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Background of the invention The present invention relates to a process for
the hydregersauean of acetone to isopropanol. |sopropanol ra/EPORAZ6A1USES UI
internediate in organic 5 synthesis as well as a comrercially inportant
solvent. A process for the hydrogenation of acetone to isopropanol is
descri bed in EP-A-0379323. The hydrogenation of acetone to isopropanol is
an exotherm c procesBROGBSENEPRATEHE HWDEPSENABIOS23Ft AOETOYA reacti on 10
tenperatures will induce excess hydrogenati on deconposition of acetone,
resulting in reduced yields of isopropanol. This problemis especially
present when pdwidfQaeRaldMaraRcaeRet \When conpared with other ketones,
acetone has areratively Tow boilTing point, and 15 therefore, is easily
gasi fi ed. Excess Tesiriesgtitod nygmtijomadelatigst topst Prase sty drosgdlst i on
deconpositio . i in .t enation of acetone it is
therefore neglégiraﬁ%q}%gtq%?lecﬂ%z%l%%‘%c#r%re& Jt%g)r%gé]t%lgdn tenperature. One
of ten used net hod daprepatnod! itshe 2@nveacidfon tempemaidised St e gaedyc| e of
reactjion product, e.g. isopropanol. Exanple 7 of EP-A-0379323 descri bes

preheat i ng ofSYHE'SEtant'Sld PP G FBISE Eritteri AP BP& SV eidact or

col um having an A MejcedisamRirei nef n3BirdJdnathenealt elced JAGlJ on m xture at
113 C was 25 obtained fromthe outl'et of the reactor. The reaction .
sol ution was idiapnReRnait ¢ t WeSgeritdeshs.n R A0891 3gert iThe was taken out of
the reaction hyééoeg@n%sc 3PP e A STEONE RYL001¥8% T80 Rt Al the
reactor by neans

process. As indicated in EP-A-0379323 too high reaction

10 temperatures will induce excess hydrogenation
decomposition of acetone, resulting in reduced yields of
isopropanol. This problem is especially present when
hydrogenating acetone. When compared with other ketones,
acetone has a relatively low boiling point, and R

15 therefore, is easily gasified. Excess gasification can
lead to hot spots and hydrogenation decomposition of
acetone. Especially in the hydrogenation of acetone it is
therefore necessary to precisely control the reaction
temperature. One often used method to control the

20 reaction temperature is the recycle of reaction product,
e.g. isopropanol. Example 7 of EP-A-0379323 describes
preheating of the reactant to 77 °C before entering a
vertical reactor column having an inner diameter
of 38.4 m, whereafter a reaction mixture at 113 °C was

25 obtained from the outlet of the reactor. The reaction

~ solution was divided into two portions. The first portion
was taken out of the reaction system as a product.
A second portion was fed back into the reactor by means

of a recycle pump and combined with acetone to form a



of a recycle punp and conbined with acetone to forma WO 03/042142

PCT/ EPO2/ 12641 - 2 feed mxture for reaction. In the line for recycling
t he - secowo opostiuon a heat exchanger was provi ded. The re@&CTmPo2/13suEri Or
tenperature was maintained at a predetermed tenperature by controlling
the jacket tenperature of the 5 heat exchanger. However, by recycling
reacti on prodissd mitdtatrecditainemdtargge danmouhies ldhe fopr oparyall,indhehar ocess
becones | ess economi cal .and the amount of, for exanpl.e, . di-isopropyl
ether . a ) G pRORIOT G oo EaSE Iy e e ek 0t PRI | ty
of the tenperigfis @ dm tehi R thBaCts idSelthingd W tae%re-mﬁce%l?di‘?fetd of the
present invention is to provide an inproved process for the hydrogenation
of acetone i rrempenadugfe dnomemte ldnina digeracied dempesiatu@emed yyhef t he
' nve_ngl on 15 h%%cth ALV e Rf %eﬁﬁs_bgﬁﬁe%g%?_ik unrgeal?%'%% Sruct

mul ti>tubul ar reactor. ACCOr mgﬁy t'hi's inventi o provi des process for

t he hydrogenaiatorccoftadest Aredeo g@pare dfs dpoopapeno lwhertal prddass

hydr ogenation reactiqgn is carried qut in a nmulti 20 tubular reactor. The

use of a nul SRR éresrsezfﬁoé]ron&%&i 1% sy é‘moﬂléﬁuloét'ecf%c?w}pée'
controll ed repovaloiogBadinyt, hedlas SNSRIt Ne Rl QGRS dsS .

