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Process for the production of iso-propanol by l|iquid
phase hvdrogenati on The present invention relates to a
WQe@eess74 or the production of iso-propanol byPCT/gP20d8/008311

phase hydrogenati on of acetone to iso-propanol in at
| east two hydrogenation reacti'on stages. Furthernore,
the present invention relates to the purification of
dhie ipsod ygtiomaefdsoipfoparel dydiquid shase Awdrpgenation
train |nclud|ng a dividing wall distillation colum.
Addi tionally, the present invention relates to an

Thé bRt aslditRpasihatéoto bhropessittrtthe prédudlivdnst iso-propanol by
according to the well-known Hock process whereby the

liquid pbase biydenganatias of aspionetaiise- wrgpﬁyarrag?érhe@%dwo
h)éqcrﬁﬁérgétgcﬁ} @ﬁrsg%@éee ﬁrﬁﬁ@ﬁ%ﬁ P{h%sﬁ%gwrﬁ@gm.&ﬁ‘ r@8tks to the

p@rifiearien @f th@s bbtfa&iecﬂﬁbmﬁfo@badl by rmsbirﬁl of apsemmraerohhemn including
is then reacted with benzene in order to produce

a diviting waldiRtIlAIoNCAEM e i nvention Presently the vast
maj ority of commercial phenol is produced according to
the Hock process. In general in the Hock process

Adiditizealty, itise bressaantzirh\rthmmmtes po adictegcated meocadsefor the

b di
PRILF B ERN R ARsordib o the Weldnaw FEERibyossssybgraty the
a&é%SHé’bbenHe@%etaow Y’&?u&t?é! hperdg;e%@éwg&éorarr@ ioSPledbrBbess of the

after appropriate vvor -up and purifications steps.
pr@eee’erquenﬁld)ryand Ieethlelodkepﬂy_')o@y@ ecointaritie sigpptienaking cumene or is

rreferriad B HECT PR AL EInEnTReRa0 LT B tens in orderto

pro@UBBlLRieeave inherently the disadvantage that, if
the demand for one product on the world market

devel ops differently fromthe demand for the other

product, a surplus tacﬁ mnﬁ AR Wen'tr% produced t hat
is difficult to sel uence on

prices and thus on the econom cs of the vvhol e process
Presently the denmand_f or hen i s hi

her t
PrgsRali 1o YaSiraaonb, ebRABAIIRR Phenel s PRadcastancording to the
HOMTBFoRES s At Geral idna sk pless %‘é'n%eﬁé oGt alkylated to produce

cumene. The cumene is subsequently oxidized to cumene hydroperoxide and

thereafter catalytically cleaved to phenol and acetone whereby both products are

isolated after appropriate work-up and purifications steps.

Consequently, the Hock process for making phenol inevitably produces acetone

as a couple product.

Commercial processes that result in couple product formation have inherently the
disadvantage that, if the demand for one product on the world market develops
differently from the demand for the other product, a surplus of couple product is
produced that is difficult to sell with a negative influence on prices and thus on the

economics of the whole process.

Presently the demand for phenol is higher than the demand for acetone.
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formati on of acetone. EP-A-361755 di scl oses an
i ntegrated process for maki ng phenol conprising the
wWee@po43574 al kyl ati on of benzene with propene tRCTHBP2N0$1008311
cunmene, oxidation of cunene tq cunmene hydroperoxide,
acid cl eavage of cunene hydroé%roxide to produce
phenol and acetone, hydrogenati on of acetone and
C@eayduamtisotheme hiaye hespamsneravscattrmpisdodiyoid Hhepeeyiaeroduct
subsequently fed to the first step of
kﬁ 'ngﬁéﬁ: l%?Jenzene wi th propene. The hydrogenation
step of acetone is conducted in a single tube reactor

usi ng Raney nickel in presence of considerable anmounts
EBrAWRI05 digeloRes ﬁﬁrf@tegf,@temprgcqss/ﬁormel@ng@b@n@h@ompr-smg the

L L T R W

anoun

ctirhendits atdvwasrieapdrobatoxide, aeid bfea%gé of hen'feﬂmh)tdrogeromde to
|so propanol i s hanpered due to the formation of wate

Erm?ng?@@m%é‘é’dr@‘g%’?a{ﬁqﬂa@ anedrna and gehydratlon of iso-
SR D TR A S g

alaglatibk \df dleingena gatht pnorpehbeTaé kwbecbgematloh sh‘nepnéaeetomme is

oo 1 Brunin e At SOOSAAeY AR ARy Hadronsiderable

ar'nBquseéfe\K}SFerof:uMﬁéﬁﬁoﬁéh 8ileby @F%foeac%%ﬁéefe?hé’iﬁs'lﬁ the reaction
only 99 % and the iso-propanol yield is

prieBuat. I183ase d&Raneyeickey ifr ogr@batatron with atg@iajneunts of water has

trispine 1hadBR BB &t B enEng s BrE oy % hampered due
ortﬁé%ﬁﬁatnéﬂi‘ of WatériaprésarssIeizeBRopesVer si ons bet ween
95 and 99.9 % are given. Thus, this process has still

t he di sadvantage of a hydrogenatl on reaction in

A %rrﬁ ﬁ%rﬁg?ggi@{%#nbggfnlb ﬁ,’.ﬁggﬁ? ééé?l 9\/!‘%?@ ﬁrthgggegpﬁl'ﬁ%ﬂo? obtained
fréuh&hé”@dr@@ﬁbttdnoﬂeﬁeé artetty fised tab@lltynattdd &dretdn the alkylation of
reactor with the result that even small instabilities

benzensdoratam cHBgeeat e Rydiagenatian of aPﬁtOé‘ﬁ QrseripRd in that

oEH84E4 % e, A ek STl T Sy actone

cativefsioriid only 99 % and the iso-propanol yield is 98.7 %.

EP-A-379323 describes hydrogenation of acetone to iso-propanol using Raney
nickel as hydrogenation catalyst in presence of water in a trickle bed reactor. In
the examples acetone conversions between 95 and 99.9 % are given. Thus, this
process has still the disadvantage of a hydrogenation reaction in presence of
water. Furthermore, the experimental data imply that acetone conversion is highly
susceptible to the flow condition selected for the trickle bed reactor with the result
that even small instabilities during the hydrogenation will result in an acetone

conversion that is difficult to control.

EP-A-498573, EP-A-379803, EP-A-49857 and EP-A-379803 disclose different

processes for the dehydration of iso-propanol to propehe.
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processes for the dehydration of iso-propanol to
propene. U. S.-A-5, 160,497 simlarly discloses an
WO nioemsxsred process for the production of phenedT/EP2008/008311
wherei n benzene is reacted with propene and
I so-propanol to obtain a ni xt & e of non-converted
benzene, cunene and pol y-i sopropyl benzenes. The
UrHA-5, $6), Aeﬁwmuemz drseldsesan mtegrgtadw@r@cgaﬁfqdh@cpr@puﬁtlon of

oA 6580 b BT SRR FHIRRR | Gt o

rrﬁ%&drea@?ﬁ@r%oh%ﬂé@' beaesné eslirhéné aad F@foﬂp%@pfom thenzenes. The
recycled to the al kylation step. Exanple of that

polgfisopropyl berzarienksactiareistpgn @gemte%w'tbfa a@@lvanelz[es y-zeolite to

1,50 anal eb) I
ot&t@gf eg% 9\;'1\1,@%%6 % th?ﬁ c&?\bgﬁe@ﬂgban i )ghr% P%&QBHQ antBhenol
arﬁ@ BBefoNeUk thydrdgeridied te #sd-propasioBanrenytiddto thietalkylation step.

