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Abstract 
Stone coal is a special resource, because it is associated with a variety of rare 
metal elements. The elemental geochemical characteristics of stone coal can 
provide useful information for the study of its formation and evolution his-
tory. The content of rare earth elements in stone coal has been the focus of 
attention. Stone coal is widely distributed in southern Shaanxi province of 
China. In order to study the content and distribution of rare earth elements 
in stone coal, and provide a plan for the comprehensive development and uti-
lization of stone coal, this study tested the rare earth elements content of 
stone coal, parting and coal ash samples, respectively, compared the content 
of rare earth elements in stone coal, parting, coal ash with the mean value of 
China coal, the mean value of world coal and the abundance value of upper 
crust, and discussed the features of rare earth elements content in different 
types of samples in southern Shaanxi province of China. The average contents 
of rare earth elements in the samples of stone coal, parting and coal ash were 
calculated, and the enrichment coefficients of the samples with the mean val-
ue of China coal, the mean value of world coal and the abundance value of 
upper crust were listed. The distribution rules and characteristics of the con-
tents of rare earth elements in different types of samples in southern Shaanxi 
province of China were summarized. 
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1. Introduction 

Stone coal is a kind of inferior sapropelite which is formed in ancient strata. It 
has the characteristics of high ash, high sulfur, low carbon content, low calorific 
value, accompanying many kinds of metal elements and so on [1] [2] [3]. Chi-
na’s stone coal resources are widely distributed and have rich reserves, which 
cover more than 20 provinces and regions, and the amount of stone coal in 
southern Qinling Mountain is the most [4]. Ankang City is located in the south-
ern part of Shaanxi Province, south of Qinling Mountain and north of Bashan 
Mountain. It is famous for the existence of stone coal resources (Figure 1), and 
it belongs to the North Daba Mountain fold system of Kunlun Qinling tectonic 
belt [5]. The stone coal of Ankang is mainly distributed in the Cambrian system 
of Hanbin district, Ziyang county, Langao county, Pingli county and Zhenping 
county and Silurian system. The available stone coal reserves in southern Shaan-
xi are more than 300 million ton [6] [7] [8], which can guarantee the compre-
hensive utilization of 3 million t stone coal projects for more than 100 years. The 
stone coals of southern Shaanxi contain vanadium, molybdenum, uranium, se-
lenium, gallium, phosphorus, silver, zinc, copper, cadmium, cobalt, platinum, 
lead, palladium, nickel, yttrium and so on [9] [10] [11] [12]. And the purity of 
vanadium is generally high, which can reach the value of exploitation; the next 
ones are molybdenum, uranium, phosphorus, silver and other elements [13]. 

Luo et al. have counted the selenium content in the lower Cambrian Lujiaping 
formation (41.0 μg/g), the Jianzhuba formation (18.5 μg/g) and the Lower Silu-
rian Daguiping formation (14.0 μg/g) in the southern Qinling Mountains [9] 
[10] [14]. They consider that the hot magma of early Cambrian system volcanic  
 

 
Figure 1. The sampling point distribution diagram. 
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activity is the main source of selenium element in the stone coal, and the main 
factor is the adsorption of organic matter and clay [9]. Hu et al. [15], Tang et al. 
[16], Tang [17] and Li et al. [18] tested for arsenic content in stone coal of 
southern Shaanxi, and the results showed that arsenic content in stone coal was 
much higher than that in Chinese coal [19]. Chen et al. [20] found that the 
highest fluorine content of stone coal in Daba Mountain and parts of Qinling 
Mountains was 4688.0 μg/g, which led to the prevalence of fluorosis. To sum up, 
the trace element geochemistry of stone coal in southern Shaanxi mainly con-
centrates on the statistics of vanadium, selenium, fluorine, arsenic and other 
elements. The source of the above elements, the state of occurrence, and the en-
vironmental effect and so on are analyzed. The study of rare earth elements in 
southern Shaanxi stone coal is relatively weak [21]. 

Due to their stable chemical properties and high degree of homogenization, 
there are rare earth elements often hidden with some geological evolution in-
formation and considered as good geochemical indicators, which have always 
been the focus of geochemical research [22] [23]. There are few reports on the 
REE contents, distribution patterns and geochemical characteristics of δCe and 
δEu in stone coals of southern Shaanxi province. This study aims to explore the 
characteristics of rare earth elements in stone coal of southern Shaanxi, and pro-
vide a plan for the comprehensive utilization of stone coal. 

