Process for the preparation of phenolic conpounds, for
separati ng phenol from cl eavage product m xtures, and
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relates to an inproved process for the preparation of
phenol i ¢ conpounds, and an inproved process for
separati ng phenol from cleavage product m xtures. The

invention further relates to an inproved apparatus for,.
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acet one has been of particular industrial inportance

for along tine. In the preparation of phenol from an

al kyl aryl compound |i ke cunmene by the Hock process,

c LS L g o cunmene hydroperoxide (CHP) in a
ffﬁgﬂfpgégﬁ$8ﬂvs 286 known as the oxidation, and the

CHP is subsequently concentrated to from65 to 90 by
wei ghtnjdnt fory aedbrRditet ah! afdrened kiveeesasfdrhehe preparation

concentration. In a second reaction step, known as the .
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cl anke Lg,%@@q}@ar hﬁ&f@%ﬁ@%ﬁf@%e?he Yetdfie ,k'tﬂg é‘]%ablé](‘?e product
further comprises additional compounds which can have been formed
in the reaction steps preceding the cleavage and which are only
partly transformed, if at all, in the cleavage. The most important
compounds that may be present in the cleavage product in addition
to phenol and acetone are, in particular, a-methylstyrene (AMS),
cumene and acetophenone. In addition, small amounts of dimethyl
phenyl carbinol (DMPC) formed in the oxidation can be present in
the cleavage product. Further impurities include compounds such as
methylbenzofuran (MBF), hydroxy acetone, mesityl oxide (MO) and
carbonyl compounds such as acetaldehyde and 2-phenylpropion-
aldehyde. After neutralization of the cleavage product and
possible removal of an aqueous phase, the cleavage product fis

worked up by distillation.

Various processes for working up the cleavage product mixtures by
distillation are known (Ullmann’s Encyclopedia of Industrial



distillation are known (U lnmann 's Encycl opedi a of
I ndustrial Chem stry, 5th conpletely revised edition,
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Weinheim. In principle, al? these processes involve
initial neutralization of the cleavage product
m Xt ures usi ng aqueous sodi um hydr oxi de, am' nes or
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piﬂg[]@f“ to Allied). In this process, the cleavage

r{aqrstly separated fromthe crude acetone in
a crude acetone columm. The bottom product is
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glérpq§g at heh ﬁheﬁéf fer%qllg th%at‘érttﬁ%m phenol by

dwst111at1on e.g. mesityl oxide and hydroxy acetone, are
condensed to form higher-boiling compounds.

Prior art

Such a process 1is described, for example, in US 5,064,507
(assigned to Allied). In this process, the cleavage product 1is
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, 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 product 1is reacted with an
amine, preferably hexamethy]enediaminé, in a reactor having plug



and other inpurities. This bottom product is reacted
with an am ne, preferably hexanethyl enedi amne, in a
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convert carbonyl compounds,3e.g. acetol (hydroxy
acetone) or MO into higher-boiling conpounds. The
product, which has been treated in this vvay is worked

up further by distillation. However, it to
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of the col umm the organl c phase is taken off and
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hydrocarbon column.

EP 0 032 255 (UOP) describes a process for working up cleavage
product in which the organic part of a virtually neutralized (pH =~
6) cleavage product is again washed with water and then the
organic part is transferred to a crude acetone column in which the
crude acetone 1is 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 turn is fed to a purifying
distillation. The mixture taken off overhead from the cumene
column, which contains principally AMS, cumene and water, s
transferred to a phase-separation vessel in which an aqueous phase
is separated off. The resultant organic phase is transferred to a
washing column in which the organic mixture is treated with sodium



distillation. The m xture taken off overhead fromthe
cunene colum, which contains principally AMS, cunene
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in which an aqueous phase i¢ separated off. The
resul tant organic phase is transferred to a washing
colum in which the organic mxture is treated with

sodi unhydr o e solutio d t .
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5,510,543 (GE) describes a process for working up the
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or gani £1 4GLAS \WeL CRnd Ketone-rich fraction and a phenol-rich
fraction. The phenol-rich fraction is taken off at the bottom of
the column and fed to a phenol purification, which can consist,
for example, of one or more further distillations. 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 into 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 fraction are neutralized. The mixture arising
in the bottom phase of the column which, in addition to water,
also contains hydrocarbons and the salts of organic acids, 1is
transferred to a phase-separation apparatus in which this mixture
is separated into an organic phase and an aqueous phase. The
organic phase can be treated again for recovery of cumene.



al so present in this fraction are neutralized. The
m xture arising in the bottom phase of the colum
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hydr ocar bons and the salts ®f organic acids, is
transferred to a phase-separation apparatus in which
this mxture is separated into an organi c phase and an
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background a different column circuit is proposed. In particular
two columns operated under virtually the same conditions are used
in which the bottoms product produced is predominantly phenol,
whereas predominantly AMS and cumene are taken off overhead. The
crude phenol taken off as bottoms product in the first column is
fed to further work-up steps, and the crude phenol taken 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. |

GB 1 021 759 (Mitsui) describes the work-up of a cleavage product
mixture, which has been obtained in the acid-catalyzed cleavage of



crude phenol taken off as bottons product in the first
colum is fed to further work-up steps, and the crude
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colum is fed back to the férst columm. The overhead
product of the second colum is treated with sodi um
hydr oxi de solution in a wash columm. The over head
product of this colum,
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(assigned to BP Chem cals), the work-up of a fraction
whi ch has been substantially freed of
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acetone is taken off at the top, with this mixture being separated
virtually completely from the crude phenol remaining 1in the
bottoms and thus not having to be removed in a costly fashion
during the work-up of the phenol. This process gives phenol
containing less than 30 ppm of hydroxy acetone. A disadvantage of
this process is the fact that the input mixture has to be
substantially freed of water, which is why an acetone fraction
comprising low boilers and also the major part of the water
present in the cleavage product mixture has to be separated from
the cleavage product mixture in the preceding separation step. The
work-up of such an acetone fraction by methods of the prior art is
relatively uneconomical, since a high expenditure for apparatus is
required.



bottons and thus not having to be removed in a costly
fashi on during the work-up of the phenol. This process
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acetone. A disadvantage of this process is the fact
that the input m xture has to be substantially freed
of water, which is why an acetone fraction conprising
| ow boilers and al so the major part of t
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A process for phenol rectification with energy recovery has been

described in US 5,131,984, however, the crude phenol feed has to

be freed from substantial portions of acetone, cumene and AMS by
conventional process, thus 1imiting the overall energy recovery

possibilities.

A similar process is described in US 5,122,234 (Al11ied) with the
difference that water is additionally run into the column and at
the top of the column a mixture which predominantly comprises
water and phenol is taken off, which mixture is partly condensed
and returned to the column.

US 4,340,447 describe a process and apparatus for obtaining pure
acetone from CHP cleavage reaction product.



crude phenol fraction is taken off fromthe bottom of
the colum. A process for phenol rectification with

wenersgpsasecovery has been described in US 5, 132C9842004/007277
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however, the crude phenol fged has to be freed from
substanti al portions of acetone, cunene and ANMS by
conventional process, thus limting the overall energy
recovery possibilities. Asimlar process is described
in US 5,122,234 (Allied) with the difference that
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ofofapn%at’uhmnt h%@npp)nn tonbentseparitedr dregsdbe 1abresHess oned
%g rdeescrlbed that reversal of the order of the

WB &S steps al so enabl es phenol havi ng a hydroxy

acetone content of less than 30 ppmto be separated
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phenol, which comprises fractionating the mixture by means of at
least one fractional distillation step and at Tleast one phase
separation step in such a way that at least one phenol-containing
fraction containing less than 300 ppm of hydroxy acetone 1is
obtained.

Further, an apparatus 1is proposed in DE 100 60 505 Al and
WO 02/46133 Al for separating phenol from a mixture comprising at
Teast hydroxy acetone, cumene, water and phenol, which comprises
at least 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 hydroxy acetone content of less than 300 ppm can
be taken off at the bottom of the column and at Teast one phase
separation apparatus for separating organic phases from aqueous
phases.



phenol, which conprises fractionating the m xture by
nmeans of at |east one fractional distillation step and
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at | east one phenol -contaifing fraction containing

| ess than 300 ppm of hydroxy acetone i s obtained.
Further, an apparatus is proposed in DE 100 60 505 Al

and WO 02/46133 Al for separating phenol froma

m xture conprising at | east hydroxy acetone, cunene,
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the fractions are reduced.

Brief description of the invention

Although the process and apparatus of DE 100 60 505 Al and WO
02/46133 Al provides significant innovation with respect to
earlier known processes and apparatus and improvement of both
efficiency as well as energy consumption, and further, Tess
monetary capital needs to be invested for machinery than in the
past, however, energetic efficiency is still an issue and there is
a ongoing need to cut production costs without affecting the
quality of products.



colums required and al so the nunber of reaction
appar at uses necessary for reducing the contents of the
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Brief description of the imwention Al though the

process and apparatus of DE 100 60 505 Al and WO
02/ 46133 Al provides significant innovation with
respect to earlier known processes and agparatus
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pr?%oHCtthe distillation column, whereby the heat take-off s
situated above the side stream take-off of the third fraction.

With the process of the invention even an highly integrated
process as for example known from DE 100 60 505 Al and WO 02/46133
Al can be significantly dimproved with respect to energy
consumption and monetary capital investment for apparatus
required. The process of the dnvention provides an internal
reflux, thus improving the reflux ratio, whereby the column head
for removing the first fraction can be constructed much smaller,
and further much smaller condensers are required for removing the
first fraction from the cleavage product mixture.

