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摘要 

摘 要 

丙烷催化转化一直以来都是人们研究的热点。无论是对其进行选择氧化脱氢

制丙烯，还是将其完全氧化以提高其燃烧利用率和/或减少其直接排放对大气造

成环境污染，都具有重要意义。 

本论文首先考察了 3%Cs2O/CeO2-2CeF3 催化剂的制备方法、CeO2 的形貌、

催化剂的焙烧气氛及 CeF3 水解等因素对丙烷氧化脱氢性能的影响。发现不同形

貌 CeO2 具有不同的比表面积和粒径大小，其中比表面积大、粒径小的多面体

CeO2 和棒状 CeO2 对丙烷的转化率及丙烯收率都略优于立方体 CeO2 和商品

CeO2，但反应产物仍以 CO2 为主；CeF3 在空气气氛中极易发生水解生成 CeO2，

而 Ar 气氛下焙烧 3%Cs2O/CeO2-2CeF3 催化剂可抑制 CeF3 的水解，且其丙烷转

化率和丙烯选择性略高于空气气氛下焙烧的催化剂，但和早期的研究结果相比依

然有很大的差距；CeF3 部分水解可得到 CeOx-CeF3 混合相且较机械混合高温焙烧

得到的 CeO2-CeF3 混合相更加均匀，更有利于形成 F 离子分隔的 CeOx物相，且

水解生成的 CeOx 物相有可能不同于本文所考察的商品 CeO2 及水热合成法制得

的CeO2，从而具有更佳的丙烷氧化脱氢活性，在较高温度600 °C时，可得到44.1%

丙烷转化率，丙烯和乙烯选择性分别为 48.4%和 24.9%，双烯（乙烯+丙烯）收

率达 32.3%。 

其次，通过在真空条件下获得清洁的金属钽表面，应用原位镜面反射红外吸

收光谱，对氧化钽生成过程及金属钽表面不同氧化程度（即表面氧化钽和体相氧

化钽）模型表面的丙烷氧化脱氢反应活性及产物选择性差异进行了初步探究。探

究结果表明一定温度下，氧气氛中金属 Ta 片表面被氧化生成 TaOx/Ta，并且随着

反应温度的升高以及反应时间的增加，其氧化程度逐渐增加；金属 Ta 片表面反

应初期原位生成的表面 TaOx/Ta 对丙烷氧化脱氢表现出较高的丙烯选择性，而体

相氧化钽对丙烯的选择性较差，表面 TaOx/Ta 的高丙烯选择性可能是因为其对丙

烯的进一步氧化活性较丙烷的氧化低。 

最后，通过制备结构规整层层生长的 VOx/Pt(111)模型表面，应用原位镜面

反射红外吸收光谱（IRAS）及自行研设的普遍适用于模型催化反应产物分析的
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摘要 

高效进样系统，对不同覆盖度的 VOx/Pt(111)模型催化剂表面的氧化还原性质及

丙烷氧化性能进行了对比研究。研究发现 VOx 对 Pt(111)催化剂上丙烷氧化性能

的影响取决于反应温度和 VOx覆盖度，当反应温度较低时（<400 K），丙烷主要

在 Pt(111)表面活化，此时丙烷转化速率随 VOx 覆盖度的增加逐渐降低，VOx 表

现出抑制作用。当反应温度较高时（>400 K），丙烷转化速率随 VOx的增加出现

先增加后降低，在覆盖度为0.3 ML时获得最佳丙烷反应性能. 鉴于VOx在Pt(111)

