; €3e8QLLMIN: 60xP6PT8Q _h> Process fox separating phenol froma m xture
conprising at | east hydroxyacetone, cunene, water and phenol The invention
rel ates tyo %9,41; Aproved process for5separating phenol frompar/iipsi/idosy
conprising at |easthydroxyacetone, cunene, water and phenol.The process of
aci d-cat al yzed cl eavage of cunenehydroperoxi de i nto phenol and acetone has
been of 10particul ar industrial inportance for a long tine. Inthis
preparation mffoqdmcﬂo:f [ SpxrEeirey yhdérivel Fﬁ&prﬂ&ﬁﬂﬁtuﬁdﬁéﬁ@prﬁsﬁngdl zed to
fe

cunene hydr QRer0xXl A the

oxi dat i on, a4 gas S - -G t 01590% by
. weight in a vacuum distill atl on, known as theconcent ratl on. In a second

reaction st 81 dhect ey @% the GHP § gsQhe and

acet one byaglla} on of an acrlbd usually sul furic ]g% Jgi@@rxpd?kg% i g%%l and

. acet one, 5t hesenaataRd ppbanet fﬁmrheazo@é%ﬁjﬁ%e§0a§aittsitagalatco 8gfds whi ch

can have beapj@Fdmfhddtdiie, r@adidN wetePds el .t he cl eavage andwhi ch
are only partly transforned if at all, in thecl eavage. The nbst i nportant

conpounds whi ch nmay bepresent in the cleavage product in addition to
phenol 25and ®oet opeocaess i nfparatdmia-lcmtt,alqmmi hszéwae;m (é\MS) cameree and

acet ophenon a ts arbl noI (DVPQO)
formed in tﬁ'éy% %Fd]g(%’%in%é;n he g pr rg%}u)rl %n eava édug
Furt her ilﬁpurpariescmm udad@a#p;oaﬂ;dslmtasceretfhyl baeniohgr drnBI&(.IVBEE)m
hydr oxyacet gney m;ﬁg%?g Idie gyo) ReghL car I Egggggnc%{ Sygh ag
eny a

acet al dehyde and pr opi on- dehyde After neutr zat1on 019 t he
cl eavage prm%ﬁﬁr pedfie AénooBidéredn wRuesenshabydrpperoxide

cl eﬁvagepr O?E@P% SiM0g kﬁﬂrb"g B&aét%h' Jsxla{ep?nkaéb/ﬁr h8UEhRI g:faaes.ohor

wor ki ng up the c|eav rodu ation ar

Encycl opedi ##3% Fﬁﬁs$ﬁ§aﬁ Cl?éfﬂ%"\? Yh- B %fdp gggl &R,

Vol . Al195 199d% H«}Hvkéanjlragsgﬁsel | wodnain dhisitiVWeabhen ) knowrprascicpee, all
s oo STk b e BB hetllanelode cleaiRog,Poadict
After phase ckpavagepnthe h@HBrganctepaed mhtohphaaulrahdzadetbeavhge
product is t égﬁaﬁ%%d 4R acaarsmsq&i L1 ¥REED ahyde

distilled of , remalnin eavage product viat o? t he
col utm. Thi sPkepak aé‘éﬁion@qeéz%al 15he r &t @RVaFE h Eﬂl@ﬂ?tl nféirI@e%r ubber

and OnCQOagad:&n]%iséseda@&ﬂi@ﬁai| addmipburtdyev@iicH NeasCr WRvieS LRt i Nes
al so carried_out m, , The bottom ro umn&h@ 8 he first colum is

i oti lhed i nqtuetonh EBFuFHARESHWALCRE ARECRRAL oY SSURREN B at the

top and are whilahl| wreassely t paatly Hymineferatddon if ahi caii]c,uniannetlhs
roduced a an f‘&]ﬁ@ 0,

gl stillati gnb?n ?%@ prcejrs%gglgog: aﬂ[ﬁé e %0%1%%0&&% r enalni n%pl n the

second col unhresedtstin [t | ﬂlﬁa’ﬁ%epﬁﬁéﬁ@t 1it2gmhieocpheacdhenol

obt ai negscanafg Bekicbin@d frd,t hay ar@f&w&irlva-ﬁléﬁhyhgeykeﬂeus(m)wt er or
by treatnment with an acid i.on_exchanger and subsequent distillation. In the

| att er proceS¥MeEs geefiprhienong -di sy 2ttt ionoosmabhy é?@uFFémoﬁhenol by
ﬁu sth il |b at: ondimeghylepheylloxadpinod hpﬂpoxyaoemegeinamecmaml @rf o form
i gherboilin un ro S i Cri ex in US 30
5, 064, 507 (Agf’lﬁ g?’ g:% Si%gﬁgrgicrgssgﬁ$hec§ ggégge BF8 |sEHTpr§
separated f rmmpumetgeadeumlexckmecbmpaundadesuadwet afe rr@cnhyﬁ:benwm om
product gs tfﬁﬁﬁze”h%rfoQ Y3 RERRE %R—:Iéirﬂyl rbméhm@geaﬁdar&m

separated fromthe cleava product . colum is however erated so

that a certaPRMPPEREFL | 8HCBf M/IS ?%#ﬁehyﬂq helsht LomhSTydRACREdce t hi s
is required gsdehgakantafders Aetgivalidthierd st hehe PEoeassgey ptlodrd: phenol
*to renove I\/BF %nd ot her, inpurities._.This bottom
possible removal of an aqueous phase, the cleavage
product is worked up by distillation.
35

Various processes for working up the cleavage product

by distillation are known (Ullmann’s Encyclopedia of
Industrial Chemistry, b5th completely revised edition,
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- 3 5 10 15 20 25 30 35 product is reacted with an am ne, preferably
hexanmet hyl enedi am ne, in a reactor having plug flow characteristics in

order to \g@AE{szcarbonyl conpounds, e.g. acetol (hydroxyapegrPfiswss M,
into higher-boiling conmpounds. The product which has been treated in this

way is worked up further by distillatiop. -However, it passes through a
further four columms and two reaction zones before the purified end product

phenol is obyginedi9Thesous| gynf gerapRRgekes 1keadirtedniyr Wianamval of
t he hydroxyacetone,frorlt he giinol is relatively hi qh in this process. US
3,322, 651 (UP), PFdBCLBES r | t kBe§8e BEOFLEFEFen 1OTRITEnds Nt a
particul ar ha:ma'aﬂt%ﬁaliﬂatbmi fqliﬂ nghahﬁdﬂbéa\&hj@i mddh&téh@sm@af\aaﬁ&dﬁhs CHP.
However, the i nes iLkew se _have t renoved agai n f.rqom the
broduct s. - ceraTbBE nageER ke HhiBedt bR sl tRu S ERERAR Biiae
. product & xtAftewhi phabas Iseparsiitisimed tihe t herganie capakyzedfcl édenge of
CHP and fro i 3 C hag-RERR &MYV rali zatd, nd
scrubbi ng. %&ggfg Egggo?%%tg }e({lé eafi:’?):henol hle}vi nggl%é??%fvlf%d?%x%acfeﬁq%ri
content, thecQ¢pBRatnoWhishcgrifed agetopg fdediimdithedcioddy fFerpridwuct

mxture intoramdifithyl aliearagel Wibdict v‘riﬂet;pal efopAngit f Eaet icyaindg this
m xture in one,separation step to give a top fraction conptising water,
acet one, hyd'fgﬁagéf%ﬁeaé:ﬁ 06’&7&%%1‘6&@%0‘?%%? aEfF]BngE%ﬁgF'i g1nn§‘ phenol
havi ng daohydsoxybbetronandonbvart ofagadss tdrarifi@d ppoyp BRipemidi gk iwn t he
conposition gf the cleava oduct, m xt.ure, cunene was added .i.n .an anmount
co That the HRFPISE! EONeHETR AHermatiNERs HL80 Poate Ei furi vl at

| east 0. 28 papiuby.welhght bottommgpeoduct Faom byheeifghtstof cphemnl ,issi nce

