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T, DARTS ek C 1s L F45 5 RE(284.6 eV)
R IE 45 5 e .
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Fig. 1 XRD patterns of the Ru-Zn catalysts prepared with the different concentration of ZnSO, as precursor before (a)
and after (b) hydrogenation
& 1 AERE ZnSO, Bk H % Ru-Zn AT AR, REMNMEE/EIAER
Table 1 Texture propertities, particle size and composition before and after hydrogenation of the Ru-Zn catalyst
prepared with the different concentration of ZnSO, as precursor
A d \Y Particle n(Zn)/ n(S)/ n(Cl)/ n(Zn)/ n(Zr)/
Sample 2, -lya a 3, -1ya . b e o e d d
/(m” - g) /nm /(em” +g7) Size/nm n(Ru) n(Ru)® n(Ru)‘ n(Ru)® n(Ru)
Zr0, 34 7.8 0.13 - - - - - -
Ru-Zn-0 70 11.0 0.18 4.2 0 - - 0.04 5.12
Ru-Zn-0. 06 67 10.2 0.16 4.3 0.18 - - 0.21 5.13
Ru-Zn-0. 07 65 10.3 0.15 4.1 0.22 - - 0.24 5.08
Ru-Zn-0. 08 65 9.5 0.17 4.1 0.25 - - 0.26 5.04
Ru-Zn-0. 10 61 8.9 0.12 3.9 0.30 0.05 0.04 0.32 4.99
Ru-Zn-0.20 55 8.7 0.11 3.5 0.48 0.06 0.05 0.50 5.11

a. determined by N, physisorption; b. Ru particle size determined by XRD; c. composition before hydrogenation determined

by XRF; d. composition after hydrogenation with ZrO, as dispersant determined by XRF.

(H,0) 5 #hFF 1E A7 4 0, 158 W i AL 57 7 ZnO Fl
NaZn,(S0,) (CI) (OH) - 6H,0 £hAR-5 S 1 & i
ZnSO, R W T (Zn(OH),),(ZnS0, ) (H,0),
e AR NaZn, (SO,) (C1) (OH), - 6H,0 £hit
o, AR AR SR (Zn (OH), )5 (ZnSO,)
(H,0) $h s hn. Wang 2 A% Ru-Zn fiE
AT ZnO 0] L5 38 BB AE iR ZnSO, Sz
H i (Zn(OH),),(ZnS0, ) (H,0) (x= 3 or 5) #h.
B2 45 1 Ze0, R ORI A R BE ZnSO, A
# Ru-Zn EAEFRINEUS B9 XRD 3. rTRUE W, IS
JERERD E BT BRI Ze0, ) Ru BORFIERTST
W, I EUERES IR B Zn W) Rh 4 RRAEATT S0
Vi Zn Yt ((Zn(OH),);(ZnSO,) (H,0), A

(Zn(OH),),(ZnS0,) (H,0), i) = HE T8
Ru F1 #G7] Zr0, #9350 _E.

14yl T AR ZnSO, B A # Ru-Zn 4
50 K o3 B9 200, B R R PE . A LU, Bl
ZnSO, Hi AR BERY SN, fEALT R, fLARFN
FLAFRZE /), X U WIS I Zn HyFh (Zn0 =)
NaZn,(S0,) (CI) (OH), - 6H,0 &£k ) Al fEdh € 1
HEALRITR LB, & 1 g i T HEAR & 200, 1
SIHGI IS ML R 4L, AT LA Y, Bl ZnSO,
HIPPAHR BE 30, HEAETRI A Zn/Ru Hy 504 2 727
L, BT Zn By Ah A RN, 5 XRD 45
(Zn(OH),),(ZnSO,) (H,0); #h 5 (Zn (OH),),
(ZnS0, ) (H,0) 3 & 84 m— 2. 7£ 0. 10 mol/LFI
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Fig.3 TEM images before (a) and after (b, ¢) hydrogenation of the Ru-Zn catalysts prepared with 0.8 mol/L of
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Fig. 4 XPS spectra of the Ru-Zn catalysts prepared with 0. 08 mol/L of ZnSO, as precursor before (a, b)

and (c, d and e) after hydrogenation
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Fig. 5 Performance of the Ru-Zn catalysts prepared with the different concentration of ZnSO, as precursor.

Full line; with ZrO, ; Dotted line; without ZrO,

Reaction conditions;2g Ru-Zn catalyst, 280 mL H,0, 10 g ZrO,, 5 MPa H,, 150°C, stirring rate of 1400 r/min.
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Effect of the Concentration of the Promoter Precursor ZnSO,
on the Performance of the Ru-Zn Catalyst for Selective
Hydrogenation of Benzene to Cyclohexene

SUN Hai-jie'*, ZHU Bing' , HUANG Zhen-xu', LI Yong-yu'*, LIU Shou-chang’, LIU Zhong-yi’
(1. Institute of Environmental and Catalytic Engineering , School of Chemisiry and Chemical Engineering,
Zhengzhou Normal University, Zhengzhou 450044 , China;

2. College of Chemisiry and Molecular Engineering , Zhengzhou University, Zhengzhou 450001, China;

3. Henan Vocational College of Chemical Technology, Zhengzhou 450042, China)

Abstract; The Ru-Zn catalysts were prepared by a co-precipitation method. The effect of the concentration of the
promoter precursor ZnSO, on the performance of Ru-Zn catalysts for selective hydrogenation of benzene to cyclohex-
ene was investigated with ZrO, as a dispersant. And the catalysts were characterized by X-ray diffraction (XRD),
X-fluorescence ( XRF ), N, physisorption, transimission electron microscopy ( TEM ), and X-ray photoelectron
spectroscopy ( XPS). It was found that when the concentration of the promoter precursor ZnSO, was lower than
0. 10 mol/L the Zn in the Ru-Zn catalyst were mostly in the form of ZnO, which could react with the reaction modi-
fier ZnSO, to form a (Zn(OH),),(ZnSO,) (H,0), salt during the hydrogenation. When the concentration of the
promoter precursor ZnSO, was further increased, the Zn in the catalyst existed as ZnO and a NaZn, (SO, ) (Cl)
(OH), - 6H,0 salt. This salt and ZnO could be converted into a (Zn(OH),),(ZnSO, ) (H,0) 4 salt by reacting
with the reaction modifier ZnSO, during the hydrogenation. The Zn>* of the (Zn(OH),),(ZnS0,) (H,0) (x=3 or
5) salt could transform some electrons from metallic Ru. Therefore, the higher the concentration of the promoter
precursor ZnSO, , the more the (Zn(OH),),(ZnS0,) (H,0), salt formed, and the more electrons metallic Ru
lost. And the activity of the Ru-Zn catalysts decreased and the selectivity to cyclohexene increased. The Ru-Zn cat-
alyst prepared with the promoter precursor ZnSO, of 0. 08 mol/L gave a high cyclohexene yield of 59.1% . Moreo-
ver, this catalyst exhibited a excellent reusability and a perfect stability.

Key words: benzene; selective hydrogenation; cyclohexene; Ru; Zn; promoter precursor