2. Sample Collection and Experiment 
Stone coal mining in southern Shaanxi has a long history [24] [25]. The samples 
were collected from Ankang City and Hanzhong City of Shaanxi Province and 
distributed in Zhenping County, Pingli County, Ziyang County and Zhenba 
County in this research (Figure 1). Sample YLEW was collected from Yulaoer-
wan Coal Mine in Zhenping County, sample BX was collected from Baxian Coal 
Mine in Pingli County, sample YDH was collected from Yuduhe Coal Mine in 
Pingli County, sample HYL was collected from Hualing Village of Baxian Town, 
Pingli County, and sample XCY was collected from Xiaoteyuan Village of Huoxi 
Township in Ziyang County. Sample YJB was collected from Yuanjiaba Coal 
Mine in Zhenba County, sample AJS was collected from Anjiashan Coal Mine in 
Zhenba County, sample BSX was collected from Baishuixi Coal Mine in Zhenba 
County, and sample RCX was collected from Rencun Xiang Coal Mine in Zhen-
ba County. In this study, three types of samples were collected: “-C” for coal, 
“-P” for parting and “-A” for coal ash. The sample was condensed according to 
the method of four fractions of pile cones, and one sample was broken and 
ground in order to make the particle size of the sample was less than 200 mesh. 
Determination of rare earth elements in stone coal by microwave digestion and 
inductively coupled plasma mass spectrometer (Table 1). 

3. Content Characteristics of Rare Earth Elements 
3.1. Content Characteristics of REEs in Stone Coal 

The REEs contents of XCY-C (179.81 μg/g) was higher than that of the mean  
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Table 1. The rare earth element content (μg/g) and related parameters of stone coal and parting from southern Shaanxi province, 
China. 

Sample La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu ΣREE ΣLREE ΣHREE L/H 

