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Process for the preparation of phenolic conpounds, #Bpecenmmrzoos

separating phenol from cleavage product m xtures, and
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relates to an inproved pracess for the preparation of
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separating phenol from cleavage product m xtures. The
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carbonyl compounds such as acetaldehyde and 2-phenylpropion-
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Such a process 1is described, for example, in US 5,064, 507
30 (assigned to Allied). In this process, the cleavage product is
firstly separated from the crude acetone 1in 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
35 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 hexamethylenediamine, in a reactor having plug
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convert carbonyl compounds, e.g. acetol (hydroxy
acetone) or MO into higher-boiling conpounds. The
product, which has been treated in this way, is worked
up further by distillation. However, it needs to pass
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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 s 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 vesse! in which an aqueous phase
is separated off. The resultant orgamic phase is transferred to a
washing column in which the organic mixture is treated with sodium
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distillation. The m xture taken off overhead from
cunmene 35 col umm, which contains principally AN,
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phase-separati on vessel in which an aqueous phase is
separated off. The resultant organic phase is
transferred to a washing colunmm in which the organic
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distillation into an acetone-rich fraction and a phenol-rich
fraction. The phenol-rich fraction is taken off at the bottom of
the column and fed to a 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, is
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.

1
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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
30 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 colum is treated with
sodium hydroxide solution in a wash column. The overhead product
of this colum, which comprises AMS and cumene, can be fed to the

35  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
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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 dnput mixture has to be
substantially freed of water, which is why an acetone fraction
comprising Tlow 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.



-acetone is taken off at the top, with this m xture
bei ng separated 25 virtually conpletely fromthe c
phenol remaining in the bottons and thus not having

Wotmuitum"»s-'enoved in a costly fashion during theMwWotkoor277

10

15

[an)
)]

30

35

of the phenol. This process gives phenol containing

| ess than 30 ppm of hydroxy acetone. A di sadvantage of
this process is the fact that the input mxture has to
be 30 substantially freed of water, which is_why an ,
HEetloBd3 BoACt(UON) desnyiibes nghe 0WPBobP ePE ai‘ndﬂ"éll%bort hehich

Hﬁm&gﬁs@@rms"f cb'ﬂ@né’vatpﬂéno“!pr @wﬁ@é\* dndl ﬁ\'ﬂ;ﬁhtﬁ*tﬁ?@slagﬁw example

uct m xt'ur as to be, se ted from
BY@M@C%WW@“SWW@S&&% i ysé%%’eép?%ﬁ”gpe'pemoﬂgg an
Was fomen@f fmho@nl \ﬂ‘?@hoh@s f & agdriyon obyi)hmtmodmnoéntrlam on,
r| or,.ar rel ati n |
Q%rﬁﬂet %P]Lsﬂsf §5a51b1r95] T[%§ i g g(fhgg%ﬂr cbg oaéia%eﬁ%ﬁ%{é mene
2006m WO 200654005367 PG apmmtura ¢fl cumere and AMY fgstaken

@jﬁfsi\ie%@%a& U ‘Eﬁiéfd]%ﬁ tnﬂﬁcMDrﬁ “tPPe ofs %oﬁﬂ@’?ste'doﬁnd rUn

rises phen
iimbur Bt |p@§$efS@Daéa¢dﬁ‘bl éfesﬁ%ﬂdr d’bﬂ;}’aé@t%‘nepogﬁﬂbiy pPS@%@’@ is
;%g&r@t%ﬁ'é/ﬁ‘%ﬁﬁ%ﬁ%‘égrd@dt ha rgﬁﬁ@Y{bm@fafhe AMBIGUTBAge s fed

ction as a ver ow nol concentra
brgin i heobalunTy 300 e rerhivs. PRI BYGd By obpbiatagIc
‘ph@se,cuf@nﬁed ca) Ltrmwasheﬁumf\?mrmn@ﬁend]hatesaldmehytmehoﬁvou]d
ta over e Q (0]
GRPEN Grex i IS JBRBONRER ohct i enpych o EhE bHEE so
hasetbepaplatscorcaneseelfed Ay wae ehydrogsiadiipnpr Esemtai side

