WO 03/011801 PCT/ EP02/12650 - 1 PROCESS FOR THE PREPARATI ON OF
| SOPROPANOL present invention relates to a process for the hydrogenation
of a benzepasmorsvan nated feed of acetone to prepare i SoPCaERPDI2650
| sopropanol is a very useful intermediate i-n organic 5 synthesis as well
as a commercially inportant solvent. Acetone is produced in |arge anmounts
as a by-product in the nmanufacture_of Ehenol bﬁ t he_cunene ﬁrocess. In a

e

cumene process benzeﬁgo?§S§IE93aF5§ WR HABEBE@ OBndPEFROFE BPopanoI to

synt hesi ze cunene, cunene is oxidized into 10 cunene hydroperoxi de and
cunmene hydroperoxide is acid cleaved to generate phenol and acetone. The
acetone produced®IBFSH MA@ bridedes £ entdAGrited BY thsenzene. As

indi cated in iy SYHR 1OERADIRAAB e 15 OGP E LG agetng dife t he
cumene process Is considered 15 a disadvantage because the demand for
phenol i ncredsedrenaite figsisiondignl + he demand for acetone. Therefore it is

suggested in EP- Afs%ga%g%%%otio 'hsy%fQﬁéeﬁ%ﬁ AGAL 0% e rrRRsAHED N, LG, QUTENe
process into isopropanol, and recycl'e the I'sopropanol into theé cunene
proceBs. 20 ERIATOA34A8S diselsl ot alesummidye itdHe riewwidarndf sdderezene in t he

acetone generate e .GU : r y the
cunene process 0?“%%¥i?bi%z§§§9%§%§9?%ﬁﬁgﬁﬁkbgﬂgéﬁﬁfg?ﬁiE%?&Egﬁ%gﬂg this
benzene in t hier gememstrad dcopreopangiharatly die Wi camadsepr@B gt af fact t he
process. Any Qgp en [ t | e . tr S in the
formati on of curfeénnee%lpo (;%gsgspé?ér?g%e% ilnsetc%lgi%lrazcceéggmgg?g)e% r%r%e?};eg;/gp

EP- A- 0434485,isdpramrady dnt agedus: ¢ ioz chydmegenataimecst dree onldi zevbrisover, i f

t he et one dges contaj.n _benzen skilled_ in the art woul d expect
2y vk 1 hyd g

aQn 30 sk
only"the acetone to et Orhe %fd}%gcélﬁ%eﬁeo YSF BEFEET s micH Fror e WO

03/ 011801 PCII=ROZ A 26bGen2radid fold] tarah ddee dnedr djenatdedrorsf  acet one.
This is produced by this cumene-process is contaminated by
benzene. As indicated in for example EP-A-0434485, the
production of acetone in‘the‘cumene process is considered
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
benzene 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 bénzene, one

30 skilled in the art would expect only the acetone to

react. The hydrogenation of benzene is much more



illustrated, for exanple, by the article by E. de Ruiter and J.C Jungers,
Bull. Soc. Chim Belg., 58 page 230, 1949, where it is stated that when a
m xture oWoaseisne 5 and benzene is hydrogenated the acet @ag/mPezc26s0 first.
Recently it has becone desirable to convert- acetone, obtained in the

cunmene process, into isopropanol which can be used for other purposes than
the recycl e iHtfFindt dlmenhdhs duetgenadt inre seh e edforemy Brsunts of

benzene, 10 hoWgY&,HmKeSd )t Lisgivantageous ; [ | SQRI A for
any purpose ot her than r'ecydc ing to t'heﬂgunengtﬁﬁttg%ey g_' %%e re%vral of
traces of berzehel fG.oMumgsamne Bnd 1 diSid | IGtlimon Besl grer b &lidddec 130, Renoval

of benzene framq 15, sprapanol afi&r hydr ggenal] an Js, aven: mrg did fi cul t
because of the cl'ose boil'ing polnts of benzene and i sopropanol e obj ect
of theB presertnd rheerdanen dis hyjwbreaferas d¢d thsr avdedeorse pregcdss fshertei n

benzene- cont am nat ed efane, 20.such as, acetone generated by the cunene
process, can be eocne\]/% Yed r?afn beeccooﬁrbem%eﬁﬁﬂf% St ractiVe erﬁicn ecreq:toéle’

i sopropanol usefailnddrirotdier quirgaos esrddeass,r deyel iigppraycEnan wciariom cal |y
attractive process has n  found by hydrogenating benzene present. 25
Accordi ngl y TS B R ot Te & R L2 o bt i Segi ek o iR

i sopropanol , avhered pradedzermre grdsaNdrtced dnge dnafuragetahedrzene,

hydr ogenat ed .t o obtai n i sopr.opanol . and hydrogenati on products of benzene.
The process BTG EFShe i RUGHRTGH EHPoss adv M etust SPHERAED. 1 o
prepare isopriapangly eapdidd nEher retucatAmiumly afo henrzenendie even

essentially no benzene, which is suitable for various applications. By
i sopropanol &UMt%STi-ng essentially no benzene is understood isopropanol

that contains |egsd hamodaAPW3% ez dW/dbenSéntalnom esetddian vy ppm (1
ng/ kg), preferably WD 03/011801 - 3 - PCIT/EPQ2/12650 less than 0.4 ppm

