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produci g a-phenylethyl alcohol.

More particularly, the present invention
relates to a process for producing oa-phenylethyl alcohol
by hydrogenation of acetophenone, which uses a safer and
mére active catalyst not containing a large amount of
chromium oxide, hardly causes hydrogeﬁolysis of starting
acetophenoné, gives only a siight amount of ethylbenéene
as a by-product, and hence has a high selectivity for

the desired compound a-phenylethyl alcohol.

BACKGROUND OF THE INVENTION

- o-Phenylethyl alcohol is useful as a starting
material for styrene and is well known to be obtainable
by hydrogenation of acetophenone. For example, JP-B-59-
27216 discloses a prbcess'in which acetophenone is
hydrogenated using a copper-chromite catalyst containing
barium, magnesium and zinc.

Conventional processes using a copper-chromite
catalyst, however, involve the following problems: the
hydrogenation catalyst is poor in safety and hygienic
properties in handlihg because of its high chromium
oxide content and has a low activity, and the amount of

ethylbenzene produced as a by-product is large,
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resulting in a low selectivity for a-phenylethyl
alcohol.
In view of such conditions, the present
inventors earnestly investigated a process for producing
o-phenylethyl alcohol which is free from the above

problems, and consequently found that a-phenylethyl

alcohol can be produced with high selectivity by

inhibiting the production of ethylbenzene as a by-
product by the use of a doppe;-based catalyst containing
an alkali metal compound and/or an alkaline earth metal
carbonate which hardly involves safety and hygienic

problems.,

SUMMARY OF THE INVENTION

The pfesent invention provides a process for
producing a-phenylethyl alcohol by hydrogenation of
acetophenone, which uses a copper-based catalyst
containing at least one alkaline earth metal carbonate

and/or at least one alkali metal compound.

DETAILED DESCRIPTION OF THE INVENTION

The catalyst used in the present invention is

a copper-based catalyst containing at least one alkaline

earth metal carbonate and/or at least one alkali metal
compound. |

The alkali metal compound includes carbonates,
nitrates, hydroxides, hydrogencarbonates, etc. of alkali

metals. The alkali metals include lithium, sodium,
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potassium, rubidium, cecium, etc. Specifically, there
is preferably used carbonate, nitrate or hydrogen-
carbonate of sodiﬁm or potassium, more preferably
carbonate of sodium, potassium or sodium nitrate.

In the present invention, the above-
exemplified alkali metal compounds may be used singly or
in combination of two or more thereof.

The alkaline earth metal carbonate includes,
for example, carbonates of magnesium, calcium,
strontium, barium, etc. Preferable examples thereof are
carbonates of strontium, calcium and barium. A more
preferable example thereof is strontium carbonéte.

In the present invention, the above-
exemplified alkaline earth metal carbonates may be used
singly or in combination of two or more thereof.

The copper-based catalyst used in the present

invention is composed mainly of copper and may contain,

besides copper, manganese, aluminum, cobalt, zinc,
ruthenium, iron and zirconium compounds in an amount of
10 wtg or less based on the weight of copper.

When the catalyst used in the present
invention contains the alkali metal compound(s), the
content of the compound(s) ranges preferably from 0.01
to 10 wt%, more preferably 0.01 to 5 wt%, (in terms of
the alkali metal(s)) based on the weight of the catalyst
before its reduction. The incorporation of the alkali

metal compound(s) into the catalyst in the above range



o

10

15

20

25

-4 -
permits enhancement of the activity of the catalyst and
inhibition of hydrogenolysis.

When the catalyst used in the present
invention contains thé alkaline earth metal carbon-
ate(s), the weight ratio of the alkaline earth metal
éarbonate(s) to metallic copper ranges preferably from
0.1:99.9 to 50:50, more preferably from 0.1:99.9 to
25:75. When the amount of the alkaline earth metal
carbonate(s) is too small, the catalyst has a low
activity and the inhibitory effect on hydrogenolysis
is small in some cases. When the amount is too large,
the hydrogenating activity of the catalyst is low in
some cases.

The catalyst according to the present
invention may be used either after being supported on a
carrier or without a carrier.

When the catalyst is supported on a carrier,
the weight ratio of metallic copper to the carrier
ranges usually 20:80 to 90:10.

When the catalyst is supported on a carrier,
the carrier includes metal oxides (e.g. silica, alumina,
titania and diatomaceous earth) and metal mixed oxides.
In particular, silica and diatomaceous earth are
preferable.

The catalyst according to the present
invention can be produced, for example, by a coprecipi-

tation method, a precipitation method, a mixing method,
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or the like, and is preferably produced by the
coprecipitation method.

There is explained below a process for
producing, as a typical example of the catalyst, a
copper-based catalyst supported on silica which contains
an alkaline earth metal carbonate and an alkali metal
compound.

When the catalyst is produced by the co-
precipitation method, an alkali solution sﬁch'as an
alkali metal cérbonate solution, ammonium carbonate
solution or the like is added to a mixed solution of a
copper salt and a salt of the alkaline earth metal to
cause coprecipitation, and the resulting precipitate is
filtered,-washed, and then mixed with a silica carrier,
followed by drying and calcination.

Subsequently, the calcined catalyst is mixed
with an aqueous solution of.the alkali metal compound
and the resulting mixture is dried and reduced by
hydrogen, whereby there can be produced the copper-
based catalyst supported on silica which contains the
alkali metal compound and the alkaline earth metal
carbonate.

In this case, when a solution of the alkali
metal compound is used as the alkali solution, the
copper-based catalyst supported on silica can be
produced also by leaving the alkali metal compound by

controlling, for example, the washing after the
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filtration, and drying the resulting residue, followed
by calcination and reduction with hydrogen.

