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摘要 利用快速升温固定床进行了霍林河褐煤在CO气氛下快速热解反应行为的研究,考察了热解半焦的产率、性质和气体产物的分

布特点。半焦的红外光谱图、元素含量和表面结构性质分析表明,CO参与并改变了褐煤的热解行为。与N2气氛相比,热解温度低

于600 ℃时,带孤对电子的极性CO容易诱发半焦结构中芳香环的开裂,侧链、醚键和脂肪链的断裂,促进小分子片段和自由基的生

成,自由基稳定了煤热解生成的碎片,导致挥发分的生成和逸出量增加,H2、CH4、CO和CO2的产率增大,半焦产率降低,半焦的比

表面积和孔容增大。热解温度高于700 ℃时,CO的歧化反应程度增大,产生的积碳附着于半焦的表面,阻塞了孔道,导致半焦的比表

面积和孔容减小,从而抑制了CO在半焦孔隙结构内部的扩散,限制了CO与煤中有机大分子结构的接触和反应,导致H2、CH4和CO
产率减小,而CO2产率因CO歧化反应而增大。
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Abstract： The fast pyrolysis of Huolinhe lignite under CO atmosphere was carried out in a fixed bed reactor. 

The distribution characteristics of gases, influence of CO on pyrolysis behaviors were investigated by 

comparative analyses of FT-IR spectra, element content and surface structure property of the char. The 

results show that the CO participates in the pyrolysis process and changes the pyrolysis behavior. Below 600 

℃, the polarity of CO, which brings out by the lone pair electrons existed in CO molecule, can help to crack 

the aromatic ring, side chain, ether linkages and aliphatic chain in the char, resulting in the increase in smaller 

molecular fragments and free radicals. These free radicals can stabilize the fragments produced during 
pyrolysis, which contributes to the generation of more volatile including H2, CH4, CO and CO2, as well as less 

char with higher specific surface area and pore volume. Above 700 ℃, the carbon deposition produced by the 

increasing CO disproportionation reaction can partially cover the surface of the char and block its pore, 

leading to the decrease in surface area and pore volume of the char as well as inhibiting the diffusion of CO in 

the pore structure. This effect suppresses the contact and reaction between CO and organic macromolecules 
of coal, resulting in the decreases in the yield of H2, CH4 and CO as well as the increase in the yield of CO2 

due to CO disproportionation reaction. 

Key words： CO atmosphere   pyrolysis behaviors   char property   

收稿日期: 2012-10-25; 

基金资助:

国家自然科学基金(21106173); 中国科学院战略性先导科技专项(XDA0705100); 中国科学院山西煤炭化学研究所青年人才基

金(2011SQNRC01)。 

通讯作者: 房倚天, 研究员, Tel/Fax: 0351-2021137, E-mail: fyt@sxicc.ac.cn。     E-mail: fyt@sxicc.ac.cn 

引用本文:   

高松平,赵建涛,王志青等. CO对褐煤快速热解行为的影响[J]. 燃料化学学报, 2013, 41(05): 550-557. 



  

GAO Song-ping,ZHAO Jian-tao,WANG Zhi-qing et al. Effect of CO on fast pyrolysis behaviors of lignite[J]. J Fuel Chem Technol, 2013, 41(05): 550-557. 

链接本文:  

http://rlhxxb.sxicc.ac.cn/CN/     或     http://rlhxxb.sxicc.ac.cn/CN/Y2013/V41/I05/550

[1] 尹立群. 我国褐煤资源及其利用前景[J]. 煤炭科学技术, 2004, 32(8): 12-14. (YIN Li-qun. Lignite resources and utilization outlook in China[J]. 
Coal Science and Technology, 2004, 32(8): 12-14)  

[2] XU W C, MATSUOKA K, AKIHO H, KUMAGAI M, TOMITA A. High pressure hydropyrolysis of coal by using a continuous free-fall reactor[J]. 

Fuel, 2003, 2(6): 677-685. 

[3] ANTHONY D B, HOWARD J B, HOTTEL H C, MEISSNER H P. Rapid devolatilization and hydrogasification of bituminous coal[J]. Fuel, 1976, 
55(2): 121-127.  

[4] MA Z H, ZHU Z B, ZHANG C F, JIN H H. Flash hydropyrolysis of zalannoer lignite[J]. Fuel Process Technol, 1994, 38(2): 99-109.  

[5] 金海华, 朱子彬, 马智华, 张成芳, 倪燕慧. 煤快速热解获得液态烃和气态烃的研究: (I). 气氛影响的考察[J]. 化学工程, 1992, 43(6): 719-726. (JIN Hai-

hua, ZHU Zi-bin, MA Zhi-hua, ZHANG Cheng-fang, NI Yan-hui. Flash pyrolysis of brown coal for obtaining liquid and gaseous 

hydrocarbons: (I). Effect of pyrolysis atmospheres[J]. Journal of Chemical Industry and Engineering(China), 1992, 43(6): 719-726.) 