(0.4 ny/ kg), Horte Prdreorapsy egss difdicwty Ssmopal of e Viéithor e
prefesably | espgdpinol after hydrogenation is even more difficult

because of the close boiling points of benzene and
isopropanol.
The object of the present invention is therefore to
provide a process wherein benzene-contaminated acetone,
20 such as acetone generated by the cumene process, ‘can be
converted in an economically attractive manner to
isopropanol useful for other purposes than recycling.
Such an economically attractive process has been
found by hydrogenating benzene present.
25 " Accordingly this invention provides a process for the
. preparation of isopropancl, wherein a benzene-
contaminated feed of acetone is hydrogenated to obtain
isopropanol and hydrogenation products of benzene.
The process according to the invention can
30 advantageously be used to prepare isopropanol containing
a reduced amount of benzene or even essentially no
benzene, which is suitable for various applications.
By isopropanol containing essentially no benzene is
understood isopropanol that contains less than 2 ppm

35 (2 mg/kg), suitably less than 1 ppm (1 mg/kg), preferably



20 ppb (20 g/kg), and nost preferably no benzene. In the process according
to the invention benzene 5 can, for exanple, be hydrogenated into

cycl ohexawe,03/0cx801 ohexene or cycl ohexadi ene. Preferably nmpCa/mRPame3®% nore
preferably nore than 90% even nore preferably nore than 95% and nost .
preferably 99%to 100% of the benzene is hydrogenated. 10 Preferred factors
to influence lars Mythrodbrfatimom @F. 4 begvzane imegleugeraferabyipe lams drihmmt  of
catal yst used; the tenperature; the quantity of each of the reactants or

the 11 overat hoRihi dh lodoH bf lvhe Felndiont $1858 19 ¥ o 43 thadact or |
Preferably hygy ogg@&a@j(pg_\gg/koﬁqﬂzdg{&e Idosstl%r%%%(}%gi hed Ry, Wsidg a specific

type of catalyst,” capa ydrogenat i ng benzéne, whereas all other
factors are prefemablhe ¢husesrs s uctcdmaliolgt dion te dptviemsd 1 orhydhmogereat | on.

Hydr ogenat i on, of et an d benzene,in the benzene- 2 ont_am nat ed
acet o%e f eed cc‘—%lrf gfeo caerx‘r%}m} edut% 5 ‘rglhyodnreo 5t r?od?éL nséjpefryaqeO%se[xea&e’but is
preferably carydlesthexdne siimdytdrdmisddienenerefore the. catal yst is

preferably a' catalyst, .capabl e of hydrogenatin et gne and benzene

si nul t aneousl y. %relﬁ/eerfa&lé’blr%fmi%e&}ﬂmr Fendt6n p%@%&@%&%’e% ne is
carried out 1909 hexyresence fefeailal Weires ataal 195% ahd eisd capabl e of
hydrogenation. Preferred netals for hydrogenation i,nclude co r, - nickel,
pl ati num palﬁj%fd'{?ﬁﬁ enitdint Y Or%gd]eu EG nR\a Jssolﬁ’r?ﬁt‘?%ﬁﬁ% &t a
conbipati on Ofbln'ﬂ_il&.l&ﬁaa@ ll%dt&ﬁdsl dﬂ%rqfrﬁﬂawnwlet ft&er@iyﬁirldgﬁarﬁtﬁmﬁftcﬁd on g
carrier. Suitable carriers include carbon, alumna, silica, zirconia an
titani a suppdtIEEens NG Efhpdia £ % e RHFEE Bdc S7EE L e YRGS iofthe

si | ica suppordeniestt thfrd;n talé/e:;aédﬂjgiy F selectdivithe Wddrd20a b atddie
hydr ogenati on_of acetone WD 03/011801 PCT/ EPO2/ 12650 i nto_ i sopropanol.
Preferred exdnfissrafe §il idd Susiseiht ©f ithe deeFieesa qne £S5t 4Q piltaat ed

silica and sijddfa el .prAFEREG) HyYdr Rysfariird oFatRlnsnd si4 hydrogenati on

15 accomplished by using a specific type of catalyst,
capable of hydrogenating 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
simultaneously. Therefore the catalyst is preferably a
catalyst, capable of hydrogenating acetone and benzene
simultaneously.

