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摘要 以不同水含量的糠醛和N-甲基吡咯烷酮作萃取溶剂，沙中原油减压馏分油经3段萃取被分离为重芳烃相、中芳烃相、轻芳烃相和

饱和烃相4个亚组分，采用气相色谱-质谱联用、傅里叶变换离子回旋共振质谱等方法分析了亚组分中烃类组成和硫化物的分布，考察了

萃取分离过程各烃类的分离效率和芳烃萃取选择性。结果表明，3段萃取分离出的重芳烃相、中芳烃相和轻芳烃相中芳烃质量分数分别

在89.6%~95.6%、80.8%~91.0%和63.9%~77.7%，表明糠醛和NMP是适于分离减压馏分油中芳烃的溶剂；芳烃环数增加，分子

极性提高，溶剂对其溶解能力增强，极性较强的三环及以上芳烃主要存在于重芳烃相和中芳烃相；不同水含量的糠醛和NMP对芳烃，尤

其是对三环及以上芳烃的分离效率高于饱和烃；水含量增加，溶剂的萃取分离效率降低，但对芳烃的萃取选择性β值提高；NMP对芳烃

的萃取选择性高于糠醛。三环及以上噻吩类硫化物主要存在于重芳烃相和中芳烃相中，单、双环噻吩类硫化物基本均匀分布于各亚组分

中。
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Abstract： VGO of Saudi Arabia Middle crude oil was separated into four fractions of heavy aromatics, middle 

aromatics, light aromatics and saturates by three-stage solvent extraction of furfural and NMP, respectively. The 
hydrocarbon types and sulfur compound distribution of the fractions were characterized by GC-MS and FT-ICR MS, 
and the separation efficiency of the solvent extraction was studied. The results showed that the aromatic mass 
frations in heavy aromatics, middle aromatics and light aromatics obtained by the three-stage solvent extraction 
method were in the ranges of 89.6%-95.6%, 80.8%-91.0% and 63.9%-77.7%, respectively, indicating furfural and 
NMP being the suitable solvents for VGO separation. With the ring number increasing, the molecule polarity of 
aromatics enhanced and their solubility increased, which made the aromatics with three or more rings mainly in 
heavy aromatics and middle aromatics fractions. The extraction efficiency of aromatics was higher than that of 
saturates in the process of furfural or NMP extraction. The extraction selectivity of aromatics could be improved by 
increasing water content in solvent, but the extraction efficiency would be reduced. Overall, the extraction 
selectivity of aromatics of NMP was higher than that of furfural. Benzothiophenes with three or more rings were 
mainly in heavy aromatics and middle aromatics fractions and benzothiophenes with single or two rings were in the 
four fractions evenly after three-stage solvent extraction of furfural and NMP. 
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