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Abstract Alumina-supported cobalt metal catalysts are studied in the preparation

of 1-phenylethanol by the selective hydrogenation of acetophenone. X-ray dif-

fraction was used to investigate the phase of the catalysts. Effects of reaction

temperatures, Co loading, and catalysts preparation method on the activity of the

hydrogenation of acetophenone and the selectivity of 1-phenylethanol were studied.

The results show that the preparation method and Co loading influence the dis-

persion of the catalyst. The hydrogenation of carbonyl groups has priority to

hydrogenation of phenyl groups over alumina-supported Co catalysts. The selec-

tivity of 1-phenylethanol decreases when the reaction temperature is increased

under the same conversion conditions. With the Co loading increasing, the reaction

activity increases while the selectivity of 1-phenylethanol decreases. The selectivity

of 1-phenylethanol reaches 98% when the conversion is up to 98.2% at 373 K over

the catalyst prepared by impregnation.

Keywords 1-phenylethanol � Alumina-supported Co catalysts �
Selective hydrogenation � Acetophenone

Introduction

The selective hydrogenation of aromatic ketones to aromatic alcohols is an

important reaction in the fine chemical industry [1–3]. So far, the hydrogenation of
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acetophenone has been successfully studied on Pd [4, 5], Pt [2, 6], Ru [7], Ni [8, 9],

and Cu [10] catalytic systems. It is well known that the hydrogenation of

acetophenone is a complex multi-step reaction due to competitive hydrogenation

between phenyl and carbonyl groups in one molecule (Fig. 1) [6]. The products

are strongly dependent on catalyst composition. The products are 1-phenylethanol

and ethylbenzene over Pd-based catalyst [4, 5]. In contrast, the products are

1-phenylethanol, ethylbenzene, methylcyclohexylketone, cyclohexylethanol and

ethylcyclohexane over Pt-based catalyst [2, 6]. Over Ru-based catalysts, the main

products are 1-phenylethanol, methylcyclohexylketone, and cyclohexylethanol. The

main products over Raney Ni catalyst include 1-phenylethanol, ethylbenzene,

methylcyclohexylketone and cyclohexylethanol. It is important to find an appro-

priate active component to improve the activity and selectivity of 1-phenylethanol.

Cobalt is commonly considered to be a good catalyst for the hydrogenation of

carbonyl groups and was widely used in hydrogenation of cinnamaldehyde [11, 12].

However, few studies have been carried out on the application of Co-based catalyst

over selective hydrogenation of acetophenone.

The aim of this investigation is to demonstrate the catalytic performance of

alumina-supported Co catalysts on the selectivity in acetophenone hydrogenation.

X-ray diffraction was used to investigate the phase of the catalysts. The effect of

reaction temperature, Co loading and the preparation method on the activity and

selectivity of 1-phenylethanol were studied. High selectivity of 1-phenylethanol was

obtained.

Experimental

Materials and methods

Coprecipitation: an aqueous solution of (NH4)2CO3 (A.R., Shanghai Sihewei

Chemicals Co.) was added to an ethanol solution of Al(NO3)3 (A.R., Shanghai
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Fig. 1 Reaction scheme for the hydrogenation of acetophenone. AP acetophenone, PE 1-phenylethanol,
CHMK methylcyclohexylketone, CHE cyclohexyl ethanol, EB ethyl benzene, ECH ethylcyclohexane
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zhengxin reagent factory) and Co(NO3)2 (A.R., Shanghai zhengxin reagent factory)

and the pH was adjusted to 7. The mixture was stirred for 30 min. The sample was

filtered under vacuum, aged at room temperature for 24 h, dried at 373 K for 10 h,

and then heated to 773 K at a rate of 10 K/min and calcined in air at 773 K for 6 h.

Impregnation: isovolumetric impregnation was adopted. The required amount of

Co(NO3)2 was dissolved in water and added the required amount of Al2O3 support.

The mixture was kept for 24 h at room temperature, dried at 313 K for 4 h and

373 K for 10 h, then heated to 673 K at a rate of 1 K/min and calcined at 673 K for

4 h.