The aforesaid copper salt includes, for
example, nitrate, sulfate, halide, organic acid salts,
etc. The salt of the alkaline earth metal includes
nitrate, chloride, etc. of the alkaline earth metal.
The alkali includes, for example, carbonates,
hydroxides and hydrogencarbonates of alkali metals,
aqueous ammonia, and ammonium carbonate. The alkali
metal compound includes, for example, carbonates,
nitrates, hydroxides, hydrogen-carbonates and organic
acid salts of alkali metals. These alkali metals
include lithium, sodium, potassium, rubidium, cesium,
etc. The above-exeﬁplified alkalis and alkali metal
compounds are usually used in the form of an aqueoﬁs
solution, a solution in an organic solvent such as
metanol, or a mixture thereof. The precipitation
temperature ranges usually from room temperature to
about 100°C. The calcination is carried out in air
at 300 to 500°C for usually about 30 minutes to:
about 10 hours. The reduction by hydrogen is carried
out at 100 to 500°C for usually about 30 minutes to
about 20 hours.

When the catalyst is produced by the

precipitation method, the alkaline earth metal

‘carbonate and a silica carrier are suspended in a

copper salt solution, and then an alkali solution is
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added thereto to precipitate coppei and support the same
on the alkaline earth metal carbonate and the silica |
carrier, followed by filtration, washing, drying and
calcination.

Subsequently, the calcined catalyst is mixed

with an aqueous solution of the alkali metal compound

and the resulting mixture is dried and reduced by

hydrogen, whereby there can be produced the éopper-

_based catalyst supported on silica which contains

the alkali metal compound and the alkaline earth
metal carbonate.

In this case, when a solution of the alkali
metal compound is used as the alkali solution, the
copper-based catalyét supported on silica can be
produced also by leaving the alkali metal compound
by controlling, for example,. the washing after
the filtration, and drying the resulting residue,
followed by calcination and reduction with hydrogen.
As the copper salt, the same salts and complex
compounds as abo&e can be exemplified. As the alkali
and the alkali metal compound, the same alkalis and
alkali metal compounds as above can be exemplified.
The precipitation conditions, the calcination
conditions and Ehe conditions of the reduction with
hydrogen are usually the same as in the coprecipitation

method.
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When the catalyst is produced by the mixing
method, an alkali solution is added to a copper salt
solution to form a precipitate, and then the alkaline
earth metal carbonate and a silica carrier are mixed
with the precipitate, followed by filtration, washing,
drying and calcination.

.Subséquently, the calcined catalyst is mixed
with an aqueous solution of the alkali metal compound
and the resulting mixture is dried and reduced by
hydrogen, whereby there can be produced the copper-based
catalyst supported on silica which contains the alkali
metal compound and the alkaline earth metal carbonate.

In this case, when a solution of the alkali
metal compound is used as the alkali solution, the
copper-based catalyst supported on silica can be
produced also by leaving the alkali metal compound
by controlling, for example, the washing after the
filtration, and dfying the resulting residue, followed
by calcination and reduction with hydrogen. As the
copper salt, the same salts and complex compounds
as above can be exemplified. As the alkali and
the alkali metal compound, the same alkalis and
alkali metal compounds as above can be exemplified.
The precipitation conditions, the calcination
conditions and the conditions of the reduction with
hydrogen are usually the same as in the coprecipitation

method.
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The catalyst used in the present invention may
contain a lubricant such as graphite to be used at the
time of molding of the catalyst.

The catalyst may also contain a binder. The
binder includes organic binders and inorganic binders
such as silica sol.

The present invention provides a process for
producing u-phenyléthyl alcohol by hydrogenation of
acetophenone by the use of the specific copper-based
catalyst described above.

The hydrogenation reaction can be carried out
either by a batch method or by a flow method. When the
flow method is adopted, a fixed-bed liquid phase flow
method is usually adopted and either an up-flow method
or a down-flow method may be adopted.

The reaction temperature ranges preferably
from 0 to 200°C, more preferably from 50 to 200°C. The
reaction pressure ranges preferably approximately from 5
to 100 atmospheres.

Whén the batch method is adopted, the weight
ratio of the catalyst used to a compound to be reduced
ranges preferably approximatély from 0.001:1 to 0.5:1,
and the reaction time ranges preferably approximately
from 30 minutes to 10_hours. When the flow method is
adopted, the feed rate (LHSV) of a solution of a
compound to be réduced fanges preferably apprqximately

from 0.05 to 10 h-1, more preferably approximately from
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0.1 to 5 h-1,

| When.the batch method is adopted, the amount
of hydrogen used for the hydrogenation reaction is
regulated by the reaction pressure and a hydrogen
pressure of 100 atmospheres or less is preferable. When
the flow method is adopted, it is preferable to supply
hydrogen in an amount of approximately 1 to 30 times
larger than the theoretical molar equivalent of hydrogen
to the compound to be reduced.

According to the present invention, the
hydrogenolysis of starting acetophenone is inhibited,
and hence the production of ethylbenzene as a by-product
is reduced, so that it becomes possible to produce a-
phenylethyl alcohoi useful as a starting material for
styrene with high selectivity.

The present invention is more concretely
explained with reference to the following examples,
which should not be construed as limiting the scope of

the invention.

