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12 April 2006 1 PROCESS FOR THE HYDROGENATI ON OF ACETONE Background of the
esent invention relates to a process for the hydrogenation

opropanol . |sopropanol is a very useful internediate in
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isopropanol is described in EP-A-0379323. The
hydrogenation of acetone to isopropanél is an exothermic
process. As indicated in EP-A-0379323 too high reaction
temperatures will induce excess hydrogenation
décomposition of acetone, resulting in reduced yields of
isopropanol. This problem is especially present when
hydrogeﬁating acetone. When compared with other keFones,
acetone has a relatively low boiling point, and '
therefore, is easily gasified. Excess gasification can
lead to hot spots and hydrogenaticn decomposition of
acetone. Especially in the hydrogenation_of'aéetone it is -
therefore necessary tolprecisely'control the reaction
temperature. One often used method to control the
reaction temperature is the recycle of reaction product,
e.g. isopropancl. 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
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.vith acetone to form a.



solution was divided into two portions. The first pertion was taken out of
the reaction systemas a product. A second portion was fed back into the
reactor by neans of a recycle punp and conbi ned with aﬁgtgne forma. 12
April 2006 - 2 feed mixture for reaction. In the |ine for™P%@ ing the
second portion a heat exchanger was provided. The reactor interior

t eaperature was mai ntained at a predet ernned tengérature by controlling
the jacket tenpEeedumdxtotetfor sepsidoaxchangbe. lipreler, regyrdipgl ithg
reaction producl,  {Agt 89@%8#”& héé%eeQGBHHPQrOLaBiEPBQEBQS[zTh@ergﬁﬁ%%%s
becones | ess econon1caP_an he anmount of, tor exanple, I'-i Sopropy
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of the tenperature in the 0 reactor .i,tse is limted. Such an inproved -
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mul ti-tupul ar rgast Oéxchangee. hydwegerat bonretygasaguecacei 6ncpR¥aluCE,
copper catalyst has been disclosed in US-A 2 456 187. 15 The object of the

present inventibhatscPBLpiagi 48raf arApRETeatpiderEePRrBPLL NERAYRFBFERAL | on
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i nvention Accordingly this invention provides a process for t
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reaction s carlefhgbholl ndULbh cbyPMLR E§26E One "OERELD BuPLOKR! chESed
: 10 reactor itself is limited. '

Such an improved process has been found by using-a
multi-tubular reactor. The use of a multi-tubular reactor
in the hydrogénation of gaseous acetone over a copper
catalyst has been disclosed in US-A 2 456 187.

15 | The 6bject of the present invention is to providé an
-- ‘improved:process for the hydrogenation of acetone in“

terms of economics and temperature control.

Summary of the invention

_ Accordingly this invention provides a process for the
20 - hydrogenation of acetone to prepare isdpropanol, wherein
| the hydrogenation reaction is carried out in a multi-
‘tubu1ar reactor, wherein a nickel based catalyst is used,
and wherein the reactof is operated at trickle flow.
The use of a multi-tubular reactbr‘enables a more
25 reguléted and more controiled removal of- reactiocn
heat. Furthermore the §rocessris economically more
ad#antageous because there is no necessity of reéycling

precious reaction product.

Detailed description of the invention
30 . The multi-tubular reactor used in the process
accdrding to the invention preferably comprises a

substantialiy vertically extending vessel, a plurality of’
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and wherein the reactor "is operated at trickle flow The use of a

mul ti-tubular reactor enables a nore 25 regulated and nore controlled
renoval of reaction heat. Furthernore the process is econom.cally nore
advant ageous because there is no necessity of recycling1 raRilo90r eact i on
product.. Detailed description of the ipyf tion 30 The mul ti-tubul ar
reactor used in_the prqocess__accordi to_the inventipn preferabl
conprises a su%g?gﬁgpgﬁﬁyrngﬁPEaEngéx?éﬁapﬁﬁgvégskﬁ? eﬁF&}aﬁ%%?%ﬁel
AVENDED SHEET 120Aptkl c8Affal 2angopadiandedxigaskowntidheghar ppead dnud he
vessel parallel to_its central |ongitudinal axis of which the upper ends
are fixed to amr®EppéixedbECpfBt BPRRF tHPE| Bilatec8RfuAPcALN4R with a top
fluid chamber : r ki S \ E ril
2006 t ubo. pl at & RE AT CRRT R VRCT | pusrronde o & 1ea Tars® [ owor FEhe.
plate and in fluid communication with a bottom fluid chanber bel ow the

| oner tube plate, supply nmeans for supplying reactants to one of the fluid
chanbers and 5 an effluent outlet arranged in the bottom fluid chanber.
During operation the reactor tubes are filled with catalyst particles. To
convert acetone and hydrogen into isopropanol, "

