
EP 0 379 323 B1 Description This invention relates to the preparation of
isopropanol which is a very useful intermediate in organic synthesis as
well as a commercially important solvent. 5     One currently widespread
approach for the preparation of isopropanol is hydration of propylene.
Although it is an old technique to hydrate olefins in the presence of
concentrated sulfuric acid catalyst, corrosion by sulfuric acid is a
problem. Other currently widespread approaches include hydration in
gas/liquid mixed phase using strongly acidic ion-exchange resins, hydration
in gas phase using strongly acidic solid acid catalysts, and hydration 10
by gas phase catalytic reaction using catalysts having heteropoly-acids or
inorganic acids carried thereon. It was also well known from the past to
hydrogenate the carbonyl group of acetone to prepare isopropanol. Included
are reduction using such reagents as lithium aluminium hydride and sodium
boron hydride and catalytic reduction using hydrogen gas. Several proposals
have been made in recent years. For example, JP-A-62-12729 describes a
process 15  for preparing isopropanol from acetone using a powdery Raney
nickel catalyst. Powdery catalysts are most appropriate for use in batch or
semi-batch reactions, and are not always suitable for continuous reactions.
JP-A-62-77338 relates to an isopropanol production apparatus in which the
hydrogenation of acetone is performed within a heat exchange reactor and
the catalyst is carried by the heat transmission fin of a heat exchange
tube. Acetone is supplied as a vapour and the hydrogenation reaction takes
place in the vapour 20  phase. At present, synthesis of isopropanol by
hydrogenation of acetone does not commercially work in practice. As
compared with the direct hydration of propylene, this route of synthesizing
isopropanol from acetone resulting from oxidation of propylene requires one
extra step and is unreasonable from a process aspect. 25     Acetone is now
produced in great amounts as a by-product in the manufacture of phenol by
the cumene process. The acetone is surplus to industrial requirements and
this is a drawback of the cumene process. Although acetone has found a
major use as a starting material to produce methyl methacrylate, the demand
for acetone is reduced by the recent changeover of the starting material to
produce methyl methacrylate to another material. It has thus become
necessary to ensure the economy of the cumene 30  process to produce phenol
by making efficient use of the surplus acetone by-product. One possible
approach is to convert acetone into isopropanol which is of great
industrial value. This approach will aid in establishing the economy of the
cumene process to produce phenol. Various methods are known for the
preparation of isopropanol from acetone as previously described. Regarding
catalytic hydrogenation, however, only an unexpectedly few proposals are
found. Industrial cost 35  efficient production of isopropanol is a key
factor for the feasibility of an isopropanol preparing process particularly
when considered from the standpoint of assisting in establishing the
economy of the phenol preparing cumene process as intended in the present
invention. Industrial isopropanol production has not been well established
in this sense. EP-A-371738, which is prior art by virtue of the provisions
of Article 54(3) and (4) EPC, describes the 40  preparation of phenol from
cumene synthesized by the alkylation of benzene with isopropanol. It
describes how the isopropanol can be prepared by the catalytic
hydrogenation of acetone, and contemplates the use of a reaction having a
fixed catalyst bed operated as a trickle bed by cocurrent gas/liquid
downflows. The present invention seeks to provide an industrial process for
preparing isopropanol 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 simple structure, (2) the reaction rate is high
enough to provide a large amount of product through a moderately small
reactor, and (3) isopropanol is produced in high yields. The present
invention is based on these considerations. The present invention provides
a process for preparing isopropanol by catalytic hydrogenation of 



acetone, characterised by feeding hydrogen gas and acetone liquid into a
reactor having a fixed catalyst so  bed from its top to form a occurrent
gas/liquid downflow while maintaining the catalyst bed in a trickle bed
state, wherein the hydrogen gas and the acetone liquid are fed (i) in a
molar ratio which satisfies the equation: 55 [err]    EP 0 379 323 B1