EXAMPLES
Catalyst Preparation Example 1
48.32 g of copper nitrate trihydrate and
0.91 g of strontium nitrate were dissolved in
400 ml of water, and the resulting solution was

heated to 50°C. Then, a solution of 36.81 g of
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sodium carbonate in 200 ml of water was added dropwise
with stirring over a period of 1 hour, after which
the stirring was conﬁinued at the same temperature
for 2 hours. The precipitate thus formed was collected
by filtration and then washed 8 times with 1,000 ml
of warm water of 50°C. Subsequently, a suspension
of 16.80 g of Aerosil Silica in 1,000 ml of warm
water of 50°C was added to the washed precipitate,
and the resulting mixture was stirred for 20 minutes
and then filtered. The residue was dried at 60°C and
pulverized to obtain 36.69g of a brown powder. This
powder was heated in air at 350°C for 5 hours and then
cooled to room temperature to obtain 34.56 g of a black
powder. Subsequently, this solid was heated in a
hydrogen stream at 180°C fof 5 hours to obtain copper-
based catalyst A. Aé a result of analysis, the weight
ratio of metallic copper to strontium carbonate in the

catalyst was found to be 99.1:0.9, and the alkali metal

- content of the catalyst was found to be 0.03 wtg based

on the catalyst's weight before the reduction with

hydrogen.

Catalyst Preparation Example 2
dopper-based catalyst B was prépared according

to the Catalyst Preparation Example 1 except for adding

a solution of 0.0250 g of sodium carbonate in 40 ml of

water to 5.0 g of the black powder obtained by the
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heating in air, and then evaporating the water with a
rotary evaporator to support sodium carbonate on the
solid by impregnation. As a result of analysis, the
weight ratio of metallic copper to strontium carbonate
in the catalyst was found to be 99.1:0.9, and the alkali
metal content of the catalyst was found to be 0.24 wt$
based on the catalyst's weight before the reduction with

hydrogen.

Catalyst Preparation Example 3

Copper-based catalyst C was prepared according
to the Catalyst Preparation Example 1 except for chang-
ing the amounts of copper nitrate trihydrate, strontium
nitrate and sodium carbonate used to 43.49 g, 1.82 g and
34.00 g, respectively. As a result of analysis, the
weight ratio of metallic copper to strontium carbonate
in the catalyst was found to be 94.4:5.6, and the alkali
metal content of the catalyst was found to be 0.02 wtsg
based on the catalyst's weight before the reduction with

hydrogen.

Catalyst Preparation Example 4

Copper-based catalyst D was prepared according
to the Catalyst Preparation Example 3 except for adding
a solution of 0.0253 g of sodium carbonate in 40 ml of
water to 5.0 g of the black powder obtained by the
heating in air, and then evaporating the water with a

rotary evaporator to support sodium carbonate on the
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solid by impregnation. As a result of analysis, the
weight ratio of metallic copper to strontium carbonate
in the catalyst was found to be 94.0:6.0, and the alkali
metal content of the catalyst was found to be 0.24 wt%
based on the catalyst's weight before the reduction with

hydrogen.

Catalyst Preparation Example 5

| Cdpper-based catalyst E was prepared according
to the Catalyst Preparation Example 1 except for chang-
ing the amounts of copper nitrate trihydrate, strontium
nitrate and sodium carbonate used to 38.66lg, 3.64 g and
31.90 g, respectively. As a result of analysis, the
wéight ratio of metallic copper to strontium carbonate
in the catalyst was found to be 86.8:13.2, and the
alkali metal content of the batalyst was found to be
0.02 wts based on the catalyst's weight before the

reduction with hydrogen.

Catalyst Preparation Example 6
Copper-based catalyst F was prepared according
to the Catalyst Preparation Example 5 except for adding

a solution of 0.0245 g of sodium carbonate in 40 ml of

-water to 5.0 g of the black powder obtained by the

- heating in air, and then evaporating the water with a

rotary evaporator to support sodium carbonate on the
solid by impregnation. As a result of analysis, the

weight ratio of metallic copper to strontium carbonate
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in the catalyst was found to be 86.8:13.2, and the

alkali metal content of the catalyst was found to be
0.23 wtg based on the catalyst's weight before the

reduction with hydrogen.

Catalyst Preparation Example 7

48.32 g of copper nitrate trihydrate was
dissolved in 400 ml of water and the resulting solution
was heated to 50°C. Then, a solution of 36.04 g of
sodium carbonate in 200 ml of water was added dropwise
with stirring over a period of 1 hour, after which the
stirring was continued at the same temperature for 2
hours. The precipitate thus formed was collected by
filtration and then washed 8 times with 1,000 ml of warm
water of 50°C. Subsequently, a suspension of 16.00 g of
Aerosil Silica in 1,000 ml of warm water of 50°C was
added to the washed precipitate, and the resulting
mixture was stirred for 20 minutes and then filtered.
The residue was dried at 60°C and pulverized to obtain
35.97 g of a brown powder. This powder was heated in
air at 350°C for 5 hours and then cooled to room
temperature to obtain 33.83 g 6f a black powder.
Subsequently, this powder was heated in a hydrogen
stream at 180°C for 5 hours to obtain copper-based
catalyst G. As a result of analysis, the alkali metal

content of the catalyst was found to be 0.02 wt% based

‘on the catalyst's weight before the reduction with

hydrogen.
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Catalyst Preparation Example 8

Copper-based catalyst H was prepared according
to the Catalyst Preparation Example 7 except for adding
a solution of 0.0130 g of sodium carbonate in 40 ml of
water to 5.0 g of the black powder obtained by the
heating in air, and then evaporating the water with a
rotary evaporator to support sodium carbonate on the
powder by impregnation. As a result of analysis, the
alkali metal content of the catalyst was found to be
0.14 wts based on the catalyst's weight before the

reduction with hydrogen.

Catalyst Preparation Example 9

cOppér-based catalyst I was prepared according
to the Catalyst Preparatibn Example 8 except for
changing the amount of sodium carbonate to be supported
by.impregnation to 0.0265 g. As a result of analysis,
the alkali metal content of the catalyst was found to be
0.24 wts based on the catalyst's weight before the

reduction with hydrogen.

Catalyst Preparation Example 10
Copper-based catalyst J was prepared according

to the Catalyst Preparation Example 8 except for

_ changing the amount of sodium carbonate to be supported

by impregnation to 0.0510 g. As a result of analysis,
the alkali metal content of the catalyst was found to be

0.45 wt% based on the catalyst's weight before the
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reduction with hydrogen.

