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€ (57) Abstract: The present invention ¢laims a process and an apparatus for the work-up by distillation of cleavage product mixtures

€} produced in the eleavage of alkylaryl hydroperoxides. Usually, in the work-up by distillation of cleavage product mixtares which are

N produced in the cleavage of ajkylary]l hydroperoxides, the cleavage product mixture is divided into three main fractions, for which at
least two distillation columns are used. The use of two distillation columns has the disadvantage that the capital costs, and also the

~~. energy costs, in these conventional processes are relatively high.By means of the inventive process for the work-up by distillation

= of cleavage prodact mixtures, the equipment requirements and the energy consumption can be markedly reduoced in comparison
with customary plants, since the cleavage product mixture can be resolved into the three main fractions in only one apparats. The
inventive process can be used for the work-up by distillation of cleavage product mixtures produced in the cleavage of alkylaryl
hydroperoxides, in particular in the cleavage of cumene hydroperoxide. By using the inventive process it is possible to separate off
phenol and acetone from a cleavage product mixture that was obtained in the cleavage of cumene hydroperoxide.




10 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 cunmene by the Hock proces$9 Mag 2805 r st
reaction stage, t he oxi dation, cunene is oxidized to cunene hydroperoxi de
15 (CHP) anMOPK#1EHP is then concentrated in a vacuum di RGIEPAYIHEN, t he
concentration stage, to 65 to 90% by Veight. In a second reaction stage,
cl eavage, the CHP is cleaved into phenol and acetone by the action of an

aci d, usuallygulfeuric acid. In addition to phenol acef ope the cl eavage
TOS n;--.;t;-._=_-';_ of_the ,wo @g;.s_ﬁ%_negf-,g%y_ggt o 2g€eps 20

product has ot B
precedi ng t he | Xfuyos

converted, inﬁ,_mlio@me. The nost i mportant conpounds whi ch can be
present in thé cleavage product in addition to phenol and acetone are, in

particul ar, a-nethylstyrene (AMS), cunene and acetophenone. In addition,
smal | anouft s Tak idvendiohyelafdsetoydn ieprovadobro¢edeTa) thel warieip fyodistBthtion t he 25
oxi dation may Je (7o) | hgngleav C E ' ithes
conprise conp oﬁgﬁlgésuc tpgd)dhrréét ﬁgf%%ﬁégggygéfg%ﬁe cﬁa&?@x—i}( (gggt*g'r? ,I mesityl
oxi de (MD) and¥ ‘aqpﬁwglﬁ;escg’h%ﬁfﬁ ar, e Rregeny’g %’tﬂﬁaﬂa@%ﬁf@ piiogess for

2- phenyl propi dimaetrypl by distillatioraaiptleavade tpeoduse ptodakced imthet dieavelgeayfage

product and aRynff aqueous phase, the cl eavage product is 30
wor ked up_by %iyjsti Il ét hﬁ%?o%'i ous processes for work-up of the cl eavage

product byOdistillation are known (Ul mann's Encycl opedia of Industri al
Chemi stry, 5t Theoppiceseldf adidehiabeeedidavage ofotuméhe hydipRioxidéCihto

or ocoasas. thEnSN oL BeeibilHas' Bho pdin o BB Poeidl o bR e sodi um
hydr oxi de sol Wi deraafioR ©f phgnebliempelanenaby thg dlocknaoeess, dn fitthanger
resin _lbgi ng uf?@abtioﬂfsltag"e, ?@Bﬁ?@ticﬁ‘@@@h@{e\éﬁ Mxidif@atoﬁgﬁﬂeihmﬁergﬁd% hewo
02/ 46132 be Kooy AR SHE, IS her (30 el Bud vachil, Heulionn 1880 cont ain
wat er, hydr oxygaaegniigdion stagee e 65ig/ K% Rysveighi. in 8 tsecbed resctionstagesad from
el 1 SN e alh o) SRE R By b . v
? heawash al s\ggf%@ﬁég‘&%&asc@gpﬁ agf&tjfl%ag@ﬁ%ﬁ) p iﬁaata&ﬁgdnﬁlr_t‘gﬂl?xqa"’ﬁg%duged in
the first col preduct has othar|asgnpaunds 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




a second colum, residual AVS and cunene being taken off fromthis colum
overhead and usually being fed to a hydrogenation in which cunene is again
prepared. AMS and cunene can al so be separated off in ani&kepl0dpic
distillation with water. The bottons product remaining in the 10 second
colum is dVeW#1&d in a crude phenol colum. The resul t F&IEEPYHEIphenol
~can be further purified by an extracti®ve distillation with water and/or by
treatnent with an acid ion exchanger and subsequent distillation. In the
| atter process conpounds which are difficult 15 to separate from phenol by
di stillation, $IvmBRNHlch orude epetopri whichsan chpiginowsietdnuoinexyaeeteneondensed
t f) for {nhhi ghe [etbﬂe@sﬂlé agd;:m NS Sdistilled [ é\ferﬁehéepﬁoﬁme(r@teﬁgﬁﬂ (lefe f jeSt [ K)
al so, e heu e c s.separ.ated o om t he
crude acetone é'ﬁhg&éﬁ&%e&gég%gﬁ?g%%Hg%ﬁlmeqt%d Y"tltﬁ i EWasHieg apd
hydr ocar bon co?da PHATigEhDY Histifatiophdowear eifcrarb thewwash alshjakesaatadeins boi | i ng
- lover than phethelcol s TIRSbMIMARNSduSPTBASCA i He fifst b i ead. From
“the bottom of %Q@c&% Were ﬂ?ﬂ?gﬂmghgse istt E%% J())lfﬁ ngifégfrsg:ép iﬁed to the
top of a downsiream co + IeRCOHRS © PQ cUmene BeIng, e PF BN Shenol  and
hi gh- boi | er s* vifignAN aperbeag rapdu veupily nbeing fedt toom bydrogenatioh unmwhithe ni xt ur e
of phenol and d&ingdhe RUJ=BT Brapardd s g&%‘ ..col um.
The residues %aducﬁgd dl g E,Eé cru@%ﬁ?ﬁﬁ%h &anh%ésﬁﬁ n't ,rgd%g&;rﬁemphenol
distillation PRI gistligon ity water \figpalioms preduciiempining:in 88 dues are
wor ked up 1énd sesnnd salumrok digiiledin a srude phenolediuriimese recovered products of
val ue can 30 again be transferred to the hydrocarbon colum. EP 0 032 255

(UOP) describ a pracess for rking up c|eavage product in which the
- organi c part g'fshea r@‘?“ﬂ%ﬁ‘il‘?"&ﬁ%e‘ﬁ%“&‘ ié@dg? p%'-lrtheB)P”é'E%%\}?é@@n grisaRiye i s again
washed wi t h wetisfillationl withematehandiogby ireawentt with am aoklfion exehafyet @ng cr ude
acetone colu | | : ; ' fr he
remai ni ng _cl emﬁs \ygg%é‘%rggj '%@&Idﬁiy rﬁ-'eegl%g%g&? glrar%i ﬁ‘ﬁﬁg‘gﬁﬁgj‘%@&@ﬁ% Sﬁ&' hase is

transferréd dit? ES'}atFo#achh%?% kyoflisHiption. Jien exprople esidd giitsend i s

produced as bdtytdmryapetorecrewbhadnsed tb form highdrasbillng cdnipsunfiyi ng 19 May 2005
WO 02/ 46132 PCT/ EPO1/ 14030 3 distillation. The m xture taken off overhead
fromthe cunmene col um, contains principally AMS, cunmene and water,

whi ch
i s transferredtFADHadlS &8pphanelosharaistey) alsp, (i1 oeutmiizad ieavagehase i s

‘separ ated of f prdduet which is separated off from the crude acetone in a crude acetone
20 column is transferred into a hydrocarbon column in which, in the presence
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




resul tant organic phase is transferred to a washing colum in which the 5
organic mxture is treated with sodi um hydroxi de solution in order to
renmove any phenol still present fromthe m xture of AMS amgiMayize0® as

sodi um phenoxi de. The m xture of AMS and cumene which has been freed from
phenol is f¥R%#AS he top of the columm to a hydrogenati SRTEPR/EI4, 262, 150
(UOP), also; the sane colum circuit is used as described 10 in EP 0 032
255 (UOP). The difference fromEP 0 032 255 is that, to neutralize the
-cl.eavage product an extraction colum is used instead of one or nore

conbi nati ons GHStHASiRR. < heTaixpke kes aiiavathesd feampesumans colunavlioh 651
- (UOP) descri bepntdies pﬂﬁClpéllynAMBommenermwmﬁﬁar ishtrdrisférped ke @l piaseai nes, for

pur i fyi ng. phenalblia! Dedtel 5 “ntmcﬁ'ﬁ‘éﬁgr%%avggg@ prisgﬁgfétg? %lzgﬁd cavage,

describes a process tor Wor E
in which the dﬁé@ltﬁ&@@rgﬁerjnB@Sﬂ§ nsfevedita 8 wWashing eelumnointwhighghen a

neutral i zes byorgalsic ngixdurbaisetreatad pmtﬁ isotiubd Hygrixide 2Quboenexdrder 38! uti on.

In th tral t nt ueous phase
and an_ or gan de0RYe &SRR S pratcaittn e APRRERTME MR o BB R ef mea
the splitter: |s4¢dwm ehenoiide; ﬁamy@r@owwtandscmmm@mha@yem feed| ati on
into an acet oo bEBndlNigfld viathEp af tHeeidRimed td:ah{/dregémian The phenol -rich
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di still at t6ns.in ER (h832 (155- (UQM). fhacdifferencs fronk &P 6f 93220565 e thatp tof t he

col um and f%uir@hz’ﬁ‘ﬂ@@lbﬂﬁ@ﬁcﬂbblﬂa ah xtaLadh Etﬂﬁl%nt]éﬁ.%eﬂslnéiggﬁ% flo this

fraction before entry int um i n, such e fraction
has a pH of o PTtiogs Of Fery e Bheskap AR SPRAIEISSS o ol o

present in thls 30 fractlon are neutralized. The m xture. arising in the

bot t om phase stté‘gzzceéffmdﬂf)' a@scnbesatﬂg' éé"bftﬁltr L comBcidEOHh 2l N

hydr ocar bons and I.s transferre
phase- separat |p6‘ﬁt%‘;'ﬁ5£“&'f'%% ‘PW””&H&%HF‘?W? W@ﬂdd? e e%‘@\@&r‘ﬁtcéﬂp | nto an

organi ¢ phase and an aqueous phase. The organic phase can be treated again

for recovery gjg @Jmﬂm%éemééaﬁsé@raegm%eg%aé%rx{gﬁ%%pgﬁ%*c%%\ogégped in

whi ch i ndi vi dua ract distilfation of
cl eavage prodkEedust &om eHPedeavageciniyhiey the clegyage P[@S'L‘St @@ﬂl%"
describes a ppétesd.0 tv 4jras atdutgliZd bybaddifda base, Qi/péﬁiba%rl%ﬂhﬁp?ﬂ /14030