t he process | on .t em t zent LAPKGaM r &

hydr oxyacet oﬁ%sgﬁggggngﬁegf rom-t d’é‘ % enﬁ.f#%@ ﬁ%?gxwget%tﬁg can be

removed fronREBe teH&@0Ioby aRi $her dedR sanfoRe®erisupllgh Prasefofons ch

conpri sag nohyarbyewatebn alsowhgehontunéneobtai iebddiedr aganh.i mude top
fra have to be segar ated from cubrrene and d 03%20 t one but. Phenol
e e

cont am nat i o ey ¥PERE c19%h. 2Hfi8sePhr SHRRATRTY e HRAHSIPLG n Us

9, 251, 325 (BRi€héililedlish, fhe tbek-ppeséneefraft iwaten cTh@as dasetom
substanti al | 0Qj | d ne _h tim zed by
operating thérggﬁegge(}%g{ag\pﬁ{ﬁ%%n lgtc h%\ﬂ%géoﬁﬁafz 82‘:18&@ ?nsxf&érsgﬁglo&r?p%?il’sénng
cunene, AMS andrhyér pheacdt cpduig .t aken of f at the top, with this mixture
being separated virtually conpletely fromthe crude phenol remaining in the
bottonms and thus not having to be renoved in cost]y fashion during the

a 13 []
wor k-up of tRBepHEfiie PReRC1s ghtdiaed gFaRs Hsndriert afiEkhereddy t han 30
ppm of hydr ogxaeaceite Adflssalvadiege widdi wapeacess i Byt herdaghedthat the

i nput m xture.has to be bstantially freed of water 1ch. js why an

acet one fract r%gl (":atr)lrrﬁarcllsdlS higo 4 o%cbhoam‘%errs aann(g %qk)ssoeqtheéitr#ﬁjﬁtjpiﬂf?tlo‘?nt he 20
wat er presenfini rrhiehd aditeav @geqeseductonpoungs=e Wiksh arne diepiiatdd foom t he
cl eavag ro -t u N ecgdi ng; | st T up of
such an%asget g%gaf rlglzli:)éti F(E%Ogly Egtg Rggs g tﬁjéégg?%?{jé%' i sgf%l apﬁ/ye\gf 1

unecononi cal oXdidgcang Mygosmacarane « s condsmsgshdiatfinrn shigheited. It
i s thereforepan 1abige Complounles .pr esent invention to provide a sinple process

for separating phenol froma mxture conprising at |east cunene, phenol and
Such a process 1is described, for example, in US
30 5,064,507 (Allied). In this process, the cleavage
product is firstly separated from the crude acetone in
a crude acetone column. The bottom product is
transferred to a cumene column in which cumene and AMS
are separated from the cleavage product. The column is,
35 however, operated so that a certain proportion of AMS
remains in the bottom product since this is required as
reactant or solvent in the further processing of the
phenol to remove MBF and other impurities. This bottom



30 hydroxyacetone, in which process a phenol having a hydroxyacetone
content of less than 30 ppmis separated fromthe m xture with a | ow energy
consunpt i 02/#1351 a lowoutlay in terns of apparatus and per/kbapge®sence of
water. 3 t has surprisingly been found that a m xture conprising at | east
phenol , water, hydroxyacetone and cuneng .can be worked up by neans of a

single fractional -5 distillation step with subsequent phase

separ a_tlt ﬁnt Eeoa%u\& {J_hqrso: g;@wtcjﬁlgﬁlat hwe!tﬁ?yasﬁtpn&mgg?; e?tpﬁéféﬁéﬁlygan ?0
ppm w | S r 1.onal . .dl St all on ste €l ng,abpl, e 0 e Cca | e ou
T o | onehesalep v e iRy & I ARE G PAyiAg (Blhg a8 narat us

t han i n convhathaoar iprtdees sies . otddreviis eccawgnrt scangbonyl t cbasobeds, f ound

t hat reversal of t rd e cess. steps 0 €enhabl es phenol having
a hydr oxyacgt'gﬁe ac%ﬁ‘_tée)lnt ﬁ%’f&lt%&acf%oﬁleéo c|’ol|f)m o Jgriécioﬁ %@5%1? a]?‘gﬁfw%m t he
abovenent i omethpoiuwnds .e. THdeppprdueht whivdntham heeonr diregltgdpriovi thssa
process as forthl | aj epar at:i fr L Xt ure
conpri si ng E%EII e%étnﬁ;; ngflﬁ ce%%#e)[?eéuggngifls%g’l%?gghénd%&%’n%', .H i ch
conpri ses fPAdsSeshdthFeudhea nifikriherbforgaselomng anchskweonseaghépnNonal

distillatiocHead andlrdie! €8t OBariRasa Separ atdyuude smﬁ,ﬁ&ph asway that

0 4

at | east one _phenol-containing fraction containing |less than 300 m of

hydr oxyacet A&3d4% o gléi n‘é‘ﬂl‘gl%e fxtﬂ:esEHPaFﬂ Bt ?’iﬁﬂq]i i Qrprf)ggdes an

appar at U8 asemgivalor tdif i ntled ai hy@rdxvacepatat | figorphetiod fphenal m xsure

conprising at_..east -hydro et.qgne e, 25 water and phenol, which
S P s, S

conpri ses atrﬁleaa Ion unm ‘whi ch i s di nensioned so that an
at | east cumene- and/or a-nethyl styrene-containing fraction can be taken

off at the t f e I nd ph | - aiy i QF LAg a
hydr oxyacet otﬁgé %bs%%h?g%t %%P?é.sggfﬁa?%%é:&q%%trsn ggiréqgéé% Zﬁ%anF?BQFHt he
bottom of t IERRAIWIES andnatPadddstulafe prbRes seporatRWh Epied aphenpdr

separat i §9 JdafifedNanestid 0BLAHVEQES JHNaGES. - H3ReTRER, | NNt hARnakso
provi des phenol a_process as clained in at ast one

bt ajned, b ans q I
of ol aims 1 ad5es  1ikewisdn g ek ofel SEMEFAS d8geanni FERe Shecunene
and AMS obt prwethdyys neans of a process as clained in at | east one of clains
1 to 8 5 The advantage of the process of the invention is that the
separation step chosen in the distillation substantially sinplifies the
further worlGRipl 0321 he52| edMafeupi oddescisiikesar e the ofwatie-umdi 9f dual
fractiopg Obc%fé%\?{%é "OPbGHE: ChERVADE RAOOHChadl XLUK CoptB1 AB4PER! kel ar, T he
joint renoval o droxyacet one, AMS and cunene from the phenol -containing

remai nder ofa@Hee3ealvgrd protratags xtaf e Glfbsemsk | Amop swhgchs | EBet he
wor k-up of therphpsel - et aivkdy fLambvea, BynCendlersienstLanri gdgout in

conventionalsgrr&cgfgge-s II'g \g%ica%le to obtain a phenol having a low
hydroxyacetone content, the separation is carried out

25 by feeding the cleavage product mixture into a
distillation column at a side inlet and fractionating
this mixture in one separation step to give a top
fraction comprising water, acetone, hydroxyacetone and
cumene and a bottom fraction comprising phenol having a

30 hydroxyacetone content of less than 100 ppm. Depending
on the composition of the cleavage product mixture,
cumene was added in an amount so that the ratio of
cumene to phenol in the feed to the column was at least
0.28 part by weight of cumene to 1 part by weight of

35 phenol, since the process is based on the separation of
an azeotropic mixture of hydroxyacetone and cumene from

the phenol. The hydroxyacetone can be removed from the
phenol by this process. However, a top fraction which



15 the hydroxyacetone remains in the phenol-rich fraction and is renoved
therefrom by reacting the hydroxyacetone with phenol to form conpounds

whi ch ha &/Rﬁgbi ng poi nt higher than that of phenol andp@ppfifseeparated
fromthe phenol by distillation become unnecessary. 20 Conpared to

conventional processes, the process ef4the invention has a significantly
nore favorabl e energy bal ance and al so gives a higher total yield of

phenol , baseshmii $die pdenehlgonsest, oéumbﬂechﬁavagarafcgduetoaé Biuxt ure. The
conventlonal rocedure requi s a e

y _hi ene
addi ti on, %% i Y -3Fe ph n8 ?%n?gdug% #n 8ngﬁ@lﬂyégoxy g@t@%@ % eact's
with the phsmopre@entt1nsthecespafyacbladd Ehpenspredohtni daksewdiseh as

am nes, chéggsﬁbt@§”§§$¥f§téﬁ ERGLTordd 4886 *épp products have to be
t

reaned fromthe process agal n, ich 1s costly. The process of the
i nventi 8n, which circumvents this problen1by separating the hydroxyacetone