econom cal |y nore “advant ageous because there is no necessity of recycling
25 precious rieadgtheamomeodinst .cobatzallled iddsor ioft itdve dfempiesdtmrentinothehe
rrult'i-tubul ar_reactor, us i.n t.he Arocess -
0 reaClor itse is 1ifmited.
The object of the present invention is to provide an
improved process for the hydrogenation of acetone in
terms of economics and temperature control.

Summary of the invention

15 Such an improved process has been found by using a
multi-tubular reactor. _ &
Accordingly this invention provides a process for the
hydrogenation of acetone to prepare isopropanol, wherein
the hydrogenation reaction is carried out in a multi-
20 tubular reactor.
The use of a multi-tubular reactor enables a more
regulated and more controlled removal of reaction
heat. Furthermore the brocess is economically more
advantageous because’ there is no necessity of recycling
25 precious reaction product.

Detailed description of the invention

The multi-tubular reactor used in the process
according to the invention preferably comprises a
substahtially vertically extending vessel, a plurality of
30 open-ended reactor tubes arranged in the vessel parallel
to its central longitudinal axis of which the upper ends
are fixed to an upper tube plate and in fluid

communication with a top fluid chamber above the upper



according to the invention preferably conprises a substantially vertically
extendi ng vessel, a plurality of 30 open-ended reactor tubes arranged in

t he vesseWopamaMhBI to its central |ongitudinal axis of wair@rot/w4upper
ends are fixed to an upper tube plate and in fluid comunication with a
top fluid chanmber %bove t he upper, WO 03/042142 - 3 - PCT/ EP02/ 12641 tube
plate and of “WWecR1ehe PORerfermdd cir &6l xQHCE0®RIS| GHEr Iidse (Cafe and in

fluid CO”“““U%@EEOQuW%tBl%t%o%hgnhﬁfEHMQdcﬁéﬁﬁﬁhlgékQBhiQ%t%owe%ok%gﬁ
pl ate, supply neans for supplying reactants to one of the tluid chambers

and 5 an ef f [fuend ahaméerabeé@@edhﬁnlpwerbbubenpﬂBMBd @M@@ﬂermeamurlng
operation th reacto& tubes ar% >d with gk ﬁit i_C To .convert
acet one and ﬁ§ﬁr3&€ﬁ &) F§8 88§ﬁolo O&Se?én é bﬁﬁ%§§ tﬁpgugh t he
top fhuid Ch%'i\ib@fflih@nltnbﬁlttl'é% wpRenhgeads nokhtheoteaat @n utidbesaane rpassed
through the reactor tubes. FH¥drO gen can be supplied either through the top

fluid chanber (t8prdsanPPeratiRnoligh ERECKELt Hbfersuﬁaecﬁa%@nd VBS&Rt om up) .
Preferably %Qrggg r%gg iced co-currently with the acetone 15 through
the top fluid cha %top omn) Ef fluent reaction product |eaving the
| ower ends of th&oreactvert tukésnies acdl hgdiredennibhe hetpawpiingild chamnber

and renpoved fromthe bottom fl |d chamber . th t ff t tlet. 20
The heat of F%ﬁ%??&ncﬁg ENOVER deatg §68hg t %Fu?&p Q%HIe ue §§§gd :Iong

the pyter surfagesnef ubber @aelObf tukeseabrvirdeubarge nef dals%'éldds can be
used as cooling fluid. Exanples include water and hydrocarbons such as
through the reactor tubes. Hydrogen can be supplied

either through the top fluid chamber (top-down) or
through the bottom fluid chamber {(bottom—-up) . Preferably
hydrogen is supplied co-currently with the acetone

15 through the top fluid chamber (top-down). Effluent
reaction product leaving the lower ends of the reactor
tubes is collected in the bottom fluid chamber and
removed from the bottom fluid chamber through the
effluent outlet.

