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摘要 

I 
 

摘 要 

城市生活垃圾是一种非均质的多组分混合物，与单一物质不同，其组成和性

质随着地域、季节的不同有很大差异。垃圾问题是目前困扰城市生活的一大难题，

如何处理好垃圾问题，寻求一种科学的垃圾处理技术，是多年来的科研攻关难题。

热解技术凭借其无害化、减量化和资源化等优势，越来越受到人们的重视。热解

得到的气态和液态物质可以直接作为能源使用，但是得到的黑色固态残余物因其

成分复杂，尚未得以广泛利用。 

本论文通过热重、元素分析、EDS、XRD 等检测方法对固体残余物进行分

析，发现组成十分复杂，含有十多种元素，其中碳含量达到 30%。主要成分除碳

以外还有氧化硅、氧化钙和碳酸盐等无机物，达到 40%～50%，金属氧化物（包

括氧化铝、氧化铁等）和能溶于水的盐类占 15%，余下部分为其他的金属、金属

氧化物、无机单质、有机物等。残余物表面含有多种基团，通过红外光谱的测定

表明主要有含氧官能团、含硫官能团、含氮官能团和烷基侧链。城市生活垃圾中

含有的各种重金属，在经过热解处理后保留在残余物中。对残余物进行消解处理，

利用原子吸收光谱检测了重金属含量，其中锌元素达到了 2400 mg/kg，其次为铜、

镉、铅。 后利用化学分离的方法将残余物的干馏产物分成 4 大类，进行 GC-MS

的分离和分析。结果表明：城市生活垃圾热解固体产物干馏的油状产物主要是长

链烷烃、烯烃以及酯、酮、醛等。 

残余物复杂的组成和性质给应用带来一定困难。残余物中碳的含量相对较

高，但是整体热值偏低。本文第三章详细考察了以残余物为原料进行浮选的实验

条件。目的在于提高残余物中的碳含量，为下一步的应用提供更好的原料。对于

残余物的浮选相对有效的药剂组合为柴油和仲辛醇，在此优化的基础上，考察了

浮选药剂的投放量和搅拌时间、矿浆浓度、浮选刮泡时间等实验参数。在优化的

条件下能将残余物中的碳含量由 30%提升至 40%。以石墨为碳源人工合成了类

似残余物成分的样品，参照残余物的浮选条件，对石墨样品进行了浮选，效果显

著。通过比较这些结果并结合对残余物进行的各项分析，讨论残余物浮选效果欠

佳的原因，认为主要是由于热解过程影响了残余物的表面性质和包裹形态。 

浮选的目的只是提高碳含量，而非直接利用残余物。在第四章，仿照焦炭生
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摘要 

成水煤气的方法，利用管式炉进行残余物的水煤气反应。在高温及惰性环境条件

下，残余物中的碳与水反应，生成了氢气和一氧化碳，即水煤气。反应温度维持

在 900 ℃，持续时间为 1 h，残余物作为原料的投料量为 2 g，水作为气化剂投

入量为 10 g。反应后的固体产物含碳量不到百分之一，说明残余物中大部分的碳

参与了水煤气反应。经水煤气反应后残渣由黑色变为灰黄色，得到的气体体积约

为 2 L，利用气相色谱对其进行分析，一氧化碳的产量同二氧化碳相比占了绝对

优势。将残渣中的碳由固态转化为气态，彻底利用了残余物中的碳元素，解决了

浮选只能有限地提高碳含量，无法直接利用的问题。同时，经过水煤气反应，得

到的气体便于存储运输，也胜于浮选提高碳含量后直接进行燃烧。该方法对残渣

的碳含量无定量要求，具有推广性。 

通过以上的实验研究，对城市生活垃圾热解后固体残余物的性质有了一定的

了解。出于提高碳含量的目的，提出了浮选的方法。为了进一步直接利用残余物，

进行了以残余物为原料生产水煤气的实验。 后对残余物的应用进行了展望。若

能更深入地了解残余物的组成和性质，对残余物进行表面改性，就能更好的利用

残余物。真正实现化垃圾为能源，完善生活垃圾热解处理的产业链。 

关键词：城市生活垃圾 固体残余物 热解 浮选 水煤气 
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Abstract 