' toge}g her mm tdals Cw@mtjwm tie Qir@xvlmsqr od;:une mwem-@bp talcﬁ:ohraequ'mr)es a
Sl gn i can ower ou | a erms a a Sl nce (6] e nu er
ot 0 St 1| EFRRELOh LR A abERE 2PunSPRBERRIDE, TSSO dS o ou

apparatuseSb@EEessarywéaérredudlngcetonethhaeonbeehs obttihd zeal | s
by-products _in_the fractions are redyce fu r adv a chleved by
t he process %?r?ﬂén% nt?lgrhe I's t li H&h %gﬁ 2 ‘?%; Shat

ydroxyaceto S preferentlally
obt ai ndd i mantaqeemmngﬁmmgandumaneeaSAMS/ baddi sydsedyateveneoriked up

together wilcLhl SecFar ke RUEPORAEHOkHIIC MHRAEA HEIYRNIhrddiy total 10

number of trays present "um i s i ned havi n epar at | on
potenti al Vllbgalé§a€§m§é§t6thﬁéoﬁuﬁﬁérCéPd€r§P§n°§or@W@tnﬂﬁgi§fb055|bIe

th o indi cag e};?ee BRA Qs havdnGusi kuarhéﬁﬂ@é ?tborb@Otf%meiad 'ﬂn?%{ Erms
aving a differing er s, , Accor Y, 0 e

col um, i °§Flyr§& %HF'W% Fhestiorks % 1ok gh%eBBFQP on pPot¥ential of
0% At 1T£he pﬁbceést hgel@@é Urpheniole, cbhﬁatﬁgn@n ladxwethha uppepspmstofi ray, the
separation pot.ent| al in ¢ h_t:hi ef 0 n

accor dance ﬁ??ﬁ°?¥?§ EéPlﬁltIO ég@%éﬁig%%nn%mgﬁﬁ% é%%%é&@ %(%%é

separ ati on peténttikat oftheo~imput havixégiren odst e 15@h Su’f-‘aatamil@lphocess of
the inventigneggn p% um%geEor JREcHOT Ks UphPY &l Stdddiddn Bfadidddir es

obtai ned as part o | eavage product” m xtures in the cl eavage of
cunene hydr§6@P§kﬁé§g(éH% ot EtetBe2dR0 &ﬂ%uﬁalﬁﬁhpéﬁBsgﬁuﬁﬁemork up

of the xj eayagerppRdeentmont the cllkevRigec gaodiict! i dtiuenthaan is e ef erably
used for se aratlnggﬁh%nols fﬂon1 m Xt ure which conE gses at 30 .| east
hydr oxyacet GFB2LEkL Bt et hand vrﬂﬂe aRE oG L BEREC 0 1 FRRvage

product m xpueeediaen t separesvage stefHP Whechwoskelp aioed sidler aeparati on

of crude acgtarenk fro fr%:&%%lnea\b?geé‘%@%%t 1r§%t Wi Eﬁ&cetﬂ\? cppt ent of

such a m xture 1S pre y |l e y wel ghit, very particularly
preferably Fedatisd vo. Preesnamst e, since a high outlay in terms

25 of apparatus is required.

It is therefore an object of the present invention to
provide a simple process for separating phenol from a
mixture comprising at least cumene, phenol and
30 hydroxyacetone, in which process a phenol having a
hydroxyacetone content of less than 30 ppm is separated
from the mixture with a low energy consumption, with a
low outlay in terms of apparatus and in the presence of
water.
35
It has surprisingly been found that a mixture
comprising at least phenol, water, hydroxyacetone and
cumene can be worked up by means of a single fractional



- g The process of the invention is described bel ow by way of exanple for
the work-up by distillation of a m xture obtained in the acid-catal yzed
honogeneqyg oghedyage of CHP and subsequent work-up of thepgirgpyafeaer oduct
5 m xture, wthout the process being restricted to this enbodinment. This

m xture is obtained as part of the cleavage product m xture by separating a
crude acetone fraction fromthe cl eavage product m xture. 10 The process of
t he inventi @i sftdrl Isepamat shegppheitdl fulosequenikt pheseongspaatatgiai keast

hydr oxyacet C ; nd, p ises fr i,onatd ng _the
m xture by ans ggggaltgll \ggésf{% e%frg{g??éﬁg?ggfgéﬁlgl | Bh énn%té%p# agﬁsgt | east
one phase sdf@rat 36npplep Watbuckhis waliradidiones adilséddiladieon step

phenol - cont 3y fHiAE i @8 cpat a&a‘tfgeaesa‘uﬁ hap +300 appmo%!‘erhygﬁe§é§°et0ne
i s obtained. Thi's phenol -containing fraction js very particulary ef erably
. obt ai ned®by GPIHTHRRISION naffi éh 4C¥PHgIORtlaYctiBnirrasstef | aPPBKasuSp and a

singl e phasenih sepacahiventiban lanersiddeddl o kelesor autr-peiprhagal,is
separated off %he 'xturf ﬁr ferahly has a ghegol concegﬁrag%gn Bf from 20
Lo 99- by wdgnPasp RSt Falng THerter LBYS 99 bnoko TS 765987 A wePgnt) The
m xture can thaweess hydsbeyacet adsoconemailats on gierfolom 3R&vppe t 0a5~ by
wei ght . Apar o) nt ipne he, 1 xt u further
conprise ad |¥4€é§gé%§§éﬁﬁﬂiﬁggg%% aség-ng?%él Eggétyégngs%ANg?, %&nene,

wat er, pHenydenarHeed fromythealserenivBRd mixuited phenyl carbinol
(DMPC), cresols, e.g. o-cresol, nesityl oxide (M), n-propyl benzene,

i sopropyl phenol , carbony|l conpounds such, as_ 3- net hyl cycl opent enone,

(et hyl) isd@ﬂ?VQr?%ﬁ%%e%nﬁ?REBOQ-5ﬁ§ﬂ§@b¥%b¥oﬂﬁ?8iﬂ?ﬁe? BERCBEEyRSenzene,
tert-butyl beswiengortt hyhbesrenes,1 e for dsaphbyt bRGZgNEen®l aaRInPPRENONE
(AP). - 9 . The process of, the invention can be carried out in at |east
two di ffered¥HHantC™ASHY &+ ﬁ?&? coﬁ’ﬁf:éirgéyéf:elt(?&&' of8&Sri | | ati on
step andbat walast el pphsaodepawhichn cdregrifed n fxrafotristnegniinedi nbvat of t he
process of t i nt iQn, I Xtuee is.fr | Qnat in I ne
fractional d?g%%?%gtip stg%%n%:efé?ablétin%%%fgpa gﬁﬁble%gﬁgggﬁbgﬁion
step, in suchligtivelatien @tﬁﬁ?enéndlm%oﬁleéisﬁi ngner AE " SePrxAfileg | ess

than 300 ppradp hyalr guy¥Acat ass tHLE ed@bl ¥abesenbhaRehBq -LRmLand 1 el v
particularly referablg¢less han 10 of hydroxyacetone, and a further

§ L m
fracti on conpr3StHP at E%%?l%?d}%§§agg?6népocBH@n@faﬁHdﬁﬁﬁéﬁcﬁﬁén@btained

and 15 pbe Ipstsstdimedi on i s separated into an organi c phase and an
aqueous phase in a phase separation step. Tn this enbodi nent of the process
of the invention, the m xture fromwhich phenol is to be separated is
firstly The present invention likewise provides an apparatus as

set forth in claim 9 for separating phenol from a
mixture comprising at least hydroxyacetone, cumene,

25 water and phenol, which comprises at 1least one
distillation column which is dimensioned so that an at
least cumene- and/or a~-methylstyrene-containing
fraction can be taken off at the top of the column and
a phenol-containing fraction having a hydroxyacetone

30 content of less than 300 ppm can be taken off at the
bottom of the column and at least one phase separation
apparatus for separating organic phases from aqueous
phases.

