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EP 0 379 323 Bl Description This invention relates to the preparation of

| sopropanol which is a very usef utp oBY®es2981 ate in organic synthesis as
well as a commerci;ally. i nportant solvent. 5 One currently w despread
approach for the preparation of isopropanol is hydration of propylene.

Al t hough Rescripomn ol d techni que to hydrate olefins in the presence of
concentrated sulfuric acid catal yst, corrosion by sulfuric acid is a
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pr epar i ngquaioRr opanol from acetone. 'In order to carry out hydrogenation of
acetone into isopropanol in a cost efficient manner, it is crucial 45 that
(1) the reactor used is of sinple structure, (2) the reaction rate is high
enoughsst o provi de_2 L ar. amount of product through a nodefgfely small
reactor, and (3) isepropanol is produced in high vyi el ds. " The present

i nvention is basek t hese consi derations. The present invention provides
a process for preparing isopropanol by catal ytic hydrogenation of
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acetone, characterised by feeding hydrogen gas and acetone liquid into a
reactor having a fixed catalyst sogpipgrd4a8mBi ts top to forma occurrent
gas/liquid dowmnflqQw while maintaining the catalyst bed in a trickle bed
state, wherein the hydrogen gas and the acetone liquid are fed (i) in a

nmol ar r at i wherdin Blis raci¢s of hydespen, lAds englesbfi acetoneSdnd [ads a percent doRvelsiod bDacsfdBe & (ii) at
wher ei n B B supaditiglanags velpgitir whinhrsatisfesitie agpdtiens: of acet one, and a is a percent
conver si on of acetone and (ii) at a superficial mass velocity which
satisfies foB& X@qiré@ﬁ'@ﬁ@ *logttq Shherein Gis the superficial mass velocity
of (hydrdyen in kg/n2s, L is the superficial mass velocity of acetone
Ilqurd in ngf%)ﬂ%?[e@r] [err] is a density of hydrogen gas in g/[err], 20
[err] is a nS|t

wator 0 ol i rhs@j:rf el Rty o poamyood it Gkt Farebportel née vard of

tension, ’crn [err] Is a surface tension of isopropanol
liquid i n dyn/cm 25 Ie vi scosity of i sopr anol liquid in
centipoise, and [err] in 3‘00 | y df t Rn' certi bdide. The only
figure, Fig. 1|sad| ¢sr10 a,s I| d,,fl‘lo repi mes. For the

hydr ogenati on of acetone into |sopropanol in a fixed Bed system according
to the iovention, Rangy ni pcat ShS, are st7dften used. O her

catal ysts known for h rogE tt‘IUH iag at somé sed, for 30 exanple, copper
base catal ysts such as copper- €nt o nf vhhe opper, and copper-zinc;

ni ckel base catal ysts such as reduced nickel catalysts prepared by carrying
ni quigl oXi de paits aadedsitytobigeiogaugms gy, al um na or silica support and
tai™orirg it s lsraciegdily of isepebpa@iohiiguidinegdm?ent ; and pl ati num group catal ysts
such as pl at iswigg depsilylohwiateriy gero’t heni um and rhodi um as wel |l as the

f or egoi ng catparlysﬂsnstﬁmfattmwed carbon and al um na supports. 35

Reaction may %piSek Wregg|tepsipeofapiepipdyent a tenperature of from room

t enper at ur e t"e'SZ(PB’fa"e@"%l‘P"c?WB aarl"wﬂmgwq"ar reaction rate is achieved at
~a reacti®n t i f°pf°P !; °°““P8'5° ﬁ"' h a reaction tenmperture wll

“induce exces H Y'?éﬂ “s ugﬂ glone resulting in reduced
yrelds of. i SQ’Q y [ en gEne mo anor % Egs Isz?gt ha%‘for mga tﬁ)e ntoon,
.. (y)

at mospheri E,fﬁ e SR L& aem % L\Ey ¥ |s% e d for
r-c miu

FSact ant? aggmile T rﬁf‘% i st o L e
react ant’ apg, el or gb idkh) catdl reBar&P BY arfh 41 oxid mabaou

pr ef er abl y g s Le P ol B Ao ous B
hydr ogenat bmumayauhuﬁuﬁ: rinﬁ&ﬁ ahd"'th §in 25 GOIEBE Po WredRS esraﬁs@sn BotileRACdaltd and
medi um  Thaumind ¥pPérs. | f used, may be sel ected from al cohol s such as

met hanolgs et hRaadibn may peRRBY be affddtel Wt fdMperatlire @PHrP ROM Itervidatatife 14 200 “ICaltRough an
hydr ogenat ingistriar @ekdion rald isceRibved @t b Seaelioh Gerfipertied b frabDBS/ ®N150 ° G\ ™6 high aif ighctiod €
et hyl ene gleynpature pilicipduce Pecegd hyriedgenationeddeyrhgnsitiong bfy avetonea nebulting @t leguced) gields of
gl ycol . Ot Isemropasatf ul sol vents include ethers such as diisopropyl ether,
di bbtyl et herThe esattiph ersesutsl mpaydie inithereangeyof fremnfatmosphaiigbroasere torfd kgicing Inpreepreferably
aprotic 4pokem 230%0kafem& such as di net hyl f or mani de, di net hyl acet am de,

acetonitril e mihe eAcies B/ ihe inverlien.drydroadndoss And reseieng BRI A PIRigTRPly fed in such a
proportion that 1.0 fo 10 mol, more preferably 1.2 to 5 mol of hydrogen'is present per mole of acetone.

The hydrogenation may be effected in the presence or absence of a reaction medium. The solvent, if

used, may be selected from alcohols such as methanol, ethanol, propanol, and butanol. Isopropanol which
46 is a hydrogenation product of aceione is also a useful solvent. Also useful are sthylene glycol, propylene

glycol, diethylene glycol and triethylens glycol. Other ussful solvents include ethers such as diisopropyl

ether, dibutyl ether, ethylene glycol dimethyl ether, diglyme and triglyme; aprotic polar solvenis such as

dimethylformamide, dimethylacetamide, acetonitrile and dimethylsulfoxide; and saturated hydrocarbons

such as hexane, heptane, cyclopentane and cyclohexane. Water is also a useful solvent for the hydrogena-
s0 tion of the invention.

It is essential in the practice of the invention to employ a fixed bed reaction system having a granular or
partlculate catalyst incorporated therein. The fixed bed system makes it easy to separate the reaction
mixture from the catalyst and uses a reactor of simple structure.

