
学校编码：10384 

学号：20520141151571
         

硕  士  学  位  论  文
         

有序介孔氧化铝负载钴催化剂的制备、表征及费

托反应性能的研究
         

The Research on Preparation and

Characterization of Ordered Mesoporous

Alumina Supported Cobalt Catalysts and its

Performance on Fischer-Tropsch Synthesis
         

范印瑞
         

指导教师：万惠霖     黄传敬   
         

专业名称：物理化学      
         

答辩日期：2017年5月   

厦
门
大
学
博
硕
士
论
文
摘
要
库



厦门大学学位论文原创性声明
         

         

本人呈交的学位论文是本人在导师指导下,独立完成的研究成果。

本人在论文写作中参考其他个人或集体已经发表的研究成果，均在文中

以适当方式明确标明，并符合法律规范和《厦门大学研究生学术活动规

范(试行)》。
         

         

另外，该学位论文为(                  )课题(组)的研究成果

，获得(                    )课题(组)经费或实验室的资助，在(

          )实验室完成。(请在以上括号内填写课题或课题组负责人或

实验室名称，未有此项声明内容的，可以不作特别声明。)
         

         

         

声明人(签名)：
         

         

          年   月   日

厦
门
大
学
博
硕
士
论
文
摘
要
库



厦门大学学位论文著作权使用声明
         

         

本人同意厦门大学根据《中华人民共和国学位条例暂行实施办法

》等规定保留和使用此学位论文，并向主管部门或其指定机构送交学位

论文(包括纸质版和电子版)，允许学位论文进入厦门大学图书馆及其数

据库被查阅、借阅。本人同意厦门大学将学位论文加入全国博士、硕士

学位论文共建单位数据库进行检索，将学位论文的标题和摘要汇编出版

，采用影印、缩印或者其它方式合理复制学位论文。
         

         

本学位论文属于：
         

         

(     )1.经厦门大学保密委员会审查核定的保密学位论文，于

年 月 日解密，解密后适用上述授权。
         

         

(     )2.不保密，适用上述授权。
         

         

(请在以上相应括号内打“√”或填上相应内容。保密学位论文应

是已经厦门大学保密委员会审定过的学位论文，未经厦门大学保密委员

会审定的学位论文均为公开学位论文。此声明栏不填写的，默认为公开

学位论文，均适用上述授权。)
         

         

         

声明人(签名)：
         

         

          年   月   日

厦
门
大
学
博
硕
士
论
文
摘
要
库



摘  要
         

         

 摘   要

费托合成将从煤、生物质、天然气转化而来的合成气制备成清洁燃料和化学品，对

于解决当前环境与能源问题有重要的意义和价值。本文以非离子嵌段共聚物P123为

模板剂，采用乙醇挥发诱导自组装法(EISA)合成高热稳定性、大比表面积的有序介

孔结构氧化铝（OMA)，以其为载体采用浸渍法制备负载钴催化剂并用于费托合成反

应。结合XRD、BET、TEM、H2-TPR、XPS等表征技术，系统考察了制备方法以及添加

稀土助剂对催化剂结构和性能的影响，探讨了该类催化剂结构和性能之间的关系。

（一）Co/OMA催化剂的研究

（1）分别采用水和非水溶剂（乙醇、甲醇、正丁醇）制备浸渍液，考察了浸渍液

对Co/OMA催化剂费托反应性能影响。结果表明，非水溶剂制备的催化剂表现出更高

的催化活性和C5+选择性。研究发现，水溶液浸渍制备的催化剂，其载体介孔结构

遭到破坏，钴氧物种及还原后生成的金属钴分散度较差；而非水溶剂制备的催化剂

具有较大的比表面积、规整的孔道结构和较高的金属分散度，这可能是导致两类催

化剂性能差异的重要原因。

（2）考察了载体焙烧温度对Co/OMA催化剂结构和性能的影响，发现CO转化率和

C5+选择性随着载体焙烧温度的提高而增加，当焙烧温度为700 oC时，费托反应性

能最佳。在考察的焙烧温度（400 ～ 800 oC）范围内，催化剂均保持良好的有序

介孔结构，且随着焙烧温度的升高，催化剂表面酸性位点减少，钴氧物种与载体之

间的相互作用力减弱，催化剂可还原性提高。酸性减弱有助于抑制长链产物在催化

剂表面发生氢解和异构化反应而提高C5+选择性，而催化剂可还原性能的改善则是

其催化活性提高的重要原因。

（3）同时考察了负载量对Co/OMA催化剂费托反应性能的影响，发现当钴负载量由

10 %增加到20 %时，CO转化率逐渐增加至最高值，继续提高负载量，CO转化率变化

不大；而在考察范围内，催化剂负载量对其产物选择性影响不大。

（二）添加稀土助剂对Co/OMA催化剂结构与性能的影响

（1）在合成介孔氧化铝的过程中引入稀土助剂，制备添加不同稀土助剂的负载钴
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催化剂（Co/R-OMA）。结果表明，引入Ce助剂，催化剂费托反应活性明显提高；引

