 19 May 2005 ins 1. A f
e wor k- by QLYY SrERE bfteio de” o OMhaee PravurtAedons dica in the

cl eavage ofligtKylaafor shgglr oper oxi des, which conprises resolving the
cl eavage product mxture into at |east three fractions in a single
distillation step by: feeding the cleavage product m xture to the side of a

distillati colum, rempving a first_fraction conprising ketone at the top
of the diiﬁ“f IATREFSH aé’o%ﬂ?gr@r’rﬁ y°a ‘@\SEEHH tﬁ?%o raghiebrphisling
substitute i Babit om gf I Stei L ation
col um, angoﬁ‘r;osg?ﬁgﬁgpf hdlﬁplgﬁ? Egg{t?}loﬁﬁ%otré%ﬁ?ﬁgﬁg #n?gg%?gzﬁnéto@e di -
- and/ or - tribydopxyacetonet presenbeinz e cleavdupdproduck diefope ahe Si de stream
wher eby th‘iﬁ?rg? ﬁtrea take-of f is situated above the feed of cleavage
product i ¥t'e '8614heat&R-stillati on colum. 2. The process as clained in
claim1l1, wherein the first fraction conprises. at |east 75% of a ketone
present in the cleavage product before the distillation step. 3. The

procehs asThel proeeks as atlafimed inviternieast ohe deicdafins bSoREt QRereift The
process as claimed in at |east one of clains 1 to 3. wherein tl_he second
fracti on ciipfraekion: comprdsingat Jreast Adssef ttheccumend/ presentsimsttiet ut ed

phenol pre in th | eayage, pr oduct. before. the istillation step. 5.
The pr ocesc:]%Q&?g‘?eﬁrﬂg%&i ﬁeﬁ‘f'%l 5@%&8&:@%&@ SRR ai‘d? & 3% Abridin e the third
fraction qR¥RyISBf e PrRdeht AR%HY ol Bfragl THRIUPE $2Fbte 'the

distillation step 1is separated in a phase-separation apparatus

“in'to-‘ an aqueous phase and an organic phase.

8. The process as claimed in claim 7, wherein at least a portion of

the organic phase is fed back to the distiliation step.

9, The process as claimed in claim 7 or 8, wherein at least a 'por‘t'io:n
* - of-the organic phase is fed to a distillation column (curﬁene |
column) in which the organic phase is separated in such a manner
 that compounds are taken off overhead which have a lower ‘boih' ng |
temperature than cumene or «-methylstyrene, compounds are f:_akeri' -
off via the bottom which have a higher boiling temperatﬁre than
cumene or a-methylstyrene and the compounds cumene and/or "

 a-methylstyrene are taken off via a side stream takeoff.

10. T he process as claimed in c1.a'1'r'ﬁ"9_. wherein the organic phase is
séparaté_d in the éumgne column in such a manner that, via at least
one further side stream takeoff which is -di'-spose_‘d abai_re the--'s'sfide :

| stream takeoff from which cumene and/er o-methyl styrene are.




29 19 May 2005 the cleavage product before the distillation step and/or

75% of the cc-nmethyl styrene present in the cl eavage product before the
distillation step. 6. The process as &Pained in claimb5, yWgfgiposhis
fraction, which conprises water, cunmene and/or AMS, conprisesS at |east 20%
of the hydroxyacetone present in the cleavage product before the
distillation step. 7. The process as clained in at |east one of clains 5 or
6, wherein the fraction conprising at |east 75% of the cunene present in
the cleavage propduct before the distillation_ step an 75% of the a-

met hyl st yr & @O‘ﬁ?\*ﬁg@?ﬁ A CHIENE | LLYYe Y 2’81&%‘? @&g?% O[qlhgh?ii {PT"T‘ati on step
i's separated dht PRATErORRAFALII0N ARAABAHEen 0fF QifithaufiSeRase and an
organi ¢ phase. 8. The process as clainmed in claim7, wherein at |east a
portion of leabe mesieyli oxpdesket@eseahddac kwatert he distillation step.- 9 The
process as clainmed in claim7 or 8. wherein at |east a portion

of -t he-organi c phase is fed to a distillation, colum (cunene columm) in
whi chyyhe GHIGHGRaE0ASC AndBPH 18t 1 (HUFLiR aIBMERT ol BalfeipRnppUNdS are
taken™of f overnead whic ave a l'ower boil'ing tenperature than cunene or
a- met hyl steheespieceophaseds fed backeo tlef Histid letiorbatepnimitheh have a

hi gher boi i ng temperature than cunene or a-nethylstyrene and the
conpounds ddaeitk aadiprorapy:- §b#¥8s st yrene are taken off via a side stream
takeoff. 10. The process as clained in claim9, wherein the organic phase
is separated in the cunene colum in 'such a.manner that, via at |east one
furthep siqpesirRass akenfimedhirc@1am di @GPeEedhaboiue thbea?jéilﬁs pidseam

t akeof f. from whi ch cumene and/or a-nethylstyrene are 30 19 May 2005
removed fr comprhises uffdnef ddleuhyrdroxmecebene wresasits tip e cueensol and/or at | east

one furt-her fraction can b% taken of f which conprises at |east nesityl
oxi de. ket 6nBEtRYISE¥ENGa¥taT1i G FRACIPRcess as claimed in claim 7. wherein

- at least a portion of the aqueous phase is fed back to the distillation
step in the |liquid and/or vapor state. 12. The process as clainmed in claim
7 or 13, wihe gnuckde aaqekiued phaat. leasbmpei afe $he Prasceding dlnimoxyacet one
present in the cunene- and/or L ) _ _ o

. wherein the. cleavage product mixture, before the work-up by

distillation, has a phenol concentration o_f.2O to 70%.by weight.

