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 The most extensive Iranian coal-bearing basin is located in an area of 30000 km2, 
situated approximately 75 km from the Tabas county, south Khorasan Province, Iran. 
In this work, the Tabas coal ash is studied and investigated for the purpose of 
determination of the rare earth elements (REE) content, and the identification of the 
distribution patterns of trace elements. The elemental and phase analysis experiments 
were conducted using the X-ray diffraction (XRD), inductively-coupled plasma 
spectroscopy (ICP-MS), wet chemical analysis, and field emission scanning electron 
microscopy equipped with energy dispersive X-ray spectroscopy (FE-SEM/EDS) 
techniques. The XRD results showed that the phases in the Tabas coal ash were 
quartz, clay minerals, alkali feldspar, magnetite, and pyrite in order of abundance. 
The elemental analysis showed that the major elements were Si, Al, K, Fe, Mg, S, 
and Na, which was in good accordance with the chemical composition of the 
recognized minerals by the XRD method. The concentration of REEs was varied 
from 0.10 ppm (for Tm) to 68.48 ppm (for Ce), with an arithmetic mean of 14.19 
ppm. The abundance of 16 REE elements was or even below the average of the earth 
crust abundances. Only one rare earth element (Samarium) was about 4.4 and 2.2 
times more abundant than in the earth crust and in the world coking coal ashes. In 
order to further assess the occurrence states of REEs in each of detected mineral, the 
Fe-SEM/EDX method was used. The SEM/EDS analysis showed that REEs were 
mainly concentrated in the clay minerals. 
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1. Introduction 
The rare earth elements (REE) are classified as a 

group of 17 chemically similar elements including 
scandium, yttrium plus 15 metallic elements from 
the lanthanide series of the periodic table. The 
REEs are sub-grouped into two categories of light 
(LREE) and heavy rare earth elements (HREE). 
The light REEs are lanthanum (La), cerium (Ce), 
praseodymium (Pr), neodymium (Nd), 
promethium (Pm), samarium (Sm), europium 
(Eu), and gadolinium (Gd). The heavy ones are 
scandium (Sc), yttrium (Y), terbium (Tb), 
dysprosium (Dy), holmium (Ho), erbium (Er), 
thulium (Tm), ytterbium (Yb), and lutetium (Lu) 
[1]. In the recent years, REEs are extremely of 

great and critical importance in the various 
modern technology products, and consequently, 
play an important and vital role in the national and 
regional economies [1, 2]. A wide range of 
industry applications is listed for the REEs such 
as their application in the renewable energy 
production, televisions, generators of the wind 
turbines, smart cell phones, LED light bulbs, 
batteries, camera lenses, hard disc drives, 
microwaves, catalysts, medical equipments, high 
performance magnets, weaponry, speakers, and 
microphones. The surge in the global demand of 
REEs has been driving up the concerns about the 
REE supply, and this leads to an increase in 
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finding the alternative REE potential resources 
including the coal and coal ash [3]. 

It is well-proved that coal is a good source for 
the REEs and some other trace elements [4]. Since 
the coal deposits are normally large enough and 
they have been already mined, the recovery of 
REEs from the coal mines is economically 
reasonable [1, 2]. The coal is made up of the 
organic and inorganic components, and it is well-
known that the vast majority of the REEs in the 
coal are more associated with the inorganic 
compounds [2]. Thus if coal combusts to produce 
the ash, the REEs are strongly remained and 
enriched in the ash, and that is why the ash has 
been considered as a potential secondary resource 
for the recovery of REEs [5]. The global total 
concentration of REEs in the coal has been 
reported to be 46.3 μg/g [6], while it can reach to 
62.1μg/g [7] and 120 μg/g [8] in the USA and 
China coals, respectively. The REE contents in 
the coal ash have been determined to be ten times 
more than what it is in the coal [9]. Many 
researchers have worked on the level of 
concentration, distribution pattern, geochemistry, 
and origin of REEs in different coals and coal 
ashes worldwide [2, 4, 5, 7-16]. There are some 
performed research works on the characterization 
of REEs in the Iranian coals or coal ashes [17-21]. 
In a REE study conducted on the Mazino coal 
mine samples, the results obtained showed an 
average amount of 34.74 ppm for the REE 
contents [17]. Another study showed that the total 
REE range in the Abyek coalfield, North Iran, 
varies between 143.19 and 254.39 ppm [18]. In 
another research work, the total concentration of 
REEs in the Karmozd and Kiasar coal samples 
has been reported to be 69 ppm and 101 ppm, 
respectively [19]. It has been reported that the 
sum of REE concentrations in the Sangrud coal 
mine varied between 2.1 ppm and 117.22 ppm 
with an average of 34.74 ppm [20]. The average 
of ∑REE in the Olang coal ash, north-eastern Iran, 
was measured to be about 383.7 ppm [21]. The 
REE has been increased downstream of the 
discharging point in the Anjir Tangeh coal 
washing plant located in northern Iran [22]. Most 
of the pervious researches have confirmed the fact 
that the REEs have been retained in the ash after 
combustion of the coals [7-22]. There are several 
recently performed research works in the case 
study of this work that were mainly concentrated 
on different topics including the haulage system 
selection [23], estimation of the optimum 
horizontal well depth for the gas drainage [24], 
the modelling metallurgical responses of the coal 