enperature of the reactor is 130 C. The feedstock

E&@Wﬁi& 4&f tiagl reberopre sleseabemiie hydfogonatonphachigne. to iso-
pn?f}@aﬁopwil\ p‘—z@?ﬁ,’ﬁ r'rBRS offso- %%SF\BF @%ﬁ&ﬁ@%ﬁtﬁé’feed stream is

on1 enzene conpri si ng y at1on of
6 B@m’(ﬁﬂ&) inildtheinperatucp intolth@ reactai ist8d ¥ ahditbe optleptemoperature

and propene tqQ cungen oXj di
of pérBaeiants 480 “Ge Thedeediags comhrngad 89 db GrepBipang! and 12.72
"/:é’cé}b?@ phenol and acet one and hydrogenati ng acet one

0

orm i so- propanol by hydrogenati on of acetone in at
| east two process stages. The hydrogenation step is

AT R AN e .

cthpR§HY MALESM of BeAzdihd GithSé@peorarla?Op almaairerofiiso-propanol
used and in the second stage a tube reactor. The

anpd pma:tm@umeaa,som@mrtgw@lm@ap tp sHEEHEe ydsoneraxige, acid

t ot t
olgfyien BFFEReREMEroferdx s it phBBEiR Hodtone ana,
hyiregeaating ataionend féan Sscvvpro;%rm bﬁ/(biyelrcagmaﬂ%nﬁ)f\acet@me in at
I so-propanol . This _reaction mxture is

legettwripEEgs SRRaTId henhydPgenalimelentis deSEbSbinggp detail in
”A %%%g)ﬁte?gggeg( Qw& .Mhaﬁﬁfe%ca @sdr%%td &l §la?§eur e

reactor has sti .
h;&tregen@tuowsro%eﬁss%ﬁhr@mmars; stagena doqp/\ma@t@rge usequartsﬂ in the
phase hydr tg%nat [ op p{_

second stage a tube reactor. The process conditions for the loop reactor are 70
°C inlet temperature, 115 °C outlet temperature, circulation ratio of 1 to 8 resulting
in a reaction product containing 12.5 wt.-% acetone and 87.5 wt.-% iso-propanol.
This reaction mixture is fed to the second stage having an inlet temperature of 70
°C and an outlet temperature of 126 °C. The reaction mixture leaving the second

reactor has still 0.54 wt.-% acetone.

US-A-4,960,960 deals with a two stage liquid phase hydrogenation process
whereby as one of several possibilities the hydrogenation of acetone to form iso-
propanol is disclosed. Reaction conditions are inter alia given for the
hydrogenation of an aldehyde whereby the entry temperature to the first
hydrogenation zone lies in the range of 90 °C — 220 °C and the pressure between

3 bar to 50 bar. No such information is given for the second stage.
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wher eby as one of several possibilities the

hydr ogenati on of acetone to form i sopropanol is
waele@ehesed. Reaction conditions are inter ali aPQi/ERI008/008311

for the hydrogenation of an al4dehyde whereby the entry

tenperature to the first hydrogenation zone lies in

the range of 90 OC - 220 C and the pressure betwee
W03/ 884, disalesasafoe Haprapenss of Gyedengion feacetone

cc?fﬁﬁf?ﬂ'& §ﬁ%§4%n§%n‘ﬁs%/b%%zéﬁg fol gk@fa?%l ang Téee\%@ﬂtefr?m the

roce ogenat i on of acet ont ai ni ng snal
pr@n:ewﬁesorﬁptlmn zsspeciatly iatsn figoreahof thatsefesense ,cdrmmplicated work-

t he progess, de cri ecj.al al s ure 1 o
R RedHe e T RS RheE B oB Ghubhf g€ necdssary to
obBPIsEiAI8pahb ARG NS BSirel plfity. ati on col umns are

necess ry to obtaih iso-propanol” having the desired

purity. The US-A-5,897, 750 addresses the probl em of

repnyvin e froma,m xt tarl ace .
ThS PRSP aBG 7 AhaacieRirs f Biatrya eREd pREBRE Tom & mixture
cd’iﬁﬁfnﬁ@/aéétoﬁét [saChropanaband wvalerhy ERPEORRAGistifato WREreby as

di met hyl sul f oxi de and 3- pent anone are preferred. From

extractive efgents denitropiopane; desarenaadimelbylsubpddeland 3-pentanone

cont |n| e f

gt BT IY GerBinsdh & evifefl ibah B brobRpBhiditinti

adatohd anaovster i @umddnetomurﬁy irbdatits @ltsiadsapoomand of the desired
evi dent that, although hydrogenation of acetone to

gregem i so-propanol is in principle known, there is
still a desire to optim ze the hydrogenation
conditions in order to achieve a reaction product that
Furtivdranore, frohytheeprjorl artrisedssedabose dfis mEtemihmatTalth;ou@
ortant when this hy enatl n, st

|
5 ggg'lt‘ﬁat'oé%:o% A %aﬁaﬂ%éofﬁ%ﬁ%w%@&eg isdnQrincp g&gpg}ﬁ\e here is still a
é%k?rgzatban e\’/}ggmlnﬁettﬁg hghﬁdlﬁnd? oACTRItdhViBrordBl adhBYe bSreaction

smal sses of acetone in the hydrogenation
prsdapt that bdntasmonlyuwerm hmmegh ateoabﬂswftaneww oS isf especially

T ertw hlq ft‘ty(?rgggﬁg o g p %f rﬁg Va@rit%ﬁga?ﬁ\%ﬁpol | process

snﬁéé ata®hefiy db't‘@n@@ lirh fhé@he@cﬁl (TbePSs w\fv@? H@Iﬁ)aﬁ’mﬂwahd even
obtai ned fromthe hgdrogenatl on of acetone. [

i's
sraalblosees ebpeetonstintthe hydeeganationeapiveld die?zh"bkﬂ 3 eonsiderable
toldl R555¢ rfng{er%rl GRS ' é’({bn%fmlcally disadvantageous.

Furthermore, it is an object of the present invention to simplify the purification

steps of an iso-propanol obtained from the hydrogenation of acetone.

It is another object of the present invention to provide a process for preparation of
iso-propanol starting from acetone that leads into a highly pure iso-propanol that
does not necessarily have to be integrated into a phenol process and thus allows
direct marketing of the obtained iso-propanol which increases the commercial

flexibility of phenol producers.
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i so-propanol starting fromacetone that leads into a
hi ghly pure iso-propanol that does not necessarily

Wh2008/04357be i ntegrated into a phenol process arPdI/EP2988/008311

allows direct marketing of th% obt ai ned i so- propanol
whi ch increases the comrercial” flexibility of phenol
venti gn The above

def i ned obj ects haXBVPEBHOLNERIREINUVENUOR cess f or

the production of iso-propanol by liquid phase

hydr ogenati on of acetone to iso-propanol in at |east
Thevabbyd defiaed tabjects baveirersattajped byax hracesstfoothespragleiction of

