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Abstract 

The shale oil from Yaojie oil shale (YSO), Gansu Province, was subjected to 
acid-base separation to obtain acidic, basic and neutral fractions. The three 
fractions were characterized by gas chromatography–mass spectrometry (GC–
MS). The GC−MS analysis showed that the neutral fraction (84.39wt %) contained 
C8~C33 normal alkanes, C8~C27 alkenes, benzene, naphthalene, phenanthrene 
(or paranaphalene) and other constitutions containing more than one benzene 
rings; the acid fraction (2.44wt%) mainly contained phenol, naphthol and indenol. 
Diphenol series were also identified in the acid fraction; the basic component 
(3.41wt%) consist of phenylamine, derivatives of pyridine, quinoline series. In this 
paper, the composition of YSO was widely investigated at the molecular level. 
The chemical composition of YSO provides important theoretical data for 
technology development. 
Keywords: shale oil, oil shale, GC–MS. 

1 Introduction 

Due to the high crude oil prices, the mining and retorting of oil shale has attracted 
more and more attention to meet the vast demand of energy [1]. Shale oil (SO) is 
obtained from the pyrolysis process of oil shale, being rich in alkanes, arenes, as 
well as nitrogen-, sulfur-, and oxygen-containing non-hydrocarbons. Hence, a 
more in-depth understanding of the molecular composition of SO is vital to 
technology development, which are valuable chemical raw materials for various 
applications [2–3]. 
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     A lot of research has been conducted to analyze the composition of SO. Robert 
et al. [4] separated the Queensland SO into ten fractions and identified about  
500–700 compounds. Guo and Ruan  [5] separated two  kinds  of  shale  oils  boiling  <  
350°C from Fushun and Maoming shale oils, both China, into subgroups by four 
chromatographic columns in series with deactivated adsorbent. And the fractions 
were analyzed by gas chromatography–mass spectrometry (GC–MS). The results 
showed that Fushun SO and Maoming SO contained more than 300 compounds 
[5]. Two kinds of shale oils from mountainous areas (land) and coastal shelf rocks 
(sea), both in China, were separated into four fractions using silica gel column 
chromatography and identified by GC–MS. It is found that there are 269 
compounds, with abundant hydrocarbon compounds (79%), and some sulfur, 
oxygen and nitrogen compounds in the shale oil from land contains and 284 
compounds with a high amount of hydrocarbon and oxygen compounds (60 and 
29%, respectively), and some sulfur and nitrogen compounds . in that of sea rocks 
[6]. Besides, some workers found that the phenols, indanols, naphthols, 
phenylphenols, fluorenols, phenanthrenols, ketones and esters and other oxy-
compounds were presented in shale oil and other fuel oils [7–10]. 
     In this paper, a comprehensive compositional analysis of YSO was performed 
using GC–MS. This effort lays the groundwork for a better understanding of the 
heteroatom-containing species present in shale oil. 

2 Experimental  

2.1 Material and separation methods for GC–MS analysis 

Shale oil was obtained from Yaojie oil shale (Gansu province, China) by pyrolysis 
at 550oC. The separation steps and result of YSO are shown in Figure 1 and  
Table 1, respectively.  
 

 

Figure 1: The separation scheme of acrid-, basic- and natural-fractions of  
shale oil. 
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Table 1:  Results of separation of samples according to acidic-, neutral- and 
basic-fractions. 

 Acid fraction Neutral fraction Basic fraction 
Percentage, wt% 2.44 83.39 3.41 

2.2 GC–MS analysis 

A Thermo-Finnigan Trace DSQ GC–MS coupled with an HP-5MS (30m × 
0.25mm × 0.25µm) fused silica capillary column was used to analyze the 
composition of shale oil. The mass spectrometer was operated with an electron 
impact (EI) source at a 70eV ionization energy. The mass range was set to  
30–550Da at 1.2s scanning intervals. The oven temperature was maintained at 
50oC, increased to 120oC at 20oC/min, then increased to 250oC at 4oC/min, after 
that increased to 310oC at 3oC/min. At last it held constant at 310oC for 30min. 
The sample was injected at 300oC. The amount of the injected sample was 1µL. 
Helium was used as a carrier gas at a flow rate of 1mL/min. 

3 Results and discussion 

All the fractions were subjected to GC−MS analysis. Figure 2 shows the total ion 
of three fractions of YSO. It is obvious that both are complex mixtures, with 
a wide range of components present. 