20 4 The heat of reaction is removed by a cooling fluid,
which is passed along the outer surfaces of the reactor
tubes. A wide range of liquids can be used as cooling
fluid. Examples include water and hydrocarbons such as
for example kerosene and thermal oil. Water is a

25 preferred cooling fluid.

In a preferred embodiment a multi-tubular reactor
such as described in EP-A-0308034 is used. In such a
multi-tubular reactor the upper end part of each oﬁen—
ended reactor tube is provided with a gas and liquid

30 supply device, which device comprises an inlet chamber
having a gés inlet opening, a ligquid inlet and an outlet

4which is in fluid communication with the upper end part

of the reactor tube, and a ligquid riser extending between



for exanple kerosene and thermal oil. Water is a 25 preferred cooling
fluid. In a preferred enbodinent a nulti-tubular reactor such as descri bed
i n EP- A- 08080842143 used. In such a nmulti-tubular reactor PChEPOpESHL end
part of each open- ended reactor tube Ts4p?ovided with a gas and liquid 30
supply device, which device conprises an inlet chanber having a gas inlet
oEening a Iﬁqhédelnﬂetthadlameoubfeiiquhdchhishithﬁut@nGonnnmhéation with
t he upper en rt. of the reactor,t dris xtendi n
botween o 09PBaskasterrarhS Theknt Bop b L focbAtbPy, BRELF R SR hi cn
is during nogRBEt @getabigﬁlgtegaambéﬁ_the top fluid chanber and the liquid
inlet of the inlet chanber. Reactor size will depend on the desired
capacity and 5 E%ﬁcvaryswﬁﬁhWhlﬁnQ@P?%%g%% tiop efiephbey CRBAFAEEr ARP

e e Wt 08 EERG: OLrbh Rouh Ret DEnkBOgeRRbeDedto Bl incEOhagraml e, 2

reactor with are ive oW th roughput oYenat ed pro e.g. 10
to 30 kil o tahadeyearof the peabEDremldsanntEhelresgénofhé fange8om.0.4 to

1.4 m 10 for a reactor with a dera e thro ut .o ena
product, e.gFo%0e¥pmp eleorﬁaﬁ ry@é h ?hﬁeggggg?}gdlo ﬁ8989%PPEs in the

range of 0. 7o§°h§d£rb%feﬁét@dr§§6€igﬁt wete albat@esohkemgh@uh af yBydr ogenat ed
product, e.g. 70°to 130 kilo ton a iear the preferred dianeter lies in 15

the range of thetprefarand flépmgtesadies %Pthhﬁ yerge| akfgl - 4t hPodigApWtr of
g sOcByoBEac i iR bogdlelountatmpyerer toncmieterest
vary within arowhde,range andtal 30 #épendsnoa yherdesheegredpacitly. For
diameter lies in the range of 0.7 to 2 m, for a reactor
with a large throughput of hydrogenated product, e.g.
70 to 130 kilo ton a year, the preferred diameter lies in
15 the range of 1 to 3 m and for a reactor with a very lafge
throughput of hydrogenated product, e.g. 130 to 200 kilo
ton a year, the preferred diameter lies in the range of
1.5 to 5 m. The number of reactor tubes can vary within a
wide range and also depeﬁds on the desired capacity. For
20 practical purposes a number. of reactor tubes in the range
from 10 to 20,000 is preferred and a number of reactor
tubes in the range of 100 to 10,000 is more preferred.
The internal diameter of the reactor tubes should be
small enough to allow the sufficient transfer of reaction
25 heat to the cooling liquid and large enough to avoid
unnecessary material costs. The optimal diameter of the
reactor tubes is dependent on the amount of reaction heat
generated by the hydrogenation process and can vary with
the type of reactants, the amount of reactants and the
30 catalyst used. In the process of the present invention
reactor tube internal diameters in the range of 10 to
100 mm, more preferably iﬁ the range from 20 to 70 mm are

preferred.



