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REDUCTION-'l'REATED COPPER-BASED CATALYST AND PROCESS FOR 

PRODUCING a -PHENYL.ETHYL ALCOHOL USING THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a reduction-treated 

copper-based catalyst and a process for producing· a 

-phenylethyl alcohol using the same. More particularly, 

10 the present invention relates to a reduction-treated 

copper-based catalyst and.a process _for producing a 

-phenylethyl alcohol by hydrogenating acetophenone in 

the presence of a copper-based catalyst, which can keep 

the lowering of catalyst activity at an extremely low 

15 level. In addition. a -phenylethyl alcohol is useful, for 

example, as a raw material for production of styrene, 

and a raw material for production of various perfumes. 

Description of Related Arts 

A copper-based catalyst is known as a hydrogenation 

20 catalyst. And, it is known that a -phenylethyl alcohol can 

be produced by hydrogenating acetophenone with the 

copper-based catalyst. For example, a process of 

hydrogenating acetophenone using a copper-chromite 

catalyst which contains barium, zinc and magnesium is 

25 disclosed in JP-A-59-27216. 

By the way, when the reaction is carried out by flowing 

a fluid for reaction into a reactor· in which the 
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copper-based catalyst is packed, it is required that 

copper oxide in the catalyst is reduced to copper as an 

activation treatment of the ·catalyst, but there have been 

problems that the catalyst activity is lowered remarkably 

5 depending_ on reduction process, the catalyst cannot 

sufficiently exhibit the quality over long period, and 

it is disadvantageous from the industrial view point in 

particular. 

10 SUMMARY OF THE INVENTION 

Under these circumstanc~s. an object of the present 

invention is to provide a reduction-treated copper-based 

catalyst and a process for producing a-phenylethyl 

alcohol by hydrogenating acetophenone in the presence 

15 of the copper-based catalyst, which can keep the lowering 

of catalyst activity at an extremely ~ow level. 

Namely, the present invention relates to a 

reduction-treated copper-based catalyst obtained by 

reducing a copper-based catalyst with hydrogen in the 

20 presence of a liquid phase, and a process for producing 

a-phenylethyl alcohol, which comprises hydrogenating 

acetophenone with said reduction-treated copper-based 

catalyst. 

25 DETAILED DESCRIPTION OF THE INVENTION 

The copper-based catalyst used in the present invention 

means a catalyst containing cuo as a main component. The 
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content of CuO in the catalyst is usually 10 to 90% by 

weight and preferably 20 to 80% by weight. The too low 

and too high amounts of the content happen to cause the 

lowering of hydrogenation activity. The components other 

than CuO in the catalyst include various metal oxides 

such as Cr203, ZnO, Fe203 , Al203, La203, Sm203 , Ce02, Ti02, 

Si02, Mn02, Co203, NiO, Bao, Cao, MgO and the like, and 

a compound oxide-based catalyst in which Cu0-Cr20 3 ·and 

CuO-ZnO are main components is suitably used. Further, 

10 an alkaline metal compound may be contained as a component 

other than the above-mentJoned components. 

The catalyst may be a catalyst using a carrier or a 

catalyst not using a carr1er. The carr1er includes metal 

oxides and compound oxides thereof such as silica, alumina, 

15 titania, zirconia, magnesia, silica alumina and the like: 

bentonite, montmorillonite, diatomacequs earth, acid 

clay, act1vated carbon· and the like, but silica and 

diatomaceous earth are preferable. Further, when the 

catalyst is molded, binders such as graphite, silica sol, 

20 alumina and the like may be added. 

The shape of the catalyst includes spherical shape, 

cylindrical shape and the like, and the size of the catalyst 

is usually from 0.5 to lOmm, and preferably from 1 to 

6mm. 

25 The catalyst can be produced by a co-precipitation method, 

a precipi.tation method, a mixing method or the like. For 

example, a catalyst powder is prepared by heating a paste 
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obtained by the co-precipitation method, the 

fore-mentioned binder or the like is added to the powder, 

and a molded pellet is obtained by carrying out a tabletting 

molding or an extrusion molding. 