The alumina-supported Co metal catalysts were produced by reducing the oxide

precursors in hydrogen at 773 K for 4 h.

Catalyst characterization

XRD examination was performed using a X-ray diffract meter (Bruker axs/D8

Foucs) with Cu Ka radiation (k = 0.15406 nm).

Hydrogenation reaction

Liquid-phase hydrogenations of acetophenone were carried out in a 500 mL stirred

batch reactor. The catalyst (0.8 g), acetophenone (5 mL, Sinopharm Chemical

Reagent. Co. Ltd.), and ethanol (160 mL, Sinopharm Chemical Reagent. Co. Ltd.)

were loaded into the reactor, then the reactor was sealed. Reactions were performed

under a total pressure of 2 MPa. The reaction products were identified with GC–MS

(Agilent-6890GC-5973MS) and analyzed by GC (SHIMADZU GC-2010).

Results and discussion

Catalyst characterization

Figs. 2 and 3 show XRD patterns of the alumina-supported cobalt oxides precursors

and metal catalyst. As shown in Fig. 2, mainly Co3O4 exists on the c-Al2O3 support.

It can be seen that with increasing Co loading, the intensity of the XRD diffraction

pattern of Co3O4 is improved, which means the particle diameter of Co3O4

increased. It can also be seen that, at the same Co loading amount, the Co/Al2O3

oxide precursors prepared by impregnation showed higher XRD peak intensity of

Co3O4 than the catalyst prepared by coprecipitation, which means that the sample

prepared by coprecipitation showed higher dispersion and smaller particle diameter

of Co3O4. Fig. 3 shows that Co3O4 converted to Co metal after reduction, which

means the active components in the selective hydrogenation of acetophenone is Co0.

But a few diffraction peaks of Co3O4 appeared on the catalyst when the Co loading

is below 28.6%, and the XRD peak intensity of Co3O4 decreases with the Co

loading increasing, which means the oxides with lower Co loading were less

reducible.
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Acetophenone hydrogenation on alumina-supported Co catalyst

Fig. 4 displays the product distribution (mol %) as a function of time during the

selective hydrogenation of acetophenone over the alumina-supported Co catalyst. It is

shown that PE and EB are the major products for hydrogenation of acetophenone over

alumina-supported Co catalyst. This indicates that the hydrogenation of carbonyl

groups has priority over the hydrogenation of phenyl groups on alumina-supported

Co catalysts. The concentration of PE first increases and then decreases with

reaction time, and the concentrations of EB slowly boosts with time. This means the

formation of 1-phenylethanol and ethylbenzene is a consecutive reaction in which
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Fig. 2 X-ray diffraction pattern of alumina-supported Co oxides: (1) 4.8%Co/Al2O3 by coprecipitation,
(2) 16.7%Co/Al2O3 coprecipitation, (3) 28.6%Co/Al2O3 coprecipitation, (4) 44.4%Co/Al2O3 coprecipi-
tation, (5) 28.6%Co/Al2O3 by impregnation
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Fig. 3 X-ray diffraction pattern
of alumina-supported Co metal
catalysts: (1) 4.8%Co/Al2O3 by
coprecipitation, (2) 16.7%Co/
Al2O3 coprecipitation, (3)
28.6%Co/Al2O3 coprecipitation,
(4) 44.4%Co/Al2O3

coprecipitation, (5) 8.6%Co/
Al2O3 by impregnation
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Fig. 4 Product distribution
(mol %) during the course of
acetophenone hydrogenation
(0.8 g catalyst, 28.6% Co/Al2O3

prepared by coprecipitation; a
353 K, b 373 K, c 393 K).
AP acetophenone,
PE 1-phenylethanol,
CHE 1-cyclohexylethanol,
EB ethyl benzene
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1-phenylethanol is the intermediate for ethylbenzene [5]. When the conversion is close

to 100% at 353 K, a small amount of 1-cyclohexylethanol (0.2%) was produced.