20 practical purposes a nunber of reactor tubes in the range from 10 to
20,000 is preferred and a nunber of reactor tubes in the range of 100 to
10, 000 i swomsm4anef erred. The internal dianeter of the rea&cwr@mpror/ulses shoul d
be small enough to allow the sufficient transfer of reaction 25 heat to
the cooling liquid and | arge enough to avoid unnecessary naterial costs.
The optimal di an8tér BIARIEENFERIT RrAqfFes 638 RHETTRI tate 2addf  of

reaction heatraw%@tfﬁcbcyiarbecé}agﬂémg .OrPr@f%%?ﬁlf%ngge{}aV@fryesw th

the type of reactants, e anount ‘of reactants an 30 yst used. In
t he process afptlhedrigsdiite imesitdonie gacttdre tndyeyd ntmomad O-di EHheEtGrs in

the range of 10 to 10 more preferably in the ragnge, from20 to 70 mm
are preferr g@rwqfﬁ%%% Lh _Stl%e ﬁ@ﬁ@&%é}l_lﬁcﬂe %iydr ogenat i on
process can be peHonmd i 2 nide FaRee 0f deertid o dwrimelddias,
Preferably tenperatures applied in the reactor lie in the range from

40-150 C, nordgsefiaamegilprtinn rtgemiginleeilhaC raaier use of a

mul ti-tubular_ r dv fs I i control of
t he reactor tfgl%%%géﬁ%%.%ﬂh%qﬁgﬁ%%¥%13%%gﬁ%ﬁf%%%J?%q?ﬁ%:Q%%c g?(%%% be
constant fromd kerdmmf fdwen ridecttornp tafbeheo Adrat daotttudre afo tites r eact or
tube or can gradually increase or 10 _decrease. In referred enbodi nent
the hydr ogenitiidi™ floddts 1P TR IBPDRE (T FRATITH Ubu S S0 (6 havi ng
a degpeasi g JReIs Ursh R gfid @ ridterbod gt aafd alfdroqdmutsiuppl ied to

the top of the reactor tube at a high tenperature whereas the tenperature
i s gradual | y PEROsSE defs gy Tromadie o thllitHe thdtlem dfeadeo dastiorg

a decreasing temperature profile. That 1s, the reactants
are supplied to the top of the reactor tube at a high
temperature whereas the temperature is gradually

15 decreasing from the top to the bottom of the reactor
tube. Such a decreasing temperature profile results in a
high conversion and low formation of di-isopropyl ether.

Reaction pressure can vary between wide ranges, but
preferably lies in the range from 2 to 100 bar, more

20 preferably in the range from 10 to 40 bar. A higher
pressure will result in increased costs whereas a lower
pressure can result in poor conversion rates. If acetoﬁe
is supplied as a liquid, the gas is preferably
essentially pure hydrogen, though this hydrogen can

25 contain minor amounts of methane, ethane, nitrogen and
other impurities.

The molar ratio of hydrogen to acetone is preferably
at least 1. More preferably the molar ratio of hydrogen
to acetone lies in the range from 1:1 to 10:1, most

30 preferably in the range from 1.5:1 to 5:1.

The amount of catalyst needed depends on the desired

capacity and the activity of the catalyst. Catalyst



tube. Such a decreasing tenperature profile results in a high conversion
and | ow formation of di-isopropyl ether. Reaction pressure can vary between
wi de rangwe,03lout142 preferably lies in the range from2 to PO@/EPar/126apre 20
preferably in the range from 10 to 40 bar. "A higher pressure will result
in increased costs whereas a | ower pressure can result in poor conversion
rates. |f acebonges Irstpel irethaas faoki Quildiot Be g8s ipsefefa®igbliyy the
essentially pure hydrogen, though this hydrogen can 25 contain m nor
amounts of nethgee frerhdéne, tu Qﬂbg@m ame nmoshepriampicatli.-es. The nmolar ratio
of hydrogen to agetone, i r.ef er apl, t least 1. More prefera t he nol ar
rati o of hydrogeﬁ%etgaﬁézg%ﬁeuﬁﬁ sl¥nt$ engﬁﬁgsfF&ﬁpfgfnﬁb%f0?&¥ nost 30
preferably iAanvBetiangedy @8 bry kat@19st. xhbenameune efui¢abalkysbrneeded
depends on the desired capacity.and the_activity of the catal yst. Catal yst
WO 03P 042142 theghydmepempdion ef cagbrgies CoRPeREdBangeSFidhe0. 1 to 50 nB,