XCY-C 25.70 35.30 5.83 26.00 5.43 1.25 6.30 0.94 5.99 57.50 1.37 4.17 0.54 3.06 0.43 179.81 99.51 80.30 1.24 

XCY-A 51.30 71.70 11.40 50.80 10.50 2.49 12.00 1.78 11.40 109.00 2.57 7.78 1.01 5.62 0.77 350.12 198.19 151.93 1.30 

HYL-C 15.30 20.60 3.74 16.90 3.80 0.90 4.01 0.56 3.37 25.80 0.73 2.23 0.32 2.03 0.32 100.61 61.24 39.37 1.56 

HYL-A 25.30 33.50 6.27 28.60 6.41 1.55 6.81 0.96 5.76 44.60 1.24 3.64 0.50 3.07 0.47 168.68 101.63 67.05 1.52 

YDH-C 3.98 5.55 0.73 3.00 0.62 0.15 0.68 0.10 0.61 4.77 0.14 0.41 0.06 0.36 0.06 21.21 14.03 7.18 1.95 

YDH-P 11.40 18.90 2.16 7.97 1.56 0.34 1.41 0.20 1.16 6.88 0.23 0.71 0.10 0.64 0.10 53.76 42.33 11.43 3.70 

BX-C 5.46 7.58 1.25 5.64 1.22 0.30 1.34 0.20 1.26 10.60 0.28 0.86 0.12 0.73 0.11 36.95 21.45 15.50 1.38 

YLEW-C 6.55 9.01 1.55 6.81 1.46 0.49 1.68 0.25 1.58 13.10 0.35 1.09 0.15 0.96 0.15 45.18 25.87 19.31 1.34 

YLEW-P 63.10 127.0 14.40 54.70 10.50 1.40 6.68 0.59 2.05 8.28 0.31 0.86 0.11 0.77 0.12 290.87 271.10 19.77 13.71 

RCX-C 2.52 4.70 0.47 1.73 0.34 0.07 0.33 0.05 0.28 1.67 0.05 0.16 0.02 0.14 0.02 12.55 9.83 2.72 3.61 

RCX-P 13.80 28.00 3.17 12.70 2.54 0.56 2.29 0.30 1.66 9.22 0.32 0.93 0.13 0.89 0.13 76.64 60.77 15.87 3.83 

YJB-C 3.30 6.52 0.69 2.60 0.59 0.12 0.59 0.09 0.57 3.76 0.12 0.33 0.05 0.32 0.04 19.69 13.82 5.87 2.35 

YJB-P 26.00 53.00 5.75 20.70 3.78 0.76 3.05 0.41 2.23 11.40 0.44 1.29 0.22 1.26 0.19 130.48 109.99 20.49 5.37 

AJS-C 6.08 11.20 1.26 4.76 0.96 0.21 0.87 0.13 0.83 4.51 0.17 0.52 0.08 0.54 0.08 32.20 24.47 7.73 3.17 

AJS-P 16.10 33.20 3.56 13.10 2.33 0.46 1.70 0.21 1.11 5.59 0.23 0.72 0.11 0.79 0.12 79.33 68.75 10.58 6.50 

BSX-C 21.50 43.60 4.65 16.50 2.79 0.53 2.18 0.30 1.77 10.00 0.38 1.15 0.19 1.20 0.18 106.92 89.57 17.35 5.16 

BSX-P 25.80 52.00 6.15 23.00 4.69 0.90 3.71 0.49 2.68 14.70 0.51 1.52 0.22 1.49 0.22 138.08 112.54 25.54 4.41 

AVGC 10.04 16.01 2.24 9.33 1.91 0.45 2.00 0.29 1.81 14.63 0.40 1.21 0.17 1.04 0.15 61.68 39.98 21.70 1.84 

AVGP 26.03 52.02 5.87 22.03 4.23 0.74 3.14 0.37 1.82 9.35 0.34 1.01 0.15 0.97 0.15 128.19 110.91 17.28 6.42 

AVGA 38.30 52.60 8.84 39.70 8.46 2.02 9.41 1.37 8.58 76.80 1.91 5.71 0.76 4.35 0.62 259.40 149.91 109.49 1.37 

China Ca 22.50 46.70 6.42 22.30 4.07 0.84 4.65 0.62 3.74 18.20 0.96 1.79 0.64 2.08 0.38 135.89 102.83 33.06 3.11 

World Cb 11.00 23.00 3.50 12.00 2.00 0.47 2.70 0.32 2.10 8.40 0.54 0.93 0.31 1.00 0.20 68.47 51.97 16.50 3.15 

UCCc 30.00 64.00 7.10 26.00 4.50 0.88 3.80 0.64 3.50 22.00 0.80 2.30 0.33 2.20 0.32 168.37 132.48 35.89 3.69 

aChina coals, data from Dai et al. (2012) [19]; bWorld coals, data from Ketris and Yudovich (2009) [26]; cUpper crust continental, data from Taylor and 
McLennan (1985) [27]. L/H = (LREE/HREE). 

 
value of China coal (135.89 μg/g), the content of light rare earth elements (99.51 
μg/g) is slightly lower than the mean value of light rare earth elements (102.83 
μg/g) in China coal (102.83 μg/g). The content of heavy rare earth elements 
(80.30 μg/g) was higher than the mean value of heavy rare earth elements in 
China coal (33.06 μg/g), the ratio of light and heavy rare earth elements is quite 
different. The content of Y is 2 times higher than that of in China coal, which is 
the main reason for the high content of heavy rare earth elements. Compared 
with the mean value of world coal, the rare earth elements in XCY-C stone coal 
samples are obviously enriched, which is twice that of the mean value of world 
coal (68.47 μg/g), and the heavy rare earth element content is 5 times that of the 
mean value of world coal (16.50 μg/g). The REEs content of XCY-C coal samples 
is close to the abundance value of upper crust (168.37 μg/g), and it also shows 
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that the light rare earth elements content is lower than the abundance value of 
upper crust (132.48 μg/g), and the heavy rare earth elements are higher than that 
of upper crust (35.89 μg/g). The HYL-C, YDH-C and BX-C are collected from 
Pingli County, these contents of rare earth elements differ greatly among the 
three samples (21.21 μg/g - 100.61 μg/g). The REEs contents of HYL-C (100.61 
μg/g) is higher than that of the mean value of world coal, lower than that of the 
mean value of China coal and the abundance value of upper crust, the REEs 
contents of YDH-C (21.21 μg/g) and BX-C (36.95 μg/g) are much lower than the 
mean value of China coal, the mean value of world coal and the abundance value 
of upper crust, it shows that the REEs is seriously depleted. The REEs contents of 
(45.18 μg/g) of YLEW-C is much lower than that of the mean value of China 
coal, the mean value of world coal and the abundance value of upper crust, and 
the depletion of rare earth elements are serious. The RCX-C, YJB-C, AJS-C and 
BSX-C were collected from Zhenba County, and the contents of rare earth ele-
ments in the four samples vary greatly. The contents of rare earth elements of 
BSX-C (106.92 μg/g) is higher than that of the mean value of world coal, lower 
than that of the mean value of China coal and the abundance value of upper 
crust. The contents of rare earth elements in RCX-C (12.55 μg/g), YJB-C (19.69 
μg/g) and AJS-C (32.20 μg/g) are far lower than the mean value of China coal, 
the mean value of world coal and the abundance value of upper crust. The con-
tents of rare earth elements in stone coal in southern Shaanxi is generally lower 
than the mean value of China coal and the abundance value of upper crust, 
which is close to the mean value of world coal, and it shows the characteristics of 
serious REEs loss and uneven distribution in general with large regional differ-
ences (Table 1). 