In a most preferred embodiment of the invention the heat removed
from the distillation column is used for heating a second



m xture to the distillation colum, characterized by
renmovi ng heat fromthe distillation colum, whereby

woheaoshesis7t ake-of f i s situated above the side BCTERR04/007277
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take-of f of the third fractiton. Wth the process of
the invention even an highly integrated process as for
exanpl e known from DE 100 60 505 Al and WD 02/46133 Al

can be significantl roved with_respect taq ene .
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costs as well as nmaintenance costs as no heat

eﬁﬁﬁ&%&%ﬁgr s $éﬂpabé3daévéntageous if the bottoms of the second
purification column are fed through a heat exchanger Tocated at
the heat takeoff of the first column.

A preferred application of the invention is a process, where the
cleavage reaction mixture is part of a cleavage product mixture
obtained from the acid-catalyzed cleavage of alkylaryl
hydroperoxide.

The process of the invention is of important economical value
where the alkylaryl compound is cumene, the phenolic compound is
phenol, the ketone is acetone, and the hydroxy ketone is hydroxy
acetone.



hardly accessible places, and particularly allow ng an
i nexpensi ve and strong col unm design for high w nd
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of the second purificationiolum are fed through a
heat exchanger | ocated at the heat takeoff of the
first colum. A preferred application of the invention
is a process, where the cl ea¥]age reacti m.xture i
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The process of the invention is of inportant
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removmgI a secong %rac%mri cor?]pmrs?%vsubgtﬁuted or unsubstituted
phenol at the bottom of the distillation column, and removing a
third fraction comprising optionally hydroxy acetone and cumene as
side stream, whereby the side stream take-off is situated above
the feed of cleavage product mixture to the distillation column,
wherein the cleavage product mixture prior feeding into the
distillation column, is preheated to a temperature of above 100°C
at standard pressure, preferably to a temperature between 110°C
and 180°C, most preferred to a temperature of about 140°C to
146°C. At his temperature the cleavage product mixture is at least
partially evaporated, thus introducing additional heat energy with

the product mixture into the distillation column.

The separating process of the invention provides both reduced
apparatus requirements as well as improved separation performance
compared to the processes known in the art.



third fraction conprising optionally hydroxy acetone
and cunene as side stream whereby the side stream
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product m xture to the disti3l|lation columm, wherein
the cl eavage product mixture prior feeding into the
distillation colum, is preheated to a tenperature of

b 1000C at stand
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During the cleavage, part of the AMS forms high boilers (dimers,
cumylphenols) which are discharged as a residue from the
distillation. The AMS still present after the neutralization is
hydrogenated to cumene during the distillation and is recirculated
to the oxidation. DMPC that has not reacted in the cleavage goes
as high boiler to the residue, and part of it reacts further in
the hot phenol columns to form AMS from which high-boiling
secondary components are in turn formed. The DCP is stable at
customary cleavage temperatures (50 to 70°C). In the hot phenol
columns, it decomposes thermally to form by products. On the other
hand, in the presence of acid, DCP can be cleaved into phenol,
acetone and AMS at temperatures above 80°C. It 1is therefore
advantageous to react the residual DMPC and the DCP formed in the



di cunyl peroxide (DCP); the rest remains in the
cl eavage product. After neutralization of the cleavage
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distillation. During the clidavage, part of the AMS
fornms high boilers (diners, cunyl phenols) which are
di scharged as a residue fromthe distillation. The AMS
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‘A@?é’nggpﬁé Saﬁ%ﬁ?%cﬁ@]é(’t{ tdéﬂl/éﬁéﬁﬂ”@f eﬁk?e' Y)CP NFQBYSin the

I'S conver I nt o phenol acet one

arfd epvageniiseo %nobud@eboﬁ%éﬁﬁa‘wsaf txémgt teEperakEress of from
t hl%oclt%avmec pr 9§®@5m%1ald@§@dﬁbebe%n mh@smaﬂl b@ﬁelrntrié%tment

2,757,

FGRh 18P tsaMe seect e, oo, TR Gt of 1% CAPREGES Of

?fﬁrﬁm tgoleaitaenltw\ﬂas ¢-‘omo141gte trehPEr8y7i Bﬁmb&iﬁ Ahe DWClafter—
n congr ;

af ¥R Ty a Ront rdn Ras Bai (ETRT ARG CaG rgve. 150°C.

caoleeerdingiy of thae Ommmorhmden*atume rangasvagpeciihied for the

D90k, 2SR PIRR0RANEY 1500l BARFER, g pcuct o

afdigirer padehenn Wie §15G0syERRe 16W%$Ptve as in US
4,358, 618, usi ng tenperatures of from80 to 1100C .

ca’?!l (thc 197éﬁgé&§qﬂﬁb3 gé'a%%ig&%%%g%?EU%sthat an
Aceffedt hg! Y cod hiegopt amunpbenpet atlyr e tempgestwspectdited] s
foFequ1Féd to inhibit reaction in the transport 1lines to avoid
forming of bubbles and vapor which would cavitate the
transportation pump and therefore causing a general failure of the
process. Further, effective cooling is required as a first step to
stop the reaction, prior to neutralizing the reaction product. US
2,663,735 proposes removing of the reaction heat by acetone
evaporation and controlling the temperature by feeding acetone to

the reactor as an alternative to the use of cooling water.

In all these previously described processes, the cleavage product
is firstly heated by means of steam in heat exchangers for the
thermal after-treatment and, after a sufficient reaction time, is
cooled again by means of water in heat exchangers. Depending on
the temperature selected for the thermal after-treatment, this
requires significant amounts of steam and cooling water. We have



thermal after-treatnent of cleavage product from
phenol production differ widely in the disclosures
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poi nted out that an effectise cooling, and
particularly, tenperature control is required to
inhibit reaction in the transport lines to avoid
form ng of bubbles and vapor which would cavitate the

t r Eovegokhadt iiBeressns carastiencpolageedil ey Jygrirskigrs 1n the
1; Zhéuallt{ gxéﬁanb@t@s Bﬁfglt@ﬁ?r@ % dﬂ:J gchbetherﬁaéf eftbr e regbhdmogeserally
I‘ ea 0]
Tor s et o0 banebberior buabov i ad G Hk tnis 1
prmsea;terdewmt/h 5;9 ckrrfast‘lrm_deemaﬁeomn t‘remt byarscet orihrtycu]ar]y
or,at | n e e
oHE (e REsERC P hednbORoS THRREEE bE Pa S (itean.
cotdrag inafemmation 201 argasic meposdgsiop desdhatbégat exchange
pré’tﬁ%é%’ont bee ©r8 &%1@5OQHC’Eha*tstﬁésreSbﬂ)ﬁ’ar%@ée%dhE’\Ye to be

means of steam i n a% exch ers
P

af € aned et wemtiyady saprler ”59 \FI6] %]Qé’nt fey é’@@gﬁon his ygouling

| Sieehess FgpiHerbys antsempbraires indrbgals . exchangers.
Dependi ng on the tenperature selected for the thernal

after-treatnment, this requires significant anmounts of
st@larﬂloanalczﬂﬁﬂ iAdganatE®r 1 VEl Ka%eAbumdrefure pnaposasadprocess

ﬁ(ﬂgn’@gﬁ’;ﬁhgﬁ%&ﬂl %I?"t?ro' e?ﬁn hBrFogré“atvégénpr%@g?e?h%m cumene
gelfwh“aperymdeu¢@aaag@bWéCMMW§ nadspBty 4170y swlegsivity but
1o@%eﬁnpyscds%sa§rﬁp%' At a0hi Thpa 1 fnastk ctslecbedire of

eat trans Parti cul par tuses

heﬁ@q ﬂ@gthéuﬁft‘od‘ucpr%ﬁsﬁea o?hest%g?’ﬁma het erstreatﬂment of

f og TRl g® @fro@ﬁcﬁamfﬁondem@l tagiratheydedt dleavagxchangtimene
su rfaces on ,the so t hat these.

TEPE<RY dﬁa @%?o pﬁ@n%fegﬂ%daﬁ?tqngl at'l v\ﬁhvhshme( cleavage
i nprerduatst@f ba tesstedekkermahiy fouldatgdi mere@aseactor and in

furiﬁj&‘ﬁr Raich hg@‘l @P@%Rﬁ{me%ﬁ ' 98585 on@Ee%Q%e%?méSfeaction

ef ore propo a process
t hecqureimgl irafthds- treasliareris oftitizedvdge peajduet the osfeavage

Cumcpggats I()@ﬁ%ﬂ@d ctweg%?g%a eﬁ»ﬁ;:ﬁq@ igﬁ’%’%rn%hﬂéﬂex a high
S \cab1 Yty Ofirer 8T e of e OEMo koG g s hoer 1nd bf the

IOF @ﬁ@@? teytst bed thérighér abtestingepdmedt opfthel peataggechangers

Progugl, LhOMVG. A% drcrliAivgedmne! SRYAYE OF T80 482 Al
and EP 1 151 985 Al is provided for the thermal after-treatment of
cleavage product from the acid-catalyzed cleavage of cumene
hydroperoxide into phenol and acetone, in which the cleavage
product to be treated thermally is heated in a reactor, wherein
the heat of reaction of at least one exothermic reaction occurring
in this reactor is utilized for heating the cleavage product to be
treated thermally in the reactor.

