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Selective Hydrogenation of Benzene to Cyclohexene over Nano-Sized
Ru Catalyst Modified by Zn,Si,O,(OH),H,O Salt
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Abstract: A nano-sized Ru catalyst was prepared using the precipitation method. The performance of the catalyst
for selective hydrogenation of benzene to cyclohexene with Na,SiO;-9H,0 and diethanolamine as modifiers was
investigated in the presence of ZnSO,. The catalyst after and before hydrogenation was characterized by X-ray
diffraction (XRD), X-ray fluorescence (XRF), and transmission electron microscopy-energy dispersive spectroscopy
(TEM-EDS). The results show that Na,SiO; in the solution could react with ZnSO, to form a Zn,Si,0,(OH),H,0
salt, H,SO, and Na,S0O,, and the Zn,Si,;0;(OH),H,0 salt chemisorbed on the surface of the Ru catalyst plays a key
role in improving the selectivity to cyclohexene of the Ru catalyst. The increased dosage of Na,SiO;-9H,0 will
result in the increased amount of the formed Zn,Si,0,(OH),H,0 salt, the decreased activity of the Ru catalyst and
the increased selectivity to cyclohexene. The diethanolamine added into the slurry could neutralize the H,SO,

formed by reacting Na,SiO; with ZnSO,. This could shift the chemical equilibrium to the direction of the
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formation of the Zn,Si,0,(OH),H,O salt, resulting in the increase of the selectivity to cyclohexene of the Ru catalyst.
When the mass ratio of the Ru catalyst, ZnSO,-7H,0, Na,SiO;-9H,0, diethanolamine and the dispersant ZrO, was

at 1.0:24.6:0.4:0.2:5.0, 2 g of the Ru catalyst will give a selectivity to cyclohexene of 75% and a cyclohexene

yield of 55% at a benzene conversion of 73%. Moreover, this catalytic system shows a good reusability and an

excellent stability.
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Fig.1 XRD patterns of Ru catalyst after hydrogenation
with the different dosages of Na,SiO;-9H,0 as

reaction modifiers
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Table 1 Composition and particle size of the Ru catalyst after hydrogenation with the different amount of

diethanolamine and the different dosage of Na,SiO; as reaction modifiers

Sample ™ ng ! N Particle size / nm
0 g Na,Si0;-9H,0 0.03 0 3.0
0.8 g Na,Si0;-9H,0 0.14 0.05 3.0
1.6 g Na,Si0;-9H,0 0.33 0.14 2.6
0.05 g Diethanolamine 0.16 0.06 3.0
0.1 g Diethanolamine 0.21 0.07 3.0
0.2 g Diethanolamine 0.22 0.08 3.0
0.3 g Diethanolamine 0.23 0.09 29
0.4 g Diethanolamine 0.25 0.11 2.9
0.5 g Diethanolamine 0.27 0.12 2.8
0.6 g Diethanolamine 0.38 0.13 2.8
0.6 g Diethanolamine+0.28 g H,SO, 0.15 0.05 —
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Fig.3 Performance of the Ru catalyst with the different dosages of Na,SiO; as reaction modifiers for

selective hydrogenation of benzene to cyclohexene
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modifiers for selective hydrogenation of benzene to cyclohexene
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with different dosages of ZrO, as the dispersant
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Fig.9 TEM images of Ru catalysts after hydrogenation with different dosages of ZrO, as the dispersant
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Fig.10  Performance of the Ru catalyst with different amount of ZrO, as the dispersant for selective

hydrogenation of benzene to cyclohexene

BN W BTN, Ze0, 50 10 g B, Ru 4L
1 25 min REEALEEN 73%, PO Mk PR PE R
N T5% M 55%, kT HFr Tl 4k 7 i K
RIEAL 409 R O IG e PFE 1 809%™, AkZE3E N 70,
FH A b TR P 2 T R AT, 2 O 0 328 9% P Al 38 Wi
FEAIC . TEM 255532 70, 120 18 g BF 943 UMY Ru
AL R 20, T XN EREAS T S N4
ZRAE Ru MEALF AW B, i H A BEAT T Ru i 165
FEAE BUA O 13 38 O AR 25 5 gk 2 i & A=
BOAC K, T30 Ru #0751 LR O s B 1Y
A,
24 EUAFIERMER MR

K11 45 1 178 ZnSO, 77 17E T 0.8 g Na,SiO; -
9H,0 F1 0.4 ¢ — L BE A K B M7 2 10 g ZrO,
YRS BRI B Ru A AL A0 08 B0 A R W LA
TEAE P FH b AN AT o] 9 BT i 1 0 T, 6 U7 B4
fif 3 B2 b Ru AR ) 09 28 B AL R R 2 7E 719% LA
e PR O R R RO S B RS E TE T4% 1 55% LA

&, R TE AR AAR R b Ru AL LA R4y A fil
FHPEFIRR S PE | A R Tk AR, X
45T LU 5 1 R (1) Ze0, B9 BOE A
7x0, ¥ Ru AL 5 3 BOT, ARGNH T Ru #
LAV IR KM KT , (2) A HIAE Ru fiE Ak 3R
11 14 Zn,Si,0, (OH),H,0 #hts vl DLl Ru £k 771 2R

100

[T Benzene conversion
[ I Cyclohexene selectivity
8ok [Z Cyclohexene yied

60 H

40

Conversion, selectivity or yield / %

201

2 3 4 5 6
Recycles
11 Ru AR A998 25407 1 AE
Fig.11 Reusability of the Ru catalyst
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