. conpri si a hydrogenatjon reaction zone, wherein the
ishypIpBgRRILEY bt eheRe i dsogeRaiion GLARaanS e SsamAdse! in at least
twi reg;ehagoﬁ %éédtgfne&sgég,ne%a&eacﬁeﬂtsw@cympmmgeg

aceton€ and a product 3tream conpri sing acetone and
hj&ggpmaﬁ;imncéadtisntzomesmem the hyidesogenatidroreactinn pyoduct leaving

subsequent reagti pn stage sai d product streagmhavin
thGeRRUPT Apee of ¢ FIBt Fedciaroaeps e NS AT iR Sl and a
pr’tbﬁ%f $tPEarpl@ifprisih§ He8tcHd ARd q)sfo-?lfbptéhol ROtrénsfehrediabthe reaction

e tenperature of "the product stream|eaving the )
zareach 4 subsequendfregetian siagsespid mrodeciatieam baxige afttheralet to the

out.l et fromsajd reaction ' t [ r o
By eaeRsall Syl T iiof A Bribedlb  dU e 100°c.
whéichytRagbhperatars ofithd produtt etream leavithgrtbaataotionz 2ore of said

and the tenperature in said subseqguent reaction zone

subsequept reactieastags et the onbie! frrersaidi FeAstionmAng is at most 40°C
. r i i i . .
OB P Dl e PR S RERRS s et zome a
theanlebé §aidtreactiomezorased the tehweratupe irasaidesubseqeastreaction
in a reaction zone subsequent to the first reaction
Z%@%F%@FP%T%? G-enperature of that zone and the
inlet tenperature into that zone is limted. Fromthe
exanples in EP-A 1 070 698 it is evident that with a
It hespeeataurprisinglyetiseoviesedithat inet byl stagediduich pbaagdydrogenation

bet tl et dinl ]
PrRGPES Tk Rtals e VErPT ohARET o BR T RE B s
teA{gRrMLRE AitirehSe I8 rB¥EiAY 20A¢ sOPseRsHIed thé firstasatst zone

thereto, when limting the tenperature increase .
bateerpantistiteraperature of that zone and the inlet temperature into that zone is

limited. From the examples in EP-A 1 070 698 it is evident that with a temperature

increase for the second reaction stage between outlet temperature and inlet
temperature of more than 50°C still unwanted high amounts of acetone are

present in the hydrogenation product.

In contrast thereto, when limiting the temperature increase between outlet
temperature and inlet temperature to 40°C at most, the amount of unreacted

acetone in the hydrogenation product can be further reduced.

Thus, the hydrogenation process of the present invention has several advantages.
First of all, loss of acetone is reduced with the result that the hydrogenation
process according to the present invention can be advantageously integrated into
a process for the production of phenol, thereby further increasing the economic

efficiency of these processes.
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tenperature and inlet tenperature to 400C at nost, the
anount of unreacted acetone in the hydrogenation

woe@dioers7£an be further reduced. Thus, the PCT/EP2008/008311

hydr ogenati on process of the present invention has
several advantages. First of 811, loss of acetone is
reduced with the result that the hydrogenati on process

Cavssyudinily, tre dtheveposisetst aensisatadtiamexhby beprocess for the production

advant ageous|y integrated into a process for the

of HheMet EPBRMSMIPhenol , thereby further increasing the

econgm c a&@%ghngeﬁemﬁee RISRABE 1 s S PRSSAIER K6 biftain

t he dbove objects are also attained by a process for
t he produatrmeme;of phenol conprising: a) al kylating

benzene in the presence .of iso-propangl. . ai .
cumdo:  tpidking SaEe Wil en srae S ROBbR HERhT i st
medi um t q; Rt AL RyAHIPRIISXiBKATr oper oxi de; c¢) cl eaving
cunmene hydroperoxide in presence of an acidic catal yst

to abt ai rclehenglcuareheabydroperoxije & persancagftaneacidic catalyst to
product oRhtained in _ste [nhto a phenol containin

stream an‘g)tlam ﬁh%f?f;]@@gt%??gggéht ai ning stream e) °

opt ignal | segutafiny tHpidiRickeptamed aostepi ¢)iin apheaot containing
obtai'ned in step d) to obtain purified acetone; f)

og: i pnaldl streamiangi intp anacptfofontaiing §iregMst r eam

obt ai,ned in. st ot [ ; i i
nycrdgendinting i einlifa RiE BBl o aRRI A% iaine)in step o

and/or t e gtainf putieacatetonepf step e) to obtain
Lo dep pticnaly aueing 48 phopabeoEy 5 rram e tiEidy step @
:J%eegfleg)e/th{}g?t%{/ﬁ n‘ﬁ}%@&m” on process according to

'g) hydrogenating the acetone containing stream of step d) and/or the

purified acetone of step e) to obtain iso-propanol;

h) recycling the iso-propanol of step g) to step a);

characterized in that

step g) is conducted by employing the hydrogenation process according to

the present invention, and

a process for the production of phenol comprising:

a) alkylating benzene with propene to obtain cumene;

b) oxidizing cumene with an oxygen containing medium to obtain
cumene hydroperoxide;

C) cleaving cumene hydroperoxide in presence of an acidic catalyst to
obtain phenol and acetone;

d) separating the product obtained in step c) into a phenol containing
stream and into an acetone containing stream;

e) optionally purifying the acetone containing stream obtained in step d)
to obtain purified acetone;

f) optionally purifying the phenol containing stream obtained in step d)

to obtain purified phenol;
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a process for the production of phenol conprising: a)

al kyl ati ng benzene with propene to obtain cunene; b)
w@00di0£ismg cunmene with an oxygen contai ni ng neRlCT/EP1008/008311

obt ai n cunmene hydroperoxi de; c) cleaving cunene

hydr operoxi de in presence of dn acidic catalyst to

obt ai n phenol and acetone; d) separating the product

obt aghed hydrogepatipg the acetopeeromtaining streamf sterdirand/or the

and int . t taini t [
pur yi ngPOHEGAERORE & SHEAPA RGP el B SBRaPhed i n”
stepnhyl) t@eRMratiAg e idd-gdpanel 8nsteplq) toRIbtARGrbpene;
purifyi ng the phenol containing stream obtained In

step)d) teptignalymysifyingitee pperens ofjtemir ogenating t he

et CERVPATA I LGBIRA 3 Stk Bl ppoeng o s

dehydr at i fagstep&)i so- propanol of step g) to obtain
propene; i) optionally purifying the propene of step
h) jcharaetefieedng thafe propene of step h) and/or the

F ﬁ | It %g?%gﬁée ggggg?tg Ecbf}{]%ﬁgloéryggg%ﬁ%q rg%ﬁgﬁ(?'ﬁg}cﬁfésé%cording to
hydripgerratenninpentt@ss according to the present

i nvention. Another advantage of obtaining iso-propanol
with a |low anobunt, for exanple |less than 1,000 wppm of

ARSREP BBvah i ot AR DL 3tBpBhOGEM E9owdinbaht. $3AERIrRple less

known Trom 1, can be considerably
thanrMp00® mgbm CH asetpnenid that trework-tipeprabedweobpdar example

al so_att gi ned f i Ty )
g Pebar-od Preblacen dsratisrgbhese s 1000
wppm acet one conprising subjecting the iso-propanol

raw product to a distillation in a dividing wall
Canmsaqudndlyi one of the above objects is also attained by a process of purifying

an iso-propanol raw product containing less than 1000 wppm acetone comprising
subjecting the iso-propanol raw product to a distillation in a dividing wall distillation

column to obtain purified iso-propanol.

This purification process step can be easily incorporated into the overall process
of producing iso-propanol by liquid phase hydrogenation of acetone. Thereby an
iso-propanol! of high purity is obtained that can be either directly marketed or
recycled directly into the process for making phenol or via a further dehydration

step to produce propene.