Catalyst Preparation Example 11

Copper-based catalyst K was prepared according
to the Catalyst Preparation Example.s except for chang-
ing the amount of sodium carbonate to be supported by |
impregnation to 0.1031 g. As a result of analysis, the
alkali'metal content of the catalyst was found to be
0.96 wts based on the catalyst's weight before the

reduction with hydrogen.

Catalyst Preparation Example 12

Copper-based catalyst L was prepared according
to the Catalysf Preparation Example 8 except for sup-
porting 0.0128 g of potassium carbonate by impregnation
in place of sodium carbonate. As a result of analysis,
the total contents of the alkali mefals in the catalyst
was found to be 0.15 wtg based on the catalyst's weight

before the reduction with hydrogen.

Catalyst Preparation Example 13

48.32 g of copper nitrate trihydrate and 0.89
g of barium nitrate were dissolved in 400 ml of water,
and the resulting solution was heated to 50°C. Then, a
solution of 36.65 g of sodium carbonate in 200 ml of
water was added dropwise with stirring over a period of
1 hour, after which the stirring was continued at the

same temperature for 2 hours. The precipitate thus
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formed was collected by filtration and then washed 8
times with 1,000 ml of warm water of 50°C. Subsequent-
ly, a suspension of 16.80 g of Rerosil Silica in 1,000
ml of warm water of 50°C was added to the washed
precipitate, and the resulting mixture was stirred for
20 minutes and then filtered. The residue was dried at
60°C and pulverized to obtain 35.69 g of a brown powder.
This powder was heated in air at 350°C for 5 hours and
then cooled to room temperature to obtain 32.10 g of a
black powder. A solution consisting of 0.0249 g of
sodium carbonate and 40 ml of water was added to 5.0 g
of the black powder, after which the water was
evaporated with a rotary evaporator to support sodium
carbonate on the solid by impregnation. Subsequently,
the thus treated solid was heated in a hydrogen stream
at 180°C for 5 hours to obtain copﬁer-based catalyst M.
As a result of analysis, the weight ratio of metallic
copper to barium carbonate in the catalyst was found to
be 99.7:0.3, and the alkali metal content of the
catalyst was found to be 0.20 wt% based on the

catalyst's weight before the reduction with hydrogen.

Catalyst Preparation Example 14

Copper-based catalyst N was prepared according
to the Catalyst Preparation Example 13 except for using
1.58 g of calcium nitrate tetrahydrate in place of

barium nitrate and changing the amount of sodium
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carbonate to be supported by impregnation to 0.0252 g.
As a result of analysis, the weight'ratio of metallic
copper to calcium carbonate in the catalyst was found to
be 99.2:0.8, and the alkali metal content of the
catalyst was found to be 0.20 wt$ based on Ehe

catalyst's weight before the reduction with hydrogen.

Catalyst Preparation Example 15

12.8 g of diatomaceous earth was suspended in
200 ml of water, followed by adding thereto a solution
of 48.3 g of copper nitrate trihydrate in 200 ml of
water, and the resulting mixture was heated to 50°C.
Then, a solution of 22.8'g of sodium carbonate in 200 ml
of water was added dropwise with stirring over a period
of 2 hours, after which the stirring was continued at
the same temperature for 1 hour. The precipitate thus
formed was collected by filtration and washed 3 times
with 500 ml of warm water of 45°C. A solution of 1.27 g
of sodium carbonate in 200 ml of water was added to the
washed precipitate, and the resulting mixture was
stirred. Thereafter, the water was evaporated with a
rotary evaporator and the residue was dried at 60°C and
pulverized to obtain a dark-gray powder. 1In air, 35.1 g
of this powder was heated at 350°C for 5 hours and then
cooled to room temperature to obtain 29.9 g of a black
powder. Subsequently, this powder was heated.in a
hydroéen stream at 190°C for 1.5 hours and then at 195°C

for 1 hour to obtain copper-based catalyst O.
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Catalyst Preparation Example 16

43.5 g of copper nitréte trihydrate and 5.1 g
of magnesium nitrate hexahydrate were dissolved in 350
ml of water, followed by suspending therein 15.9 g of
Aerosil Silica, and the resulting suspension was heated
to 50°C. Then, a solution of 21.5 g of sodium carbonate
in 200 ml of water was added dropwise with stirring over
a period of 2 hours, after which the stirring was
continued at the same temperature for 1 hour. The
precipitate thus formed was collected by filtration and
then washed 3 times with 500 ml of warm water of 50°C.
The washed precipitate was dried at 60°C and pulverized
to obtain a light~-blue powder. In air, 47.0 g of this
solid was heéted at 350°C for 1 hour and then cooled to
room temperature to obtain 40.0 g of a black powder.
Subsequently, this powder was heated in a hydrogen
stream at 200°C for 3 hours to obtain copper-based
catalyst P. The theoretical weight ratio of metallic
copper to magnesium carbonate in the catalyst was

87.2:12.8. .

Catalyst Preparation Example 17
10.9 g of copper nitrate trihydrate and 1.06 g
of strontium nitrate were dissolved in 200 ml of water,

and 4.1 g of RAerosil Silica was suspended therein

‘at 25°C. Then, a solution of 5.6 g of sodium

carbonate in 60 ml of water was added dropwise with

stirring over a period of 1 hour, after which the
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stirring was continued at the same temperature for 1.5

houfs. The precipitate thus formed was collected by
filtration and then washed 4 times with 400 ml of warm
water of 25°C. The washed precipitate was dried at 60°C
and pulverized to obtain a light-blue powder. This
pbwder was heated in air at 350°C for 5 hours and then
cooled to room temperature to obtain a black powder.
Subsequently, this powder was heated in a hydrogén
stream at 200°C for 3 hours to obtain copper-baéed
catalyst Q. The theoretical weight ratio of metallic
copper to strontium carbonate in the catalyst was

79.5:20.5.

