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Fig.1 N, adsorption/desorption isotherms of Al,0, support and Ni based catalysts (A) and the pore size distributions (B)
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Table 1 Texture structure and surface chemistry of support and catalysts
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Pore H, consum. Atomic ratio /%
2y 2 -1 . (umol-Hy/g) Nj disp.” . .
Catalysts Surface area” /(m”+g™) Pore size /nm  volume ———— Ni/Al /%  TOF
/( 3. -1) 1% .0 .2+ 34 /(h_l)

cm ‘g JPeak 1 Peak 2 Ni Ni Ni

AlO; 153.9 19.7 0.95 - - -

Ni/ALO5-1 108.0 10.5 0.36 40 39 6.0 179 51.1 310 16.2 39.7
Ni/AL,05-D 137.3 10.9 0.52 53 76 6.2 16.8 482 350 375 1.2
Ni/Al,05-C 247.6 53 0.43 105 76 7.0 114 502 384 200 2.1

a. BET surface area based on N, adsorption/desorption isotherm;

=

. H, consumption during H,-TPD characterization;
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B2 Ni ZEHEALFR XRD 15
Fig.2 XRD patterns of different Ni based catalysts

. Surface atomic ratio of metal species by the XPS spectra;

. TOF calculation is based on the reaction data at 60 °C and 7 MPa H,.

. Surface dispersion degree of Ni calculated by H,-TPD resulis;
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Fig.3 SEM images of different Ni catalysts A: Ni/Al,O;-I; B: Ni/ALO;-D; C: Ni/Al,05-C
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Fig.4 TEM images and size distributions of Ni catalysts A: Ni/ALOs-I; B: Ni/Al,05-D; C: Ni/ALO5-C
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Fig.5 H,-TPD (A) and NH,-TPD (B results, and the XPS spectra in the core level of Ni 2p,, (C)
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Fig.6 Catalytic performance of Ni catalysts for selective hydrogenation of adiponitrile (ADN)A : 70 °C; B: 80 °C Conditions: 7 MPa, 3 h,
ADN/ecatal.= 5 : 1 (mass). ACN: 6-Aminocapronitrile, HMDA: 1,6-hexamethylenediamine, ACH: 1-azacycloheptane
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Fig.7 Circular reaction test of Ni/Al,0;-1 catalyst for the
selective hydrogenation of ADN
Conditions: 80 °C, 7 MPa, 3 h, ADN/catal.= 5 : 1 (mass)
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Fig.8 (A) The catalytic performance of Ni,s/Al,0; and NisCus/ALOj5 catalysts for the hydrogenation of ADN at 70 and 80 °C;

(B) the circular reaction test of Ni sCusy/AlLO,

Reaction condition: 80 °C for circular reaction, reaction for 3 h in 7 MPa H,
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Ni-Based Catalysts for Basic-Free Hydrogenation of Adiponitrile to
1,6-Hexamethylenediamine: A Comparative Study
on Synthesis Method

YU Wei-chen, LI Shao-jie, LUO Jing-jie , LIANG Chang-hai”
( Laboratory of Advanced Materials & Catalytic Engineering, School of Chemical Engineering,
Dalian University of Technology, Panjin 124221, China )

Abstract: A series of Ni/Al,O; catalysts were prepared by different methods, and the reactivity for the catalytic hy-
drogenation of adiponitrile to 1,6-hexamethylenediamine was investigated under NH,/alkali-free conditions. The re-
sults of XRD, BET, TEM, XPS and temperature-programmed experiments suggested that the precipitant helped the
formation of fine-sized Ni particles dispersed in the mesoporous of support. However, the as-formed strong interaction
between Ni and alumina hindered the adsorption/activation of H,, and large amounts of Ni species in oxidative states
still existed in the pre-reduced catalysts. On the contrary, average size of Ni particles in Ni/Al,O4-1 was as large as
18.5 nm. However, the Ni particles were fully-exposed on the surface of alumina, the higher content of reduced Ni’
species and moderate acidic sites that were conducive to adsorb reactants have been formed easily in Ni/ALO5-1. The
much better low-temperature activity was observed by Ni/Al,O5-1 with complete conversion of adiponitrile with 72%
selectivity of hexamethylenediamine at only 80 °C. . The TOF was calculated to be 39.7 h™'. Unfortunately, due to the
weak interaction between Ni and Al,0; in the Ni/Al,O5-I catalyst, the catalyst activity is significantly reduced after
three reaction cycles. Cu species was thus doped in the Ni/Al,O4-1 catalyst. The results showed that the doped Cu
species effectively improves the dispersion of Ni nanoparticles and Cu-Ni alloy was formed. There was not deactiva-
tion of the catalytic performance by Ni;sCus/Al,0; catalyst during the stability test. The doping of copper species ef-
fectively improved the stability while maintaining the low-temperature activity of the Ni-based catalyst. Using a lower
content of Ni-based catalyst, the adiponitrile could be completely transformed with the TOF as 52.1 h™ at 70 °C .

Key words : selective hydrogenation of adiponitrile; 1,6-hexamethylenediamine; supported Ni catalyst; stability