表面以二维模式生长，其 VOx-Pt 界面周长随 VOx覆盖度的增加而增加，理想状

况下在覆盖度约为 0.5 ML 时获得最大值， 但由于 VOx随覆盖度增加可能出现

聚集现象，因此界面周长最大值可能在覆盖度小于 0.5 ML 时出现。由丙烷氧化

活性随覆盖度变化趋势与 VOx界面周长随覆盖度变化趋势相同推断 VOx-Pt 界面

是高丙烷氧化活性位。原位红外研究结果表明低于 1ML 的 VOx/Pt(111) 的氧化

还原性优于多层的 VOx/Pt(111)，与VOx-Pt界面是高丙烷氧化活性位推论相一致。

VOx-Pt 界面的高丙烷氧化活性可能是由于 VOx上丙烷的吸附活化概率高于 O/Pt

表面，同时 Pt 表面高的活化分子氧能力可为被丙烷还原的 VOx 提供活性氧。  

 

关键词：丙烷氧化；CeO2-CeF3；表面 TaOx；Pt(111)；钒氧化物膜；模型催化；

IRAS; 协同作用  
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Abstract 

Abstract 

The selective oxidation, as well as catalytic combustion of propane, has been 

extensively studied for effective use of natural resource and for the elimination of 

pollutants emitted by automotive exhaust gases and power plants. 

First part of this thesis, the effects of catalyst preparation methods for 

3%Cs2O/CeO2-2CeF3, the morphology of CeO2, the calcination atmosphere and 

temperature, and the hydrolysis of CeF3 on the performance of oxidative 

dehydrogenation of propane were investigated. The results show that the polyhedral 

and rod CeO2 having larger surface area and smaller particle size displayed slightly 

higher propane conversion rate and propene yield than those for the cube and 

commercial CeO2. Overal, CeO2 mainly gives the product of CO2. The calcination of 

the 3% Cs2O/CeO2-2CeF3 catalysts in dry Ar suppresses the hydrolyzation of CeF3 

into CeO2, resulting a better performance for oxidative dehydrogenation of propane 

(ODH). CeOx-CeF3 mixed phases obtained by partial hydrolysis of CeF3 exhibit better 

performance for ODH than that of mechanical mixture, which may be principally 

related to the phase-phase interaction between fluoride and oxide. A total light olefin 

(propene + ethylene) selectivity of up to 73.3% at a propane conversion of 44.1% was 

achieved for the CeO2-CeF3 prepared by the hydrolysis of CeF3 at 600 °C. 

In second part of dissertation，a preliminary study of ODH on TaOx/Ta model 

surfaces is presented. Using the infrared reflection-absorption spectroscopy (IRAS), 

the formation of TaOx on the Ta surface can be measured. The results reveal that the 

Ta surface can be oxidized to TaOx/Ta, which amount increases with increasing the 

reaction temperature and time. The catalytic performances for the ODH were 

examined at various reaction temperatures and oxidation times. The activities and 

selectivities of ODH are correlated with the formation of TaOx. The high selectivity of 

propene on the fresh TaOx/Ta can be attributed to a relative low reaction rate for 

propene oxidation.  
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Abstract 

In the third part, VOx/Pt(111), which was grown layer-by-layer and exhibited 

well-defined structure, was used as a model catalytic surface to study the intrinsic 

catalytic activity of Pt, as well as the effect of VOx additive, for the oxidation of 

propane. A special sample system was designed to assure a reliable analysis of the 

trace amount of the model catalytic reaction products. The results show that the 

catalytic activities for C3H8 oxidation on the Pt(111) surface as adding VOx were 

suppressed apparently under 400 K, but enhanced significantly at above 400 K. 

Maximum reaction rates were achieved at a VOx coverage of about 0.3 ML at 423 and 

473 K. The infrared reflection-absorption spectroscopy (IRAS) results show that the 

redox property of the unsaturated VOx /Pt(111) was much better than that of the 

saturated VOx /Pt(111). The results suggest that the co-existence of V and Pt on the 

surface, namely, the synergetic effects of V and Pt is the key factor corresponding to 

the improving the activation and oxidation of propane. 

 

 

Key Words: Propane, Cerium oxide, Tantalum oxide, Platinum, Vanadia, Model 

catalysis, IRAS, Synergistic effects  
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