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I 
 

摘 要 

汞是煤中的有毒痕量元素之一，在煤的燃烧过程中释放到大气中。汞具有较

强的生理毒性和生物累积性，被排放到大气中时会通过降雨等形式污染水资源，

并进入食物链，最终危害到人体的健康。煤炭是我国能源结构的主要部分，由于

燃煤而产生的汞污染已经引起人们的关注，汞污染的防治工作在我国已迫在眉

睫，必须积极开展相关研究，进一步探索有效的汞控制措施。 

本文以飞灰、烟气和气态汞为研究对象，建立了模拟烟气实验台。准备了飞

灰和飞灰组分样品，采用固定床和流化床反应器，对各种样品进行实验研究。并

对实验数据进行统计分析，找出影响烟气中汞形态转化的原因。 

首先，飞灰原样取自厦门嵩屿电厂第一除尘器前的烟气管道，用标准筛对原

始飞灰样品进行筛分，得到粒径分布不同的飞灰颗粒。对飞灰样品进行分析，得

到飞灰样品的微观结构、化学组成、矿物组成、未燃烬炭和比表面积等信息。同

时针对飞灰的成分，准备了氧化钙、氧化铝、二氧化硅、氧化铁和氧化镁等样品。 

其次，烟气成分是影响烟气中汞形态转化的重要因素，本文针对 O2、SO2、

HCl 三种气体对汞形态转化的作用做了研究，实验表明：当三种气体单独存在时，

都能促进汞的转化，其影响效果由高到低分别是 HCl、O2 和 SO2；在 HCl 存在

的前提下，加入 O2 或者 SO2 都会不同程度地抑制汞的转化，其中加入 SO2的抑

制作用更明显；在 N2-SO2 烟气体系中，随着反应温度升高汞的氧化率降低，在

其他以 O2、SO2、HCl 组成的烟气体系中，反应器温度的升高都能促进汞的转化。 

飞灰也是影响烟气中汞形态转化的因素，实验表明：飞灰对烟气中汞的转化

起关键作用，当烟气中不存在飞灰时，汞的转化率较低；用 Al2O3、Fe2O3、CaO、

MgO、SiO2 等五种氧化物以及未燃烬炭代表飞灰的主要成分，测试其对于烟气

中汞形态转化的影响，结果表明飞灰的各组分都能促进汞的转化，其作用效果由

高到低分别是：Al2O3、Fe2O3、CaO、MgO、SiO2，同时，飞灰中的未燃烬炭也

能促进汞的转化。 

最后，测试了反应器类型和脱硫剂对于汞形态转化的影响，通过实验得出：

对比固定床和流化床，当以固定床作为反应器时，会得到更高的汞氧化率；同时

增加脱硫剂的浓度，增大脱硫剂的颗粒粒径，也能大大促进烟气中汞的转化。 

关键词：汞；烟气；飞灰；形态转化 
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ABSTRACT 

Mercury is one of the poisonous elements in coal, it is emitted into the 

atmosphere during the coal combustion process. Mercury in atmosphere will be taken 

into the water when raining, then it transfer in food chain, and harm the health of 

human because of its high physiological toxicity and bioaccumulation. Coal is the 

main part of China energy structure, mercury pollution generated by coal combustion 

has arosed great attention, the control of mercury emission demands immediate 

actions in China, correlation study of it should development for finding effective 

measures to control mercury. 

In this research, fly ash, flue gas and mercury was established as research object, 

and a bench-scale testing apparatus was constructed. Fly ash and components of it 

were prepared as samples, and used different reactors to evaluate the the effect of 

reactor type on mercury conversion during the research. The data was analyzed to find 

the the factors effect on mercury converseon in the simulate flue gas. 

Firstly, Fly ashes were were derived form 1st boilers of a Power Plant in Xiamen, 

and got fly ash samples into different particle sizes. Besides some analysis 

apparatuses were used to descryibe the characterizeation of these fly ash samples 

including Morphology, chemical composition, surface area, unburned carbon etc. 

Samples of CaO, Al2O3, SiO2, Fe2O3 and MgO were prepared at first. 

Secondly, the composition of flue gas has great effect on mercury oxidation, O2, 

SO2, HCl were chosed as research object in this article， experiment were done to find 

the interaction between mercury and them, the conclusions are as follows: without 

other gases, these three had significant effect on mercury oxidation. Of the gases 

added to the N2, the gas species having the greatest effect on mercury oxidation was 

HCl. Next in significance with respect mercury oxidation was O2. The oxidation 

ability of SO2 was less significant than HCl and O2; The presence of O2 or SO2 

actually appears to inhibit oxidation in the presence of HCl, especially the presence of 

SO2; The temperature of reactor has impact on the mercury transformation, in 

different kinds of atmosphere composition, conversion ratio of Hg2+ to total Hg 
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become higher when add the temperature of reactor. But the result was opposition 

when SO2 was added to N2. 

Consider the effect of fly ash on mercury oxidation, the result indicated that fly 

ash was an important factor to mercury converseon, there were almost no mercury 

oxidation when fly ash absence. The main compositions of fly ash are: Al2O3, SiO2, 

MgO, CaO and Fe2O3, all of them could enhance oxidation of Hg, especially Al2O3 

and CaO. The unburned carbon in fly ash have a significant effect on mercury 

oxidation. 

Finally, the result show that fixed bed reactor had the most significant effect on 

mercury oxidation. Increase the concentration  or  the size of desulfurizer can get 

higher  conversion ratio of Hg2+ to total Hg. 

Key Words: mercury; flue gas; fly ash; species transformation 
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