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Abstract:
X-ray photoelectron spectroscopy, and transmission electron microsocpy. The results showed that ruthenium was

The highly dispersed supported catalyst (Ru/ZrO,*xH,O) was prepared and characterized by X-ray diffraction,

reduced to low oxidation state and the average partical diameter of Ru particles was about 3.8 nm. The catalyst
exhibited high activity in hydrogenation of quinoline under the mild reaction conditions, 40 C, 2 MPa, quinoline/Ru
molar ratio of 250/1 and H,O as solvent. The conversion of quinoline was 98.2% and the selectity of 1,2,3,4-
tetrahydroquinoline was 98.0%. The catalyst can be reused for several times. The mechanism of quinoline hydrogenation
over Ru/ZrO,*xH,O catalyst was discussed. The coordination of nitrogen atom of quinoline on the surface of ruthenium
nanoparticles and the effect of hydrogen bond between OH groups on ZrO, surface and nitrogen in quinoline were

favourable for the desorption of the substrate and products from the surface of catalyst.
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Fig.1 XRD patterns of Ru/Zr0,:xH,0 catalyst

(a) support, (b) before reaction, (c) after reaction
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Fig.5 Influence of temperature on hydrogenation of
quinoline over Ru/Zr0,: xH,0 catalyst
reaction conditions: n(substrate)/n(Ru)=250/1, i-PrOH: 3 mL,
quinoline: 1.0 mL, p(H,): 2.0 MPa, 3 h
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Fig.6 Influence of hydrogen pressure on
hydrogenation of quinoline over Ru/Zr0Q,*xH,0 catalyst
reaction conditions: n(substrate)/n(Ru)=250/1, i-PrOH: 3 mL,
quinoline: 1.0 mL, 40 C, 3 h
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Table 1 Influence of solvent on hydrogenation of
quinoline over Ru/Zr0,: xH,0 catalyst

Selectivity(%)
1,2,3,4-THQ 5,6,7,8-THQ DHQ

Solvent  Conversion (%)

H,O 96.2 98.1 0.7 1.2
CH;OH 85.4 97.8 1.7 0.5
C,H;OH 78.5 97.2 2.1 0.7
n-PrOH 63.1 97.6 1.7 0.7
i-PrOH 58.3 97.6 1.5 0.9

THF 36.0 90.3 8.9 0.8

cyclohexane 16.2 83.5 14.5 2.0
n-hexane 194 80.5 16.2 3.3

reaction conditions: n(substrate)/n(Ru)=250/1, solvent: 3 mL,
quinoline: 1.0 mL, p(H,)=2.0 MPa, 40 C, 3 h
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Fig.7 Influence of calcination temperature on
hydrogenation of quinoline over Ru/Zr0Q,* xH,0 catalyst
reaction conditions: n(substrate)/n(Ru)=250/1, solvent: 3 mL,
quinoline: 1.0 mL, p(H»)=2.0 MPa, 60 C,3h
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Table 2 Influence of substrate/Ru ratio on
hydrogenation of quinoline

n(substrate)/ Conversion Selectivity(%)

-1
n(Ru) (%) roreo 1,2,3,4-THQ 5,6,7,8-THQ DHQ
250/1 96.2 80.2 98.1 0.7 1.2
500/1 62.8 104.7 98.5 0.5 1.0
1000/1 28.8 96.0 99.1 0.5 0.4
reaction conditions: HO: 3 mL, quinoline: 1 mL, p(H,): 2.0 MPa,

40 C,3h
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Fig.8 Recycle use of the catalyst in hydrogenation of
quinoline
reaction conditions: n(substrate)/n(Ru): 100/1, H,O: 3 mL,
quinoline: 1.0 mL, p(Hy): 2.0 MPa, 60 C, 3 h
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