%ﬁg@%ﬁlt@ggﬁj fgnghéj'(ﬁ@@ﬁ(f%"iurﬁ‘] Qﬂé?‘é Oi% QEkérlb%f@rQafFa%tmn

batk
A0ophiEringofS cidoCuieNe angati cazegw@écu g )fté‘aet%f arater and

&ﬁ%ﬂ . \Mﬂ‘f‘!ﬂ' G aPhRpoli s esisguesndunsed W'ﬂaﬂslﬁéﬁfefder@ a
e

dr ogenat i re renoved from phase s
e3P PG00 Eart bo 15 TGIOHS. RJTGEIET dan Frdmrise
Ephﬁh@ﬂ? fifSt H%?im t@keofdorkfug heta;;meniwecodmgmmct hethesé s which
taken. off a frac c
A N e e A R e g S
fphasé i on acsolalasoe coiitiebiwe ghasw eauah@f‘wnr égltwapm the organic
%Sedqﬁ@f?@f ﬂiHa‘%BsV??@bapo?ﬁ?ecﬁ%@@%d%%@ Wi“ ﬁlﬁ\a c@dporous

nmprise st.age

o&t@aal anmagree viEimeRe  EBHH @QQV%uﬂﬁwéTdﬁl\/étSW aakepth A

Rh@Re! piitsiol effakcBsor Astkenr M e @hehaseon nf the column.
accordpnce wi th the phase equilibrium between the
or gani c

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 (Allied) 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 s 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.
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-and aqueous phases is evaporated and fed back in tE? December 2006

vaporous state into the cunene colum above the side

Wé%ﬁ{‘p} qkeoff A crude phenol fraction is taken off

fie'bott om of the columm. 25 A process f dICTHRIAGI007277
rectification with energy r@covery has been descri bed
in US 5,131, 984, however, the crude phenol feed has to
be freed from substantial portions of acetone, cunene
and AMS by conventional process, thus limting the
over al | ener&y recovery possibi | | ties. 30 Asimlar
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apparatus than in conventional processes. Likew se,

i ACdosd e8¢ iabegdtocdrst seeppadedofforheepardéi nof phdre! from a
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FeRp hewglgavgmﬂg%eﬁrachonatmg the mixture by means of at

feast one fractional distillation step and at Teast one phase
separation step in such a way that at least one phenol-containing
fraction containing Tdess than 300 ppm of hydroxy acetone is
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
least 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 least one phase
separation apparatus for separating organic phases from aqueous
phases.



‘m xture. 20 Accordingly a process is proposed for
separating phenol froma mxture conprising at |east
hydroxy acetone, cunmene, water and phenol, which
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| east one fractional distiplation step and at | east
one phase 25 separation step in such a way that at

| east one phenol -containing fraction containing |ess
than 300 ppm of hydroxy acetone is obtained. Further,
an apparatus is proposed in DE 100 60 505 Al and 30

e QL4833 A th@rpnfo%l@@ﬁ aldspei U@Heﬂ@thﬁtoitﬂeas@ba‘rtaltﬁ@n step

d
SRR aRo e WA L SUEstRg T Cders BRETRS: i afvetper
warkuop Wi dhei $1davemsipmodacts omixttate anr aff Itbastindividual
EiTEREs bR bt "R O ot o e R SO
pirdricll montthe njoigit3Bemavadt 06 nhyekn ga@tbp@,r AMp avet oukene
E@{ﬁ{ eﬁr?rl]ﬁeo ?Bh%ﬁﬁsmﬁrﬁ%'?nﬁ%o P&Tﬁ;@g@t gﬁeta—,ﬁgeru%oa@é bP&duct
Bhparat i shshppdeatius siep! idpar 40e nd"oéf\g‘éhl &Tphdesphenol-

EdRa ﬁﬂt@@i‘oﬂi@ctﬁ?qas@$nce27ch@e§?éﬁ%ercaaﬁ)fé@l MO 209640RBRha1
PCT/ EP2003/ 0 advan

Db Eadt SNt AL B T ans, et are sruah i Be SRE ShhenpL-rich
i 8 1tii bh adridon s sednstvad t irdrbyran dpl rdacksng highef hydirexy acetone

k- ea r
VR AMROS] ' othe PRRERAT SAHED Mt Bl i migher
pirayduthatm odt wienol nanqbar:an che asepariaéed off pam r*éiﬁ)vmen@ﬁ by
HY&‘HﬁW’EﬂﬁeBbeﬁe.ﬁy@ Q&% ?urrene fromthe phenol
nder o

-contal ni ng renai he cl eavage product m xture
substantially sinplifies the work-up of the phenol -
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columns required and also the number of reaction apparatuses
necessary Tor reducing the contents of the various Dy-products in
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.
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‘Conpared to the earlier conventional processes, 7 December 2006

proposed process has a significantly nore favorab e
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muture to the distillation co]umn characterized by removing heat
from the 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 improved with respect to energy
consumption and monetary capital investment for apparatus
required. The process of the invention provides an interna)
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 wused for heating a second

S3pased on the phenol content of the clepevag®osyoor277
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first fraction conprising the ketone at the top of ztrhﬁecemberZOOB

distillation colum, renoving a second fraction
conprising the phenol i c conpound at the bottom of the