[25], the delineation of gas content zones [26], 
and the evaluation of the spontaneous combustion 
of coal [27]. The full study of REE contents in the 
Parvadeh coal ash is a task that has never been 
accomplished yet. However, the distribution of 
some selected trace elements such as V, Ni, Cd, 
As, and Li has been previously studied in the 
Parvadeh coals [28]. 

The general purpose of this work is to determine 
the REE content and the distribution pattern of 
trace elements in the ash samples prepared from 
the Parvadeh IV, B2 coal seams. Thus in this 
research work, a suite of coal samples was first 
ashed, and then was analyzed using the X-ray 
diffraction (XRD), inductively coupled plasma 
spectroscopy (ICP-MS) analysis, wet chemical 
analysis, and scanning electron microscopy 
(SEM/EDS) techniques. 

2. Geological setting 
The most extensive Iranian coal-bearing basin is 

extended in an area of 30000 km2, locating 
approximately 75 km from the Tabas county, 
south Khorasan Province (Figure 1). The area is 
sub-divided into some coal-bearing zones called 
Mazinu, Parvadeh, and Nayband. The latitude of 
this area, which is classified as the eastern zone of 
central Iran, is between 32° 59' 48" and 32° 02' 15" 
N, and the longitude is between 56° 46' 30" and 
56° 51' 10" E [27]. In this area, the Shotori 
Mountain range has been located in the east and 
the Kamar-Mahdi Mountains are in the west, and 
some other mountains of the Triassic and Jurassic 
age are in the south of the Parvadeh region. It is 
believed that the Tabas coal was initially formed 
along with the shale, carbonates, sandstone, and 
siltstones in the Late Triassic. The Ghadir 
member of the Nayband Formation, aging Norian, 
upper Triassic, contains the coal seams in this area 
[29].  

The Parvadeh coal mine is situated in the 
Central Iran's structural zone, distributed in an 
area of 1200 km2, and considered as one of the 
most extensive coking coal mines in Iran, with 
reserves of 3 to 4 Gt. The Parvadeh area is 
located at about 80 km south of Tabas, and 
surrounded by the two main faults of Nayband in 
the east and Naini in the west (Figure 1) [26, 29, 
30]. Thus Parvadeh has been separated into six 
regions entitled “Parvadeh 1 to 6” by some NE-
SW strike-slip faults. Moreover, some 
anticlines/synclines with E-W trending folds are 
seen in the regional faulting. The Parvadeh coal is 
from the bituminous type, and has a low volatile 
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matter, high levels of ash, and moderate to high 
amounts of pyrite (sulphur content). The 
Shemshak Group, aging lower to middle Jurassic, 
is composed of Nayband, Ab-Haji, Parvadeh, and 
Baghamshah formations, according to the age 
from the oldest to the youngest formations. The 
coal reserves are located inside the Nayband 
formation, and it is classified into five members, 
namely Gelkan, Bidestan, Howze-Sheik, Howze-
Khan, and Ghadir members from base to top [30]. 
The economic reserves of the coal are within the 
Ghadir member. The thickness of the Ghadir 
member in the Parvadeh region is one thousand 
m, and composed of coal, fine argillite, sandy 
siltstone, sandstone, and shale as well as minor 
amounts of limestone. It is estimated that one 
billion one hundred million tons of coking coal is 