wherein B is moles of hydrogen, A is moles of acetone, and a is a percent
conversion of acetone and (ii) at a superficial mass velocity which
satisfies the equations: [err] 5 wherein G is the superficial mass velocity
of hydrogen gas in kg/m2s, L is the superficial mass velocity of acetone
liquid in [err], 10 [err] [err] is a density of hydrogen gas in g/[err], 20
[err] is a density of isopropanol liquid in g/[err], [err] is a density of
water in g/[err], [err] is a density of air in g/cm3, [err] is a surface
tension of water in dyn/cm, [err] is a surface tension of isopropanol
liquid in dyn/cm, 25    [err] is a viscosity of isopropanol liquid in
centipoise, and [err] is a viscosity of water in centipoise. The only
figure, Fig. 1 is a diagram showing gas-liquid flow regimes. For the
hydrogenation of acetone into isopropanol in a fixed bed system according
to the invention, Raney nickel catalysts are most often used. Other
catalysts known for hydrogenation may also be used, for 30  example, copper
base catalysts such as copper-chromium, Raney copper, and copper-zinc;
nickel base catalysts such as reduced nickel catalysts prepared by carrying
nickel oxide on a diatomaceous earth, alumina or silica support and
tailoring it through a reducing treatment; and platinum group catalysts
such as platinum, palladium, ruthenium, and rhodium as well as the
foregoing catalysts on activated carbon and alumina supports. 35
Reaction may preferably be effected at a temperature of from room
temperature to 200 * C although an industrial reaction rate is achieved at
a reaction temperature of from [err]. Too high a reaction temperture will
induce excess hydrogenation decomposition of acetone, resulting in reduced
yields of isopropanol. The reaction pressure may be in the range of from
atmospheric pressure to 80 kg/[err], more preferably 40  from 2 to 50
kg/[err]. In the practice of the invention, hydrogen gas and acetone
reactant are preferably fed in such a proportion that 1.0 to 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 45  is a
hydrogenation product of acetone is also a useful solvent. Also useful are
ethylene glycol, propylene glycol, diethylene glycol and triethylene
glycol. Other useful solvents include ethers such as diisopropyl ether,
dibutyl ether, ethylene glycol dimethyl ether, diglyme and triglyme;
aprotic polar solvents 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- 50  tion of the invention. It is
essential in the practice of the invention to employ a fixed bed reaction
system having a granular or particulate 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 55  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 3    EP 0 379 323 B1 observed in appearance in the catalyst bed, as
if standing still in spite of the presence of liquid/gas flow. Once the
amounts of liquid and gas passing through a catalyst bed increase, the
liquid flow becomes irregular and formation of a pool of liquid is observed
at the bottom of the catalyst bed. As the amount of such pools of liquid
increases, liquid and gas start to flow down in a form of mixture. Such a
state of 5  downflow is called bubble flow. When the bubble flow becomes
more severe, the liquid/gas downflow reaches another state which is called
pulse flow. A violent movement of liquid/gas flow will be observed in the
state of pulse flow, because the phase of liquid/gas mixture is divided
into two zones, one zone with higher ratio of liquid to gas and the other
being rich in gas, and these two zones flow down by turns. Changes in the
flow mode in the catalyst bed from a trickle flow state to a bubble flow
state and still 10  more to a pulse flow state can be recognized clearly as
the movement of the differential pressure between the upper and lower parts
of the catalyst bed. In other words, changes in the differential pressure
between the upper and lower parts of the catalyst bed can not be detected
in the state of trickle flow, but become evident as the liquid/gas downflow
enters the bubble flow state. Though degree of changes in the differential
pressure varies depending on the mix ratio of liquid and gas, the
liquid/gas downflow is in the 15  state of bubble flow when a water
manometer shows + 1 - 2 mm of changes in the differential rate and is
absolutely in the state of pulse flow when the changes exceed  5 mm.
Reaction in a trickle bed state is effective for gas-liquid-solid related
reaction, particularly such reaction in which gas largely participates.