35 The invention also provides phenol obtained by means of
a process as claimed in at least one of claims 1 to 8.



20 fed into a distillation apparatus, preferably a distillation colum. The
distillation colum has to be configured so that it is possible to

fractiongjgobhgssi Xxture to give at |east one phenol - cont appyigof/f«ess | on and
at | east one further fraction conprising at |east 25 cunene, water and

hydr oxyacet one. The m xture is preferaldy-fed into the colum at a side
inlet, preferably in a position at which the colum has a separation

potential ofrhkr va%ﬂl(brﬁ%lsd)qjﬁdﬂldéﬁ ly pieferaldy duimendOahe BAS. The
colum is opg at, eddﬁ} 30_t hat fphenol cont ai ni ng fra ti,on can., be Eaken of f
in liquid fOPMPARSEhEHPEBRT 0P Tt e RITHAT 77 CAALH d\?larﬁ%g;eﬁﬁg to feed
part of thi onfr adft icdmimeckl ittt 8.t he col um. The phenol -containing fraction
which is separated off at the bottom of the columm and has a 35

hydr oxyacet one concentration of |ess than 300 Rpm is preferably passed as

. crude phenolTheo FdameadawpPk- e pracems ofhEheedpaieation a%sthgabottom of

colunn i s prgfeer abbpath@ALA40 wag?-ooeho@@htl Cith ar Itmeoreaféemyaﬂem 170 to
190C. The tenperature ajtéfthetop he. col rm is pref ra %GOto
a re

160C, parti GHRSHARYHA) alﬁ%“Pé-lffFSﬁl GBhFo BHdeh & £ the top
of the col umldavarjergysodet€ah et wee tdvit of hehé eimai aiduel afrhbeibap is

| ower than the t.e rature at thebttom The ssure _i,n.the colym can be
from0.1 to©< ectf"d‘rnnepcghefﬁl 8 i IT‘}é?l orr e&v&%‘? i sP ?(g'f1 ?abl"i}xl}:ud:er at fospheri c
10 pres30r e.pakid dulsst i ofthieakdoint f removiad t op dfydnce{yta@iahn‘ne,pr &M8rably in

vapor form aﬁ'ﬂm%ﬁrﬁéﬁeakrbﬁa%%e ﬂnol%i%% YA QXM AREE 098 the AMB i's

present Int or|g|na m Xt u AVB 1s al so resent 1ntheto
fraction. TrELaiRge abrPEMCh: ariorng suhptrbEdaaly| eimp¥iGiRosteo 100k

preferably fyomp9890 b¥ 98nda, t@ndlh%cﬁ'}tréli@ﬁn@r egeabtidn} hesitied Uukde from
95% to 100k pref erablg from 98%.,to0 99. 9% of e hydr oxyacet one %Q resent

in the m xt FeeRhdCRESHES Ry 88 gcQﬂV?rh%l‘?/%ﬁ r PEPESERES| ni} hi¥ ure.

Part of 16he fHaChy@nokgkeatoht aemblast dm ofhd hpheﬂbymaicnn fractddnback
into the colurgnn [ i Uld unback, .Pre

f 25
ranst orri ng M 1Ra0UEFT BRSHRErPRoBYI BRSCHAEA bRP AV FREVEGETORS: ne
di stillatiomwicth upherwla plhastoseparatricomdppahachs, haveg. aa Yeddnngr,

coal escer. nhARe: SEPARALT AhAUESSRl. Obr ShEACt Oland il 6D LRBaELAGH On can

be separate ases, Vlz aqueous phase and a organic
phase. It mefraye %%%@@bu@ﬁ@ﬁ@t%@ﬁﬂn I%Qm%)d%rtnelﬁestfr%rﬁb-r gani ¢ phase

of thisppraction, at |east part of the aqueous phase of this fraction or a
Pixture of qéggnic %ﬂ gyeous phasg to the C%qugﬁgs rgnback Th
erper at ur o GRS BRaCESERAIATRn RS TERTFed T PEOTFET oPBbIRS rom 20
to 100C at ainesphiesnc l‘pirseswre:l.gnlfic&ﬂltly more favorable energy
balance and also gives a higher total yield of phenol,
based on the phenol content of the cleavage product
25 mixture. The conventional procedure requires a
relatively high energy input. In addition, the yield of
phenol is reduced since the hydroxyacetone reacts with
the phenol, or it 1s necessary to add expensive
chemicals such as amines, and these themselves or their
30 reaction products have to be removed from the process
again, which is costly. The process of the invention,
which circumvents this problem by separating the
hydroxyacetone together with the cumene from the
cleavage product mixture, also requires a signficantly
35 1lower outlay in terms of apparatus, since both the
number of distillation columns required and also the
number of reaction apparatuses necessary for reducing



Very particular preference is given to returning at |east part of the
aqueous phase and part of the organic phase of the top fraction separated

inthe p g Fjar ation apparatus separately to the distipdpkpamadrocol umm.
[t may be advant ageous to feed at |east part of the aqueous phase back into

the colum in vapor or liquid form preferably vapor form at a point bel ow
the feed 10 point. The reflux ratio based on the anbunt of water taken off

and the anbyp of c¥REShtE et WNed s p6§£§6@§|Yb§LP¥bQu%tEO 3in VetHe
particularly preferably fromO0.4 to 2. The 15 reflux ratio based on the

amount of orfgAGtd PHasEs HQMH3- and the anount of organi ¢ phase returned
is preferably fromO 1 to 10, very particul arIy preferably fromO0.5 to 5.

The renai nder %ge n| C art of, t he %o t| Qn_obt ai ne}% f£gmthe
phase separ 4t i 5pp ?Hg 98 AR’ é’rt ? WrsETp P st 8Fgani ¢

. Ea(rjt of bhte mnzterftrrmtlm tbapr ithes tagtdltceasah calioreneis Tpeeﬁﬁuantlaﬂ.lyl t

ydr oxyace a o r 0
10$, prefera rom%‘ %h'?oggg 8@% %ﬁés% %?%x@%%etéfg)%ﬁéfgr?él P%gpgesent in
the 25 top fthacQIi gtprkad &Fén‘%@qﬁfehelef‘”lt% tdyifeous part of the top fraction

which is not recirculated to the distillation colum can be passed to
di sposal or work-up. This aqueous part 30 conpri ses the remainin

hydr oxyacet diR¥ f FBﬁt HERGTRS r 9t itd1$ V\JH-'F%ﬁelilE ABVepLdoBat The t ﬁ@géllgani c
part of 1ohe haibdy aeifi oBraVie pdyashegeirof at heohbde ofs opRIfEhiedn agcordi ng

to the 35 { that,the h t £ th f t

s concent r HEGAG # ERAFEF R PHLSOFTAk Ponioher BIRRRiPRARe PR or L on
(factor of 20uB9Ar obftbeahydr sxybbatoht jeeposaibleéhtoagundavstphébe in the
phase - :]éqlorf%&‘&fﬁ%% QEﬂi‘iﬁL%eEanEi‘Bnt{JHE?HEhQiSEHaPQE%&"som the

process in a e nmanner wt eous raction and

does not ha\lanUl%ease%hﬁ%@ew@f ﬂumb@m a%foﬂig‘émse ﬂtee%r%zlanw,t h&hgrior art

5 (US 43251, 5800 o/Sod, 332 68J11@fin US{ 5e 064180 Hegilon %mnﬂhewg%%ent of
t he process of t he i nventi on, the m xture |s segar %A:llnto an or ni c
fdftfestea

phase and an %%eoh?spﬁas?fﬁﬁ%qlqrea%?t%‘h@%ag d 10 the
organi ¢ phasghebtailond,i 4 .fa.acthenatgdohn aibofvreaCﬂHé)n@ﬂ)pdmtbstl &lrla@n) step to
give a phenol cont ai ni ng fraCtIQ??t{-'??n | ch | £ss t