F:\D\OA\TS1120PCT. doc
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acetone can be supplied through the top fluid chanber 10 into the upper
ends of the reactor tubes and passed ,through the reactor tubes. Fwdrogen
-can be supplied ,either through the top fluid chanber (to

through the bottom fluid chanber (bottom up). Preferabl§ K?ﬂ# én |s

supplied co-currently with the acetone 15 through the top fluid chamber
(top-down). Effluent reaction product gwl ng the | ower ends of the

reactor tubes is collected n th ot ET, ved from
the bottom fl ui dtEPRFIEFe 3R ﬁﬁh“{qffg" %‘Fn}""’éﬂ %8(3? fzig‘@gh?g foat of
reaction is renpyewed\tubecpndtiengnél mctlulmmumscﬁb%@ed’léhoﬁd’qtﬁémouter
surfaces of the régléﬁ{)lclilan&gp%se o %gqorw@ggﬁu%: plllaggl dsupah Réarssed as

cooling fluid. ncl ude wat er- an ocarbons such as for
exanpl e ker osenefancsuppdyied rsactayhe d |°§ea°f253hﬁr E4te SPEBOFY A% 1 uid. In

a preferr embodj, lu@nel%ﬁﬂlekuQﬂkéﬂgéHEQQtﬁHe poYehm aslules eharedt . i n
EP- A- 0308034 is use such a_ nulti-tubular #’eactor ttltl‘ie \Fetrh end part
of each open- ended P‘E&éﬂo‘PPQIi?&é°Pst‘b? FPREEY i gasand 11quid 30

suppl y device, wakek flavicaercongy.i ses an |nI et chanber having a gas inl et
opent g, o L1autd 0l el 2d o0 QUbkel oGl Licbl dbpabn cat on wi i1
bet ween 12 Apr| | 2280éne cdn belapplied tﬂh:@ugb_y@'re é:pp| FHeid chATRPT i s du“ ng
nor mal 10 into the upper ends of the reactor tubes and passed
. through the reactor tubes. Hydrogen can be supplied
;elther through the top fluid chamber (top-down) or
. through the ‘bottom fluid champer {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 f£luid chamber and
removed from the bottom fluid chamber through the
effluent outlet.
20 o The heat of reaction is removed by a cooling fluid,
| which is passed along the outer surfaces of the reactor
tubes. A wide ranée 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 fluld
In a preferred embodiment a multl -tubular reactor
such as described in EP-A-0308034 is used. In such_a
multi-tubular reactor the upper end part of each open-
ended reactor tube is provided with a gas and 1iquig
30 supply device, which device comprises an inlet chamber
having a gas inlet opening, a liquid inlet and an outlet
-whxch is in fluid communication with the upper end part-

of the reactor tube, and a liquid riser extending between



operation present. in the top fluid chanber and the liquid inlet of the

I nl et chanber. Reactor size will depend on the desired capacity and 5 can
vary within wide ranges. Preferably the internal dianeter ioprb% react or
lies in the range of 0.1 to B m For exanple, a react OrlZW‘I\qull el atively
| ow t hr oughput of hydrogenated product, e.g. 10 to 30 kilo ton a year,

the preferred dianeter lies in the range-of 0.4 to 1.4 in, 10 for a reactor
with a noderate throughput of hydrogenated product, e.g. 30 to 70 kilo ton
a year, the prefeinegeldimnpiectapersofi digined whigek of dwringon@myl for a