4 20 hydroxide solution. In the neutralizer the cleavage product is separated into
an aqueous phase and an organic phase. The organic phase is fransferred
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




~off AMS froma m xture which contains phenol, AM5 and water and which

ari ses as bottom product of a crude acetone columm. The crude acetone
columm is operated in this case in such a manner that cumehplayR008ken of f
fromthe cl eavage product at the top of the crude acetone columm together 5
with the ac¥Pd @3£he m xture containing AVS and phenol PETEERUMAIed in a
"colum in such a manner that in the bdttom of the col um predom nantly
phenol is produced, which can be fed to further work-up, and at the top of
the colum a mxture of AM5, water and smaller anounts of phenol is taken
of f, which mi xefiAMS Forva sminyedwhich cadjains ghieroh AM$ ldndbvater andwhibh addi ng a

basi c reaﬁent . ardisSasAB Bt §Foduee opaeéiedtse !a@étﬁﬁe%IdﬁﬁI.ﬁﬂIéhamBé%%sane, i R thf
aqueous phase, i,S. present in_an organic phase ch only
s?ral I arrgunt s %%hg%%gggféel\és l&@g@:ﬁf»e&sy%ﬁmwgp%@tcwﬁg%g, tlag?'é\ggepar at ed
from one anot H&MHYe slephageprodyeiraiithe topapithe stuse. acEtome aolyraniteggtherse can be
fed to a hydrogmnaid adstondli T fikeura CeReiisn ﬂﬂﬁ?ané%h@ﬁﬂ i@%e@%%g%ﬁk to the

I flux., In.US 4 370, 205 t taken oftf fromthe
bot tom of e & FoHEM AU AIRAGTE, et bie beters of BRrSoliie’ Prsrunanly cont  ast
to the processphetebisrproducddy whihscarglve Bbto(fudmyr. waraipnsnd teh e topodfgr ound a
different 20 ofbufBhufih!# Wikture oP RS SRBter R PeHllef Hritiurkddr GREHENE Oper at ed

d irtually th ; dit, | duct
o oduced |5 prEkBhE AN BROABIS RALeTSR FCaukPR 1% PHVSHIRCS Bunene o e
t aken of f 1@verdusling a basicaeagent phits akhiewdetheqienabbding pensipally mréssit i n t he
first I ¥ k : nol taken
of 1 “as- bot 1 ome A Sdskots DhAEs Wl mePaRiseRredil h 48 (R dbsBifC

col um. The ovEhipl 2alvsBal amoynts; ¢faphasobate presamas EnpurbatBe pPhases sodi um
hydr oxi de sol uirecseparated viesh onel amoiherTbe z0pRadiesshapstiRMuappahtus! Mhe col um,

whi ch conpri s ANE LS - hydrogenatign. 30 In US
4,251,325 (BP CHem cpg’l%g?%t he &%f@ﬁﬂﬁg}%“%ﬁ%ﬁ\?%e i aqledls wilsR” 1 ced
from | ow BSi | 528 iniedask &nthe colsph RRTSME. such that the cumene column is
operated in such a manner that at the top a mxture is taken off which

compl etely sopnis Aot AP e GRE B UH o 3 bBloRar e ek not. be
separ at ed of f 3§tQe: 6RMEX alsansillr ceniaing goumanep He resintrasl fo dre precesay 2005
. described in US 5,487,816 (UOP). Against this background a different
20 column circuit is proposed. In particular two columns operated under
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.




WO 02/ 46132 PCT/EPA /14030 5 US 4,333,801 (UOP) describes the work-up of a
fraction which conprises AMS, cunene, phenol, water and inpurities, for
exanpl e hydroxyacetone. This process is chiefly concerned Wal/200&2n0ovi ng an
AVS/ cunene fraction, which has a very | ow phenol concentration, fromthe
total fractV¥8#¥#Hd s is 5 achieved by operating the cunedETEPUHR% n such a
. manner that a m xture of cunene and AVB is taken off overhead fromthe
columm, which mxture is condensed and run into a phase-separation vessel.
Any water possibly present is separated off and discarded. A portion of
t he organi ¢ pHiS&.333,80% (UBRL Reswiben éhe vodmp pdp feactive which conpridesr porti on

of the organi cAMBasEmaRe, shehel vistetaBiphiiities, MPbs ?ﬂ&%ﬁ@@@%«%}tgﬁs whi ch
woul d |nterferﬁ,gwbtoh %Qe h% rogenation.are renove é@ t %??se so t hat
this phase can' BePt&d {%HoH ﬁ%ﬁ&b%ﬁ‘eﬁﬂ?ﬁmwgﬁﬂ MpgUmene faelonkeof f of
the cumene colwhigh hagereery dow phenclofohcentfatinat from thertptal SraniprANBisaisd cunene
and an azeot rppicvedibyldyeratil HetAmeAd doRRENR!suchhl @Qnﬁérﬁﬁéﬂ@%wérea' SO

| . condensed 15 and transfe to . a phase-se ation vessel . The aqueous

- phase whi ch dﬁﬁumrﬁ@&lﬁgéﬁ&kq%o g\{prﬁ%ﬁg‘\t‘rmr 9&8&‘?'&@3‘.'°"Tﬁ'@“‘6’?gani c
‘phase whi ch - docpndsresdaantens, infiVB phase-sspamatitn phsse! Amswatenpossibiyn the
and aduebus TEaan i SEEIRKE i oja (RGeRIGE B BRbh ke DREho R 7. o
the 20 cumene E@Eﬂ%toaﬂ'@\@?‘frﬁﬁ o g8 refiuxe ARpigk Beftion of the prEanjsHARSE fracti on
is takeniof f i$ faahict devasher innwitth phenclobsidimes Mhichridied irndéfsre th medfscr i bed
in US 5,064,5 | ' t 4 I rst
separ at ed fr-o(r?%?/{:'l ﬁ??eb?ﬁ%}eagég}eét%&rygﬁifﬁ&gﬁgerségéé?ﬁ%%%gg%%i‘ag%%me f‘?ae bot t ons
product is trdndhehydwoepatiore fifamea sidleustrean tatisofhofcthreenensdcoliBnar e
renoved from therecliscasiege ot eduiiction eomystal NS, al®V&iedne @p@r ahed in

h | [ N till.present,in the
soch = T L S B TR Bl AT S S R o
in the fufPhe@nfidransigirest ta adhsseseraeton yrasal. Zoe mEFeuriphaseewhichpuri ti es.
'rI]'hi s b?}] t Ioms RaAdofiprise prenac! Rdfedith i workarp Q[%ge.f Tlph@foﬁdaﬁﬁ& )zshat\se which
exane ene . r \'} u ow charagterl st CsS (0]
convert zzlar bo%bﬁﬁlg%‘ﬁrc Pﬁeg'g’, F’gér gré%%%ﬂb'gghgh?'&l as(rﬁy?ﬁ"&%ﬁ‘@t?{ﬂ@f”cHA) or
MO, into hi gh@‘aﬁ%_ in pRePrdangsowiid dhe phesepeqdiiyium batweenribatasganis ahdr t her
worked up by digakblid phasi.is Byapdratedtbrid fe@ hagR th HeOfpohoRDstRidGREe! thef | ow wi | |
have passgg t %Fﬁléﬂa c%lJrHﬁ taBS(Ie Eﬁ)euéidg%Itrg%sta%]&f.t%rude 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.




reaction zones. 19 May 2005 WO 02/46132 PCT/EPO1/ 14030 6 US 5,131, 984
(Al'l'i ed) describes the work-up by distillation of crude phenol, which has
been separated fromthe predom nant portion of acetone, c¢enMageoamhd ANG.
- This crude &henol is treated in a vacuumdistillation colum in such a
manner t hatW8 %4Hé% ous ni xture which conprises phenol 5 {I/FHBH lers is
taken off at the top of the col um. THi s nixture is run into a condenser
in which the predom nant portion of the vaporous mixture is condensed. The
condensed portion of the mixture is run back into the colum, in which
case the puritys &t131284teles) deatrbesdhe wark-up by distillatics of cradenpheénsh of

whet her the cqpsdemsaise bean é@ﬁrézé@kfrdnﬁtfhet Bﬁedéﬁ{mﬁm rnbneoflacéteﬁeor bel ow

the top. The vaporous | nt r| ses boi l ers and

neids i s 1 ed SN Spd ApST Tultiie Phebe s tirdled 7 % baciigy iR | 20 on

col um. A phermsilunspimsich agannacthabn, vaphiatls mwtura)whialrmmmnsewhlead up, is

taken off fgro v[ﬂﬂg;:grg | off Aitheo t akeof f
5 rﬂrkﬂ@w Gl ffé't ﬁéﬂtHE‘&oluHrP%% mibdlRe 1§1tuhqﬁt'6‘

whi ch is disposed east o t eoret. c ow t of the
col um. .A sini% 5P" %@B&WP EHE n?'?l i ﬁﬁg‘lezggpnrgﬁ FB’g)r' h the
di fference thandensast. The adoldnised gidrijon oh theltrmxtunfe i ol rbackriotoathet he t op

Caken of £ oo il a6 SIHRN S perfy ﬁﬁ%&ﬁ‘?gsahem' '
colum. All krfﬂgl %*“\@E@fﬁ@fmﬁc Séﬁ g‘?‘iﬁ??‘? HF?&'?PSP“m"e%"vf&'&e pr oduct

are ‘rel atuoveltypaobploa»dhemmél’mampakdm piortmrdwhibh,l ihtedr iafia, cwipﬂsas la-one are
LT Se el e aha%&&%a%anmcanrahhgwgggmt folee kgl A Fusguct 1 nto

three 25 nmi ne an enoI
Furt her vvork digfillgtion r@'lur%. A phena-Combrising rERRIGE, Witk can lag/rmlaﬁrcts f or

exa(rjrplhe ‘wat erworked) wip; &S takehaiff rbmetiai \ramntnt distillatibh ecolums, effermsa eider eﬂt I %/
a n 0) r | st eam
usea have §‘?rle§H téf?eﬁff '%rg fs tﬁ%&é’ﬁeﬁ zﬂ%%%%f dr@hebfbtRAY dth é’b?f’ovﬁh? 9

consunpti on. conprrses se I on 30
netric toR$ péppy‘émeccvé%ﬂ smal | savings in costs of energy or capital
costs can be critical for the corrpetltlveness of a process The obj ect of

the present Ve 1'3??”3@3%5 |§ c{n% SMJ 5C1§? 33@@%%3@@ |ffe%1rc§-Up by

di stlllatlon 0 'eavage FF It
hydr oper oxi de that WRHREI§,a iftqliiaﬁy Binginto tha eplynreand ahipeitom Oﬁﬂi@ qodinn a

mixture which predominantly comprises water and phenol is taken off,
20 which mixture is partly condensed and returned to the column.