Likewise, a reactor 1is proposed for preparing phenol and acetone
by acid-catalyzed cleavage of cumene hydroperoxide, which has at
least two regions of which at Teast one region is equipped with an
apparatus for removing heat and at least one further region has
plug flow characteristics. The apparatus described has the
advantage that the actual CHP cleavage and the thermal after-



hydr oper oxi de i nto phenol and acetone in which the
cl eavage product to be treated thermally is heated in
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| east one exotherm c reactil®on occurring in this
reactor is utilized for heating the cl eavage product
to be treated thermally in the reactor achieves a high
selectivity of the afééar--treatrrent co i t

] i ned h .
| dweRtmRItoEan the eoidrged dhspae arﬁa%orhigﬁﬂ'eﬁeeaﬁgw&ﬂpﬁ&f which
fpeirs: %r@j‘yTﬁ h@oﬁb@ﬁéte@ixg%laﬂ‘lﬂ’@ti%n@geTﬂ@é [irbee%vmfdabti]ﬁ(moﬂl 482

0 1 Ng. e r S .
93% N]giEsP Er]oﬁ ggg @oﬁaﬁ Rget ﬂ(gvlaﬁ%?geaﬁpﬁ’- t%p@%{q?gn?&o%%rher
clewavagsiopa bdpmcessesm shigniddcanidat dbyy esteameds agrgufed for
C : opar e - , }
HERERALY AR ArBUftP e B SUPIETRUDRE: theth, Ghter
i rireatrendt of T thehasitnof Hgarktan dfiberaied ivhtbe ternehsiter-
O%eﬁﬁrﬁéﬁfgﬁ ﬁ1ee; RAE4VAOR PERMEEL | X0 sURFidieAt r adet 0e i steam

utilrze ti the cl eavage product .1o be .

t riogt dathed nkllg ycfe%vf“‘gfe P gr .Caﬁi ﬁgwiogly?t%q fddrely. I
i Sc_dgnltﬁ@ﬁled 15rgtfce|9£&p@rimfephmpalra’amésamt\mmeh tyteam or other
acid-cafalyz cl eavage ,0 . p ide, :
neuEeE SR v BYF SRe P i O IR 06T 2T, ndRD the
| sclequagmedomidth doulEpgaceturs tora rsdgoviiegnblatleaser gxtent
l e furt r&gi.o gnF| : . ;
ol Sefaft & eh ORI BPoflctdol RE. iyentign, for treating
adirentdgpyaghgiroguel .act ual CHP cl eavage and the thernal
aftertreatnment can be conbined in one reactor, the

description of which is hereby incorporated by . .
r eflereRERTETTAG %W@@H@%@F I PYOGE 51 0 g5 enyi Nl 18 the First

15&@%@&xﬁ'¢9ﬁ&1§@§ aﬂva@b§m67§%abf ﬁomﬁﬁbﬂd poesart! i & the
conventi onal  progcesses,, Si . ess steamis

r €gifoV e ngdﬁéaﬁ?f? e He g?gﬂg\)gé‘@{b&% ¢t to be

subjected to thermal aftertreatnent. If the heat of

ti ' i f t t f
B PRI e TR (fL 008 gl o cho
f oinviesiomgat héeagte sanggePPNBHRNTEHH NBe T6ATE 08 1s  obtained

entdri8liding MeSONthast 30 FinPCeFeeeradNyotbey than 30 ppm, of
apparatuses_ i n which steam or other suitable heat

t rIEPRY 3689 are continual Iy used for heating the
cl eavage product, fouling occurs to a significantly

Lﬁ%%ﬁ%g@ﬁbﬁgh ﬁiv?ﬁ%%gbpﬁg%m%hﬁp(ﬂﬁb?&ﬂfﬁﬁmﬁFﬂﬁ%ﬁsa?f1east
hydroxy acetone, cumene and water and the latter fraction is
separated into an organic phase and an aqueous phase. Preferably,
the organic and/or the aqueous phase are returned to the column at
least partially.

In a useful embodiment of the process of the dnvention the
cleavage product mixture comprises a-methylstyrene, and/or the
cleavage product mixture has a phenol concentration of from 20 to
90% by weight.

Preferably, in the process of the invention the cleavage product
mixture has a hydroxy acetone concentration of from 300 ppm to 5%
by weight.



the cl eavage product. In a preferred enbodi nent of a
process of the invention the first fraction conprises
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product before the distillatzion step. In a

particularly useful embodi ment of the process of the
i nvention at | east one phenol -containing fraction is
obt ai ned containing | ess than 300 ppm _preferabl ess
t &R BOOGHSM b1 they dP¥XAL A etBhOe Phest dabRY, 1"@‘”9%‘?4 pEpCess

fr@@tw@ aﬁw@btmnleﬁ@v wmawg nmeatwdrﬁza@;ﬁ byddesyillation of
acet ter fraction is.

sép %’feéd Osgewegna%r@ﬁ% ef 558{]%89%@@8%%&5”( Wase in the
Prdearsdd yof tdumens ghydrop arm:khl de (ﬁ@)aquﬁouscgtmme aade pheno
ret.urn

R SR CatenE  S8EF Th, 24  FR7L GPARGUE, bFodch rikEare!! The
clpracesse ofr baricnventkioanr & Eoefriades Lsﬁedefmwsg@@naémég phenols
andior 5 tﬁl?xﬁlr%avﬁﬁfchorc%gb‘ﬁtseg éEUW@astEa%c@tcﬁféen%mene water

concentration of fro efe

i nchehendcasd &5 hee Cil eaVaaR | BIPdURR 'E%@HO% éroﬁ'r %%Cn%ﬁeavage
mgagt gge. has a hydroxy acetone concentration of from

300 ppmto % by wei ght. The process of the invention

can be used for an inproved process for preparing
phgrolabove landi pghdrhebyerts- ape bfurdhst i ddhaeveth byf an apparatus

mfﬁr géar%ﬁﬁ ﬁg#]g)%%pg P £ ANt 4 afi kN Qfoﬁz i O‘ﬁgpé’é)d%%g’% tone,

vage of cunene
i ntumeae et walerarmddplipbes | wicompRisEES qa nﬂea/&ir Iengp déﬁtﬂﬂétmﬂ

C'&ﬂ\ﬁﬁ?%ﬂ"cﬁd%td@b%&%% stle PH&P%%SMHSﬂ Bﬁe'dﬁ\*ﬁ@ﬂéi Qd/or

IS pre erab used for separ t|n h rom

rmi ktgtay | S/Ub{r@'ﬁe"@@ﬁ}?ﬂné@% Bactdar pc eon’f@keeuﬁéﬁeat a side
V\Béﬁ"‘tal@é‘dom*tﬁéobomﬁlﬁ i scatbe a:ﬂoa@vagewd@r ddlet fiorxfegdcing the

m the cle ge CHP. , The v
ar% Urdheér O‘i‘éﬁl @véwrﬁyarédn aaB}E)eaﬂDZt %@%Eg?ﬂ@hgé?&[%ﬁya% ng a
phewbxy rapmtaneri conberet odnpesssithgn a300 east cacdeoheken off at
n Cc t e
SR SpL B . 200 IERS acaRESAes 2L heasly ebcine cotunn
| bt remeyicdnenersantastion comprising acetone, characterized in
that the distillation column further comprises an intermediate
heat exchanger or side offtake for condensation Tlocated above the
side offtake and below the top of the column.

The apparatus of the invention requires significant Tlower
expenditures for construction compared to those previously
proposed as a much smaller column head is required and less
expensive condensers provide for removing the first fraction from
the mixture with at least a similar separation performance. As the
intermediate heat exchanger probably improves the internal refiux
ratio of the column, also improved separation performance can be
expected.

In a useful embodiment the apparatus of the qinvention further
comprises at least one phase separation apparatus for separating
organic phases from aqueous phases.



a- met hyl st yrene-contai ning fraction can be taken off
at a side offtake of the colum | ocated above a side
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phenol -containing fraction8having a hydroxy acetone
content of less than 300 ppm can be taken off at the
bott om of the colum and an offtake at the top of the
colum for renmoving a first fraction conprisi

i sin ,
adeért an@retertedcemadisent Tt hae apparabys iqf é%?o%m(%lt&% the

tﬂ]rﬁr; haSNRY Negs: 20 trlygr medi at e heat exchanger or
e of ftake for condensati on | ocated above the side

of ftake and bel ow the top of the colum. The apparatus
OfTh'ehQ)oItwﬁn@f ofin I gEpHraess sacgjmirﬁm;anto | tveerinvention can be

C TR S ass SFHeEoTRREd - 0oRcer e sice
r em]et eth andsd @sexBKpENEd Lhe cqmg@msf@rrspw@atw ftbe c1eavage
[gdggpbw mﬁ@ﬁe befor! BRGY! 9itd ERMNdOMEmA Xture with at

a sim separati'on performance. As the
i ntermedi at e heat exchanger probably inproves the

'”ltrg g?! %%&U :J@on’ibéﬁiriégﬁgaﬁf‘gtﬁ@ Um\?ten*gicﬁlo theor Qﬁbpgratus is
ecte a,use

SR et Z&ﬁ&%pﬁ@ﬂ%t% (ﬂr & n\}'ént\norbe]aB Fﬁi Ak fluid
thee@?emamt}ea@t hearte epbizesges epawnat ream appar ahasndflomfter-
separ

orarar il RRSRM B TER ThAS SENRAMRTHE SRR B, of the
tnmodmmgmwatms ot Fbemt ogmeratsds. TroMe @wrldamm @f atﬁe atter-
SI rrpl Pine ed%‘gﬁ@ﬁ&sn%w Féh%atm{;e%bmﬂe&ﬁrbfoechfeutbhﬁﬁn thus

rehea oCa tream

i i .savmgost@epﬂesa Cit t)du‘lmnﬁh%h%d“ Trep et@@%“r}ggwater

t hencl eRvagfeds odugt Rhatmire Rhéely emthyrdisto phevided for
colum. In.a i nvention the

apﬁi%{"rrﬁﬁﬁ@m@gﬁyhg?%ﬁtngr?gghe Wt]yﬂ%\t%egﬁe preheater is in

heat transfer fluid connection with a heat exchanger

:gﬂglg? ﬁ}éen é?cf e{@bgﬁﬁ 'ﬁ‘ErBf et?fe”'%ﬂ%eﬁtﬁ?ﬁt L &%ﬁ“é@ﬁemzed

steanhh@ener heaid e%ﬁb@ﬁ%ﬁod@%@tbéﬁaﬂt o0& af tfe&rﬁr\aéaaﬁwttreatment
Paﬁalé%rs B&”E]e%r %?rﬁ%' 5‘]9 F&ﬁaaft@ﬁd16’éat*eheu§§’irle‘m otfhltﬁe side

Ccﬂﬂ|ezg%&2% ; go{UH% Thuslﬂgﬂ n%]eavagee%}odué% nnx%hre after
being cooled down for neutralization and intermediate storage for
removal of salts, is fed through the heat exchanger downstream of
a thermal after-treatment reactor outlet, and subsequently into
the distillation column. Thus, the neutralized cleavage product
mixture forms a cooling medium for the cleavage product mixture
before neutralization and is preheated at the same time to
approximately the temperature associated with the thermal after-
treatment of the cleavage product from the acid-catalyzed cleavage
of cumene hydroperoxide. Therefore, huge amounts both of cooling
water and heating energy can be ‘saved, significantly improving the
cost effectiveness of the use of an apparatus according to the
invention over those of the prior art.

