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Ni-Fe/CaO catalyzed preparation of 6-aminohexonitrile by partial
hydrogenation of adiponitrile
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(1. State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024, Liaoning, China; 2. Dalian
Changxing Catalytic Technology Co. Ltd., Dalian 116024, Liaoning, China )

Abstract: Compared with the traditional process, the preparation of caprolactam by butadiene has the
characteristics of green, economical and environmentally friendly, in which the partial hydrogenation of
adiponitrile (ADN) to produce 6-aminohexonitrile (ACN) is the core step of the process. Ni/CaO and
Ni-Fe/CaO catalysts were synthesized via deposition-precipitation method using urea as precipitant and
CaO as support, characterized by TEM, XRD, N, physical adsorption and desorption, XPS and H,-TPR,
and then applied to catalyze the partial hydrogenation of ADN to obtain ACN. The effects of reaction
temperature, pressure and time on the hydrogenation performance of ADN were investigated. The results
showed that FeNi; alloy phase was formed in the catalyst after Fe doping, and Fe doping made metal Ni
become more dispersed. ADN conversion rate and ACN selectivity reached 87.5% and 74.4%, respectively,
under mild conditions of 80 °C, 4 MPa, Ni-Fe/CaO catalyst dosage of 0.1 g, and reaction time of 2 h. In
addition, the deactivated catalyst could be regenerated after H, reduction.
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Fig. 2 TEM images of Ni/CaO (a, b) and Ni-Fe/CaO (c, d) at different magnifications, high resolution TEM image of

Ni-Fe/CaO (e), and EDS spectra of Ni-Fe/CaO (f~i)
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Fig. 3 XRD patterns of Ni/CaO (a) and Ni-Fe/CaO (b)
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Fig. 4 N, adsorption-desorption isotherms of different samples
(Inset is pore size distribution)
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Table 1 Pore size and specific surface area data of different
samples
FE & Lt FE 1H AL/ (m?/g) fL&/nm LA /(M)
CaO 6.6 20.7 0.09
Ni/CaO 64.3 18.8 0.50
Ni-Fe/CaO 44.3 20.3 0.40
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Fig. 5 XPS spectra of different samples
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Table 2 Surface metal distribution of different samples
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Fig. 6 H,-TPR curves for different samples
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Fig. 7 Effects of Ni/CaO (a) and Ni-Fe/CaO (b) on

hydrogenation of ADN at different temperatures
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Fig. 8 Effect of pressure on ACN hydrogenation reaction
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Fig. 9 Effect of reaction time on ADN hydrogenation reaction
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Fig. 10 Recycling performance of catalyst
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Fig. 11  XRD patterns of fresh(a), devitalized (b) catalyst
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Fig. 12 FTIR spectra of fresh (a), devitalized (b) and
regenerated catalyst (c)
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