hydr oxyaceto S are ﬁ‘rgsé‘r?tn R3 15,%0 ment 05]5138%6 %%esé:h&ts t he

i nvention, tdefimiktioe, fl@ﬂ%vm&nhaphendbni:s wétbetbépadatfenlltsonr,aﬁsferred
to at | ggst OOPRAIATEARRA 50| RRJROHA US, dRrlhr o URC AT Elne £O7! BFCCT
phase separation vessel or extrac whi ch the m xture can be separated
into 20 two pPhstR, thereghongootBephath &Y an or ganic phase. The
tenperature at which the phase separation is carried out is preferably from
20 to 100C at m)sgherl ssure. ré: 5 The_ aqg eous ha g of .the m.xture can

be passed t P sBHSGFSEr Sforiiq g venan fifhdre S afF OF r ShewdS & tat er and
a water treatpeby |dllasrttl,lla$1wre ddhowix fuces tcbtetapme;d a8t paht| afgehgart of

the hydnexyagelopgql’ PRIdGA" Hiktarsy PIES¥He | B1LDLSo8AUSPUS RSS-S0

hydroperoxide (CHP) into acetone and phenol with
subsequent work-up of the cleavage product mixture. The
process of +the invention 1is preferably used for
separating phenols from a mixture which comprises at

30 least hydroxyacetone, cumene, water and phenol and is
that part of a cleavage product mixture from the
cleavage of CHP which is obtained after separation of
crude acetone from the cleavage product mixture. The
acetone content of such a mixture is preferably less

35 than 1% by weight, very particularly preferably less
than 0.2% by weight.



The organi ¢ phase of the m xture obtained fromthe phase separation
apparatus conprises at |east cunene and phenol. The anount of

hydroxya%&;&l_i’sn this organi c phase of the m xture is fregmiphi1190260% 35
preferably TTom 30 to 40% of the hydroxyacetone originally present in the
m xt ure. - 13  This organic phase of_the mxture is then fed to a

distillation apparatus, preferably a distillation colum. The distillation

col um has %eb?m&g%fdtﬁe &R%nitgo'hs 1ROSRIdY 8 ey fﬂ@fc}]d} OB?t %aghe
m xture so as_to 5 give at | east one fraction conprising_phenol and at
| east one f &f EFRAMRERFOR ERePYOBkTEP BV | ehstitlmbher JheaniiKGugs s

preferably fagditey the enabUdti¥-2atally@ed MefogdHhRy abl¥atigd RBESi tion
at which the_gcolum, has ,a separation. potentjal of frlom 25 to 859 %0
particul arl f"&r ePBALpSYPEEGHERG « BOBBIAP THRE ¢ diftfim ciL&agp&sat Baogi'éct hat a

phenol - cbnt aiinitngrd r artthoutarthee pedkessof beingl irguita ifodred atot k@ ilzot t om of
t he col um. e phenal - coatai ni ract.ion ed of th tt om of
s ARenal - cagtal ng fraction separaled ol fgt the hold

t he col um, ydroxyacetone i1 s present in a conceritration of
| ess than 30Hlemwage sppedfiet apliytpaesby @mspanaddnshenotrudef aceteneanor k- up.

The tenper at it {10 Of o 1 N6 & YU AL d1S B bl y from 140 to 200C,
particul arl yf*{)are%?le?%rt}[ef/&goﬁl?ro%eﬂo o%l:)LQOC. The tenperature at the top of

the colum is preferably from60 to 160C, particularly preferably from 80

to 100C; g Therd&npesdd 8§ eoft theeiheaneioﬁheo,@otsetsariaﬁia?%h&nml eqlgpd so
that it is lower than the tenperature _at the b(gttom The gressure in the 25

col um can Bt PEERES] FIRFLEADT TRE JiSaSY | BYFERRYRFERINTs SHEEhEh| v
under at nosphetéx pi@spherol Themprisesofirhakeéonatingt thbemtiapuek Bie

colum, preferably Ln_vapor. for C rises at,l ne_and 30

hydr oxyacet Jﬁeéén‘T’fO};\N@%i g'e&’sé:seome i:ﬁg%)% l%r%"’.‘gi ﬂﬁgéﬁ%(%ﬁﬁn R%@pi ?r’eﬂ SO
present in tdle lepstrante haskthesepprdthoni shepr dhersasity owpyi $dwtf rom 95%
to 100% gpr r f 9 - 9 t epe d i

or' gi nal2m xtr o4k PAS) PAFRR EnEdlngho, TEact TpRC BnERENiny e

col unm can behdrd BAEkPPAt o Athe RIEA¥YAGEHINUI dlF or APEEIPGABacKKhis - 14

The advant agehé&hol-h€ofPden Dhgoperahic®ioaccorid ng yeryhe ipateildamds that

t he hydroxyacetgne if cor]:g:teniraé eg in_the water. A prﬁdogi nant .parlt of the

hydr oxyacet dPE® erably obtaine y a process’ in "which a single
fractional distillation step and a single phase

20 separation step are carried out.

Before the phenol 1is separated off, the mixture
preferably has a phenol concentration of from 20 to 99%
by weight, particularly preferably from 40 to 70% by
25 weight. The mixture can have a hydroxyacetone
concentration of from 300 ppm to 5% by weight.

Apart from the compounds mentioned, the mixture may
further comprise additional compounds such as a-methyl-

30 styrene (AMS), cumene, water, phenylbutenes, methyl-
benzofuran (MBF), dimethyl phenyl carbinol (DMPC),
cresols, e.g. o-cresol, mesityl oxide (MO), n-propyl-
benzene, isopropylphenocl, carbonyl compounds such as
3-methylcyclopentenone, (methyl) isobutyl ketones or

35 2-phenylpropionaldehyde, sec-butylbenzene, tert-butyl-
benzene, methylbenzenes, e.g. dimethylbenzene, or
acetophenone (AP).



. 5 goes into the aqueous phase in the phase separation apparatus and can

t hus be discharged fromthe process in a sinple manner. Further treatnent

of the tQwybs @ﬁsjon in this enbodi nent of the process of pEEEPHIYIROM9 ON In a
phase separatlon apparatus al so enables, 10 as in the first enbodi nent of
the process of the invention, the hyd:quacetone fromthe top fraction to
be di scharged via an aqueous phase separated off fromthe top product by

phase separ a}rlborprdfeésﬁ oot !ﬁh@nti@d;iemtosaboiaﬂ h}@epb@@@i&d?)fodﬁﬁem ngention,
very particylar pre £r is ,given t t.ai,ni a_phenol - cont ai ni ng
fraction V\/n:i@r‘_i‘ 85r 4G £ 5‘?%%%%%%%1%‘} it P W?gytv\ﬁﬁhfm@Prﬂlﬁgnol and
has a hydr oxafacketaste coneat edistdfl lagdont helre30@ngpat peefsdr althg PBakess t han

100 ppm and gyery. Rardd Gy ly preferably Iess than 10 ppm In both
enmbodi ments "of the process of the invention, it can be advant ageous to take

. off a fuPther fraction 25 conprising at Ieast one organi ¢ and/or inorganic

acid fromthe di stitsat éﬂﬁoamehet@i ithe Rrdiedd |dATERE $heBn¥Hana side
of ftake. Such a fraction, |stf;%re erably taken off froma side of f t ake

| ocat ed bel &W& HRL¥EEER pbf nE PG IPRE LRAX it & tankPaovene hgrBSﬂ:ﬂ-Bﬁ‘Péf the 30

colum. In tdlsa:l\@atid}e Peeep,t i opr&fePaby odyet s mmlyheafra@hhgaecan be
reduced furt I.n ,bot h enbodi nents of the_ process,of, the inyention,

can be adva lf&eloll}satf]ocfnflﬁft% aduntsCRf LomfYindsR3E whi cRREPEA 1 ready
presentldn tdomtaiding thrawtitoneatedthanhegadbesist dhdn s 38K ppre. of