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.




-requi renments of equipnment, the main products acetone, cunene/ AMS and
phenol can be separated from one another and from unwanted byproducts. 19
May 2005 WO 02146132 PCT/ EPO1/14030 7 Surprisingly, it hamapeeosfound
that by separating the cleavage product by distillation into three main
fractions iwoaxvgisegl e distillation step the main produckGr/ERIN14D80
effectively separated fromone anotherswith a | ower 5 energy consunption
‘and | ower equi pment requirenents than in customary processes and the
removal of .unwanted byproducts is also sinplified. The present invention
therefore relates to a process according to claiml for the work-up by

~distillation of, cl eavage product, prodquced in the clegvage 10 of alkyl aryl
“hydr oper oxi des, "Wﬂsm%gé% fPBE@ﬂ}H%ﬁg SERRaENG gy %a‘?ﬁgﬁdﬂﬂ@{ct ¥t o at

| east three frdistilation into threé modie fticiond Inaai simgls tdigiillafidnesiep éhenhainnvent i on

also relates {ordiudis bah ! 18 iAol BBodfed! REmS 6 RolrRR Wit Llichidr! | ati on

of cl eavage.product mxtures fr cunmene hydr oper oxi cl eavage as
Slaimed i n &l abieos CopRBRTon abd lowes aBmebl ragbirpments than Mtsiaraie
fraction conpripsicegses aidthetremsvalinf unwaniad byproduets dnalse aimpliied.t aken of f  at
the top of the columm, a crude phenol fraction conprising at |east 75% by

wei ght of phen can be.taken off at the bottomof the colum and a
fraction whi ch%Srﬁg??%ﬁénvﬁnﬁ?réaﬁreﬁ{ﬁjF%%%g%?o‘?fgc%ﬁ%ec&ﬁﬁ@?ﬂetQ@a%g/ or
a- net hyl st yr enéordagwosk-up ky disilationra eleaiegespradudiproduseddn thercleallage pr esent
i nvention ehsoof AIRAG HdAPRIGRSS Wfcit! @nifel Ny bmr@ %ﬂe%fc,‘i’éavaﬁéepa“ ng
- phenol and acet&rée hg%ICO{m@ sgrsgtthe 'St% 'Oﬁ at1 on of cunehe to
cunene hydr opePBaUGE" eagl et HgeiYr e d fisilleipRe®Pi de - work-up by
distillation of the cleavage product m xture produced in the cleavage of
cunene hydr operpgipisbenthveidrOaBY (cisss fo%&i%iﬂla‘ﬁg?w@mn .Fﬁ\é’s@ga%‘cﬂﬁ“m
m xture into ah Iéjgsﬁt .thrge fractlonas Ln% single distil]ation step. 30
The invention 3Y SPWiaion g clesvagh. REFCUCH BXHIES iR GHEPNes NYRIORETBYIBR ess as
claimed inlat bieamgqaa@ ctaimgdl & olgind 15,0wlidh isTtinansioaat isach @ cratates to
acetone’ that i gcabhd@ififbon ToRfprising’ KBS A% RPwelght Bhcbibndlcdrepst one of
clains 1 to 14 . -
taken off at the top of the column, a crude phenol fraction comprising at
least 75% by weight of phenol can be taken off at the bottom of the column
and a fraction which comprises "at least hydroxyacetone and cumene
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




- The advantage of the inventive process is that the separation steps chosen

. in the distillation substantially sinplify a further work-up of the

cleavage 19 May 2005 WO 02/46132 PCT/ EPOLl/ 14030 8 produ¢® May0ose or of
the individual fractions which are obtained fromthe cleavage E)roduct
mixture. | nW9dR#08Y ar, the conbined renoval of hydroxya"é@ﬂ%’ﬁg,‘wﬂvs and
cunene fromthe phenol -contai ni ng resitlue of the cl eavage product m xture
considerably sinplifies the work-up of the 5 phenol -containing residue,
since the steps that are carried out in conventional processes in which

t he hydr oxyaceproductrrabdurasriaf théedndividien dlactiorshwhich cre abtainet fenT tieoved from

this by the hygesvagacgireme baiikdre.  fACA otk NiRNeRMbit&y T RHBEPTRPUNdS
havi ng a hi ghel_rl qulmg 0 t han henol and whi ch can be separated from
phenol by di st M EPRGH "gr%ﬂtﬁﬁ?‘f 8Hm§69 g PE%"@i‘ﬁP@*@H@lﬂrfﬁSf o | ower
in the resol uttherclearagespiodustepixturei amsidetahis sinfilifiparteel warkupcoisthenar y
brocesses, o NepAdHSRBSAMAITE I6886e13c8_1RIDSLAN!hal | areREichRf ap] e ener gy
bal ance and, co arted th 15 proces e? | | C ydrroxya(_:et one I's renmoved
fromthe pr oce%‘g'}‘)’ﬁg} 'CF@EACWPB‘?P%H ] &E‘é&‘ol he QW Pyaseiang ghaingver e yiel d
of phenol, basgenokrich fractjmnearal iscembeed from thiscbycihedwagexyncstdns befrigxt ur e.
The. cust omary reBERASHA A ot coriisdiflis ¥RUing"M ABNENGLilNG GORRHERL! °n- | 1

addition, in custonar ocesses; t | nol i Creased, since
the 20 hydr ox;ﬂi’te@f’gﬂ%d %@E’E‘t‘?“tt@ BoFRled %8!11 Rirqne! B!ﬁé"sﬁuétmﬂl arespmitiedensi ve
cheni cal s,10f orarekiheypstearardonsamptiors is lbavenitdihe, revblutidh s baihapaeitiops, or
their reacti orgtglgsqduct s, be renoved again fromthe process in a conplex
manner. 25 The 1nventive process which avoids this problem by separating
~off the hydroxyacetone together with the cunene fromthe cl eavage product

'm'hxture al so r@eppared asfitcno@&é{dﬁfa@;bépfo&é@eb?rthémeﬁti\fé; ﬁ@é%s@”ﬁ%, asi nce
Singte i ot 11 uBeighBEN RN DB BIBIE Sindfl'| Boifnbd Anly oRaeT uil r ed 30
distillatilon J8PeRRsSS Buwhighs bydraxyasataner isofemevest ifiom dbpapracessedywhi ch are
[ractions. - Dagantt pooorcngh SR M 3 MUer YO YD o NSl BN 11 e
| OL? C that i S%Bg”@%ﬁ%&é%&%ﬁ%ﬁ?ﬁq ecg?fe\’ %emﬁ”Pﬁ”‘HoE@ﬁﬂﬁee&Hb%t USEPEN g and
hydr ogenat i on,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




35 the steam consunption over the entire process per kg of phenol can be
mar kedl y decreased by enploying the inventive process, conpared with
customary processes for which a consunption of 3.2 kg of s$¢ gwgi2kgs of

phenol is rom Phenol / Acet one/ Cunene, 96/97-2, em 19 My
2005 WO o%ﬁ’é’%“z‘%w EP01/ 14030 9 Systems, 303 South B?&%ﬂ%ﬁg}&“"%rryt own,
New York 10591). By neans of the inventive process the energy consunption

for the preparation of phenol which is suitable in each case for preparing
bi sphenol A ca e may (i%g ?‘/ decreased. Al so, dependi ng on the way in which
the i ndi vi dual a@av% PHibrIagwaY desryianay, Newr ¥ork 06PaH Eiyuveamsn@f yield of
phenol in reltheiivrentive plucess thenenarge dorsaimption mrtkeﬁkeparéﬁa noronpar ed
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having a diff nge in
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that is to sayPiopeSsesdt B’i“i"%’éﬂ%\ﬁ {elaéteﬂlwmpfmnatt@ formbigbfhnilershas a 15
separati on potentlal of 0% At the top of the colum, that is to say in the
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istillation o nce

mxtures in thd co@f"@ﬁ%b 8’“8@3 R rg 8?8%’2}?%)?‘? g2 RRtictar in the
cl eavage of ocanga Wim?icmemlﬁar dﬁamﬁmjﬁgenmm presephdhel botibheottheavage
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catal ysis.._ Prefer t roc 'ed to Cleavage
SCRRE e e

cl eavage. The ravge abheertiye nppermostplate) s aceortianmae: witly thes défirtitiors thérar i ¢ aci d.
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to 30 chem sts. ,Prefera e inventlve proces applied to
| column having 5)6 plates has a separatloﬂ potentlaf of 30% in the reglonbtaF)f

the 15th. plate.
20 -
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




cl eavage product m xtures which originate fromthe cleavage of al kyl aryl
hydr operoxi des, in particular fromthe cl eavage of cunene hydroperoxi de
(CHP), which have been obtained according to the principl® gkypbss Hock
phenol synthesis [H Hock, S. Lang, Ber. Dtsch. Chem Ges. 77B, 257 35
(1944)]. ONPBUYIZ the inventive progess can al so be appCri&dOY 89| eavage
product m xtures which are obtained b()processes whi ch are devel opnents of
the Hock process, in particular devel opnents of the process steps

oxi dation and cl eavage. 19 May 2005 WD 02/46132 PCT/ EPO1/ 14030 10 If acid
IS used as catalyst for the cleavage of al kylaryl hydroperoxides, in

particul ar of ICHEd i& hﬁedlmWsﬂo@m&blemégb%fealkﬁaqﬁH?drbﬂeroﬁﬁés?riﬁ the

wor k- up by distd | kati ' .10 .10 “preferabl’y of 4 to
T i oT s it o Ehim b iR dod BBy Bl i Boully e e Ve ar by
addi ng a base Urt by distillatiosa adiystas todupt afid<out® praferathaobd dad. Fbis idependi ng
on ﬁpera_t :j 69 lammdéa it manREPKRSHth fh?ﬁ%ﬁiil&l i@i\/tﬁéa%H b;ﬁa&gﬁgsﬁ,batsarl exanpl e
a phenoxi de utj on, as_produc or exanpl e,
Gurre the’ adbihe BBadiitCl ARSI b el b RORIGNG b Sostaing,

hydr oxi de 10- ondiipas,a maduelframitize overalhpiosesanforyeamplea mhenexider gani ¢
base, for exayml &n adlkamenwa8h SHIMEN s PRIJUBSAMRIreeRaNABE Y Mh@r{ﬁﬁ' am ne.
The pH can al $Q f)% agd uFlI ed by .usi n& i on ex hﬁél)&e rles%é}ﬁ before the

wor k- up by di MGt "GRGy A RYSATICRRS HioT (SERNIe SSRAHUM  BYGHRXidR e known
15 to thodé sieplutien, NaOHy@mmonia ©n agveaniurh hytiradxive ol @avagaicrese) fopn, but