Detailed description of the invention

According to the present invention, a product stream from the hydrogenation of
acetone, comprising acetone and isopronol obtained from one or a plurality of

reaction zones connected in series, is supplied to a subsequent reaction zone.
Thereby, the temperature of the product stream at the inlet to said subsequent

reaction zone ranges from 60 to 100°C.
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colum to obtain purified iso-propanol. This
purification process step can be easily incorporated
WO p08/043384 overal | process of produci ng i so-pr oPEHBP20ps/008311
i quid phase hydrogenati on of acetone. Thereby an
I so- propanol of high purity i & obtained that can be
either directly marketed or recycled directly into the )
The dwydseganationarpatiopptasetose toiisp-arapanohis indignarabexethermic,

B BrRRLES aP 0% SRR ROL RN Znc Wi be igher
thaimaheakrijorgiure bt €a infst tb\Risagaskdn 2onefif AGEt 6.
conpri sing acetone and i sopronol obtained from one or

a plurality of reaction zones connected in series, is

NIBHIER 1 AP R R A PRSP L,
shsmRpGne dadtioaciorenisdinmted wgEC &t mos0 t o 1000C. The

hydr ogenati on reacti on of acetone to iso-propanol is
in general exothermc, thus the tenperature at the

AU €« R SUSAUR o AL B A b NS of
thegreduct streamad dhe ihlettocsaidisnbsequertaepctesentne ranges from 60 to

ihvention, this t er re.Lacrease within that
o4 8t ok PEtEire @ IBBLART S0 Eri ted to 400C at st .
According to a preferred enbodi mrent of the present

invention, the tenperature of the Product stream at
Furtheirmbret theinceeasesefitbedamperatsse of the prodect singa atrtbemoutlet of

6Q to 900C and re preferred. f 0 to. 800C . .
sapd suRaPRBra TeeREoh faPE EoBER 10 MR Rutdeflirg athe et o said
reBEREH $bnetis preferdbly BO°O Wt Infdstomos@ peeferedexpIenat most, and most

reacti on zone conpared to the tenperature at the inlet
prefersed d0rea M- zone is preferably 30C at nost, nore

preferred 20C at nost, and nost preferred 10C at nost.

Al though it is in principle possible to operate the

Algigh tisinusriregiple assible td operate sise abage-discussed subsequent
PIPREFEaLIRP BRI GUN BES DETpErd R ANa G PRIGLTE Mciease between
oUtRITREMPEMtErPAnd Fh16t fepRsdrafite 27138id RaRtioh $8RE i®Gt IdAst 5°C. By
allowing some temperature increase within the limits of the present invention heat
removal can be less stringent and the reaction volume can be lower compared to
a strictly isothermal regime. Thus an optimal balance between the objects of the
present invention as discussed above and low investment and operating costs is

achieved.

The maximum temperature in said subsequent reaction zone should not exceed

125°C, preferably 120°C.

According to a preferred embodiment of the process according to the present
invention, the process is conducted in two stages. Thereby preferably the first
reaction stage comprises a loop reactor and the second reaction stage comprises
a tube reactor. The advantages using a loop reactor is that the circulation ratio
can be easily adjusted in order to achieve an appropriate dilution of the acetone

stream entering the reactor.
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all owi ng sone tenperature increase within the limts

of the present invention heat renoval can be |ess
wareongsm and the reaction vol ume can be | owePCT/EP2008/008311

conpared to a strictly isothermal regine. Thus an

opti ma! bal ance between the ol% ects of the present

i nvention as di scussed above and | ow i nvest nent and
Tb@same effectasarsbe slsache achig¢ved iy using mdiueshpreterably the

sai sequent action zo hou not
rezgt0 rppdyalrstyoRw CABSERGFHIG. ROS Hiss B8 Smix acetone
wﬁﬁ"?&ﬁ?@gncﬂfméi&e@fr@ﬁ?ﬁ}‘é @@@@éﬁ?ﬂ@r {oPeitig irl6 @SedHventional tube
I nvention, the ‘process is conducted in two stages.
repletoreby preferably the first reaction stage conprises
a loop reactor and the second reaction stage conprises
a tube reactor. The advantages using a |l oop reactor is

AkérativBg, Riig aldodbosHiblead isabsitutdthetiadplrgaaldr byteserias of
order to achieve an appropriate dilution of the

comacted tuhe Efa?rﬁt@fﬁt"é'ﬁh gyt imaiteceemn\arsipROfAgators fnoeach reactor
st%ﬁg Wi ﬁ'{ SR<ft tﬁ SHe Wné{@nggisaa %o &N s e%fcﬁ‘lr &Wn\écted

€ reacti on pro ISO propano nsequent

Io@b&éa@l@%h’iﬁwbéalaﬁ@mplcaﬁdt one with iso- propanol
recycled fromthe process prior to entry into a
conventional tube reactor. Alternatively, it is also

DEAR 'tﬁ’% ﬁé&%@%ﬁbhtdf”a%ew?\% %JQQ@ Hr@@&ﬁcﬂra RYmBef 8f LfwaRled side

con e reactors wth only Timted conversion
protiuatsetambeiobtaiaet duedotmrssitlagendensatianeofrtbeigduct Raetone or
acet gne functions connect e

thEGupSheuEbgrePRas. burBeERoBBPBYa TatE THGPERUCR Teatt further by

elMRER8R R WABr. HI St Gk FctiBAs PEAREIRCAN ana@m lo&b of
unwant ed side products can be obtained due to possible

matatddnsati on of the educt acetone or the product
i so-propanol . Furthernore, sone of these by-products
react further by elimnation of water. Al these side

Féreagdrhples aftep thd alkali-aatalyessaldetcondensationaif eicetdne feodiacetone
exanpl e, after the al kali-cat al r\]/zed al dol _condensati on

algghelcelipination ¢fiwater ipads to 4-methyl-3-penten-2-one (mesityl oxide).
The hydrogenation of the intermediate mesityl oxide leads via 4-methyl-2-

pentanone (methyl isobutyl ketone) to 4-methyl-2-pentanol. However, diacetone
alcohol can also be hydrogenated directly to hexylene glycol. The desired product

iso-propanol can also react further with elimination of water to form the undesired

diisopropyl ether.

Some of the above-mentioned secondary reactions proceed with the elimination
of water. In order to suppress these secondary reactions, i.e. in order to increase

selectivity, the addition of a small amount of water is therefore conceivable.

As discussed in the prior art sections, many prior art processes of hydrogenation
of acetone to iso-propanol therefore use Raney nickel in presence of water, in

order to achieve a high selectiviy to iso-propanol.

This additional water, which is undesirable in some specific uses of iso-propanol,

remains in the product mixture and may have to be removed, which is — especially
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al cohol, elimnation of water leads to

4- met hyl - 3- penten- 2-one (nesityl oxide). The
woyWPOeESHat i on of the internedi ate nmesityl oxiBEI/ERAd$008311

via 4-net hyl -2- pentanone (mat hyl isobutyl ketone) to

4- et hyl - 2- pent anol . However, 18i acet one al cohol can

al so be hydrogenated di rectly to hexyl ene glyc The
incdisshbieatipn odticacetone prdiffiowd to aohiedesdue tathe Kumaﬁeﬂ of
aW' tthoel i mnation of water to formthe undesired

49 Etﬂoer opyl ether. Some of the above-nentioned

secondary reactions proceed with the elimnation of

water. In order to suppress these secondary reactions,
Inj cantrast thwrete, the prasentdeerlion@eEKes ﬂt_\,DOStSHée dadydregenate

r%% HB'(:Iongémlﬁ@[%% Sﬁ ah?odrﬁ%?%&%%&%?clﬂ' tH@ﬁJrSces%sof the

Scusse art sections,

iNnPEOLES aestodle HiaAdmg)gemtbr @ontﬁnt@uﬁssrtaah @rleqm-a}btmp)afvte%,
therefore use Raney nickel in presenc? of wate

prsfefebly lssadhae o8 eaUal GrD Saviedei oS! RisTeTed ﬁﬁ%ﬁp@ﬁa& 2 wt.-% can
od Bydrdifitiate R tantfiBloroBBhGIWHR atficft Selctlfy. 1 SO

uges of 'l so- pr ins in e product
m xture and may have to be reaned which is -
nati on th ac ne -