The process and apparatus of the invention are described below by
way of example for the work-up by distillation of a mixture



and the need for thermal energy otherw se provided for
correspondi ngly heating of the colum feed. In a nost
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in that a heat exchanger downstream of a therma
after-treatnent reactor outlet forns a preheater
| ocated upstream of the side inlet of the colum.
Thus, the cl eavage product mxture, after_being cool ed

doRrtariaed nélut Bha | aGid- erfadieed MQBIoRRM0Hs e CAedrgge Of oLHP  and

r esEhsatiu@ft %@kksupldf fread tmééyagb bfﬁﬂd@@am1ﬁ@U?hangfﬂhout the
freatment rea

d

o oPTEs S ARt e, 2 Bl ot petta s S driature s
Thoistainbe aweyaral 07 ddiectéeavage proadattmintytartey fsepasatdng a
00l | 20, RGN UM 0F &1 6 SRYAGE DI AIUES (B X i DT o e

neutral rzation and is preheate
approxi mately the tenperature associ ated MAth t he

th?ﬁéﬁﬁro@ééﬁeb?rﬁﬁﬁ WﬁVénﬁ%Entfﬁ? %Eﬁé?é%gﬁ% ﬂHthﬂbh091m1xture

d- cat al eavage nmene

Thed®rrds H19 ﬁ@gieéﬁ%oéﬁ$E9”60t@Hmﬁﬂeccﬂﬁ Tehg @dﬁ@ge ¥d%9xy acetone
heaﬂd n;ﬁwte%]?f gw?ma@ebewa&dton@mgl fth@amﬁkMrerrmsx?Wea@s of at
S erfective e use u
b Lo hes TeeE HonRvaRE biatdontEnou BpPRRETHY 14, 1east one
arphas‘éhesepamisss abeb apymhr ahas ef fé&sti mrentphenolaicentaining
de?rca{qtlt?gftf' %?E?%’YaIBY%‘N%%n?géor@iﬁgm'egsf OEQahheBO’(‘P[)ﬁn UR£PYhydroxy
aca@at@aeawpéaamdogﬁﬁéomerwﬂ ecwHgenso Criztiad is preferably
&ﬁﬁﬁH@@tbyWH §i ﬁPQWﬁEﬁaXagﬁxﬂé°¢Mﬁﬁ1Hh%ﬁ%ﬁ%tTHat1on

t he process restricted
en%’@ﬁﬂ rﬁé\ﬁ*t op W@?rs‘d x8up 9 § @%{i%ﬁ nePaR3L ioAr tSté? gf carried
cl ggtvage product m xture by separating a crude acetone
fraction fromthe cl eavage product m xture. The
process of the invention for separating phenol froma
n1B¢Mwe tlanmhieso hgi atsepareatiedactt oribe winbene, preefeeably has a

gﬁeﬁ ona? 4% {"ﬁﬁe@tﬂo%ﬁ} %%Sg(ﬁggé WmtﬂﬁghTi Jarticularly
frﬁrtﬁfeﬁh%ﬂy rom; 140atticory 03t &y awed 9Bt i Beal mixtare | east have a

Onﬁ d?‘ﬂ)@?eac%%ﬁé %bh@éht%?ﬂ)rﬁ HE frrbmazooab i €854y BReweight .

ph eno -containing fraction preferably containing I'ess
than 300 ppm of hydroxy acetone is obtalned Thi s

phamlt - taont athe ngonfp"oancﬂs omentsiopedf etld! winhirai ney bfurther

a 5mop%?§§’ 'a@id“ﬂo%a] c%hB&n%sf rs%C'i'O al h?ﬁhﬁsﬂ;rle%e (AMS),
cumene, water, phenylbutenes, methylbenzofuran (MBF), dimethyl
phenyl carbinol (DMPC), cresols, e.g. o-cresol, mesityl oxide
(MO), n-propylbenzene, isopropylphenol, carbonyl compounds such as
3-methylcyclopentenone, (methy1) isobuty] ketones or
2-phenylpropionaldehyde, sec-butylbenzene, tert-butylbenzene,
methylbenzenes, e.g. dimethylbenzene, acetophenone (AP), ketones,
acids, or aldehydes.

The process of the invention can be carried out in different
variants, but all of these comprise at Teast one distillation
step. ‘

In an embodiment of the process of the invention, the mixture is
fractionated in at least one fractional distillation step,



step and optionally a single phase separation step are
carried out. Before the phenol is separated off, the
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20 to 90 by weight, particwoarly preferably from40 to
70 by weight. The m xture can have a hydroxy acetone
concentration of from300 ppmto 5% by wei ght. Apart
from the_conpounds nenti_on ' re m

CORBFPD T4t 19TDlap SUMIBUAIRE 4 UEH O3 SEreoHUR TR oReTIrst
(Wtuﬁv@mﬂ% Qeéceﬂ@h@nyé g’M’mﬁegh‘af'fﬁ"i‘tltha1mmg fraction

benzof ur.an th h car
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n-tiri o@ylfbartzemecommopmg)yat pleastl hydeeyb@agtonsomsouees and

Syeheas AemebhylipiclapeLenone, (PRI jd SOBYbHed 1uto an

es or en Iproplona
t ergabin j@ha%ﬁﬂérﬁiﬂ AFRACHS | P ﬁzah@sphﬁegsenﬁrﬁémyrs ep
benzene, acetophenone (AP) ket ones, acids, or
al dehydes. The proces .be carried

t he invention c
o TR ETRSSREty & She S abges a1 |G- AR G e teure
atfﬂoma%1@mepﬁem1l [Hsatt®nbst eeparialnedimerrtfwdsﬂ@/ntfsdf into a

th
t (s8] TR b thSncp oo hcer ohiatt Blaiden spim- The
stapt ptefteomldofuinm hasl Yo descomgiiguicidssd | thatti oh ist ppssible to
Suﬁ%c%hj"rﬁt@ the %1&0?&%@@198”@? S BREL & ond comprising

enol” -co raction contai ni ng
prféﬁétum yon@s@ﬂetnﬁhrsogwrﬁﬁﬁw bragkyen g aEeleéﬁé O ugther

t hiagt { §racidnBpi s‘ﬁ‘h@’pﬁtsﬂé&tatculn@rﬂﬁt WaY e oxyd anelirexe, acetone.
cu ne .and wat er, ? ﬁlﬁ({; gh he]latter fraclon]JC
Thee PUKETE] TSnPhe B Yai% Fl%s S TN adfuedusice nle
Werabw plrna%efmemarcmt lan \mnehn then ¢diiusn eh&mda meggiaration
o B REEST S Ao BT o TR Trn 0 o
di 60%. | The | col umppas axpesatqsr sbetbill yo Phansk- |cht:mn®m fraction
Co&ailr‘l Be ”E_%kee d'oﬂ” H %ﬁg&m “f?hh‘rﬁi has l'éc?ct%ﬁ &P"cfh'egls'éﬁﬂm The

ractionate m xture

gi Rhenat - Q%‘ééth@ﬁefﬁ%@ﬂ@ﬂe WY RPr "%lfrﬁjJaf“@%ﬁdt iOdHh, aJE)ntshe bottom
ph(?f”Qﬂhe e8I 'ahd'gprferféﬁétﬂgln ha§da aHyd't“@)ﬂ’qtyatac@ﬂi@néf wohbemtration

fr 5 Ct% rIB%)bnﬁ)m is epa}"sétfera%q‘f/ pas €is agrdudeyd &1 to
further work-up.

The temperature at the bottom of the column is preferably from 120
to 230°C, particularly preferably from 180 to 195°C. The
temperature at the top of the column is preferably less than 65°C,
particularly preferably around 55°C to 60°C at standard pressure.
The temperature at the top of the column is always selected so
that the temperature at the top is Tower than the temperature at
the bottom. The pressure in the column can be from 0.1 to 4 bar.
The distillation column is preferably under atmospheric pressure.
The desired temperature at the top of the column is obtained by
removing heat from the distillation column through a heat
exchanger within the column.