~also due to a@sthinpRNa hnfhid 8f Nidknirk, forr&aﬁ)?rﬁegé?ﬂ.%%gdiarﬁih&avage product

m xtures usually contain a portion of er can be renoved in
t he manner known to those skilled in 20 the art, before the cl eavage
product m xt urldei gHfeo alsot be ddjuststt by aisigoioassxchahye agshs Gefors tther wat er
or renoving a ahase  f C m

Pr ef er abl tﬂvecﬁ%uﬁe ;,ﬁ%'g{gﬁd%@g ?géﬁr Ié%@fe%@?%ﬁﬁeh@{%%?%é}%ﬁ%t m xt ure
in at I'e‘ai? 0 ‘é”}ﬂ%ﬁ lled g #%n apparatus, for exanple a separation
vessel or a coal escer. Very particularly preferably, a 25 cl eavage product

oS Ao Y Pre ;2 . °
Drocess has. a GnpcRuREGBIe Ui Bl Madtyl il Ak KA cl VTR 1 € 1o
10% by wei ght NCH{RRN 0PN FleaVagenPIogHCIONXEIKES svallvt orntaja & edrtion of

sal t - cont ai ni m@terr Fhizssater can be removed in the manner known to those skilled 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. ' )




30 streans, the cleavage product m xture can contain salts, in particular
sodium salts or organic anmoniumsalts. Usually these are renoved when the
aqueous phase containing themis separated off fromthe ongamyeopart of

t he cl eavage product phase. To carry out the inventive process it is

advant ageou¥O ¥ d3se of the reduction of salt deposits difTHE4144H
exchangers; fouI ing), if the cleavage product m xture, before the inventive
wor k-up by distillation, is treated in a manner known to those skilled in
the art such that the sodiumion content is |less than 200 ppm preferably
I'ess than 50 ppm 19 May 2005 WO 02/46132 PCT/ EPO1/ 14030 11 The

hnvfnf : V? prOC'H%}nMSnM;ﬂbbém(sj,fﬂi@&@ibé@ﬂe#émﬁﬁéﬁ%lﬁ@a@é%ﬁb@ th@‘%vd’r‘f?r k- up by
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on how theBDFQQQﬁlﬁteﬁtt@ﬂﬁls nfotiedsFidafPingG fAvage W th possi bl e post-heating,
neutralization and/or phase separation into aqueous and organic phases are

carried out, in addition to 10 water and the main products phenol and
acetone and t hiigrigavage) prostuet miktureceans miepehdio dnshaw tesptaegss stdpse

oxi dation, al ?dicld“aﬁﬁﬁrbléﬁvég%r\}viﬂv&ss%@ 8 a?rplgf H(Iélg%?ﬁ%ﬁyn A/ SEp gt YT ene
(AMB), acet opheng azi lnt\é cwsiéacet l n £
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product m xtur C rses at | 15 to
45% by wei ght b<¥P 0@6% rfg SXRRPR ocppeiishrenyf (@Méne acptopbeBopdy wei ght
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par i el arty. SompRieds ot Rabfa®ud PGy WaGHt lindnds 1835408 py KGR, e o
acetone 5 to 30% by welght cumene 1 to 5% by weight of AMS and

200 ppm to 5% by weight of HA.

20
According to the invention the cleavage product mixture is resoived into at
least three fractions in a single distillation step. This is pfeferably 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




three fractions such that at |east one fraction conprises at |east 75%
preferably at |east 95% of a ketone present in the cleavage product before
30 the distillation step. Wien a cl eavage product m xtureq$vpZobs cl eavage
"of CHP is used, this ketone is acetone. Preferably, at |east one second
fraction i SVENHZ4§1BRd whi ch conprises at least 75% pref erf§BYEPOHI40Bast 95%
~of a substituted and/ or unsubstituted'henol present in the cleavage
product before the distillation step. 35 A third fraction obtained in the

i nventive work-up by distillation of a cleavage product m xture preferably
conprises at |kengengvsed prasentin thel gleavagefprodidf pefdre tea distitdiin stépt he
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. -present in theeabtredhadstiprtodstep. before the distillation step. The first

fraction which conprises the ketone, or acetone, is preferably 10 renoved
at the top of The second fraction which conprises
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preferably 30 tﬁg 8l%;m cl'hl %glsgé@ i r ef efﬁ' sicf 38 to 58C. The tenperature

in the colum erlor’ |nt %e streamtakeoff is
preferably 60 to 120C, particularly preferably 65 to 90C.

The inventive process for work-up by distillation is preferab!y 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 bottom 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




25 It can be advantageous to feed back into the distillation colum as
~reflux a portion of the three fractions taken off fromthe colum fromthe
top, from the bottom and/or fromthe side streamtakeoff1gmy]éb35recycl e
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| is fed to further work-up, as is the fraction taken off at the top and bottom -
~ of the distillation column. The remainder of the agueous portion of 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.




Hdwever, It can al so be advantageous to feed back a portion of the water
provi ded for the work-up or disposal into the colum in the vapor state,
25 using-a heat exchanger. The material is preferably fedigmapebosv the

. point at ' cl eavage product is fed into the distij ' ol um.
Furt her V\o\r,\@-oﬁ%ﬁ% gt he three fractionsy,obtained in the fi rpgtrﬁ:gllng][l? | ation

- 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 conposition of the fractions.
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preferably at Pklggst ¥ of drrihydroyyarnatariecpresentyn theetleavageypratdudtdmsore 90% of
the hydroxy ketn@stiRtisaetp.i n the cleavage product before the 5

distillation step. In the case of work-up by distillation of a cl eavage
product mxture fromthe cleavage of CHP, this third fraction preferably

conprises 1@t Thasdvatitgebf this tipedfrayingtout¢heinwsrtive practsieisahasmage

duct bef st ' : : is t f
Parrying out ¢ prirDRyateRire WAlch3 mbs,iftdd Hind MASF deathibltsin MY 7
present in t heWekarad thig faction thechydipatasstong pradominanty passasrovsrintact i on.
The hydr oxyacethensguecedophasaninl theppliRSsepeitionnigparkils ARLeM ShiEhage in the

hase- separ at i t can thus be -ejected,.fromthe process in a
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Pref erabl y15t heorgquafdbe phisd &ragiierprPrefarably, thecampteons phapardanprises|at
preferably 95%eagnd5¥er parBalibif prevelabipiosber A Mengggl\gi_cﬂ%glk:}grﬁelrﬁbly

hydr oxyacet one es i,n the third cunene- and/0

fraction. 20 I?%ar?(?%eam\%%yﬁ 8Us F?r?s?'ﬂénJﬁ@%ﬁ%é;“m(ﬁ”dfﬁrxﬁ i s
resol ved, not eentaigimgdradiied. above into three main fractions, but into at

| east four main fractions. Such a fourth fraction can be taken off froma

further side strea _
2d0 ’ ltt can rBe advantageous if the cleavage product mixture is resclved, not as

described above into three main fractions, but info 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 _




t akeof f which is di sposed above the side streamtakeoff via which the
third, cunene-containing fraction is taken off, and is di sposed bel ow t he
top of 25 the colum, and/or can be taken off froma furthewuagiodesstream
takeof f  why i i sposed bel ow the feed of the cleavage I Xture
~and above the 2g%ltstgom of the colum, apd conprises at Ieaspf%%ggﬁ%?gani C
acid. As organic acid, this fourth fraction can conprise, for exanple,
acetic acid, oxalic acid, formc acid or butyric acid or a m xture
consisting of at |east 30 opne of these acids. Preferably, such fractions
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state, prefer&hhhth&ﬁav&%i?héf%oiﬂr@ pdttthaPhedtind he acetone is  separated

frominpurities to the extent that it neets the requirenments of pure
acetone (neeting the permanganate test as specified in ASTM D 5 1363 - 94).
| mpuri ti esl@r ebemmove theeimpuities, dbe taoeionbebiunm anist e idetigneétén saskesone
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in which case garifabn@sRangne efix Ritiol Beficdhsl ek Bnvonhi Bfréfiaﬁ in the
acet.al dehyde- etgélcﬁh d frafﬁt | on can fbtg co‘gﬂ&tel yi or fé)raét qcon ensed. The
reflux ratio, derYided By PRATAITRT Be $& plisamnis; be ably &l iedt®0oy ¢ he
amount of t he Rardeulgrly peaferably, the feataldehydi-énrichetiGition Ratransfetrad liy
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o 20 can likewise be provided, using which heat exchanger the acetaldehyde-
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 fo 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 acefone is taken off. This bottoms product can




whole or in part into a reaction apparatus, in which case a heat exchanger
- 20 can |likew se be provided, using which heat exchanger the acetal dehyde-
~enriched fraction can be condensed in whole or in part, ingyRieboseaction
apparatus the fraction is brought into contact with a reaction partner

whi ch has Y4PRE#51#% properties, preferably with sodi um hyf§TERPHEE¥o| uti on,
and very particularly preferably witffa 5 to 20% strength sodi um hydr oxi de
25 solution. The tenperature in this reaction apparatus is preferably 20 to
60C. The pressure in this reaction apparatus is preferably 0.1 to 2 bar. In
t hi s reacti oncappsaisat indet blia,astlhlamdunde of cartenedaadioo AMSiwhichtatbysis in
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formed by al déHMepa@ENIANEAEe eedehadons, for exanpl e acetaldol. It can be
advant ageous to recycle a portion of the bottons product to the colum in