S G e P TR ABb SR PSR et e tided rom

céigﬂ/tsf@\]%mg)h@lr Nl fckdIRR MRREHMpENEHIrOA neatressiipport. Preferably,
possi b hydr ogenat e acet one contai ning a very

themeUtradsopportas cralusimamerxidé.n t he process of the
i nvention acetone having a water content of |ess than
or equal to 1 w.-% preferably less than or equal to

anhé f&ﬂown@ dExtiphb RS fR3rtRE rb8stfort Bawyiflords th'e%é?@'ﬁalbsiages of the

drogenated to formiso-propanol with a high
h;sbbgena'mn procesist hiid distnguaished Yetween reagioscsageswheiein the

r<Befigh rormonr oS ey Vit SngRE P A Shbis gquinng the
spEEROtempdiagirerapitnol atbsrdiredito thle FrepeRr ihvestien.a harintitype of
oxi de. In the follow ng descriptions for the reaction

rea@h@n stages Wil hm@efgeaxbmhesfpﬂ@wgdpr gpge mf/e%@@fm 3n other
re V\ﬁ 'Z%anén Sod Gindl F’ééc?n%wzgﬂ‘%@" b(ﬁ&"f@t‘?é} thWI i gl 5‘ce°§sa§§ges

e reac 1on conditions can b vari e
regoitinigher spatifioensgergttse rcontrot acgprting to the present invention is

defined as "subsequent reaction stage or subsequent reaction zone".

The total number of subsequent reaction zones and other reaction zones is not
critical to the present invention as long as there is a first other reaction stage and

at least one subsequent reaction stage in the succession of reaction zones of the

multi-stage hydrogenation process.

it is preferred that in a sequence of reaction stages the subsequent reaction stage
is the last reaction stage since in this stage any remaining acetone is
hydrogenated in order to achieve a quantitative or close to quantitative conversion
of acetone. But it is conceivable according to the present invention to have more

than one subsequent reaction stage at the end of the successive reaction stages.
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specific tenperature control according to the present
invention. The first type of reaction stages wll be
wa@ledovrexs74 n the foll ow ng for ease of descri pt POHER208/008311
"ot her reaction stages or other reaction zones", the
| atter type of process st ages1|1equi ring the specific
tenperature control according to the present invention
But ag enemlintheskabovsh sisgaeding te aqireteired agwodiment dlag iidrogenation

o 5 O il L2 SLORBE Rt AR b one subseauent
redctibhGlhgé 0 the present invention as long as there is

a first other reaction stage and at | east one
subsequent reaction stage in the succession of

- 0] | . " .

ThE 6au®h E8RRRof: irdfie BihonieRcRR SHALERTE6 yBRed within wide
lifReCite. dhe Siqaiephadehgdiogenation canasd comdudted at ateiriperature of 60

| ast reaction stage since in this stage any renaining
toa b Enreterphlyr BHEN AR Eiande d>é¢8~°clﬁe&% Hi0dpS G bar, preferably 20 to

g . o i _

SBYRPH R BoPlufl ST LA THERLNRERL SRAINEF | B8 Viious other
repictiearstagen/ent i on to have nore than one subsequent

reaction stage at the end of the successive reaction

st ages. But as nentioned above, according to a

D?Ré{:@i’h@% ﬁi@@%ﬁ%ﬁ?rﬁdﬁh@?@é&%%@ﬂéaﬁﬂ I8viRg Y %ftfg& reaction

WO St ages Wit irst other reaction stage an
stage, thebpreguehstreamchasoto Ise sgeleditoe tarapenadurecasifif) to H0@°C at the

ol SRR S AR gy, con e

ciriueesd B;}t Abads kKABRAI R} Higeredn SRille® il 04k, such as by means
preferably 70 to 1300C, and a pressure of 10 to 50

ofmheapexghangsiry 20 to 35 bar. The tenperature and
pressure conditions can differ in the various other
reacti on stages. Depending on the tenperature of the

T AgddRIgesiationmeati®y bhgcdtohead sy-praaeiol insgearggral ékethermic so
product stream has to be cooled to a tenperature of 60
thabiniheortibaeduset feacdioniage mRasures Qabggg geriaker frPIAgH to limit
Tp L ;
B RorRY 183850l 1RESSSRL Y FARIBR Sag0E1,
teapdrgture af she feactiomadtrean lratlye putlet of the subsequent reaction zone is

not more than 40°C higher than the temperature of the reaction stream at the inlet

to said reaction zone.

This limitation of the temperature increase in the subsequent reaction zone can be
achieved by any suitable means, for example by cooling means. The pressure in
the subsequent reaction stage preferably ranges from 10 to 50 bar, particularly

preferred from 20 to 35 bar.

In the hydrogenation process according to the present invention in general an
excess of hydrogen is employed. The molar ratio of hydrogen to acetone,
preferably ranges from 5:1 to 1:1, more preferred from 3:1 to 1:1and most

preferred from 1.5:1 to 1:1.
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The hydrogenation reaction of acetone to iso-propanol
is in general exothermc so that in the subsequent
WO e@enisM st age neasures have to be taken in OPCEEP1008/008311
limt the tenperature increase within the subsequent
reaction stage so that the telperature of the reaction
stream at the outlet of the subsequent reaction zone
|nI?Mbmmemmhé@@semqheenﬁdsmnhe tiguidestpearataomapriging acetone
_the reaction strea t the inlet to said actiqgn
s sRetecr-SuMeR{ly Sl edivanech Srseriiptoh 1o bydgep zone of
arky6 (HBIRBBHSH StARAC ThRReBPR %S BATeREI 64 QyedrBlit ASW of both
uit abl e nmeans, Tor exarr%)f)e b)ﬁ/ cgol I ng rreansrr The orRo
stiaess i maintained iswdlsregetion stages. By itss af coprasf alsatnogsible to
ra fr 10 to 50 bar... particularl referred from
S%qgﬁ#%@ng g]P‘.N QRS fo TS 6{9?8%0'13?%9%& accor di ng
to the present invention in general an excess of

hydrogen is enployed. The nolar ratio of hydrogen to
Thecptamess aucefdinglid yhe anegentfinantenis peeferably congusted

coyB45) R RBalird e oo e Pl poflbleh i on.

the liquid stream conprising acetone is directed
co-currently with the hydrogen streamthrough the i
Theyprastush obtsieed Py dhy hydregrnationcRiosass phiiesprepsst lygntion
It . t
cop bR 654 U FORELD AR, id S Bosh&500 woom

artomosSe padfereddess than 120 swipse bicdtdriee Femthefinove, rdagi toethe

for different reaction stages. The prqcess accordi n% .
prefereastlot watacanieRHn R rPack MRl Jutea dik Dugrogenation
0844 THEYS Ao tio R PBEINL S8y REODRRRr 9008 Stk very
linfiteac@swuofs dherpaieFwnacetoveraridowateonthait eanpree¢asibpyrified by

I t .1, 000 f I h .
sl o AP On A By oRuBL S i A RaBaion process
of e bhedMiSvertlid fo0a HIRRINANEH &1 & vidiey W&l 8istif@dresdlunth to

the reaction m xture during the hydrogenati on proces

recoreemuiiedinomropanel. ANyAXeess 19§ hwﬁ@qm@slérnrefﬂraelé«ssﬁsp'arated
frq‘iﬁ?rtég "rgqsqu)%r %rgh'ungbggg? :é}?h‘% rr?q ﬁee%igﬂ@étwm&olaﬁﬂ AN ré’tﬂ}éled to
the process of the present invention. Thereby, the purifided iso-propanol is
obtained as side product from the dividing wall distillation column. The advantage
of using a dividing wall distillation column is that the raw iso-propanol can be
purified in a single work-up stage to a highly purified iso-propanol. Thus, the
present invention, contrary to the prior art references discussed in the prior art
section, does neither require extractive distillation needing recovery of the
extraction medium which results in increased energy costs nor are multiple

distillation steps necessary resulting in high investment and operating costs.