[6] DUAN L B, ZHAO C S, ZHOU W, QU C R, CHEN X P. Investigation on coal pyrolysis in CO2 atmosphere[J]. Energy Fuels, 2009, 23(7): 

3826-3830.  

[7] MESSENBCK R C, DUGWELL D R, KANDIYOTI R. Coal gasification in CO2 and steam: Development of a steam injection facility for high-

pressure wire-mesh reactors[J]. Energy Fuels, 1999, 13(1): 122-129.  

[8] JAMIL K, HAYASHI J I, LI C Z. Pyrolysis of a Victorian brown coal and gasification of nascent char in CO2 atmosphere in a wire-mesh 

reactor[J]. Fuel, 2004, 83(7/8): 833-843.  

[9] 王鹏, 文芳, 步学朋, 刘玉华, 边文, 邓一英. 煤热解特性研究[J]. 煤炭转化, 2005, 28(1): 8-13. (WANG Peng, WEN Fang, BU Xue-peng, LIU Yu-
hua, BIAN Wen, DENG Yi-ying. Study on the pyrolysis characteristics of coal[J]. Coal Conversion, 2005, 28(1): 8-13.)  

[10] 廖洪强, 孙成功, 李保庆. 煤与焦炉气共热解特性研究: Ⅲ.焦油分析[J]. 燃料化学学报, 1998, 26(1): 7-12. (LIAO Hong-qiang, SUN Cheng-gong, LI 

Bao-qing. Copyrolysis of coal with coke-oven gas: Ⅲ. Analyses of tar[J]. Journal of Fuel Chemistry and Technology, 1998, 26(1): 7-12.) 

[11] 廖洪强, 孙成功, 李保庆. 焦炉气气氛下煤加氢热解研究[J]. 煤炭转化, 1997, 20(2): 38-43. (LIAO Hong-qiang, SUN Cheng-gong, LI Bao-qing. 

Progress of coal hydropyrolysis with coke-oven gas[J]. Coal Conversion, 1997, 20(2): 38-43.) 

[12] 廖洪强, 李保庆, 张碧江. 煤—焦炉气共热解特性研究: Ⅳ. 甲烷和一氧化碳对热解的影响[J]. 燃料化学学报, 1998, 26(1): 13-17. (LIAO Hong-qiang, LI 
Bao-qing, ZHANG Bi-jiang. Copyrolysis of coal with coke oven gas: Ⅳ. Influence of CH4 and CO on pyrolysis yields[J]. Journal of Fuel 

Chemistry and Technology, 1998, 26(1): 13-17.) 

[13] BRACKMAN-DANHEUX C, CYPRÉS R, FONTANA A, LAURENT P, HOEGAERDEN M V. Coal hydromethanolysis with coke-oven gas: 1. 
Influence of temperature on the pyrolysis yields[J]. Fuel, 1992, 71(3): 251-255.  

[14] ZHONG M, ZHANG Z K, ZHOU Q, YUE J R, GAO S Q, XU G W. Continuous high-temperature  uidized bed pyrolysis of coal in complex 
atmospheres: Product distribution and pyrolysis gas[J]. J Anal Appl Pyrolysis, 2012, 97: 123-129.  

[15] 张晓方, 金玲, 熊燃, 汪印, 刘云义, 许光文. 热分解气氛对流化床煤热解制油的影响[J]. 化工学报, 2009, 60(9): 2299-2307. (ZHANG Xiao-fang, JIN 

Ling, XIONG Ran, WANG Yin, LIU Yun-yi, XU Guang-wen. Effect of reaction atmosphere on tar production from coal pyrolysis in fluidized 

bed reactor[J]. CIESC Journal, 2009, 60(9): 2299-2307.) 

[16] ZHANG X F, DONG L, ZHANG J W, TIAN Y J, XU G W. Coal pyrolysis in a  uidized bed reactor simulating the process conditions of coal 
topping in CFB boiler[J]. J Anal Appl Pyrolysis, 2011, 91(1): 241-250.  

[17] 高松平, 赵建涛, 王志青, 王建飞, 房倚天, 黄戒介. CO2对褐煤热解行为的影响[J]. 燃料化学学报,2013, 41(3): 257-264. (GAO Song-ping, ZHAO Jian-
tao, WANG Zhi-qing, WANG Jian-fei, FANG Yi-tian, HUANG Jie-jie. Effect of CO

2
 on pyrolysis behaviors of lignite[J]. Journal of Fuel 

Chemistry and Technology, 2013, 41(3): 257-264.) 