In carrying out the present hydrogenation reaction in a fixed bed system, the direction of reactant liquid

s6 and hydrogen gas flows and the state of the catalyst are critical. it is critical to provide a cocurrent
liquid/gas downflow relative to the fixed bed catalyst and to maintain the catalyst bed in a trickle bed state.
By the term "trickle bed state” it is meant that the reactant liquid trickles along the surface of the catalyst
which is packed in an atmosphere full of hydrogen gas. Therefore, no significant movement will be

U
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such as hexane, heptane, cycl opentane and cycl ohexane. \Water is also a
useful solvent for the hydrogena-gp@ s7bis99gef the invention. It is
essential in the practice of the invention to enploy a fixed bed reaction
system having a granul ar or particulate catal yst incorporated therein. The
fi xed becdbsgretidrappeskanse inthecatlysttbed, s starding stiltie spite atthe prasentexdf liqui/das tow. t he
cat al yst antinaedissarepunte atliquid a0d gasi pepding throughcx aatalyst bed inceasey the iquir flowt eeomes
present Hyelulstanddermaiion oba eed ghliguid isokfseryasicat Bedotiops ofcthe catatyist bidy Ascthe amount Of
react ant $uftgpdols afdiquic ingropspelr ligd rang) gas tarbinstiowrdewn firea darmtab mbrture. (fiuch: g rstet

ar e, cy 6t | dogptlow|ig cplled hubhle Hoyy. When dhe;byblile flaw heeames drre pevegi the ga@d/mmwf \’K/
rel ative "P??h?st?é“f‘?’)?@t‘il’ ‘Hlé‘i!‘ '% 8‘{“3‘1 ﬂa‘ﬁd“ ‘(‘?Je']*rﬁPYPF!EFtrPf i"H’é”Q?%Lf'%ﬂ 4 po B‘é’*ﬁ"’?"n'"
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state of 5 Reudifih @tickis bebithie R ofedital 1or dak-Biid-dohtEmlatel Bablioh, Padiciidrp vudh e&:010RS
nor e sev eih ewhich hgas | largaly ghagieisated 0BINEd the presacthingirogeratidnels & reattion Vil iwbieh i ngdregen| ed
pul gg f | owplecAlesy ndsorbed ontw the watalyst odact withLaceldrgets fdrh deaprapanbl, baatiorbef direvathlystin ahe
st at® ef hydiogen dab etwospbere dasititetes hdsorptinaoEhydfogén moelecdieg tadhematalysir Ip thesassi of nairog
into two hydieaenation met in @ridckiaibed sthiegftydiogenzndlesules arp onagi diselved dmthe sasetant fiquichander
bei ng ri cthen ng'eey to tha gatalyrt sethetiiep rate ebadserpliop otitydieaento tharcaialyst irripwgeban in thehe
f 1 ow nodeti¢he hedestaten Alihoygh the apgnitudapihyeogenadeoritiop fites doep Bot; lgyaely pifsshihe overaly
stat e andreadqlion aterof a pigeess (in, wacg‘uvdwew%wsﬁ% the (ygrogse ald%‘E‘EQ'h |’32%Basc‘l' &dficely as
“the nn%serr'ﬁfh’t’“cﬁf’“f'ﬁé"ed?'\‘f‘ﬂ“{gﬁ'f esur e ggt ween éhe upper (? | ower parts
of the cat | ‘if°’ e‘EP "bf”ﬁ’g‘fge%B? ?a“'e'hH‘Hﬂ PAEH "‘d?i‘ P &RY AP 1D PEESHr e
bet ween t# a a ect ed
in the st ﬁqug ﬁgﬁ?bz) ay n aoFF t% (gset%t% wghee\/%af’i Eldurméj Wd?qgen%’on d?actlon 1% n\r/ﬁ;} f1 ow
ent ers g g@ 9.. a@ mdﬁmsac @pﬁgﬁh Hd[bhtab:gta bhein sl 2!
pr essur e V Modss 'shite, 9\0@ afdcﬁl b Blar ratio of
|'i qui d/ gas y f,lg%la&tdng réaﬂﬁnt a,.geﬁ.ttﬁ;,gm@ u bbl e fl ow when a wat er

manonet er sNOwWg foliowing eqtatibinidkt belk@pges in the di fferentlal rate and is
absolutely in the state of pulse flow when the changes exceed 5 mm

Reactign in a trickle bed state is effective for gas-liquid-solid rel ated
reaction, particularly sucB_r_egcil on in which gas | argel yypart | ci pates.
Since the present hydrogenati on is a reaction in which hydrogen nol ecul es
adsgﬁbed onto the catal y®*7Jggact with acetone to form isopropanol, |ocation
tfe catalyst in a 20 hydrogen gas atnosphere facilitates adsorptlon of
hydrogen nol ecul es to the catalyst. In the case of normal hydrogenation not
in a tricklvwhesiad ismaleeof igragepdi Moigr Elcagptens. ande it RKCHT} CPRYSYSIFB @F 3CAtoRen o
reactant | |(lﬁd1yﬁ°€ﬁ?@ai #ndacetene dayidare EW“?’H@'V @St"h’r flowsgles ??é? PrOY{Ee 3 gasdiayigt flow

adsorption’ e trlck

g h:fg@.l!‘q*f ‘e S, b
State. At %W fng 2 P*&@i"'ai%ﬂﬁ%"rqw brahe B R BEHTLITe
affect 4 2‘% éﬂ'jfsg'g% ‘L. gig 2193‘?3; a a&g I%éd SE%EE&%%%W%@&
el ined

present h @% LINeLE G &t followi
react i on %@iiﬁ@ bgmd,wssreﬁ Gomiof bu.a,klresu]neﬂe Mg P

kie hidw &HalbustYEndwhe
obj ect gy 0 dw&ed W&I’He' dked FRE THESds! R iduidl o @8 aAthbsal sd18k B Hilfih fk kBgdRFIG Hat e

i n the cajehdsty thGlowing tellonsdig, 0Ogenation reaction is given by the follow ng
case (i) and (ii). 30 (1) Hydrogen gas and acetone liquid are fed to form

a cocurr eryk s sy € hrasygh q)cat al yst bed in such a molar ratio to
provide a hydrogen excess state, nore particularly to ensure that the nolar
‘ratio ef myﬂ«&gsm@asm)to acetone reactant is larger than unity. The

foll owi ng equation nust be net.
In the formulae, G is a superficial mass velocity of hydrogen gas in kg/m?s,