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, blatinum, 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 carbon, alumina, silica, zirconia and
titania supports. Silica supports are preferred because
the use of a silica support results in a very high

35 selectivity with regard to the hydrogenation of acetone



catal yst conprising nickel, preferably supported on a 5 carrier. A catalyst
conprising nickel on a silica carrier is nost preferred. For practical
reasons, worsentshy, anmounts in the range from5 %W w to @OCTROMIIEEE al on a
carrier can be wused. |If the hydrogenati dnetal is nickel, catal ysts 10
contai ning nore than 25 %W w nickel, preferably nore than 50 %W w ni ckel
and nore pr efiertablisdproprecdandeedfe 5@ dupxanpled %l widilckelsupmoets
preferred. A.preferr achi_eve si.nmul tane hydrogenati_o of
acet one and blélr??eunc{ee ?{sie;g%ég&glé:’o%rfcﬁip&er%{eggtsalﬁ;%? %%dh%\}irlr%gcaa%&ls:per si on
and ni ckel contefdn sspkctihatl vt perefrinkcel catkilgee is at hiyelasigebmtri®nni ckel

per gram catalyst. Mre pref.erabl.y.the nickel rface i.s.at, least 20 nP
ni ckel per grc a?éfsézl fé’ﬁpréﬁ&nrﬁ;o&lc&eg‘f’elpg l%%rf_ﬁ%gy r?iu&?é)lrtsegr PAcé i s at

| east530 N2 riackelepen graamlGtcatoalprsisind suickall enpractildala waperidd m t
is formed by, 50 ni ckel r%g gram cat al yst. The ni ckel surface can be

det erm ned by t ‘'t he nonol ayer capacity for chem sorption of
hydrogen as des@dhedabyidaW feGeenen andrBn€lyli amemntisn i25 thhysi cal and

Chem cal Aspects of_ Adsqrhents an talysts” B.C. Linsen, ed. Academc
Press (1970) “2PE%rrroR % %.W/\Warifq\/%é)r t%rﬁ’ %‘.elri.aé PP, BeSGF3AET B2 ST, van

Ni ssel rooij anpgdl. WE+he0eReItogRwaftace Bletall id5n(it®B3), H6Z1yEaes the
determnation of the nickel surface, the 3Q nonol ayer is defined as the
anmouh? of hyFEGEH HASMPEE theM Par Wre ddGke Lot PREFEEGET YalPTEOF R The

adsorption cfp hygrpgaRKeas get el G FHerah1keducthen rahge2% K sforp 4
hours, subsequent evacuation during hours at 675 K, ang controll ed
hydr ogen admitssi’$h 5@ odcdelgorre prefsetrEP02/ 12650 The catal yst has

preferably a bul by daRFich¥eidn wihe tbrRee ihams8Q01130Qoke/ Hedrdeherakly a
BET-surface area in the range of 100-250 n2/g, preferably a pore volune in

the range of oF. 2Z&at®rG. 509 hBgeasd 15r éher alsley 0in asndgkeddsedadivaiet er in
the {ange fr%@ﬁkﬂd)§5dyypersion and nickel content such that the
nickel surface is at least 15 m2 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 formed by

50 m2 nickel per gram catalyst.

The nickel 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. wan Meerten, A.H.G.M..Beaumont, P.F.M.T. wvan
Nisselroocij and J.W.E. Coenen, Surface Si. 135 (1883)
565. For the determination of the nickel surface, the

30 ‘ monolayer is defined as the amount of hydrogen adsorbed:
at 1 bar pressure of hydrogen and 293 K. The 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.



Preferably the catalyst is present as a. fixed bed. In an advantageous
enbodi nent the process according to-the invention is operated at trickle
fl ow. Thawoiog/o1i8bqui d acetone trickles ong t he surface Pofi/RPaB 12584 al yst
which 10 is packed in an atnosphere fulT of hydrogen gas. Preferably the
nol ar ratio of hydrogen to acetone should be at |east 1. Mire preferably
the nmolar ratio ofhe Hafkget thradetokrrables 4 bulde degrfecy riomthd to 10: 1,

procebs. can DEVET B b AT U GBS/ Fange ore TURIok o § Brier 1 et
reacti on pressyrgss r rd¢ ci@d-44@uj@, an ifi pendent
a;rgf@ e /tcﬂ,ogoxgééef’a%l d C;gérdé’%?&m% ca)

on the type of catal used, eac e reaction nditions 1s

optim zed suctha@srdmwgobifain. 2ptiaed. 20 dydrpoatmtgarfaphe henzene. For
exanple, a less active  catalyst, wl reﬂui re_a higher reaction

|
t enpePat ure. SFUIMRF A EIHE UsE dHhi € S £ G%l® IMYui d and gas

vel ocities requi resefdghslly tefeiatdligss Weieaedhedise riofed dVLrTn
reaction tenperatyre can require |ower 25 superficial Iiquid and gas