In the embodiment of the process of the invention a third fraction
comprising unreacted the alkylaryl compound (cumene) and the



The m xture is preferably fed into the colum at a
side inlet, preferably in a position at which the
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85% particularly preferablylfrom40 to 60 . The col um
is operated so that a phenol -containing fraction can
be taken off in liquid format the bottom of the

col um. The phenol -cont f tion, ich is,
cpAraieaCeHIMeals TBOKS S5 UE §Hecaol WiReahcine Side stream
prt%f@f@{g" Ys mh@f’cgé’%é;&’f‘éggﬁ’) ltﬁéeFééﬂeoﬁQ:ﬂég\Vﬁgeabr%tmcﬁfm1>@aBe to
S S . Cru en

th Wﬁﬁﬁtw Cﬂewlémte i&e @aE\t Y tfsoﬁﬂgtllatteﬁeabove
Cﬂdh@m@N&ﬁ@ W@ﬁiﬁr’eéideyoffocgﬁ 120 thiBGractionpailhé cuidar Isgream
pr ra 1 t ,
PISERDLY TP Iot B etP00s; N ToLEFRERE LS o e

particularly preferably around 55C to 600C at standard
prA%@Hﬁaemvg@? %e'q?ﬁrﬂﬁﬁ‘ffoﬁatthéh@é&/@ g®f Mb%lcﬁohlmrbspmor

e fenperatar e’ at
I of\wdﬂﬁﬁharﬂ nthe thRampeligtitlatagn rfé’ BBt onhS Tﬁ@g}lﬂagggur@

'Incseinpgré%%lrénﬁf‘?%bv@em"@”ato .skah@ardl Baessuiae preferab1y to a

tion col gferalyu spher
pr@@@?%“r?hé’% OV%dS-Lpgn(‘gerr&qr@reo ﬁe?arpéyton% ; Fﬁ erature
CQJettsen s.uobcc adrmieds®’C ,r movvipngfdreat to (Hntetmeerature of about

tr0ch) S d267C hED hRARERR el iPARECLral; ‘gking the

i rhogmbmonnathehicotunfiv.act i on conpri si ng unr eact ed the
al kyl aryl conpound (cunene) and thehydroxy acetone is

renoved as side stream whereby the si
t dfestoprefiesred tisatbet 5&5‘6v@eﬁth§¥$re9é(df6? eea{vejgeg"tmg step 1s
pré{ﬁla%edw&rw&oq ond e et ém@eopsmdgtvrafteanmmnﬂ after-
heat % QEO caltuat ed a f a 1 £
t aK&aLPeN PftF tHPP P9 REY “6 ﬁ%a? &aii" 3@5@ cléavage o
Ofcftm‘@h@ hyadropétaidty. Ifmcat px:bcmbbvaeetdsetbebei qoilad fram about
xt re, oryln: i O cl

PB‘?D%[ Sﬁ‘ﬁwiﬁfy dlcngtq nt1 @ﬁiﬁhtt fhrltﬂﬁr atu%aﬁff‘@PO]]Ed

coﬂ‘&amhwn ofpthehe eaa@geq»r@du@man@r prigir aplove | Aaddomat

standard pressure, preferably to a tenperature of

above 10Q0C , nore preferably to eratyre between
1100Ghen Emhediments nkt ther & eFes QQF tgg.tpé AP0r esr pheno]

ﬁbébtttawﬂé@ Qemt end 4&Cd hoxtuedupeefehgbBnengyomeededtdios less
e% %06 ppm of hydroxy acetone, preferably less than 30 ppm, but

is also depleted in dimpurities such as phenylbutenes,
methylbenzofuran (MBF), mesityl oxide (MO), n-propylbenzene,
isopropylphenol, carponyl compounds such as
3-methylcyclopentenone, (methy1) isobutyl ketones or

2-phenylpropionaldehyde, sec-butylbenzene, tert-butylbenzene or
methylbenzenes, e.g. dimethylbenzene. These impurities are
separated from the mixture together with o-methylstyrene (AMS),
cumene and water via the side stream offtake of the distillation
cotumn.

The fractions obtained according to the invention can be worked up
further by methods known from the prior art.



bottons in the colum. Mst preferred is that the heat
energy for the preheating step is obtained from
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aftertreatnent of the cl eavage product from

aci d-catal yzed cl eavage of cunene hydroperoxi de. Such
product needs to be cooled fromabout 150 0OCto

approxi mately 400C to inhibit further uncontrolled

r ddiet poecess ohetha davera opr 6l ctePaT &g ePRN0dr from cleavage

tﬁH‘oH@éﬂ 2@ @hes | Borﬁ[ﬂﬁ s‘?ﬁ@oﬁi’c Mepis Olfuydrbﬁ preses®, ofcumene,

I nvent | on e.feed

mvtar e a}ﬂﬂef%‘leﬁ%F 1Eotp ﬁ‘?@/—:‘%@%ntcﬁrﬁ%eqoeglét t hBn %o RRGHATtUS

ofadayed oyt@atkonmenpt@f.erably I ess than 30 ppm but

is also depleted in inpurities such as phenyl butenes,

met hyl benzofuran (MBF), nesityl oxide (MJ), n-propyl
beTrhmenepparabmfr dioy| smaavabi ng pbamction”yom omrmdtllufds couptisagy at

fgﬁéﬂy%&e\%hé’pe&ﬁngﬂﬁ atépeéﬁ%ldwepé %Mﬂm%%gn?cs ®hast one

proprona % sec enzen
ns;zn bﬁzermec@mmnew jah bénﬂémww@e SL@hn%h%tymt least one

be&ﬁn@ﬂ@ érﬁh% TR %Hﬂbﬁyﬁreﬁé%oﬁﬁﬁﬂﬁﬁ@eeﬁééﬂ@nt Q@n be taken

m Xture tog th
Yaf odit ot Saia GITORS 46 G GAIAY § DRt iTRes STEE FTet for
di sdeldh h@t itha @Qbaw@@ .prodect r attiupes avdt a nebenol-containing

ot R &ﬁﬁéﬁaﬁ% 5 ohiTRY R0 PR EP 8 tidt B8 ok can
i rheertakem off6rats éparkaticon qo‘héh@lcoﬁ vymastl exlv agjétakeodcthe top
m (%‘1£ “Lrh%s gﬁ?'ﬁiﬁr B n9eﬁ5v¢1§a§t IV PrYcBRAt @BfbriSYARNSetone,

IS pre carried out 1 n an

apqm 5h@ghé@tb}a&m@ qoaumrhéurhhﬁe”nﬁpfmm%@ Aptlimediate heat
foéxc;‘ﬁﬁg%egf‘grb]g&eﬂhme f:lﬁ@lt@@e g &2 @F’Gﬁﬁaﬁ‘lﬁ@th@t apparatus
cunene er a eng ris
| BTN Ghe CAISHSE aft onetad ins vtk Peparafat: piended for
s ugdpat-hrigingabrdagdstphases cﬂrmarm}ueaml/phases
a- met hyl styrene-contai ning fraction can be taken off

at a side offtake of the colum |ocated above a side .
| nfprafemtﬂyf eedprajicaber cisedvagfedpupsiinedmndktiiice sagey wlet in

pfé@ﬁfﬂ"?‘tﬁ"d&g thé g%tﬂ'uﬁ’lﬁ‘ f@VEP e%t'i‘b(éjrt‘}’\)éyc?&a@/%?élgproduct

Ss than e taken off at
bofflvﬁ”llﬁ“ ofPriipe anéryunit QnU‘eaﬁWil'ﬂf aKENaEO kU - t op

According to the invention the preheater is in heat transfer fluid
connection with a heat exchanger downstream of a thermal after-
treatment reactor outlet. This embodiment allows the use of the
cooling water or steam generated from cooling of the after-
treatment products for preheating the feed of the column, thus,
both saving the need of dumping the heat from the cooling water
and thermal energy otherwise provided for correspondingly heating
of the column feed.

However, 1in a most preferred embodiment of the invention a heat
exchanger downstream of a thermal after-treatment reactor outlet
forms a preheater located upstream of the side inlet of the
column. Thus, the cleavage product mixture, after being cooled
down for neutralization and intermediate storage for removal of
salts, is fed through the heat exchanger downstream of a thermal



of the colum for renoving a first fraction conprising
acetone, and the distillation colum further conprises
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of ftake. Preferably the appdaratus further conprises at
| east one phase separation apparatus for separating
organi c phases from aqueous phases. Preferably, a
preheater is | ocated up

stre of the side inl in
cladp;f,@rﬁl*@ﬁmﬁ”fty 8¢ H0E c@PEfﬁ?fora”%r eFSEARE! tﬁ%e into  the
C'oﬂ@’!ﬁgl%tﬁiér@dl&ﬂumﬂ Xt ih@s p:jrthé emdutyalired td:ﬂ@avage product
ccor.din

distil[at h

phﬁﬁtléqegﬁqrgsl A ﬁ@g g, 1 1f“@r 99} u’pi]e ec(}ﬁﬁ%aa%“ ﬂB%Ec{’ah mixture

heﬁtfoee(chemgamm:at ramdm iof prafieetedl abf ttdet rS@alErréﬂtme to
topal |

dag)%m@ % L the Eterz%eﬁ]ﬁ?gﬂée:%%%ﬁéftee‘“%’EH‘ech‘éS%hgmaﬁh%fter‘—

afttrentmasdt ﬁérﬂhEpﬁ’tﬁﬁy@g% ﬁr@dquirr éﬁ@@t’qhegaﬂdeqa%@dzgcﬁ Glgavage

cqj 'H}ﬂeﬁé” q@dr@&‘r’@x?@é’ ! ‘Tﬁet‘é’f%r‘ée%g@f afltuisngotientheabling

fromt wat er and. t her ener

pr\'@\'liﬁﬂefiﬁdf B?afdé‘gr@%eﬁéﬁd@arﬁ‘gw /&b @98?19{%815{2)6|1&1%0V1n9 the
f eedi HoP@MEUendsR afmpeé psefef ramd pbatiuseatcafdingeto the

inventjon a exc downst ream of a thernal
af‘tr@renhoé‘aPYFé"n?EQ ?a’ﬁ‘%oaﬂogta?%rrrs a preheater
| ocat ed upstream of the side inlet of the col umm.