L is a superficial mass velocity of acetone liquid in kg/m?s,

4



r 3

35 [err] 40 wherein B is noles of hydrogen,
Ais noles of acetone, and a is a %gcgr,versr on of acetone. (i)
Hydr ogen gas and acetone liquid are contr ledly fed in such flow rates as
to provide a gas-liquid flowin trickle flow state using the flow map
proposed by Guray Tosun. FIG 1 shows the results of vi sual observation of

flow for gas/iquid systens t ré)ugr)S cked be V\,Qer i, the flow
velocity of a gas/iquidyde Ii 1is aflow mp
depicted as FIG 6 in CGuray Vasun u,rr wnf | ow of
Non{_gam'hg Gas-Liquid Systens in a Packed Bed " Ind.. Eng. Chem Process
Des. Dev., Vol. 23, No. 1 (1984), pages 29-35. Lines b and c in FIG 1 are
the flow rrap to show the results obtained in the follow ng experinents by
the present invention. In Guray[ {syrq Ehz oundaL]bery\een trickle flow

and bubble flow so is dep?‘ct‘ed " The gas and liquid
feeds ar® chosen so as to fall tfe” rangePi n £ 1 defined by the
following relationships. [err] 55 In the formulae, Gis a superficial mass

vel ocity of L is a superficial nmass velocity of
acet one Irqu ?jfh%ﬁ %é?oito :ﬁ%gﬁ?ﬁ,ﬁg 323 Bl [err] 6 10 [err] is a
density ,pf AGODERHG DB watdh iG] [err] is a density of isopropanol
liquid in g/ [p%.hé]ader?b of air inl gdnie) is a density of water in g/[err], [err] is
a density of oliga duftadd/tdneibn df.waleinldnién, @ surface tension of water in dyn/cm
[err] is a suwifsacarfdce kmsiohof @bproppad liquEinayndm,quid in dyn/cm [err] is a

Vi scosity of usogvisapsity of isdproganiodiquid inoeenitipbips) e, and 20 [err] is a

Vi sCDsi tay of imds @viscosity obwdterjoéeptipoisé.t i s to be noted that the gas
superficial 1itEst hegloteditfay the gasdsuparticial massyelpdity usaddharein ivthe gmeuntef|gpd $ueplied imfo a
packed bedpasiedibedatalyst tiwough thetupparsige of & regietion tolumnr coptainingythe castlvatnand thistaas fidwng
t he cat al y#te (lrhmessyed by ysing 3 mﬂpumggg e ponmariad tr ypiug pf meﬁswgloetv de¥sunit cross

f1 ownet er ~ Pestionfas of tha yeactiop golyren Go/p?e of rrass vel ocity per unit cross
sect i on Zr ea Lgpidisprerficialpass yslocityis Gaiey %;:ﬁégl ba925°“ he liqyidfiow Jate.
superficial rHgasAf beiq syperieiaopss yplogt (qefn %b“s‘a llqping slstiotshiedd on t he
liquid flowrate. The gas and |iquid superficial mass velocities are
defined by the feas awipegficliali nasbi pelo&hsy S(kptda aedd) mass velocity
(kg/[err}sec) = 30 gas supply (1/ hr) x gas density (kg/l) cross
section of reactd I hden85tvy (kqg/1

superfici al Wﬂs%fb@so@efc&':mhk%[ Qéé]:ti@ﬁ)céltﬂhh dirs2)ppt 3 60 *‘(rs)ed?hh:l)qlll d
density (kg/l) cross section of reaction colum J[err] x 3600 (sec/hr)
40 According to a result of experinents perfornmed by the i nventors of the
present synvent i diquiidhsupexifdoial mass velocity (kg/m2-sec) =

liquid suppl 1/hr) x liquid density (kqgq/l
Lo cross section of reaction column (m2) %x 3600 (sec/hr)

According to a result of experiments performed by the inventors of the present invention, line b shown
in Fig. 1 is obtained as the boundary between ftrickle flow and bubble flow when a water/mitrogen gas
system is used as the gas/liquid downflow system in the experiments. The line b coincides closely with the
line a described by Guray Tosun.

45 However, results shown as line ¢ in Fig. 1 are obtained when an isopropanol/nitrogen gas system
(50°C), an isopropanol/nitrogen gas system {21 °C) and a diisopropyl ether/nitrogen gas system are used
as the experimental system which is close to the process of the present invention for the preparation of
isopropanol. Though the line ¢ is almost parallel with the line a described by Guray Tosun, relationships
having different constants from the line a described by Guray Tosun are obtained from the line c as follows.

80

logsv)<Alog§) +logB  (4)
wherein A = -1.35and B = 11.6
556 001<€)<20 (5

In consequencs, it was found that a state of trickle flow can be obtained by supplying certain amounts of
gas and liquid which satisfy these relationships (4) and (5).
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in Fig. 1 is obtained as the boundary between trickle flow and bubble flow
when a water/nitrogen gas system gg P tthe gas/liquid downflow system
in the experinents, The line b COI nci des closely with the Iine a described
by Guray Tosun. 45 However, results shown as line c in Fig. 1 are

obt ai ned whwith gas a'nemqu‘ud)taalscdufsidé thebeve-dgfned Byigd, egasiguiCiiow thidugh the catalyst bed

| Sopr opandsparsi ftomod) ttinkle) By asysbrefion €1G: |i, rasutting indhithe Giioamiyg stadd Wisardim hyidraggegasgas
syst em arfoweidewh thougrhe ligidpleyer faeméckih tmyetalyst hediarla pulsatiog sisle wherelniges prddiinells of
t he preselatm arpulsaiing diaw.f Ipreithen stater optagnivt hydregertatiansdeps optaswwbthly Tinevaesh resbling inne ¢
i s @l nostrepuepdieffieibnCig ton vidids, bytrpisoca deestisally badringy sighificary differoptiel pregsuget Prossyiei ps
havig di davelpRs serossdhmqatplypido, rptﬂﬂbtt'ﬂﬂas@qler@“@%’éﬁ@ﬁﬁ%ed by Guray Tosun are
obt ai ned fr 8% PH’@°’P‘Fsrie"sE"“§§°“'! Wil vibipte, “‘%@‘9 Eatalyst badepauping fracture) of $ho calalystpThe