Since the present hydrogenation is a reaction in which hydrogen molecules
adsorbed onto the catalyst react with acetone to form isopropanol, location
of the catalyst in a 20  hydrogen gas atmosphere facilitates adsorption of
hydrogen molecules to the catalyst. In the case of normal hydrogenation not
in a trickle bed state, hydrogen molecules are once dissolved in the
reactant liquid and then adsorbed to the catalyst so that the rate of
adsorption of hydrogen to the catalyst is slower than in the trickle bed
state. Although the magnitude of hydrogen adsorption rate does not largely
affect the overall reaction rate of a process in which hydrogenation is
slow, the hydrogen adsorption rate has a critical 25  influence on the
present hydrogenation process. Therefore, the present hydrogenation
reaction must be conducted in a trickle bed state in order to achieve the
objects of the invention. The setting for establishing a trickle bed state
in the catalyst bed during hydrogenation reaction is given by the following
case (i) and (ii). 30   (i) Hydrogen gas and acetone liquid are fed to form
a cocurrent downflow through a catalyst bed in such a molar ratio to
provide a hydrogen excess state, more particularly to ensure that the molar
ratio of hydrogen gas to acetone reactant is larger than unity. The
following equation must be met. 



35                                 [err] 40 wherein B is moles of hydrogen,
A is moles of acetone, and a is a percent conversion of acetone. (ii)
Hydrogen gas and acetone liquid are controlledly fed in such flow rates as
to provide a gas-liquid flow in trickle flow state using the flow map
proposed by Guray Tosun. FIG. 1 shows the results of visual observation of
flow for gas/iquid systems through a packed bed 45  wherein the flow
velocity of a gas/iquid downflow is varied. Line a in FIG. 1 is a flow map
depicted as FIG. 6 in Guray Tosun "A Study of Cocurrent Downflow of
Nonfoaming Gas-Liquid Systems 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 map to show the results obtained in the following experiments by
the present invention. In Guray Tosum, the boundary between trickle flow
and bubble flow so  is depicted by a line marked "a." The gas and liquid
feeds are chosen so as to fall in the range in FIG. 1 defined by the
following relationships. [err] 55 In the formulae, G is a superficial mass
velocity of hydrogen gas in kg/[err], L is a superficial mass velocity of
acetone liquid in kg/m2s, 4    EP 0 379 323 B1 [err] 6 10 [err] is a
density of hydrogen gas in g/[err], [err] is a density of isopropanol
liquid in g/[err], 15     [err] is a density of water in g/[err], [err] is
a density of air in g/[err], [err] is a surface tension of water in dyn/cm,
[err] is a surface tension of isopropanol liquid in dyn/cm, [err] is a
viscosity of Isopropanol liquid in centipoise, and 20    [err] is a
viscosity of water in centipoise. It is to be noted that the gas
superficial mass velocity used herein is the amount of gas supplied into a
packed bed catalyst through the upper side of a reaction column containing
the catalyst, and this gas flow rate (I/hr) measured by using a gas
flowmeter is then converted to a value of mass velocity per unit cross
section area of the reaction column (kg/[err].sec). 25     Liquid
superficial mass velocity is calculated in the same manner based on the
liquid flow rate. The gas and liquid superficial mass velocities are
defined by the following relationships. Gas superficial mass velocity
(kg/[err]sec) = 30 gas  supply  (1/hr)  x gas  density  (kg/l) cross
section of reaction column [err] x 3600 (sec/hr) 35         Liquid
superficial mass velocity  (kg/[err] sec) liquid supply (1/hr) x liquid
density (kg/l) cross  section  of reaction  column  [err]  x 3600  (sec/hr)
40 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 trickle flow and bubble flow
when a water/nitrogen 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 c in Fig. 1 are
obtained when an isopropanol/nitrogen gas system (50 C), an
isopropanol/nitrogen gas system [err] 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 c
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. 50 [err] wherein A = -1.35 and B =
11.6 55  0.01 < [err] < 2.0  (5) In consequence, 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). 5    EP 0 379 323 B1
With gas and liquid feeds outside the above-defined range, the gas/liquid
flow through the catalyst bed departs from a trickle flow as seen from FIG.
