-1 12 April 2006 PROCESS FOR THE PREPARATI ON OF | SOPROPANCL present
“invention relates to a process for the hydrogenation of a

- benzene-contam nated feed of acetone to prepare isopropanql.. £ ropanol is
.a very useful internmediate in organic synthesis as vel} g@”é @ rcially
| nportant solvent. Acetone is produced‘iﬁ farge anobunts as a by-product in
t he manufacture of phenol by the cunene process. In a cunene process
benzene is al kyl at ed pHddEds RS erin db e PARSPI0I0 POl of SOPROPANOESi ze cunene,
cunmene is oxidized into 10 cunene hydroperoxi de and cunmene hydroperoxide is
acid cl eaved to generate phenol and acetone. The acetone produced by this
cunene- process i s ' . | Beoealsed figr iQte exanpl e

EP- A- 0434485, thepgggﬁﬁgl?gﬁggﬁgégeggggegﬁ FﬁZ?cgnene rocess is considered
15 a di sadvanhpdrogenatient p8 dchendengr cOREABINAKE HuArFER%r than
the demand fop _a ht is suggested in EP-A-0434485 to

hydr ogenat e aé%tggéggﬁgbggghgégéﬁogﬁe cunmene process into isopropanol, and
recycle the i sopr dpapobpanod theacwesyeugedudsdnteemediatey 34 EF IFIESC not
describe the presence_of e i_n e t umene
proceé%. | f gﬁg%gsg%gngsggggéa gda.g§ﬁ?ﬁg%§hgg§éqp oégﬁgﬂb?*ﬁﬁgﬁf%4344ss
does contai n benzReetohéeipr psedueedf inhilargeeamenatisn ash@ pymaradurt

i sopropanol recycle stream does 5 t affec he,..proce benzene
present in thty ﬁbSyQPBugﬁFggﬁchﬁ Q@ngiu% dEP% ?ﬁ@E?§?§§¥¥§%%Sf%?ﬁ§£ne.

. Accor di ngl y, ciifiehBeppbeeessbeazeneciisbad kyy aERdAwdAM 48 perie angd/or

-advant ageous,to _hydrogenate acetone only. Mreqyer, if. the. . S
contain benzeﬁ%?PSHBangg gRiFVﬁg P e CHFERou g%f%@ﬁ*gﬁvéﬁﬁﬁgpggg%gne"
to neact. ThguhxdeOH9ARbpERORE dBEAREN eunenal by drobe ridkide iils 200
difficult than_the hydrogenati on of acetone. This is 'Ilustragﬁg, for
exanpl e, by.tRéeavedcke ggnerage RrRheRe a&ﬂdaf?éanUn; % 3%H9™® soc. chim
Bel 9., 58 paggrddficed1B¢9tn¥hecameneprocaied ishabontaimtadkiby e of
acetone 5 and benzene iS hydrogenated the acetone %§@§§§'H4§§ Recent |y
it has beconebgBZERab| Ast sngaRasPE ABefOie SXaBBLE R AP 4T U
process, i nt 0,l-30AEPRBACbELERoneA I ehis edmibtle PlroRtesipo R faredie

e

recycle into .
15 : a disadvantage because the demand_for.phenol increases

much faster than the demand for acetone. Therefore it is
suggested in EP-A-0434485 to hydrogenate acetone,

obtained in the cumene process into isopropanol, and

recycle the isopropanol into the cumene process.
20 EP-A-0434485 does not'describe the presence of
benzene in the acetone generated by the cumene process.
If the acetone generated by the cumene process of
EP-A-0434485 does contain benzene, the presence of this
benzeneé in the generated isopropanol recycle stream does
25 not affect the process. Any benzene present in the -
| recycle stream can be re-used in the formation of cumene.
Accordingly, in the process as described by EP-A-0434485,
it is advantageous to hydrogenate acetone only.
Moreover, if the acetone does contain benzene, one
-~ 30 skilledbin the art would expect bnly the acetone to o

react. The hydrogenation of benzene is much more



cunmene process. The presence of any amounts of benzene, 10 however, nakes
It di sadvant ageous to use the isopropanol for any purpose other than
recycling to the cunmene process. The renoval of traces of gigaf e from
acetone by distillation is very difficult, Renoval of e AP om 15

| sopr.opanol after_ hydrogenation is even ofe difficult because of the close
boiling points of benzene. and isopropanol. The object of-the present

i nvention is tdeféionétt§h5ﬂoth§ehxdﬁpgéé§§lﬂﬁePélﬁcﬁéﬁféne Thdrt &t nat ed.
g o SheDygr aceloneogengLAbad Pyl RRCCHIRIRIR 95080, i RiRte:
converted i.n an-econom cal attr Ve nznner to isopropanol Useful for
ot her purposesahtad. Cecyuhgﬁgs SBuhlanSeGonShnmalB@lﬁtvré@tpﬁgﬂn%ﬁﬁns has
been found by og ng.bepz e Acc [ LBEeNt i on
provi des a pr o?égé Eg%hegﬁrg%asg Fg{% gsgﬁsggggpgng‘lﬁ%\%@g@ﬁ a%ébenzene-
cont anisnat ed fegd- bénaeBEOme hgdherngéadteuetacebpaenreﬁ§$§rdbdﬁﬁl and
hydr ogenat i on prod cts ne TIh o] r di.n e on
“can 30 -advantage ﬁg?Vggg afobﬁggﬁéréggggggggaqglg@%&?&?m%ﬁ§€§§é
reduced anountoptabredens DheemamenespeuteasLylnmo Beopsopansdi shiich

~suitable for various appl.ications, By .iso p tai e y no
benzene is’ uﬂﬂ%rg?oﬁgggsgﬁfoﬁg§8F ¥H5P°c8%tgﬁ%é %ggséf%g%gf g%%#%gﬁ%l

ng/ kg), sui tab&\‘:{méﬁésptbaési pPhe(pregékge, ofr ehgr ambymts ofi benzare,6' ?'