vel ocities. PrefRFHHHNRISUH R H Pt e PIITaTTe FREBNYT i i1ne he

range from 40hJéntlbdh Gs My af erablyidind he dangg £ o 60 {0,480 C. As
the catal yst ages, higher tenperatures may be required. Reaction pressure

preferably | iELENe HE¥HHFE BFT dha s B 9 Fhasrat Prester aBtichin t he

rangeof rom 10; § AN hargh A H@heoHuasstie We IhyEHYdn ighd ncreased costs
for conpressing tPhe ?as whereas a | ower pressure” can result in poor

conversion rates. TIOVLSGE POH/EPOHEZESE hydgoghre tsuperdtiarial gas
velocity s ROREEIQRlY dih Idite IANGRAL Ikl Sp AR 1A SURRL Td£1 al

liquid velocity is preferably in the range of 0.°00 . S. e gas is
preferably edseHiagsn \pacetynl dgeas 115 Wpurnachifsdyy drdgere cilr ont ai n

m nor anount s, d:0r r&?@%l} it r of .y t0 513 %y w. of for exanple
nmet hane, ethane, nitrogen nd ot her I?%g%rl ties.

15° The hydrogenation process can be performed at a wide
range of reaction temperatures, reaction pressures,
superficial liquid and gas velocities used. Dependent on
the type of catalyst used, each of those reaction
conditions is optimized such as to obtain optimal

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, whereés the use
of a lower reaction temperature can require lower

25 superficial liquid and gas velocities. Preferably
temperatures 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, more 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.



The process according to the invention can advantageously be applied to
feeds of acetone containing 10 benzene in a w de range of concentrations.
Possi bl e Wera®nsoconcentrations in a feed of acetone coul @CIIiEPO2/M65¢ he
range fromO0.01 ppmto 1% benzene, and Tofe-likely in the range fromoO.1
ppmto 100 ppm benzene. The process according to the invention is further
especi al |y 15 advei agepesffoial epts wil @cet pnes gord e rbigy ain [gast 0.5

ppm benzene, and its_advantages, beco re ro ounceg]gjgs t he benzene
concentrati on 3'heY e%geg'ﬁ: g@ m4%’as’i‘£€ tg%?n S‘*lfﬁeergjcﬁaq'n}t P! evef‘ﬁ%?lty
pronounced fois peetonsbigeds gontadMidpato ] @@st-d. b wpm benzene. 20 The
process accordi ng}jto the | nvention can very advantageously be conbi ned

with a process fofi®AS pteparehs P b presptiatie E_ij%l”e%é‘fﬁgwﬁ@vti on
therebore alsPsOViEES RydFOEESScd Ol cdhies H eRAI&E | S @ Hhepot
conprising: 25 a) al kyl ating benzene with isopropanol and/or propylene to
synt hesi ze cu¥EHER1®)inxte ZFape Hef nehel bfswivep ¢fa)famntexaumiene

hydr oper oxi dg,ci)2,aC1 e €l £AVI NY; nene bl ide generating 30
phenol and benzene- cbntgmgﬁ%'t ggléace. %ﬁe; d) pr.efgﬁa%gﬁfj%o%'ent rating the
benzene- cont am natlk’l PreetdherCcping dd ithstigprer)tia) dardrogenati ng

of , t he benzengscont an . t it | 0 : ai ni ng
hydr ogenati on 35 pr%@%ﬁg]‘@%:&%ﬁé \EO@%O(%%S%]? %&?C%%{)Z %@1%7
Stepsla) to demzaneohvediwids ywhwead iceheont matiadescridesibye for exanpl e
EP- A- 0371738 ]%ng - A- 04 : p:.d)_ c 0 | ent rrd ed. out by
distillation. t%lﬁ:))e %grll(géﬁ?e telroﬁﬁeylrgaar r}ﬂ;eﬁoéﬁeéz}see%)eﬁs%r%géﬁﬁhlelr%i T'5

bef ore. | soprdpancingenerat ed. i In mirepe)l carerbensediras moresoliMenty i in

[ i [ | ' ' I d i t I
\égr Ir gg;cﬁgg 'ttghae'tsltlga?ﬁ%% Erglgsd .rledpﬂrﬁqtpor Olqjadqoppm g%eennezrearJ{ee. fhne .Spre ceegs can also
according to the invention is further especially

15 advantageous for feeds of acetone containing at least
0.5 ppm benzene, and its advantages become more
pronbunced as the benzene concentration increases to at
least 1 ppm. The advantages are most pronounced for
acetone feeds containing at least 1.5 ppm benzene.