Thus, employing a dividing wall column in the distillation of iso-propanol raw
products leads to an improved iso-propanol purity in only one distillation stage.
The use of a dividing wall column is particularly advantageous in combination with
the hydrogenation process of the present invention since the iso-propanol
obtained therefrom contains only limited amounts of unreacted acetone, water

and unwanted side products so that in the dividing wall column only very low
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subj ecting the iso-propanol raw product obtained from
t he hydrogenati on process of the present invention to
W@ 2@p®13sr4d ation in a dividing wall distillati orCTBP20081008311
to recover purified iso-propanol. Any excess of
hydrogene is preferably separdt3ed fromthe reaction
product before entering the distillation columm and
amannts efl headtdre! ottaagsodictstnaiairthei :mmmm'eemave to be
Ther e the purifided iso-propanol is obtajne
regnage% Bt AR ISPTSRATIR] CRFINCH 2604 51 Ia6A-Of from the

it Wall@cﬁuﬁ#\v @9% trquﬁ'lé‘ﬁn%uwté’ bfnggerwggér{%fab ly less than

ation co at the raw I so-
21990parppi, edonmpmf&ra@llessmm ‘LPOB wgyen water, most preferred less

r%éh &ged |so nol . Thus, the resent | nvent |I%
t mppt"aw &Se '8Y"ta'|“QPB cuateginaakest ogssihlg fasfurther dry
theS r‘é%hltﬁfgt prRARfeict Eﬁecm uBRl té‘ﬁ{olé&ﬂﬁf Eeved Aafld KeThe drying

distillation needing recov e extraction medi um
stepi plceedsiat & tempanaMaQéQSeﬁféngyT hepgioduaubar sieee can be easily

multiple distillation ste essary, resu|

reeaRieURX e irsesEten Ags CouT 3 v caliE Pupiy
dividing wall colum in the dIStI||atI0n of
I so-propanol raw products |eads to an inproved

The $hys ebtaiaed pighly purifiedang cb'mesq:rpmanoétcaarb%mdgeendently

T T —

opihaabdsreolvith peopses eNthd alkg@tibAtSp BEBehPéne for making cumene in
i so- propanol obtained therefromcontains only limted

an iegiaded PheRPbRVCESacet one, water and unwant ed si de
products so that in the dividing wall columm only very
| owamobunt s of head and bottom products containing the

Therphenoi m)cbases tondhected imaedordaings, witththepwelldknedn Hock

i SO- propanol i ned, as a, side take-off fro
prres e Ty bR e lalRe Hieoo s of 4 Intc G pBepe! process is
nd‘%te%rmed@ i@berﬁéae\és!aﬁﬁsﬁn&@ wbeao%gotdﬂmewaek.wfeﬁgb%ﬁ a

l ess than 1. 000 wppm wat er preferred | ess
person wiledvinttee artlingbe fietdhohihsupnosiuotionvef phenake it

possi ble to further dry the resulting product
effectively using a nolecular sieve 3 Aor 4 A The

THY Ftd&nﬂrﬂ&rﬂbﬂ%ﬁ Hovabe AidRSRAH M Wicredetdlh mﬁtﬂ%fer’éhee to the
ucul ar sieve can_be easily regenerated by using

schefatisr aw eiprgjas imelighEe 4 shewing parrelerred, meQdynerrheccordmg to
th%g)lfl { mé;ﬁtﬂ%rrb%lp)’lsﬁﬁré irgﬁjlaﬁgrq rgéé/t& fSFthe %?é}oﬂroﬁggs stage

i
epen
and a tube reactor for the subsequent process stage.

The flow scheme shows upstream circulation reactor (A) with the ability to recycle
a product. The conversion which occurs here is a major part of the required
hydrogenation conversion. Reactor (A) generally operates at a high concentration
level and can be operated using a small circulation ratio. The product from the
circulation reactor depending on the temperature of the product stream at the
outlet of the circulation reactor can then be subjected to intermediate cooling in
apparatus component (B). The hydrogenation in the final conversion step is
conducted in a shaft oven (C) which operates as a tube reactor without product
circulation. The hydrogen feed and discharge lines are denoted a) and the product

line is denoted by (b). Reactor (A) is designed as an adiabatic reactor whereas
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marketed or recycled to directly or via internedi ate
dehydration to propene alone or in mxture with
w@e@poss74 o the al kyl ation step of benzene f orPeEKP29G8/008311
cunene in an integrated phenol process. The phenol
process is conducted in accord4nce with the well-known
Hock process. Thus, any further detailed description
regctohC) caregortbedcpiimgoinepnecldsshéat exahadgemedans ib®rder to limit

o SRR acb i Thd e SRR i PS8 Pnventon
production of phenol. The present invention wll now

be di scussed in nore detail with reference to the
The Istarting dempevatdregf the finst prepese stagaoanges Homr 0 tr 1€0°C, and

RO B Rk B ERbEA P 3PS TR S o gpay sage from 6

toS1 @IEhé BEnceritkdto i GREAbNE M tHAEiIrEHARRS SREAMAIRHe LY 8 to 20 wt.-
sta The fl ow schenme shows upstreamcircul ation

e.
Ya wage dhe copcentratiaref igdipropgneldnergeses dydhe codigsponding amount.

GRS Ry e e o b TP By, ne

teg@peratire)inORasas @s aatinge BfI00CONT30TO. Thieqsrobagestreédtdl leaving the
can be operated using a smal|l circulation ratio. The

C'M@ﬁ'ﬂg reacieon iseoled Lthg Gaiingdneans (%)e@éhtﬁrﬂae@ﬁuﬁeh'@ the range

oftm'i@(:)‘iltgﬁ)rﬁf td Fﬁte?irngﬂH?‘tuﬁé rr@é‘&bﬁfd. H‘F\é@géﬂee{en%ertanﬁe of the

circula reactor ¢ hen be subj eCte
prioduet steclamtat the alehgf the seyomdaicastarasrpetvesen 68)andTH@0°C. In the

GRS 8 ot B G B Ry ek (o
sHRGPE TheBrbbale iRVAMHS th& Hifge 8f @%b 50 Mar Y@reesly 26€8 35 bar.

and ‘di scharge lines are dgno ed a) and the product

The hgdicgethatioh edtddyst(lned iRdaathatades isi prettrablymedke oraa-Al,Os.
adi abati c reactor whereasreactor (C) can contain
cooling neans, |ike heat exchange neans, in order to

Thd P@écéﬂoheprbﬁﬂ't@lﬁél?%iﬁe% fr&l BasecoRdrBattor ﬁ%ﬂsocﬁirédied to a dividing

accoraance w e present 1 nvention. T starti ng
walkdistiiatian eolofnrt ({2) Yiadise (b) ahessindrpyeitiea age semoved 56 head

prbdpeC iR TneteLad ey arRER S (o B3R heaBY sfirso-

préPARSING lobtaiABd @it tiRE Siden@kebft BEcALAPUIRIAEng (dgam
drops by 8 to 20 wt.- % while the concentration of

I SO- propanol increases by the correspondi ng anount.
The following examples are conducted in accordance with the teaching of the

example in EP-A 1 070 698.