 

 

Figure 2: Total ion chromatogram of different fractions of YSO. 

3.1 Analysis of neutral fraction (NF)  

As seen from Figure 3, mass chromatograms m/z 85 and 97 showed the 
distribution of n-alkanes and n-alkenes, respectively. Normal alkanes with 8−33 
carbons and Normal alkenes with 8−27 carbons were abundant in NF. Besides, 
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benzene and alkyl-benzenes (C1-C4), naphthalene series (C0-C4), anthracene or 
phenanthrene in series (C0-C3), which are commonly found in petroleum and  
coal extracts, were also abundant in NF in Figures 3–6. Above all, about 130 
compounds were represented in NF of YSO. 
 
 

 

Figure 3: Gas chromatogram of n-alkanes and n-alkenes in NF of YSO. 

 

 

Figure 4: Gas chromatogram of benzene and alkyl-benzenes in NF of YSO. 
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Figure 5: Gas chromatogram of naphthalene series in NF of YSO. 

 

 

Figure 6: Gas chromatogram of anthracene or phenanthrene in series in NF  
of YSO. 

3.1 Analysis of acidic fraction (AF) 

Based on the results of GC–MS analysis, Figures 7–10 show the distribution of 
phenol series (C0-C4), naphthol series (C0-C4), indanols series (C0-C3) and 
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diphenol series (C0-C3), respectively. When the carbon number of alkyl is above 
2 (including 2), there are many isomer compounds. And we have found almost 
120 compounds in AF. 
 

 

Figure 7: Gas chromatogram of phenol series in AF of YSO. 

 

 

Figure 8: Gas chromatogram of naphthol series in AF of YSO. 
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Figure 9: Gas chromatogram of indanols in AF of YSO. 

 

 

Figure 10: Gas chromatogram of biphenol series in AF of YSO. 

3.2 Analysis of basic fraction (BF) 

The quinoline series (C0-C3), acridine series (C0-C2) and phenylamine series 
(C0-C3) were identified by extracting the characteristic mass fragment m/z 129 of 
alkyl quinoline, 179 of alkyl acridine and 93 of alkyl phenylamine, respectively. 
And the results were shown in Figures 11–13. Obviously, it had separated the 
isomer compounds for each specific compounds. And about 80 compound were 
identified in BF of YSO. 
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     The acidic (2.44%), basic (3.41%), and neutral (83.39%) fractions were 
obtained from the shale oil from Yaojie oil shale (YSO), according to acid base 
separation. And about 130 compounds including C8-C33 alkane, C8-C27 alkene, 
benzene and alkyl-benzenes (C1-C4), naphthalene series (C0-C4), anthracene or 
phenanthrene in series (C0-C3), were found in NF. Almost 120 compounds, 
phenol series (C0-C4), naphthol series (C0-C4), indanols series (C0-C3) and 
diphenol series (C0-C3) were identified in AF. About 80 compound including 
quinoline series (C0-C3), acridine series (C0-C2) and phenlyamine series (C0-C3) 
were identified in BF of YSO. 
 

 

Figure 11: Gas chromatogram of quinoline series in BF of YSO. 

 

 

Figure 12: Gas chromatogram of acridine series in BF of YSO. 
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Figure 13: Gas chromatogram of phenlyamine series in BF of YSO. 

4 Conclusions 

A compositional analysis of chemical compounds presented in Yaojie shale oil 
(YSO) was performed using GC–MS. The following conclusions were drawn: 
(1) The main fraction of YSO was neutral fraction with 83.39%, which was chiefly 

consisted of C8~C33 hydrocarbons.The relative concentration of each  
n-paraffin gradually decreased with molecular carbon atoms increasing. And 
it can be used produce the gas oil and diesel through hydrofining and other 
processing technologies. 

(2) It was found that the acid fraction of YSO were phenols, indanols, naphthols, 
phenylphenols and their derivatives. But the acidic fraction was low, so the 
processing of shale oil to produce synthetic fibers, engineering plastics and 
other products is unavailable. 

(3) The basic fraction is mainly the basic nitrogen compounds,including 
pyridines ,quinolines and phenylamine. Most of nitrogen compounds are toxic, 
resulting in the unsteadiness of properties of shale oil. Inhence they had to be 
reduced or removed in the hydrofining and other processing technologies of 
shale oil.  
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