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Effect of Precipitation Methods on Catalytic Activity of Ru/CeQ, Catalyst
for Ammonia Synthesis

LUO Xiaojun, WANG Rong*, LIN Jianxin, WEI Kemei
National Research Center of Chemical Fertilizer Catalysts, Fuzhou University, Fuzhou 350002, Fujian, China

Abstract: The Ru/CeO; catalyst was prepared by precipitation methods, including normal precipitation, reverse precipitation, parallel flow
precipitation, and deposition-precipitation. The obtained catalysts were characterized by N, adsorption-desorption, X-ray diffraction, H,
temperature-programmed reduction, CO chemisorption, and X-ray fluorescence spectroscopy. The results showed that the ammonia synthesis
activity of the Ru/CeO; catalyst prepared by normal precipitation was 11.9% at 10 MPa, 10000 h™', and 450 °C, which was higher than those
obtained by other methods. The residual chloride content in this catalyst was much lower and its cerium was easier to be reduced. Thus the
activity of the catalyst prepared using normal precipitation was high.
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H, BUSJE 2 b, B0 LS h G, AR i RweeoNr o 7 o1 2
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EJFEAA 30 ml/min, FHE 2 5 °C/min. 0.001 |
2 #R5 ool
21 U EXM R TE AR 0.003 |
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Table 1 Effect of precipitation methods on the catalytic properties of the Ru/CeO, catalysts

Ammonia concentration (%) TOF (102s™)
Sample
425°C 450°C 475°C 425°C 450 °C 475°C
Ru/CeO,-NP 8.45 11.86 11.68 8.87 10.91 9.57
Ru/CeO,-RP 7.25 10.52 11.16 8.05 9.52 9.42
Ru/CeO,-PF 6.91 9.89 11.13 7.93 9.10 9.38
Ru/CeO,-DP 7.43 8.78 9.34 7.97 8.76 8.97

NP: normal precipitation; RP: reverse precipitation; PF: parallel-flow precipitation; DP: deposition-precipitation. Catalyst reduction with
10%H;,-90%N, at 500 °C for 2 h preceded all activity tests. Reaction conditions: 10 MPa, 10000 h'.
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Table 3 Elemental concentration of different catalyst samples
Elemental concentration (%)
Sample
CCOZ F Cl KzO RUOZ A1203 SIOZ
CeO, 93.28 4.19 1.28 - 0.78 0.47
Ru/CeO,-NP 92.24 3.17 0.030 0.07 3.41 0.32 0.15
Ru/CeO,-RP 92.22 3.80 0.026 0.06 3.45 0.31 0.12
Ru/CeO,-PF 92.43 3.63 0.029 0.06 3.41 0.30 0.15
Ru/CeQ,-DP 92.17 3.77 0.100 0.05 3.44 0.33 0.15
Wy BB &5 R, A 1 B T BRI AL 45 AN 2 . . o
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%?~ 1@1-]‘}:[:%%%%) w‘ RuC13 y‘jﬁﬁggﬁgg %‘L{%#@E Cl 10‘ - ‘210‘ - ‘310‘ - ‘4}0‘ = ‘510‘ - ‘610‘ - ‘710‘ - ‘810‘
B AH ELAE R A, A DA BR MR b i Y, AR 20(°)

gh L5 b kg — 3L
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I, R P 2 AU 1, W R . T B R T %
FR) AR A 01 S 1 B R AR R A, R 1k A 22 4
K. IXAUEW] 2 CL 5k B & PR AG 2 e 1 I, Bk
B CL L2 AN A 57 i) 2 £ J s P 1 3 DR 35
2.4 XRD &R

2 BT Hy AL Ar Y475 500 °Cifs 5
J&i (7] XRD i, H AT L, 280 J A B DY ol A 7
H AL AE Ru® 5 RuO, M, X T g2 i T &8 47 %
AR HLA O AT, B0 A7) i) 4 JE T LR A A
I AEAE. EE AT UG H, AR R I CeO,
S5 R4 G5 R (JCPDS No. 81-0792). {H 248 K FH T
FR-DTIE VLIP3 AL AL I XRD i vh, I8 4F 26 = 12.3° 4b
A — AT 90, LU U JE A CeOCI 1 (001) AT 4 U
(JCPDS No. 81-0791), Kepinski 2 "8l Wolcyrz %%
UM FH G AL AL R CeO, 1 4% Pd/CeO, i AL 71 I, th
RIMFEBING. ] WHTRR-PUIE & § & BRE it i T4
CeOCl A= i, T DL i 7K BE AT Hy 3 Ji A5 AR 5 B A7 488
Z 1 Cl.

2 REIHEFEH & Ru/CeO, L7 A XRD i
Fig. 2. XRD patterns of Ru/CeO, catalysts prepared by different
precipitation methods. (1) Ru/CeO,-NP; (2) Ru/CeO,-RP; (3)
Ru/CeO,-PF; (4) Ru/Ce0O,-DP.
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Table 4 Chemisorption data of various Ru catalysts

CO uptake Ru surface
Sample Dro/% dro/NM )
(ml/g) area (m’/g)
Ru/CeO,-NP 1.383 16.24 8.16 59.33
Ru/CeO,-RP 1.343 15.77 8.39 57.62
Ru/CeO,-PF 1.524 17.90 7.40 65.38
Ru/CeO,-DP 0.298 9.46 14.0 35.55
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Fig. 3. H,-TPR profiles of CeO, and unreduced Ru/CeO, catalysts

prepared by different precipitation methods. (1) CeOs; (2)
Ru/Ce0,-NP’; (3) Ru/Ce0,-RP’; (4) Ru/CeO,-PF’; (5) Ru/CeO,-DP’.
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