WO dispoissat i on col um, and 20 renoving a thi rdptf@ﬁgm,gn(mﬂ

conpri sing unreact ed the ahkylaryl conpound and t

hydr oxy ketone as side stream whereby the side
streamtake-of f is situated above the feed of cl eavage
£rOdUCt m xture to the distillation colu
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purification column are fed through a heat exchanger located 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 1is of important economicail value
where the alkylaryl compound is cumene, the phenolic compound is

phenol, the ketone is acetone, and the hydroxy ketone 1is hydroxy
acetone.
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15 distillation columm, both energy savings and
i nprovenent of the internal reflux ration of the
distillation colum are optimzed. Heat transfer my
WeR295493357 control | ed by control ling the amuntpcBipr00g007277
vapors drawn fromthe heat ttake off. This arrangenent
allows a small and |ightweight colum head, thus
reduci ng i nvestnment costs 20 as well as mai ntenance
gsts as no heat exchanger is located at hardly
a

Beski Biidaplac BBl part i BIR aPNGPeas | Sk ngleavage product

| PEXD@RS fMecheRNEnpli-i SRy wabdumm design for high w nd
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hydr oper process o e I nvention of
i nportant economi cal value where the aIkyIaryI

CQﬁDQUﬂﬂ"’ch&‘ CpHEEReredt BRbRIRERE IcF %ﬁ@ﬂﬁ%@ésé of %ge invention

Ry 155195 oG, T3 (o CBTBE: TS0B Whoa0e Sbsgaaation
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t ess_t avgge mxture furt o
cOnpPB8e TuEdFr AR R8T af M vl o arblibodhinge more
obreferapipcess of tdiperdtiravebativoen t HE08€ emndf 180°C, most
r j dj st tyi I provi des a
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preferably of around 55C to 60C at standard pressure.

| Wh@_&bﬂvbh§mdKMtﬁéﬁrdbgéctﬂﬂmvélfﬂﬂthe@fadhhévdﬂ'%99§s ﬁﬁcess for
t he i ent i OP é JI eava%e gq?'-{fﬁ]:t XE ure

féSB?W&‘P%tB TR dir&Yi i 51Y%h PEY MXEUr | éasmsa at
a leesipeacatwne, ofukdieve Wa0E&" atndt pimehan d Ipt@satrdeast three
DY 1t 0GR RCa 0% e clenase
mbseduGr em@fhuea tt aateiméibkam@w ofohlut nem@eiee a first
14B&ct bR &ﬁ%r@?ﬂﬁﬁaé@ﬂn@tE?Hm@bhﬁﬁb$ e di 8618 ion column,

achi eved P QF %
removing a seco d Trac 1on comprls1ng 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 stream take-off is sjtuated above
the feed of cleavage product mixture to the distillation column,
wherein the cleavage product mixture prior feeding dinto 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.
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‘separ ating phenol from cl eavage product m xtures
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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 cotumns to form AMS from which high-boiting
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 is therefore
advantageous to react the residual DMPC and the DCP formed in the
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wei ght in a vacuum distillation, known as

concentration. In a second reaction step, known as

WA EVEAYE the cHP is cleaved into phenol and aRET/BREIOA007277

by action of an acid, usualfty sulfuric acid. In this

step, the dinethyl phenyl carbinol (DVMPC) forned in

the oxidation is partly 20 cleaved in an equilibrium
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thermal after-treatnment of the cleavage product has
al cr [ 7 9,
Lot PRETIERCIDAR N deS el A e IEE put bt an
m@éeg@é@ ol A0m ofdk hpartiestandy . t otespeeatineeatodo] s
Waega gl et Aalivetarkartioh the tAPGhRs M- 1ifles to avoid

25 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

30 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
35 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



-contrast, US 4, 358,618 descri bes a thernal

after-treatnent which has as its aimthe conplete
conversion of the DCP forned in the cleavage into

WO pivéiedss7 acet one and AMS, using tenperatures etTfEremumer2zr7
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120 to 150C. US 5, 254, 751 descri bes a ther nal

after-treatnent 15 with the sane objective as in US

4. 358,618, using tenperatures of from80 to 110C
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efntpeidesergadel it itheMRAPEFAYras chedsts step to stop
the reaction, prior to neutralizing the reaction

product. US 2,663,735 proposes renoving of the
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58 RtV Ity ac?{c,ftéﬁ a ﬁiﬁrtti&@ma@utycgmtrweﬁh\@tapga}@f@g@% of the
f@]@r@ﬁaidslng an’me abhogheet ob&raltﬁﬁ@ @fiogtERthe h&Er extifangers

(ETBhLAR, S oREAREL i ERIFALS TR AlEeDRlaD TR 1R0APEE o
appaERtiudes I8bvAaltis ipeovided for the thermal after-treatment of
cleavage product from the acid-catalyzed cleavage of cumene
hydroperoxide into phenol and acetone, 1in which the cleavage
product to be treated thermally 1is heated in a reactor, wherein
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.