3.2. Content Characteristics of REEs in Parting 

The contents of rare earth elements (53.76 μg/g) in the parting of YDH-P are 
close to the mean value of world coal. Compared with the corresponding stone 
coal bed (YDH-C), the contents of rare earth elements increased obviously about 
2 times. The ratio of light and heavy rare earth elements varies greatly, showing 
that light rare earth elements are more enriched in parting. The contents of rare 
earth elements (290.87 μg/g) in YLEW-P is obviously higher than that the mean 
value of China coal, the mean value of world coal and the abundance value of 
upper crust, which is 4.25 times of the mean value of world coal and 6.44 times 
of the corresponding YLEW-C. Especially, the contents of light rare earth ele-
ments (271.10 μg/g) were obviously enriched, and the ratio of light rare earth 
elements to heavy rare earth elements reached 13.71. The contents of rare earth 
elements in the four parting samples of RCX-P, YJB-P, AJS-P and BSX-P vary 
greatly (76.64 μg/g - 138.08 μg/g). Compared with the corresponding stone coal 
bed (RCX-C, YJB-C, AJS-C, BSX-C), the contents of REE increased 6.11 times, 
6.63 times, 2.46 times and 1.29 times of the corresponding coal seam respective-
ly. The ratio of heavy and light rare earth elements increase, it shows that the 
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light rare earth elements in the parting samples are more enriched. The contents 
of rare earth elements in parting in southern Shaanxi is generally higher than 
that in corresponding stone coal seam (Table 1). 

3.3. Content Characteristics of REEs in Coal Ash 

The samples of XCY-C and HYL-C were selected and the samples of stone coal 
were incinerated at 815˚C. Then the contents of rare earth elements in the com-
bustion products were determined. The enrichment of rare earth elements 
(350.12 μg/g and 168.68 μg/g) in coal ash are higher than that the mean value of 
China coal, the mean value of world coal and the abundance value of upper crust 
(Table 1). The enrichment ratio of rare earth elements in coal ash and raw coal 
samples are defined as the enrichment ratio. There are found that the enrich-
ment ratios of light and heavy rare earth elements are close to each other. The 
ash yield (44.16% and 51.56%) was smaller than that of the corresponding raw 
coal (Figure 2). The enrichment of rare earth elements in coal ash indicates that 
the rare earth elements in stone coal samples mainly exist in inorganic materials. 
The similar enrichment ratios indicate that the rare earth elements are light, the 
heavy rare earth elements exist in the same state and the differentiation degree is 
close to each other. 

3.4. The Average Content Characteristics of REEs in Stone Coal,  
Parting, and Coal Ash 

In order to better summarize the content characteristics of rare earth elements in 
stone coal, parting and coal ash in southern Shaanxi, China. The samples were 
classified and averaged. The results are shown in Table 1. AVGC is the average 
value of stone coal samples, AVGP is the average value of parting samples, and 
AVGA is the average value of coal ash samples. The average value of rare earth 
elements in stone coal, parting and coal ash samples was divided by the mean 
value of China coal, the mean value of world coal and the abundance value of  
 

 
Figure 2. The enrichment ratio of rare earth elements in coal ash 
and raw coal. 
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upper crust, and the corresponding enrichment coefficient was obtained (Figures 
3-11). 

According to the enrichment coefficient, compared with the mean value of 
China coal, the content of rare earth elements in stone coal is lower than the 
mean value of China coal (0.26 - 0.80) (Figure 3). Compared with the mean 
value of world coal, all light rare earth elements and most heavy rare earth ele-
ments are lower than the mean value of world coal, Y, Er and Yb are higher than 
the mean value of world coal. Y is 1.74 times of the mean value of world coal 
(Figure 4). Compared with the abundance value of upper crust, all the rare earth 
elements were lower than the abundance value of upper crust (0.25 - 0.67), and 
the light rare earth loss was higher than the heavy rare earth loss (Figure 5). 