This, bhe Gheanaoe praduChogiokhiTe: 1ALt et beichgr cogl edpore

heu onadlntemslate storage for

ramfarahitv 5o s 40 §0f 880t hEbrpyrtitad Huateexehahgars. In a
am %S%mf etreferréaal @ﬁwb&ﬁmbﬁ@atdfenu;héemp@ramtl ef, the

equent I nto st t

¢ HERBE | 1%&@%& sg%ﬁc&.ak i ﬁ}g’k}o Brﬁ 39% cgmprfsmg at
COIétalsﬁgoriT@?djrgﬁmfcoracﬁdlecm @avageenpoﬁﬁ ubdcatek theteedrefitiee feed
neut.ral i.zatj,on ap at a
gt B8 KR i Rty s gBh ShEE R g RO NI oroanic
thmraialpras&ré;r tinedheefiraadfion hearc| wavdge pragplet fedinc acid.
th ds a Vi u r

&aﬁ% é:i%h Lf%rzr@‘%o‘élr:]f@ @g%Hﬁ%rfﬁcggkonng\%aﬁgfﬁgﬁ' d8mprising
he@t ﬂﬁgs’@rﬁ)éﬁg@f theseackdfved, significantly inproving

the cost effectiveness of the use of an apparatus

according to the invention over, thos th
arhs %?ﬁ@edl%elpﬁrqtdpf‘or@p%‘”ﬁ%vpm? e@%@rgrt%sggt %h%ag@ventmn

20pravergbly has at least one decanter.

Phenol is obtainable by the process of the invention. This phenol
preferably has a hydroxy acetone content of less than 300 ppm,
particularly preferably less than 30 ppm. A cumene- and/or AMS-
containing mixture having a reduced hydroxy acetone content can
Tikewise be obtained by means of the process of the invention.

The process of the invention and the apparatus of the invention
are shown by way of examples 1in figures 1 to 6, without the
process or the apparatus being restricted to these embodiments.

Fig. 1  1is a schematic view of a first embodiment of the process
and apparatus of the invention;



preferably from40 to 100, theoretical plates or
trays. In a particularly preferred enbodi nent of the
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whi ch a fraction conprising4at | east one organic acid
can be taken off |ocated between the feed point for
the m xture and the bottom of the col urm The organic
acid present in the fraction can be,

I :
addfi & acils, 2 oSGRemet e iew Phrafoch %r?:laép%‘it Bﬁtfg}rf iegb%im@nt of
or a m xtuhe ﬁirﬂ{@ﬂti@ Wﬁltk&trtekﬁe&ﬁ: ’rt]@rt@eerﬁaﬁ bese -aceatment ;

e separa par at us e 0
P H7EBntT on o ¢t araBly had ot Tt oRBERERL, 3ot Myaption
i s obtai nalshagba/detha:ame«bq:eeheaﬁert he i nvent| on. This
Frﬁg?' erab c%emé‘t? a\méﬁ yaa DELANE rfwt?d@itmé’rﬁt of the
S t O era

m partl cu ess than
30 ppm Awmh@n and/ or AI\/Bcont al ni ng m xt ure having

a Fr@d%:ed fydr %B(en%?% O C BNt &Nta 168kt V@Vﬁnﬁ)@dﬂ@nt_rgf the

obt ai ned by neans 0 he process of the invention
process of VA@ Torﬁ‘vefi*ﬁq on and the apparatus of the

' r}:\ﬁgnt? ﬁn 1tﬁ:r @hmmthy veay o?‘ffa exafptres atedrhgtiveserbddoment
, Wi t hou e s, of
Cestricted'ith F4P8et dRbbR H‘?@m@@&%qﬁ E"ew%cﬁerratu c

view of a fi rst errbodl ment of the process and

ARG, at us;%em%@?eaﬁﬁ‘f%bﬁﬁ el gem@?dﬁl]eﬁ‘ti SgRermRL| %r‘ét&\/g and

notlhe I nvent'l on
vma‘ﬁp)ar“@@pect)ft dhe heimvant wnt ermer e@ﬂﬂﬁﬁﬁ*ﬂus FPg. e siyention

Qgﬁgmééé gl @Wt@ﬁ]?ﬂﬂoﬁ'@ﬂ@mﬁfﬁmh%h lhlag 4 nveatipet uzsltrmgough

cate pre heat er; IS a th |e of
pr‘/éﬂéhr@%? éﬂﬁ@@%ﬁff’@ﬂctt ﬁéxtume?ﬁﬂ 21@ %QE Wée pufpose
SCcrﬁrgeparCawn@vmm tlaen Gpamkeh@T NAti e anbcﬁilamdnat dJ‘het bettom 4 of

SR T2 0 S BRI e o e yor an

entbmdlsmﬁnndsrﬁowtmn Bi qcomBrisimggphanalcheneapeatavely, can be
SoRnan pIoRL ”ﬁ‘i‘%tw‘?ﬁaﬁ&ﬁ ROPGPS1 2 BAPARAIAELY of the

the vent he 1 nventio

co‘rﬁyﬁh’sw éﬁaﬂl sati Ithat E@ﬂotﬂof’rwﬁ} thewsd WHinkag hgadi gychanger 5
'“&ﬁ‘tme%n;% hseu#hRch appropriate heat energy can be introduced into

the column 1.

From a side stream take-off 6, which is arranged above the inlet
2. the third fraction comprising at least cumene, hydroxy acetone
and water can be removed and preferably passed through a phase
separation apparatus 7. Part of the organic and aqueous phase
formed in this phase separation apparatus can be returned to the
distillation column via Tlines 8. The remaining part C of the
organic phase, which comprises at Teast cumene and/or o-
methylstyrene, can be passed to further work-up. Part of the
aqueous phase D can likewise be returned in liquid or vapor form
to the distillation column 1 via Tine 9. The remaining part of the
aqueous phase D can be passed via line 10 to utilization or work-
up. The distillation column 1 has further an intermediate heat
exchanger 11 arranged within the column 1 above the side stream
offtake 6. The intermediate heat exchanger 11 reduces the
temperature at the top 3 of the column 1 to preferably less than



whi ch the cl eavage product m xture can be fed in for
t he purpose of separating off the phenol. At the top 3
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fraction A conprising acet ®fe vapor and the second
fraction B conprising phenol, respectively, can be
taken off. The distillation colum 1 of the apparatus
of the invention has, at the bottom4 of the

|
h6&1C expardngetardy bpregead v agindh S2ppr &pr oA éoﬁggntstar?dard
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tktompmknﬂsemelﬂmr &oil wim aippae atanslensad by ke uTW@WQ%afﬁ&eat
%Mrig@? £ 368! Uﬂﬂ“us"'% Hﬁ‘\‘?e?rn§1 reFigx rr%‘ﬁ%rﬂ'oﬁfgtkﬁéarcbh%n 1

organi c npri ses at

aﬁd/ gincaeaseet hﬁpg@rgdﬂ@g]ay Cmg bﬁpﬁﬁ%@@a t06° ¢ dﬁ”{éhe#racnﬂ on A
iy up Jn aééet%eth@r AGHB P a%hat‘ﬁ@ Bosad of kg sellmn 1 is

Cd|mgﬁq>]vejj \ﬁng |tﬂ cg?umnTﬂga%re n})tﬁgctgrgettrug?ecih Hh8P thus
agueous nphasaryD icasstmenpadoed Virthernea 1®eflox cooler 12 for

AL T L RIS i) SR gL T et 3 of
witthii coltuie talaonbe seabotas nieh smakl e§t H@simb@f@rteak‘éh@ saving

Trb%thn We@%ﬂérfc‘ nae%er%g%?%%fs 1ai'nd Gl@lﬂ'q@santohﬁts of coohng

nper at ure the col um to preferably
I e\%et‘han%oc parti cuI arly preferably around 550C to
600C at standard pressure, thereby causing a part of

t alBerar ey o RECTe Koo gt i dvebl g0y o iRy T the
Seioegrmedl sbs t;faased heia eriper 8 ute aatpurrnéw aadpo3 ¢aslumowes for
r’r‘ﬁgh‘ﬁ ﬁgﬁ%@l uﬁ]tn ih? &Rt t B (5)57" %%’m%‘t%ﬁ‘g Pure

are condense

i rﬁoertmmleaméy H@tre@wqianﬁ@@r a1$iem @ TEakes 1Xt‘hﬁs that et lvan 13.
reﬁ('#&étﬁats'tpéhnﬁfﬂf@ oy frdms thechees®d.of column 13 for

Acc ngly, the separation of first fraction A
TQQMWtéPIe for renmoval at the top 3 of the
colunn 1 is inmproved and the columm head can be

CQH%?'hg%té%% %¥a¥ﬁ§”1ntermed1ate heat exchanger 11 1in column 1 is
connected via line 15 to a bottom heater 16 of the purification
column 13 to feed cooling water from the intermediate heat
exchanger 11 at a temperature of more than around 65°C to the
heater 16 for heating the bottoms in column 13. The cooling water
is returned via return line 17 to the intermediate heat exchanger
11 after passing the heater 16. In a typical industrial process,
overhead cooling power at the top 3 of column 1 can be saved in a

" significant amount and, at the same time, the crude acetone can be
completely distillated without steam, which otherwise would be
required for heating the bottoms of the purification column 13.