Catalyst Preparation Example 18

48.32 g of copper nitrate trihydrate was
dissolved in 400 ml of water, and the resulting solution
was heated to 50°C. Then, 46.3 ml of a 25 wt% aqueous
ammonia solution was added dropwise with stirring over a
period of 45 minutes, after which the stirring was
continued at fhe same temperature for 4 hours. 16.0
grams of Aerosil Silica was added and the resulting
mixture was continuously stirred for 20 minutes.
Thereafter, the aqueous ammonia solution was evaporated
with a rotary evaporator. The residue was dried and
then pulverized to obtain 65.52 g of a brown powder.
This powder was heated in air at 350°C for 5 hours and
then cooled to room temperature to obtain 29.25 g of a

black powder. Subsequently, this powder was heated in a
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hydrogen stream at 180°C for 5 hours to obtain copper-
based catalyst R containing neither an alkali metal nor

an alkaline earth metal.

Catalyst Preparation Example 19

Copper-based catalyst S containing no alkaline
earth metal was prepared according to the Catalyst
Preparation Exémple 16 except for changing the amount of
copper nitrate trihydrate to 48.2 g and omitting

magnesium nitrate hexahydrate.

Catalyst Preparation Example 20

12.7 g of diatomaceous earth was suspended in
200 ml of water, followed by adding thereto a solution
of 48.4 g of copper nitrate trihydrate in 200 ml of
water, and the resulting mixture was stirred and then
heated to 50°C. Thereafter, a solution of 13.6 g of
ammonium carbonate in 200 ml of water was added dropwise
with stirring over a period of 2 hours, after which the
stirring was continued at the same temperature for 1
hour. The precipitate thus formed was dried at 60°C
with a rotary evaporator and pulverized to obtain a
light-blue powder. 1In air, 61.7 g of this powder was
hgated at 350°C for 1 hour and then cooled to room
temperature to obtain 28.9 g of a black powder. Subse-
quently, this powder was heated in a hydrogen stream at

180°C for 1 hour to obtain copper-based catalyst T
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containing neither an alkali metal nor an alkaline earth

metal.

Catalyst Preparation Examplé 21

Copper-based catalyst U was prepared according
to the Catalyst Preparation Example 8 except for sup-
porting 0.0127 g of sodium nitrate by impregnation in
place of sodium carbonate. As a result of analysis, the
alkali metal content of the catalyst was found to be
0.09 wt$ based on the catalyst's weight before the

reduction with hydrogen.

Example 1

Under nitrogen, 0.3 g of copper-based catalyst
A was charged in a 150-ml stainless-steel autoclave
equipped with a magnetic stirrer, and the autoclave was
closed. Then, 50.0 g of acetophenone was charged in the
autoclave_and hydrogen was supplied thereto at 10
kg/cm2, The acetophenone contained 0.33% impurities.
The autoclave was put in an oil bath and the reaction
was carried out with heating and stirring at 1,150
r.p.m. The temperature of the oil bath was 180°C. (The
reaction was terminated 46.8 minutes after the start of
the hydrogen éupply and the reaction mixture was cooled
to room temperature.) After the termination of the
reaction, the autoclave was Qpened, followed by sampling
and analysis by gas chromatography. The reaction

mixture contained 22.87 wt% of acetophenone, 75.36 wt$
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of q-phenylethyl alcohol and 1.15 wts of ethylbenzene.
The conversion of acetophenone was 77.05%, the
selectivity for a-phenylethyl alcohol was 96.52%, and
the selectivity for ethylbenzene was 1.70%. The
acetophenone-hydrogenating activity per unit time of 1.0

g of the catalyst was 1.37 mol/g-hr.

Example 2

The process of Example 1 was repeated except
for using copper-based catalyst B in place of copper-
based catalyst A and terminating the reaction 55.8
minutes after the start of the hydrogen supply. The
reaction mixture contained 23.10 wt% of acetophenone,
75.62 wts of a-phenylethyl alcohol and 0.608 wtg of
ethylbenzene. The conversion of acetophenone was
76.82%, the selectivity for a-phenylethyl alcohol was
97.14%, and the selectivity for ethylbenzene was 0.90%.
The acetophenone-hydrogenating activiﬁy per unit time of

1.0 g of the catalyst was 1.14 mol/g-hr.

Example 3

The process of Example 1 was repeated except
for using copper-based catalyst C in place of copper-
based catalyst A and terminating the reaction 54.1
minutes after the start of the hydrogen supply. The
reaction mixture contained 23.42 wts% of acetophenone,
74.71 wts of do~phenylethyl alcohol and 1.18 wt% of

ethylbenzene.,  The conversion of acetophenone was
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76.50%, the selectivity for a-phenylethyl alcohol was
96.38%, and the selectivity for ethylbenéene was 1.75%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 1.17 mol/g-hr.

Example 4

The process of Example 1 was repeated except
for using copper-based catalyst D in place of copper-
based catalyst A and terminating the reaction 62.0
minutes after the start of the hydrogen supply. The
reaction mixture contained 23.33 wtgs of acetophenone,
75.50 wt$ of a-phenylethyl alcohol and 0.75 wtg of
ethylbenzene. The conversion of acetophenone was
76.60%, the selectivity for a-phenylethyl alcohol was
97.28%, and the selectivity for ethylbenzene was 0.75%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 1.05 mol/g-hr.