Compared with the mean value of China coal, the contents of all heavy rare 
earth elements in parting samples are lower than the mean value of China coal 
(0.23 - 0.68), half of light rare earth elements are higher than the mean value of 
China coal, La, Ce and Sm are higher than the mean value of China coal, and Pr,  
 

 
Figure 3. The ratio of the average of rare earth elements content in 
stone coal and China coal. 

 

 
Figure 4. The ratio of the average of rare earth elements content in 
stone coal and world coal. 
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Figure 5. The ratio of the average of rare earth elements content in stone 
coal and UCC. 

 

 
Figure 6. The ratio of the average of rare earth elements content in part-
ing and China coal. 

 

 
Figure 7. The ratio of the average of rare earth elements content in part-
ing and world coal. 

https://doi.org/10.4236/ijcce.2019.81001


W. G. Zhang et al. 
 

 

DOI: 10.4236/ijcce.2019.81001 9 International Journal of Clean Coal and Energy 
 

 
Figure 8. The ratio of the average of rare earth elements content in part-
ing and UCC. 

 

 
Figure 9. The ratio of the average of rare earth elements content in coal 
ash and China coal. 

 

 
Figure 10. The ratio of the average of rare earth elements content in 
coal ash and world coal. 
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Figure 11. The ratio of the average of rare earth elements content in 
coal ash and UCC. 

 
Nd and Eu are lower than the mean value of China coal (Figure 6). Compared 
with the mean value of world coal, all light rare earth elements are higher than 
the mean value of world coal (1.57 - 2.37), half of heavy rare earth elements are 
lower than the mean value of world coal, Gd, Tb, Y and Er are higher than the 
mean value of world coal, Dy, Ho, Tm and Lu are lower than the mean value of 
world coal (Figure 7). Compared with the abundance value of upper crust, all 
soil elements were lower than the abundance value of upper crust (0.42 - 0.94), 
and the heavy rare earth loss was higher than the light rare earth loss (Figure 8). 

Compared with the mean value of China coal, the content of all rare earth 
elements in coal ash is higher than the mean value of China coal (1.18 - 4.22). 
The average content of 8 elements (Sm, Eu, Gd, Tb, Dy, Y, Er and Yb) is more 
than twice that of the mean value of China coal, with Er reaching 3.19 times and 
Y 4.22 times (Figure 9). Compared with the mean value of world coal, all rare 
earth elements are higher than the mean value of world coal (2.29 - 9.14), and 
the average content of 6 elements (Sm, Eu, Tb, Dy, Y, Er and Yb) is more than 4 
times of the mean value of world coal, in which Er is 6.14 times and Y is 9.14 
times (Figure 10). Compared with the abundance value of upper crust, except 
for Ce, the other rare earth elements were all higher than the abundance value of 
upper crust (1.24 - 3.49), and the enrichment degree of heavy rare earth ele-
ments was higher than that of light rare earth elements, especially Y element, 
which was 3.49 times of the abundance value of upper crust (Figure 11). 

4. Conclusion 

Southern Shaanxi is a well known stone coal occurrence area in China. Stone 
coal is widely distributed and abundant in reserves. There are a variety of rare 
metal elements (V, Mo, Ga, etc.) associated with stone coal. However, the con-
tent of rare earth elements in stone coal is not high, which is generally lower 
than the mean value of China coal. Compared with the mean value of world 
coal, light rare earth elements are lower than the mean value of world coal, and 
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Y, Er and Yb heavy rare earth elements are higher than the mean value of world 
coal. Compared with the abundance value of upper crust, all the rare earth ele-
ments are lower than the abundance value of upper crust, showing that the light 
rare earth deficit is higher than the heavy rare earth deficit. The low content of 
rare earth elements in stone coal indicates that the supply of rare earth elements 
in the source area is limited, and the rare earth elements are constantly lost dur-
ing the evolution of coal seams. The rare earth elements are obviously more ab-
undant in the parting than in the corresponding coal seam, generally about 2 - 6 
times. This phenomenon implies that different sedimentary environments are 
the main factors that lead to the increase of rare earth elements, and the forma-
tion environment of parting is more conducive to the enrichment of rare earth 
elements. Rare earth elements were significantly enriched in coal ash, which was 
higher than the mean value of China coal, the mean value of world coal and the 
abundance value of upper crust. The enrichment of rare earth elements in coal 
ash indicates that the rare earth elements in stone coal samples are mainly found 
in inorganic materials. The similar enrichment ratio indicates that the occur-
rence of light and heavy rare earth elements is the same and the differentiation 
degree is similar. 
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