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Effect of Preparation Method on Structure and Catalytic Activity
of Ru/CeQ, Catalyst for Ammonia Synthesis

LIN Jian-Xin* ZHANG Liu-Ming WANG Rong NI Jun WEI Ke-Mei
(National Engineering Research Center of Chemical Fertilizer Catalyst, Fuzhou University, Fuzhou 350002, China)

Abstract: Ru/CeO, catalysts were prepared using K,RuO4 and Ce(NOs); as the raw materials by redox methods.
The obtained catalysts were characterized by N, physisorption, X-ray diffraction (XRD), field-emission scanning
electron microscopy (FE-SEM), CO chemisorption and temperature-programmed reduction (H,-TPR). The Ru/CeO,
catalyst prepared by self redox co-precipitation has the largest surface area of 120 m”-g 'and the highest
dispersion of 45.6%. The Ru/CeO, catalyst prepared by self redox co-precipitation shows the best activity, the
ammonia concentration in the exit gas reaches 12.6% under the conditions of 10.0 MPa, 425 “C,and 10000 h™".
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Table 1 Texture properties of various samples prepared by different methods

Sample Spir / (m*+g™) Pore volume / (cm*-g™) Pore size / nm  Crystallite size* / nm  Lattice constant o / nm* (111)
Ce0, ND* ND* ND* 13.1 5.400
Ru/Ce0, (RCP) 120 0.18 3.05 7.7 5412
Ru/CeO, (MDP) 106 0.17 3.22 7.6 5.415
Ru/CeO, (ERCP) 19 0.03 3.20 6.5 5.416

* Determined by XRD; ®Lattice constant a was determined by the expression a=\/h*+k>+[*> (A/sinf); "ND: Not detected.

x2 AEFTEATE CO LERHEHE
Table 2 CO Chemisorption data of various Ru catalysts

Sample CO uptake / (mL-g™) Dispersion / % dy, / nm Ru surface area / (m’-g))
Ru/Ce0, (RCP) 3.88 45.6 2.9 167
Ru/Ce0, (MDP) 3.29 38.6 35 141
Ru/CeO, (ERCP) 2.24 26.3 5.0 98

2.2 N, W% B —fit b 5 R
2 KA TA] i £ ) Ru/CeO, 1L 7 AR

1 B A 5 T s e R AL AR 20 A 18T, 3 1 O % HE AL TR 45
F oA a2 i B 2A AT LU AR D7 3k il 45 00 i
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Fig.3 FE-SEM images for Ru/Ce0, catalysts prepared by different methods.
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Fig.4 HyTPR profiles for samples prepared by different
methods
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®3 ATEFHEHEH Ru/CeO, U FIMAMFIE & B IERE
Table 3 Catalytic performance and composition of Ru/CeO, catalysts prepared by different methods

Composition of the samples / %*

NH; concentration / %

Sample

CeO, RuO, K0 400 C 425 C 450 C
Ru/CeO, (RCP) 95.71 3.48 0.81 7.7 12.6 14.2
Ru/CeO, (MDP) 95.56 3.54 0.80 6.5 11.1 13.8
Ru/CeO, (ERCP) 95.57 3.50 0.83 4.2 75 12.6

* Obtained by XRF analysis; Reaction conditions: 10 MPa, 10000 h™, Vy :V =1:3.
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