0O, 0r ,~od c/ 4" - " , 2006
less &fan 0.4 B%%?Y%r4 ﬂﬁ?ﬁﬁ)ltn8?§a§Y3?E?§8Puslg %%a he; 1f%§f@§%ﬂo
.10-6), even nofgrpaR§epabbyskesshéhashan peby¢2mng/tg)than¢umene preferably
no benzene. In the process according. to the invention benzene 5 can, for
exanpl e, be hyRf®gePated i nto cycl ohexane, cycl ohexene or cyclohexadlene
Preferably nore t hpie 788mov®l eopr ef&c@dl yf moerzehanfréfi¥aceteneniye -
~preferably nore than. 95% and nost 5 g%eraﬁt 9%t o 102W of th q§?>ene |s
hydrogenated dbshiblatien $3cV8FE EHTHAFE SPREAfy § Egﬁétlon .
benzene '”C|Udfséﬁ@b%&ﬂ@laﬂﬂtéﬂbﬂyareéeﬁatﬁbusisueedn mbee teffdrcatitr e; t he

quantity of each of the_reactants or ? £ate ah whi ch ea%p of the
reactants are PeeRry$etpf the close boi 1ng poin enzene an

. isopropanol.
The object of -the present invention is therefore ta

provide a process wherein benzene- contamlnated acetone,
20 . such as acetone generated by the. cumene process, can be
converted in an’ economlcally attractlve manner to
isopropanol useful for other purposes than recycllng
Such an economlcally attractive process has been .
_ found by hydrogenatlng benzene present.
25 Accordingly this invention prov1des a process for the
' preparation of isopropanol, wherein a benzene-
contaminated feed of acetone is hydrogenated to obtain
isopropanol and hydrogehation products of’benzéne;eé‘
- . The process according to the invention can - |
30 - .advantageOusly be used to prepare 1sopropanol contalnlng
a reduced amount of benzene or even.essentially no
benzene, ‘which is suitable for various appllcatlons
| " By 1sopropanol contalnlng essentlally no benzene is*
understood isopropanol that coritains less than 2 ppm

35 (2 mg/kg), sultably less than 1 ppm (1 mg/kg), preferably
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reactor. Preferably hydrogenation of benzene is 15 acconplished by using a
‘specific type of catalyst, capable of hydrogenati ng benzene, whereas all
other factors are preferably chosen such to obtain-an %Eti ggl
-hydrogenation. Hydrogenation of acetone and benzene i n ¥h&rpkAa%%he- 20
contam nat ed acetone feed can be carried out in one or — nore separate steps

but is preferably carried out simultaneously. Therefore tﬂe ﬁat alyst is
preferably a lessalthen Oodpamme &- bGP maars &ﬁ%ﬂéa RFS chlan

[ |t ly. .25 Pref bl hyd ti [
carri e oot 1 D-h PR dlned S0 i naNe i, e st e dp elaREPRe (1S
hydrogenati onoPrfieripad uipial)s g hulioganatdianiyiglddeegpper i ckel,

m nruam an

pl ati num pal ["adi rut rhodium Only “30 one netal or a
conmbi nation of netlal $heaprocassedcdustinaio thehdnwanion kReppeheed on a

carrieg. Suitaple ri inchyd :gﬁrg&%}, 1A SvdisexZhéconi a and
titani suppo?t%sn.’ | %:’ ceé{%én%&pegr tblsé 2‘ e pre eartraée&ldr%ecau(z% t hexuse' of a
§ilica suppor tcyrcdsaiHetxernien oxr \ayraldhiegtadi®rssl ectivity with regard to the

hydr ogenati on of agcetone.12 ril 6 tned 1 IUO ']%Qfg]pmigfl ed
exanples of sili CZ’?&%&SP[&Q’ éf%’r‘ﬁﬁ &%‘ga%ﬂeos%él é%:ﬂ:ﬁe ﬂprem prt e%ogé Ie‘f'rgéaﬁand
silica gel. Amoaspesiedl morer efmyfeathbxlat atopst tilmra SDAdraoy@mee$on  cat al yst
conpri si ng. ni ckel referghly s rted.qn 5 ¢ ier. o
conprising ni mfed%bgtysiglag%cé:%érrbﬁq%erogit}ehg’sﬁnzpe%{e% elfsrf e%fa%‘%é%gg%?l' cal
reasofg, Current!| \preFErHeids fattdtes Hange ieraed the hydr@Pesai wonecfl on a
carrier can be wused. [If .the hydrqgenation netal, is:nic st 0
cont ai ni ng noPENAEHS RHNAR rﬁi'taxé:l , epraé'fcgraé‘bqlﬁpﬁm"rfe ﬁﬁtgaﬁiy%ﬁaﬁﬁ%\/ n?ré el
and nore pref ¢@plerdthrdie than gttt WE dach/ bLiilve texetantseor the
preferred. A preferred way to achi eve sj mﬁtaneo S tqdr%genﬁtéog gé

