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摘要 在固定床装置上进行了三种煤的热解实验,考察了热解温度、热解时间等因素对煤氮迁移转化的影响。热解实验表明,A煤1 

073 K热解产生HCN,在热解前3 min释放完毕,早于NH3
释放,且当NH3

开始逸出后HCN生成量急剧减少;三种煤热解HCN、NH3
的

累积释放量在不同时刻达到各自最大值后急剧下降;半焦氮随热解温度的升高而增加。在973~1 123 K三种煤热解有50%~60%
煤氮转化为焦氮,40%~50%煤氮随挥发分一起释放,挥发分氮有20%~50%的氮物种以NH3和HCN的形式存在,其中,HCN占气相

氮的50%~60%、NH3占40%~50%。
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Abstract： Effect of temperature and residence time on coal-nitrogen transformation during pyrolysis of 3 

coals from west China was studied in a fixed bed reactor. The results show that the duration time of HCN 

releasing is about 3 min at 1 073 K for pyrolysis of coal A. The start release time of HCN is earlier than that of 
NH3, and the released amount of HCN quickly drops to zero as NH3 starts to release. The accumulated 

release amounts of HCN and NH3 first reach the maximum value at different pyrolysis time and then decrease 

sharply. The yield of char-nitrogen increases with increasing temperature. At 973~1 123 K, about 50~60 

mass percentage of the coal-nitrogen exits in char as char-nitrogen and the rest is released as volatiles, in 
which about 20~50 mass percentage of the volatile-nitrogen is NH3 and HCN. The mass percentage of NH3 

accounts for 40%~50% and that of HCN about 50%~60% in the volatile-nitrogen. 

Key words： coal   decoupling combustion   pyrolysis   NH3   HCN   

收稿日期: 2011-11-03; 

基金资助:

国家自然科学基金(50576101)。 

通讯作者: 杨学民, Tel: 010-82622893, Fax: 010-82622893; E-mail: yangxm71@home.ipe.ac.cn.     E-mail: 

yangxm71@home.ipe.ac.cn 

引用本文:   

谢建军,杨学民,朱文魁等. 煤炭解耦燃烧过程N迁移与转化Ⅰ:热解阶段煤N的释放规律[J]. 燃料化学学报, 2012, (08): 919-926. 

XIE Jian-jun,YANG Xue-min,ZHU Wen-kui et al. Nitrogen transformation during coal decoulping combustion I: release behavior of coal-nitrogen during 

pyrolysis stage[J]. J Fuel Chem Technol, 2012, (08): 919-926. 

链接本文:  

http://rlhxxb.sxicc.ac.cn/CN/     或     http://rlhxxb.sxicc.ac.cn/CN/Y2012/V/I08/919



[1] LI C-Z, NELSON P F. Fate of aromatic ring systems during thermal cracking of tars in a fluidized-bed reactor[J]. Energy Fuels, 1996, 10
(5): 1083-1090.  

[2] TIAN F, YU J, MCKENZIE L J, HAYASHI J, LI C-Z. Formation of NOx precursors during the pyrolysis of coal and biomass:. Part IX Effects 

of coal ash and externally loaded-Na on fuel-N conversion during the reforming of coal and biomass in steam[J]. Fuel, 2006, 85(10/11): 
1411-1417.  

[3] RICHTER H, KNOCHE K.Reversibility of combustion processes[J]. ACS Symp Ser, 1983, 235:71-86.  

[4] 金红光, 王宝群. 化学能梯级利用机理探讨[J]. 工程热物理学报, 2004, 25(2): 181-184. (JIN Hong-guang, WANG Bao-qun. Principle of cascading 

utilization of chemical energy[J]. Journal of Engineering Thermophysics, 2004, 25(2): 181-184.) 

[5] NELSON P F, LI C-Z, LEDESMA E. Formation of HNCO from the rapid pyrolysis of coals[J]. Energy Fuels, 1996, 10(1): 264-265.  

[6] LEDESMA E B, LI C-Z, NELSON P F, MACKIE J C. Release of HCN, NH3, and HNCO from the thermal gas-phase cracking of coal pyrolysis 

tars[J]. Energy Fuels, 1998, 12(3): 536-541.  