the reserve of the Parvardeh coal mine. The coal 
company in the Parvadeh region is the largest 
Iranian coal producer with an annual production 
of 5.1 million tons for raw coal as well as 0.75 
million tons for concentrates. Some major faults 
in different geological directions have bounded 
and divided the Parvadeh coal mine into six sub-
divisions, in which the studied area, i.e. Parvadeh 
IV has been chosen to make further studies. The 
understudied area, i.e. Parvadeh IV, has been 
divided by some NE-SW faults from Parvadeh III 
and East-Parvadeh (Figure 1) [26]. The Parvadeh 
different coal seams are called “A-F” based on 
their qualities, in which the "B2" and "C1" seams 
are economically minable in terms of the geo-
chemical properties, thickness, and depth [26-31].  

 
Figure 1. Location map of understudied area, modified from [26, 29]. 

3. Materials and methods 
A suite of coal samples including 10 channel 

samples was collected from the Parvadeh IV coal 
mine. The samples were taken from the B2 seam 
coal (Figure 1), which was reported to have a 

good quality. From the lithological viewpoint, the 
samples were mixtures of coals and mudstone. 
The coal samples, as received from the field, were 
first reduced to a size of minus 150 mm (100 
mesh). The crushed coal samples were ashed 
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(Figure 2) in the electrically heated thermally 
insulated kiln that could ash up to six samples 
simultaneously. The average ash content of the 
studied samples was 39.9315%. Then 30 g ash 
taken from each sample was manually ground in 
an agate mortar and pestle to a size of minus 75 
micrometers (200 mesh), and prepared for the 
next several instrumental analyses.  

The XRD technique has remarkably shown the 
ability to fully find the mineral phases in the 
natural samples [32]. Therefore, a D8 Advance 
AXS Bruker X-ray diffractometer with a 2/ 
goniometer geometry was applied to identify the 
mineral phases of the ash at the X-ray laboratory, 
school of mining, college of engineering, 
University of Tehran. All the powder samples 
were scanned in the 2 angular range of 4-70. 
The tests were performed with the angular 
velocity of 1.2 per minute using copper K 
radiation ( = 1.5406 Å) at 40 kV voltage and 30 
mA. The detection limit of the quantified XRD 
method is about 1% [33]. The wet chemical 
methods including titration and gravimetric 
analysis were performed in order to make it clear 
what major elements were in the coal ash at the 
geochemistry laboratory, school of mining, 
college of engineering, University of Tehran. The 
detection limit of these techniques is generally 0.1 
weight percent [33]. The inductively coupled 
plasma spectroscopy (ICP-MS) analysis was used 
to determine the REE content in the ash coal, with 
a detection limit of 1 ppm at Zarazma mineral 
studies laboratory, Tehran [33]. A TESCAN 
MIRA3 analytical field emission scanning 
electron microscope equipped with the energy 
dispersive X-ray spectroscopy (FE-SEM/EDS), 
SE (Secondary Electron Detector), and BSE 
(Back Scattered Electron Detector) helped to find 
the distribution of REEs in different mineral 
phases, and to find the mineral in which REEs 

were concentrated. The detection limit of the 
EDX analysis is ~0.1 wt.% [33]. The SEM/EDS 
analysis was performed at the Razi Applied 
Science Foundation, Tehran.  

4. Results and discussion 
The powder X-ray diffraction (XRD) method 

showed that the main mineral phases of the Tabas 
coal ash were quartz, clay minerals, and alkali 
feldspars with small amounts of magnetite and 
pyrite. Figure 3 shows the X-ray diffractogram of 
the Tabas coal ash. The main peaks of Figure 3 
belong to the quartz and clay minerals. The clay 
minerals consisted of illite, kaolinite, and chlorite 
in order of abundances.  

The XRD calibration curves were then prepared 
[34] using some different mixtures with known 
compositions of detected minerals in order to 
quantify the identified mineral phases. The 
observed intensities of different detected phases in 
the prepared mixtures (x-intercept) versus known 
weigh percentage of the same phase (y-intercept) 
were generated, and the slopes of the best fit lines 
were calculated for each mineral. The obtained 
calibration curves were then used to estimate the 
mineral content in the ash sample (Table 1). 