acet one and bédRxtErate @fte widehearh k& eca‘f?ﬁ%n % 3a%i hgT a-Qi 5P8rsi on
and ni ckel contenty SUCH ARl 4818 HydkRert {At ©f Darizémasis 15 me ni ckel
per gram catalyst. I\/brecPr«ef erably the nickel surface is | east 20 nR

ni ckelSper gr ancsmpdiiphed du-umngd @ SRAGIF (e REKRRtAYPhee is at
least 30 m2 nigkelReH94Ydrogenating benzene, whereas all other
factors are preferably chosen such to obtain-an optimal
hydrogenation. '
| Hydrogenation of acetone and benzene in the benzene-
20 - contaminated acetone feed can be carried out in one or
more separate steps but is preferably carried out
simulténeously. Therefore the catalyst is preferably a’
catalyst, capable of hydrogenating acetone and benzene
simuitaneously. v '
25 Preferably-the hydrogenation of acetone and benzene
is carried out in the presence of a catalyst containing a
metal capable of hydrogenation. ‘
Preferred metals.for hydrogenation include copper, -
nickel, blétinum, palladium, ruthenium, and rhodium. Only .
30 . one metal or a combination of metals can be used.
Preferably -the metal is supported on a carrier. Suitable
carriers include cérbon, alumina, silica, zirconia and_v .
titanié supports. Silica supports‘are preferred becau§§‘Av,
the use of a silica support results in a very high
35 selectivity with regard to the hydrogénation of acetone



20 catalyst. A suitable practical upper linmt is formed by 50 n2 nickel

per gram catal yst. The nickel surface can be determ ned by neasurenent of

t he nonol ayer capacity for chem sorption of hydrogen as described by J.WE
Coenen and B.C. Linsen, in 25 "Physical and Chenical Adgedpsl§00adsorbents

and Catalysts'! B.C Li nsen, ed. Academ ¢ ﬁr ess (1970) 471 or R Z.C van

Meerten, A .H G M.Beaunont, P.F.MT. van i sselrooij and J. WE. Coenen,
Surface Si-. 135 (198. 3) 565. For the deternination_of he ni ckel urface
the 30 nonol ayditq sisRBIIRARGL. (Peetesred SXaRRLeSRf S4idFBeGPROTE Shar

pressure of hydroges ms?e%\harﬁ heradspiprhtea soiibydanaesinasadgiear.n ned

after reductlon at 725 K for hours, 'subsequent evacuation during 2 hours
at 675 K, and.corn cﬂsmw&m@wﬁ%@mg@.@;ﬂtﬂys‘c N ) prﬁrzeeeatﬁen

catalyst Nas RIALP ﬁ%@ayccﬁnﬁléw;wﬁéuein bheretaBHg éﬁ%gbﬁ%dl%%oakg/”ﬁ ,

‘preferably a | e rangg of 100 preferably a
pore vBl ume' igerziers dgatelysocenpois gcﬂBVJﬁehnanﬁeﬁéﬂaEIayC&ﬁIB-er

extrudate dia aAnge froml to 6 mm Preferably the catalyst is
present as a. |xed41gé§dgbe§é an advant ageous enbodi ment the process

according to.the Foweidabidal apsasors, acurrenkly, faoeuntiadin £hel j quid

~acetone trickles alo S | agked in
an at m)sphererﬁﬂ‘-:fe o‘zfl%go%gn 3% é% P%‘%?era%?ﬁ{ a ¥m ggrlgf o%aglf %%ydrogen
thodacet one shoddl tIFfaihé &Q&lrdgerw)tfozprmée;ahbig mgekaﬂ:Lacartaﬂms]:caf

ydrogen to acetone, Jesmt ml:1 to 10:1 e In
the rahge f r off PR YNNG Fuore q ar‘\'[ggh%/‘ﬂg) g’éﬁ%’t‘?gh %ES§§B§& % p[et?’%é.%/rred
at a wide rargde ®§/w Qﬁ‘dktéln Aredmans Hé Lpﬁéfefe}aryl m phessange, ofsGPentd ci al
liquid and gas velocitjes use Dependen the type of catalyst used,

each of those %l | wd'ﬁ'rﬁ}ﬁ ot § PP ?ﬁ??‘éd such as-to obtain optimal

20° hydrogenat i on zof ﬁé’ﬂéz&%’&% o a ExDEPe esimul €sned0si Hgdrogeahysionw | |
require a hi gher reactlon tenperature, Furthernore the g of . hi g{h%r
superfici al |Q}°U|BCF%RPQJ@§1C1 \R@Qﬁﬁﬂ? ks 1 BR@i 18R Af gheRif ﬁEeFéFenl $

wher egg the ugf 3{ g I | O L RIPRE AL HERLERE E6EHI tRakOwBEe 25 |
superticial | | qui and ga ocities. Preferably tenperatures applied in.

the reactor |iriduel f‘lﬁmﬁlﬂsﬁ isoann least 15 m? nickel per gram
catalyst. More preferably the nickel surface is at least

20 m2 nickel per gram catalyst, and ‘most preferably the

nickel surface is at least 30 mZ nickel per gram
20 catalyst. A suitable practical upper limit is fqrmed by
50 m2 nickel per gram catalyst.