Parti cul ar ﬁgm@eﬂ&gl VEEEngg xagietgge Elqﬁgmmgtsg%gﬁegﬁqa%gr wat er

or m xtures rrpr|S|n cun‘en er tot to be
treated. Th@addiawlarkan bereferpbdYout IRFdre 6haBuri P tRRMdi sOifl | ation

step and/ or Ry ByHethiiid N0 ahlde Phara-t3RpAr ﬁi:h@ﬁ1§ﬁerompJ.5.Léirhé hetfirst
enbodi nent of theo*gsr, cess of the invention, it can

ri
advant ageoust@3% 3PCLARSINt CHRERANBRS WRBEHr aﬁﬁt Q#Ef"&nﬁa aﬁ’i‘%(t ure

prior to5theih SIaH:ei:l mat:habnt He vwipiramed enftofan hergantior @hiasef rom 1
to 14% by wei ght_ and t C%r?ﬁne 10 cont.ent is frorxe&éoto 50% by weight. In

t he second (ﬁ'rhe?ﬂue?‘fs 2% HVARIRD R AP Wt S P t o the mi xture

before or during the phase separation step. It can |ikew se be advant ageous

to add 15 cuppng,}o éﬂﬁg&iﬂéﬂ’ccofhﬁﬁ@ ﬁio&@@s”ﬁft YhE Phi@htlilnlhe e

dlstlllatlon ste e cunene content o he
or gani ¢ par thdFt‘%JF\% fromurbiehs Bhenpl i§ FedPeoSeERaratsei Illsatﬁléﬁts'ltyep is

p][ efﬁrabby ffe&dn 51hQ050‘;{a bYd\!\L/QEQm.atZin néniah:aétfﬁ%gdl nBpé sephbl e far ocess
of the inventj enol obta m.t fee Xt ure not on
cont ai ns | oS LH 20K DA LRy Ry AHat et SIS danF obeq B
inmpurities smmttf:agupén@n;slobutbmbs;ltzasrepbylslbbheofumr aflrétbﬁl?():nahesmnd oxi de
(MD), n-progyj ENEo & ?9@%@/)18%@0'0 eC?;@%gl%x' c%R‘EBRH%% 8%
3- et hyl cycl opent'enone, I"'Sobu
2- phenyl pr ommﬁaaueﬁmt s@@ebﬁuytbea:zeﬁmcttl@rm cmmgmib%m@netorleast
Tel Y| POz NGmere 0 HRERENY\ARNZ A HERG (i MDUMG | SRk SEPAIA! od
fromthe mxture?g ether with hyl rene (AVB cumg,'ne gn wat er via
the top of (PEefiexaPLY at Fofl contifm. tRRe FP&ERNONatobRa fddeacddrid@ithg to the
invention capr@bebebipr kiad wp posithbsn brureihods kmewncblLamnt hgapripr art.
separation potential of from 25 to 85%, particularly
preferably from 40 to 60%. The column is operated so
30 that a phenol-containing fraction can be taken off in
liquid form at the bottom of the column. It can be
advantageous to feed part of this fraction back into
the column. The phenol-containing fraction which is
separated off at the bottom of the column and has a
35 hydroxyacetone concentration of less than 300 ppm is
preferably passed as crude phenol to further work-up.



- 16 The process of the invention for separating phenol froma m xture
conprising at |east hydroxyacetone, cunene, water and phenol is preferably

carried GgpohHe38 apparatus according to the invention. Spépigpopiyesy at us of
the invention conprises at |east one distillation colum which is

di mensi oned so that an at |east cuneneqgpard/ or a-nethyl styrene-containing
fraction can be taken off at the top of the colum and 10 a

phenol - c?nt aihd nlf.?bxﬁﬁéiﬁ%t@ﬁegé\tl Rhed M&%yafeb@fl@rﬁloni§nﬁ>r?fei:8§§ Ithan 300
ppm prefer e a ppm an art refe ess
than 10 ppm %brégrh 10538 gﬂeﬁobfg'atpatrﬁécﬁéﬁfﬁh{)&retfcﬁéa&ﬁ%# {28 \F/8ast one
. phase separ asafc app‘heattlsmlﬁeraﬂ&reemar athag topganifc phas e fumem agueous

h Th b I f has f
20 to 160, AATinan , 25l ofF Y7 1M G0 BT thakt PRafbprBRE. (1

. particul Bri vEnanef 6pr d zmoaﬁ@dumttmpemttap@aﬁat ushef tope qﬁw@hﬁ on, it

has a side ddiwpke ak Wiy S Eé@é&t@& Cs%rmEhﬂ: nﬁh%t t SRS r KNE-Hr g@ni ¢ acid
can be taken off | ocated between t §0| nt for the mi xture and the

bott om of t H*%oF8Rn. lsrhéoﬂ?ﬁaﬁlh@nacﬁr&"‘ pF% BﬁFaF’ﬁr?hé‘tf e BRTESR - 25 be,
for exanpl e Traé:eprésaﬁré ioxathe a6ldmnf eafl Geacttomr ohat ytfd 04 aphd¢.or a

m xture co east _one. of thesealds ase tlon

appar at us, ‘S%% ]fi]%gf) Ny falemn| i3 eREF ﬁrﬁP%YePﬁan’j &S Féégt one
decant elL0 Ptmrmsksu:seobt ai nabl e by the process of the inventi on. Thi s phenol
has a hydroxyacetone content of |less than 300 ppm particularly preferably

| ess than 100 ppm and 35 very particularly preferably Iess than 10 ppm A
cumene- and/Bhre ANB-agiriten nitdken xodfife Ahvi Bgea teRiucd g ogpatiemoene

content_can dideut a1 be 19pt 3hg8d bosRANSoRbrileshr ecestelt tharkaventi on.
- 17 The process of the invention and 191 aratus of the jnvention are

shown by wayC¥rer&kadce PHAFPEYagetpnef| g} touPreRENSr oesEhSr the
appar at us becbfl:ggﬁlé:eshﬁiﬁf@ﬂet 0 msewn‘mchdremseﬁtg ih sahematiogal |y

shows an enbgodi nent of ar%rs of the i i-on. The apparat us of the
i nvention coﬁf) Febny d lg?l I ‘gﬁ I Rre Yha$OlH %458 de &t et

t hrough whi cheasie firehurdSiSPtocaflbe bedfemabdy tﬂI@an@&)%JsbooB%@r%ar ating
off the phenﬁottﬁé &BﬁaBQppggge% &Hetﬂetﬁﬁfl‘cﬁicén e 6h! 'égg ttoh?.OtO_?ﬁp product

KP* and the om produ respective e t aken of
di stillatiorPEefenabdy tirompdsratte OO 9%t h@ £i et ihgiueayacgtonige bott om

of the ¢l uUnPredeheatireXeR@nafltWhe 4hd Meassm d79htsh dNesappr OpHeat € heat

energy can be jntroduced into the ¢ol um.
water present in the mlxture

Part of the fraction taken off at the top of the column
can be fed back into the column in liquid form as
25 runback. Preference is given to transferring at least
part of the fraction taken off at the top of the
distillation column to a phase separation apparatus,
e.g. a decanter, coalescer, phase separation vessel or
extractor, in which the fraction can be separated into
30 two phases, viz. an aqueous phase and an organic phase.
It may be advantageous to return at least part of the
organic phase of this fraction, at least part of the
aqueous phase of this fraction or a mixture of organic
and aqueous phase to the column as runback. The
35 temperature at which phase separation is carried out is
preferably from 20 to 100°C at atmospheric pressure.



Fromthe top of the columm, the top product KP" 20 conprising at |east
cunene, hydroxyacetone and water is passed through a heat exchanger WI3' in
whi ch t hgypepuezeduct i s condensed, and the top product i gcirmpesimie ed from
there to a phase separation apparatus PT1'. Part of the organic phase
formed in this phase 25 separation appgratus can be returned to the
distillation colum via RO. The renmaining part of the organic phase, which

conprises ayetrgasd amrﬁam.&ar C@&ebér@ﬁ&éedlé0g°1UfetxhetoV\DféKtlkhﬂli/rhg71 GA . Part

of the aque us €hase ca h ew se stur ned .in qU| d mto the 30
di stillati on®2druRA* Rl° eR@\ﬂueoﬂsf BPEREr P& Pa&t Ttfase can
. be conveyedphase heofli sthél atopn ﬁrmnmmrKl sepa:taiqsui d 1ar \t&m)r pﬂ-rarsza Vi a
RW' . The r ar aq i '
hydr oxyacet %@%&Pbcg%o g %@@ea i Z%\,?I%% or grg l\?\"g'?al?-luoﬁl.