Likewise, a reactor is proposed for preparing phenol and acetone
by acid-catalyzed cleavage of cumene hydroperoxide, which has at
least two regions of which at least 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-
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This fouling increases further as the tenperatures

“kﬂﬁﬁgag 10 DE 100 21 482 Al and EP 1 151 985 Al

propose a process_  for the thermal PCI/EP2004/067277
after-treatnment of cl eavagelﬁproduct from cunene
hydr oper oxi de cl eavage, which shows not only high
selectivity but also | ow energy costs and a high
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q:% @%aq ﬁe zg(gqq% wherein the heat of reaction of
EVBe P ermc reaction occurring 30 in this
reactor is utilized for heating the cl eavage product
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reactor is proposed
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one region is equipped with an apparatus for renoving

heat and at |east one further region has plug flow
char axt @ﬁl"ﬁtﬂud&ﬂyTh&S@ihﬂar@ﬁh@ﬂ}fd@ﬁcrbbeethhaﬁaﬁol‘l@ss of the
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PCTEFZ004/ besm2 7thane d00egpmenprefenably chedsi ngdni G0opg, of
r aa8tdy, ak nEescrl ption of which is hereby

i ncor porat y reference. The process of DE 100 21
482 A and EP 1 151 985 Al has the advantage that,

conpraradly 0 gaflither fraction is obtained comprising at least
hydroxy acetone, cumene and water and the Jlatter 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 invention the
cleavage product wmixture 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.




‘conventional processes, significantly |less steami $7 December 2006

required for 5 heating the cl eavage product to be
subjected to thermal after- treatnment. If the heat of

WORHHSSEA | i berated in the thermal after- tre®@cmmEPRo@in07277
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t he cl eavage product is sufficient, the use of steam
for heating the cl eavage product can be omtted
entirely. In contrast to processes or other

n, whi ch steam or other 10 suitable

aratuses
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i CHRf  hydr oxy acetone Preferably, a further
fraction is obtained conprising at |east 25 hydroxy
acetone, cunene and water and the |latter fraction is
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rHéa%o fgﬁ§ﬁger or s1be d}%%aké:f%r condens§%10n %ocated above the
side offtake and below the top of the coTlumn.

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 reflux

ratio of the column, also improved separation performance can be
expected.

In a useful embodiment the apparatus of the invention further
comprises at least one phase separation apparatus for separating
organic phases from aqueous phases.
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m xture. The process of the invention is preferab

d for_separating phenols froma m xture, which
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1382 at | east acet one, cunene, water and®(IHER04/007277
and is the cl eavage product'srri xture fromthe cl eavage
of CHP. 10 The above and ot her objects are further
achi eved by an apparatus for separating phenol. froma
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opfbddet mixture proproéntiryeimol timen cO0udiror renoving a

first fraction conprising acetone, characterized in

that the distillation colum further conprises an
i dneraredisatel rwhodimeohanfer the sindentifht akies f apparatus  is

4 I ' f . :
CROMEITBLI R REEE TP. rplates 1o, Jh SREE, Ehehsie O¥iuid
i GOBRRGLORAN r Wil riediest gRrxGhasask cromm@trea@xpénai thewra s aifter-
cepsitient | PEactORPAHEEL! O ThTOSAIbBA MENRUSH YowsPrPROSSE 8F the
a _much snaller colum head i reqfwred and |ess
o £EBHUIG, TSR dHis ot S GFBEATEAr T BMOWORY MicheOT | g after-
f taestment f pooducthefon MH@heaWﬁthgé _ f&@lstofg_tﬁé rf't:d%ﬂrmn, thus,
S nce. 1 he i nt ermedi.ate t
o DBRL sk ar ERL AT F; a0BahTmet nelh bt b CeOS gy gater
ofindhetlool ureed alfsp i biromed erepgyat Dbverpesé orprovided  for
CaBrREpofIRRAL Afkar ! fly BIUBR Kb GEPPELTEN the apparatus
of t entfon further 3

he 1 nv conprises at |east one
phase separation apparatus for separating organic

pPhasesmistomragueeds cptarfent 2f BREeMRNL2AP6s VWRracterized
2005/0Q5357 PCT/ EP2004/ 007277 Is Ip a preferred
ebotirert NG FE ARl ARHSS ek el i Toh Aflher-treatment
cobachorhagtaet | émsts 20 prehysterThechbad ompsai-ean of the side
ARRPLALYUS ARCUALAY ke LhdVENLL Q% Cﬁrbd%t mixture, 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
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i nvention the apparatus i9%9 10 characterized in that
the preheater is in heat transfer fluid connection
with a heat exchanger downstream of a thermal after-
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Theref ore, huge anobunts both of cooling water and
heati ng energy can be saved, significantly inproving
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Apénsteqtﬂﬁm wRs Kcoiipinds henefit fMeage REOGHSEUFE Xk € further
%%%5?%5@ a&a1t1ona1 compounds such as o-methylstyrene (AMS),
cumene, water, phenylbutenes, methylbenzofuran (MBF), dimethyl
phenyl carbinol (DMPC), cresols. e.g. o-cresol, mesityl oxide
(MDY, n-propyibenzene, isopropylphenol, carbonyl compounds such as
3-methylcyclopentenone, (methyl) isabutyl ketones or
2-phenylpropicnaldehyde, sec-butylbenzene, tert-butylbenzene,
methylibenzenes, 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 least one distillation
step. '

