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摘要 采用脱矿物质、提取腐殖酸等方法结合ICP-MS对伊敏15上、16下煤中的32种微量元素的含量及其赋存特征进行了分析。

与地壳克拉克值及中国侏罗-白垩纪煤和世界褐煤中微量元素含量相比,伊敏褐煤中微量元素没有明显富集。脱矿物质处理后,Ni明

显富集,As略比原煤高,其他微量元素都低于原煤。原煤提取腐殖酸和脱矿物煤提取腐殖酸中Ni、Mo、Cd、Sn、W明显富集,这表

明Ni、Mo、Cd、Sn、W和腐殖酸形成了稳定的有机态化合物。原煤提取腐殖酸残煤和脱矿物煤提取腐殖酸残煤中V、Ni、As富

集,表明V、Ni、As与煤的大分子结构形成了稳定的有机态化合物。根据微量元素和灰分的相关性系数,把微量元素分为以下几类:

无机富集元素Cr、U;亲无机元素Cu、Cd、In、Sn、Ga、Y、Zr、Hf、Bi、Th;偏无机元素Be、Sc、Rb、Sr、Nb、Cs、Ta、

Pb;偏有机元素V、As、Tl、Ba、Se;亲有机元素Li、Co、W;有机富集元素Ni、Zn、Mo、Sb。
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Abstract： The occurrence characteristic and contents of 32 trace elements in 15# and 16# coals in Yimin 

were analyzed using ICP-MS combined with demineralization and extraction of humic acid. Compared with 

Clark values and contents of trace element in Jurassic-Cretaceous coal in China and lignite in the world, there 

were no obvious enrichment of the trace elements in Yimin raw coal. Contents of most trace elements, 

expect Ni and As, in demineralized coals are lower than those in the raw coal. Some trace elements, Ni, Mo, 

Cd, Sn, and W significantly enriched in humic acid extracted from raw coal and demineralized coal, which 

indicates that these elements form the stable organic-compounds with humic acid. Meanwhile V, Ni and As 

were found to be enriched in raw coal and demineralized coal,which showed that the stable organic-

compounds could be formed between V, Ni,As and coal macromolecule. 6 kinds of trace elements in Yimin coal 

are classified based on correlation coefficient between ash and trace element: inorganic enriched elements-Cr 

and U; inorganic affinity element-Cu, Cd, In, Sn, Ga, Y, Zr, Hf, Bi and Th; the tendency of inorganic affinity 

element-Be, Sc, Rb, Sr, Nb, Cs, Ta and Pb; the tendency of organic affinity element-V, Cr, Co, Cu, Se, Y, 

Mo, Cd, Sn, Sb, Ta and Tl; the organic affinity element-Li, Co and W; the organic enriched elements-Ni, Zn, 

Mo and Sb. 

Key words： coal   humic acid   macromolecular   trace element   inorganic-organic affinity   

收稿日期: 2013-02-21; 

基金资助:

国家自然科学基金(41072116, 40772097, 41102092, 41103052);高等学校博士学科点专项科研基金

(20091402110002);2010年山西省研究生优秀创新项目;2012太原市科技项目(120247-27)。 

通讯作者: 曾凡桂,Tel:0351-6010468,E-mail:zengfangui@tyut.edu.cn。     E-mail: zengfangui@tyut.edu.cn 

引用本文:   



  

梁虎珍,曾凡桂,相建华等. 伊敏褐煤中微量元素的地球化学特征及其无机-有机亲和性分析[J]. 燃料化学学报, 2013, 41(10): 1173-1183. 

LIANG Hu-zhen,ZENG Fan-gui,XIANG Jian-hua et al. Geochemical characteristics and inorganic-organic affinity of the trace elements in Yimin lignite[J]. J 

Fuel Chem Technol, 2013, 41(10): 1173-1183. 

链接本文:  

http://rlhxxb.sxicc.ac.cn/CN/     或     http://rlhxxb.sxicc.ac.cn/CN/Y2013/V41/I10/1173

[1] BARUAH M K, KOTOKY P, BORAH G C. Distribution and nature of organic/mineral bound elementsin Assam coals, India[J]. Fuel, 2003, 82

(14): 1783-1791. 

[2] 杨建业. 煤中微量元素的酸脱除率与元素周期律-以渭北晚古生代5号煤层为例[J]. 燃料化学学报, 2010, 38(5): 521-527. 