 
Figure 2. Parvadeh coal (left) and ash (right) 

samples. 

Table 1. Quantified XRD results. 
Mineral name Chemical formula Estimated weight percentage 

Quartz 2SiO  52 
Clay minerals 4(OH)5O2Si2Al  27 
Alkali feldspar )8O3K(AlSi  13 
Magnetite 4O3Fe 7 
Pyrite 2FeS 1 
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Figure 3. X-ray diffractogram of Tabas coal ash. 

A series of wet chemical analysis methods 
including the titration and gravimetric techniques 
were employed to measure the Si, Al, K, Fe, Mg, 
Na, and S contents in every 10 ash samples. Table 
2 shows the average amounts of the measured 
elements. As it is clear from Table 2, the main 
constituents of ash are aluminium and silicon. 
This finding was in good accordance with the 

mineralogical studies by the XRD method, which 
have already determined quartz and the clay 
minerals as the major phases. For every measured 
element by the wet chemical analyses, there was a 
reported mineral by the XRD method. For 
example, the sulphur content of the sample can be 
related to the pyrite, iron coming from the 
magnetite, pyrite, and so on. 

Table 2. Average amounts of major chemical contents of Tabas coal ash. 
Element symbol Weight percentage Element symbol Weight percentage 

Si 62.8  Al 20.3 
K 9.2  Fe 5.1 

Mg 1.0  S 0.98 
Na 0.6   

 
The inductively coupled plasma spectroscopy 

(ICP-MS) analysis was conducted on the 10 ash 
samples, and showed that the concentration of 
REEs were more or less close to their 
corresponding average values in the earth crust 
and world coking coal ashes, except for the 
samarium (Table 3). Samarium was 4.4 and 2.2 
times as abundant in the earth's crust and in 
comparison to the average amounts of it in the 
world coking coal ashes. In comparison to the 
concentrations of the rest of REEs in the earth 
crust and the average values of REEs in the world 
coking coal ashes, the REE concentration of the 
Parvadeh coal ash samples were not considerable. 
The average REE concentrations varied from 0.10 
ppm (for Tm) to 68.48 ppm (for Ce), with a REE 
of 212.78, which is higher than that in the Chinese 
coals (i.e. 120.6 ppm) [35]. The total summation 
of light REEs was higher than the same value in 
the heavy ones, and this is in complete accordance 
with the global trend of the REE distribution in 
the coals [36]. The value of LREE/HREE 

(3.08) showed enrichment in the light REEs 
(LREEs) in comparison to the heavy ones. The 
higher concentrations of LREEs could be due to 
their higher concentrations in the crust as well as 
the strong solubility feature of the heavy REEs 
(HREEs) in the complex formation. Figures 4 and 
5 show the distribution pattern of the REE 
normalized values to upper continental crust 
(UCC), and chondrite normalized REE, 
respectively. 

From Figures 4 and 5, it is clear that the slope of 
La-Nd is relatively constant but the slope of Sm-
Er is glacis. The values of Sm and Tm showed a 
“V” shape and clear Tm, and an Lu discrepancy in 
Figures 4 and 5. The positive Sm anomalies were 
observed in the distribution pattern of the ash 
samples, showing a slightly LREE enrichment. 
The REE distribution patterns of all the studied 
samples were completely similar due to the 
similarities in the depositional environment. 
Samarium is almost ~2.2 times more abundant 
than in the world coking coal ashes. 
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Figure 4. Normalized distribution pattern of light and heavy REEs in Tabas coal ashes to the upper continental 

crust. 

 
Figure 5. Normalized distribution pattern of light and heavy REEs in Tabas coal ashes to the chondrite. 

Table 3. Average amounts of REEs in comparison to their average amounts in the earth crust [37], chondrite 
[38], and world coking coal ashes [39]. 