In an embodiment of the process of the invention, the mixture is
fractionated 1in at Tleast one fractional distillation step,
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m xture is obtained as part of the cleavage produ
m xture by separating a 5 crude acetone fraction from
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invention for separating phé&hol froma mxture
conprising at |east acetone, cunene, water and/or
hydr oxy acetone and phenol corrprl ses fractionating
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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 +s always selected so
that the temperature at the top is lower than the temperature at
the bottom. The pressure in the column can be from 0.1 to 4 bar.
The distillation column 1is 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 dnvention a third fraction
comprising unreacted the alkylaryl compound (cumene) and the
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acetone, and a third fraction conprising at |east
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U594} ¥er fraction is separated into an or GAITVEP2004/007277
phase and an aqueous phase?lin a phase separation step.
In this enbodi ment of the process of the invention,
the m xture fromwhich phenol is to be separated i's
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is also depleted in Jmpurities such as phenylbutenes,
methylbenzofuran (MBF), mesityl oxide (MO). n-propylbenzene,
isopropyliphenot, carbonyl compounds such as
3-methylcyclopentenone, (methyl) iscbutyl ketones or
2-phenylpropionaidehyde, sec-butylbenzene, tert-butylbenzene or
methylbenzenes, e.g. dimethylbenzene. These impurities are
separated from the mixture together with a-methylstyrene (AMS),
cumene and water via the side stream offtake of the distillation
column.

The fractions obtained according to the invention can be worked up
further by methods known from the prior art.
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stream take-off of the thir'd fraction. The side stream
5 offtake is suitably | ocated above the feed point for
the m xture. Alternatlvely or in addition the .
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i nvention for separating phenol from cl eavage
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 fTrom cooling of the afier-
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
saits, is Ted through the healt exchanger downstream of a thermal
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conprising at |east acet@de, cunene, water and
phenol , conprising at |east one distillation colum
whi ch is dinmensioned such that at | east' one cunene-
and/or cc- net hyl stc)irene C et$a| nin ct| on_can be

phkLrpatgent at readofe BYFkehke 87U+t é@ﬂ Voc&%%l the
absvma‘latsorge cbhlm@lt f@hius f eelk nmeﬂ?m]ate@VaﬂeamgﬂiUWOduct
Xt ure n ap .aln r \V a .
Moy (RRE: on el o A MEA2 oL RS a0e N gacture
bakame ofdéuiat]izedibot todh dfs tm"ehea)taﬂmatandthen sgfét dkige to

?F’ c{lﬁméf’éﬂ 19t9§"gffé% 95%@%@31” gwerﬁﬁenﬂqat after-

aceton

Ion C rrsin
toeaiment uelt nge Cleamages GEOMC T Ew ftcbau @mé erdtatl yzed cteavage
B¥ChanaRr h{/@l%‘eﬂ%gxﬁféw%éi@oﬁé dehu@Ef Erﬁ’éﬁfhts Pb(ﬁftﬁrcﬁfmc\éohng

the urther conpri se

yapa é‘ﬂ“ao}ﬂ\ea&ﬂﬁ%re&%@ f@F %éﬁ&‘? t |SH@HH°a rﬂfqo1 ﬁ%rstg@ng the

6o effueoiverpbases. tiR0 Reefosr ahl ﬁpp@amueh@@oﬁrdm@ to the
l.ocat.ed upstr gam of tétﬁe si.de i Iet in close proximty

PBV?'H:@OEO im toéle Bf Ba‘tmﬁﬁ ‘t’ e cl eavage product

m xture prlor entry into the distillation colum.
ti t heat .
A5G0 091841 LONBRLL A APRID: SRERL S | Sohdt "B more
@ﬁ&/ﬁ@ﬁ\béﬁmﬂﬁ'm att hee mal0 afti'@OFeHC@&t weates efatttﬂays In a
\%gf%fctug?ﬂ_g S g@b@ﬁleeggpém@fdb@m t 6@ UgiR Ofg h%tugoobtngthe
tPESeR: P %Jcat §1F1%r0f%?5 g% ‘ﬁbd‘hg fc‘)"éég“%t CP'H%WSWQ at
ﬁebttulmf”onet ba%amcb@tthi savi hg tdkenneel mtammmeu@mmm feed
ea e C I N r er

oER QT bRy PRt R aReitngPOE MRy M qganic
@ondmpré@eti 1robey efract hora croisthepr ébrerexxdpderbodiatdnt acid,