The nickei surface can be determined by measurement
of the monolayer capacity for chemisorption of hydrogen
as described by J.W.E Coenen and B.C. Linsen, in

25 | "Physical and Chemical Aspects of Adsorbents and

| Catalysts" B.C. Linsen, ed. Academic Press (1970) 471 or

R.Z.C. van Meerten, A.H.G.M. .Beaumont, P.F.M.T. van
‘Nisselrooij and J.W.E. Coenen, Surface Si. 135 (1983)
565. For the determination of the nickel surface, the

30 " monolayer is defined as the amount of hydrogen adsorbed-
af 1l bar pressure of hydrogen and 293 K. Ihe adsorption:
of hydrogen was determined after reduction at 725 K for
4 hours, subsequent evacuation during 2 hours at 675 K,

‘and controlled hydrogen admission.



40 to 150 C, nore preferably in the range from60 to 130 C. As the catal yst
-ages, higher tenperatures nay be required. Reaction pressure preferably
lies in the range- 30 from1 to 100 barg, nore preferagly inbgﬂg range from
10 to 40 barg. A higher pressure will respylt in increa &aAPY for
“conpressing the gas whereas a lower preSstdre can result in poor conversion
rates. . 12 April 2006 - 6 The superficial gas velocity is preferably in
the range of 0.0Rhé&Ocatslysihdhahepreferabiyap Puyki depsisyi dp the

referably in the range of 0.0001-0.,1,nm's. The S is ef er abl
-gssentialyy pna@gﬁyﬁFgBe%QO‘%zpHobgﬁm?hiErﬁgﬁFﬁggx EaﬁE@SRPﬁg%%%I%ﬁea
amounts, for ,ex le in th f o] f Af I <4
net hane, et hah®, “fiFt F388R & digp%gPBi%gd%ftégg%@%ﬁglgrgcg?§%2§g§f%fhé;¥o
-the inventi O”tﬁé“raﬁazéaefa@.e%sw besapehBeg hadf pedfeshbigetone containing
e

10 benzene in a w range of concentrations. Possiake ?@nzene
concefdi r at i onextnudateedianetest dbhethsurangrefrAm™ LWFS P e range from

0 0lr 1o 11 benzepgeapdn P! ent! ketu1bae! 8 paagent’ a® @ Fiked Ged. In
100nr benzene. The process "~ accordi ng

: o the Invention is fyrther ecially
15 advant ageoas &dvahtedeous amdeh@eﬁﬁnFB?nPﬁﬁcﬁﬁsl§&§PrdGP9'§Fbgﬁ§%ne,
and its advantages, begor ogeupcedias EheybenraReis, liquid
concentration}?ﬂ nggés ogg%gaFggsgelggpanhe advantages are nost _
pronounced foacppoher trackleaeafiondstheosuaifacsgost theasataly sy rhich

benzene. 20 The_process_accordj he. hRveRt | % .advant ageousl y
be c I ned mﬁ?hpgcgﬁgcégsa o?ghggphgféng%?igg g 85%§%€i§%¥he pr esent

“invention therefopeefakablprbhedmslarpratéssofohytdhegshefsr &G phenol
conprising: 25 a).'.alkylatin enzepe W ' a / lepe to
bcPbsy o5 A8aog” Pc¥, Hicsapbapasel sy oy o

synt hesi ze cufBf ‘ ng-t ne o I nto cunene
hydr oper oxi dehy8rogehdtel aautbget heesutmnehly droger fxiotre Igéndraatidgt 30

Denzenc. cont aRPRat BES 8EEPORe Lo ERE SAB4°: Arehep-gy L to SHLentraling the
15° " The hydrogenation process can be performed at a wide
range of reaction temperatures, reaction pressures,
superficial liquid and gas velocities use@. Dependent on
the type of catalyst used, each of those reaction
conditions is optimized such as to obtain qptimal '

.20' hydrogenation of the benzene. For example, a less active
catalyst will require a higher reaction temperature.
Furthermore the use of higher superficial liquid and gas
velocities requires higher temperatures,vwhe:eas the use
of a lower reaction temperature can require lower

25 superficial liquid and gas velocities. Preferably
vtemperétures applied in the reactor lie in the range from
40 to 150 °C, more preferably in the range from 60 to
130 °C. As the catalyst ages, higher.temperatures may be

, required. Reaction‘pressure preferably lies in the range.

30 from 1 to 100 barg, mbre preferably in the range from 10
to 40 barg. A higher pressure.will,result in increased
costs for compressing the gas whereas a lower pressure .

can result in poor conversion rates.



e). hydrogenating of the benzene-contam nated acetone of step d) into

| sopropanol contai ning hydrogenati on 35 products of-benzene. 12 April 2006
- 7 Steps a) to c) can conveniently be carried out as described in for
exanpl e EP-A- 0371738 and EP- A-0434485. Step d) can conkeAPEALYSP be carried
“out by distillation. Step e) is preferablg carried out as described herein
5- bef.ore. |sopropanol generated in step e) can be used as a solvent in
various applicati r eper ep ne n also
be recycled to stéﬁhﬁ) pgfg%éggte glgggggtggnggng&eée&a gychr%é out as.
described in fﬁan@@a@ple EILPB0ﬁ7&738ndntdeEEupe@¢3¢4aB liquid meddmirty