Further,commerciallyavailableproductscorresponding 

thereto may be used. 

The present invention is characterized in that a catalyst 

which is reduced in the presence of liquid phase is used. 

When copper oxide in the catalyst is usually reduced to 

10 obtain copper as active species, the reaction heat 

generated by the reductio~ is.extremely large as 

38kcal/mol-Cu0, .and a method of suppressing the reaction 
.. ··- .... 

rate by diluti.ng hydrogen gas as a raw material is adopted 

in order to efficiently remove the reaction heat. 

15 However, according to inventor's study, it was 

considered that the temperature of a qatalyst surface 

was drastically raised depending on the operational 

condition, Cu on the catalyst.surface coagulated, the 

activity after the reduction was drastically lowered, 

20 and stable activity was not obtained. 

Further, when hydrogen is diluted, it is not economical 

because a great amount of an inert gas such as nitrogen 

or the like is required. 

In the present invention, since heat capaci~y removed 

25 in reduction in the presence of liquid phase is large 

as compared with that in reduction in the absence of liquid 

phase, the reaction heat generated in. the reduct.ion can 
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be efficiently remo~ed, and further, since only hydrogen 

which solved in liquid phase contributes the reaction, 

the reaction can be controlled to a desired rate by changing 

a pressure, temperature or the like without dilut:i.on of 

5 hydrogen, or in dilution with a minor amount of a diluting 

gas . Accordingly, it is extremely economical from the 

viewpoint of industrial performance, the lowering of 

activity caused by coagulation of copper is not obser"'i'red, 

and a catalyst having a stable activity can be obtained. 

10 As a liquid medium, any of those which is liquid under 

reduction condition can b~ used, and specifi°c examples 

thereofincludewater,alcoholssuchasmethanol,ethanol, 

propanol, ethyleneglycol mono methyl ether, a 

-phenylethyl alcohol and the like; ethers such as diethyl 

15 ether, tetrahydrofuran, dioxane, ethylene glycol 

dimethyl ether and the like; hydrocarbon.s such as hexane, 

heptane, toluene, ethyl benzene and the like; and mixed 

solvents thereof. 

The reduction-treated copper-based catalyst of the 

20 present invention can be used for hydrogenation of organic 

compounds such as acetophenone and the like. 

The reduction-treated copper-based catalyst of the 

invention can be suitably applied to hydrogenat:i.on of 

acetophenone for producing a-phenyl.ethyl alcohol. 

25 The hydrogenation of acetophenone is carried out using 

a reactor in which the above-mentioned catalyst is packed. 

The reaction temperature is usually AO to 2oo'C, and 
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preferably 60 to 1so'C. The reaction pressure is usually 

from 0.1 to 20Mpa and preferably from 1 to lOMpa. When 

the temperature or the pressure is too low, the reaction 

does not sufficiently proceed, and on the other hand, 

5 when the temperature or the pressure is too high, the 

by-production of ethylbenzene may increase.· The amount 

of a catalyst used is usually from O. 01 to SOhr-1 as the 

space velocity of a raw material liquid to a catalyst 

layer and preferably from O.l to 20hr-1
• The amount of 

10 hydrogen fed is usually from 1.0 to 3-fold.by mole for 

the amount of acetophenon~ in.the raw material liquid 

charged. 

As a liquid medium for reaction, those above-mentioned, 

which are used in the reduction-treatment of the 

15 copper-based catalyst, can be used. 

In the reduction-treatment or hydrogenation mentioned 

above, the liquid or gas from the exit of a reactor may 

be recycled to the reactor. 

Then, the present invention is illustrated according 

20 to Examples in detail, but is not limited thereto. 