[3] (YANG Jian-ye. Acid removal rate of trace elements and its organic-inorganic affinity in coal[J]. Journal of Fuel Chemistry and 

Technology, 2010, 38(5): 521-527.) 

[4] 张军营, 任德贻, 赵峰华, 许德伟. 煤中微量元素赋存状态研究方法[J]. 煤炭转化, 1998, 21(4): 12-17. 

[5] ZHANG Jun-ying, REN De-yi, ZHAO Feng-hua, Xu De-wei. Researach methods of occurrences of trace elements in coal[J]. Coal 

Conversion, 1998, 21(4): 12-17.) 

[6] SPEARS D A. The determination of trace element distributions in coals using sequential chemical leaching-A new approach to an old 

method[J]. Fuel, In press. 

[7] WANG J, LI C, SAKANISHI K, NAKAZATOB T, TAOB H, TAKANOHASHI T, TAKARADAC T, SAITOA I. Investigation of the remaining major 

and trace elements in clean coal generated by organic solvent extraction[J]. Fuel, 2005, 84(12/13): 1487-1493. 

[8] 赵峰华, 彭苏萍, 李大华, 唐跃刚, 任德贻, 许德伟. 低煤级煤中部分元素有机亲合性的定量研究[J]. 中国矿业大学学报, 2003, 32(1): 18-22. 

[9] ZHAO Feng-hua, PENG Su-ping, LI Da-hua, TANG Yue-gang, REN De-yi, XU De-wei. Quantitative study of organic affinity of elements in 
low rank coals[J]. Journal of China University of Mining & Technology, 2003, 32(1): 18-22.)  

[10] SWAINE D J. The organic association of elements in coal[J]. Organic Geochemistry, 1992, 18(3): 259-261. 

[11] OPAPRAKASIT P, SCARONI A, PAINTER P C. Ionomer-like structure and π-cation interactions in Argonne premium coals[J]. Energy Fuels, 

2002, 16(3): 543-551. 

[12] WANG W, QIN Y, SANG S, ZHU Y, WANG C, WEISS D. Geochemistry of rare earth elements in a marine influenced coal and its organic 

solvent extracts from the Antaibao mining district, Shanxi, China[J]. Int J Coal Geology, 2008, 76(4): 309-317. 

[13] GLUSKOTER H J, RUCH R R, MILLER W G, CAHILL R A, DREHER G B. Trace elements in coal: Occurrence and distribution[R]. United 

States, Illinois State Geological Survey Circular, 1977. 

[14] 唐修义, 黄文辉. 中国煤中微量元素[M]. 北京: 商务出版社, 2004. 

[15] Tang Xiu-yi, Huang Wen-hui. Trace elements in coal of China[M]. Beijing: The Commercial Press, 2004.) 

[16] ESKENAZY G M, STEFANOVA Y S. Trace elements in the Goze Delchev coal deposit, Bulgaria[J]. Int J Coal Geology, 2007, 72(3/4): 257-

267. 

[17] QUEROL X, ALASTUEY A, LOPEZ-SOLER A, PLANA F, FERNANDEZ-TURIEL J L, ZENG R S, XU W D, ZHUANG X G, SPIRO B. Geological 

controls on the mineral matter and trace elements of coals from the Fuxin basin, Liaoning Province, northeast China[J]. Int J Coal 

Geology, 1997, 34(1/2): 89-109. 

[18] KORTENSKI J, SOTIROV A. Trace and major element content and distribution in Neogene lignite from the Sofia Basin[J]. Int J Coal 

Geology, 2002, 52(1/4): 63-82. 

[19] DAI S, REN D, TANG Y, YUE M, HAO L. Concentration and distribution of elements in late Permian coals from western Guizhou Province, 

China[J]. Sofia Basin, 2005, 61(1/2): 119-137. 

[20] 代世峰, 任德贻, 唐跃刚. 煤中常量元素的赋存特征与研究意义[J]. 煤田地质与勘探, 2005, 33(2): 1-5. 

[21] DAI Shi-feng, REN De-yi, TANG Yue-gang. Modes of occurrence of major elements in coal and their study significance[J]. Coal Geology 
& Exploration, 2005, 33(2): 1-5.)  

[22] LARSEN J W, PAN C, SHAWVER S. Effect of demineralization on the macromolecular structure of coals[J]. Energy Fuels, 1989, 3(5): 

557-561. 

[23] YOSHINOBU O, PHILIP L, WALKER J. Pyrolysis of demineralized and metal cation loaded lignites[J]. Fuel, 1993, 72(2): 139-149. 