reactor with a large. L QuanRyL. 4 01y 0600ANALCE, BRAIGLe Engl1100140 130

kllotonayear, epre rre I anmet er eS|n he range of '1 to 3 m
and for a react orindiethof Veer)inﬂ-atg@’ﬁtﬂlbﬁéughput of hydr.ogenat ed product,

e.g. 130 to 200 kil 0pek@fh2 sY$@rwiih@epbsd & %ﬂeda@sm&tear chp@@mynah@e range
of 1.5 to 5 in. The nunber of reactor tubes can vary étf‘ n a. w de range

and al so dépends & t"ﬁéyd‘é‘stihla@d"é‘é?)a‘@lnﬁs FP&FfQBaH%CtthEC ses a
nunber. of reactofifddbes éh theereadnge 1ieonmnl@neoriyddd- 013 fr &f rrred and

a nunber of reactor tubes in the range, of Q referred.
The internal di aniterf*8fPi%e & E52CHF %6512 sreqa%ﬁv%]gy O'LS?Q’ ;F.ﬁrou h%& to allow
the sufficient trahdfydrogénatescprotuct2beheatldt sot b kidgl tay & ivpard and :
large enough to aé’ho'g, gPQPxCe %i‘éﬁ(e{@z}]%bé"irp%tesrani@ oP0l. B, di gngf er of

.the reactor tubes i ependent on e anmpbunt of reaction heat generat ed
by the hydfogenatfam apreeetes aatihcarmodgrytanitbronghRt Vfe YAz 9wR2E8%ts, the

armount of reactant,%4R€, 18, 30 to 70 kilo ton a year, the preferred
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 large
throughput of hydrogenated product, e.g. 130 to 200 kilo
ton a year, the preferred diameter lies in the range of
1.5 toc 5 m. The number of reactor tubes can vary within a
wide range and also depeﬁds on the desired capacity. Fo;
| 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 énough to allow the sufficient transfer of reaction
25 heat to the cooling liguid 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 dlameters 1n the range of 10 to
100 mm, more preferably in the range from 20 to 70 mm are

preferred.



30 catalyst-used. 1n the process of the present invention reactor tube
internal dianeters in the range of 10 to 100 nm nore preferably in the
range from20 to 70 nmare preferred. 12 April 2006 The _hydrogenati on
process can be performed at a wide range of reaction té pak S.
Preferably tenperatures applied in the reactor lie in the range from
40-150 C, nore preferably in the range from 60-120 C. 5 The use of a

mul ti-tubul ar reactor advantageously allows for regulation and control of
the reactor tenperaturke Hhkrohenpercat preceayapkendhd perifermenatoa wiate be

constant fromthe tQ f the.r r o the _bot t reactor
tube or can gradualﬁa?}gfgn?:‘lrserfgg%ggﬁ%fméggg%'}gseesf Pﬁe a rﬁ%g? e‘?érméj(fggﬁ%%%sl ment
t he hydrogenation 3appdéedsin $hearedaidrobie iim sheautanget doom 40-288ctDr havi ng

a decreasi ng tenpergtuyr Fr@fé}faibh.?ir;r%te ksngd BRoheasI3t Sc are supplied to
the top of the reactor tube at a hi %h t enperature whereas the tenperature

i s gradual | y15 decr ea¥htigiser 6 2 Haltéptuniphe reRt it meeraRgerBaty or  t ube.

Such a decreasing tANBRLatH FeBLOit]R RRS Wdntrbl & thiegReg@ibrer sion and | ow
formati on of di-isqprop et her. Reaction pressure, can ,vary between w de

I
ranges, but pref er%ﬁ‘P%ﬁ‘é%e'i RRE NETPERTES B8RP 2TD P06 B aTe 258 £3™20
preferably in the nengenstain ¥ooimothd) tbarof Ahbi gesrtoar esseirte wheél result in

eense cost S UG Ra el U rg LRSS, SRRty ARy it
~ 10 . decrease. In a prefexred embodiment the hydrogenation
| - process is carried out in a multi-tubular reactor having
a decreasing temperature profile. That is, 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 té the bottom of the reactor
tube. Such a decreasing temperature profile results in a
high conversion and low formation of di-isopropyl ether.