Example 1 

In a reaction tube having an inner di.ameter of lcm and 

a packing height of lm of a fi.xed bed adiabatic reactor, 

70cc of a copper si.lica pellet catalyst ( containi.ng 65% 

25 by weight of CuO) was filled, lOOg/hr of ethylbenzene 

(hereinafter, described as 11 EB 11
) and lOOOONcc/hr of a 

gas composed of 15% of methane and 8S% of hydrogen were 
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fed at a pressure of O. 6Mpa and a temperature of lSO°C, 

and reduction was carried out for 20 hours. After 

completion of the reduction, 427g/hr of a flesh raw 

material liquid composed of 22% by weight of acetophenone 

5 (hereinafter, described as 11 ACP 11
), 61% by weight of a 

-phenylethyl alcohol (hereinafter, described as "MBA"), 

and 17% by weight of.other compounds, and 35.6NL/hr 

converted to normal state (the molar ratio of hydrogen 

to acetophenone raw material is 1.5-fold by mol) of a 

10 mix gas composed of 83% by volume of hydrogen an~ 17% 

by volume of methane were fe.d, and hydrogenation reaction 

was carried out at a pressure condition of 2.SMPa. At 

a stationary state after 8 hours in which the inlet 

temperature of the reactor was controlled at 90°C, reaction 

15 results determined from compositions at the inlet and 

exit of the reactor were 68. 3% as an ACP .. conversion, and 

0.8% as EB selectivity. 

Comparative Example 1 

In a reaction tube having an inner diameter of lorn and 

20 a packi.ng height of lm of a fixed bed adiabati.c reactor, 

70cc of a copper silica pellet catalyst (containing 65% 

by weight of cuo) was filled, 8500Ncc/hr of a gas composed 

of 15% of methane and 85% of hydrogen was fed at a pressure 

of o. lMpa and a temperature of 140 to 1so'C while diluting 

25 it with nitrogen of 3500Ncc/hr, and reduction was carried 

out for 20 hours. After completion of the reduction, 

428g/hr of a flesh raw material solut"ion composed of 21% 



----------------------------------------- -- - -----

8 

by weight of acetophenone· (hereinafter, described as 

11 ACP 11
) and 79% by weight of a -phenylethyl alcohol 

(hereinafter, descri.bed as "MBA"), and 35.6NL/hr 

converted to normal state (the molar ratio of hydrogen 

5 to acetophenone raw material is 1.5-fold by mol} of a 

mix gas composed of 86% by volume of hydrogen and 14% 

by volume of methane were fed, and hydrogenation reaction 

was carried out under a pressure condition of 2.SMPa. 

At a steady state after 8 hours in which the inlet 

10 temperature of the reactor was controlled at 9ci'C, reaction 

results determined from cqmpositions at the.inlet and 

exit of the reactor were 58. 3% as an ACP conversion, and 

1.4% as EB selectivity. 

15 As descri.bed above, according to the present invention, 

a process for producing a-phenylethyl,alcohol by 

hydrogenating acetophenone in the presence of a 

copper-based catalyst, which can keep the lowering of 

catalyst activity at an extremely low level can be 

20 provided. 
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CLAIMS 

1. A reduction-treated copper-based catalyst obtained 

by a process which comprises reducing a copper-based 

5 catalyst with hydrogen in the presence of a liquid phase. 

2. The reduction-treated copper-based catalyst 

according to claim l, wherein the copper-based catalyst 

contains 10 to 90 % by weight of CuO. 

3. A process for producing a -phenyl ethyl alcohol, which 

10 comprises hydrogenating acetophenone in the· presence of 

the reduction-treated copp~r-based catalyst of cl.ai.m 1. 

4. A process for producing a -phenylethyl alcohol, which 

compri:ses hydrogenating acetophenone in the presence of 

the reduction-treated copper-based catalyst of claim 2. 

15 5. The process according to claim 3, wherein the 

hydrogenation is carried out at 40 to _.200'C. 

6. The process according to claim 4, wherein- the 

hydrogenation is carried out at 40 to 2oo'C. 

7. A process for producing a reduction-treated 

20 copper-based catalyst, which comprises reducing a 

copper-based catalyst with hydrogen in the presence of 

a liquid phase. 

8. The process according to claim 7, wherein the 

copper-based catalyst contains 10 to 90 % by weight of 

25 cuo. 
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