20 The process according to the invention can very
advantageously be combined with a process for the .
preparation of phenol. The present invention therefore
also provides a process for the preparation of phenol
comprising:

25 a) ‘ alkylating'benzene with isopropanocl and/or propylene
to synthesize cumene;

b) oxidizing the cumene of step (a) into cumene
hydroperoxide;
c) acid cleaving the cumene hydroperoxide generating

30 phenol and benzene-contaminated acetone;

d) preferably concentrating the benzene-contaminated
acetone, generated in step c);

e) hydrogenating of the benzene-contaminated acetone of
step d) into isopropanol containing hydrogenation

35 products of benzene.



Such a recycle can conveniently be carried out as described in for exanple
EP- A-0371738 and EP- A-0434485. 10 To further inprove the quality of the
i sopr oparwb osloe1sopr ocess according to the_invention is preCarrzbd/y26sonbi ned
with a series of separation steps. The inVention therefore al so provides a
process for the hydrogenation of a benzene-contam nated feed of 15 acetone
as described here$tehefa) etcoaprcsi ngothen Séepsy 106 : céa:}rfeydir@g@n@gi on of a
benzene-cont a ted feed of aceto h nce of h o yi el di ng
a reaction pé%guceb%%n%ﬁl ﬁ?ﬁgeﬁi%%% %p%ﬁozﬁ 8%%??? %%%a?‘%t% 4%44%§seous
products f r ormtds;e d pacéh otonpentict 1 pfbé ) cayt ebdi Bgt aby i QLS EL TEAE1 QN
pr oduct ; Ie%\ sep ration off Ii}?f b ]g)r%(?ucts and unreacted acetone from
the |iqui d r 1&??0‘?1 pt ddUtEL B2 % ngtt a@%r %C’*F%kb%ﬁi&b%%}nproduct
25 iV} separ déor®f heayyobyngr Oc_%t@éﬁaifécﬂ)rﬂrﬁ her g WP cdi$ ps apae@l o pr gduct
purified iso ropanol product; ? recycling unreacted

of 1ii), yieldi

acet one and/ 0'?0]8‘2@?5 O:I‘nt‘ﬁ%rl‘P‘llﬁlﬂ DA oERIRE s Dbt A HEEEq nl%QEéliPPille and/ or
part of 30 theeheavyedy:Rrodusts) Iéh@taepsévaetpeér@léwdwg@{@g . in step
i). Such a process conprising a train of separatlon steps results in a
very high qual$$ly dfr¢Suptodpednl corrptiritl e @W#%@mﬁ@sof t he

by- products ageddstieeh it 355t &1 d sovess e sel aetedid v Afsdde,
process. WD 03/011801 - 8 - PCI/E 02/ 12650 The process can be carried out
bat ch%i se, seni Tatkhciie BIPRVM itHoualitsniatoilg tswpimreess e
perfornmed in &Y %@@ﬁ{% cont a&ul%f S
preferably pr%fheat eéd preJ%era Ie[{/O pﬂrrge ﬁ1lt+>%;<;édr{jC &{] ié] ebenzéﬁ é%ng%]t am nat ed
acet one and H‘Sﬂfﬁfbg?erﬁ@%l@%doftféﬁmwhc)n f&ﬁeRﬂart up. Subsequently the
acetone and benzgfie Affon P&l QAR I ULANGAUS) Yoo INUAIARRNIA S dor The

effluent of step 1) can contaln | sopropano
the hydrogenation of a bénzene-contaminated feed of

15 acetone as described herein before comprising the steps
of:
i) hydrogenation of a benzene-contaminated feed of

acetone in the presence of hydrogen, yielding a reaction
product containing isopropanol;

20 ii) separation of gaseous products from the ieaction
product of 1i); 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;

25 iwv) separation of heavy by-products from the crude
isopropanol product of 111) yielding a purified
isopropanol product,

V) recycling unreacted acetone and/or part of the
light by-products obtained in step iii) and/or part of

30 the heavy by-products in step iv) to the hydrogenation in
step 1).

Such a process comprising a train of separation steps
results in a very high quality of isopropanol. Further-
more the recycling of the by-products as listed in

35 step v) improves the selectivity of the process.



by- products such as di-isopropyl ether and/or 10 hexyl enegl ycol, optionally
hydr ogenati on products of benzene, such as for exanple cycl ohexane, and,

i f any, woroaactsed hydrogen and/or acetone. In step ii) aPsTEPezsHt
separation of gaseous products from t he 8 &acti on product in step i) is
carried 15 out. Preferably a gas-liquid separator is used for this
purpose. The gasfbgs Paohisst sagalpec capriise ambndst:cot-éiss, wepduri zed

by- product s ni t Pr ef er ahbl art of .t aseous product
i's purged angﬂgﬁglﬁéggigje?%Qﬁgggggfé&éb%yggg%§eﬁe5&beng%Sg)i%Step i)

yi el ds a 20 pegficdmeghacin en quridociousSmeseguentllny slichta lbpnpiodwetss and
unreacted acetone are separated fromthis |liquid:reaction product in step
Y CPref or BROY S %’sé’%%r%ﬁa%&y ipsreé‘ceé%r‘?ﬁl'i S B Vs BEFTERRSR Thi o
separdtion yifeleds cef bammed-sapriepanelt epr edutionfsr amdvhyalrobke Heawvedy 25