1, resulting in either a foaming state wherein hydrogen gas flows down
through a liquid layer formed in the catalyst bed or a pulsating state
wherein gas and liquid form a pulsating flow. In either state, not only
hydrogenation does not smoothly proceed, resulting in 5  reduced
efficiencies or yields, but also a drastically varying, significant
differential pressure pressure develops across the catalyst bed,
prohibiting stable continuous reaction. Also a vigorous pulsating flow will
vibrate the fixed catalyst bed, causing a fracture of the catalyst. The
catalyst fracture results in a reduced catalyst life and gives rise to some
troubles like clogging because catalyst fragments will flow out of the
reactor to a subsequent step. 10    It is thus critical for the present
hydrogenation of acetone into isopropanol to maintain a trickle bed state
in the catalyst bed. EXAMPLE is     Examples of the present invention are
given below by way of illustration and not by way of limitation. Example 1
A stainless steel vertical reactor column having an inner diameter of 25.4
mm (1 inch) and a length of 20 500 mm was loaded at a mid-portion with 100
grams (50 ml) of a lumpy (beads with length 6-7 mm and breadth 4-5 mm)
Raney nickel alloy (50/50 Ni/Al, R-20L manufactured by Nikko Rika K.K.).
The reactor was filled with water. The Raney nickel catalyst was then
developed by gradually pumping 1280 grams of an aqueous sodium hydroxide
developer into the reactor from its bottom, the developer being prepared by
dissolving 128 grams of sodium hydroxide in water and adjusting to a
concentration of 10% by weight. The 25 catalyst development was accompanied
by an exothermic reaction so that the temperature of the reactor interior
rose. The feed rate of the sodium hydroxide developer was adjusted and the
reactor was temperature controlled by air cooling or the like so that the
interior temperature did not exceed [err]. The used developer exiting from
the reactor top was fed back to the mother sodium hydroxide developer for
recycle use. The amount of hydrogen gas given off with the progress of
development was measured by a 30 gas meter. Pumping of the alkaline
developer was continued until a substantial cessation of hydrogen gas
emission (approximately 20 hours). The total amount of hydrogen gas
emission indicated that the rate of development of the catalyst was 50%. At
the end of catalyst development, the pump feed was replaced by water to
wash the reactor interior with water. Water washing was continued until the
outflow from the reactor 



became neutral. At the end of water washing, the pump feed was replaced by
isopropanol to purge the 35 reactor interior with isopropanol. Heating of
the reactor was started. When the interior temperature reached [err],
reaction was started by feeding 39.5 gram/hour of acetone and 37.2
liter/hour of hydrogen into the reactor from the top. A pressure of 20
kgf/[err] was maintained in the reactor. The reaction mixture exiting from
the reactor bottom was separated into the reaction solution and hydrogen
gas by a gas/loquid separator. There were discharged 40 39.8 gram/hour of
reaction solution and 16.4 liter/hour of exhausted hydrogen gas. Continuous
reaction was conducted for 9 hours by feeding acetone and hydrogen. At this
point, the reaction solution and the exhaust gas were analyzed by gas
chromatography, finding that 0.1% by weight of acetone remained in the
reaction solution The balance of the reaction solution was solely
isopropanol. The conversion of acetone was 99.9% and the yield of
isopropanol was 99.9%. 45 Example 2 The procedure of Example 1 was repeated
except that the flow rates of acetone and hydrogen were changed to 78.7
gram/hour and 64.4 liter/hour, respectively. The results included an
acetone conversion of 50  98.4% and an isopropanol yield of 98.4%.
Comparative Example 1 The procedure of Example 1 was repeated except that
acetone and hydrogen were introduced into the 55 reactor from the bottom.
