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Abstract

The catalytic hydrogenation of nitriles represents a crucial route for the synthesis of primary amines in
the chemical industry, providing essential building blocks for high-performance polymers, pharmaceuticals,
and fine chemicals. Diamines, such as 1,4-butanediamine, p-xylylenediamine (PXDA), and 1,4-
cyclohexanediamine (1,4-BAC), serve as key monomers for specialty polymers including nylon 46, nylon
PXD6, and transparent polyurethanes. However, the hydrogenation of dinitriles is often accompanied by side
reactions such as condensation and deamination, which generate byproducts and pose challenges in achieving
high selectivity towards the desired diamine.

This thesis focuses on the development of efficient heterogeneous nickel catalysts for the selective
hydrogenation of succinonitrile and 1,4-dicyanobenzene to the corresponding primary diamines. The main
research contents and results are summarized as follows:

(1) Construction of Coo9NigoAl1Ox catalyst for selective hydrogenation of succinonitrile to 1,4-
butanediamine. The nickel-cobalt dual-active metal catalyst CogoNipoAliOx was prepared by the co-
precipitation method. Using 1,4-dioxane as the solvent, the catalytic hydrogenation of succinonitrile was
carried out at 160 °C under 0.4 MPa NH3 and 6 MPa H; for 12 h, achieving a 1,4-butanediamine yield of
89%. The influence of parameters such as nickel and cobalt loadings, solvent, reaction temperature, time,
and hydrogen pressure on the reaction performance was systematically investigated. Catalyst structure was
characterized using TEM, BET, XRD, XPS, FTIR, and H>-TPR. Adsorption and desorption properties of
cyano and amino groups on the catalyst surface were studied via TPD using acetonitrile and butylamine. It
was found that a synergistic catalytic effect exists between cobalt and nickel, which promotes the reduction
of the catalyst, resulting in a decreased Co?*/Co° ratio, along with a strong metal—support interaction.

(2) Development of a highly efficient NigsAliOx-400 catalyst for selective hydrogenation of 1,4-
dicyanobenzene to PXDA. The NipgAliOx-400 catalyst was prepared via coprecipitation. Characterization
results from TEM, XPS, XRD, BET, and H>-TPR revealed that NiggAl;Ox-400 is an amorphous material
containing coexisting Ni*" and Ni’, exhibiting a high BET surface area of 240.87 m*/g. The effects of active
metal type, metal loading, reduction temperature and time, catalyst amount, reaction temperature, and solvent
on catalytic performance were systematically studied. Using 1,4-dioxane as the solvent, the NipgAlOx-400
catalyst catalyzed the hydrogenation of 1,4-dicyanobenzene at 140 °C under 0.4 MPa NH; and 5 MPa H> for
12 h, yielding PXDA in 98% yield. The adsorption/desorption behavior of cyano groups, benzene rings, and
amino groups on catalysts with different nickel valence states was investigated using TPD with benzonitrile,
acetonitrile, toluene, and benzylamine. An optimal catalytic performance was observed when the Ni**/Ni’
ratio is 9.90.

(3) Construction of Nij ¢Sro.02AlOx catalyst for selective hydrogenation of 1,4-dicyanobenzene to 1,4-



BAC. The Ni; 6Sro.02Al1Ox catalyst was prepared via coprecipitation. Using 1,4-dioxane as the solvent, the
hydrogenation of 1,4-dicyanobenzene was carried out at 150 °C under 0.4 MPa NH3 and 5 MPa H; for 6 h
over Nij6S1r0.02Al1Ox, achieving an 81% yield of 1,4-BAC. The effects of nickel and strontium loadings,
reduction temperature, catalyst amount, and reaction temperature on catalytic performance were
systematically investigated. The catalysts were characterized using BET, XRD, XPS, and H>-TPR. The
catalyst exhibits a moderate metal-support interaction, with an electronic interaction between strontium and
nickel. By modulating the electronic structure of nickel, strontium synergistically enables the one-step
efficient hydrogenation of cyano groups and benzene rings.

Key words: Nickel-catalyzed; hydrogenation of nitrile; 1,4-butanediamine; p-xylylenediamine; 1,4-

cyclohexanedimethylamine
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Figure 1-1 The routes of preparing a variety of polymers such as (a) polyamide, (b) non-isocyanate

polyurethane, (c) polyurea, (d) polyimide, (e) polyurethane by using primary diamines as monomers!'->!
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Figure 1-2 Molecular structure of PA46 and PA4T!?!)
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Figure 1-3 Amination of alkylhalide by nucleophile substitution>®!
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Figure 1-4 Catalytic amination of alcohols!*?!
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