I nprove the qualit th sop anol the S ing to the
‘invention is p%%f%gég?ﬁagﬁﬁbtﬂeéhgmf?ﬂgﬁ ggrﬁe§8§ﬁ paraglon steps. The

i nvention theref orgn @l §8s P{9VhLese PaPl pCe5Sehtialllpephyer hgemaigieon of a
benzene- cont am nated feed of 15 acetone as descri bed hereln before
conpri 8i ng t hethoegh this Bydrogen,can GORTALR PiRer gRopptp. h;dFogenatron

oW feed of acgl lénlﬁh@h@rggﬁggeogfohygrgge@w/wlebglmgrae&e@@nmon 10F -
product contai ni ng rsopropanol O ii) separation of gaseous products from

the reaction mﬂthﬁm@ o@th§ney|%+ﬁ¥ﬂ@e% PPGUPHhﬁea&FP AipiE8uct; i)
~ separation of lig p&@@y&téceagdmaeesteﬁe 20LABEoAT eNt he | i qui d
reaction product o yielding a crude isopropanol product; 25 iVv)

separation of méwwwt¢99®¢®hmob% appbhe@hkocfages P§oﬁF8§8ﬁ8ICBP6&&ﬂFQﬁ-
i), o yiel diing, @, pugd f2dy wf@ﬁ[? 0! BT EgHEENL Kb i BAXC! Pagsﬂt&fl%aCted
I'g

acetone and/or” pari- of .the | products obt ai ned i-nstep iiji) .and/or
part of 30 thevdrezaye bty@rmmatl¢MSstEpa|§%e ooﬁhécﬁ‘ieﬁégéﬁb}tlldodhen ingt ep

). Such a prog TR Estie 201 " SaF £6 LALLAR, ShEBSmOEES Wlilke1yn it
very high qual Sopropano he recycllng of the
- by- products asthe statge nfr@d &tk toptole hbeeeﬁéét i TheypPaPrcess

. process. Cal%é%d&dlng £d We O ndlht Lol W6 6 LReMPEEbePR81 y

15 advantageous- for feeds of acetone containing at least
0.5 £5m benzene, and 1ts advantages become more.
pronounced as the benzene concentratlon increases to at

least 1 %pm The advantages are most pronounced - for

PP~
‘acetone feeds containing at least 1.5 ppm benzene.
20 The process accordlng to the invention can very

advantageously be comblned ‘with a process for the
preparatlon of phenol. The p;esent invention therefore
also provides a process for the preparation .of pnenol'
" comprising: h |
25 a) ‘alkylating benzene with isopropanol and/or'propylene
- to synthesize cumene; _ R '
B)  oxidizing the cumene of step (a) into cumene
hydroperoxide; ' |
c) acid cleav1ng the cumene hydroperox1de generatlng
30 phenol and benzene-contaminated acetone;
d) preferably concentratlng the benzene contamlnated
acetone, generated in step ¢); : o .
e). hydrogenating of the benzene—contaminated'acetoneuofk'
| step d) into isopropanol containing hydrogenation

35 products of benzene.




The process can be carried out batch-wi se, sem Dbatch-w se or
continuously. Suitably, the process is performed in a continuous manner.

I n-such a continuous process a, preferably preheated, preferably
_pre-mxed, 'S feed of benzene-contam nated acetone and éPBb@Wxis fed to
step i) for start-up. Subsequently the acetlome and - -benzene are,
preferably, slnultaneously hydrogenated. The effluent of step i) can

contai n i sopropanoky cp¥- B OHHCES &aﬁhceﬁvemlema@omél era&erle@m&w ald
hexyl enegl ycol , optionhally hydrogenati on _product benzene, such as for

exanpl e cycloh@ﬁaﬁélbaﬁdlnlf°£n9xamﬁﬁﬁe§€r§d°§y&ﬂ§§eﬁngh&?oﬁ?ﬂﬂﬁ%ﬁﬁ? In

step ii) a subggegyepny EQHaEéﬁbeﬂlgﬁtﬁ?s%QU%arQ&%QP%hﬁ o Rilshe 11eACtd N
product in step 1) IS carried Preferably a gas-|iquid separator

is used for thPsepueposs. PIﬁ@egaééMu§a§¢éGch§tcéﬁ @GﬁﬁF’ €% AR ot her s
vapourizzed ‘by-pr egugt SIQBBrUgéﬁéﬁt ganex%eaean Brt%eeablc\sn BRY ty i e a

gaseous product 1s purged emal nder 1s preferably recycled to step-
). Step ii) yselvsnh 20 Vaqmpu8rén§ﬂneﬁtppeaucﬂf Sepd&gdeASiopnapgol

by- prooduct s ggnggéggg #nghegﬁ QEBSVBEGQeE?%ﬁth%% SEQﬁE%) reactlon“

product in step il I's separation s acconplis
distillation. Shck aepacnclencynebdsvanlenmﬂy bsogrsparel opitodusct from

whi ch t he heayge%¥rggegrggu§8%e§£§mﬁggath d0591§§?pahd)EPIQL%4§QQQE@t'On

"is also preferabl'y acconplis ation separation yields a .
purlfued i sopr opanDd punﬁher lmpravepthéequeﬂlemboélhbﬁtlﬁnpsop@npﬂlé@e

I d
I e R A i i A

“finalized |sopwn@mnmls@rndmcofiseparatednoatepy addltlonal steps of 1 vi)

separation.of an. eotro e of is e cyc egromthe
purified isopropan oﬁ?a??E%P Eﬁ%ggfgg% |$?£ # §8Qs ¥ # ??%gdfor
“i sopr opanol pﬁadychydﬂé@émmtioﬁO@ﬁ a Benweng- sepaamnnanedffehd afeotrope of