入La助剂，催化活性变化不大但C5+选择性提高；而引入Y、Nd、Eu、Gd助剂，催化

剂的费托反应性能均明显降低。表征结果表明，添加Ce助剂使得催化剂的可还原性

能以及金属钴分散度得以提高，由此导致其费托反应活性的提高；而引入La后，催

化剂的可还原性能变化不大，推测其C5+选择性的提高可能与其La-Co之间的协同作

用有关。

（2）在Co/Ce-OMA催化剂中，再通过浸渍法添加第2助剂La，发现其费托反应活性

和C5+选择性均明显提高。研究表明，在上述催化剂中添加La并未破坏其有序介孔

结构，但却进一步削弱了载体与钴物种之间的相互作用，抑制了CoAl2O4难还原物

种的形成，并促进了钴物种的分散，这些可能是导致催化剂费托反应性能提高的重

要原因。

关键词：费托合成；有序介孔氧化铝；负载钴催化剂；稀土助剂
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Abstract
         

         

Abstract

Fischer-Tropsch synthesis (FTS) convers syngas(CO+H2) into clean hydrocarbon

fuels or chemicals, which is of great significance and value to solve the current

environment and energy problems. In this work, Ordered mesoporous alumina

(OMA) with large surface area and high thermal stability was synthesized via

ethanol evaporation induced self-assembly by using P123 as structure directing

agent. The effects of preparation method and rare earth metals promoter on the

structure of Co/OMA catalysts and their FTS catalytic performance were

systematically studied. Cobalt based catalysts were prepared by incipient

wetness impregnation the OMA. In order to reveal the relationship between

structure and catalytic performance, the characteristic of the catalysts were

identified by XRDH2-TPRBETTEM techniques etc.

Study on the Co/OMA catalysts

(1)Co/OMA catalysts were prepared by incipient-wetness impregnation with

cobalt nitrate dissolved in water or anhydrous solvents(ethanol, methanol, n-

butanol). The effects of impregnation solution on the structure of Co/OMA

catalysts and their FTS catalytic performance were systematically studied. The

results indicate that catalysts impregnated with anhydrous solutions showed

higher F-T reaction activity and C5+ selectivity than Co/OMA prepared using

water solution. Characterization results indicate that Co/OMA catalysts prepared

with water solutions destroyed the original structure of OMA, while catalysts

anhydrous solutions have large surface areasregular pore structure and higher

metal dispersion degree, which may be the important reason for the difference of

FTS performance between the two types of catalysts.

(2) Influence of support calcination temperature on the structure and catalytic

performance of Co/OMA catalysts for FTS was studied. The results show that the
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CO conversion and C5+ selectivity increased with the increase of calcination

temperature. When the calcination temperature increased to 700 oC, Co/OMA

show the best F-T performance. The characterization results show that the

catalysts maintain the order mesoporous structure in the scope of 400-800 oC. In

addition, the acid sites on the catalysts surface decrease with the increase of

support calcination temperature, leading to the decrease of the interaction

between cobalt oxygen species and carrier, and thus improved the reducibility of

Co/OMA. Furthermore, low acidity can prevent the reaction of hydrogenolysis and

isomerization, which appeared to be responsible for high C5+ hydrocarbon

selectivity. The improvement of the reducibility of catalyst is the major reason for

the improvement of catalytic activity.

(3) Influence of Co loadings on the catalytic performance of Co/OMA catalysts for

FTS was also studied. The results show that when the loading amounts of cobalt

increases from 10 wt% to 20 wt%, the conversion rate of CO gradually increased

to the maximum value. The conversion rate of CO changed little when Co

loadings continue to increase. The loadings of Co has little impact on C5+

selectivity in the investigation scale.

 The study of cobalt catalysts supported on rare earth modified OMA

(1)Rare earth metal modified OMA was in-situ synthesized through a sol-gel route

and then as support for the preparation of Co/R-OMA catalysts. The results show

that Ce was favorable for CO conversion and La can improve C5+ selectivity

significantly, while YNdEuand Ga have negative effect on the FTS performance of

Co/OMA catalyst. The dispersion degree of cobalt species can be enhanced with

the adding of Ce, and the reducibility of catalyst was also improved, which is

helpful to the increase of FTS activity. While La has little effect on the reducibility

of the catalyst. Perhaps the synergistic effect between La and cobalt is helpful to

improve the selectivity of C5+.

(2) Ce-doped OMA was synthesized in a sol-gel system and then as support for

厦
门
大
学
博
硕
士
论
文
摘
要
库



the preparation of Co/La/Ce-OMA catalysts, La promoter was introduced by

incipient wetness impregnation method with ethanol solution of lanthanum nitrate.

The results show that introduction of La further decreased the strong interaction

between the carrier and the cobalt species and reduced the amount of CoAl2O4,

thus improved the reducibility of catalysts. What’s more, the introduction of La

further improved the dispersion of cobalt species. These may be responsible for

the improvement of the FTS catalytic performance of Co/OMA catalyst.

Key words: Fischer-Tropsch synthesis; Ordered Mesoporous Alumina; Supported

cobalt catalyst; Rare earth promoter
         

Keywords: Fischer-Tropsch synthesis; Ordered Mesoporous Alumina; Supported

cobalt catalyst; Rare earth promoter
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