The results included an acetone conversion of 88.6% and an isopropanol
yield of 88.6%.    EP 0 379 323 B1 Example 3 The procedure of Example 1 was
repeated except that the reaction temperature was lowered to [err]. The
results included an acetone conversion of 99.7% and an isopropanol yield of
99.7%. 5 Example 4 The procedure of Example 1 was repeated except that the
reaction pressure was changed to 15 kgf/[err]. The results included an
acetone conversion of 98.6% and an isopropanol yield of 98.6%. 10 Example 5
The procedure of Example 1 was repeated except that the reaction pressure
was changed to 10 kgf/[err]. The results included an acetone conversion of
95.2% and an isopropanol yield of 95.2%. 15 Example 6 A stainless steel
vertical reactor column having an inner diameter of 25.4 mm (1 inch) and a
length of 1,100 mm was loaded at a mid-portion with 200 ml of a lumpy Raney
nickel catalyst (beads with length 6-7 20  mm and breadth 4-5 mm, rate of
development 60%). The reactor was filled with isopropanol. The temperature
of the reactor interior was raised by passing warm water at [err] through a
reactor jacket. When the interior temperature reached 70 C, acetone,
isopropanol and hydrogen were introduced into the reactor from its top
through respective inlet tubes connected thereto. The flow rates of
acetone, isopropanol and hydrogen were adjusted to 400 ml/hour, 400 ml/hour
and 247 liter(standard state)hour, respectively. 25  The reactor interior
temperature rose to [err] after the start of hydrogenation while the warm
water through the reactor jacket was maintained at [err] at the inlet. With
the start of feeding of the reactants, the reaction product and excess
hydrogen gas exited the reactor at the bottom outlet. While the reactor
interior pressure was maintained at 20 kg/cm2 by means of a 



pressure regulator valve at the bottom outlet, the gas/liquid mixture was
taken out of the reactor and 30  Introduced into a reservoir where the
excess hydrogen was separated from the reaction product. A portion of the
reaction product was separated and recycled as a substitute for the
isopropanol feed to the reactor. Continuous reaction was conducted under
conditions: acetone feed 400 ml/hour, reaction solution recycle feed 400
ml/hour, hydrogen feed 247 liter(standard state)/hour, a reactor interior
pressure of 20 kg/[err], and a reactor interior temperature of [err]. The
reaction product was periodically sampled out for 35 gas chromatography
analysis to evaluate the results of hydrogenation. Consistent reaction
results were obtained including an acetone conversion of 98.0% and an
isopropanol selectivity of 99.9%. Example 7 40     A stainless steel
vertical reactor column having an inner diameter of 38.4 mm and a length of
4,800 mm was loaded with 2,500 ml of the same lumpy Raney nickel catalyst
as used in Example 6. The reactor was filled with isopropanol. The reactor
at the top had inlet ports for the reactant and hydrogen. A pressure gauge
was provided for measuring the differential pressure between the top and
the bottom of the reactor. The reactor at the bottom had an outlet port in
flow communication with a reservoir for the reaction mixture. 45 The
reservoir was adapted to 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
acetone feed line connected to the inlet port of the reactor. The following
reaction conditions were set: acetone feed 3 liter/hour, reaction solution
recycle feed 24 55  liter/hour, and hydrogen feed 1850 liter(standard
state)/hour. The reactant preheated to [err] was fed along with hydrogen
gas while maintaining a reactor interior pressure of 18 kg/[err]. There was
discharged a reaction mixture at [err] from the outlet 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    EP 0 379 323 B1 99.9%. The differential pressure
between the top and the bottom of the reactor was always maintained at 120
mm in water manometer. The parameters used in this hydrogenation are shown
below. 5     G, hydrogen gas superficial mass velocity: 0.037 kg/[err] L,
isopropanol liquid superficial mass velocity: 5.053 kg/[err] [err] = 4.374
X = 0.945 [err] hydrogen gas density: 1.472 kg/[err] 10     [err]
isopropanol liquid density: 0.73 g/[err] [err] water density: 0.998 g/[err]
[err] air density: 1.205 kg/[err] [err] water surface tension: 72.6 dyn/cm
[err] [err] isopropanol liquid surface tension: 17.3 dyn/cm (75 C) 15
[err] isopropanol liquid viscosity: 0.6 cp (75 C) 



[err] water viscosity: 0.99 cp [err] log [err] = 564 [err] = 0.039 20
Comparative Example 2 The procedure of Example 7 was repeated except that
the reaction conditions were set: acetone feed 6 liter/hour, reaction
solution recycle feed 48 liter/hour, and hydrogen feed 3710 N-liter/hour.
