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                               摘要 

 

    本論文探討以甲醛與硼氫化鈉為還原劑製備的核殼式Ru@SiO2觸

媒來催化苯部份氫化生成環己烯的性能，並討論有機修飾劑(醇類及

胺類)與無機修飾劑硫酸鋅對環己烯產率所造成的影響，輔以BET分

析觸媒的表面性質，XRD分析晶體結構，SEM分析觸媒粒子表面型態，

TEM分析觸媒內部結構。 

 

    本研究顯示在氫氣壓力5MPa，溫度150℃，反應時間兩小時，攪

拌速率700rpm，並在反應體系加入硫酸鋅為無機修飾劑，其中在水

100毫升中加入5克硫酸鋅為最佳，而有機修飾劑以正丁醇為最佳。

以甲醛為還原劑所製備的Ru@SiO2觸媒有28.29%的環己烯產率(苯的

轉化率為67.11%)，以硼氫化鈉製備的Ru-B@SiO2觸媒有36.93%的環

己烯產率(苯的轉化率為69.73%)，初步達到工業化的環己烯產率(工

業化要求苯的轉化率40%，環己烯產率為32%)。 

 

 

 

 



 II 

 

                  Abstract 

 

This thesis used core-shell Ru@SiO2 catalysts for partial 

hydrogenation of benzene to cyclohexene.Formaldehyde and 

Sodium borohydride were used as reducing agents.The effects of 

organic modifiers and inorganic modifiers on cyclohexene yield 

were studied. The catalysts were characterized with 

BET,XRD,SEM,TEM.  

 

28.29% cyclohexene yield(benzene conversion=67.11) was 

obtained with Ru@SiO2 catalyst reduced with formaldehyde.36.93% 

cyclohexene yield(benzene conversion=69.73%) was obtained 

with Ru-B@SiO2 catalyst reduced with sodium borohydride. The 

reaction condition were hydrogen pressure=5Mpa, 

temperature=150℃,reaction time=2 hours,stirring rate= 

700rpm,The cyclohexene yield obtained exceed the industrial 

requirements(industrial requirements are benzene conversion 

=40%,cyclohexene yield=32%). 
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