preferably i pothey diange Juam 0 A-ka 20406 Bkeiwast practical . The

catal yst use he process acc ing to the ention can be any
cat al yst knowopbe rbehsuittialn, e Raorey Sopbe rhypddogepatiron iofc;c arlbderyl

compounds. Peseible salslials Lnclude sopper based catalusl suchiasen
as reduced nhgkelarGatidley st HAIERAIRE ohY aCalibYiohe Jictkelea@thde 10Rida
di at omaceous éarth alumna 10 or silica support or Raney nickel catalysts;
and pPat i numergrdds ceatsalPpsrs sucRaasyphackedmeagailivadisumancuPhesiamm and
rhodi um as “%&%u%§c£H%138&%9%hQ§1%%t%hx%Hiu%D palladium, ruthenium
and rhodium as well as the foregoing catalysts on
activated carbon and alumina supports.
In a preferred embodiment a nickel based catalyst is
15 used. More preferably a nickel on silica catalyst is
used.
Preferably the catalyst is present in the multi-
tubular reactor as a fixed bed.
In an advantageous embodiment the process according
20 to the invention is operated at trickle flow. That is,
ligquid carbonyl compouﬁd trickles along the surface of
the catalyst, which is packed in an atmosphere full of
hydrogen gas.
A broad range of liquid and gas flows can be used.
25 For practical reasons the superficial gas velocity is
preferably in the range of 0.01-10 m/s, and the
superficial liquid velocity is preferably in the range of
0.0001-0.1 m/s.
In the process of the invention, the feed of acetone
30 can contailn some reaction product. For example, an
acetone feed can contain some isopropanol. Preferably,

however, the amount of reaction product in the feed is



activated carbon and al um na supports. In a preferred enbodi nent a ni ckel
based catalyst is 15 used. Mre preferably a nickel on silica catalyst is
used. PreaWeoroabky4r he catal yst is present_in the nmulti- tulparaproreset or as a
fi xed bed. In an advant ageous enbodi neft 't Ae process according 20 to the
invention is operated at trickle flow That is, |liquid carbonyl conpound
trickl es al ohgssh&hsar B8cévdlv, mexecarafgseblyhilelnsi $hpacked siviwaand

at nrosphere full , of drogen .gas., A ad .rang f liquid and gas flows can
be used. 257E3F Bﬁgﬁﬁﬁéé Y, 43S ghe F%égguﬁéPaigigP Sag%vgrocity i's

preferably in thanrangesefra®@i®h 3¢ & proasdst hecsupenti ¢oalhki quid vel ocity
is preferably in the range of 0.0001-0.1 m's. In the process of the
i nvention, tRBVEBEGCH 1scEC¥nElessyibsd Byntatirrevre teadtidd¥eprloduct. For

exanpke, an acehoa%ﬂt‘ie@u%ﬁaaq_»omegt:@o§0r(§ohzg@%ggge_@,- cBhg&§g§H Va

however, the anmount of reaction product int is WO 03/042142 7 -
PCT/ EP02/ 12641bsitess ialdly 5@ riiorllyoeatpndfiegabkeygskedsd 1t03anahd &w w and

nost preferab in.the range fromQ to 5 % w. ,An illuystration of a process

accor di ng tophﬁEaQP%yéﬁF?8%%Q§%¥gﬁ d€§8FF8§dWB§eFeﬁéP§ cé%%g figure 1. 5 A

mul ti-tubul apreeagien @%Q?béé% ¥$eY, FeARPLIFSitRgsa agebslepnictakl ynvertical ly
a p

extendi ng vessel (103) an lurality of open-ended reactor tubes (105)
(for practi éaBuger posedheniopenogndsy TRESECHr EUBSSi dtld)i Rrefi gure 1)

The ?Ben'end%grgﬁﬁ%gpﬁnt%9E§v%%%%h ah@3) parallel to its central
longitudinal axis (107). The upper ends (109) of the

open-ended reactor tubes (105) are fixed to an upper tube
plate (111) and in fluid communication with a top fluid
chamber (113) above the upper tube plate (111). The lower