11.6 55 ‘g\%ﬁ" f@ E’r'P '“2a C?dr@ a‘F'MSt é%(i“é to s?"‘?/\&%‘b\eﬁﬂ‘f?oc"lgﬁ'aﬂ befadseat e
of trickl Ita amoun and

l'i qui d % % tg: ff"ht RO %ﬁ%"ﬁ}'g‘] %?f&“{'@fm to main c@%d 59% B
Wth gas a ‘feeds outside the above defined range, the gas/liquid

fl ow throgg,{m Ee catal yst bed departs froma trickle flow as seen fromFIG
1, resulttTng—Tn either a foam ng state wherein hydrogen gas fl ows down
through a | EﬁHeriis bﬂ){@ﬁreieﬁtr ifVtioh Bre lgfiehn BeithlyXdly ofiRfrdBbn ahdMekl by Aal Bllimakidh.S
wherein gas and liquid forma pulsating fllow. In either state, not only
hydr ogenagiape does not snoothly proceed, resulting in 5 reduced
efficiencies or yields, but also a drastlcally varyi ng, significant

di fferenti ah spindss stoed v@iticabeaic col@miehaidg af hersdiariotde ofcZsi4arhny §1 inkhpdnd a length of

pr o}n”brzd | 500 nwb avbd Padpdrat & IMikBptBtion Gvtis I 600gramsA(S8 enl)cof \ai lanipyqbrdg wikhslangtingy7 frimosudwi | |
vi br at e t iveadfhi 4Eami Banay yiskel dleyl (505 NKAl,Ry20h nianafatuneddoyOtikib Rika Kak) afhg séactoiTies

cat al yst fllechwithuwatery EwuiRangy nipkehcatalystiwasdhencdegdioped by igfadualiynphmping 61280 grames dicans one
troubl es dqueass epdingy hyskepxide clanetoperdite deyreactor ifram rit rrotionwithel deivelepsr baing Ryepareld &y
react or tdssaivisg i8anmsnf sadiugphydrpgide in weler and agitisiiag torg qoneeairationgt 10% by weighiche

hydr og &n atafalyst ‘lﬂ’e’%ﬁ',‘@f“o‘f’?é qcmn@a i ?'"‘tcde??&?"rﬁ%i“"ﬁ the terpperalyre, o regeteft e
in t he ca‘["ﬂ‘l‘ ’s’?”béhe fofo of {he s°d‘“"‘ ‘I’°e§°"6 H@s Jﬁdlé'%%ta"‘f m?e‘f?P?f nvasy e
gi ven bel8 t’8[f°d D Iahg?q"%& ?"d'?? '5?18“ 9 n:ﬂ'l

A st ainl e‘ésgd V8'8? \%'f"fgi n gl % ofper s éjﬁ %Wgtd ?5 4
g‘:‘a(ré Ifqgc F%m l hne de w s% 93( th 100
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The react Qhor iRash 'tﬂe ‘Wcﬁ %ter wd% ¢ 36§ﬁlovy\ﬁo?n tTh

9
devel ope%ebynegﬁe%daahl the ml whibr Wé gﬁ.@gsm& ua@aye&usoyssagaobumbm g mée
devel opﬁrregdiurq,tgnb.emtﬁ%g&,ﬁynmfrom its bottom t he devel oper bel ng prepared by
di ssol vi ng Hedting) 6ianereadior wasl steriad WhenaNd ifridr fenvpiafife radtfed i IS, tréddGbnivas Started
concent r aby fRedirgf 3915 graloukadf @bdtone ENE 32.2 libehoat yiShydabgarein®d the Rlactovafforathe aspp ani ed
by @n, exoprbstraiot20r igtiei? was niaitainbdiin thdveadtor.Mhe ratittion enixiire diliting frera ttieavacton baomor
rose€” Thewdseephratesitinto the rdabiion salation andhydrogeni gdebyegesliquitseparsty. Haifeunsteadischaghdt he
react ore V388 granivwr eftreactioncsolntion ehd 16ct liteyhaur of exlrostedliydogenidas | | ke so that the
i nterior tefpdinug reactigh avap gendustedefoy® E;F: py fepding enstope ans/ydopeny Abthistrioiny ther om
t he react §rclipmgplufipnsand the ehaust gpsowarg enajyeadibx gassehepmalepmapiyy inding hat e by sfor
recycl e u¥atoneriemaigedyp fie 'WM‘“EfgeTr‘?" dalance pf the,rogdlipn giiution ‘t"ﬁe“°‘ﬁ\yd§3P'€Ba§°'oT"°
devel opmetAVaRHAY hEesiops weF 99¢%-2nd e yiold ghispriopanabys 9 r?&" of the al kaline
devel oﬁ‘er was c¢ontinued until a substantial cessation of hydrogen gas
em ssi on \E—’%@Bﬁém mately 20 hour s) The total anmount of hydr ogen gas

em ssion | ncﬂl} geq rL ﬂ:‘x Fé {\9 teg%}{c% flo@fmtgpgf a%gtB cﬁ)ﬁ %vg/) AL

the end o
wash t oha |,§3i,g&ng liely Qa% ter. er vvas I'ng nm&a&seﬂc%gntl nue un'?'??‘ the

out fl ow fromt e react or
Comparative Example 1

The procedure of Example 1 was repeated except that acetone and hydrogen were introduced into the
65 reactor from the bottom. The results included an acetone conversion of 88.6% and an isopropanol yisld of
88.6%.
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becanme neutral. At the end of water washing, the punp feed was replaced by
i sopropanol to purge the 35 react Ogpig¥AIdegigyW t h i sopropanol . Heating of
the reactor was started. Wien the interior tenperature reached [err],
reaction was started by feeding 39.5 granf hour of acetone and 37.2

| i t er/ hour Bafplagdr ogen into the reactor fromthe top. A pressure of 20
kgf/[err] was nmaintained in the reactor. The reaction m xture exiting from
t he react or [t prosedyvasf Eamale dtved repatted exbept thetthe ieartorstomparatarn was dwérgditoBg e
gas by a ghe/resyitpinciuded pmacatots conversion of §0i%eandian isaererpeel vigld oB2.786.gr anl hour of
reagt;i orf solution and 16.4 liter/hour of exhausted hydrogen gas. Continuous
reacti on we@mBBAducted for 9 hours by feeding acetone and hydrogen. At this
poi nt, the react|on sol ution and the exhaust gas were anal yzed b¥

chr omat ogr a Eﬂg’ pasrenef pmple 3. Was, 1gpealpd; yeapt IRt e £eagion RresRe was) chap "ldh'@ 15
Feact o SHHIET Zio restls Bclpoer am scafons oEverRanc DA €| ORRPRREL TSy B G-
|soprop % Th% conversr on of acetone was 99.9% and the yield of

| sopropano .9% 45 Exanple 2 The procedure of Exanple 1 was repeated

except that th gfarrer&tﬁ b 68l raaarea Jav eatr;jr:eprssgﬁ@ chtgdfo o
gr ant hour @&5& dud (0BG Hh acelofio Bl i oh & 96.24 ol yie o i
acet one,gonversion o oan an |sopropano 98. 4%