. distill&iopokehom K1’ nay optlonally have one or nore side offtakes SOS

via which fractions conprising at | east one organic acid can be discharged

fromthe col um. Fig. 2 schenatlcalL% ihoms a further enbodi nent
e

of the proc&Es MY the |W@ﬂqa&’1"°uﬁ &t 4FE8% Abelfraht KPP PE P into a
phase separaquauap@ﬂfa%terOaF%ﬂ Jﬁff‘hﬁ @hgamo%mnrﬁf dmas@@fdbhe_lﬁqﬁm e, vvhi ch
conprises at _|east ¢ an en can_ be_fed,ipt i St tion col um
Kl at the S%BEmVi BT cﬁ%’ ?dpth%{seaibf at R+ xgﬁi@" %%’iecff%% ri ses
hydr oxyidcet padéntcan be passed via WL to utilization or work-up. If
necessary or desired, an 10 aqueous phase or water can be introduced into

t he phase segaratl on vessel via AW The organi c phase of the m xture which
is fed int oThRereslumn riatisgt bapedsioge thiea agoants off aettiegndiaken wifhe 15

colum to gh¥@ Bhbl ARt WH GRS ilLqie BN b 0 IRken of f
at the top of the colum as KP1 and a fraction which conpri SES at. | east

phenol and E&n de YRKEnPBEEIGRIRRLY hBERERTEP YN T Sintt akOS
di stil i@ i ope€olitmtadfi o hﬁs&lﬁp@rrﬁtﬂlfe Gimdute: Idﬁlen'ﬂgaificZQ)Ha’ﬁe risback

systens at tg% ang . at the b of the.colu ns_of . whi ch sone
or all of tR toﬁ?lﬁlr r SREA TN E"ret lﬁ‘%éifrfcgth]escol urm.
The heat exphatﬁgeale]fmeMZtardG,nsteﬂy e;mbrtmcuﬂeasrely Lmtmﬁdcraiyby ens and
make it pos eot g iRt rod :ﬁ_q:_? H.qpet | e bottom
or top prod%g?hlret %r rilze%d 5?0 eee%(r:eé??as“1r Isti tr?%:n tIOJ %ﬁ%an
optional |y bepprciaafeiant hob‘ﬁélbﬁdrmrfefom detheft leé§eSOS$GHEaer}h

fracti onsg CQ&BE'J:%'tﬁQs aisl RslsedNeLOr Q%&'tﬁe%C'@oﬁl@-f\zﬂ)e #n3shas f&om the
colum. 30 Exanp

m Xt ure conprisin |nt roali 73 pa of phenol ,
0 pari s of PERRGRE, Che s Hrackaen o KRR IBARE - GTB part of
hydr oxyacet ameuatd &f payidyoalyavatenewan feﬂlat drivardicdepast blfe tlsieeght of

the 40th theacetd sl PLA £o LOLE & 4004 | 864 O"oSRRUTL GV 18, % 1

t heoreti cal At es
to 2%, of the hydroxyacetone originally present in the

25 top fraction.

The remainder of the aqueous part of the top fraction
which is not recirculated to the distillation column
can be passed to disposal or work-up. This aqueous part

30 comprises the remaining hydroxyacetone from the top
fraction which is not present in the organic part of
the top fraction.

The advantage of the mode of operation according to the
35 invention is that the hydroxyacetone present in the top
fraction is concentrated in the water of this fraction.
The predominant proportion (factor of 20-30) of the
hydroxyacetone goes into the aqueous phase in the phase



- 19 The tenperature in the colum was set so that the tenperature at the
top was 95C and the.tenperature at the bottomwas 182C. The pressure in the

di stillatygRaaeg9! UM corresponded to atnospheric pressurger/Epgyidosct i on
taken of f at t%e top of the distillation colum had a water content of 8%

by wei ght, a cunene content of 79% by_?g ght, a hydroxyacetone content of
0.8~ by weight and an AMS content of 12s by weight. 10 This fraction was

t f d t I [ | Si
ransterred do,2 %gpar%th@' SafECRANC L h@d %%Uec?ff%% tﬁ@dc%%éd sihg
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a

the mxture 1S separated rnto or gani ¢ phase and an aqueous phase in a
phase separation step and the

15 1In this embodiment of the process of the invention, the
mixture from which phenol is to be separated is
transferred to at least one phase separation apparatus,
e.g. a decanter, coalescer, phase separation vessel or
extractor, in which the mixture can be separated into

20 two phases, viz. an aqueous phase and an organic phase.
The temperature at which the phase separation is
carried out 1is preferably from 20 to 100°C at
atmospheric pressure.

25 The aqueous phase of the mixture can be passed to
disposal or work-up, e.g. a phenol removal from
wastewater and a water treatment plant, as are known
from the prior art. A large part of the hydroxyacetone
from the mixture is present in this agueous phase.

30
The organic phase of the mixture obtained from the
phase separation apparatus comprises at least cumene
and phenol. The amount of hydroxyacetone in this
organic phase of the mixture is from 10 to 60%,

35 preferably from 30 to 40%, of the hydroxyacetone
originally present in the mixture.
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for the mxture and the bottomof the colum. 35 12. An apparatus as .
claimed in ay of GhaliBeSrLo 1 VAR St PaSe S50 BLiGRnPRY AL US T
preferably from 140 to 200°C, particularly preferably
20 from 170 to 190°C. The temperature at the top of the
column is preferably from 60 to 160°C, particularly
preferably from 80 to 100°C. The temperature at the top
of the column 1is always selected so that it is lower
than the temperature at the bottom. The pressure in the
25 column can be from 0.1 to 4 bar. The distillation

column is preferably under atmospheric pressure.

The fraction taken off at the top of the column,
preferably in vapor form, comprises at least cumene and
30 hydroxyacetone. If BAMS 4is present in the original
mixture, AMS is also present in the top fraction. The
top fraction preferably comprises from 95% to 100%,
preferably from 98% to 99.9%, of the cumene present in
the original mixture.
35
Part of the fraction taken off at the top of the column

can be fed back into the column in liquid form as
runback.
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than 10 ppm.

In both embodiments of the process of the invention, it
can be advantageous to take off a further fraction

25 comprising at least one organic and/or inorganic acid
from the distillation apparatus in the distillation
step via a side offtake. Such a fraction is preferably
taken off from a side offtake located below the feed
point for the mixture and above the bottom of the

30 column. In this way, the proportion of by-products in
the fraction can be reduced further.

In both embodiments of the process of the invention, it
can be advantageous for further amounts of compounds
35 which are already present in the mixture to be treated
to be added to this mixture. Particular preference is
given to adding the compounds cumene and/or water or
mixtures comprising cumene and/or water to the mixture
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to be treated. The addition can be carried out before
or during the distillation step and/or before or during
the phase separation step.

5 In the first embodiment of the process of the
invention, it can be particularly advantageous to add
such an amount of cumene and/or water to the mixture
prior to the distillation that the water content of the
mixture is from 1 to 14% by weight and the cumene

10 content is from 1 to 50% by weight.

In the second embodiment, it can be advantageous to add
water to the mixture before or during the phase
separation step. It can likewise be advantageous to add
15 cumene to the organic phase of the mixture prior to the
distillation step. In the second embodiment, the cumene
content of the organic part of the mixture before it is
fed to the distillation step is preferably from 5 to
50% by weight.
20
In both embodiments of the process of the invention,
the phenol obtained from the feed mixture not only
contains less than 300 ppm of hydroxyacetone but is
also depleted in impurities such as phenylbutenes,
25 methylbenzofuran (MBF), mesityl oxide (MO), n-propyl-
benzene, isopropylphenol, carbonyl compounds such as
3-methylcyclopentenone, (methyl) isobutyl ketones or
2-phenylpropionaldehyde, sec-butylbenzene, tert-butyl-
benzene or methylbenzenes, e.g. dimethylbenzene. These
30 impurities are separated from the mixture together with
a-methylstyrene (AMS), cumene and water via the top of
the distillation column.