Example 5

The process of Example 1 was repeated except
for using copper-based catalyst E in place of copper-
based catalyst A and terminating the reaction 61.5
minutes after the start of the hydrogen supply. The
reaction mixture contained 24.32 wts of acetophenone,
73.94 wts of a-phenylethyl alcohol and 1.06 wtg of
ethylbenzene. The conversion of acetéphenone was

75.60%, the selectivity for a-phenylethyl alcohol was

-96.52%, and the selectivity for ethylbenzene was 1.59%.
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The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 1.02 mol/g-hr.

Example 6

The process of Example 1 was repeated except
for using copper-based catalyst F in place of copper-
based catalyst A and terminating the reaction 72.0
minutes after the start of the hydrogen supply. The
reaction mixture contained 23.08 wt% of acetophenone,
75.74 wts of a-phenylethyl alcohol and 0.54 wty of
ethylbenzene. The conversion of acetophenone was
76.85%, the seledtivity for a-phenylethyl alcohol was
97.27%, and the selectivity for ethylbenzene was 0.80%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 0.87 mol/g-hr.

Example 7

The process of Example 1 was repeated except
for using copper-based catalyst G in place of copper-
based catalyst A and terminating the reaction 52.5
minutes after the start of the hydrogen supply. The
reaction mixture contained 25.75 wt3% of acetophenone,
72.46 wts of a-phenylethyl alcohol and 1.10 wtg of

ethylbenzene. The conversion of acetophenone was

- 74.17%, the selectivity for a-phenylethyl alcohol was

96.41%, and the selectivity for ethylbenzene was 1.68%.
The acetophenone~hydrogenating activity per unit time of

1.0 g of the catalyst was 1.17 mol/g-hr.
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Example 8

The process of Example 1 was repeated except
for using copper-based catalyst H in place of copper-
based catalyst A and terminating the reaction 58.9
minutes after the start of the hydrogen supply. The
reaction mixture contained 23.04 wtg of acetophenone,
75.63 wts of a-phenylethyl alcohol and 0.61 wt% of
ethylbenzene. The conversion of acetophenone was
76.88%, the selectivity for a-phenylethyl alcohol was
97.08%, and the selectivity for ethylbenzene was 0.90%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 1.08 mol/g-hr.

Example 9

The process of Example 1 was repeated except
for using copper-based catalyst I in place of copper-
based catalyst A and terminating the reaction 61.5.
minutes after the start of the hydrogen supply. The
reaction mixture contained 25.96 wtg$ of acetophenone,
72.90 wts of a-phenylethyl alcohol and 0.49 wt$ of
ethylbenzene. The conversion of acetophenone was
73.96%, the selectivity for a-phenylethyl alcohol was
97.28%, and the selectivity for ethylbenzene was 0.74%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 0.99 mol/g-hr.

Example 10

The process of Example 1 was repeated except
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for using copper-based catalyst J in place of copper-
based catalyst A and terminating the reaction 80.5
minutes after the start of the hydrogen supply. The
reaction mixture contained 20.20 wtg of acetophenone,
78.80 wt$ of a-phenylethyl alcohol and 0.64 wts of
ethylbenzene. The conversion of acetophenone was 79.74%,
the selectivity for a-phenylethyl alcohol was 97.53%,
and the selectivity for ethylbenzene was 0.66%. The
acetophenone-hydrogenating activity per unit time of 1.0

g of the catalyst was 0.82 mol/g-hr.

Example 11

The process of Example 1 was repeated except
for using copper-based catalyst K in place of copper-
based catalyst A and terminating the reaction 97.5
minutes after the start of the hydrogen supply. The
reaction mixture contained 24.62 wtgs of acetophenone,
74.53 wts of o-phenylethyl alcohol and 0.25 wt$ of
ethylbenzene. The conversion of acetophenone was
75.30%, the selectivity for a-phenylethyl alcohol was
97.68%, and the selectivity for ethylbenzene was 0.37%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 0.64 mol/g-hr.

Example 12
The process of Example 1 was repeated except
for using copper-based catalyst L in place of copper-

based catalyst A and terminating the reaction 54.1
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minutes after the start of the hydrogen supply. The
reaction mixture contained 23.26 wt$ of acetophenone,
75.04 wtgs of a-phenylethyl alcohol and 0.92 wty of
ethylbenzene. The conversion of acetophenone was
76.67%, the selectivity for a-phenylethyl alcohol was
96.60%, and the selectivity for ethylbenzene was 1.37%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 1.18 mol/g-hr.

Example 13

The process of Example 1 was repeated except
for using copper-based catalyst M in place of copper-
based catalyst A and terminating the reaction 70.4
minutes after the start of the hydrogen supply. The
reaction mixture contained 22.69 wt$ of acetophenone,
76.14 wt$ of a-phenylethyl alcohol and 0.57 wtg of
ethylbenzene. The conversion of acetophenone was
77.24%, the selectivity for oa-phenylethyl alcohol was
97.29%, and the selectivity for ethylbenzene was 0.84%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 0.91 moi/g-hr.

Example 14
The process of Example 1 was repeated except
for using copper-based catalyst N in place of copper-

based catalyst A and terminating the reaction 60.3

- minutes after the start of the hydrogen supply. The

reaction mixture contained 23.73 wt% of acetophenone,
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74.91 wt$ of o-phenylethyl alcohol and 0.62 wt% of
ethylbenzene. The conversion of acetophenone was
76.19%, the selectivity for a-phenylethyl alcohol was
97.03%, and the selectivity for ethylbenzen was 0.94%.
The acefophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 1.05 mol/g-hr.