Conpar at | vegappigpl € 1 The procedure of Exanple 1 vvas repeat ed except that
acet one and nydrogen were introduced into the 55 reactor fromthe bottom
The resul ts iAdidide dod VerdcaEteadist cORIMN Géivig @R iMbr didiofsYoP2B0 A (1 MEH) RPE RAdth of

yi el d of 8816%m was loklist) afa’MidPddiorBaithi200 AMPbiax Iinphi Rangy Mickelbetaigst @Weadswamiength B-7was
repedt edo emeepid bieatth WiSemme aatd iob develpipant dB0%). cThacrdadiod \wes dilled @it] &pprppandnThe
resul t s i ntenpelatdrezoh thecredcton interiomwasr raiseirbyofasshit. Wén avatér an7a * Samoughaan®bctorijaekel. of
99. 7% 5 EWherpthe intprigitfemperatire thached 39 ° Gracetonb.dsopropang! and pysinagen] werr indrpducediaip thehe
reacti on preacierioe itgdep through gesgective inles tihgs tqnagcteld thergie: Theofiow] rates of gestangidepprgpanol
acet one cofnfcivdiogan wire adjusieste 460 GWOPfsgr@'ﬁ'aWcﬂ"d e liter(standan stergihouroregpegtiyplye 5
The pr oéediedessfor Eiea?rﬁ%petatqrm@sq r {2 &t of hydragengtion whiledhe Wasm Wﬁﬁ"e@@lﬁhe
was change@ef%“?trﬂaqk fWes maiptpinedigt 20 |'cea§Ln°t“§°t1 ncI uded an acet one conversj on of
95. 2% and an F'IofPe e fd"e é“ eﬁes&rﬁ%. f ﬁ'@@l"‘e
verti cal r?ﬁ f’" ¢ a

| engt h of ta ? ne
ni cEeI gat ﬁi%?’ al;,g{gg ?,552 ;’;’!éd: ;g?m? pa}oCuE!t ; I%f ’
devel oprenf! "JoAcR sacr.aasa mm arhaig caery @9@ f{meéoﬂ]f e
of the reaﬁaEﬁ:fefe %dn ol Rycr b ¥7ﬁ¥@r%§a!n \aibyHotieh %acﬁﬁ in a
reactor | aglik o B Ea T e D e

| sopropgh Obasadmnta%graag%aw B évalhikt® HeCroshns Bf ﬁwtobaaaﬁdaaes.erstettr @&Etlbnt fosiiit® vere

t hr ough r esi@sddiineRding hrfdcelohdfivefeidn RESH.098 ark 2R IsBbropandl BoleckiVi \oF dokes  Of

acetone |sopropanoI and hydrogen were adjusted to 400 m /hour, 400 m/hour
247 | i emnpBtzandar d st ate)hour, respectively. 25 The reactor interior

te erature rose to [err] after the start of hydrogenation while the warm

wat er t [ ouglh stdindess etadl tvertical wadtae colyarshaming ant iprien diemetéer of 38:4 mMmand & leagth of| 4800 my t h

the start wes lpgsled rvrﬂg%ﬁo roljpb thp saree impys Ranpy, pickekeatalystas “WMEWP&MTM@@SW”

hydr ogen g Hlled avith fisepropanel. Theeaclyr ahthe t"?i’ehaﬂd’t'%tcﬂ?ﬂ%f?f thatreaciapt gnd hydregep oA pregiure

interior pPREs WrePrided {qrimeasiyinge Q'f"’%a' qu:ﬁﬂﬁn%" 5 “?f bottom of the reactor.

The reactor at the bottom had an outlet port in flow ommunic with a reservoir for the reaction mixture.
45 The reservoir was adapted fo separate excess hydrogen gas from the reaction solution.

The reaction solution was divided into two portions. The first portion was taken out of the reaction
system as a product. The second portion was fed back by means of a recycle pump to the reactor top
where it was combined with acetone to form a feed mixture for reaction. In a line for recycling the reaction
solution second portion was provided a heat exchanger. The reactor interior temperature was then

50 maintained at a predetermined temperature by controlling the jacket temperature of the heat exchanger.

The isopropanol in the reactor was started to flow along with the pumped flow from the recycle line and
at the same time, feeding of hydrogen gas was started. Feeding of acetone was also started through an
acstone feed line connected to the inlet port of the reactor.

The following reaction conditions were set: acetone feed 3 literhour, reaction solution recycle feed 24

s5 liter/hour, and hydrogen feed 1850 liter(standard state)hour. The reactant preheated to 77 °C was fed along
with hydrogen gas while maintaining a reactor interior pressure of 18 kg/cm? There was discharged a
reaction mixture at 113°*C from the outiet of the reactor. After the reaction conditions became stable, the
reaction product was analyzed, finding an acetone conversion of 99.8% and an isopropanol selectivity of

7
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pressure regul ator valve at the bottomoutlet, the gas/liquid m xture was
taken out of the reactor and 30 gmbpiegigergi1into a reservoir where the
excess hydrogen was separated fromthe reaction product. A portion of the
reacti on product was separated and recycled as a substitute for the
i sopr oparﬁ@#’%f eed to the reactor. Continuous reaction was conducted under
condi t i ons: Thackftetonal preesire Sgtyeer the taprand the dektamoef thaleentdr was alwryy caistaned & 1200
n / hour , ™) Esigemanameler-247 | iter(standard state)/hour, a reactor interior
pr essure of The(paia P‘P@r“Fﬁd'"Eﬁd'V‘H°9°B@i'8'E€J'PS'FW@?'P"6r tenperature of [err]. The
t| én pr dUE’PQW'F}@PW'BﬂFE%ﬂ“I" iy PV &@MGu; for 35 gas chromat ography
ana yS| S to L. d89 pldayid, auppriicla) VB RS S i on. Consi stent reaction
results Wer |ned |ncI udi ng an acetone conversl on of 98.0% and an .

i sopr opanol it 3 A stainless steel
vertlcgl re L'{ anX" 1%92'%49' 5?fga ter of 38.4 mmand a | ength of