The fractions obtained according to the invention can

35 be worked up further by methods known from the prior
art.
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The process of the invention for separating phenol from
a mixture comprising at least hydroxyacetone, cumene,
water and phenol is preferably carried out in an
apparatus according to the invention.

This apparatus of the invention comprises at least one
distillation column which is dimensioned so that an at
least cumene- and/or o-methylstyrene-containing
fraction can be taken off at the top of the column and
10 a phenol-containing fraction having a hydroxyacetone
content of 1less than 300 ppm, preferably 1less than
100 ppm and very particularly preferably less than
10 ppm, can be taken off at the bottom of the column
and at least one phase separation apparatus for
15 separating organic phases from aqueous phases.

The distillation column particularly preferably has at
least from 20 to 160, particularly preferably from 40
to 80, theoretical plates. In a particularly preferred
20 embodiment of the apparatus of the invention, it has a
side offtake at which a fraction comprising at least
one organic acid can be taken off located between the
feed point for the mixture and the bottom of the
column. The organic acid present in the fraction can
25 Dbe, for example, acetic acid, oxalic acid, formic acid

or butyric acid or a mixture comprising at least one of
these acids.

As phase separation apparatus, the apparatus of the
30 invention preferably has at least one decanter.

Phenol is obtainable by the process of the invention.
This phenol has a hydroxyacetone content of less than
300 ppm, particularly preferably less than 100 ppm and

35 very particularly preferably 1less than 10 ppm. A
cumene- and/or AMS-containing mixture having a reduced
hydroxyacetone content can likewise be obtained by
means of the process of the invention.
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The process of the invention and the apparatus of the

invention are shown by way of example in fig. 1 and

fig. 2, without the process or the apparatus being
5 restricted to these embodiments.

Fig. 1 schematically shows an embodiment of the
apparatus of the invention. The apparatus of the
invention comprises a distillation column K1’ which has

10 a side inlet through which the mixture SP’ can be fed
in for the purpose of separating off the phenol. At the
top and at the bottom of the column, the top product
KP’ and the bottom product SPl’, respectively, can be
taken off. The distillation column of the apparatus of

15 the invention has, at the bottom of the column, a heat
exchanger WT2’ by means of which the appropriate heat
energy can be introduced into the column.

From the top of the column, the top product KP’/
20 comprising at least cumene, hydroxyacetone and water is
passed through a heat exchanger WT3’ in which the top
product is condensed, and the top product is
transferred from there to a phase separation apparatus
PT1’. Part of the organic phase formed in this phase
25 separation apparatus can be returned to the
distillation column via RO’. The remaining part of the
organlc phase, which comprises at least cumene, can be
passed to further work-up via CA’. Part of the aqueous
phase can likewise be returned in liquid form to the
30 distillation column K1’ via RW1l’. A further part of the
aqueous phase can be conveyed to the distillation
column K1’ in liquid or wvapor form via RW2’. The
remaining part of the aqueous phase, which comprises
hydroxyacetone, can be passed via W1’ to utilization or
35 work-up. The distillation column K1’ may optionally
have one or more side offtakes SOS’ via which fractions

comprising at least one organic acid can be discharged
from the column.
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schematica shows a further embodiment of the
process of the invention. A mixture to be treated SP is
fed into a phase separation apparatus PTl1l. The organic
phase of the mixture, which comprises at least cumene
and phenol, can be fed into a distillation column Kl at
the side wvia S8CA. The aqueous phase of the mixture,
which comprises hydroxyacetone, can be passed via Wl to
utilization or work-up. If necessary or desired, an
aqueous phase or water can be introduced intc the phase
separation vessel via AW.

The organic phase of the mixture which is fed into the
column X1 at the side via SCA is fractionated in the
column to give a fraction which comprises at least
cumene and is taken off at the top of the column as KP1
and a fraction which comprises at least phenol and can
be taken off at the bottom of the column as SPl. The
distillation column of the apparatus of the invention
has runback systems at the top and at the bottom of the
column by means of which some or all of the top product
or bottom product can be returned to the column. The
heat exchangers WT1l and WT2 are installed in these
runback systems and make it possible to introduce or
remove heat energy into/from the bottom or top product
returned to the column. The distillation column K1 can
optionally be provided with one or more side offtakes
SO0S via which fractions comprising at least one organic
acid can be discharged from the column.

Example 1:

A mixture comprising, inter alia, 73 parts of phenol,
20 parts of cumene, 3 parts of AMS, 1 part of
acetophenone, 0.2 part of hydroxyacetone and 2 parts of
water was fed at the side, at the height of the 40th
theoretical plate, into a distillation column having
80 theoretical plates as shown in Fig. 1.
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n |s&g&g@%column corresponded to atmospherlc pressure The
fraction taken off at the top of the distillation
column had a water content of 8% by weight, a cumene
content of 79% by weight, a hydroxyacetone content of
0.8% by weight and an AMS content of 12% by weight.
10 This fraction was transferred to a decanter. In this
decanter, an aqueous phase comprising the major part of
the hydroxyacetone present in the fraction was
separated off from the fraction. Part of the .aqueous
phase was discarded. The remainder of the aqueous phase
15 was returned to the distillation column.

The organic phase separated from the aqueous phase in
the separation vessel had a hydroxyacetone content of
less than 400 ppm. Part of this organic phase was

20 returned to the distillation column. The remaining part
of the organic phase was fed to a cumene column for the
purpose of further work-up.

The fraction taken off from the bottom of the first

25 distillation column comprised, inter alia, 98.5% by
weight of phenol and 1.4% by weight of acetophenone and
only 13 ppm of hydroxyacetone. This fraction was fed
into a crude phenol column for the purpose of further
work-up.
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20 3. The process as claimed in claim 1, wherein the
mixture is fractionated in a fractional
distillation step in such a way that a phenol-
containing fraction containing less than 300 ppm
of hydroxyacetone and a further fraction

25 comprising at least hydroxyacetone, cumene and
water are obtained and the latter fraction is
separated into an organic phase and an aqueous
phase.

30 4. The process as claimed in at least one of claims 1
to 3, wherein the phenol-containing fraction has a
hydroxyacetone content of less than 30 ppm.

5. The process as claimed in at least one of claims 1
35 to 4, wherein the mixture comprises a-methyl-
styrene.
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concentration of from 20 to 90% by weight.

The process as claimed in at least one of claims 1
to 7, wherein the mixture has a hydroxyacetone
concentration of from 300 ppm to 5% by weight.

An apparatus for separating phenol from a mixturé
comprising at least hydroxyacetone, cumene, water
and phenol, which comprises at least one
distillation column which is dimensioned so that
at least one cumene- and/or o-methylstyrene-
containing fraction can be taken off at the top of
the column and a phenol-containing fraction having
a hydroxyacetone content of less than 300 ppm can
be taken off at the bottom of the column and at
least one phase separation apparatus for
separating organic phases from aqueous phases.

An apparatus as claimed in claim 9, wherein the
column has at least 20 trays.

An apparatus as claimed in claim 9 or 10, wherein
the column has a side offtake at which a fraction
comprising at least one organic acid can be taken
off between the feedpoint for the mixture and the
bottom of the column.

An apparatus as claimed in any of claims 9 to 11,
wherein the phase separation apparatus is a
decanter.
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. MBF) , mesity oxide 84 n-propylbenzene,
1sopropylbenzene, carbonyl compounds, 3~methyl-
cyclopentenone, (methyl) isobutyl ketones,
2-phenylpropionaldehyde, sec-butylbenzene, tert-
butylbenzene, methylbenzenes and/or dimethyl-

10 benzene.

14. A mixture which comprises cumene and oa-methyl-
styrene and is obtainable by a process as claimed
in at least one of claims 1 to 8.