The reaction conditions of the comparative example 1, corresponding to the
example 1 in EP-A 1 020 698, as well as of example 1 according to the present

invention as well as the results are summarized in table 1.



Furthernore, due to the adiabatic character of the
recirculation reactor, the tenperature increases to a

WO 2009043574 100 to 1300C. The product stream | eaRCTIHPI00$008311
circulating reactor is cooled in the cooling neans (B)
to a tenperature in the range1%f 60 to 100C prior to
entering the tube reactor (C). Thus, the tenperature
of the product streamat the inlet of the second
reactor is between 60 and 1?9%} +n t he second reactor
the tenperature increase ca € linited by cooling

means (not shown). TRe - Samge's W Thi neihepleange of
10 to 50 bar, preferably 20 toﬁ35 bar. The P

hydr ogenati on catal yst used in both stages is
gm&@ﬁgﬁ[ckel on Ot-Al208. The reaction product
O@m@gnegaéﬁ%lta@%:second reactor (C) is directed to a

' ng wa rstillation colum (D) via line (b
Inidtdesiperawpariti es are renovéd™Gs head product vié0°C
| {,n c) and bottom product i3~ ine (e) and the °
OHigheRsrARTe 115°Gbt ai n 1d8°C

I"ed i sopropanol ed at the si
Clhraketiehfraid colum (D) via ling (d). The fol |l ow ngi:8
exanpl es are conducted in accordance with the teaching
of the exanple in EFANEtL 070 698. Guiletr edblston Outlet

C itions of the co ratéve ex _ respondi n 0
A?(gt%ﬂﬁe exanple 1 in %%?A\{%I/"OZO 632‘Fg \gg@%%&ggs%f 92.5 wt-%
Is8 kAoll accordi ng TD.8twieYpr eseB?.5 wirdnt T8 wis%nel | 87.5 wt-%

as the results are summarized in table 1. Table 1 Conp-
T 0f 0 le 'l CGrculation reactor of the 1st

he Je e: Inlet tenperature 700C 700C Qut | et
2 SRR sta 15C 11iC Circulation ratio 1:8 1:8 Inlet
In@ttteriperatue¢ Qutl et Acetone 22Q wt-% 12.5 wt - % 20°C

-0 _0 _ 0 o
oﬁlebﬁeg%éjam@{/g'so propanol 77,8 W-%87.5 w-% 77,8

Inlet Outlet Inlet Outlet
Acetone 12.5 wt-% 0.54 wt-% 12.5 wt-% 106 ppm
Iso-propanol 87.5 wt-% 99.45 wt-% 87.5 wt-% 99.99 wt-%

As can be seen from the comparison of both examples, the limitation of the
temperature increase in the second reaction stage leads to an increased acetone

conversion.
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Tube reactor of the 2nd reaction staqge: Inlet
tenperature 700C 70" C Qutlet tenperature 126C 79' C

WO pdoen43m | et I nlet Qutlet Acetone 12.5 w - % OPGHERL008/608311

12.5 wt-% 106 ppm I so-propanol 87.5 wt-9% 99.45 w-"'%
87.5 wt-%99.99 wt-%As can bdbseen fromthe

conpari son of both exanples, the limtation of the
tenperature increase in the @agasmd reaction stage

| eads to an increased acetone conversion.Clainms 1. A
process for the production of iso-propanol by liquid

1phasga dryeess estaht Pro@ictRFESBE-proparsdl by IRfAN phasd hgtirogenation
p

| east two hydrogenation reaction stages, each reaction

st agef acetpnedo igp-arapanod feakleashtwahydroganatior reaction stages,

Feac PO AT S8R B0 yAE AT PRGN Toabil e Wherein the

unr epgdRGeABBER NEactidh Broduetiealingt theaghckurroné bfthe first
acetohe and i so-propanol is transferred to the

r eactqasiiopiage FoatanmuRmAsid Aerlene@Ndsa RERAUCAsiream
pr Odggr%\pzﬁ%{ng;a%]%gﬁé Qﬂd%o-@?&géﬂgl o %réﬂsfept%drtsamé 'r?gction zone of
ac age ure

zone 0 sequent T 1on s a tenpera

0]1: 6? sh@ségﬁenﬁi. re@bﬂmmsil:aje' gaid prodidtatreanhbatiegretthe imlet to the
of the product stream | eaving the reaction zone of

sai dr%%@@oﬁmofr%ﬁﬁvew@f £63510T Hag8A MRSTBHTE ATO to
reacg zone is at nost 40 C higher than the

tenperature of the product streamentering said

r eacthanactyizedan thate inl et to said reaction zone and

the tenperature in,said subsequent reaction zone_does .

ot BiecEBiargiee o 1 pipdiiid S8R lbal G the 7Eagiial apRe of said

the {@RR{AINFEa@font St8g8RME buiét fRaMsaid reaction zone is at most
40°C higher than the temperature of the product stream entering said
reaction zone at the inlet to said reaction zone and the temperature in said

subsequent reaction zone does not exceed 125°C.

The process of claim 1, wherein the temperature of the product stream
entering the reaction zone of said subsequent reaction stage at the inlet to
said reaction zone ranges from 60 to 90°C, preferably from 60 to 80°C and
the temperature of the reaction product leaving said reaction zone at the
outlet of said reaction zone is at most 30°C, preferably at most 20°C and
most preferred at most 10°C higher than the temperature of the product

stream entering said reaction zone at the inlet to said reaction zone.

The process of any of the preceding claims, wherein the process is

conducted in two stages.

The process of claim 3, wherein the first reaction stage comprises a loop

reactor and the second reaction stage comprises a tube reactor.
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entering the reaction zone of said subsequent reaction
stage at the inlet to said reaction zone ranges from
WG48 C preferably from 60 to 800C and t hePCT/EP2008/008311
tenperature of the reaction product |eaving said
reaction zone at the outlet off7said reaction zone is
at nost 30C, preferably at nost 20 C and nost
S5pr ef §hequtoaessrobanyl 6f theprgicedinghaaind)evheepethet liquid sfream
the product streamentering said reaction zone at the
i eBoRBTSindacdate foregRg coseireanaviEad Rifirdiep Sfeam
the er@G?H'tHQ h‘}b?ﬁdré‘heti% ShRkbfldMy d¥tAE PESctich Sageyct ed
in two stages. "4. "The process of ‘claim3 , wheréin the
first reaction stage conprises a |oop reactor and the
seco reaction. sta conpriges g tube reactor.5.  The . .
6 or oo 108 pCRs DLAN LG RIBEEDAY S TR Berided8nation is
|'i quESh@lidtea st GOMBIdr $hfid oPRPARIRNI S Fetdiid %hgin%from 5:1to 1:1,
co-currently with the hydrogen streamthrough the

hydr pegtaeabily froppdd tof1:Angnose prefereddeamohsSditagbs. 6.
The process of any of the preceding clains, wherein
t he hydrogenation is conducted at a nolar ratio of

7 hydr pgeprocesicet ameof thegragedinhgrolains, iheteih the acetone to be
preferably from3:1 to 1:1 nore preferred from1l.5:1
to 1hydroggnatedcorppEeas less thary oseauabiont ¥dki prgferably less than

cl ai gfegﬁf‘ﬁ\%%.g t\/\%t—h% Afost gﬂﬁfeﬁt@g t?%s%"&é@aﬁ% 0.2 wt-% water.

conpri ses | ess an’ or egua erably
| ess than or equal to 0.5 w-% nost preferred | ess

than_or equal to 0.2 -% water. 8 The process of any
8.of thee Precem ?fgarM%fitﬁté,P’%ﬁ ing F1qIms. %'GrtEeipﬁe%ﬁwe in any of
of i@ feadfbh %fb%g@%@ﬁ? 72959 01t B0 B4, bPef'épaB?%‘]from 20 to 35 bar.

preferably from 5 bar. 9. The process any of
the preceding clains, wherein the tenperature in the

hydrpgenat i on ne the first reaction stage.range .