%a( ihe dcqgenttdi?l (pl%abl“ S@h%%md%\my@ﬁ}%m ch@ilpr151t1g

rrent tor outl et

ﬁﬁeh@étteﬁﬂﬂ @cfa’i'&&euiﬁtjﬁeam of the side inlet of the
col um. Thus, the cI eavage product m'xture after
gtei % cool ed for ngut ralil zati on and te}} {e:

ortiigec f sFP¢'e %l apgraragy « sthe snpagatUsy %e“W@Q on

efanddy ewasticeamwe dedahesmal 27 Decenber 2006 WD
2005/ 005357 PCT/ EP200-t/ 007277
Phenol 1is 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
likewise be obtained by means of the process of the invention.

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

Fig. 1 1is a schematic view of a Tirst embodiment of the process
and apparatus of the invention;
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and is preheated at the san® tine to 5 approxi mately
the tenperature associated with the thermal after-
treatment of the cleavage product fromthe
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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 Tines 8. The remaining part C of the
organic phase, which comprises at least cumene and/or o-
methylstyrene, can be passed to further work-up. Part of the
aqueous phase D can Tikewise be returned in liguid 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
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‘preheater; 5 Fig. 4.is a st¥hematic view of a preferred

enbodi nrent of the invention; Fig. 5is a schematic
view of an alternative enbodi nent of the invention;

and Fig. 6 is a schematic view of a preferred
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eat, exchanger 11 arranged wthin the colum above
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The hot end of the intermediate heat exchanger 11 1in column 1 is
connected via line 15 to a bottom heater 16 of the purification
cotumn 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, in a preferred embodiment of the invention as shown 1in
Fig. 4, instead of integrating an intermediate heat exchanger 11
in column 1, vapors are directly drawn from the column through
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around 55C to 60C at standayd pressure, eré%?”zb”“”mwn77
causing a part of the vapors to condense inproving
internal reflux. The tenperature at the top 3 of the
colum 1 is always selected so that the tenperature at
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saved in a significant anDunt and, at the same tine,
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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 least 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 wmixture G leaves the reactor 21 at a
temperature of approximately 150°C and needs to be cooled to about
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as shown in Fig. 4, instead of integrating an
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2006 WD 2005/ 4) 01357 PCT/2EP2004/ 007277 26 side vapor
of ftake 31 and passed to the bottom heater 16 of the
purlfl cation colum 13. In the heater 16, the vapors
from offtake 31 are condensed, ther%gx heat i n%
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phenol and acetone in which the cleavage product to
be treated thermall s heated_.in a r actor  and i ngo
éﬁ% for
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Stream when 1eavi the reactor 21. The feed stream G’ has,
after neutralization and intermediate tank storage fTor 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
Tine 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 line 25 to the side inlet 2 of the
distillation column 1. This embodiment provides further improved
energy efficiency gnd 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
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achieves a high selectivity of the after-treatnent

wWePh! ith a lowering of the energy costs and a
highgggg%g1ating period of the heat exchanger sSPCBEPHS4/007277

and 23 due to the avoi dance”of fouling. The cl eavage

product m xture G |l eaves the reactor 21 at a

tenperature of approxi mtely 150C and needs to be

capitpgut Otreebq#gedZBfD%e@m%gafgﬁﬁﬁn:!\ﬂﬂﬁ@&?’&%ﬁ%e woyld be

PCT/ EP20 007277.27_40C t e reaction pri
nél @HPMQC‘Q%F oarg%@ g?ﬁ”ag hieRabing thephetdpmy oface wonsi ep
cooling is performed by heat exchangers 22 and 23,
wherein the first heat exchanger 22 provides for a
significant tenperature reduction to about 57C, and
the second 5 heat exchanger 23 to effectively contro
the tenperature of the cleavage product mxture G
streamat 40C. In the prior art, the heat from heat
exchanger 22 was dunped to the environnment. According
to the invention and as shown in Fig. 10 3, the heat
exchanger is coupled to a preheater 24 upstream of the
inlet 2 of colum 1, such that hot water or steam from
the heat exchanger 22 passes through line 25 at a
tenperature of approxinmately 148C to the preheater

24. The cold water fromthe preheater 24 having a
tenperature of about 57C is than directly 15 of
indirectly returned through line 26 to heat exchanger
22. Thus, the neutralized cl eavage product m xture G
for feeding into colum 1 via inlet 2 is preheated to
a tenperature of about 145C. Accordingly, the bottons
of columm 1 need significantly I ess energy introduced
by heat exchanger 5 to keep the bottons at a 20
tenperature level required for the separation process.
However, it is preferred to directly use the feed
stream G for the distillation colum 1 for cooling
the cl eavage product m xture G stream when | eaving
the reactor 21. The feed stream G has, 25 after
neutralization and internedi ate tank storage for
renmoval of salts and as a production streambuffer, a
tenperature of typically around or bel ow 40C. 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 150C and fed to the