“the vapor state., Preferab the recycle ratio i,s,0,2 t 00. . The resi dual
portion of thgﬁSO? egme SPMU&P B'ﬁerﬁgﬁff %Qpra{ieg s thah aértﬁ%uﬁ?‘? iqu?on. I'n
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col um a t enpaiighuthe pifre 3Betoneds Blkies afEisghefesidyl 30 ThE0DG! Tieracetone
: column preferably has 10 fo 120 theoretical stages. The side stream
20 takeoff irom which the pure acetone is taken off is preferably in a region 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




tenperature is preferably 40 to 110C, particular preferably 50 to 80C. The
tenperature in the acetone colum at the side streamtakeoff from which
the pure acetone is taken off is preferably 30 to 60C. Thegggetzops col um

preferably 0 120 theoretical stages. The side str g} eof f
from whi ch %202 ‘gll;’ acetone is taken off is preferably in?)g |’%‘ﬁ%of t he

colum in which this has a separation potential of 80 to 99% preferably
90 to 95% The crude acetone, that is to say the first fraction fromthe
first distillation colum, is preferably fed into a region of the acetone
col utm wher e thimannes thatsa prxtyte takepcnfégomaﬂhecﬁideastreamdakeafﬁer bbtiomact i on
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fromthe firsteghstd lbihPanGObBR the 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




preferably fed into a region of the cunene colum where this has a
separation potential of 10 to 80% 15 It can al so be advantageous to

di mensi on the cunene colum such that via at |east one fuyghMagrogsde stream
t akeoff which is disposed above the side streamtakeoff from which cunene
and/ or AVB WO eRi¢qi3hed fromthe cunene colum and bel ow tR{E/EPOHL4830 t he
colum, at |east one further 20 fract®®n can be taken off which conprises
at |l east mesityl oxide, ketones and/or water. By providing one or nore
such additional side stream takeoffs, the overhead product in the cunene
col utm obt ai nembhwan Partisulagy peferhblyhiheloradss pidrichcburgoisirhessorgeighone whi ch

is free from ngghtayinanfy %ﬁcg{éﬁar%#[})eé?%@efé?s fafe?sét?n SHE Q%aﬂ%ﬂfﬁé&lﬂ for

exanple in the aﬁet qn 2 m. cond action faken t he
bott om of the & PREEO d‘i?%ctfhoﬂl‘ﬁlih%ﬁweémﬁrﬁhe sidgestreany dakgesihean pedediten, whi ch
‘has a hédroxyafu&hem arohperificatios sit t:hmlalsoaﬁ)amm‘itagvoeﬁeﬁﬂﬁéN!aéeeﬁfsth?hanbll()()
ppm and very S referably
transferre ats@%%ﬂr@éﬁhg&%@&f@oggg%ﬁgh%a%%ﬁgﬁc?ftb%%f[%ﬁégq %%?he‘#ﬁgg)utf'ge, i's
termed the crded§RBRAI colymines refldks columm is  preferably di nensioned in
~such a manner that conmpounds which have a |ower boiling point than phenol,

for exanpl e resgjd f cet . I v over head,
and conpoundsem?l %ﬁ’aﬁ%\*/‘gﬁg'%?ﬁ%@?gé%%@n‘%%eg%g‘\’/éﬁgﬁ%'fgd?g%éﬁ'gﬁ“ EI:tan be
taken of f at tthe tepof #in eslufme atanipaiatureaptl 120 én 800G npreeralk 3040 from a
si de stream t ajgeetf is Bsiefrpeabdtiom Nehpedfilr¥ 8 ppsfefdRn 120 throecoduet taken

off at the to | so t he product  takep off. at the tt of the
crude phenol 3‘8‘%@%@%% lﬁlghﬁcﬁrg%eopﬁe?ﬁeco%nw@?t%agje Wﬁ%?ﬁ@f&g\}om

PCT/ EP01/ 14030vhigts phenal ris talearoff suprafergblyiap o 490IC, paricwauprefgrakiyol col um
i s di mensi onedioio 190e0, Tha &AL phanst dohmqrpb@aﬁﬁwﬁ%aﬂmbemhéé@ﬁéat in such

a manner that _a phenol fragtion t awn fr he side stream.takeoff can

be fed to fursﬁ%q%‘ Slﬂ'@na'fjep%ﬁa\n? ééwfqoﬁfromt WEQE%%@“%E’?A%%‘?%%O@S in the

case of tA& 5 psefeeahiy incaragicikeidhe colbimreiaavitictcthisshasoa separatidn potenfiatact i on

taken of f i nt @ft30a0 gbopdrhdBEAR ﬁé&tiHHﬂroﬁﬁtHeﬂﬁrEH&isﬁliQﬁSnQ{oﬂfﬁ Rhgng! col um
th

is preferably  operat I n guch a nner. that_at. .the top of the colums a
t enper at ure of® 53 ?fg@‘ 0)4] ﬁ@@pgﬁ%mp@@@ﬁ& t?% Into & region of the crude

phenol column where this has a separation potential 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




10 180C, is set. The bottomtenperature is preferably 120 to 220C. The
tenperature in the crude phenol colum at the side streamtakeoff from

whi ch phenol is taken off is preferably 120 to 190C, parti,gma?rgggseferably
140 to 190C. The crude phenol columm preferably has 10 to 70 theoretical

st ages. TheW@i%%#613% r eam t akeof f from whi ch the phenol is RAEAVHPI0 [ s 15
preferably in a region of the colum h which this has a separati 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 suaidibat pbrapolndsothethhavehe beilingi mirtds te sagiar of thenbgiliigent i al  of

0 to 80% 20 | boier diferdflfanid G@ﬁé’?es‘i&e&%@?ﬁﬁéﬁolt ENETAMS brRaRE! Of the

I's_is useful

crude phenol coI m to t K
“particul ar, lﬂ’f':'h Yﬁdﬁé’ E?%daﬁ Wﬁc}‘r'ggﬁrtg% hake rib IboliBOURRINE onpr i ses
relatively | argarksaiyu abeve)ﬁhatwfepbenokmnabd/takemm ah¢he Bbttorhobt dves

product of ¢ hecaiife pRieRY Hiof SFARBUnadiRt SNEPHP R tid fp 2 have

her ~ concéentrati on

a hi gher boi ol n

of tﬁe hi gh- bol?‘?‘éﬁ O%ﬁ'efRI'PE’ %‘Eﬁ%‘? {]ﬁ‘lelli‘ﬂﬁt"&hafme Righrbrilgigolunm épi te t he
advant age t hat recyu:ie:ﬂ he thes eolnmine rBrekirailyx vatiouddrl éhes @vprieadsprodhietr isexanpl e
ANB or Phenol - peRlal 6%C%V§bgq'heaﬂ&tc¥nli§’3)r&ﬂﬁ:t%‘é§r B fed 8 Bralind ol M
process is incre e ad acklng of

t he hi gh-boi | eﬁ"?%r@li) lctbernal aizatien.udhe éﬁl@i’h@ﬂ%ﬁfo%ﬁﬂ Otf H@eehﬂéh'@wler

consunpt i am casuhaindd pr¥erably fedbackiaii g chade pheridneolbinaher overal | yiel d.
35 Preferably, the bottons product of the crude phenol colum is
transferred to a further distillation columm which is ternmed bel ow

hi gh- boi | er col trhigh-iler weluniis prajefiably epeaiedhia suaide Rl theblaum i s
preferably feoterrmemuré bEos tslas0ic téwgetMtqheb@p bPthe BbIUAMS. ThS HoRBHUM 'S

ferably di ] EP
Phat -conpaundSeTRerafts, & peBaty 120 1 rpd™C. d P RotEgis ol RETBEM ng
poi nt of pifendhas § &y 78 tagnpetical ét@game&aﬁotmmmoduchfmme pivBe pheaokt one
can be rermvecbomfﬁﬁ I‘@@fbfer@ﬂ@ f@@rm@wéguowtﬁtthém ~BoileP chlufth ﬂﬁér@tthrsﬁﬁf kedl'y

ref orably, “ndlPeonPyPaBaT bPGRIR #hee (%ot taken of f at the top  bu
al so of the pr oduct taken off at the bottom of the high-boiler colum is
recycled to t MEneghatBl fradiish taRER B af Bel Sdd SFed SRt 1R e Yehol S
20 column can be fed to further work-up by distillation. Preferably, this phenol
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




. preferably 0.5 to 20. The bottons product can be fed to cracking or
preferably thermal utilization. The overhead product of the high-boiler 10
colum is preferably fed back into the crude phenol col umyg pmEpeohs gh-boil er
colum is preferably operated in such a manner that a tenperature of 90 to
180C i s set WAO24pE2t op of the columms. The bottom tenperB{TfEa1/14430
preferably 120 to 220C. The high-boil & colum preferably 15 has 5 to 70

t heoretical stages. The bottons product fromthe crude phenol colum is
preferably fed into a region of the high-boiler colum where this has a
separ ati on potpgmerichl cadfimaOist din€ddenethin phuehob Mmsanéi @mdt e proédssat t he

~side streamt frfeté}fs éeteg? gpgw ﬁnghEhg%ﬁ%mpsﬁﬁF&%J ﬁ,ﬂh{n%anu”her

wor k-up by disji atLdon. a , [ eno ractron LS 0reated in
advance in a ri&EtR S erﬁté@@metaﬁ %a%,a@f 'B?FE{WWCO'E%WSP% §hast 0% vt nent
with an acid caeighygirefenaldy thas than Q000584 bywasightt FHis pyrprsidmol san ieo
conpounds hi 'feg%'éiéi&%rc“‘c%ﬁrel:ﬂ})"ﬂ: ﬂ}r{p‘%puﬁg_enol . Very particularly

preferably,” acid Ton exchangers are used as acid catal ysts. 25 For the
further work-up by distillation of the phenol fraction fromthe crude
phenol col umm, Thépare shdrohosieinrie graéfedlyesheratet Butle St & teRiperatutd 6t i | | ation

- colum which i I e v i 0, | referably
di mensi oned sui%d ﬁlwgﬁp%\gﬁgyet %@{@E%gga i omgpg%gﬁf)&n{ge%%@ren& t han

phenol , for ex@gfarablyd20decd0E. Theriemperatve in Hieciusa phane/aplumngt the, can be

removed over hegide stBdmcRRBOMMAM Whith the\turd phehdl 16 ikl off is pRA¥@blhat  of

phenol can be N, Ho th t eﬁg%}unn .@ﬂgnol can be
taken of f f ron#tgdfol 11%6 E?@SM"?%B@%W%@LE E&g yhﬁﬁﬁlagﬂl_ eof%'F%‘i on of
the product t aiegesffheaside pisearnpaknoff faons ovhich thecpupe ptiencl is taken off is 35 at
'thfel_bottO[n_ of %@%rﬁﬁlgdﬁnﬁif&ﬂ% the! teglon of rt.ﬁéYé‘dhtﬁﬂnLiﬁ %\rhﬁhgﬂiiyaﬁhas Ehet )
reflux ratio, defined as - r ux a .top diyided py the
“amount in the ¥FFER B%‘ﬂ"ﬁ% %?@?‘3?3%% SL?L %"&bﬁé&'@h&%ﬁﬁw atio for
the bottorid prgunol colunpy isf pretephbly ded into ategidraet theysure Iphepoktalnail y, the
- pure 19 My 200fereRsGlsAEdSRrRoH tSrlal 6036 to 8% PRI i Hle¥iRidrSor
-di mensi oned i sucrl1 a %nrﬁar aqﬁq the process qu&q{%t er@] set.'n_such a
manner t hat aqﬁ'ﬁr%’ WRBAYICH hag dhe same; FrARLaEen potsntal asi the repiatafiPMak eof f
has an i npuri twhichthepurel phepotis aithdra®to by  wei ght, preferably | ess than
0. 005% by wei ght. This pure phenol can be
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 '