2007980l Bl on 200 ACh O1ExBR% 0L S L L 0oS SR Lshe, L o

vAthe azeot rope of : |so FP nol 5 andégyglﬁﬁﬁ?guyaqufalned |n step vii) to

step vi). The Sep%}%'d&o‘ZH5€§§£ EP I ¥eed of
acetonef;n the presence of hydrogen; yielding a reactlon
product containing 1SOpropanolF‘ |

20 ii) separation of gaseous products from the reaction
product of i): yielding a liquid reactioh‘broduct;

iii) separatlon of llght by-products and unreacted
acetone from the liguid reaction product of 11), yleldlng
a crude isopropanol product,,

25 iv) . separatien of heavy by-pfoducts.from the crude
isopropanol product of iii), yielding a purified
1sopropanol product, '

V) recycllng unreacted acetone and/or part of the
v light by-products obﬁalned in - step iii) and/or part of
30 ) the heavy by-products in step iv) to the hydrogenation in
- step 1i). ' - '
Such a process comprising a train of sepafation‘steps
results in a very high quality of isopropanol. Fdrther—‘
more the recycling of the by-products as ;isted.indk“ ”

35 step v) improves the selectivity of the'process.

/: Covvay nih /:-mn 0.01 fﬁmwoé ’/‘V”z/g é@"-’m;ev
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carried out by distillation. Unreacted acetone énd part of the |ight _
by-products obtained in step iii) and part of the heavy by-products 10 in

step iv) are recycled to the hydrogenatlon in stepi). a erred
enbodi nent the recycle streamfrom step . 9 L to step ﬂ? é@ﬁg?&&%s mai nly
I

acetone and di-isopropyl ether. Prefera the recycle streamfrom step
iv) to step i) conprises mainly hexylene glycol. By recycling 15 these
by-products the seThetproesssfcanebprortsiedsoutnbabrbdwissul SERG i n an

i nproved overglly w6l d:0f o} SQBROP 8h51¥ ﬁhgwﬁ At k@R froReRE088SS

according to the rnventron i s now escr y re erence to figure 1. 20 A
feed of benzermexiormed ntmeal aoatmneoqaomynnsrnml@dsuwhth gohganuglust r esh

hydr ogen (109)rBLeledl o0yl 0eRchesy opeRbaRgRr RIARLARE Gelfigah feact or

(107), conta| on- sl cata aving a 'ni ckel
surfacé of 34:m§é@ ofrbemﬁéuedcoatamynatéddacétsneeandohydzbgeaama<ﬁed

ef fl uent (109 wi t hdr a he re ctor 0 nd _coaql a heat
exchanger((ll) %ﬁ? { ﬁ% |ﬁg ﬁ%pga %85§ ﬁ%é 35 % gnFe5%¥$

ef f | uent ?rl iéﬁ@pﬁér@é eﬂré s optﬁﬂeﬁhbnyn silmﬂmjaugcoiasllly,ahgdxolgle?g;téd

separ at or eto t he separat or a stream
of pgas (115) i fh‘id]r £ of, stepy ?h?%ns??ﬁﬁﬁ?'(’lf PPFSPBB%ed (117),

wher eas the oqﬁpx rodyet & g@cnegycagdlggpfbpy1gaﬁbﬁraﬁay&k At the bottom
of the gas i éaseparator a stream of Wt h and fed

into &0distil IRAFOIERRALYFOY129ptippalhy Pﬂar?s%nailpﬁlefeﬁgF'%?a i on

col um (123) IS 0dude AT £br 2088mp1d OchtUBheRBAGYCRAC( 125) any,
wi t hdrawn.. The strean1(125) conprises mainly -unreacted acetone and the

by-pr oduct - di UNKRAHBA RYREPgePRRA/PT t#FQLRReam of |ight products (125)
I's purged (127), wher the) Oéhéﬁb lent séﬁ;éfsz%ﬁdokoghbeoﬁgactOr

(129). At the bottom o hi's dIStI tiron co a stream of crude
i sopropanol ( EEOdyeEt sy frem ake an%latt’étpfll r@bodug‘s‘écéﬁdStGPstll)l L&t FaFTdsdum

heavy 20 pr s R et bty PRORAEa ST BbLENLES, HETuELIER Bhia O
t he by- productpurpadeencrhg Weo@arpr@cﬁu@hs scast cemprasehanepgptooiidess
(135) iSﬂpur@%%636¥92e3wg§f§§oducts and unreacted hydrogen. Preferably
part of the gaseous product is purged and the remainder
v is preferably recycled to step i). Step ii) yields a
20 - liquid reaction product. Subsequently light by-products
and unreacted acetone are separated from this liéuid
reaction product in step iii). Preferably'this separation
is accomplished by distillation. This separation yields a
crude isopropanol product from which the heavy by-
25 products are separated in step iv). This separation is
‘also breferably accomplished by distillation. The
separation yields a purified isopropanol product. In a
preferred embodiment this purified isopropanol product is
even further processed to yield a finalized isopropanol
30 | product. Preferably such a further processing into
finalized isopropanol product is carried out by
additional steps of: :
vi) separation of an azeotrope of isopropanol, water .
and cyclohexane from the purified 1sopropanol obtained in