-14.  The 'pAroces_s as claimed in at least one of the preceding claius,
-w_'here-'in the Vcl_eavage- product mixture, 'be'fore, the wark-up -b'y‘
distillation, has a hydrexyacetone concentration of 200 ppm to 5¢ .
by weight. ' : '

15. A distillation column for the separation by distillation of

: cleavage product m"ixturfes from cumene hydroperoxide cleavage, in
. which the column is dimensioned such that a crude acetone fraction
comprising at least Zsf‘by weight of acetone can .be ‘taken off at
the top of the column, a crude phenol fraction: comprising at least
- B0Y by weight of phenol can be taken off at the b_oiitém— of the
-coiumn and at least one fraction which éomprﬁ‘-ses at I3east water,
é'umene and/or a-methyIstyreﬁe can be taken off from the s_idé of
the coluan, whereby the side stream take-off is situated above the
| féed‘ of cleavage product mixture to the di stillation colimn




a- met hyl styrene-containing fraction. . 13. The process as clained. in at

| east one of the preceding clainms. wherein the. cleavage product m xture,
‘before the work-up by distillation, Rds a phenol concentrgtyfpmE 20 to
70% by weight. 14. The process as clained in at |east one of the preceding
clainms, wherein the cleavage product m xture, before the work-up by
distillation, has a hydroxyacetone concentration of 200: ppm to 5% by
wei ght. 15. A distillation colum for the separation by. distillation. of

cl eavigge prheddtst i ationesolimarasc yheimedhirdrcdpém d8i deherledaviige.colomnwhi ch the
colum. is_dinmensioned such that a crude acetone fraction, 6 conprising at
| east 75% iy dimensrionest suelbithak ac Aragidor LaBRT b mdaphenol; gad gl least he

colum, a u e f i sl % hy: uei ght of
phenol car edf X8 Gk tech pEATHE T WeoticaBfc, probet MRk o
fraction whinChe QGREh I FFSatatthk dagtomaifethe columgne and/ or a- met hyl styrene can
be taken off fromthe side of the colum, whereby the side streamtake-off

is situated above the feed of cleavage product mxture to the distillation
colum 31.19 200 16., The distill.ati ol,um | aj,ned i-n cl aim 15,
wher aifn 1 BT TRSopy chIwOR drse it ainen "t & i SRS S oHER ot peno

and at | east dijnlendihed BECHXHEO Y ACAIt908 d@iinﬁﬁﬁihg'éhu‘éﬁ% gh@mage product

m xture can be taken off at the bottomof the Colum. 17. The.

distill at icmethylstyrese ahdiatetedst oM tie hydrexgacetdne poésent ins

‘di mensi oned such that a fraction conprising cunmene and/or a-nethyl styrene

and at | edde ¢havage twedyEdmbibyine cainbe Jrker affi at athdeaskanegsige oduct
m xture ¢ t f § ast one side streamtakeoff of the
R e e

colum. 1 um as clained in claim17, wherein the
colum is provided wth a side streamtakeoff at which a fraction which
conpri ses at |east hydroxyacetone and cunene and/or cc-nethyl styrene can
be tdBen dhe distillaigioorcadume e eimad imclain dh. twhiesemnsthe sepummt i on

potential of 60 to 95X  19..The disti i | umm 1 al in one of

el e ne. - 16% 0o a8 gn o iod Bictaalieakodtn, 8 BT D BBCRLB) Wk o ages.

20. The d"c%ﬁles%ts'W]@ﬁkvmdﬁ.ﬁ%fﬁé@doﬁ@dandﬁcmwﬁndﬁoﬁl ms 15 to 19, wherein

the colum has at | east one side streamtakeoff at which a :
a-methylstyrene can be taken off in a region of the column in

which this has a separation potential of 60 to 95%.

19. The distii?ation-colﬁmn as claimed in one of claims 15 to 18,
. wherein the column has 20 to-200 theoretical stages. -

~20. The~dfstillation column as claimed in one of claims 15 to 19,
- wherein the column has at 1east one side stream takeoff at which a
fraction which comprises atrléast~QNe organic acid can be taken
. off. | |

21.': A process for preparinguphenolkand acetone which comprise§ the -
 steps | o |
- oxidation of cumene to cumene hydroperoXide‘
= .cléévage of cumene hydroperoxide |
- work-up by distillation of fhe cleavage product mixture

- produced in the cleavage of-cumenevhydroperoxide. _




fraction which conprises at | east one organic acid can be taken off. 21. A
process for preparing phenol and acetone which conprises the steps

oxi dation of cumene to cumene hydropeid@xi de cleavage of ¢YWRR®005

hydr oper oxi de work-up by distillation of the cleavage product m xture
produced in the-cleavage of cunene hydroperoxide. 32 19 May 2005 which
conpri ses resolving the cleavage product m xture into at |east three
~fractions in a single distillation step according to a process of any of

~clains 1-14. o ) )
which comprises resolving the cleavage product mixture into
at least three fractions in a single distillation step

according to a process of any of claims 1-14.