25     The differential pressure between the top and the bottom of the
reactor was 550 mm in water column with drastic fluctuations of 10 mm. The
reaction product discharge from the reactor showed a drastic pulsating flow
synchronous with the fluctuations of differential pressure across the
reactor. The concentration of acetone remaining in the reaction product
also varied and as a result, the acetone 30 conversion varied between 93.4%
and 94.7%. It was difficult to continue stable hydrogenation if the
gas/liquid system in the reactor deviated from a trickle bed state. There
has been described a process for preparing isopropanol by catalytic
hydrogenation of acetone in a vertical reactor having a fixed catalyst bed
wherein hydrogen 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 invention can
produce isopropanol 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 yields. 40 Claims 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 gas/liquid downflow while
maintaining the catalyst bed in a trickle bed state, wherein the hydrogen
gas and the acetone liquid are fed (i) in a molar ratio which satisfies the
equation: [err] 50 wherein B is moles of hydrogen, A is moles of acetone,
and a is a percent conversion of acetone and 55     (ii) at a superficial
mass velocity which satisfies the equations: [err]< -1.35[err] + log11.6
(4) 8    EP 0 379 323 B1 99.9%. The differential pressure between the top
and the bottom of the reactor was always maintained at 120 mm in water
manometer. The parameters used in this hydrogenation are shown below. 5
G, hydrogen gas superficial mass velocity: 0.037 kg/m2s L, isopropanol
liquid superficial mass velocity: 5.053 kg/[err] = 4.374 = 0.945 PG.
hydrogen gas density: 1.472 kg/[err] ([err] 20.5 kg/[err]) 10     [err]
isopropanol liquid density: 0.73 g/[err] 



[err] water density: 0.998 g/cm3 (20  C) [err] air density: 1.205 kg/[err],
1 atm) [err] water surface tension: 72.6 dyn/cm [err] [err] isopropanol
liquid surface tension: 17.3 dyn/cm (75 C) 15    [err] isopropanol liquid
viscosity: 0.6 cp [err] [err] water viscosity: 0.99 cp [err] log [err] =
564 [err] = 0.039 20 Comparative Example 2 The procedure of Example 7 was
repeated except that the reaction conditions were set: acetone feed 6
liter/hour, reaction solution recycle feed 48 liter/hour, and hydrogen feed
3710 N-liter/hour. 26     The differential pressure between the top and the
bottom of the reactor was 550 mm in water column with drastic fluctuations
of [err]10 mm. The reaction product discharge from the reactor showed a
drastic pulsating flow synchronous with the fluctuations of differential
pressure across the reactor. The concentration of acetone remaining in the
reaction product also varied and as a result, the acetone 30  conversion
varied between 93.4% and 94.7%. It was difficult to continue stable
hydrogenation if the gas/iquid system in the reactor deviated from a
trickle bed state. There has been described a process for preparing
isopropanol by catalytic hydrogenation of acetone in a vertical reactor
having a fixed catalyst bed wherein hydrogen 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 invention can produce isopropanol 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 yields. 40
Claims 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
gas/liquid downflow while maintaining the catalyst bed in a trickle bed
state, wherein the hydrogen gas and the acetone liquid are fed (i) in a
molar ratio which satisfies the equation: 60                      [err] ,
wherein B is moles of hydrogen, A is moles of acetone, and a is a percent
conversion of acetone 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 is the superficial mass velocity of hydrogen gas in k/[err], L is
the superficial mass velocity of acetone liquid in kg/m2s, [err] 15
[err] is a density of hydrogen gas in g/[err], 



[err] is a density of isopropanol liquid in g/[err], [err] is a density of