[18] 石金明, 向军, 张军营, 赵清森, 胡松, 孙路石, 苏胜. 兖州煤热演化过程中表面官能团结构研究[J]. 燃烧科学与技术, 2010, 16(3): 247-251. (SHI Jin-

ming, XIANG Jun, ZHANG Jun-ying, ZHAO Qing-sen, HU Song, SUN Lu-shi, SU Sheng. Surface functional groups structure during 

Yanzhou coal thermal maturity[J]. Journal of Combustion Science and Technology, 2010, 16(3): 247-251.) 

[19] 冯杰, 李文英, 谢克昌. 傅里叶红外光谱法对煤结构的研究[J]. 中国矿业大学学报, 2002, 31(5): 362-363. (FENG Jie, LI Wen-ying, XIE Ke-chang. 

Research on coal structure using FT-IR[J]. Journal of China University of Mining & Technology, 2002, 31(5): 362-363.) 

[20] 张妮. 不同变质程度煤热解生成甲烷特征及反应机制. 太原: 太原理工大学, 2004. (ZHANG Ni. Reaction mechanisms and characteristics of methane 

generation during pyrolysis of different rank coals.Taiyuan: Taiyuan University of Technology, 2004.) 

[21] SOBKOWIAK M, REISSER E, GIVEN P, PAINTER P. Determination of aromatic and aliphatic CH groups in coal by FT-IR: 1. Studies of coal 
extracts[J]. Fuel, 1984, 63(9): 1245-1252.  

[22] REISSER B, STARSINIC M, SQUIRES E, DAVIS A, PAINTER P C. Determination of aromatic and aliphatic CH groups in coal by FT-IR: 2. 
Studies of coals and vitrinite concentration[J]. Fuel, 1984, 63(9): 1253-1261.  

[23] 丘纪华. 煤粉在热分解过程中表面积和孔隙结构的变化[J]. 燃料化学学报, 1994, 22(3): 316-320. (QIU Ji-hua. Variation of surface area and pore 
structure of pulverized coal during pyrolysis[J]. Journal of Fuel Chemistry and Technology, 1994, 22(3): 316-320.)  

[24] 崔丽杰, 姚建中, 林伟刚, 张峥. 喷动-载流床中温度对霍林河褐煤快速热解产物的影响[J]. 现代化工, 2003, 23(10): 28-32. (CUI Li-jie, YAO Jian-

zhong, LIN Wei-gang, ZNAG Zheng. Effect of temperature on products of flash pyrolysis of lignite in a spouted-entrained bed[J]. Modern 
Chemical Industry, 2003, 23(10): 28-32.)  



[25] PETER J J, TROMP F K, JACOB A M. Characterization of coal pyrolysis by means of differential scanning calorimeters: 2. Quantitative 

heat effects in a H
2
and in a CO

2
 atmosphere[J]. Fuel Process Technol, 1989, 23(1): 63-74.  

[26] 朱学栋, 朱子杉, 唐黎华, 张成芳. 煤的热解研究: Ⅰ. 气氛和温度对热解的影响[J]. 华东理工大学学报, 1998, 24(1): 37-41. (ZHU Xue-dong, ZHU Zi-

shan, TANG Li-hua, ZHANG Cheng-fang. Fundamental study on the pyrolysis of coals: I. Effect of atmosphere and temperature on 

pyrolysis[J]. Journal of East China University of Science and Technology, 1998, 24(1): 37-41.) 

[27] WANG J G, LU X S, YAO J Z, LIN W G, CUI L J. Experimental study of coal topping process in a downer reactor[J]. Ind Eng Chem Res, 
2005, 44(3): 463-470.  

[28] 余剑, 朱剑虹, 郭凤, 段正康, 刘云义, 许光文. 生物质在微型流化床中热解动力学与机理[J]. 燃料化学学报, 2010, 38(6): 666-671. (YU Jian, ZHU Jian-

hong, GUO Feng, DUAN Zheng-kang, LIU Yun-yi, XU Guang-wen. Reaction kinetics and mechanism of biomass pylolysis in a micro-

fluidized bed reactor[J]. Journal of Fuel Chemistry and Technology, 2010, 38(6): 666-671.) 

[29] 刘旭光, 李保庆. 煤热解模型的研究方向[J]. 煤炭转化, 1998, 21(3): 42-46. (LIU Xun-guang, LI Bao-qing. The research direction of coal 

pyrolysis model[J]. Coal Conversion, 1998, 21(3): 42-46.) 

[1] 高松平, 赵建涛, 王志青, 王建飞, 房倚天, 黄戒介. CO2
对褐煤热解行为的影响[J]. 燃料化学学报, 2013, 41(03): 257-264.

[2] 水恒福, 刘健龙, 王知彩, 张德祥. 小龙潭褐煤不同气氛下液化性能的研究[J]. 燃料化学学报, 2009, 37(03): 257-261.

版权所有 © 《燃料化学学报》编辑部 

本系统由北京玛格泰克科技发展有限公司设计开发  技术支持：support@magtech.com.cn 




