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Preparation and Modifiable Character of a Novel Amorphous
Catalyst Ru-Fe-B ZrQO, for the Selective Hydrogenation
of Benzene to Cyclohexene
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Abstract A novel nano-amorphous Ru-Fe-B ZrO, catalyst was prepared by the chemical reduction method and
showed high activity and selectivity in the selective hydrogenation of benzene to cyclohexene. The catalyst was
characterized by transmission electron microscopy selected-area electron diffraction X-ray diffraction and N,
adsorption. The modifiable character of the activity and selectivity of the catalyst and the effects of NaBH, con-
centration and pH of the filtrate on the catalyst performance were investigated. The results showed that over this
catalyst the selectivity for cyclohexene reached 80% at 54 % of benzene conversion. Moreover the selectivity
decreased slowly with the increase of benzene conversion. The activity and selectivity of the catalyst could be ad-
justed through adding acid or alkali to the reaction system. The catalyst preparation and properties could be re-
peated. It was concluded that the nanometer scale and amorphous structure of the catalyst were the main factors
for its high activity and selectivity for the selective hydrogenation of benzene to cyclohexene.
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-9 1011 16 mg H,S0, 3
Ru-M-B ZrO, M Fe La Co 2 H,SO,
Ru Ru- ZnO 13.5 mg
Zn
2
Ru-Zn
Ru-Fe-B ZrO, 2.1 Ru-Fe-B ZrO,
Ru-Fe-B ZrO,
1. Ru-Fe-B ZrO,
1
54.8% 80.0%
1.1
12 FeSOy
7H,O LaCly NaBH, Ru-Fe-B ZrO, tyo = 15 min 74 = 340.3
h™! S HE =84.8%. £ 40
pH Ru-Fe-B ZrO, 40 % 7 40
TEM SAED
JEM 2011 13
100 kV. BET
Quantachrome Nova 1000e
77 K Y4 >100 h™' S HE >80%.
0.15~0.50 g 150 Ru-Fe-B ZrO,
T 1.5 h. Rise-2006
D max-3B X
1 Ru-Fe-B ZrO,
Cu Ka 30 mA Table 1  Selective hydrogenation of benzene catalyzed
10°~70°. by Ru-Fe-B ZrO,
1.2 t min X BZ % S HE % Y HE %
5 15.9 88.3 14.0
10 28.1 86.9 24 .4
WDF-0.25 50 ml 29 15 40.0 84.8 33.0
ml 7.2 ¢ ZnSO,; 7TH,O 0.12 ¢ 20 47.7 82.4 39.3
25 54.8 80.0 43.9
5.0 MPa. 100 C h 150 C - — -
) Reaction conditions V H,0 =50 ml V C¢Hs =29 ml
S min m cat =0.12 ¢ m ZnSOy TH,O =7.2 ¢ T=150 C »p
5.0 MPa 700 r min. H, =5.0 MPa =700 r min. The same below.
o~ t — Reaction time X BZ — Conversion of benzene S HE —
GC-7890T Selectivity for cyclohexene Y HE — Yield of cyclohexene.
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Fig 2 The modifiable properties of the Ru-Fe-B ZrO, catalyst
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2.4.3 XRD
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Fig 8 XRD pattern of the Ru-Fe-B ZrO, catalyst
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