Abstract 

MSW (Municipal solid waste) is a kind of heterogeneous multi-component mixture 

and its components change depending on regions and seasons. The worsening MSW 

problem has aroused people's wide attention. The pyrolysis technology of MSW 

mixtures has advantages in terms of decontamination, reduction and recovery, so it 

catches much eyes. The usage of the black solid residue remains to be explored at the 

present time, while the gaseous and liquid products of pyrolysis can be used as energy 

directly.  

In this paper, a series of experiments including TGA-DSC, elemental analysis, EDS, 

XRD and others were conducted to analyze the composition of the soild residue. The 

solid residue contains a dozen elements. The carbon takes 30% of the total weight of 

the residue.In addition metal oxide (including alumina, iron oxide, etc.) and water 

soluble salts are 15%. Silica,calcium oxide, carbonate and other inorganic are about 

40% ~ 50%, the rest are other metal oxides, inorganic compound,organic compound 

and so on. Surface groups of soild residue are complex, containing many types. The 

infrared spectra of solid residue shows it has oxygen-, sulfur-, nitrogen-containing 

functional groups, and alkyl side chains. MSW may contain various heavy metals and 

they migrate to solid residue after pyrolysis treatment. 5 kinds of heavy metals were  

detected by atomic absorption spectrometry .The content of zinc reaches 2400 mg/Kg. 

The followings are copper, cadmium, lead. By evaporation, extraction and dissociate, 

the pyrolysate comes from solid residue was divided into 4 components, such as acid 

component, alkaline component, hydrocarbon and polar components The composition 

of the pyrolysate can be analysized through GC-MS.  

The complex chemical properties and composition hindrance the application of the 

solid residue.In this pape, flotation technology is developed to increase the carbon 

content for the further utilization. The flotation reagents are diesel oil and 2-octanol. 

Consumption of reagent, time of flotation and mixing have been optimized by 

experiments. The content of carbon can be promoted from 30% to 40%. Taking the 

graphite as the carbon source and synthesizing similar solid residue sample for control 

experiment, remarkable results were achieved under the same conditions. Compare 

the flotation results of the two samples, and combined with a series of analysis the 
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Abstract 

IV 
 

properties of solid residue, the discussion about the influencing factors of soild 

residue flotation was presented. The reason for the poor effect about the flotation was 

derived from the pyrolysis treatment that makes the special surface properties and 

package forms. 

The purpose of flotation is to increase the carbon content rather than directly use 

soild residue. Following the method of producing water gas from coal as model, solid 

residue was used as the raw material, based on the experiment with the tubular 

furnace and porcelain boat. In inert atomsphere, the solid residue reacts with water to 

produce hydrogen and carbon monoxide at high temperature. The carbon remaining 

solid product is less than 1%. Almost all of the carbon from the soild residue 

participates in the water gas reaction. After the reaction, the colour of the residue 

changes from black to pale gray. Gas chromatography analysis reveals that the amount 

of carbon monoxide is dominantly more than carbon dioxide. The state of carbon 

changes from solid into gas drastically. At the same time, through the water gas 

reaction, energy can be stored and transported conveniently in the form of the gas 

state 

Based on the study, we learn more about the properties of MSW pyrolysis product-- 

soild residue. Floation was used to promote the carbon content of soild residue. Due 

to the direct utilization of solid residue, water gas reaction was carried out. Finally, the 

application of the solid residue was predicted. Converting MSW to energy not only 

solves the serious problem of waste, but also releases the shortage of resources. 

Keywords: Municipal solid waste ; carbon residue ; pyrolysis ; flotation ; 

 water gas reaction. 
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