Reactioh pressure can vary between ﬁide ranges, but
préférably lies in the range from 2 to 100 bar, more

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

25 contain minoxr aﬁounts of methane, ethane, nitrbgen and
other impurities. -

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

30 preferably in the range from‘l.S:l to 5:1. ,

.~ The amount of catalyst needed depends on the desired

capacity and the activity of the catalyst. Catalyst



essentially pure hydrogen, though this hydrogen can 25 contain m nor
anounts of nethane, ethane, nitrogen and other inpurities. The nolar ratio
of hydrogen to acetone is preferably at least 1. Mre preferably the nolar
ratio of hydrogen to acetone lies in the range from 1: 12t48P102006 npst 30
preferably in the range from1.5:1.to 5:1. The anount of catal yst needed
depends on the desired capacity and the activity of the catal yst. Catal yst
12 April 2006 - 6 volunes in the range frém0.1 to 50 M3, preferably in the
range from 0.5 woldfesBinathenwahger &ebincal.1 TheSeahd) yistefisesbin ifethe
process according to the invention cgn be any nickel based catal yst such
as 5 reduced ni sRegecdramyd-§ ﬁpeﬁﬁr@gfbyream@§tn@rﬁ¢%k%¢l-oxide on a

di at omaceous earth, U si,kLGas su r | talysts. In
a' preferred enbodi mgﬁ% %@%Ilg%gl b ggeéﬁcgﬁgl {J/??é%@%éc/ %&%ﬁ& stl&?i'%léé(
catal yst i s usednvédtRoef enabbyg Bhg patke¥ysbased pratsehyst nsudie aml ti -

"t ubul ar_react or as -4 fixe% ?ed. L? ag advantQ%gqys.eqpodjnent.tp, process
aqcordina to th& Fﬁﬁgnpﬁg e SCSBe ¥red BESPFTERI?Y iFOW Y Tha" 1™ liquid
car bonyl conpousstitiei ekl asdakengatbeusuehack, odlumindieorad Bl isd ; swppstt i S

packed in an atnosphere full.. of _hydrogen gas. ~ g A broad range of liquid
and gas flows c9h Be&ng¥efickel catalystd: T

In a preferred embodiment as hickel based catalyst a

nickel on silica catalyst is used. o
10 Preferably the catalyst is present in the multi-
tubular reactor as a fixed bed. '

In an advantageous embodiment the process according
to the invention is operated at trickle flow. That is,
licuid carbonyl compound trickles along the surface .of

15 the catalyst, which is packed in an atmosphere full. of
' hydrogen gas.
A broad range of liquid and gas flows can be used.
For practical reasons fhe superficial gas velocity is
7 preferably in the range of 0.01-10 m/s, and the
EO 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
can contain some'reactién product. For example, an
acetone feed can contain some isopropanol. Preférably,

25 however, the amount of reaction product in the feed is

F\D\OA\TS1120PCT.doc
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For practical reasons the superficial gas velocity is preferably in the
fange of 0.01-1D m's, and the 20 superficial liquid velocity is preferably
in the range of 0.0001-0.1 nm's. In the process of the invention, the feed
of acetone can contain sonme reaction product. For exam% APl 20 écetone
feed can contain sone isopropanol. Preferably, 25 however, the anount of
reaction product in the feed is F:\D QA T-SI’l 20PCT. doc AI\/ENDED SHEET 12
April 2006 - 7 less than 50 9%/ w, more preferably | ess than 10 %W w and
most preferably inleke ¥oeamyeOf P 0 mpBe Proskewabln Jielsputharalifohw Of aaldpr ocess

according to the &n@!@%z‘:@ﬂ%xhﬁlf‘% @ﬁéqa@%dfpamroeft%rsnwmo figure 1. 5 A
mul ti-tubul ar react Orv-éé()l) used npri si ng substantially

vertically extending u(’if)@ii%nﬂfaa PFFPGF'&‘P |ac°3'F°6fi”b?)é:r? &RBled reactor.
tubes (105) (for ‘pheehtidl 1pUAGOSRScOMBEY bourefirenkesto afigudepicted in