‘30 distillation colum 1 via line 25 to the side i

2 of the distillation colum 1. This enbodi nent Qb%ecemberzooﬁ
provi des further inproved energy efficiency and use

of the heat energy obtainable ¢4rom *he thernal

after-treatment in reactor 21. 35dn a typical

i ndustrial process, nost of the !'ngw red cooling

power for cooling the cl eavage Bct mxture pri or
neutralization can be saved, and, at the same tine,
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into at | east three fractions in I St

step by: feedi ngfassingthe slasyage poslvst Wﬁtwleupea distillation column,
distillation col I

15conpru sing the kﬁﬁg%\gnig st dret ﬂ%ﬁgﬁ e‘?mg”%hé g{es't(ﬁgt?ﬁé ?P@"ﬁ top of
col umm, renovi ngthe deldiation ﬂofarm on conpri sing the
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20 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

25 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 is used for heating a second distillation column for obtaining

purified ketone from the first fraction.
30

3. The process as claimed in at least one of claims 1 or 2, wherein the
cleavage reaction mixture is part of a cleavage product mixture obtained
from the acid-catalyzed cleavage of alkylaryl hydroperoxide.



‘product mxture to the distillation colum, 27 December 2006
characterized by renoving heat fromthe distillation

colum, whereby the heat take-off, is 25 situated

above the side stream take-off of the third fraction.

2 The process of claim1, whéfein the heat renoved

QM th | eat |
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ket one t:onmouhé if cursénd, treepharvlic 30mpouiid & FHePRE I5e dtone is
clainmed in at |Least ,one of clai éorz wherein the
cl eavag@oPEOLE: ?Qﬁ]‘ﬁ'ﬁwg Iiego gﬁ‘y 'Foxé{aEP@Wage
product m xture obtained from the acid-catal yzed

cl avage of al kyl aryl hydroperOX| de. 27 December 2006
a¥ dn anergficlaimg f wiergimtbe rlaayage
B S0 4Themecessseecieimeddn aharehichimbh 6iwheraintber

3 wher b bl A coniABEYRfed o curene, the

phenol i ¢ conmpoun enol etone is acetone,
and t he hydroxy ketone i s hydroxy acetone. 5 5. The

P! 8955 108 ghblsUEcin 4% o0 ekl 1 e fmdl G gom e
6. The ﬂlstlldmm agduramh prcmd@sca tefpevditareeatithé bolusiretop g:ff less than
1 erper ab0 e Hple[4Hy BOTaNY B5is oy 2Cel Siere Bt ” *

preferably of around 55C to 60C at standard pressure.

- 7. _The ocess of ,one of cla to 6, wherein the
£i BhvagES PERRESS OfPi% aFdainiss | Br6 Rsipghy Reavagrproduct mixture

distill pﬁdaﬁﬁe@iﬁblrmﬁ,thé 8isT=6bR bR, & &eﬁ@%@rt@%%ﬁlpefature of
above 70C at_standard pressure, pr ef er abl y t

t enper atkR® B Cpjiendasd praseurenpratergblyrte ladﬁmpefﬁiu@ of above

15t enper am{r@ s WRPLY ok A JTBsH ;
a tenperat ure orf abgut Q)?4OC %&& eeR‘l?ggtgég&H"eQ C, most

separ at PISEPTFRTIO tempsintbreef ahput MQ)&U@tMﬁ" tures
conprising at | east acetone, cunene, water and phenol,
into at least three 20 fractions in a single

di 8ti | |%ﬁ@ﬁe8§tf@r;ﬁewratmgfp§@dolrfgom n@aaa@mpmgacpmmes

m xt ur e, Jrﬂpr"f’su‘?q at Iblagtaéc'e Ceu@gﬁ]eﬁ :%telr ﬁ[ﬂﬁ#cﬂgﬂ %ntb'dt ¥ast three

fraction co ace
20di sti | Ifaac;t@nsmbalsmgje dlsmlbmomstegpla/ second fraction

P oo SHEB I Bt e RS il 5 AS0RER S
athird fr a(remowng@rfpst feaatign epipasial lagetondrad ke tapif tHe
and distillation column,
- removing a second fraction comprising substituted or unsubstituted
25 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 distiillation
30 column, is preheated to a temperature betweeﬁ 110°C and 180°C at
M;stgndard pressure, preferably to a temperature of about 140°C to 146°C.