[7] De DIEGO L F, GARCíA-LABIANO F, ADÁNEZ J, GAYAN P, ABAD A, CORBELLA B M, PALACIOS J M. Development of Cu-based oxygen 
carriers for chemical-looping combustion[J]. Fuel, 2004, 83(13): 1749-1757.  

[8] OHTSUKA Y, WATANABE T, ASAMI K, MORI H. Char-nitrogen functionality and interactions between the nitrogen and iron in the iron-

catalyzed conversion process of coal nitrogen to N2[J]. Energy Fuels, 1998, 12(6): 1356-1362.  

[9] XU W-C, KUMAGAI M. Nitrogen evolution during rapid hydropyrolysis of coal[J]. Fuel, 2002, 81(18): 2325-2334.  

[10] ABAD A, MATTISSON T, LYNGFELT A, JOHANSSON M. The use of iron oxide as oxygen carrier in a chemical-looping reactor[J]. Fuel, 
2007, 86(7/8): 1021-1035.  

[11] TSUBOUCHI N, ABE M, XU C, OHTSUKA Y. Nitrogen release from low rank coals during rapid pyrolysis with a drop tube reactor[J]. Energy 
Fuels, 2003, 17(4): 940-945.  

[12] JOHNSSON J E. Formation and reduction of nitrogen oxides in fluidized-bed combustion[J]. Fuel, 1994, 73(9): 1398-1415.  

[13] SHEN L, WU J, XIAO J. Experiment on chemical looping combustion of coal with NiO based oxygen carrier[J]. Combust Flame, 2009, 156
(3): 721-728.  

[14] TSUBOUCHI N, OHTSUKA Y. Nitrogen release during high temperature pyrolysis of coals and catalytic role of calcium in N2 formation[J]. 

Fuel, 2002, 81(18): 2335-2342.  

[15] KAMBARA S, TAKARADA T, YAMAMOTO Y, KATO K. Relation between functional forms of coal nitrogen and formation of NOx precursors 

during rapid pyrolysis[J]. Energy Fuels, 1993, 7(6): 1013-1020.  

[16] CHO P, MATTISSON T, LYNGFELT A. Comparison of iron-, nickel-, copper-and manganese-based oxygen carriers for chemical-looping 
combustion[J]. Fuel, 2004, 83(9): 1215-1225.  

[17] 郭庆杰, 田红景, 刘永卓. CaSO4的复合载氧体制备及其反应特性[J]. 太原理工大学学报, 2010, 41(5): 572-576. (GUO Qing-jie, TIAN Hong-jing, LIU 
Yong-zhuo. Preparation and reactivity behavior of compound CaSO4 oxygen carrier[J]. Journal of Taiyuan University of Technology, 

2010, 41(5): 572-576.) 

[18] TSUBOUCHI N, OHTSUKA Y. Formation of N2 during pyrolysis of Ca-loaded coals[J]. Fuel, 2002, 81(11/12): 1423-1431.  

[19] 丁宁, 郑瑛, 罗聪, 吴琪珑, 傅培舫, 郑楚光. 化学链燃烧中CaSO4复合载氧体的实验研究[J]. 燃料化学学报, 2011, 39(3): 161-168. (DING Ning, ZHENG 
Ying, LUO Cong, WU Qi-long, FU Pei-fang, ZHENG Chu-guang. Investigation into compound CaSO4 oxygen carrier for chemical-looping 

combustion[J]. Journal of Fuel Chemistry and Technology, 2011, 39(3): 161-168. 

[20] 王保文, 晏蓉, 郑瑛, 赵海波, 郑楚光. CaSO4氧载体煤基合成气化学链燃烧模拟研究[J]. 燃料化学学报, 2011, 39(4): 251-257. (WANG Bao-wen, YAN 

Rong, ZHENG Ying, ZHAO Hai-bo, ZHENG Chu-guang. Simulated investigation of chemical looping combustion with coal-derived syngas 
and CaSO4 oxygen carrier[J]. Journal of Fuel Chemistry and Technology, 2011, 39(4): 251-257.) 