Effect of reaction temperature on acetophenone hydrogenation

A significant enhancement in the activity was observed with the reaction

temperature increasing (Fig. 4). The conversion of acetophenone reaches 95.8%

after 4 h at 353 K, while it reaches at 97.6% after 0.5 h at 393 K.

The selectivity of 1-phenylethanol dropped rapidly along with reaction temper-

ature increasing under the same conversion rate conditions (Fig. 5). This is due to

the dehydration reaction of 1-phenylethanol to styrene and styrene is consecutively

transformed to ethyl benzene by hydrogenation at high reaction temperature [13].

The conversion rate of the 1-phenylethanol to ethyl benzene increased rapidly with

temperature.

Effect of Co loading on acetophenone hydrogenation

The effects of Co loading on the selectivity hydrogenation of acetophenone were

also studied. The results are shown in Table 1. With the increase of the Co loading
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Fig. 5 Selectivity of 1-
phenylethanol as function of
acetophenone conversion under
different reaction temperatures.
Reaction condition: 0.8 g
catalyst, 28.6% Co/Al2O3

prepared by coprecipitation

Table 1 Effect of Co loading on hydrogenation performance

Catalyst Preparation method Time (h) Conversion (%) Product distribution (%)

PE EB

4.8%Co/Al2O3 Coprecipitation 2 2 100 0

16.7%Co/Al2O3 Coprecipitation 2 56.9 90.1 9.9

28.6%Co/Al2O3 Coprecipitation 1 97.4 65.5 34.5

44.4%Co/Al2O3 Coprecipitation 0.5 96.4 31.1 68.9

Reaction condition: 373 K, 0.8 g catalyst, prepared by coprecipitation
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on the alumina support, the activity increases quickly but the selectivity of

1-phenylethanol decreases. Over the 4.8% Co/Al2O3 catalyst, the conversion is 2%

within 2 h and the selectivity of 1-phenylethanol is 100%. Over the 44.4% Co/

Al2O3 catalyst, the conversion reaches 96.4% within 0.5 h and the selectivity of 1-

phenylethanol is 31.1%. The Co loading shows significant influence on the catalytic

hydrogenation activity, and the increase of activity is higher than the increase of Co

loading.

Effect of preparation method on hydrogenation performance

The effect of preparation method on the hydrogenation performance was also

studied, and the results are shown in Table 2. The catalyst prepared by impregnation

shows higher selectivity of 1-phenylehtanol and lower activity. After 1 h, the

catalyst prepared by impregnation forms 1-phenylethanol with high selectivity

(99.1%) and shows low hydrogenation conversion (only 35.2%). The selectivity of

1-phenylethanol reached 98% when the conversion was up to 98.2% at 373 K. From

the XRD pattern, it has been seen that the catalyst prepared by impregnation shows

lower dispersion, which may be the reason of lower active of the catalyst prepared

by impregnation.

Conclusions

The application of alumina-supported Co metal catalyst in the preparation of 1-

phenylethanol by selective hydrogenation of acetophenone is reported. The results

show that the sample prepared by coprecipitation has higher dispersion. PE and EB

are the major products in reaction. The hydrogenation of carbonyl groups has priority

over the hydrogenation of phenyl groups on alumina-supported Co catalysts. The

selectivity of 1-phenylethanol decreased with the reaction temperature increasing.

When the Co contents increases, the reaction activity increases while the selectivity

of 1-phenylethanol decreases. The catalyst prepared by impregnation showed higher

selectivity of 1-phenylehtanol and lower activity. The selectivity of 1-phenylethanol

reached 98% when the conversion is up to 98.2% at 373 K.

Acknowledgments The work was supported by Excellent Young Teachers funding schemes of

Zhe-jiang Province.

Table 2 Effect of preparation method on hydrogenation performance

Catalyst Preparation method Time (h) Conversion (%) Products distribution (%)

PE EB

28.6%Co/Al2O3 Coprecipitation 1 97.4 65.5 34.5

28.6%Co/Al2O3 Impregnation 1 35.2 99.1 0.9

5 98.2 98 2

Reaction condition: 373 K, 0.8 g catalyst
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