5 fed to a store or directly for further use. The pure phenol colum is
preferably operated such that a tenperature of 100 to 190C is set at the
top of the colums. The bottomtenperature is preferably dZR,9210C The
tenperature in the pure phenol colum at the 10 side strean1tgkeo f from
whi ch- t he pWPd2@éiéhol is taken off is preferably 100 to POIREOVIER® pure
phenol colum preferably has 10 to 702t heoretical stages. The side stream
takeoff fromwhich the pure phenol is taken off is preferably situated in
the region of the colum in which this has a separation potential of 80 to
95% The phenoand mhidhi comprises tebelvingute cldavade palduephibaiive iftoPaekasabl y fed

into a region E@H X e ' separation
potenti al of 1@’?‘%&5 ) Sﬁﬂ@%@@%%%'ﬁ@% gﬁoﬁﬁﬁgﬁwm%ﬁw has t he
same separ at i oRfOFBEIERIERY! Ga b rerased in ArER faveralie mannsnire tefmsnol i s

wi.t hdrawn. 20 émergpn be advant ageous to recycle the overhead product of the
pure phenolg colum to the crude phenol colum. This is useful, in

particul ar, because the overhead product of the pure phenol colum
frequently conph¢ wentive pgess uthe werioup by distiationTefea pleavagespioduduct of

the pure phenoixtwel pratudsticin dhEPERSRBEC ONTEH HIS/I4rPRhyBRYeraXidd, Jiver

NSyl
boi | i i nt : | sq, be fed K i. th de. phenol
ool umm_or t e Ve TOETPRE e B8 of i 35 pisfrahl Sartint Bl Pt nor
di stillation afigtilgtion celnmdor separatingdyu distllaion clesyagapraguct mixtues out at a
pressure ofg 0. dmt the? clRAlage RIPERALRY HBrdpBRXRRL ah! WRBSE dhB' &Sgheisdt Whi ch

t he indi vi dual ,,process,.30 steps are,carried ouf, the tenperafures in these
process steps Ps'ﬁgedéréfslé@} QWWBF%?ﬁ&rﬁe Ori‘%{;@ﬁlq"%"?ﬂr@ﬁ@s%t can
[l acuna] in arledsivid¥ by aveighiofssetboe can be faken®ff ailibe tdp efithle aciatrmna whi ch

conprises the - i ' L.de -

cl ggviage of ¢ ﬁgﬁgﬁﬁgg?l frgéb;élbﬁ%WS@\KE}’ri%?gS%g?ﬁwgppg??%ﬁé@%ﬁébcI eavage
product m xt uﬁ@ Bt & e‘g eﬁ?ﬂﬁ*‘%@“ e sRlde %\dyﬁﬁ'f?ﬁﬂ@" M¥ENOPRIRRIIEE8eat19 May
2005 WO 0Z 4deast Hydioxgacatond asd cuthenaaddiohahethplotyrérasan nstakeh g t he

cl eavage prod%m@p‘é(gi%%fmgé?l%nl east three fractions in a single
distillation step. By neans of such an inventive process phenol can be

‘prepared in a very favorable manner in ternms of
_ The inventive distillation column preferably has a number of theoretical

stages of 20 to 200, particularly preferably 30 to 70. The total number of

20 trays present in the distillation column is 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




energy. 5 The inventive process for the work-up by distillation of a
cl eavage product m xture produced in the cleavage of an al kyl aryl
hydroperoxide, in particular in the cleavage of CHP, is pgefagrabky carried

out in an |Q }4&\59 distillation colum for separating b){, 2&“44&%’“0“
cl eavage pro uct mxtures 10 fromthe gl eavage of cunmene hy rop roxid I n

which the colum is dinensioned in such a nanner that a crude acet one
fraction conpri si ng at least 75% by wei ght of acetone can be taken off at

the top of th 0 e phenol fract] conprising at |least 75%Db
wei ght Ioof pheﬁ?ﬁ Oc‘,ﬁl’is B’ésa}a’!eafLé(g %1&?9'8{’ ?fhg’eoglsgﬁ?ﬂ%fng?’%"b%lt WHchdhea d
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i nventive dist]| atlon co refer

stages of 20 thewstcal p%’(?@‘?scﬁfépiﬁﬁ predera b(b'ﬂ?taﬂ@d hetween ﬂhfeth"iblﬁﬂ‘l aﬁdmber of
20 trays ptesdotty-fifth stegedi stillation colum is 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 colums
having a difflteambe sdvaaiegepus ifdhe investivecdiatiiation solysan hag ot least ange at

that 15 to 25 SmoThe gﬁé@ﬂr?ﬁﬁéﬁ%vﬂ‘?“"é“fg.ﬂ?“w Whioh Ceyigs dledst brig col um.
separation pot2 rf'ﬁlacl# cngge aken QF- Bﬁﬁ)r%?""? ﬁ!@*dg%'ﬁffﬁ?%f’%ﬁn GANRIESs ay t he
regi on of 10he fupprampls, adatiayacid noaa:lmoacidncﬁcmmtdmd loe Islgricniatidoror &
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columm has at |east, one resent in a
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of 20 to 50% tHdsidestrenin takedffistill ation colum al so has at | east one side
streamtakeoff 35 at which a fraction which conprises at | east one
hydroxyacetone, that is in the case of cleavage of CHP, hydroxyacetone,
and a nond5 or hepaveRtive, pracess @ﬁz@ﬁelnvemiveh@mg@smmcq!wa@ imftheHP, t hat
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Fig. 1 shows dlagrammatlcally an empodiment 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 SP1 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




separation potential is 15 to 95% preferably 60 to 90% Thus the side
streamtakeoff, in the case of an inventive colum which has a nunber of
~theoretical stages of 50, is preferably installed between{grytobpstieth and
5 forty-fifth stage. It can be advantageous if the inventive d| stillation
col um has WP %/#d3x one further side streamtakeoff at WGTIEROHI4PF0act i on
whi ch conprises at | east one organic?hcid can be taken off. As organic
acid the fraction can conprise, 10 for exanple, acetic acid, oxalic acid,
formc acid or_butyric acid, or a mixture consisting of at |east one of
these acids. APHBJEWarkrésmr by aistifationonis ithie dideh streamntakenit Behbdutshe f eed

o7 a0ese. and t Ryt et b SoRtionsl STERAVE AT AR H oo TRPUET F o T
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restricted to aﬂﬁéﬁﬁuﬁ s Tor examplenaeﬂeaamten A pogiont of thewsrganizgpleasent i cal | y
Slnsflrﬂlafg ! Irrgﬂt Cf@lfméchﬁa Kt{i@ggéﬁé é{eﬂ)éﬂétlﬁiri éﬂp%trét% caﬁ%ér]étm*ﬁag g@é;?id o) b'C;’e
m xture SP carﬁ%@ga%c?%mr\ngpﬁ rﬁﬂd'ﬁ“ﬂ{] P8 in qr} ﬂg? pgg@n:q—%aseo gl'l’f%%ﬂ’ o oduct
KPl and the bdurterswprioupota SHA. dapotien tafkibe adiecas phdue t:al}i) sdsul bleot t om of
the colum, respesdd &?ltlﬁ{e dﬂi’iﬁaiﬁh@&hhﬁ%‘i"ﬁé IRWA! E%?e g&' d n each
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systens t hé hdbe aguehsyess cdf bedfed VIR do atilizatioh air wetk-upy nmeans of which
it Is possible to add or renove heat energy to the bottons product or

~ over head prodtctgqt. &d as reflux Bo the colum. If, in the inventive
distillation ribel RERIoRr & e eaHesus Plasthsarh be delgrmagl teathes from
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in the invent]
19 |vay 2005 W @pfiesbottem ebthy fnl@lam Te side stream takeoff SOS2 is

preferably disposed 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




CHP is worked up by distillation, via this side streamtakeoff a m xture
whi ch can conprise at |east cunene, AMS and/or water is ejected fromthe
colum. This mxture is transferred via line SCA to a phagepagpas@tion
apparatus PT1l, for exanple a decanter. A portion of the organic phase 5
formed in tWP42¢M3kse- separati on apparatus can be retur nedGHERIN@I3o t he
distillation colum. The residual por# on of the organic phase can be fed
to further work-up via CA. A portion of the aqueous phase can al so be
returned to the distillation colum K1 Via RN, preferably this aqueous
phase is ret urtalezh ok at the side from dolurain K1l Aquedobricht lmottofiseprodsdt 8RR isporti on
of 10 the aqugmiisoRBpfR: saidnPs dadny kg W to utilization or work-up.
Optionally, a further portion of the aqueous phase can be returned to the
colum via RA2 in the vapor state or liquid state, in which case the
agueous phase This fraetiar ialitansfeediintolibé sidet dfdhé esetoné columncK2 &vedichpr oduct

15 m xturec=SP. | I ' ki ' : i de: st ream
takeoffs SPe1 ?2@ "%%éhé’*%d *K@’ﬁﬂé?%%@?dﬁlﬁ% e, 2BEEne Hacli RA, WRIch ) 21",
preferably di b et ideridabeipwdie i ohibe olvn g0 FHRNEET 2 Jar e SP
and the bot t orhoilér-toreainirguiaction A swhieh 94 taiem dft ke tef topQ@F2hée olumsf er abl y

di sposed bet weg 4 Beisihd §radlidrt 8B2! AHRAT taREA U hOBof MR f inPBoilifhy o1 Um.
Fractions that have at |east one organic acid can be ejected fromthe

col umm vi a t héngh Which: sraprsesmrndediavingia foing point whichHs igher

gl atg_rftlrma_ubc rtl]?m ¢t rofaicetumen Thi Heactivie AA |s fellds gt i a Ela\@heMW,Kntdp by f
istillation ‘ e Ch M Xt UL r he. cleavage o
al kyl aryl hde%hﬁtgAr %%%%S,B%%ﬁ%eﬁ?ghﬁﬁes é@gﬁe@afe gﬁ_%,l’t‘%{?%f%ﬂﬂ @Gr tﬁ%r oduced
“in the cl eavaggo@ct dpiren off ropeihecyesheaWV i fed back inteptheeelunen 2i fhe does not
'_sho¥v t he V?L i Wera&fe'tcm@m s Ef@d? t@oﬂunﬁ%stuﬁﬁawi@? ot Bﬁ%ﬁ@rg@ b@ﬁbﬁﬂit_t, t hat
is to say the 0 at. ener gy between the individu ractions or
process strear?z%’(&lk@%% csf‘Woﬁﬁfe { %%‘agﬁ?'e'a?oclwé’é\fﬁﬁ TBH@@%CHI%'& Qre passes
for work-dp divastewaier dieatmens. Acportiom okihe Warked-upheifomsr praduct ABRt ure can

have al ready Rkaandfeaatiedhe stilhof esafM €3t he pH can have been set and/or any
aqueous phase present can already have been renoved. In the colum K1 the

cl eavage product 35 mxture is divided into three fractions. The overhead
product KP1 t dredddion, the orgasict pastion G ef the side sitreas fractioni GA| fromhi ch
acetone is enrgofipgs KA isS fedBint bhRAA KBaThi08rgahit potid i€ Bh@iHRNfy aAVD
and/ or vvaESr %rh%sg—rs];rebgl%%gn 'ai%p%r%tu'\éblyTﬁ (?rﬂg 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. | '