9.1 onf 0 PIAC BRIy hiaP e i po W5 S pgge ErdpEFature in the
The wydreg66aidn 26ie of tHrsPFesRidnIagé shmFes IBRY 60 B 130°C,
t he hydrogenatl on i s conducted in presence of a

hy driygéerablyofifomaf it/ $20°C.1. The process of claim 10,
wherei n the hydrogenati on catal yst conprises

10. The process of any of the preceding claims, wherein the hydrogenation is

conducted in presence of a hydrogenation catalyst.

11.  The process of claim 10, wherein the hydrogenation catalyst comprises

nickel on a neutral support.
12.  The process of claim 11, wherein the neutral support is a-Al,O3.
13. The process of any of the preceding claims, wherein the obtained product

contains less than 1000 wppm, preferably less than 500 wppm, most

preferred less than 120 wppm acetone.
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ni ckel on a neutral support. 12. The process of claim
11, wherein the neutral support is (X-Al203. 13. The

W@ r@Wee4s7bf any of the precedi ng clains, wherePEI/EP2908/008311
obt ai ned product contains |ess than 1000 wppm
preferably | ess than 500 wppm!8nost preferred | ess
than 120 wppm acet one. 14. The process of any of the

191 ecTFtengocéss ofsany of tHeepreceding claings, sfurtbmercd:dmgn!suhg subjecting
iso-ﬁ_'ropanol raw product ob allggéj fromthe
r eactNRORQFANPlTaY Bradyat o frRMythg I@§H{é}?§tm|qtage toa
di st [
15.  HistndinEs b Bl GRHROR Lol 0RUaRARTed iso
hydr pogpanod. separated fromthe reaction product
obtained fromthe | ast reaction stage prior to
subj ecting the iso-propanol raw product to

181 stirhk zﬁbé’é’ss éfﬁclalmqwm%‘?éﬁ Ay SlcBsT0t Py dvitirPissdpifated
separated hydrogen is recycled i'nto the hydrogenation
pr octrem thB?reaAtlcpm peedictabtaioed ffyoim ¢hetast seaglioopstage prior to
raw rodu ont ai ni ng lESS t ha % Ogot' bm acet one
conp V%’F’ﬁ % '§8t’?rﬂﬁ 'R ralvggg%ﬂg 591 Bt rbr oduct to
a distillation in a dividing wall distillation columm

to obtain purified isopropanol. 18. The Brocess of any
16f cf e PE0dess & dgim dAewdereintibe saparatedifydragen is recycled into

sep roduct a bottom product and a
Si d:{h%r@gj&g%r?%tﬁ%rfﬁ ggl 50- propanol bei ng obtai ned as

side product. 19. The process of any of clainms 14 to
18, wherein the purified iso- proPanoI contains | ess

TEhanA Proeessphophrifpngr an iserpropass %HFOP%GOWQHESS than

|ronr) (r) ge @?gf\&{) Iﬁgaldr% 5,38 E{aﬁﬁ)t %Q—% %{ﬂ_g&d@ ag&roggﬁﬂl raw product to

pur i & idestillation pr amﬂndﬂngbyald:drstlﬂmlomgolwrtmtoaotmairepumfmd iso-
sieve.2 1. A process for the production of phenol
conpﬁ’m?raﬁﬁ a) al kyl ating benzene in the presence of

i so-propanol to obtain cumene; b) oxidizing cunene

W th an oxygen containing nediumto obtain
18. The process of any of claims 14 to 17, wherein the raw product is

separated into a head product, a bottom product and a side product,

purified iso-propanol being obtained as side product.

19.  The process of any of claims 14 to 18, wherein the purified iso-propanol
contains less than 2,000 wppm, preferably less than 1,000 wppm and more

preferred less than 100 wppm water.

20. The process of claim 19, further comprising drying the purified iso-propanol

by contacting with a molecular sieve.
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cunmene hydroperoxi de; c) cleaving cunene hydroperoxide

in presence of an acidic catalyst to obtain phenol and
WQwpoO43874 d) separating the product obtai ned | PICHERO)08311

into a phenol containing streamand into an acetone

cont
cont
27uri
cont
pur i
cont
acet

aining stream e) optionallPy purifying the acetone
aining streamobtained in step d) to obtain
Aimdcemeto:mhe produgiioinoafagiiengd eonfprising:t he phenol

3 oo IS Bemkans dos Brsiesieeris 156 arapand] to obtain

ai ni nguﬁ,bhgam of step d) and/or the purified
one step e) to obtain iso-propanol; h)

r ecyl) i ngoxidizing oumeopavith aofoxygep cg)ﬁtalolng repdiym to obtain

char
enpl
and
cl ai

acterized in that ste i s conducted by
oyi ng ‘frﬁ'gnﬁ:}}ygé%%er%'g%rdl ng to any of clains 1-16
ml ?Lr@eéSm%Q:drﬂeﬁé hiytfdpefbatEtn bledéhadesreailadidic catalyst to

rocess for the production of phenol

conpri si neptad) phBRQIIaﬁd acectoaBzene with propene to

cont

oo 47 A LSS M B8RPy somain

cl eavi ng stw@EmeartymtopaaREtse Eontaimsgraeant; an acidic
catal yst to_obtain phenol and acetone; d) separating
t he 9 odueRtiasili Riatiying tae agetong m@awlmgﬁeﬁm obtairied in step d)

cont

stream

alnlqg op%longﬁgbéég8 @n acet one contalnlng

puT | y1 ng the acetone containing

st r éam obdptiorexllyi pursfylag tlde phenobtantaining sfreach elotatneaden step d)
f) optional | r phenol contai ning stream
obt ai ned { PerZ‘?E'\op erquhencﬁ

22.

Q) hydrogenating the acetone containing stream of step d) and/or the
purified acetone of step e) to obtain iso-propanol;

h) recycling the iso-propanol of step g) to step a);

characterized in that

step g) is conducted by employing the process according to any of claims

1-16 and claims 18-20 in as much claims 18-20 depend on claim 14.

A process for the production of phenol comprising:

a) alkylating benzene with propene to obtain cumene;

b) oxidizing cumene with an oxygen containing medium to obtain
cumene hydroperoxide;

C) cleaving cumene hydroperoxide in presence of an acidic catalyst to
obtain phenol and acetone;

d) separating the product obtained in step c) into a phenol containing
stream and into an acetone containing stream;

e) optionally purifying the acetone containing stream obtained in step d)
to obtain purified acetone;

f) optionally purifying the phenol containing stream obtained in step d)
to obtain purified phenol;

a) hydrogenating the acetone containing stream of step d) and/or the

purified acetone of step e) to obtain iso-propanol;



to obtain purified phenol; g) hydrogenating the

acetone containing stream of step d) and/or the
W@poixst acet one of step e) to obtain i so-proPerBP200§/008311

dehydrating the iso-propanol 96 step g) to obtain

propene i) optionally purifying the propene of step

h f d/ h
urt o] ca fEBptRina e ResPrpang! of sfhg) toitait eiopsee
in tipat Sésﬁb&anmuﬁp.ﬁ@%tee&osan@mféﬁﬁp the process

according to any of tlains 16 and clains 18-20 in as
much)cl ai mygmgmmammf stepihhandl/or the purified propene of step i)

to step a)
characterized in that

step g) is conducted by employing the process according to any of claims

1-16 and claims 18-20 in as much claims 18-20 depend on claim 14.