figure 1). The open-e gLor t ubes 520 e 10 arranged,in the vessel
105 S om a B oRe S SRR R ay et ra oL G gs5e HHBEne anae
(109) of the opensehdeantriaddyoverdtibedly ¥xEpndimg fviesedlt G103 apper tube
plate (111) and in t fI er (113)
above the upper. t ub fllly %p??u%&@%hgg?#\ﬂ%?t 81% %61%% Ert)he open- ended
reactor tubes (105Pra¥=‘éic'q‘31 PEHPQ#SaOPbWeﬁ‘mFuBé “ﬁl%@eafil ighed idR f 1 ui d

figure 1l). The open-ended reactor tubes {105)- are

10 Erranged in the vessel (103) parallel to its central

’ ilohgitudlnal axis (107). The upper ends (109) of the

topen ended reactor tubes (105) are fixed to an upper tube
mplate (111) and in fluid communication with a fop 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-(ll?} and in fluid '
communication with a bottom fluid chamber (119) below the
lower fube plate (117}. The vessel comprises supply

) means (121) for supplying reactants to the top fluid

20 chamber (113) and an effluent outlet (123) arranged in

| the bottom fluid chamber (119). The upper part of the
open-ended reactor tubes is provided with a gas and
liguid supply device (125), arranged‘in the top fluid
chamber. This gas and liquid supbly device comprises an

25 inlet chamber (127} having a gas inlet opening (129), a
liquid inlet (131) and an outlet (133), which is in fluid
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 éupply means (137) and an
outlet (139) for a'cooling liquid} e.g} watér, such that
a falling temperature profile is-obtained. The cooling



comuni cation with a bottomfluid chanber (119) below the |ower tube plate
(117). The vessel conprises supply neans (121) for supplying reactants to
the top fluid 20 chanber (113) and an effluent outlet (123) arranged in
the bottom fluid chanber (119). The upper part of the &petP@f®4 react or
‘tubes is provided with a gas and |iquid supply device (125), arranged in
the top fluid chanber. This gas and quukdasupply devi ce conprises an 25
~inlet chamber (127) having a-gas inlet opening (129), a liquid inlet (131)
and an outl et (133}Ligw clz espplied tpode apoiimgi hamben W 4H bhtwegspdheend
part of the open-e C T, e { s (105)
are filled with aggﬁgi ‘{Iﬁgnﬁg% %32%3{%%}/?98&)‘1&% guﬁga%loﬁ\%eggﬁ (103)
further conprises supptytesahbiP1oE) agat@ranandmierIenaPrensited dGoki ng

liquid, e.g. waterg tt1.1|9§tof aedrakkiriil ot @OPETALY €ef) Cdt laepiessatiteai ned.
The coollng 12 April 2006 - I|qU|d|ssgI|edto coollg chanber
(141) betweeh the °HpheF %{5@1@%& e iy g 1R8PS r‘%‘i%‘e 8? A (117).

A feed (143) of aﬁﬁ&lonfq\.ﬂﬂdshypilrpgtemcq)r(ebeatﬂctot tha opanpadedure of for
exanple 100 Cis fe res {0 !
tor HBFI quLHC?% v?al h de%’/? %%E{%Z ?grﬁ:)&l r(h%:ﬁ‘

reactor through t h&%385™ an nto e open ended
react or tubes (105)‘.ha|@5trhenti@qb lfélamtdrdh@nbeKlQS])ls)JEtPlhe andhBy@grgerended

reactor tubes (105)aré‘CPéaQJ%%da£'&' ih%%?c 1 8h6r MeRCHedKED drseRLORANol over
the nickel on silica 10 cat aI Reaction effluent, contai n| ng
anongst 10 catalyst (13 Reactlon effluent, containing amongst

others J.sopropanel and small amounts of di-~isopropyl
ether, is withdrawn from the open-ended reactor

tubes (105) to the effluent outlet (123) via the bottom
fluid chamber {112).