WO 02/ 46132 PCT/ EPO1/ 14030 24 taken off at the side fromcolum Ki. A
phenol -rich bottons product SP1 is taken off at the bottom of colum KI.
This fraction is transferred into the side of the acetone(gRlaymapk2 in
which 5 the overhead product KP1 is resolved in a pure acetone fraction
RA, which WO®AKEh of f at the side bel ow the top of the RIVEPIHI403MN

al dehyde- and | ow boiler-containing #faction AA, which is taken off at the
top of the colum, and a bottons fraction SP2, which is taken off at the
bottom of the colum and which conprises conpounds having a boiling point
~which is higher 10 than that of acetone. The fraction AAis fed in part

I nto a washer [ AR ' 0 : ' .fromthe
process via KP-‘gt'tIe Bgﬁdé}rﬁﬁl(ﬁﬁﬁoﬂ}s eﬁwgtf%ﬁ} fr(lgﬁl] cﬂe has Igrfag\?%ftggbg%"{?ack into
the col um K2. 9ffEde phepo %%gzzkr?@ thig gofunn ararvds pPoenaliis takeafor
storage. The batthersikie whiohiccturiBBlireated e afreabtor MR veiePhre corhPrise) fér- up  AB,

I n particular . e@&tﬁf?ﬂt : ' r - up

bott ons pro%uc?féA e%ﬁ%@é#?nto ,’eagf\g’gﬂ%élt@ﬁ?%“n%&ﬁg.t%ﬁg@%@ition,
the organic pofPi dRecAVerReqd, pradust KR4 dnfed bagkiiale Heacelugm KdolThen K1 is
fed into col unbotk8ns Thoduchr$Phifronpatdiimn K4 ioFeaiinedcolomm K80 In this

- phase- separati p t Tle i L.ch - Sl reamfraction is fed.
A portion RO O?cﬂ%uﬁ@, g@a%klﬁlgpsgofﬂ |egéﬁgy]¥ﬁibag§giﬁ%fg§m ﬁ}%aB'ECICSﬁS i recycl ed
to the col um Rattoms,erodyci-ebe apd fed dor wilization. Ihaevetheed mreduct tKRfis obt ai ned

I n the phage- sfeddraekiirio tiepeslamhya. PTI can either be ejected fromthe

process as process water WL and/or can be recycled in whole or 25 in part

to the colum K1 as reflux RW In colum K3 the organic portion of the side

stream fract i oh"g Faedienshwhich waghiresated dimpedotarsHiz amdrteansietfast oS, i s
distilled in spab phefBIEMimn Kes, sapafated # s %Iﬂﬁﬁﬂh&%ﬁefihe%ﬂgi’ﬂo' um K3,
.a fraction CAH | bt ai ned 30 ,whic onpri s C and AMS and 1I's
suitabl e for S’é’_b%g?ﬁ Ei’g‘l'%a}”@c%qﬂ?fe F'(Sjré ‘%r??‘j%%%ggaéﬁgfgagﬂf e afEofage: Bnene.
Conpounds Woi | higherhajiingr fradiian whigiBisotaken wérfranh 65 asibettens peodejceSPEd from
“the overal | prasPrsydsd t@&@ﬁﬁﬁﬂ@,%@@ﬁmﬁﬁéiliﬁé f@&ié}%ﬁigﬁﬁs RitQgideh SP3, and
can be fed forf ut|L| za%gon. tlﬁnaléq/ 5% e oF, rr%gﬁ%il e stream takeoffs
KM can be 35 pra{icQeimiads qviihead prodyat ngizg eRlempdfdbw t he top
of the colum K3, via which side streamtakeoffs fractions can be taken

of f that CONPEX#AfipRiq: east nmesityl oxide and/or ketones, in particular
ket ones 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




different fromacetone. 19 May 2005 WD 02/46132 PCT/ EPO1/ 14030 25 The
phenol -rich bottons product SPI fromcolum Kl is fed into the side of
crude phenol colum K4. Fromthis colum a crude phenol i gg ogf f at
the side which is further treated in a reactor HR which can conprise, for 5

- exanpl e, anWQJdRM61B} xed- bed catal yst, and is then transferB@EPPHI4Ne col umm

K5. The overhead product KP4 is fed bdtk into the colum K1. The bottons
product SP4 fromcolum K4 is fed into colum K6. In this colum,

hi gh-boil ers, for exanple tar, are ejected fromthe process as bottons
product SP6 aniroteigdfairthe theight af then35ttmyopard readwhichduse asBBneghail0 f ed

back into the k& @mm&wnﬂsn@w%spﬂﬂ%cﬂ.amWw@@gmtw;@&agéni&frmctOr HR
and transferred _to _the ur e ol .colum K5 1s separated I n t'hi's col um
into pure pheh%p"p%ﬁ—tlur%ﬁ’é‘ﬁ |@%Et haﬁﬁmﬁvﬁthaﬁe RIPECt o fWhigh uRRd KBNand f ed
for use or st orceaiRidelydes chntghtrof bt ppny Wascohdenseki ahd i passedantoolf from K5
as bottoms pr offssHer SRS whiRH wWep& ¥eb sty pat &%rhgéebgpﬁdh&“%g%ﬁ'ﬁ' I ng

fraction which.js .wthdra from col unm. K5 _as over produc 5 and is
also fed to cof ﬁrﬁ‘?r%g% SE&E’%N&P?‘”Q@oﬂWe gofempesuE imiher weshsthi ch
conpri sed, i ntwas a67G, TadYoisturevéaigint ofb fronp trenwlashdiOied ynvadetdidelgidec unene,
3% by wei ght ofo/dpiaceé Lght of acetone, 0.03% by wei ght of

acet al dehyde, 00. 1% bey W?e{%lgﬁg " acet ophenone, 0.1% by wei ght of

hydr oxyacet one and 9% by wei ght of 25 water was fed into a distillation
col um as idescFheblenttdnms progisict frora bl acetbiatolmadwhiRhicompsisedtinfehglidiei ght  of

the 40th tray. M&j‘?t i such that the top
t emperat ure vvacsu C%Wéﬂ%g\{a?%mﬁ?ééﬂ%%ﬁ%{r% \ﬁg?‘%%&‘: ﬁrﬁ“'?'he t emperature

at the side 30 streamtakeoff was 88 to 89C. The pressure in the
distillation cTHeufractioor takep @ititemathetdife Bipddrh k<L RSMPEPHS! HHRtBRSUre. A

arts of | acetShINEWREOFARIGe g bEBRtlh yelteI” I EX Bepiflin Wbk an
acetone cé&l urdi RIEOH Phose wWinch comprispd, infer glia, 98% bheeishh of waler aB8 The
tenperat ure i n.3%ecyaneihnef RRIryacERAeSKAs sébariel FNMTB6ahiddhakhe
' which comprised, inter alia, 85% by weight of cumene, 30% 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




tenperature at the top of the colum was 42C and the tenperature at the
~bottom of the colum was 65C. At the side streamtakeoff, which was 19 My
2005 WD 02/46132 PCT/ EPO1/ 14030 26 nounted at the hei ghqg Py obes 35t h
~tray, and fromwhich pure acetone that had an inpurity content | ess than
0. 25% by wewge/1461ds t aken of f, the tenperature was 42. S@CTHPOI/BO¥r head
product which had an acetal dehyde codfent of 100 ppm was condensed and
passed into a 5 washer, into which were also passed, per kg of overhead
product, 10 g of a 5% strength sodi um hydroxi de solution. The tenperature
in the washer 70daysc@iChe Tietghtiokther26th fkpnThi¢ tolfimmmrashepevatlddn sheldaan

acet al dehyde rﬁé’ﬁﬁeﬁ"}haﬂ #ieStehipd Patal% #RRAS té@oﬂ?‘% SArh? W R HCindl @M t he

acet one col u rs inter alla, an

transferred t é@ﬁsfagﬁfﬁeﬁgﬁﬁaﬂ’ﬁﬂ#ff Of'FrPPec?IPE‘Et“]’?ﬁéql@&eﬁh%frﬁcm‘bﬁ%%8 si de

st ream t akeof fatdhe tépe of thes rudegthenbhtolemn veas retornediso theafirst distikatioho a

- separ at 'egnS:’ﬁf%?Jmn | Thé Rabrio® BtkdBbe@ th YRSBGHom of éﬂe%@ggﬂ%&gzl %@%ﬁ whi ch
hydr oxyacet oné¥@ %@Hﬁgéf’e%ﬂ{‘ylﬁ@%cf’ﬂ \A@%gl%‘ §E EOIUG;: @h“‘@&’i‘pﬁ*‘?sed,
inter alia, 6?;ﬂgrbboﬂmfsgwwsofconmmmed 3D8é lyveriiaghprodict AlVBhis280Mmaywei ght  of
R s g e
the aqueous p s\ﬁe'gﬁt@p haneoh apd 5P/h€v W&%eéawtae@mg TaisJestionyasThe

remai nder 10f tibe bagkéstosthe lvrede phend! eblufrite A Hebdtvns prodlict 6f tﬁélhhdrat i on

52 aqueous. phiioh EolftRy BnRERRAURGNE ot htahPERRERY A BB TR s
organi ¢ phase aw, whqukahadraep e canirrg afHess ihasx 5%i by iwaighti Ancrudeurm. The
relmal nd\% OL tﬁm@n@rgmrﬁm@l@at*taie%mframﬁ@@n%d%@etnggct:ﬁmflﬁ aﬂhé_l_l‘ri]@ glarene
col um- whi ¢ a a e ray e cunmene
col um. was opgﬁg?g% t&%}’c?/?%?ﬁ%‘iﬂp?"ﬁ ”r?é’hgg gure at the top of the colum 30
was 56C aRé the tenperature at the bottom of the columm was 140C. From a

si de stream t akgptfucgt phéﬁolhﬁr&m h@fi 4 PeeAdit Borité@Yof Q@)%l&%'?Jeﬁ’gztnhét ure of
AMS and cunene ﬁ’aztrd' Stb | ed h t%orﬂ?” sed ] egs than % wei ght

of inpurities.’ 5i | & earP(PeHP SR e OTRLRER: otfer, ta'lahe “top and
fromthe bott arethylbenzofgtamne AdS onesityl mde, sinsit amdadts of hydroxyacstone

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.