products are,separated in st i,vV). This separation.is _also preferably
acconpl i shed %5y 5 e§iﬁﬂl§¥Fb %%¥.eup5eg£%£ﬁq%ﬁn3h§l& €2 35T e S opr opanol
product. In denprelenred eraiimngily thsilpuhebued vi,sbguepaaabtpaeduct s
even further processed to yield a . finalized, i sopropanol 30_product.
Preferably sd Qﬁi qﬁﬁ‘%ﬁé%@?éﬂﬁgcﬁﬁtSOHFﬁﬁglPfQEHQPSSP&panOI product is
carried ouf by—p@d@kkﬁﬁﬁahmfiﬁ@sdgtifwbko@ﬁp@m@b&?@ngvoan azeoterebof g
i soprqpanol, water and cycl ohexane _fromthe purified i sopropanal obtaine
in é§ step PEFWICRRGRGH A i%&l%%&liysgﬁ%ﬁ&ﬁ&at&r‘)&d@6t°figﬁbso§/f011801

PCT/ EP02/ 1265%@n 72neVi igucieRa aldror x@hptilke gzaohear@Qf angiQprepangl,, water
and cycl ohexane obtained in step vi) In water and an azeotrope 0

i sopr opanol SR SAFEESh SVEFEISN @G/ P 866tC8Ral |y recycling the azeotrope
of isopropanol 3nange QHQh%%%@%s@Qﬁ@h@egebBr%%%BanE) bQestigp Vi) . The
separations in step vi) and vii) are preferably carrleg out by
di stillationProsiueaét & ot dtone casd ipar Proriucte in gherbypiedgergied
15 out. Preferably a gas-liquid separator is used for this
purpose. The gaseous products can comprise amongst others
vapourized by-products and unreacted hydrogen. Preferably
part of the gaseous product is purged and the remainder
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 li@uid
reaction product in step 1ii). 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 preferably 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 isopropanol obtained in

35 step iv) yielding a finalized isopropanol product;



obtained in step iii) and part of the heavy by-products 10 in step iv) are
recycled to the hydrogenation in step i). In a preferred embodi ment the
recycl e swoeamifsppm step iii) to step i) conprises mainl pcamppymssand

di -isopropyl ether. Preferably the recyd e streamfromstep iv) to step
i) conprises mainly hexylene glycol. By recycling 15 these by-products the
sel ectivity ofiit)he smpcmmdrs ofi rghen\ved dtasiplet 0Ty iisvpadPaiploVved tever al |
yield of isopropan An |II stratlon of a praocess according to the

invention is e Heshd® 59 Jurle 1 WAF K i

benzene- cont arﬂ'etaiﬁqaeacﬁ QLI’@);(ﬁcQﬂa)ndlS afixefyc1WHdkandeethdf fresh hydrogen
(103), preheated |n a jheat. . exchanger (105) and fed into a reactor (107)

containing &585-)6 PR okt HE In|gl &&e é‘tzgl%t"penz%ﬁ AG CRIRPEREIL

surfage of 34n®/@clidhekdriashicalldysh kadp Aistreamsfep 25 )r.eaction
effluent (109) is wthdrawn fromthe reactor (107) and cool ed in_a heat

exchanger (111). &% &CPLSHIHY hStERs s 3EGhPddnd$ 5o PERé ereReivi on

ef fluent aressepaatat fgpmide li4dicd conpounds in a gas- I iquid
separator (113). At the top of the gas- i qui d 30 separator 1121) stream

of gas (115) is WMTIRHHRE a‘lﬁoﬁ‘ttoneoﬁ“tdhﬁ)@rﬁ o&arkhel 15)ohts yrpgeductsy) |
whereas the eihigfinedPant died ekl ehdt pathe o &e%teorhe@l&f)bggg; ol %Ottom of

the gas-liquid separator a stream of I|qU|d wn and fed
i nt ol8 di sti HratStep dotlurarq 1xEpvclad 3% the r@rgetnmtslcm $ii Isit&pi ¢n -col umm

(123) a stream of %@M%&ﬂe’ﬁ@o%ﬁ%z%%gcle Q¢ dgPte RROduets (125)

is withdrawn. The stream conprises nmainly unreacted acetone and the
by- product dilii sdm GRHEP e1t evrommarStesOfnatwly soedameofanid ghit-ipopdwets (125)

is purged (127),cWh . trf‘n PURRS R 11eS st%eaﬂlc%fgé tt%p”}. )" eactor

(129). At the bottomo Istillation colum a“str amof crude
i sopropanol Et3D ids qmntmdﬁam mlﬁledilemﬂ@na sdooed . dEysthedyatliioy col um

(133i5 At th%ﬂ@%&*ﬁplgréJué%§Q§Qp%electivity of the process is
improved resulting in an improved overall yield of
isopropanol.