Example 15

Under nitrogen, 0.3 g of copper-based catalyst
O was charged in a 50-ml stainless-steel autoclave
equipped with a magnetic stirrer, and the autoclave was
closed. Then, 15.0 g of acetopheﬁone was charged in the
autoclave and hydrogen was supplied ﬁhereto at 10
kg/cm2, The acetophenone contained 1.59% impurities.
The autoclave was put in an oil bath and the reaction
was carried out with heating and stirring at 1,000
r.p.m. The temperature of the oil bath was 180°C. (The
reaction was terminated 170 minutes after the start of
the hydrogen supply and the reaction mixture was cobled
to room temperature.)' After the termination of the
reaction, the autoclave was opened, followed by sampling
and analysis by gas chromatography. The reaction
mixture contained 9.99 wt% of acetophenone, 87.87 wt% of
o-phenylethyl alcohol and 0.54 wtg of ethylbenzene. The
conversion of acetophenone was 89.7%, the selectivity
for a-phenylethyl alcohol was 99.3%, and the selectivity
for ethylbenzene was 0.7%. The acetophenone-

hydrogenating activity per unit time of 1.0 g of the
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catalyst was 0.23 mol/g-hr.

Example 16

Under nitrogen, 0.3 g of copper-based catalyst

P was charged in a 50-ml stainless-steel autoclave

equipped with a magnetic stirrer, and the autoclave was
closed. Then, 15.0 g of acetophenone was charged in the
autoclave and hydrogen was sealed up within the
autoclave at 20 kg/cm2. The acetophenone contained
0.33% impurities. The autoclave was put in an oil bath
and the reaction was carried out with heating and
stirring at 1,150 r.p.m. The temperature of the oil
bath was 180°C. (The reaction was terminated 53 minutes
after the start of the hydrogen supply and the reaction
mixture was cooled to room temperature.) After the
termihation of the reaction, the pressure in the
hydrogen gas holder was 8.0 kg/cm2G. The autoclave was
opened, followed by sampling and analysis by gas
chromatography. The reaction mixture contained 32.6 wt$
of acetophenone, 66.8 wt$ of a-phenylethyl alcohol and
0.6 wt$ of ethylbenzene. The conversion of acetophenone |
was 67.1%, the selectivity for o-phenylethyl alcohol was
99.0%, and the selectivity for ethylbenzene was 1l.0%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 0.32 mol/g-hr.

Example 17

The process of Example 16 was repeated except
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for using coppe;-based catalyst Q in pléce of copper-
based catalyst P and termihating the reaction 20 minutes
after the start of the hydrogen'supply. The reaction
mixture contained 33.6 wt$ of acetophenone, 65.2 wtg of
a-phenylethyl alcohol and 1.2 wtg of ethylbenzene. .The
conversion of acetophenone was 66.4%, the selectivity
for a-phenylethyl alcohol was 97.9%, and the selectivity

for ethylbenzene was 2.1%.

Example 18

| The process of Example 16 was repeated except
for using copper-based catalyst S in place of copper-
based éatalyst P and terminating the reaction 24 minutes
after the start of the hydrogen supply. The reaction
mixture contained 31.3 wtg of acetophenone, 67.0 wtg of
a-phenylethyl alcohol and 1.7 wt$ of ethylbenzene. The
conversion of acetophenone was 68.4%, the selectivity
for a-phenylethyl alcohol was 97.2%, and the selectivity

for ethylbenzene was 2.8%.

Example 19

The process of Example 1 was repeated except
for using copper-based cataiyst U in place of copper-
based catalyst A and terminating the reaction 55.3
minutes after the start of the hydrogen supply. The
reaction mixture contained 23.26 wts of acetophenone,
75.19 wtgs of a-phenylethyl alcohol and 0.90 wtg of

ethylbenzene. The conversion of acetophenone was
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76.67%, the selectivity for a-phenylethyl alcohol was
96.79%, and the selectivity for ethylbenzene was 1.33%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst was 1.15 mol/g-hr.

Comparative Example 1

The process of Example 1 was repeated except
that a product obtained by heating a commercially
available copper-chromite catalyst (C-100, SAKAI
CHEMICAL INDUSTRY Co., Ltd.) in a hydrogen stream at
180°C for 5 hours was used in place of copper-based
catalyst A, and that the reaction was terminated 72.2
minutes after the start of the hydrogen supply. The
reaction mixture contained 26.61 wt$ of acetophenone,
70.24 wty of u-phenylethyl_alcohol and 2.37 wtg of
ethylbenzene. The conversion of acetophenone was
73.30%, the selectivity for a-phenylethyl alcohol was
94.56%, and the selectivity for ethylbenzene was 3.68%.
The acetophenone-hydrogenating activity per unit time of

1.0 g of the catalyst obtained above was 0.84 mol/g-hr.

. Comparative Example 2

The process of Example 1 was repeated except
that copper-based catalyst R containing neither an
alkali metal nor an alkaline earth metal was used in
place of copper-based catalyst A, and the reaction was
terminated 132.9 minutes after the start of the hydrogen

supply. The reaction mixture contained 28.96 wtg of
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acetophenone, 66.97 wt$ of a-phenylethyl alcohol and
3.35 wt% of ethylbenzene. The conversion of aceto-
phenone was 70.94%, the selectivity for a-phenylethyl
alcohol was 93.15%, and the selectivity for ethylbenzene
was 5.36%. The acetophehone—hydrogenating activity per

unit time of 1.0 g of the catalyst was 0.44 mol/g-hr,

Comparative Example 3

The process of Example 15 was repeated except
for using copper-based catalyst T in place of copper-
based catalyst O. The reaction mixture contained 72.11
wtg of acetophenone, 26.22 wt$ of a-phenylethyl alcohol
and 0.08 wtg of ethylbenzene. The conversion of aceto-
phenone was 26.4%, the selectivity for a-phenylethyl
alcohol was 99.6%, and the Selectivity for ethylbenzene
was 0.4%. The acetophenone-hydrogenating activity per