35 The bottons product taken off fromthe bottomof the first distillation
col umm, which conprised, inter alia, 94% by wei ght of phenol and 1.6% of
acet ophenone, was fed into the side of28a crude phenol col ygWageopsi sing 19
‘May 2005 WD 02/46132 PCT/ EPO1/ 14030 27 70 trays at the height of the 26th
tray. This colum was operated in such a nanner that the tenperature at
the top of the colum was 176C andiafws tenperature at- the bottom of the
colum was 203C. The fraction taken off at the top of the crude phenol
colum was returned to the first distillation 5 colum. The fraction

Furt ndr comumocacrdt She st Refil BRTARETPharigh; 4t il BROBISE orS Lor

concent r at gext e prEfReadinPthe wdbaiget b %]Eg%%}fﬂ%hy&@ﬂéﬁﬁxﬂﬁsai ned at 154C
0

was a fraction which conprised, inter alia, y wei ght of phenol and 5%
by wei ght ehicke eoeapitsesneesoinisg thaatlieevageapradudtenixiagie into athe crude

henol colym. The bofto roduct . of. the high-. boi]er colum, which was

gbt ai ned atleast dfpes t"GFgFQf'?; ?’b@tf"lq}ﬁsaﬁté:]ﬂﬁm"as{%ﬂ b¥ahi ch had a phenol
tent of | i, -oht _ _ tds t ak ff

content of _ess g&éﬁl&é%’h«?%ﬂ@@u‘:@@ R@dﬁﬁj%f%ﬁ‘ituf@%ojch%gﬁﬂé%ﬁ"%s aken o

fromthe crude colum at™ t el ght o the htray, at a
tenperature of HRIEG114bidghicelmmnyde phenol stream had a phenol content of
© 99% by weight. As inpurities, this crude phenol stream conprised, inter

al'ia, 2- methyl 5eRewngrad iraheragkian gompising kekane aknblgttopoet
hyd t d,.t . i ities. Thi d h | st
ydr oxyacet one ﬁﬁguddﬁiifﬁ%‘g'ﬁo‘%ﬁ%mer inmpurities i s crude phenol stream

was - passed 20 t reac I'ch conprised 120 nB8 of the acid ion

exchange resin r&fidahlYsseénd Fractiahysdmpr Tng sulsist ithesa@lort hus treated was
passed into the side of a 45-tray pure phenol--colum at the height of the

20th tray. Thi sunsdistibyteghplenolaat dperbatsom af &he atistéblgriessure, had a
top tenperature f 139C,and a bottom tenperature of 142C.- A pure phenol
that had an 25 F ll'Jrf"i't‘;;’/" ontent | ess than 100 ppm was taken off fromthe

side of the purgengiAg) tHphdMhadtiohneoliistiig AhréditedOining [ ayiat a

t enperature of ( The fraction taken off at the top of the pure phenol
col um was fed hadfor tmtakyhesubstiitaitpd dresizens landnhysirosw kdteneops The

fracti on 1 aken off from g0l A 8ol 5B TaRDH 1§04 TRgS o0 back

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




30 colum above the bottom 28 19 May 2005 Clains 1. A process for the

wor k-up by distillation of cleavage product m xtures produced in the

cl eavage of alkylaryl hydroperoxides, 29hi ch conprises resgldymoshe

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
distillation colum, renoving a first fraction conprising ketone at the top
of the diihill tion col r enovi a second fraction conprising

| su:ost i tut ed™®r¢ %Hg%ﬂpa‘_ﬁrﬁnﬁegl‘ffﬂfénﬁﬁ?@gé’ﬁs?ﬂé?5?)@’1 éﬁ?@faﬂdﬁég 53 ioif | a;! on
ondl o tr1 S HeeRe) vrBhd ek taR i g Aol hrdflee Beford e 51 ream

wher eby thei.§&ﬂ6351¢reanepake- off is situated above the feed of cleavage
product mxture to the distillation colum. -2. The process as clained in
claim1l1, wherein the first fraction conprises. at |east 75% of a ketone

preseét inT he cl eavage r.odgcl ef o[ﬁe the distillation steg;_ 3. The

proceds as' ¢ Al'fEEY A chd S, Thet Wl ft“f“@rﬁyﬂ & frachien.omdichs. The

process ascaitiged datef! dufigad JABRoroNNS! AoliBr fsekCard ] HRET AN or! i, SeCONd
| an For unsugs 14

fraction conprises at |east 75X of a substitute ut ed

- phenol - pr ekydntoxyacetioae cpresent einptios ud bavagkoprodube befopéi tHeat i on step. 5.
The process, gs..clained in at |east one of clainms 1 to 4. wherein the third
fraction c@%‘ﬂi@%% St@Mlst 75% of the cumene present in 29 19 May 2005

t he cl eavage product before the distillation step and/or 75% of the

cc-net hyl styrene present in the cleavage product before the distillation

step.7.6. The processassclatinedsd ath 1ehsi ond, ofeesAis 5t 6 % f{bﬁéﬁéﬁ[" whi ch
conprises water, cumene and/or ANS, conprises at |east 20% of the
hydr oxyacetndra¢leioBneonpiis iy at d@ash e/ ofiide euteeepnesent in the
- cleavage product before the distillation step and/or 75% of the «-
methylstyrene present in the cleavage product before 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.




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 product before the distidDlation step and/or gp4yobot he a-

met hyl styrene present in the cleavage product before the distillation step
is separated in a phase-separation apparatus into an aqueous phase and an
organi ¢ phase. 8. The process as clainmed in claim7, wherein at |east a
portion of the organic phase is fed back to the distillation step. 9 The
process as clai . in claim7 or 8. wherein at . l|east rtiqn

of - t he- or ga\”ﬁiﬂe"%ﬁg%@" the rifens Cotiipny, a4 heleh theg (ﬂﬂn?%( Hfiterod U um) in
whi ch the or9fMG BRASTErERerS 8PAtALR Lan b Yaker? ofRtfich EBRiridesPRuUNds are
taken off overhead which have a | ower boiling tenperature than cunmene or
a- met hyl sflpashaesttylpoxids ketoneakand/oofWaterr.a t he bott om whi ch have a

hi gher boi-ling tenperature than cunene or a-nethylstyrene and the
conpounds cunene and/or a-nethylstyrene are taken off via a side stream
takeohf 1oneTHocRLOGRSEIFihel! fH XRdinl 7, Glidhdid at RSk 8 pAIGiBAYGAI C phase
is separated Tn The cunene colum in Such a manner. that, via at |east one
further sidtesiqueans iphlisofils vd dtlack sodtlepdsstri1dbbion sitepsinidhest r eam
takeof f from which cunene and/or a-nethylstyrene are 30 19 May 2005

removed frdifdit apdiasnyapan gkdte-and bel ow the top of the colum, at | east
one further fraction can be taken off which conprises at |east nesityl

oxi de. ketones and/or water. 11. The process.as clainmed in claim7. wherein
at |egst atpergriceBs$las éNEmadunPedaihaser 18, WherdRL khkoaglit@udi piddel ation
step in the |I|iquid and/or vapor state. 12. The process as claimed in claim
7 or 11, weeempiiseshiblagliddeshylirasgacetonsmpressd Mokhef cumenehy dndigracet one
present in-the curTEne- and/.or. _a- getqt}ﬁl styrene-containing fraction. . 13.
The proces& -BELRY Istygepe-contagning d¥aci{@nof- the preceding clai ms. wherein
- the. cleavage product m xture, before the work-up by 'distillation, has a
phenol concentration of 20 to 70% by weight. 14. The process as clained in
at | ed31 offaeqirdchss mseckximad ol at neast winerdi the yrecedinggd apmoduct

mxture, .b%grreeint Qﬁe.\ﬁég\;ﬂue Elxﬁduct mixture, before the woark-up by

distillation, has a phenol concentration o_f.20 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




distillation, has a hydroxyacetone concentration of 200: ppm to 5% by

wei ght. 15. A distillation colum for the separation by. distillation. of
cl eavage product mxtures from cunene3flydroperoxide cl eavagfaysboswhi ch the
colum. is dinensioned such that a crude acetone fraction conprising at

| east 75% by wei ght of acetone can be taken off at., the top of the
columm, a crude phenol fraction conprising at |east .60% by wei ght of
phenol can be taken off at the bottom of the colum and at | east one

f ractligon VihecHi stoitipat Bmscaliumh eixs ¢t avadedr jn cdaimens, awiddrerinatietdotumayr ene can
be taken off fromthe side of the colum, whereby thei side streamtake-off
i s situatets diansioned spelodhat acfeaptdge sompRiTInPhandleand athdeasttil | ation

colum 31 Yi.1.20 _ t.still ati 1 in.claimilb,
wher ei n thé%c%?utrt}é ﬁgdrg%fraé:ﬁs?@enghggséd{gh% htgl? g%ygg? ﬁ%‘r?ﬁ([:'gtrrp%quﬁﬁ phenol
and at | eagh bda%keh dfffeathittle boreariofneheicedami. i n the cl eavage product

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

distillation columm as clained in claim15. wherein the colum i

S
di i ) .af [ i Sl d/. - hy!|
and a7 ool Jikratiel SR AacERIRY B Sdaf Ton WRIETH At et
mxture cofy gemdmdkibRedhclrthat a ?ﬁaﬁtia@eioﬁ.bﬂﬁsingtémt af@d of the

columm. 18. The distillation colum as - clainmed in claim17, wherein the
colum i sxmethytayramd And ati easst 78aof t theehfdroayaedtiarie présentt iian whi ch
conprises at |east hydroxyacetone and cunene and/ or cc-nmethyl styrene can
be taken dihe ¢leayage gireduds mxare fannbe itakepafEnat mts trast Ongegadart i on

pot ent i al §%}8§'€§tageaﬁ;('})f'j‘%e J‘{‘ﬁgg' stillation colum as clained in .one of
. whereih.” .

claims. 1 col um has 20 to-200 theoretical stages.
20. The distillation colum as clained in one of clains 15 to 19, wherein
the colum has at | east one side streamtakeoff_at which a fraction which
compiliBses The deddllaieoncejamn asaclaimednimelaukdp. wereinitheacplumess for

preparing phenol. and .acet one which [ he. st 0Xxi .ign of cunene
to cunene 1ﬁyB’F% QP%)W%E a s18e dikédh SRS .\_.ngh & fract ol %tlcﬁ _
‘camprises at least hydroxyacetone and cumene and/or _
' a~methy1'styrene- can be‘tékén off in a region of the column in

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

19. The distiﬂation- column 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 1eas'1_: one side stream takeoff at which a
fraction which comprises at least one orgarﬁc acid can be taken
. off. | |

21.': A process for preparing _ph‘,en'oT and acetorie which comprise-s‘ the -
 steps | o |
- oxidation of cumene to cumene 'hydropero'xi de’
E cl.éévag.e of cumene hydroperoxide |
- work-up by distillation of fhe cleavage product mixture |

- produced in the cleavage of -cumenev hydroperoxide,




cl eavage of cumene hydroperoxi de work-up by distillation of the cleavage
product m xture produced in the-cleavage of cunene hydroperoxide. 32 19
May 2005 which conprises resolving ti# cleavage product #yXiayrsosnt o at

| east three fractions in a single distillation step accordlng to a process
of any of.clains 1-14:

which comprises reso]ﬁing the cleavage product mixture into
at least three fractions in a single distillation step

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