35 step iv) yielding a finalized isopropanol product;



the other part is recycled to the reactor (139). At the top of this second
.distillation colum (133) a stream of 15 purified isopropanol (141) is
withdrawn and fed into a third distillation colum (14 Lg&&%he bott om
of this third distillation colum (143) a stream of.fi aﬁP? sopr opano
‘is obtained (145). Fromthe top of this-tBird distillation colum (143) a
stream of azeotrope of 20 cycl ohexane, water and isopropanol (147) is

optained uhi ey | $88akaLeon LOUERD dhabibbnk) o asmeckhds) weem (he

bott om of th|g1+ on co a streamof water is
obt ai ned (1513ndwbiychohexdnecabdednedrinnstep t"éﬁ Gfﬂ et eTo@nch an

distillat I 25 st h d
Sopr opanol (1597 L2pbeofiE R RERERATCTs gl IPRRTRE, M UUOT Mt o

colum (143). vihﬁ)IﬁyembnemlysrbuytménglthasazaD@dODF e isoPromang L
exanpl es. 30 Exa 5_A_reactaor be_haying jyan, an
internmal di aﬂ%flwg iog‘ﬁxﬁﬁﬁvgg 8?‘89%28 @Eeﬁ vqfll) g)t > p,%icont ai ning 5
grams of a catal ysheaseppeatfiond in sabpevil). andnvagét@rre beedexedld ni ng

.50 ppmv 50 ng/ kg) henz Q the reactor at a weight hourly space
vol ume (VVENOCQQIAﬁglPugoggw%lfflii§EFRB|cated in table 1. The acetone feed

was- - hydrogenat edyghBehbeeBr ﬁ%@&@@eoﬁnHYﬁéwebfamdlealﬂﬂﬁﬁﬁ yat-prashabaler a
pressure and tenperature as stated in tabl he henzen and
acet one conveebtahneg éﬂeséﬁpeﬁlllr)i £BF| B3F ?ﬁe&’@l glce[al At {%9/ ?:’or}:\\/é\jlgc;{rlicsfl‘tO”J:I
i soprpponal , ﬁsgg ?nlg,qt ah-eC HRSc3 ean tBr @deC hyy drfogerrettioe :xmsstwétf)%)
Benzene cont ent | uent |sopropanol proq1ct was d%%erm

gas- chronatogIaphwa§§§r§ﬁéc@ﬂ@ﬁ@ﬂﬂ?n§t theg reGYE L& PRt 1d Thdl The
benzene conteg&l?ftghgtggfhqe@bmﬁygg@gpﬁgthy:adyﬂuﬁe|ahdeﬁﬂ+isbpro§¥1

aaa aw ) - ether. Preferably the recyelenstream_from etep iv) to

step i) comprises mainly hexylene‘glycol. By recycling

15 these by-products the selectivity_of the process is

| improved resulting in an improved overall yield of
isopropanol.
An 1llustratlon of a process accordlng to the

1nvent10n is now described by reference to figure 1.

20 A feed of benzene-contaminated acetone (101) is mixed
with a feed of fresh hydrogen (103), preheated in a heat
exchanger {105) and fed into a reactor (107), containing

a 55-62 %w/w nickel on silica catalyst, having a nickel
surface of 34 m2/g, in a fixed catalyst bed. A stream of

25 reaction effluent (109) is withdrawn from the -
reactor (107) and cooled in a'heat exchanger (111). After
cooling, the gaseous compounds in the reaction effluent .
are separated from the liquid compounds in a gas—llquld
separator (113). At the top of the gas- liquid .

30 separator (113) a stream of gas (115) is withdrawn Part

| of this stream (115) is purged (117), whereas the other.
.part is recycled to the reactor (119). At the bottom of .
the gas-liquid separator a stream of liguid (121) is
withdrawn and fed into a distillation column (123) .

35 the top of this distillation column (123) a stream of
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'light products (125) is withdrawn. The stream (125)

comprises mainly unreacted acetone and the by-product di-
isopropyl ether. Part of this stream of light
products (125) is purged (127), whereas the other part is
recycled to the reactor {129). At the bottom of this
distillation column (123) a stream of crude’ _
isopropanol (131) is withdrawn and fed into a second
distillation column (133). At the bottom of this second
distillation column (133) a stream of heavy '
products (135f is withdrawn. The stream (135) comprises
mainly the by—product hexylene glycol. Part of this
stream of heavy products (135) is purged (137), whereas
the other part is recycled to the reactor (139). At the
top of this second distillation column (133) a stream of
purified isopropanol (141) is withdrawn and fed into a
third distillation columr (143). From the bottom of this
third distillation column (143) a stream of finalized
isopropanol is obtained (145). From the top of this third
distillation column (143) a stream of azeot#ope of
eyclohexane, water and isopropanol (147) is obtained
which is fed into a fourth distillation column (149).
From the bottom of this fodrth distillation column (149)
a stream of water is obtained (151), which is discarded.
From the top of the fourth distillation column (149) a
stream of azeotrope of cyclohexane and isopropanol (153)
is obtained'that is recycled to the third dietillation
column (143). . ' ’ : ‘

The invention ‘is further 1llustrated by the follow;ng

examples

Examples

A reactor tube having a length~of 35 cm, an internal
diameter of 10 mm was prov1ded with a fixed bed
containing 5 grams of a catalyst as specified 1n table - 1
An acetone feed containing 50 ppmW(50 mg/kg) benzene was”
fed to'tﬁe reactor at a weight hourly space volume (WHSV)
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as indicated in table 1. The acetone feed was
hydrogenated in the presence of hydrogen and a catalyst
and under a pressure and temperature as stated in
table 1. The benzene conversion and acetone conversion
5 are given in table 1. The selectivity towards

isoproponal, based on total conversion products of
acetone was >99%. Benzene content of the effluént
isopropanol product was determined by
gas~chromatography/mass spectrometry at a 31ngle ion mode