water in g/[err], [err] is a density of air in g/cm3, [err] is a surface
tension of water in dyn/cm, 20        [err] is a surface tension of
isopropanol liquid in dyn/cm, [err] is a viscosity of isopropanol liquid in
centipoise, and [err] is a viscosity of water in centipoise. 2. A process
according to claim 1 wherein said catalyst is a Raney nickel catalyst. 25 3
A process according to claim 1 or 2 wherein 0.01 < [err] < 0.39 30
PatentansprUche 1. Verfahren zur Herstellung von Isopropanol durch
katalytische Hydrierung von Aceton, gekennzeichnet durch das Einspeisen von
Wasserstoffgas und AcetonflOssigkeit von oben in einen Reaktor mit
Festbeftkatalysator, urn einen richtungsgleichen Gas-/FlUssigkeitsabstrom
zu erzeugen, wahrend das 35     Katalysatorbett in einem Rieselbettzustand
gehalten wird, wobei das Wasserstoffgas und die Aceton- flOssigkeit (i) in
einem molaren Verhaltnis, welches die Gleichung: B 40
a  >1 Ax- 100 erfUllt, worin B die Mole an Wasserstoff und A die Mole an
Aceton und a eine prozentuale Umwandlung 45     von Aceton sind, und (ii)
bei einer Oberfl~chen-Massegeschwindigkeit, welche die Gleichungen log(b
X,)<-1 ,35bogi )  logIl 1,8 (4) 0,01<ex )<2,0  (5) erfUllt, worin G die
Oberfl~chen-Massegeschwindlgkeit von Wasserstoffgas in kg/m2s bedeutet, L
die Oberflahen-Massegeschwindigkeit von Acetonflfssigkeit in kg/m2s, 55 9
EP [err] PG    elne Dichte von Wasserstoffgas in g/cm3, PL    eine Dichte
von lsopropanolfl~ssigkoit In glcm3, 15       Pw    eine Dichte von Wasser
in g/cm3, Pair  eine Dichte von Luft in g/cm3, VW    eine
Oberflachenspannung von Wasser in dyn/cm, CL    eine Oberfl~chenspannung
von IsopropanolflUssigkeit In dyn/cm, AL    eine Viskositat von
IsopropanoMfUssigkeit in Centipoise, und 20       aw    elne Viskositat von
Wasser in Centipoise ist, eingespeist werden. 2. Verfahren nach Anspruch 1,
worin der Katalysator ein Raney-Nickel-Katalysator ist. 25  &  Verfahren
nach Anspruch 1 oder 2, worin 0,01<ex )<0,39. Revendlcatlons 30 



1. Procede de preparation de l'isopropanol par hydrog~nation catalytique de
l'acetone, caract~ris6 en ce que l'on introduit dans un reacteur ayant un
lit de catalyseur fixe, par son sommet, de l'hydrogbne gazeux et de
l'acetone liquide, de fagon I former un cocourant de gaz ot de liquide
s'4coulant vers le bas, tout en maintenant le lit de catalyseur dans un
etat de lit A ruissellement, I'hydrogene gazeux et 35     I'acdtone liquide
etant introduits (1) suivant un rapport molaire qui satisfait A I'equation:
B      >1                                            (1) 4'
Ax- 100 dans laquelle B repr~sente le nombre de moles d'hydrogbne, A
repr6sente le nombre de moles d'acetone et a represente le pourcentage de
conversion de l'acetone, et (ii) avec des d6bits en masse 45     par unit6
de surface qui satisfont aux dquations: log(n X)) < -1 ,35Ioge ) + log1 1,6
(4) 0101 < e, ) < 2,0  (5) 50 dans lesquelles G designe le debit en masse
par unit4 de surface de I'hydrogbne gazeux, en kg/m2.s, L d6signe le dMbit
en masse par unit6 de surface de l'ac6tone liquide, en kg/m2.s, 55 10    EP
0 379 323 B1                        J J!IJIIJ    Iliji ill 11 w    (SW)
I(PL ) (PW)2 5~~~~~~~~~~~~~ r(PG  ( P   Ii 10 PG    deslgne la masse
volumique de P'hydrogbne gazeux en g/cm3, PL    designe la masse volumique
de l'isopropanol liquide en g/cm3, Pw    designe la masse volumique de
l'eau en g/Cm3, Pair  designe la masse volumique de l'air en g/cm3, t5
aw    designe la tension superficielle de l'eau en dyn/cm, aL    designe la
tension superficielle de l'isopropanol liquide en dyn/cm, AL    designe la
viscosit6 de I'isopropanol liquide en centipoises, et Aw    d6signe la
viscosite de I'eau en centipoises. 20  2. Procede selon la revendication 1,
dans loquel ledit catalyseur est un catalyseur a base de nickel de Raney. 3
Proced6 selon la revendication 1 ou 2, dans loquel 0,01 <6?) < 0,39 25 30
35 40 45 s0 65    


