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Efficient Vapor-Phase Synthesis of 1-Phenylazepane from Aniline and
1,6-Hexanediol over CoO/SiO,-Al,0; Catalyst
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Abstract:  Vapor-phase catalytic synthesis of 1-phenylazepane from aniline and 1,6-hexanediol over CoO/SiO,-Al,O3 catalyst was inves-
tigated and the catalyst samples were characterized by N, adsorption-desorption, X-ray diffraction, H, temperature-programmed reduction,
and NHj3 temperature-programmed desorption. The results indicated that the CoO/SiO,-Al,O; catalyst showed higher activity and selectivity.
When CoO loading was 0.3 mmol/g and the catalyst precursor was calcined at 700 °C (2.8 °C/min) for 4 h followed by reduction in situ at
325 °C for 2 h in the mixture gas of 50% H,-50% N (60 ml/min) before reaction, the yield of 1-phenylazepane could be up to 80%. The
catalyst with larger specific surface area, higher dispersion of the active component, and weaker acidity favored the synthesis of the target

product.
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Table 1 The activity and selectivity of different catalysts in va-
por-phase  synthesis of 1-phenylazepane from aniline and
1,6-hexanediol

1,6-Hexanediol 1-Phenylazepane 1-Phenylazepane

Catalyst conversion (%) yield (%) selectivity (%)
SiO, 83 3 4
Cu/SiO, 96 45 47
Ag/SiO;, 93 37 40
Fe,05/Si0, 89 24 27
Co0/SiO, 85 31 36
NiO/SiO, 91 37 41
v-Al,04 100 25 25
Culy-AlLO4 100 17 17
Agly-Al,O3 100 18 18
Fe,03ly-Al,O4 100 17 17
CoO/y-Al,04 100 23 23
NiO/y-Al,O4 100 14 14
SiO,-Al,03 100 42 42
Cu/SiOz-Al,03 100 41 41
Ag/SiO,-Al,03 100 29 29
Fe,03/Si0-Al,05 100 63 63
Co0/SiOz-Al,03 100 67 67
NiO/SiO,-Al,04 100 63 63

Reaction conditions: n(aniline)/n(1,6-hexanediol) = 3, LHSV = 0.4 h™?,
SV =1700 h?, 290 °C, 4 h. Active component loading 0.3 mmol/g.
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Fig. 1. Effect of CoO loading on the activity and selectivity of

CoO/SiO,-Al,05 catalyst. The reaction conditions are the same as in
Table 1 but CoO loading.
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Fig. 2. XRD patterns of CoO/SiO,-Al,O; with different CoO loading.
(1) 0.1 mmol/g; (2) 0.3 mmol/g; (3) 0.5 mmol/g.
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Table 2  Effect of rising rate for calcination temperature on the activ-
ity and selectivity of CoO/SiO,-Al,O; catalyst

Rising rate  1,6-Hexanediol 1-Phenylazepane 1-Phenylazepane

(°C/min)  conversion (%) yield (%) selectivity (%)
16 100 51 51
2.7 100 67 67

The reaction conditions are the same as in Table 1 but the rising rate for
calcination temperature.
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Fig. 3. Effect of calcination temperature on the activity and selectiv-

ity of CoO/SiO,-Al,O; catalyst. The reaction conditions are the same
as in Table 1.
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Table 3 Specific surface area and average pore size of CoO/SiO,-
Al,O3 calcined at different temperatures

Calcination Specific surface area Average pore size
temperature (°C) (m?/g) (nm)
600 382 3.2
700 319 3.2
800 155 3.7
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Fig. 4. XRD patterns of CoO/SiO,-Al,O5 calcined at different tem-

peratures. (1) 600 °C; (2) 700 °C; (3) 800 °C.
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