[21] HANSSON K M, SAMUELSSON J, AMAND L E, TULLIN C. The temperature's influence on the selectivity between HNCO and HCN from 
pyrolysis of 2,5-diketopiperazine and 2-pyridone[J]. Fuel, 2003, 82(18): 2163-2172.  

[22] 宋涛, 沈来宏, 肖军, 高正平, 顾海明, 张思文. 铁矿石载氧体化学链燃烧高温还原表征[J]. 燃料化学学报, 2011, 39(8): 567-574. (SONG Tao, SHEN Lai-

hong, XIAO Jun, GAO Zheng-ping, GU Hai-ming, ZHANG Si-wen. Characterization of hematite oxygen carrier in chemical-looping 

combustion at a high reduction temperature[J]. Journal of Fuel Chemistry and Technology, 2011, 39(8): 567-574.) 

[23] 高正平, 沈来宏, 肖军, 郑敏, 吴家桦. 煤化学链燃烧Fe2O3载氧体的反应性研究[J]. 燃料化学学报, 2009, 37(5): 513-520. (GAO Zheng-ping;SHEN 

Lai-hong;XIAO Jun;ZHENG Min;WU Jia-hua. Analysis of reactivity of Fe-based oxygen carrier with coal during chemical-looping 

combustion[J]. Journal of Fuel Chemistry and Technology, 2009, 37(5): 513-520.) 

[24] WU Z, OHTSUKA Y. Key factors for formation of N2 from low-rank coals during fixed fed pyrolysis: Pyrolysis conditions and inherent 

minerals[J]. Energy Fuels, 1997, 11(4): 902-908.  

[25] TAN L L, LI C-Z. Formation of NOx and SOx precursors during the pyrolysis of coal and biomass: Part II Effects of experimental 

conditions on the yields of NOx and SOx precursors from the pyrolysis of a Victorian brown coal[J]. Fuel, 2000, 79(15): 1891-1897.  

[26] LEION H, LYNGFELT A, JOHANSSON M, JERNDAL E, MATTISSON T. The use of ilmenite as an oxygen carrier in chemical-looping 
combustion[J]. Chem Eng Res Des, 2008, 86(9): 1017-1026.  



[27] WU Z, OHTSUKA Y. Nitrogen distribution in a fixed bed pyrolysis of coals with different ranks: Formation and source of N2[J]. Energy 

Fuels, 1997, 11(2): 477-482.  

[28] XIE Z, FENG J, ZHAO W, XIE K-C, PRATT K C, LI C-Z. Formation of NOx and SOx precursors during the pyrolysis of coal and biomass: 

Part IV Pyrolysis of a set of Australian and Chinese coals[J]. Fuel, 2001, 80(15): 2131-2138.  

[29] BERGUERAND N, LYNGFELT A. The use of petroleum coke as fuel in a 10kWth chemical-looping combustor[J]. Int J Greenhouse Gas 

Control, 2008, 2(2): 169-179.  

[30] KELEMEN S R, GORBATY M L, KEIATEK P J, FLETCHER T H, WATT M, SOLUM M S, PUGMIRE R J. Nitrogen transformations in coal during 
pyrolysis[J]. Energy Fuels, 1998, 12(1): 159-173.  

[31] LI C-Z, NELSON P F. Fate of aromatic ring systems during thermal cracking of tars in a fluidized-bed reactor[J]. Energy Fuels, 1996, 10
(5): 1083-1090.  

[32] ADANEZ J, CUADRAT A, ABAD A, GAYAN P, de DIEGO L F, GARCIA L F. Ilmenite activation during consecutive redox cycles in chemical-
looping combustion[J]. Energy Fuels, 2010, 24(2): 1402-1413.  

[33] 顾海明, 吴家桦, 郝建刚, 沈来宏, 肖军. 基于赤铁矿载氧体的串行流化床煤化学链燃烧试验[J]. 中国电机工程学报, 2010, 30(17): 51-56. (GU Hai-ming, 

WU Jia-hua, HAO Jian-gang, SHEN Lai-hong, XIAO Jun. Experiments on chemical looping combustion of coal in interconnected fluidized 

bed using hematite as oxygen carrier[J]. Proceedings of the CSEE, 2010, 30(17): 51-56.) 