However, 1in a preferred embodiment of the invention as shown 1in
Fig. 4, 1instead of integrating an intermediate heat exchanger 11
in column 1, vapors are directly drawn from the column through



saving nonetary investnment. Mrre further, a reflux
cooler 12 for the first fraction A conprising acetone
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much smal |l er than before, tddus savi ng both investnent
and operating costs and | arge anmounts of cooling
water. The first fraction A conprising acetone vapor
renoved fromthe columm 1 is passed via |line

pl:sﬁriei eaporoaf tekenil 18d ¢ass tu@erthﬁulr)@ffﬁoﬂah?@#rr |3|6a0f the
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foofdmngISH?oﬁT efedt iuply . Tiike hohdensdtofid tiken returned to the
i nf.e iLat e # [
céﬁﬁﬁgﬁéétt)ﬁ aC %ﬁf% W?%%:tg}%ngmrggat er @%I zrfﬂetthe:gz' Thus,
puhief iepargyonsadhgnaf it off dde eoesenig Weskionr oin thed ieved
' rbte‘i'E”BFEUr%@r hecﬁ&r%’ﬁ%h%gﬁe{edl%o ?ro@r@@@% é“h%a@fexchanger

re than aroun 6 for heatin e
bo1tﬂt dife iuppen| el ons. ofThec gbist gl akder CO BiMetlyr e at

V'a% F@ir‘rﬂa‘ﬁe ¥ % Adtelre fdre ahnfrf%fuﬁ’@rdiaat eohpat whepbangers hard
fer ssr eat er

1
] L eraPAsst ng e et or 16 k0o AR SEltinen . g, over
;fafrtc@ffurmelceaﬂmrbel sty edignifecantdy gririldfngd aammurgmaller,

a , at the sae C an.
Pet el&yS S BEnt Sy 4 LSl pd g S Pt e R ruction  to
W'wsmdrbmh wed fspeedseat i ng t he bottoms of the

purification colum 13. However, in a preferred
embodi ment of the invention as shown, in Fig

| Nt @ad abtennat B &MbedimeAt i sosPndidi Hide Robhe é%@é‘ﬁ%fﬂﬁg?éﬁ from

Heh b6€’tdrrmbf1 the VRRGFScAien dtcﬁﬁﬁrh' ¥3 dfséiV\f’Edf VoM &Meoptional
um throuq gi vapor offta% % asse t,o the q

bo?ﬁ‘"@?n Mdatver Ve 6000t ﬁ@p?ﬁﬂ’ OF i e@lt |‘”@ﬁ %offtﬂ” . 1% YiReco!

?e@tdeh lbflﬁntetrhledf\e&pOhea‘o‘ reqohafget ake S ae”arrmedd’emslﬂrre of the
ere 0

Lt ca P ERby 19TRERED rbnd ARBHL' o b Tt Hege from

t othenéntirsedi dtat h@art exthamgeand . f ed through return side

inlet 32. Thus, the energy saving effect of the
present invention_is believed Fest rther there is

noFWrgeea s@eppblaadey ashowpge Hek e'”e@ﬁ@ gent of tthe grlgﬁg:@,ss of
r egic0Rn@dnttibg. Qi skadtont h@aneehamntdr a procede Bir the thermal

after-treatment of cleavage product from cumene hydroperoxide
cleavage as known from DE 100 21 482 Al and EP 1 151 985 Al is
generally designated by 20. Such a process for the thermal after-
treatment of cleavage product from the acid-catalyzed cleavage of
cumene hydroperoxide into phenol and acetone in which the cleavage
product to be treated thermally is heated in a reactor and in
which the heat of reaction of at Teast one exothermic reaction
occurring in this reactor is utilized for heating the cleavage
product to be treated thermally in the reactor 21 achieves a high
selectivity of the after-treatment combined with a lowering of the
energy costs and a higher operating period of the heat exchangers
22 and 23 due to the avoidance of fouling.

The cleavage product mixture G 1leaves the reactor 21 at a
temperature of approximately 150°C and needs to be cooled to about



approximately 40 neters for an industrial colum,
where it is hard to reach for mai ntenance and
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is significantly sinplified7and snaller, thus, |ess
expensive, and allow ng stronger construction to
w t hstand high wind speeds. In an alternative

enbodi ment shown in Fig. 5 the condensate fromthe
bd0tGriof iah®iputhe i £eaGtaan cBr iatn NEItral izakian £ngh shown).
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hezmperathizngbave 1 2eqanee@ For iiher separa honf prefesheat
exchanger 22 provides for a significant tenperature

reduction to about 57C, and, the second h ,
2FHawg Ve f eldt itvePYETEBREY of0 tHECtpdrat me:aft@ffgi(%&ae%%eb for

cligrvagerinn geist coiugihul efdp sbsleam e 4084Vage product mixture
G stream when leaving the reactor 21. The feed stream G’ has,
after neutralization and intermediate tank storage for removal of
salts and as a production stream buffer, a temperature of
typically around or below 40°C. The feed stream G is directed via
Jine 26 to heat exchanger 22 close to reactor 21 outlet, and
removed from the heat exchanger at about 150°C and fed to the
distillation column 1 via 1ine 25 to the side inlet 2 of the
distillation column 1. This embodiment provides further improved
energy efficiency and use of the heat energy obtainable from the
thermal after-treatment in reactor 21.

In a typical industrial process, most of the required cooling
power for cooling the cleavage product mixture prior
neutralization can be saved, and, at the same time, the feed G’
for the distillation column 1 can be significantly preheated



In the prior art, the heat from heat exchanger 22 was
dunped to the environnent. According to the invention
wanMsawsshown in Fig. 3 , the heat exchanger i scTtamrploado7277
to a preheater 24 upstream28f the inlet 2 of colum 1
, such that hot water or steamfromthe heat exchanger
22 passes through line 25 at a tenperature of
approxi mately 148C to the preheater %ﬁ. The col.d mat%r
f moBERAUe thretesd epT 2addizienR] &teampefaehr athgrwippupould be
5 teqiifredhasr ddaeeiohy] deat M tBE oy tdngt uf neduimmriough
line 26 to heat exchanger 22. Thus, the neutralized
cl eavage product mxture G' for feeding into colum 1
viainlet 2 is preheated to a tenperature of about
145C. Accordingly, the bottons of colum 1 need
significantly | ess energy introduced by heat exchanger
5 to keep the bottons at a tenperature |evel required
for the separation process. However, it is preferred
to directly use the feed stream G "' for the
distillation colum 1 for cooling the cleavage product
m xture G stream when | eaving the reactor 21. The feed
stream G' has, after neutralization and internediate
tank storage for renoval of salts and as a production
stream buffer, a tenperature of typically around or
bel ow 400C . The feed stream G"' is directed via |line
26 to heat exchanger 22 close to reactor 21 outlet,
and renoved fromthe heat exchanger at about 1500C and
fed to the distillation colum 1 via line 25 to the
side inlet 2 of the distillation colum 1 . This
enbodi ment provides further inproved energy efficiency
and use of the heat energy obtainable fromthe thernal
after-treatnent in reactor 21. In a typical industria
process, nost of the required cooling power for
cool i ng the cl eavage product m xture prior
neutralization can be saved, and, at the sanme tine,
the feed G' for the distillation colum 1 can be
significantly preheatedw t hout the need of additiona
steam which otherw se would be required for
addi tional heating the bottons of colum 1 .Cains 1 .
A process for the preparation of phenolic conpounds
conpri si ng:



i) oxidizing an al kylaryl conpound to produce a
reaction m xture conprising al kylaryl hydroperoxide

wanastdosssanr eact ed al kyl aryl compound; ii) subpeTiEPz@4/007277
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the product fromstep i) t@®9a cl eavage reaction
resulting in a cl eavage product m xture conprising at
| east the phenolic conpound, a ketone, the
correspondi ng hydr oxy keton@kqmg t he unreacted

al kyl aryl conpound; iii) moraing-up of the cl eavage

product mxtures fromstep ii) by distillation, which
conprises separating the cleavage product m xture into

at; | east thpesst raski o | Prépasuttde difst phdraliion simgpunds
by: feedi% the cl eavage pPoﬂLct m xture go a
di still &Men!Sd8furm, renoving a first fraction

COerpri siynmxti bez et @ne adkytarg 1t opmpmiuntd héo dpsodudeatai oreaction
colum, re a 1d: 1 act ONor i Si .
phenol i c cggp\égﬂ%‘c? a{?&ﬁ)ﬁig]ﬁg{t myggrﬁhgn%‘#r?h@??é{a?onand the
col um, and uneeantiedga &yt Aryldcomppedon conpri si ng
oreecod byl ) Gmpnaant e g i

ket one as si t ream : e side stream )
take-of f is r€RELMNedraBOvES haNf ekd CoFa\A0BavRIUCt  mixture

orackor) sy Iorkue LS i grionsrmapand, ¢ elone

col umm, wher Syy%ﬁéew&ag@%k@d&%y ingelgqqeulaﬁsr@d é{%ol/@}eacted

%Eg sige sgmﬁayim@?ee@ﬂbumd;the terd fraction. 2 .

the i stinr abrsIEUPL a1 BLERaE FrlBEE ABGRKES frfmten

di stillati oriidolbymdifdillalien .niwhjchucPipragek eopaatiam the

rhe first frag béQ%g%roddE@em¥¥fa?§thﬁ@Sa@'?ﬁagﬁdtﬂﬂéeafractions
east one of clarms 1 or 2, |

in a single distilTation step by:

- feeding the cleavage product mixture to a
distillation column,

- removing a first fraction comprising the ketone
at the top of the distillation column,

- removing a second fraction comprising the
phenolic compound at the bottom of the
distillation column, and

- removing a third fraction comprising unreacted
the alkylaryl compound and the hydroxy ketone as
side stream, whereby the side stream take-off is
situated above the feed of cleavage product
mixture to the distillation column,

characterized by
removing heat from the distillation column, whereby the heat
take-off is situated above the side stream take-off of the

third fraction.