unit time of 1.0 g of the catalyst was 0.07 mol/g-hr.
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WHAT IS CLAIMED IS:
1. A process for producing a-phenylethyl alcohol
by hydrogenation of acetophenone, which uses a copper-
based catalyst containing at least one alkaline earth
metal carbonate and/or at least one alkali metal
compound.
2. The process according to claim 1, wherein the
alkaline earth metal carbonate is selected from the
group consisting of calcium carbonate, strontium
carbonate and barium carbonate. |
3. The process according to claim 1, wherein the
alkaline earth metal carbonate is strontium carbonate.
4. The process according to claim 1, wherein the
weight ratio of the alkaline earth metal carbonate(s) to
metéllic copper rahges from 0.1:99.9 to 50:50.
5. The process according to claim 1, wherein the
weight ratio of the alkaline earth metal carbonate(s) to
metallic copper ranges from 0.1:99.9 to 25:75.
6. The process according to claim 1, wherein the
alkali metal compound is selected from the group
consisting of sodium salts and potassium salts.
7. The process according to claim 1, wherein the
alkali metal compound is selected from the group
consisting of alkali metal carbonates and alkali metal
nitrates.
8. The process according to claim 1, wherein the

alkali metal compound is an alkali metal carbonate.
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9. The process according to claim 1, wherein the
alkali metal compound is selected from the group
con51st1ng of sodium carbonate, potassium carbonate and
sodium nitrate.

10. The process according to claim 1, wherein the
copper-based catalyst contains the alkali metal
compound(s) in an amount of 0.01 to 10 wt% in tefms of
the alkali metal(s) before its reduction.

11. The process according to claim 1, wherein the
copper-based catalyst contains the alkali metal
compound(s) in an amount of 0.01 to 5 wtg in terms of
the a;kali metal(s) before its reduction.

12, The process according to claim 1, wherein the
hydrogenation reaction temperature ranges frqm 50 to
200°cC.

13. The process according to claim 1, wherein the
hydrogenation reaction pressure ranges from 5 to 100
atmospheres.

14. The process according to claim 1, wherein the
weight ratio of the catalyst used for the hYdrogenation
reaction to a material to be reduced ranges from 0.001:1
to 0.5:1.

15. The process according to claim 1, wherein in
the halogenation reaction, the feed rate (LHSV) of a
solution of a material to be reduced ranges from 0.1 to
5h-1,

16. The process according to claim 1, wherein in

the halogenation reaction, the amount of hydrogen used
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ranges from 1 to 30 times larger than the theoretical
molar equivalent of hydrogen to a material to be
reduced.
17. The process according to claim 1, wherein the
copper-based catalyst is a catalyst obtained by a
coprecipitation method, a precipitation method or a
mixing method.
18. The process according to claim 17, wherein the
copper-based catalyst is a catalyst obtained by the
coprecipitation method and is prepared by adding an
alkali solution to a mixed solution of a copper salt and
an alkaline earth metal salt to cause coprecipitation
and calcining the resulting precipitate, followed by
hydrogen reduction.
19. The process according to claim 17 wherein the
copper-based catalyst is a catalyst obtained by the
precipitation method and is prepared by suspending an
alkaline earth metal carbonate in a copper salt
solution, adding thereto an alkali solution to
precipitate copper and support  -the same on the alkaline
earth metal carbonate, followed by calcination and
hydrogen reduction.
20. The process according to claim 17 wherein the
copper-based.catalyst is a catalyst obtained by the
mixing method and is prepared by adding an alkali
solution to a copper salt solution to form a

precipitate, and mixing an alkaline earth metal

AR




_37-
carbonate with the precipitate, followed by calcination
and hydrogen reduction.
21. A copper-based catalyst obtained by a
coprecipitation method comprising adding an alkali
solution to a mixed solution of a copper salt and an
alkaline earth metal salt to cause coprecipitation, and
calcining the resulting precipitate, followed by
hydrogen reduction with hydrogen.
22, . The copper-based catalyst according to claim
21, an alkali is at least one compound selected from the
group consisting of an alkali metal carbonate and an
alkali metal hydrogen carbonate.
23, The copper-based catalyst according to claim
21, wherein the coprecipitation method further includes
mixing with an alkali metal compound solution. -
24, The copper-based catalyst according to claim
21, wherein the coprecipitation method further includes.
mixing with a silica carrier, between causing
coprecipitation and calqining the resulting precipitate.
25. A copper-based catalyst obtained by a
precipitation method comprising suspending an alkaline
earth metal carbonate in a copper salt solution, adding
thereto an alkali solution to precipitate copper and
support the same on the alkaline earth metal carbonate,
followed by calcination and hydrogen reduction with
hydrogen.
26. The copper-based catalyst according to claim

25 wherein an alkali is at least one compound selected
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from the group consisting of an alkali metal carbonate
and an alkali metal hydrogen ca;bonaté.
27. The copper-based catalyst aécording to claim
25, wherein the precipitation method further includes
mixing with an alkali metal compound solution, following
calcination and reduction with hydrogen.
28. The copper-based catalyst according té claim
25, wherein the suspending step includes suspending an
alkaline earth metal carbonate and a silica carrier in a
copper salt. |
29. A copper-based catalyst obtained by a mixing
method comprising adding an alkali solution to a copper
salt solution to form a precipitate, and mixing an
alkaline earth metal carbonate with the precipitate,
followed by calcination and hydrogen reduction with
hydrogen.
30. The copper-based catalyst according to claim
29, wherein an alkali is at least one compound selected
from the group consisting of an alkali metal carbonate
and an alkali metal hydrogen carbonate.
31. The copper-based catalyst according to claim
29, wherein the mixing method further includes mixing
with an alkali metal compound solution, following
calcination and hydrogen reduction.
32. The copper-based catélyst according to claim
29, wherein the mixing step includes mixing an alkaline
earth metal carbonéte and a silica carrier with the

precipitate.
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