15 ends (115) of the open-ended reactor tubes (105) are
fixed to a lower tube plate (117) and in fluid
communication with a bottom f£luid chamber (119) below the
lower tube plate (117). The vessel comprises supply
means (121) for supplying reactants to the top fluid

20 chamber (113) and an effluent outlet (123) a;raﬁged in
the bottom fluid chamber (119). The upper part of the
open-ended reactor tubes is provided with a gas and
liquid supply device (125), arranged in the top fluid
chamber. This gas and liquid supply device comprises an

25 inlet chamber (127) having a gas inlet opening (129), a
liguid inlet (131) and an outlet (133), which is in f£luid
communication with the upper end part of the open-ended
reactor tube. The open-ended reactor tubes (105) are
filled with a nickel on silica catalyst (135). The

30 vessel (103) further comprises supply means (137) and an
outlet (139) for a cooling liquid, e.g. water, such that

a falling temperature profile is obtained. The cooling



10 arranged in the vessel (103) parallel to its central |ongitudinal axis
(107). The upper ends (109) of the open-ended reactor tubes (105) are
fixed to wooapgan2tube plate (111) and gn fluid conmuni cacr@mpomiich a t op
fluid chanber (113) above the upper tubé plate (111). The |ower 15 ends
(115) of the_open-ended reactor tubes (105) are fixed to a |ower tube
plate (117) ahrEUuig fisuisgrrdéiefuiioc at FeRLMEh chapbeLomlAlli é’eéwﬁﬁﬁelth@lw)
bel ow t he L4 p S p ans (121)
for supplyi nggﬁeact&g%teslp?ga% ](jﬁ)le) }Fgl gﬁgogéw%%bngﬁb%&%)%%%néi%r)n;f fl uent
outlet (123) arrangeddi r(14t3heolfotat:ellmhéuiaddch&dhege@ll@):eh@héedpper apart of
the open- ended reactor t is proyid w,th.a gas an uid supply
devi ce (125) FeBPPIAGEFS ﬁ%%q S5 P Eisd?(aghaﬁbérs Fhirs 3gad Egﬁsﬁ 4G d
supply devi C%fCQ'EBW 'e%% 5% 25 iathet ngbapher red2tbrhaviroggh gas galset
opening (129), a inlet (131) and an outlet (133), V\/mch isin fluid
communi cat i oANG tlhquhél Foyerl Yesgvaget (6£50h énéﬁeﬁh@n@@(@n‘reé@@ﬁor tube. The
open- ended rea ( a LI t I ic cat al yst
(135). The 36e\(é;essel %?1%%5]1 3)35t hé’rﬁ‘_’lcfgh r?g W'flnl%] %Ih%l% QJ@‘? %

outl et (139) ther cpepoendeg ldeguitdr eupeswaleon, almehohleatandah&alhcblg@gl
tenperature profile is obtained. The cooling V\D 03% 142 - -

PCT/ EP02/ 1262%€ FEGELES &0 dpsbreaangla 0886| RG CR oM #1) 168t ween t he
uppey ot ube ph@%%l@%%l)l%@q thedower tubeurhat e cbhibinifS aadngt43) of
acetone and hydrogen, preheated to a tenperature of for exanple 100 Cis
fed, at a pr etbere 15 opirdpemodx amel em23 lapmounts e dledeoproPlilough t he

gas "and Iiguid supply,device (128) iALo e QRaNLIded o,

tubes (105) to the effluent outlet (123) via the bottom
fluid chamber (119).



reactor tubes (105) via the top fluid chanber (113). In. the open-ended
reactor tubes (105) acetone and hydrogen are reacted to isopropanol over

t he ni ckeWoan/ogitht ca 10 catal yst (135). Reaction effl uent pCamPOZiIIBHNY
amongst ot hers isopropanol and small amdumts of di-isopropyl ether, is
wi t hdrawn fromthe open-ended reactor tubes (105) to the effluent outlet
(123) via the bottom fluid chanber (119). WO 03/042142 PCT/ EP02/ 12641 9
CLAI MS 1 Process for the hydragenaibmMa acetone to prepare

i sopropanol, wherein the hydrogenation reaction is carried out in a

mul ti-tubular reactor. 2. Process as clainmed in claim1, wherein the
internal 5 di amai,eycfs ther r@?é?tkgfdr'dg%é_ﬂérh%f anas: fe Gdl gphe 3
Process as clained in claiml or 2, wHerein the nultitubular reactor