4, 800 E;( éﬂg otsga Jae Pé(ﬁe sane | unpy Raney ni ckel catal yst

as used i N EXafabRind ,ﬁsqg@bo{atw@s filled with isopropanol. The reactor
at the top dabr@h@gcegqg,$§75@aynfchqzd@ect ant and hydrogen. A pressure gauge
was provi deg, E&propafdfiidisiics Rsichl {ARdyRBhilcpr essure between the top and

t he bo{stomm.ssﬁa@aﬁammﬁsoos‘[heercﬁmtoy at the bottom had an outlet port in
f1 ow communig aleoviscudity:0.0a cp @ecyoir for the reaction nmixture. 45 The
reservoir was adapted to separate excess hydrogen gas fromthe reaction

sol uti on.logiad¥)res@t i on sol uti on was divided into two portions. The first
poriti on Wes003%en out of the reaction systemas a product. The second
portTon was fed back by means of- a recycle punp to the reactor top where it

was comnbiGempareiive Exampleilone to forma feed mixture for reaction. In a line
for recycli ng t he reaction soI ut| on second gortl on was provided a heat
exchanger., TR&Prqoadies of Exampies dhabthg spactiop, gonditions “ﬁﬁsﬁi' aqeﬁ?eﬂfea@ 8

d " feafiion saliign tec fE‘??n"P e "|"1" & yeropen pad 371 h
D heron - &8 ? iy %‘"{ e npeaa%h%n o ke et LR i S BB
t he purrpe"ﬂ‘ ion prod roﬁ\ :Lé gctgrn owaetd at J‘ astlc uqstmg fB‘v% sgg:ﬁr%ﬁdus gn
hydrogen,, gg& uyx@%f &&e%m.sﬁ cabid thg f one;ow&s o o o GUGh i ng
reactign cg,q,géio;, LS bhEdR 902@;2 "‘ i fetmﬁpé P ar hg%dfa%r eétf:etsl oﬁefg&ldatgi on

recycl.e feeglwddathoun 'c&n%ﬁu’ehﬂdfe hy@rB&anQME’ r /fucﬁ:ﬁck 3@5@1 thé teREErHoRREPH S a
st at €) / hagbie pad@atb.€act ant preheated to [err 1¥ed al ong wi th hydrogen

gas while nhiert b BbdQeseribeicd rédess 1o Répafiiy -&mg&ww catblyticthyliigddnatioh bt acdto®y ie Was
di schar gedvenicdl @satlor KEling/h Xikadl catalpét Ho@ Whdreih hifdgbh GasCindl la€dtone liquidi@e nGodutEN into

Af t er dshahe reaotdr ifrom its pdo torrd 2 Sodaaran gEsNigiid Bovenflovi Widle Iaihtaining @ tiiokie Aok throtgis the

anal yzed,catlystidechg an acet one conversi on of 99. 8% and an i sopropanol

sel ecti vi t yThefpratess of e Dvedit® @R BroBice IPp@panclTios ebetofiecinantimplifiedyreactar (witkout a
bet\\AE,-en triaed foogarefyl perition dard cumbeiséme ¢atalystseparation. e present procase israf aieptdfiusitial 120
mm I watvelse siggedsepopancl cambe predugedcat & high (egetian raje ip Wpkyyieldsdr ogenat i on are shown

bel ow. 45 G hydrogen gas superficial mass velocity: 0.037 kg/[err] L,
i sopr oparfdpims; qU| d superfl ci al nass veI ocity: 5.053 kg/[err] [err] = 4.374
X = 0.945 [err dro as den 1472k/ _
i sopr opan1o ‘R '{é °" L:g(fy998 err]
[err] I r d?or curr nt?s 97n f |c Ie /Cm
[err] [err]gb% Lﬂe
[err] isopr opa Vi SCOSI
E
50 < Y e (1)
Ax700

wherein B is moles of hydrogen, A is moles of acetone, and « is a percent conversion of acetons and
55 (ii) at a superficial mass velocity which satisfies the equations:

log(s M) < -1.3510g€ ) + log11.6  (4)



o 5t ve Exanpl e 3 The pr aceumieamsdpenl & 7 vas | epeat eumﬁllfﬂll WREIIN

the reaction conditions were set: acetone feed 6 liter/hour, feattilon® s
solution recycle feed 48 liter/hour, and hydrogen feed 3710 N-1iter/hour.

~ I

25 9?%93’ differential pressure between the top and the bottom of the
react or difarpnfish Pragsuita betwees dhe ipmangh thebetemf the reacioe vasawaym Daigipinachat 189 The
reacti dW“ (':"ia"‘éfT‘§?,’har e fromthe react or showed a drastic pulsating flow
synchrono 3[°P PYG DRt i al pressure across the :
reacfor. 'ég d ?f l?f t?% 'E;Q'P@bpl ng in the reaction product

al so vari cf o a"° qu' rs%Pse ﬂa "FRE 8 conversion varied between 93. 4%
and 9477% s d| fficult to continue stable hydrogenation if the

gas/ | i qui g §y(§5 biehiiy: 188 %L/ (78S B6RGehfhom a trickle bed state. There
has Jeen egg[m, %@“daaegg@s&?ﬁﬁmswgagrrl ng |sopropanol by catalytic

hydr ogenap,, atePdensiCd.soaeydni? (B-Eer tical reactor having a fixed catal yst bed
wher ei N hygrgeRsitg:ase08 RgmaRetQA&t) qui d are introduced into 35 the reactor

fromits &ppateosufféderndion 8y 2ges) | i qui d downfl ow whil e maintaining a
trickl e féoisodrépand gduid daffaceadnaibly 37.3 Bpdem (FoeC)pr ocess of the invention can

pr oduce i BEspwpmendlliqdid dsrosiyel.expg751C)a sinplified reactor without a need for
caref ul opemater decosityd0.¢apiietSde cat al yst separation. The present process
is of great industrial value since isopropanol can be produced at a high
react i 499 adde= 564 hi gh yields. 40 Caims 1. A process for preparing

i sépropanBP3by catal ytic hydrogenation of acetone, characterized by feeding
hydr8gen gas. and acetone liquid into a reactor having a fixed catal yst bed
from i tem gﬂé—ﬁéﬁ'@—— form a cocurrent gas/l i qU| d downflow whi l e

mai nt ai n|

sl :;j,gmagg/ bty egfefgg w%““ L L U 82T,

eq“% o v?aier%&ﬁrkr?“e
vf(h%r on of acetone a a superticial
mass ve r¥a du%?&:écﬁ 5§§ont\ B8 SR EHoREF 2 dIaﬁfcﬁLEatnn& fl%k@&ﬁr&noﬁs Wittothe- 6
(4) 8 ﬂuctﬂ?o,g ob éiflerdrtial gros ,fferential pressure tween the top
and the bedel ddRdenkatibi 6f d’c&aﬁ‘et r%a.mgsm qlevvaaesoﬁ(]awn&t&lsa Q&tiod bindld( BEM] the HéRtoRS
MaN Qg teBiversibh Qarfed batwBéndaasd a4 rR. t hi s hydrogenation are shown bel ow. 5
G, hydr oge wagdificsitpebitinGs SihbléR@RgsmaticnGH thy gasliqild ystegy TR® rbactor ASNREIIANDA
| i qui d tekleded stateal nass velocity: 5.053 kg/[err] = 4.374 = 0.945 PG
hydr ogen Twse lhebsert described|d Brokegs foe preparifg soprgpatitd bib cdtaiytit bydrdgenation of acetprerim |
i sopr omtaureaqtgr Havihg ngixeg/eatamst?@dgﬂ{e@hrt]ydrogen gas and acetone liquid are introduced into
35 the reactor from its top to form a cocurrent gas/liquid downflow while maintaining a-trickle flow through the
catalyst bed.
The process of the mventlon can produce nsopropanol from acetone in a simplified reactor without a
need for careful operation and cumbersome catalyst separation. The present process is of great industrial
value since isopropanol can be produced at a high reaction rate in high vields.