[24] FINKELMAN R, PALMER C A, KRASNOW M R, ARUSCAVAGE P J, SELLERS G A, DULONG F T. Combustion and leaching behavior of elements 

in the Argonne Premium coal samples[J]. Energy Fuels, 1990, 4(6): 755-766. 

[25] MERCIER F, MOULIN V, BARR  N, CASANOVA F, TOULHOAT P. Study of the repartition of metallic trace elements in humic acids 

colloids: Potentialities of nuclear microprobe and complementary techniques[J]. Analytica Chimica Acta, 2001, 427(1): 101-110. 

[26] DONALD S M, BISHOP A G, PRENZLER P D, ROBARDS K. Analytical chemistry of freshwater humic substances[J]. Analytica Chimica Acta, 

2004, 527(2): 105-124. 

[1] 孔娇, 程柱, 董洁, 焦海丽, 李凡. 平朔煤热解过程中PAHs的释放特性[J]. 燃料化学学报, 2013, 41(11): 1281-1286.



[2] 张莉, 曾凡桂, 相建华. 内蒙五牧场矿区11号煤层原煤大分子结构特征及其形成机制[J]. 燃料化学学报, 2013, 41(11): 1294-1302.

[3] 周劲松, 齐攀, 侯文慧, 游淑淋, 高翔, 骆仲泱. 纳米氧化锌在模拟煤气下吸附单质汞的实验研究[J]. 燃料化学学报, 2013, 41(11): 1371-1377.

[4] 韩奎华, 齐建荟, 李辉, 刘洪涛, 路春美. 木醋调质石灰石用于O2/CO2
燃煤同时脱硫脱硝性能[J]. 燃料化学学报, 2013, 41(11): 1378-1383.

[5] 李梅, 杨俊和, 张启锋, 常海洲, 孙慧. 用XPS研究新西兰高硫煤热解过程中氮、硫官能团的转变规律[J]. 燃料化学学报, 2013, 41(11): 1287-1293.

[6]
张书, 白艳萍, 米亮, 郑盼盼, 陈绪军, 许德平, 王永刚. 升温速率对胜利褐煤热解过程中N迁移转化的影响[J]. 燃料化学学报, 2013, 41(10): 1153-

1159.

[7] 王西明, 王兴军, 陈凡敏, 刘海峰, 于广锁, 王辅臣. 水蒸气气氛煤中温催化气化动力学研究[J]. 燃料化学学报, 2013, 41(10): 1166-1172.

[8] 张海永, 王永刚, 张培忠, 林雄超, 朱豫飞. NiW/Al2O3-Y催化剂的制备及其对煤焦油加氢处理的研究[J]. 燃料化学学报, 2013, 41(09): 1085-1091.

[9]
梁虎珍, 曾凡桂, 李美芬, 相建华. 镧系收缩效应对稀土-煤相互作用的影响及煤中有机态稀土的赋存形式研究[J]. 燃料化学学报, 2013, 41(09): 

1030-1040.

[10] 陈冠益, 王钦, 颜蓓蓓. 煤中痕量元素在循环流化床锅炉中的迁移行为与富集特性[J]. 燃料化学学报, 2013, 41(09): 1050-1055.

[11] 屈成锐, 徐斌, 吴健, 刘建新, 王学涛. 流化床O2/CO2
气氛下添加石灰石对燃煤PM2.5

的控制[J]. 燃料化学学报, 2013, 41(08): 1020-1024.

[12] 雷智平, 张素芳, 伍练, 水恒福, 王知彩, 任世彪. 先锋褐煤在离子液体中温和加氢转化研究[J]. 燃料化学学报, 2013, 41(08): 922-927.

[13] 邓靖, 李文英, 李晓红, 喻长连, 冯杰, 郭小汾. 橄榄石基固体热载体影响褐煤热解产物分布的分析[J]. 燃料化学学报, 2013, 41(08): 937-942.

[14] 陈宗定, 公旭中, 王志, 王永刚, 张书, 许德平. KNO3
体系中离子液体辅助水煤浆电解脱硫[J]. 燃料化学学报, 2013, 41(08): 928-936.

[15] 李志凯, 秦张峰, 吴志伟, 赵建涛, 李树娜, 董梅, 樊卫斌, 王建国. 煤层气治理与利用技术研究开发进展[J]. 燃料化学学报, 2013, 41(07): 787-797.

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 