[34] WOJTOWICZ M A, PELS J R, MOULIJN J A. The fate of nitrogen functionalities in coal during pyrolysis and combustion[J]. Fuel, 1995, 74
(4): 507-516.  

[35] NELSON P F, LI C-Z, LEDESMA E. Formation of HNCO from the rapid pyrolysis of coals[J]. Energy Fuels, 1996, 10(1): 264-265.  

[36] CAO Y, PAN W-P. Investigation of chemical looping combustion by solid fuels: 1 Process analysis [J]. Energy Fuels, 2006, 20(5): 1836-
1844.  

[37] FRIEBEL J, KOPSEL R F W. The fate of nitrogen during pyrolysis of German low rank coals——A parameter study[J]. Fuel, 1999, 78(8): 
923-932.  

[38] OHTSUKA Y, WATANABE T, ASAMI K, MORI H. Char-nitrogen functionality and interactions between the nitrogen and iron in the iron-

catalyzed conversion process of coal nitrogen to N2[J]. Energy Fuels, 1998, 12(6): 1356-1362.  

[39] CAO Y, CASENAS B, PAN W-P. Investigation of chemical looping combustion by solid fuels: 2 Redox reaction kinetics and product 

characterization with coal, biomass, and solid waste as solid fuels and CuO as an oxygen carrier[J]. Energy Fuels, 2006, 20(5): 1845-
1854.  

[40] BAXTER L L, MITCHELL R E, FLETCHER T H, HURT R H. Nitrogen release during coal combustion[J]. Energy Fuels, 1996, 10(1): 188-196. 
 

[41] TSUBOUCHI N, ABE M, XU C, OHTSUKA Y. Nitrogen release from low rank coals during rapid pyrolysis with a drop tube reactor[J]. Energy 
Fuels, 2003, 17(4): 940-945.  

[42] WOOD B J, SANCIER K M. The mechanism of the catalytic gasification of coal char: A critical review [J]. Catal Rev Sci Eng, 1984, 26(2): 
233-279.  

[43] TSUBOUCHI N, OHTSUKA Y. Nitrogen release during high temperature pyrolysis of coals and catalytic role of calcium in N2 formation[J]. 

Fuel, 2002, 81(18): 2335-2342.  

[44] SOLOMON P R, COLKET M B. Evolution of fuel nitrogen in coal devolatilization[J]. Fuel, 1978, 57(12): 749-755.  

[45] SHETH A C, SASTRY C, YEBOAH Y D, XU Y, AGARWAL P. Catalytic gasification of coal using eutectic salts: Reaction kinetics for 
hydrogasification using binary and ternary eutectic catalysts [J]. Fuel, 2004, 83(4/5): 557-572.  

[46] TSUBOUCHI N, OHTSUKA Y. Formation of N2 during pyrolysis of Ca-loaded coals[J]. Fuel, 2002, 81(11/12): 1423-1431.  

[47] WU Z, OHTSUKA Y. Key factors for formation of N2 from low-rank coals during fixed fed pyrolysis: Pyrolysis conditions and inherent 

minerals[J]. Energy Fuels, 1997, 11(4): 902-908.  

[48] RADOVIC L R, WALKER J, PHILIP L, JENKINS R G. Catalytic coal gasification: Use of calcium versus potassium [J]. Fuel, 1984, 63(7): 
1028-1030.  

[49] McKEE D W, CHATTERJI D. The catalytic behavior of alkali metal carbonates and oxides in graphite oxidation reactions[J]. Carbon, 1975, 
13(5): 381-390.  

[50] WU Z, OHTSUKA Y. Nitrogen distribution in a fixed bed pyrolysis of coals with different ranks: Formation and source of N2[J]. Energy 

Fuels, 1997, 11(2): 477-482.  

[51] HUANG Y, YIN X, WU C, WANG C, XIE J, ZHOU Z, MA L, LI H. Effects of metal catalysts on CO2 gasification reactivity of biomass char

[J]. Biotechnol Adv, 2009, 27(5): 568-572.  

[52] KELEMEN S R, GORBATY M L, KEIATEK P J, FLETCHER T H, WATT M, SOLUM M S, PUGMIRE R J. Nitrogen transformations in coal during 
pyrolysis[J]. Energy Fuels, 1998, 12(1): 159-173.  



