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Abstract: A Ru-Zn catalyst was prepared by a co-precipitation method, and the effects of the modifier ZnSO, and
the pretreatment on the performance of the Ru-Zn catalyst for selective hydrogenation of benzene to cyclohexene
were investigated. The results showed that the modifier ZnSO, could react with the promoter ZnO of the Ru-Zn
catalyst to form a indissoluble (Zn(OH),);(ZnS04)(H,0) salt. Moreover, the amount of this salt increased with the
increase of the concentration of the modifier ZnSO,, which made the activity of this catalyst increase and the
selectivity to cyclohexene decrease. This is because the Zn®* of the salt not only could transform the active sites
Ru into the electron-deficient species in favor of the formation of cyclohexene, but also could occupy the strong

active sites Ru unfavorable for the formation of cyclohexene. However, when the concentration of the modifier
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7ZnS0, was higher than 0.41 mol -7, the further increased concentration of ZnSO, could dissolve part of the
(Zn(OH),)5(ZnS04)(H,0) salt due to the strong acidity for the hydrolysis of Zn** of ZnSO,, thus the activity of Ru-

Zn catalyst increased and the selectivity to cyclohexene decreased. But the selectivity was slightly decreased,

which was because Zn** of ZnSO, in the solution could form a complex with cyclohexene stabilizing cyclohexene

formed and preventing cyclohexene from being adsorbed on surface of the catalyst again and being hydrogenated

into cyclohexane. When the Ru-Zn catalyst was pretreated for 15 h under the condition of the optium ZnSO,

concentration of 0.61 mol -1, the promoter ZnO of Ru-Zn catalyst could completely react with ZnSO, to form the
(Zn(OH),)5(ZnS0,)(H,0) salt, and this catalyst gave a selectivity of 80.2% and a cyclohexene yield of 54.7% at the

benzene conversion of 68.2% at 25 min. Moreover, this catalyst had a good stability and a excellent reusability.
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Table 1 Composition and particle size of the Ru-Zn catalyst in the presence of the different concentration

of the modifier ZnSO, as well as pH value of the slurry after hydrogenation

7nS0, concentration / (mol - L™ pH value* Particle size / nm" nz/ np, of benzene® ns/ np’
Blank! 7.3 43 0.23 0.00
0.01 5.6 4.2 0.24 0.01
0.02 54 43 0.24 0.02
0.03 53 44 0.24 0.03
0.05 52 4.2 0.26 0.03
0.10 4.9 4.3 0.27 0.04
0.18 4.8 4.2 0.29 0.05
0.31 4.7 4.1 0.30 0.05
0.41 4.5 44 0.34 0.08
0.57 4.3 43 0.31 0.05
0.63 42 4.2 0.30 0.05

*Measured by pH meter at room temperature; "Measured by XRD; “Measured by XRF; * Blank: in distilled water.
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presence of the different concentration of the

modifier ZnSO, after hydrogenation of benzene
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(a) Complex formed by Zn* and one cyclohexene molecule; (b) Complex formed by Zn**and two cyclohexene molecules
K7 Zn> 53 ORI BT & W 9 18 1l 1 2

Fig.7 Optimized geometries of the complexes formed by Zn* and cyclohexene
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Table 2 Composition of the Ru-Zn catalyst under the different pretreatment time after hydrogenation

Pretreatment time / h Particle size / nm Nzl N, ns/ ng,
0 4.2 0.30 0.05
5 43 0.32 0.06
10 42 0.32 0.06
15 43 0.33 0.07
20 43 0.33 0.07
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I O T B 280 i ) 2R DT I R E R ke, 7
ZnS0, e AEWR B 0.61 mol - L™ T X} Ru-Zn 1 1L 5 7
AL PR 15 h,Ru-Zn #EALF H B 5] ZnO 7T LS ZnSO,
56 42 R AE B(Zn(OH),)5(ZnS0,) (H0)Er |, 76 1% A Ak 5
I 25 min K54k 68.29%I F1 O I 18 5 R 43
SR 80.2% 1 54.7% , T H iz Ak HA R 415
JE P A AT PR,

SE k.

[1] Liao H G, Ouyang D H, Zhang J, et al. Chem. Eng. J., 2014,
243:207-216
[2] WANG Zheng-Bao(E1E %), ZHANG Qi(3K3E), LU Xiao-Fei

(B& 158 %), et al. Chin. J. Catal. (18 AL % 3R), 2015,36(3):400
-407

[3] Yan X H, Zhang Q, Zhu M Q, et al. J. Mol. Catal. A: Chem.,
2016,413:85-93

[4] Zhang P, Wu T B, Jiang T, et al. Green Chem., 2013,15:152
-159

[5] Nagahara H, Ono M, Konishi M. et al. Appl. Surf. Sci., 1997,
121/122:448-451

[6] Struijk J, Moene R, van der Kamp T, et al. Appl. Catal. A:
Gen., 1992,89:77-102

[7] Liu H Z, Liang S G, Wang W T, et al. J. Mol. Catal. A: Chem.,
2011,341:35-41

[8] Fan G Y, Li R X, Li X J, et al. Catal. Commun., 2008,9:
1394-1397

[9] Sun H J, Jiang H B, Li S H, et al. Chem. Eng. J., 2013,218:
415-424

[10]SUN Hai-Jie(#h # /&), JIANG Hou-bin(7LJ5 £%), LI Shuai-
Hui (22 0 #%5), et al. Chin. J. Catal. (1% 42 % 1), 2013,34
(4): 684-694

[11]SUN Hai-Jie(#MEF ), LI Shuai-Hui(Z= )il #), ZHANG Yuan-
Xin(5K JC58), et al. Chin. J. Catal. (1 4¢ F &), 2013,34
(8):1482-1488

[12]SUN Hai-Jie(#) i 7%), CHEN Jian-Jun (M # %4%), HUANG
Zhen-Xu(® R 0), et al. Chinese J. Inorg. Chem.(% LAt 5
F ), 2016,32(2):202-210

[13]SUN Hai-Jie(#MfE ), GUO Wei(¥ i), ZHOU Xiao-Li(JH
/NFDY, et al. Chin. J. Catal. (4L 5 3R), 2011,32(1):1-16

[14]Sun H J, Wang H X, Jiang H B, et al. Appl. Catal. A: Gen.,
2013,450:160-168

[15]Mazzieri V A, L'Argentire P C, Coloma-Pascual F. Ind. Eng.
Chem. Res., 2003,42(11):2269-2272

[16]WANG Hui(E#F), LIU Zhong-Yi(X!} f%%), SHI Rui-Juan(Jifi
EilH), et al. Chin. J. Catal.(TE4¢ 5 3R), 2005,26(5):407-411