ot hers isopropanol and small anmounts of di-isopropyl .- ether, is wthdrawn
fromthe open-ended reactor tubes (105) to the effluent outlet (123) via

the bottom fluid chanber (119). 12 April 2006 CL Al MS 1. Process for
the hydrogenation of acetone to prepare isopropanol, wiér&pril 244
hydrogenation reaction is carried, out in a multi-tubular reactor, wherein
a nickel based catalyst is used, and whergin the reactor is .5 operated at
trickle flow. 2. Process as-clainmed in claim1l, wherein the interna

di aneter.of the reactor lies in the range of 0.1 to 8 m 3. Process as
clainmed in claimlt or 2, wherein the. nultitubular reactor conprises a
substantially vertically 10 extending vessel, a plurality of open-ended
reactor tubes arranged in the vessel . its central [|ongitudina
axis of which the upper ends are fixed to an wupper tube plate and in fluid
communi cation with a top fluid chanber above the upper tube plate and of
whi ch the 15 | oder &x¥gsesse Ibirxdliet bydriogapetigbecfl acetand ta prepdre

comuni cati on W, m i.d .chanbek l.ow. o] e.pl ate,
suppl y neans fofkgﬁgﬁgﬁﬁﬁg'rg&%ﬁ%ﬁﬁs%gg Pﬁ?§°§§§gPﬁg#d¥§égﬁ%§5 é%d an
ef fl uent outl et carrdegedutn inhe mbdttomubuliad ckaober, wherappea sihdkpart

whi ch devi co. coRBPEEad AR Y AT ot "cRERber SR PRETA Jaknd: FFattBhekPng, &
liquid iplet andpatated at whieRlesflow. .

' 2. Process.as claimed in claim 1, wherein the internal .
diameter of the reactor lies in the range of 0.1 to 8 m.
3. Process as claimed in claim 1 or 2, wherein the.
multitubulaf reactor comprises a substantially vertically

10 extending vessel, a plurality of openvended reactor tubes

' - arranged in the vessél parallel to its central

longitudinal axis of which the upper ends are fixed to an
upper tube plate and in fluid‘communicatioﬁ with a top .
fluid chamber above therupper tube plate and of whichrthe

15 - lower ends are fixed to a lower tube plate and in fluid
communication with a bottom fluid chamber below the:.lower
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

20 tube is provided with a gas and liguid supply device,
which'device comprises an inlet chamber having a gaé
inlet opening, a liqﬁid inlet and an outlet which is.inr
fluid communication with the upper end part of the
reactor tube, and a ligquid riser extending between a

25 level in the layer of ligquid which is during normal
operation present in. the top fluid chamber and the liquid
inlet of the inlet thamber. | '
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fluid conmunication wth the upper end part of the reactor tube, and a
liquid riser extending between a 25 level in the layer of liquid which is
during normal operation present in the top fluid chanber and the |iquid
inlet of the inlet chamber. AMVENDED SHEET 12 April 2006 120Apdl 2@l6gcess as
clairmed in claim3, wherein the nunber of reactor tubes in the range from
10 to 20,000. 5. Process as clainmed in claim3 or 4, wherein the. reaction
tubes have an internal dianmeter in thesapge of 5 10 to 100 mm 6. Process

as claimed in anyoneQfcedlsaiadb cladme¥hen eblh i eFPaIMAIALI®S the hiRbEange from
40-150 C are applied in the reactor. 7. Process as clained in anyone of

claims 1-6, wherk§aFtor) HReshydr 55EnERNRSR Prea el % 29%0%0ed out ih a

mul ti- tubular ractgl,aw Bg 21dene&ash N1 4 SIPEIA W€ W@kl hethe8. Process
as clainmed in anyone of clainms 1-7, wherein a nickel on silica catalyst is

used. 9. Processreastdlon wedeisnhanfoad drtermahylipreteghdnethearangef eéd of
acet one icS useddwhkﬁﬁé%%nkﬁﬁns | ess than 501 reaction product. F:, \D
oc N ' '

\ CA\ TS11Z20PCt . DED SHEET .
' 6. Process as claimed in anyone of claims 1-5, wherein

temperatures in the range from 40-150 °C are applied in
the reactbr.

7. Process as claimed in anyone of claims 1-6, wherein
the hydrogenation process is carried out in a multi-
tubular réactor having a decreasing temperature p;oﬁile.'
8. Process as claimed in anyone of claims 1-7, wherein a
nickel on silica catalyst is used.

9. ProceSs as claimed in anyecne of claims 1-8, whe:ein a
feed of acetone is used which contains less than 50%

reaction product.
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