An illustration of a process according to the
invehtion 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 reactioﬁ effluent
are separated from the liquid compounds in a gas-liguid
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 liquid (121) is
withdrawn and fed into a distillation column {123). At
35 the top of this distillation column (123) a stream of



distillation colum (133) a stream of heavy 10 products (135) is w thdrawn.
The stream (135) conprises nmainly the by-product hexylene glycol. Part of
this strwamsoiisheavy products (135) is purged (137), whelP€aEP02/ B350t her
part is recycled to the reactor (139). -AfGthe top of this second
distillation colum (133) a streamof 15 purified isopropanol (141) is
wi t hdrawn andl fato: i ptedact & hi(ms;ji:séimnatcﬂmwmplmm $948am From the bottom
of this third dlstlllatlon col um é 4@ a stream of fi alized isopropanol
12 ¢

i s obtained (A28 1ErDHEHRLY opRbFR e R FrathorPeditnn €423) a

stream of azeoiswpspPl @Oheycl PhEXaRE, t VB %t%&nléﬂpl_ﬂ@@fm' (147) is
obt ai ned which %&{gdégto a fourth distillation colum (149). Fromthe

bot t om of thil"4 1 TR Poreedl (h/ Y n49)erep st any Brevarart i ks
obtai tied (15L)ecyWi&d tS ghschededor From ! he: tope Aot fismfourih: s

di stillation col'unn (149) a 25 stream of azeotrope of cyclohexane and
i sopropanol (4581 11&t 4R aF AR hek2)s F exi%sTY @b €HEehird distillation

col um (143). ﬁ&@é@é«%ﬁl P31 iyr&i\@ﬁdﬂéws&m@tf&dbnynweafé)éé% ng

exanpl es. 30 Exanpl'es A reactor tube having a | eng of 35 cm an internal

di anet er of I Sird Wt P oveabemn th fl%dtltﬁsdoo%miﬁa@fuﬁgl% gpeandof a
catal yst as spesifiegig, tablend. (149 apelions. el jcopyal ning 50 ppm (50

rrg/k ) benzene was 35 fed to the reactor at a weight hourly space vol ume
3!)0 WO 03/8¥AB0at AT} P02 4 2¢5chdrawr. Bl | sidi ezt et 3% tebierlseThe

Zﬁﬁt inder o PYESylY o A Y drmer A e 0 CTar e T A e 1oF e Penzene
conver si on arﬂtmmﬁe feavrersFeincts afle3 i vien purdeabl €137) Thewesstastivity
28‘3’?/; dsBenlzZ(rjle cont ent g@iﬁi f#%P%n]te%o&gg:)trsr{oegar}noﬁ(&g#%gﬁcfé waggtgt qgsmmﬁZd
by top of this second distillation column (133) a stream of
15 purified isopropanol (141) is withdrawn and fed into a
third distillation column (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 azeotrépe of
20 cyclohexane, water and isopropanol (147) is obtained
which is fed into a fourth distillation column (149).
From the bottom of this fourth distillation'column (149)
a stream of water is obtained (151), which is discarded.
From the top of the fourth distillation column (149) a
25 stream of azeotrope of cyclohexane and isopropanol (153)
is obtained that is recycled to the third distillation
column (143). ,
The invention is further illustrated by the following
examplés.
30 Examples
A reactor tube having a length of 35 cm, an internal
diameter of 10 mm was provided with a fixed bed
containing 5 grams of a catalyst as specified in table 1.
An acetone feed containing 50 ppm (50 mg/kg) benzene was

35 fed to the reactor at a weight hourly space volume (WHSV)



gas- chromat ogr aphy/ mass spectronetry at a single ion node 10 mass 78. The
benzene content of the effluent isopropanol 1is givenin table 1. WO

03/ 01180IwWB@3N0EROL/ 12650 - 12 ror0 p UNN (0 O ~ OPe¢TA&PO2/1485H 4 0)
© 04 4 ~Q04 P4 Q- 07 04 04 0NOUYUMNH-Tf-1 43 Q rl UOOaOCQC 0C0Q
a) 4-1 11} N4 ,ON(NLONN(OOOP4CDN41r-1C 0OVVVVPNO
r-1 LU 4-1 r-a¢ mobztrcate@aoulbablelM4Thegaa9et@n¢) fe®@d was rn rn rn H a)

U)
A A A AU RARgEndt 1D S TR Y el Skt e o)
. | H P4 O 3a0d diuier (3 Rradsufe and tamperabumen am wWaNdddna) rn U0 0 A
AAA 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 effluent
isopropanol product was determined by
gas~chromatography}mass spectrometry at a single ion mode