[53] WOJTOWICZ M A, PELS J R, MOULIJN J A. The fate of nitrogen functionalities in coal during pyrolysis and combustion[J]. Fuel, 1995, 74
(4): 507-516.  

[54] FRIEBEL J, KOPSEL R F W. The fate of nitrogen during pyrolysis of German low rank coals——A parameter study[J]. Fuel, 1999, 78(8): 
923-932.  

[55] BAXTER L L, MITCHELL R E, FLETCHER T H, HURT R H. Nitrogen release during coal combustion[J]. Energy Fuels, 1996, 10(1): 188-196. 
 

[56] SOLOMON P R, COLKET M B. Evolution of fuel nitrogen in coal devolatilization[J]. Fuel, 1978, 57(12): 749-755.  

[1] 高正阳, 殷立宝, 周黎明, 钟俊, 郑双清. 不同煤燃烧过程颗粒汞生成特性的实验研究[J]. 燃料化学学报, 2012, 40(09): 1135-1141.

[2] 罗希韬, 王志奇, 武景丽, 吴晋沪. 基于热重红外联用分析的PE、PS、PVC热解机理研究[J]. 燃料化学学报, 2012, 40(09): 1147-1152.

[3]
谢建军, 杨学民, 陈安合, 丁同利, 宋文立, 林伟刚. 煤炭解耦燃烧过程N迁移与转化Ⅱ:单组分气相化学反应实验[J]. 燃料化学学报, 2012, 40(09): 

1051-1059.

[4] 张乾, 李庆峰, 房倚天, 张林仙. 重油残渣焦水蒸气气化反应特性的研究[J]. 燃料化学学报, 2012, 40(09): 1074-1080.

[5] 黄镇宇, 李燕, 赵京, 周志军, 周俊虎, 岑可法. 不同灰成分的低熔点煤灰熔融性调控机理研究[J]. 燃料化学学报, 2012, 40(09): 1038-1043.

[6] 张琨, 李寒旭, 纪明俊, 杨和彦, 张冬梅. 淮南煤灰中晶体矿物组成与煤灰流动温度关系的研究[J]. 燃料化学学报, 2012, 40(09): 1044-1050.

[7] 王美君, 付春慧, 常丽萍, 谢克昌. 逐级酸处理对锡盟褐煤的结构及热解特性的影响[J]. 燃料化学学报, 2012, (08): 906-911.

[8] 顾海明, 沈来宏, 肖军, 张思文, 宋涛. 基于钾基修饰铁矿石载氧体的煤化学链燃烧循环实验[J]. 燃料化学学报, 2012, (08): 927-934.

[9] 董鹏伟, 岳君容, 高士秋, 许光文. 热预处理影响褐煤热解行为研究[J]. 燃料化学学报, 2012, (08): 897-905.

[10]
郑爱军, 仲兆平, 赵紫默, 李睿, 姜小祥, 赵金笑, 刘志超. 精制废木屑热解油/柴油新型混合燃料制备实验研究[J]. 燃料化学学报, 2012, (08): 952-

957.

[11] 高峰, 单晓伟. 煤灰在不同耐火砖表面的润湿性与侵蚀性研究[J]. 燃料化学学报, 2012, 40(07): 769-775.

[12] 王春波, 雷鸣, 阎维平, 王松岭. 煤粉的增压富氧燃烧特性及煤灰矿物演变[J]. 燃料化学学报, 2012, 40(07): 790-794.

[13] 刘志林, 王维勋, 唐城, 蔡金勇, 张秀成, 陈立宇. 低浓度煤层气在发烟硫酸中液相部分氧化的催化剂研究[J]. 燃料化学学报, 2012, 40(07): 838-842.

[14] 黄金保, 刘朝, 曾桂生, 谢宇, 童红, 李伟民. 左旋葡聚糖热解机理的密度泛函理论研究[J]. 燃料化学学报, 2012, 40(07): 807-815.

[15] 尚校, 高士秋, 汪印, 董利, 许光文, 郭景海. 不同煤燃烧方式降低NOx
排放比较及解耦燃烧应用[J]. 燃料化学学报, 2012, 40(06): 672-679.

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 