conpri ses a sufefirondrtdy werelbalihe haxdmrohne:vessetactaiql ural ity of
open-ended reactor tubes .arranged in.the vessel parallel to its central 10
| ongi t udi nal cz%ifirsleo(# C%/)'\%‘]aclcjhnﬁ‘uén —rtu(?ﬁjglsararreeq‘cf%g]ﬂ' to an upper tube plate
and in fluidxomppyeald ok Widined op dllaiind Icharefe aboe: tika- dipRer t ube
pl ate and of which the |ower ends are fixed to a |ower tube plate and in
fluidd commuHERe T Wik H-RE DeRIGHAT 1WieP cianber 1% Thd 1ot 8L9n ¢ ube

plate, supply Megis,ddls SHPRL Y] g4 eartantis, to édéq?}{at&gr&é}féj%dcr@a”ber and

an effluent outlet arranged 1n the ottom fl ui e upper end
part of eachmddcitorbulamheréaciproviaded widsh a YasstTd 1a g drestipptal devi ce,

whi ch device egioc@nrcltlsnegs \?gssl,e ,Eta Cpmaunzpa ritrgfavolﬁ%paerg—aesnded reactor tubes

arranged in the vessel parallel to its central

10 longitudinal axis of which the upper ends are fixed to an
upper tube plate and in fluid communication with a top
fluid chamber above the upper tube plate and of which the
lower ends are fixed to a lower tube plate and in fluid
communication with a bottom fluid chamber below the lower

© 15 tube plate, supply means for supplying reactants to the

top fluid chamber and an effluent outlet arranged in the
bottom fluid chamber, the upper end part of each reactor
tube is provided with a gas and liquid supply device,
which device comprises an inlet chamber having a gas

20 inlet opening, a liquid inlet and an outlet which is in
fluid communication with the upper end part of the
reactor tube, and a liquid riser extending between a
level in the layer of liquid which is during normal
operation present in the top fluid chamber and the liquid

25 inlet of the inlet chamber.
4., Process as claimed in claim 3, wherein the number of

reactor tubes in the range from 10 to 20,000.



20 inlet opening, a liquid inlet and an outlet which is in fluid

communi cation with the upper end part of the reactor tube, and a liquid
ri ser extwodsngibetween a level in the 1Ioay_er of |iquid wrcThEPOx13ur i ng
normal operation present in the top fluid chanber and the liquid 25 inlet
of the inlet chanber. 4. Process as clainmed in claim3, wherein the nunber
of reactor tubes in the range from 10 to®20,000. WD 03/042142 - 10 -

PCT/ EP02/ 12631 BroPpegess G5aiFefnbd FhatRadneB br @hehmbRefhet he
reaction tUbféageﬁgnagub@EeBQ@% g?afﬁﬁgfn D 4heneange: Af tnd0rsQ9yd09smm 6.
Process as clained I'n anyone of clains 1-5 erein 5 tenperatures in the
range from 400166 Coaremapplied in the reactor. 7. Process as clained in
anyone of clains_1-6, mhereii .thg h drogenatign grocesg_'s carried out in
o MUl Li - tublt ar PFRSEESr SRadl AGTAS dLbr BAZPRG Penper aftr 5 pr of (TES 110 8.
Process as clahpedatiranyonetat ehagesrion, 40hEEEI Acaarsi espliea shlica
catalyst is used. 9. Process as clalined in anyone of clainms 1-8, wherein
the reactor tBeoperated-at trickle flow 10. Process as claimed in anyone
of claims 1-9, whereln.a, 13,5040l 55000 L UsEdnuhich, contabns | ess
than 50% reattion proéuc?
- the hydrogenation process is carried out in a multi-

tubular reactor having a decreasing temperature profile.
10 8. Process as claimed in anyone of claims 1-7, wherein a

nickel on silica catalyst is used. -

9. Process as claimed in anyone of claims 1-8, wherein

the reactor is operated at trickle flow.

10. Process as claimed in anyone of claims 1-9, wherein a
15 feed of acetone is used which contains less than 50%

reaction product.