10 mass 78. The benzene content of the effluent isopropanol

is given in table 1.
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| 1 WD 03/011801 PCT/EP02/12650 13 CL Al MS 1. Process for the
preparation of isopropanol, wherein @Ledzéhes contani nated feed of acetone
is hydrogenated to obtain isopropanol and hydrogenation products of
benzene. 2. Process as clainmed in claim11, wherein hydrogenation 5 of
acetone and HBenzénmdasd rfmmeﬂmrl:era;xmtaamdmtceﬁ iﬂi;ﬁicmwldleedlﬂeﬂfedﬁf rd ed

out simultan ousl 3. Proces 2 in.claiml. or j

hydr ogenat i o %‘arrl B B thtgeeﬁjr ngdr?ce T 15 &yaqliﬁsgtenac &iosi ng

ni ckel . 10 4on32raoﬁesl$oq;s:apamcmechnd1 Isidariogeha twler ¢ nodiydrogenaidrend .S
carried out int resence of .a njckel _catal yst haV| ng a, ni ckel surface
of at |east 122‘ mtzbjﬁﬂp absercﬁgfrlaﬁrf’ﬁCi Al 15 q’é’sdr(ﬂgﬁnﬁ@&Q% claim
3 or 4, whereim atd@:on]eBaCiﬁiaiatﬁzteﬂé w&wﬁae&&e&ef—ld@ﬂ:abﬁdmat@d Process as

clainmed in anyone of clajns 3-5, where
Qéetone f%ed is carrled out simultaneously.

3. Process as claimed in claim 1 or 2, wherein
hydrogenation is carried out in the presence of a
catalyst, comprising nickel.

10 4. Process as claimed in claim 3, wherein hydrogenation

is carried out in the presence of a nickel catalyst

having a nickel surface of at least 15 mZ2 nickel per gram

catalyst.
5. Process as claimed in claim 3 or 4, wherein the
15 catalyst is present as a fixed bed.

6. Process as claimed in anyone of claims 3-5, wherein
the process is operated at trickle flow.
7. Process as claimed in anyone of claims 1-6, wherein
the feed of acetone comprises up to 1% benzene.
20 8. Process for the preparation of phenol comprising:
a) alkylating benzene with isopropanol and/or propylene
to synthesize cumene;
b) oxidizing the cumene of step (a) into cumene
hydroperoxide;
25 c) acid cleaving the cumene hydroperoxide generating
phenol and benzene-contaminated acetone;
d) preferably concentrating the benzene-contaminated
acetone, generated in step c);
e) hydrogenating the benzene-contaminated acetone of
30 step d) into isopropanol containing hydrogenation

products of benzene.



the process is operated at trickle flow 7. Process as clained in anyone of
clains 1-6, wherein the feed of acetone conprises up to 1% benzene. 20 8.
Process fwp oBlheispr eparati on of phenol conprising: a) al kylPaetiErg2/bmseene

Wi th isopropanol and/or propylene tos hesi ze cunene; b) oxidizing the
cumene of step (&)okBke edMeneimRrdrapenexide; gheeriackdepl gavigg the
cunmene hydroperoxi de generating phenol and benzene-contam nated acetone;

d) preferabl f2E5AEENPHAt PRGOERE NSekPeABYEBRt 8 AAREHS acdtone, generated in
step c); e) hydregepakisngci-henkenzanegeantashnated geatepe-of 30 step d)
into isopropanol containing hydrogenaglon products of benzene. WO
03/011801 - ¢tantapEmpEpd2fe2650f 9cebppeess asaémarnmdd pAYER& A8, wherein
step ) is ¢aLkjedjout sacediing nhoaRYAREAf J¢lains 1-7. 10. Process for
t he hydrogenation o% a genze e- co taninatea feed of acetone as clainmed in
anyone of .3)cl ai hgdrogepatdmpr P€i agheheeseepsnbbminpthddfegénafi on of a
benzene. cont aBLEahed heed0b- ARRLaNGL! Axk08oRheSGaEe 0k YlLadED, ¥l ol di N
a reaction product containing |sopropan3 ; I'l) separa i'6n“o gaseous
products froprbHecteaontennihq psosucpanbli); yielding a liquid reaction
product; iil),separatiopn. l.i-g - pr n r t one from
the liquid rggétioﬁeg%%ggégkoP%i%%?QéPglﬁgﬁégéggc?5§§>?ggpggsgggﬁgproduct;

i v) B@parati pmodficheatyiby- priedddthyg &r dimtihd ceadéiobSpirsdpcbpanol product

O b T80, B LLEH, oiooRapangl BLARUEL’ ) LFRISLLDS, v eacted
part of theabeawypebyrpmodiet 4iignist epactjohopthdubydodgendti ghelding0 step
h) a crude isopropanol. product;
iv) separation of heavy by-products from the crude
15 isopropanol product of iii), yielding a 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

20 step i).