2. The process of claim 1, wherein the heat removed from the
distillation column s used for heating a second
distillation column for obtaining purified ketone from the
first fraction.



wherein the cl eavage reaction mxture is part of a
cl eavage product m xture obtained fromthe

weaeid/osdsal yzed cl eavage of al kyl aryl hydr oper exira®2004/007277
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The process as clainmed imBoone of clainmns 1 to 3,
wherein the al kylaryl conpound is cunene, the phenolic
conpound i s phenol, the ketone is acetone, and the
hydrox&hketone i s hydroxy aceton cess .as

( %. 5 . The pr? 5
cBai medhe npesisessf asi alatged b & |1edbler@eh AThélaBavladd 2-
pr OdUCWhQ?;éﬁtnlultﬁef(’iﬂfe*aO@%e @@ﬁ(ﬁﬁiioﬁelﬁwmﬁﬁveris Gart To® a cleavage
process o aim4 or 5. rei,n the. st e
Reat 1 oo Tt Pl A dpOrinepr o ek 2ol CTRELAe of
t enper aflkyral Hyweoperoxitde t op of [ ess than 65C,
preferably of around 55C to 600C at standard pressure.

7 . The process of one of clainms 1 to 6 , wherein the
cleavadbepprodass as xf aieedpi n omner @€d¢ gms nt &0t Be Wherein the
di still g%jém ol dfRourics ™ ehemiRd tided pIRMBEIAL UbfpoRhd s
above 9 ay s#§ﬁ§ar pressure, prefer bl% to . a K .
t enper XNARE! .ofthabokeLASOIE ACFHAE: pf eTfahﬁbI ydiQxY, ketone s
t enper giyHreqpataepa. 1100C and 1800C , nost preferred

to a tenperature of about 1400C to 146C. 8 . A process
for separating phenol from cleavage product m xtures
canpri Shegpedcebsast Aawtainén enerefielaiaset nd, pirein the
into at_4l fraecti L 8- S lag&4 | | ation
step bﬁﬂegaigééﬁggﬁFH@@@ngggggﬁgr8 c?kﬁig?ﬁét'to a
distillation colum , renoving a first fraction

CQ'{TDH SthRIpR&&iseneratidine 4t ap Of vifeeeth sthel lsaép off removing

col'umm, re V|n% a @e%opﬂ%fractlon conpr.i,si ng rature at

subst i teREATRAM A8 uBKEIL{ ATHAN pFRINBN BIOVIHES b PBRe'at

the di siiel batuimpnte! ofmesarithan e6Ni, ngresfetrbib hyd off r aidlindn55°C

conprisin tional l dro acet one and cunene as

si de st egﬂﬂ?ﬁﬁe$%%9¥gﬂér§$%%§trean1take-off i's

situated above the feed of cleavage

7. The process of one of claims 1 to 6,’where1n the cleavage

product mixture prior feeding into the distillation column,
is preheated to a temperature of above 70°C at standard
pressure, preferably to a temperature of above 100°C, more
preferably to a temperature between 110°C and 180°C, most

preferred to a temperature of about 140°C to 146°C.

8. A process for separating phenol from cleavage product
mixtures comprising at least acetone, cumene, water and
phenol, into at Tleast three fractions 1in a single
distillation step by:

- feeding the cleavage product mixture to a distillation
column,

- removing a first fraction comprising acetone at the top
of the distillation column,

- removing a second fraction comprising substituted or
unsubstituted phenol at the bottom of the distillation
column, and

- removing a third fraction comprising optionally hydroxy

acetone and cumene as side stream, whereby the side



product m xture to the distillation columm, wherein
the cl eavage product m xture prior feeding into the

wdi2edsidoszri on colum, is preheated to a tenper aCume2#/007277
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above 10Q0C at standard predsure, preferably to a
tenperature between 1100C and 1800C , nost preferred
to a tenperature of about 140C to 146C. 9 . The

process of claim7 , wherein the heat energy for th

pr eheat i ngLEEED Tia;eo%ﬁaﬂﬁeéwlﬂ cé%‘?‘iengﬁ@f ¥?@fg of Heavage

cl eavage predust makture thensedisaftrtion ealommt of the

cl eavagReprRUYe! EaRRCHRE HiXEAb phevaEIRh nto the
yar e, pr t he

cunene oper oxi or neutralization of
cl eavagiespridduidn mbkamr,eis PPehditedprtoaebanpasatirai oedibove
in any of the preceding clains, mheﬁﬁin the first

fLact: dR0 o ripr $Eanslapd nréawemor@rf?aa . é(tB(hé bEBREEALURE,
The pr ceceen, L @taahe JBE arb b At eRe st A e s e of

wher ei gt 11888¢ t@nesg¥eenol -containing fraction is
obtaineg containing less than 300 ppm preferably |ess

than 30 ppm of hydroxy acetone. 12. The process of
claim1l or 5, wherein a further fraction,is obtained
chpri sihgg PAPCESast I'F)Jéf”&x%' abRarsne, %E%n@??é: S Rat ‘Eqr the
aﬂd th%r‘gﬂééﬁhgf KB | @@h bistas agdr ftord oo mgamw?r’gwwiaﬂeavage
phase and ,an aqueous ase. T SS ai

12, mhéﬁ@gwgih%¥g?@aﬁ$8mgﬁasé%QHHEg$£$ﬁ@€aé)eoﬁgépﬁgégvage
are retprodect to froe colachd-catalwast padeawicey. 4. Tiegmene
proces : i Aany i [

her o ToERE TG TRt {1 I AP ES Sk S8 0Be product
a- met hymigtyrene. 15. The process as clained in any of

t he preceding clains, wherein the cl eavage product

m xt ure_has a phenol concentr.ati on of. from 20 to 90 .
'(bht.The procgss as C aimeH in any of the preceé%ng éﬂ%1ms,

wherein the first fraction comprises at least 75% of a
ketone present 1in the cleavage product before the
distillation step.

11.  The process as claimed in any of the preceding claims,
wherein at Tleast one phenol-containing fraction is obtained
containing less than 300 ppm, preferably less than 30 ppm,
of hydroxy acetone.

12.  The process of claim 11 or 5, wherein a further fraction is
obtained comprising at least hydroxy acetone, cumene and
water and the latter fraction is separated into an organic
phase and an aqueous phase.

13.  The process of claim 12, wherein the organic phase and/or
the aqueous phase are returned to the column at least
partially.

14. The process as claimed in any of the preceding claims,
wherein the cleavage  product  mixture comprises
o-methylstyrene.



16. The process as clained in any of the preceding
clains, wherein the cleavage product m xture has a

woydrsgwyssacet one concentration of from 300 ppmpCo/ER260BW07277
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wei ght. 17. An apparatus fox separating phenol froma
m xture conprising at |east acetone, cunene, water and
phenol , conprising at |east one distillation colum
whi ch i s dinmensioned such that at |east one cunene-
and/ or a-net hyl styrene-contai ning fraction can be

tagen ofife dropesd dgs offdiake ah tWhRe @0l ume Ipeaéddg claims,
above a side inlet fqr f eedi an het cl eavage product
IC i ﬁé)ucf ra

m xt ur ¥hgRETH pHEnolCIeRWYEai R & KB Chaidng 4 Phenol

hydr oxyccpeetianeieenirefitomof) [tess0d hanwed@At ppm can be
taken off at the bottom of the colum and an of ftake

at the top of the columm for renoving a first

-fiact iThe qoopessi ag ataimede,incleayactertheedrenedingt claims,
t he di st [ f LS

i nter WEWEE@ h@a%t %zéc %ggﬁé@ﬁfsﬁﬁg&g?ffﬁﬁ?fw roxy acetone
condensenricontnasien of fteeva0q wemsiad® ot vak#tand bel ow

the top of the columm. 18. The apparatus of claim17,

further conprising_ at Ieas%_one ghalsg separation i
apar atAls apBiradipatort SERATGE §hiPREMHAd BAM & B GebR¥r1STNg
phases. 3tl9leatbeacdtpac at agneas, chatiorednd npledrailm tdmprising at

150 5049, LA, Al Byl s o
conpri sitng laagk etosat ecureoeat eddpst reartiof stieensi-gentaining
inlet 1g.choge (ﬁ@ﬂ’é{a"ﬁl&étnt Ork g ¢l Linm BPftaRéeBﬁZ‘EHé“%ommn

t he cl eavage pro xture prior_entry to, t

fry in
col umm. l@etedibodpparsidasivtetc e iegdinE HaPagtaavpgR Product
in thaty{,88,0r §ead ephdnd] idbnigptingr @nsdEonf hevthg a hydroxy

connection wth eat.exchanpger wnstream of _a

t her mal AGHLPRE _qopg%rghq.r@%t f(qséagl?%\r 3g@tﬁp5‘t Catp pe Eﬂ@n off at the

appar at psttoh @hyhefcoduan mmdlan tof fidke whelhe bom dfedite column

exchanger downstream of a.therr Lt er- :

react orFqut I réqmo&y?gﬁs g p?é{:]%at gﬁlalcgié ed{:éj@ﬁ?ﬁﬁn o?cetone,

t he sidehdarat®trized 1in that the distillation column further
comprises an intermediate heat exchanger or side offtake for
condensation located above the side offtake and below the
top of the column.

18. The apparatus of claim 17, further comprising at least one
phase separation apparatus for separating organic phases
from aqueous phases.

19. The apparatus as claimed in claim 17, wherein the column has
at least 20 trays.

20.  The apparatus of any of claims 17 to 19, further comprising
a preheater located upstream of the side inlet in close
proximity to the column for preheating the cleavage product
mixture prior entry into the column.

21. The apparatus of claim 20, characterized in that the
preheater is in heat transfer fluid connection with a heat



of the col um.
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exchanger downstream of a thermal after-treatment reactor
outlet.

22. The apparatus of any of claims 17 to 19, wherein a heat
5 exchanger downstream of a thermal after-treatment reactor
outlet forms a preheater located upstream of the side inlet

of the column.
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