Clalms

1. A process for preparing isopropanol by catalytic hydrogenation of acetone, characterized by
feeding hydrogen gas and acetone liquid into a reactor having a fixed catalyst bed from its top to
45 form a cocurrent gasfliquid downflow while maintaining the catalyst bed in a trickie bed state, wherein
the hydrogen gas and the acetone liquid are fed (i) in 2 molar ratio which satisfies the equation:

E
50 o
Ax700

> 1

wherein B is moles of hydrogen, A is moles of acetone, and « is a percent conversion of acetone and
§5 (i) at a superficial mass velocity which satisfies the equations:

logls \¢) < -1.35l0gf) + log11.6 (4)



[err] water density: 0.998 g/cnB (20 C) [err] air density 205 kg/[err] ,
1 atm) [err] water surface tensiongpips/ sgEicm[err] [err] IIMHHHHI“EIIII”“I |
l'iquid surface tension: 17.3 dyn/cm (75 C) 15 [err] |sop

Vi scosity: 0 6 cp [err] [err] water viscosity: 0.99 cp [err] Iog [err] =
564 [err] = ®0039€po02Con@rati ve Exanple 2 The procedure of Exanple 7 was

r epeat ed except that the reaction conditions were set: acetone feed 6
liter/hour, r"@&'@!‘r%‘ﬁ"@@Pﬂfﬁic@h“ﬂse&l@lhe“ﬁé@weﬂsaﬁ'l’l‘Q‘;’Fﬁshour and hydrogen feed
3710 N-1it er/ holie thexgperiicial RRE veloqity ehasptenedinuidind@/ss e bet ween the top and the
bottom of the reactor was 550 nmin water colum with drastic fluctuations
of [err]10 mm The reaction product scharge fromthe reactor showed a
drastic pulsating flow synchfofoms Jwiit f #he I cwumt Yohs Jof “di fferenti al
pressure across the reactr™ \The,cdni e tr,,a;r

n ofp acgton rerrar ning in the

reaction, product also varied and as result, the aceton conver si on
vari ed between 93. 4% and ) uff;r cuI d7cont i nue stabl e
hydr ogenation if the gas quZE & }\i deviated froma
trickle bed state. There has P e cr tf'edl 4 ess for preparing

i sopropanol by catal ytic hydrogenation of acetone in a vertical reactor
havi ng asfi xed gabalbyfsiy siagdariar p@iimgbygr ogen gas and acetone liquid are

i ntroduced i nt 0p3Ha tdheity’ o B6HrEFand liquid ih omt,op to forma cocurrent gas/liquid
downf | ow whi | e ppis aidensity sfqvatar inigicak| e f1 ow t hrough the catal yst bed. The
process of the pdissdensity otarin gerotiuce i sopropanol from acetone in a

si nqpl.i fi ed reacewds aenrfabeotatsion ohweatat inf dyn/coar ef ul operati on and cunber sone
cat‘%rl’ystm separ atuiphsuriitegonsiop oidsnpropanotliquid indyn/o, gr eat i ndustrial val ue since
i sopropanol cankij@a pisessitycd isorrepapol figuighin eestipdiseamdrate i n high yiel ds. 40
Cainms 1. A pr oeeeevrsensﬂ\p?fepfar'nﬁgﬂw%pr opanol by catal ytic hydrogenation of
acetone, characterized by feedin ydrogen gas_and acetone liquid into a
reactor ha®i rfyProcess seeqydingo glaipst w '%&TWW?‘?’(WW gekakeatalyst ¢ o'm 3 cocurrent

gas/liqlﬁfd downf | ow whi ai_ni.ng, the tatalyst bed in a trickle bed
state, whe er%p'?‘?’?es??ﬁ?i?'%teﬁaﬂht°r§n"ﬂ‘ Me acetone liquid are fed (i) in a

nolar ratio fies the equation: 60 [err] ,
wherein B |S%I%’Sgkhiydrogen, Ais noles of acetone, and a is a percent
conver sigNpabnafdphithe and 55 (ii) at a superficial mass velocity which

satisfies the equations: [err] 8 EP 0 379 323 B1 0.01 < [err] < 2.0 (5)

wherein G kS VohghrenURE HbksARY verPBepropBtoP Buréhykefiytidtiél HRBIBRINGIVER AcBtor /gbi@hzbichnet | S
the superfi cidalch "dus SEivepbisHAl vor Whssai6gas @nd iAdetbrifludsigkeitOvoR Leben [ir€ leindn Haaktor mit
[err] is a derstbétikatalysaldl) DirOGRsA @hGingshleiCHeh &as-JFlussigkeitsabstrom zu erzeugen, wihrend das
35 Katalysatorbeit in einem Rieselbetizustand gehalten wird, wobei das Wasserstoffgas und die Aceton-
flussigkeit (i) in einem molaren Verhéltnis, welches die Gleichung:

o/ B
40 o
100

>1 i (1)

erfllit, worin B die Mole an Wasserstoff und A die Mole an Aceton und « eine prozentuale Umwandlung
45 von Aceton sind, und (i) bei einer Oberflichen-Massegeschwindigkeit, welche die Gleichungen

log(k A\y)<-1,35logf ) +log11,6 (4
001<§)<20 (5)
erflilit, worin G die Oberfliichen-Massegeschwindigkeit von Wasserstoffgas in kg/m?s bedeutet,

L die Oberflichen-Massegeschwindigkeit von Acstonfllissigkeit in kg/m?s,

55
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[err] is a density of isopropanol liquid in g/[err], [err] is a density of

tension of water in dynom 20 oo e En T 2 vt ace tend IMIAH |ﬂﬂﬁ||| |H|I|
i sopropanol |i qui din dyn/cm [err] is a viscosity of isopr opanol* I'tqutd §

centipoise, and [err] is a Vi scosHy of water in tipoise. 2. A process
according to claim1l wherein said K&S}Tﬂr}ey ni ckel catalyst. 25 3

A process according to clalml = [err] < 0.39 30

Pat ent anspr Uche 1. Verfahren zur sopropanol durch

kat@yt‘sl sche Hydrierung von Aceton, nnze| chn durch das Ei nspei sen von
Wasser st of f gas und Acet onfl Gssi gkeft von oben i nen Reaktor m t