9. The process of claim 7, wherein the heat energy for the preheating step is
obtained from cooling of the cleavage product after thermal after-treatment
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‘cunmene as side stream whereby the side stream
take-off is situated above the feed of cleavage 27 December 2006

product mxture to the distillation colunm, wherein
t he cl eavage product mxture prior feeding into the
distillation 30 colum, ig,preheated to a tenperature
betvveefg 11PC and 180C {at- ﬂandard ressure,
pref €7 B F'eayage piodyst e asidssatalyzed cleavaye of qumsme 9.
The ofdfte Gbrir MefiralBBLR oRtie/ e V2Rl -
t he pr)gﬁg‘ge;ri ng gﬂt)ep is obtalned fr%m oﬁﬁ%&g?&@heé
cl eavage product after thermal after-treatnent 27
fecengy - i L product from .
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pri orfrasdian campriaes atieast Ak oth katoageregerd it thertledvabe product
10. r cl,aimed in any of the preceding
cl ai %?Ofﬁf@@?ﬁ"qa@g Sft(;r'i?'st 5 fraction conprises at
| east 75% of a ketone present in the cl eavage product

forge the distillatiaon st eg. 11. The process as
cl ai RTRcesfASaied In eoy Shinegprereding clajiRavehareintat least
| eastone@henph&iRAInGeHatioh RbHtaRed icBRta! '

e 9 Relic H%a'irﬁn%{%%@it%dsqupanr{n,

containing, . less than 300 ppm 10 prefera ess

30 pyfa’ﬁ?rye@%%'%f*m%@?'Bn@fphyﬂmx)ﬁﬁ?@tqneocess of claim
11 or 5, wherein a further fraction is obtained
conprising at | east hydroxy acetone, cunene and water
12nd tThe pragassof claimdilias$, whersip arfartieet fraction inoltaigadi C

phas : cess. of -

Cl e oy Rsn of RAcPBPaSetore, chthent MRAREr bl e aters
phas &aglian isseparatet into amerganlaphasatandesmsaquetipakbe.
14. The process as clainmed in any of the preceding
claims, wherein the 20 cleavage product m xture

18onpiThe esocesaef biplns 91 whersinlthe oFeniephassandisr BbaiqiBsus
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to 90% by weight. 25 16. The process as clained in
wherein the cleavage

h I | ai
1877 iThe bRfoRE 28 SRiB% i S Siaye hikeRoie cmeatbetan B of
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separating phenol froma mxture conpiising at |east
acet one, cunene, water and phenol, conprising at | east

19ne thépidcbad h9Blairkéd it i gt C
that at bl gast ongl_cunenrgéhy%;%@?g}re%ggin ' Hng%ﬁ'er%% the
cleavage product mixture has a phenol concentration of from 20 to 90% by

weight.

16.  The process as claimed in any of the preceding claims, wherein the
cleavage product mixture has a hydroxy acetone concentration of from 300
ppm to §% by weight.

17.  An apparatus for separating phenol from a mixture comprising at least
acetone, cumene, water and phenol, comprising at least one distillation
column which is dimensioned such that at least one cumene- and/or -
methylstyrene-containing fraction can be taken off at a side offtake of the
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| ocated above a side inlet for fegding the cl eavage

product m xture and a phenol-containing fraction

havi ng a hydroxy acetone conteAf of |ess than 300 ppm

can be taken off, at .the bottom of the colum and an
of f t ake Ry % ateéftpﬁb&f”etan%é% i ier fegfingdhe oleayage prodyet mixture
fract i omnelenpliérdi-eenRERiCRSction r%@ﬁfga&flgcggﬁgﬁcétﬂné bBaktent of less

the distillation colum Turther cofpr
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apparatus of claim1v, her rising
phase 1@hawgstarzed onthap fherdistilation colsamafusthemeroprsagiah

phases 19. .The appar.atu S
Cl 2 mo e R AE e BB G loprled 8RR HEe i@ asg betow the
20 trajop ofithe 26lunhe apparatus of any of clainms 17 to

19, further conprising a preheater |ocated upstream
of the side inlet in close proximty to the colum for

pr dBeat The appearathsanvagm 1F, dekdr c@iﬁﬂri%fn@lag Irlénz%; 8ﬁ8&)ﬁ¥se

into the colym. 21. The apparatus of C

1% har act §?98[@qu APRHalUsiefsehagatingrasganis phasersfiom aglicous phases.
transfer fluid connection with a heat exchanger

downstrgam of a thermal after-treatnent reactor

ouwget . The apngyatussaslaimes! ipfclaknyl 7Tofvherein the ddlumo hbe at least 20
wher ei nygydieat exchanger downstream of a thernal
after-treatnent reactor outlet forns a preheater 25

| ocat ed upstream of the side inlet of the colum.

15 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
20 transfer fluid connection with a heat exchanger downstream of a thermal
after-treatment reactor outlet. ‘

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