10 mass 78. The benzene content of the effluent isopropanol

is given in table 1.
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ENDEDCLAI MS 1. Process for the preparation of isopropanol, wherein
a feed of acetone containing fromoO.01 ppmw to 1 wt % of2 Apsh 5 is

hydr ogenated to obtain isopropanol and hydrogenation products of - benzene,
.and wherein the 5 hydrogenation of acetone and benzene in the feed is
carried out sinultaneously. 2. Process as clainmed in claiml1, wherein
hydrogenation is carried out in the presence of a catalyst, conprising
nickel. 10 3. Process as clained in claism2, wherein hydrogenation is

carried out in the presence og g ﬁiﬁkglpcatélish Ihﬂvsng a ni ckel surface
of at least 15 nR nickel p as clainmed in claim
2 or 3, wherein the 15 catalyst is present as a flxed bed.
1. Process for the preparation of 1sopropanol wherein a
feed of acetone containing from 0.01 ppmw to 1 wt¥% of
benzene is hydrogenated to obtain isopropanol and
hydrogenation products of benzene, and wherein the
5 hydrogenation of acetone and benzene in the feed is
carried out simultaneously. |
2. Process as claimed in claim 1, wherein hydrogenation
is carried out ih the presence of a catalyst, comprising
nickel.

10 3. Pprocess as claimed in claim 2, wherein hydrogenation
is carried 6ut in the presence of a nickel catalyst
having a nickel surface of at least 15 m2 nickel per gram
catalyst.

.4. Process as claimed in claim 2 or 3; wherein the

15 catalyst is present as a fixed bed.

5 'Proéess-as claimed in. any one of claims 2-4, wherein
the process is operated at trickle flow. _
6. Process as claimed in any one of claims 1- 5, wherein
the feed of acetone contains from 0.1 ppmw to‘100_ppmw

20 of benzene.

7. Process for'theApreparation of phenol comprising:

a) alkylating benzene.With isopropanol and/or propylene
to synthesize cumene;

b) oxidizing the cumene of step (a) into cumene

25 " hydroperoxide;

c) acid cleaving the cumene hydroperoxlde generatlng
phenol and benzene-contaminated acetone; B
d) preferably concentrating the benzene- contamlnated

acetone, generated in step ¢);




5. - Process as clainmed in. any. one of clains 2-4,, wherein the process
is operated at trickle flow 6. Process as clainmed in any one of clains
1-5, wherein the feed of acetone contains fromO0.1 ppmw to 100 ppnw 20 of
benzene. 7. Process for the. preparation of phenol conpri 4PF§20

al kyl ati ng benzene with isopropanol and/or propylene to synthesize cunene;
b) oxidizing the cunene of step (a) i¥to cunene. 25 hydroperoxide; c) acid

cl eavi ng theegummyaﬁugﬂnarmn@dﬁheghﬂnﬁéﬁé+¢pntﬂmimﬂtédmhcetone of
benzene-cont am nat ed acet one; Er ef er abI concentratin

benzene- cont §r‘ﬁetPatdéd lntébe’t%ﬂ%r Jn'”srt% xgrogs! %?PI 2006 14 .

e), hydrogen% cﬁﬁ%@yyédgynantnated acetone of "step d) into
i sopropanol containing hydrogenation products of benzene. 8. Process as

claimed in clBai mPtoqﬁts@r éis Gltedgnes) s clnigmrt sthexgimotepliely 16 any one
of «cl 1-7. Process for e dro nat i on of e- contam nat ed
B ™ cer Gartisd it ad irditie NS e b &erer

feed e one conprising the steps

of . i) sinulst, ane&@te@sdrmertaie arydﬁoghmattmnmm@tmeﬁ@e-lo feed of
acetone cont ai ning from 0. wt %.of _ benzenge in the gr esence of

0
hydr ogen, Vi é’lodlltﬁ@mé‘tre@acft‘? r%/racﬁﬁ}'tﬁn%cﬁ*ﬁ FiaHed shhrapanen
- hydr ogenati op| gﬂgpqp% @qﬂgatﬂé)sggﬁguégton of gaseous products from

t he reaction product of | yielding "a li1quid reacti-on product; iii)
separation oft)li gmlmqunm shmmm@‘am:edof avetbneofponenhe blfqal d

. reactjion pro uct, of el di a cr anoI uct

sepaiéatl on o ﬁga\?f W’)eﬁ:r cct°§1 &ﬁ’t%? Z)OFHIO t5 O*ds%ibgfoﬁgnol
product of i blehzeyieeligi thieg pres@irdd ice du;@ro_gen,l Wmamala pEesueionV)
recycling unreacted acetone .and/ or part of t he c,tt)édq products obt ai ned

Cin step iii)PAREMGTE Sontadming,d saPRRPIRR L AR %§}9W0P¥B RRES
hydrogenati o ¢ RenZanat,ep i). F:\OATS1119PCT

ii) separation of gaseous products-from‘the reaction

15 " product of i); yielding a liquid reaction product;
iii) separation of light by-products and unreacted
acetone from the liquid reaction product of ii), yielding
a crude isopropanol product; |
iv) separation of heavy by-products from the crude

20. .isopropanol product of iii), yieldingxg purified... .
isopropanol product;
v) recycling unreacted acetone and/or part of the
'light by-products obtained in step iii) and/or part of

_ the heavy by-products in step iv) to the hydrogenation in
25 step i). . .
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