Fest beft kat al ysator, urn einen r| C ch n s / Fl Ussi gkei t sabstrom

zu erzeugen, wahrend das 35 ﬁ n ei nem Ri esel bettzustand
gehaltgn wird, wobei das \Wasser sto i ceton- flGOssigkeit (i) in

ei nem nol aren Verhaltnis, wel ches g:dB 40
a >1 Ax- 100 erfUIlt, worin B die Mle an V\asserstoff und A die Ml e an

Aceton und a gj neeipg g.émgw.l,ahﬁsgmmw@gs 45 von Aceton sind, und (ii)
bei einer Obeyf | ~6iiebichBssna TtRSight & g,cmswel che die 3 ei chungen | og(b

X, ) <- 11, 35b0Qp, ) ein@Dichte YondN: .@/&kex )<2,0 (5) erfUlt, worin Gdie
Qber f | ~chen- Mg S e giae Dioktb shl Lgk @i gem?on Wasser st of fgas in kg/ ms bedeut et, L
di e Qberfl ahe#; Vhsine gbsitichdnspingiig vdn Wasser iodyhvomf | f ssi gkeit in kg/ nm2s, 55 9
EP [err] PG o el pise Dbatiicensyannudgsahdsoptopdnbitiissigkeit ingdyc/ioB, PL eine Dichte
von | sopropanil f | eiss Vighositét vdnrisogiopanBifiissigkeit in Centigieias, und ei ne Di cht e von Wasser
in grceB, Pailkv epineViskosilt wnWassar infGenipgisgistns, VW ei ne
Ooerflachen§'p@ﬁ§m!ﬁwef9€h Wasser in dyn/cm CL ei ne Qoerfl ~chenspannung
von | sopropanol fl Ussigkeit In dyn/c ei ne Vi skositat von

| sopr oparﬁal\/f’ﬂ?g\'e@ R@’lht"“?ﬂ‘f‘cf':én"(qr'ﬁﬂ?’é@"a VEH‘R!] oip daney-Nickel-Kgialysatas jshe \/j skositat von
Wasser 0|s i st spei st werden. 2. Verfahren nach Anspruch 1,
worin ffer Cg?'%é’{;%? ﬁ“%ﬂ’%“%&ﬂ%? "Brel - Kat al ysator ist. 25 & Verfahren
nach Anspr uggéﬂg&lgg 2, worin O, 0Ol<ex )<0,39. Revendlcatlons 30

Revendications
30
1. Procédé de préparation de llisopropanol par hydrogénation catalytique de I'acétone, caractérisé en ce
que l'on introduit dans un réacteur ayant un lit de catalyseur fixe, par son sommet, de I'hydrogéne
gazeux et de I'acétone liquide, de fagon & former un cocourant de gaz et de liquide s'écoulant vers le
bas, tout en maintenant le lit de catalyseur dans un état de lit & ruissellement, I'hydrogéne gazeux et
35 I'acétone liquide étant introduits (i) suivant un rapport molaire qui satisfait & '"équation :

U —2 51 (1)

“0 100

dans laquelle B représente le nombre de moles d'hydrogéne, A représente le nombre de moles
d'acétone et o représente le pourcentage de conversion de I'acétons, et (ii) avec des débits en masse
45 par unité de surface qui satisfont aux équations :

logts M) < -1,35l0g6 ) + log11,6  (4)
001<§)<20 (5
50

dans lesquelles G désigne le débit en masse par unité de surface de I'hydrogéne gazeux, en kg/m2.s,
L désigne le débit en masse par unité de surface de I'acétone liquide, en kg/m?.s,
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1. Procede de preparation de |'isopropanol par hydrog~nation catal yti que de |

| " acetone, caract~ris6 en ce que | 'gpips78tgo8@4i t dans un react mlll EM IIH]"'I””“I

lit de catal yseur fixe, par son sommet, de |'hydrogbne gazeux R :

| " acetone |liquide, de fagon | former un cocourant de gaz ot de |iquide o

s' 4coul ant vers |l e bas, tout en maintepapt | {i «fies cat al yseur dans un
a,z.§

etat de lit A ruissellenent, I'rl%dr eqne pazqudpye |35 | " acdtone liquide
PRE RS

etant introduits (1) suivant un ei;— .Il satisfait A |I'equation:
B >1 . LTd () 4
Ax-_ 100 "dans laquelle B repr~sente |l e nonbre de noles d' hydrogbne, A
représente |l e nonbre de noles d' ace]‘oé15 t.a FFé‘bresente | e pour centage de
conversion de |'acetone, et (ii)xa wgt@e}E—&GﬂJts en masse 45 par unit6
de surface qui satisfont aux dquati Og{r¥iX)) < -1 ,35loge ) + logl 1,6
(4) 0101 < e, ) <2,0 (5) 50 dans lesquelles G designe |l e debit en nasse

par uni t% de surfa S 1« gb\égcﬁ_gf § a8 VN e%gzeh,génr@mg: L d6signe le dMoit
en masse par uﬁfthﬁgggqgﬁ%@v ijﬁe%ggé‘%%aﬁd Wiﬁgsqglﬁﬁ". kg/n2.s, 55 10 EP
0 379 323 BL ' gésigne la masse volumique de I'skt 'er hcrls, Herpr il 11w (SW
L(PL ) (PW2 545~~gssigne1amasss (difmiquo db'rair énigick®, PG desl gne | a masse

vol um quyg de P',bydrdgg Aa BAsIAtpofidiel deBau dnldynicm,desi gne | a masse vol um que
de |'isopropang! | idasigridea Rsic/sGoRicield/de lsogteandl iide@n apficae vol uni que de

| " eau en g/ CnBu, Paidésigidasvigosté lda 'isapepanolliguidéreriesatipdiged, stai r en g/ cnB, t5

aw desi gne g t alédsigrena dscosts ido Lead loh eentimdises.eau en dyn/cm alL designe |l a
tension superficielle de |'isopropanol |iquide en dyn/cm AL designe | a
Vi Sthsi 126 @e Rroaédéd grianja raybndicitipn i 10 dane tequel dit [satilysewr, esbun gajalyseur dchaseydenitkel do
viscosite de Ran®au en centipoi ses. 20 2. Procede selon |a revendication 1,
dans | oquel |edit catalyseur est un catal yseur base de nickel de Raney. 3
Proced6 sePorfrecids wiea jarpreadicagen "1°‘b%d2‘,s'*ﬂa‘ﬂ's°'9bﬁ%él<°€??01 <6?) < 0,39 25 30
35 40 452550 65
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