Element 
symbol 

Atomic 
number 

Average 
(ppm) 

Earth curst 
(%) [37] 

Chondrite values 
(%) [38] 

Average in 
world coking coal ashes [39] 

Sc 21 17.82 22.00  24.0 
Y 39 20.34 33.00  57.0 
La 57 33.26 39.00 0.37 76.0 
Ce 58 68.48 66.50 0.96 140.0 
Pr 59 N.D 9.20 0.14 26.0 
Nd 60 19.22 41.50 0.71 75.0 
Pm 61 N.D --- --- N.D 
Sm 62 31 7.05 0.23 14.0 
Eu 63 1.96 2.00 0.09 2.6 
Gd 64 6.75 6.20 0.31 16.0 
Tb 65 1.16 1.20 0.06 2.1 
Dy 66 5.25 5.20 0.38 15.0 
Ho 67 1.26 1.30 0.09 4.8 
Er 68 2.82 3.50 0.25 6.4 
Tm 69 0.10 0.52 0.04 2.2 
Yb 70 3.24 3.20 0.25 6.9 
Lu 71 0.12 0.80 0.04 1.3 

REE  212.78 242.17  469.3 
LREE  160.67 171.45  349.6 
HREE  52.11 70.72  119.7 

LREE/HREE  3.08 2.42  2.92 
 

A representative ash sample was chosen to be 
further assessed by the scanning electron 
microscopy (SEM/EDS) technique. The sample 
was coated with a thin layer of gold for several 
times. The golden coating promotes the sample 
conductivity, prevents from the surface charging, 

and provides a homogeneous surface, which is 
better for the imaging and further analysis [40, 
41]. The method was used to study the 
distribution of elements, especially REEs on the 
each mineral. Figures 6-9 show the SEM 
micrographs of Tabas coal ash.  
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The EDX elemental mapping showed that the 
platy particles were mostly aluminosilicates, i.e. 
the clay minerals (Table 4, and Fig. 10). From the 
SEM images, it is clear that the most dominant 
phase in the studied samples was clay minerals 
with platy morphology. Kaolinite was mainly 
observed in the form of thin idiomorphic platelets 
(e.g. Figures 7 and 8), and filled most of the pore 
spaces along with chlorite. Illite was found as lath 
shape (Figure 6). The results obtained show an 

enrichment of REEs, especially Samarium in the 
platy particles, i.e. clay minerals. Thus it seems 
that REEs were mostly concentrated in the clay 
minerals. The particle size measurements showed 
a big variation in the clay mineral sizes. The 
smallest and largest plates were 0.10 and 20 
micrometers, respectively. The average size of the 
plates was 0.74 micrometers. 

 
 

 

  
Figure 6. General view of Tabas coal ash under SEM, 
magnitude 5000, WD: 13.29 mm. Kao: kaolinite, Ill: 

Illite. 

Figure 7. SEM images of clay minerals general view of 
Tabas coal ash, magnitude 20000, WD: 13.29 mm. Kao: 

kaolinite. 

  
Figure 8. Size variation in the platy fabric of Tabas coal 
ash, magnitude 15000, WD: 13.37 mm. Kao: kaolinite. 

Figure 9. Platy morphology of the clay minerals in Tabas 
coal ash, magnitude 5000, WD: 13.39 mm. Kao: kaolinite. 

Kao 

Kao 

Kao 

Kao 

Ill Kao 

Kao 

Kao 

Kao 
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Table 4. Elemental distribution in Tabas coal ash, provided by X-ray mincroanalysis (EDS) 
Elt Line Int Error K Kr W% A% ZAF Formula Ox% Pk/Bg Class LConf HConf Cat# 
C Ka 54.1 60.9650 0.2668 0.1185 35.95 53.58 0.3296  0.00 288.80 A 34.70 37.20 0.00 
O Ka 88.4 62.9804 0.2137 0.0949 31.05 34.75 0.3056  0.00 198.73 A 30.21 31.90 0.00 
Al Ka 105.6 68.0188 0.0840 0.0373 5.31 3.52 0.7026  0.00 112.01 A 5.18 5.44 0.00 
Si Ka 148.2 69.0265 0.1233 0.0547 7.44 4.74 0.7359  0.00 157.41 A 7.28 7.59 0.00 
K Ka 24.4 3.2050 0.0353 0.0157 1.81 0.83 0.8654  0.00 15.52 A 1.72 1.90 0.00 
Ca Ka 7.1 3.2486 0.0115 0.0051 0.57 0.25 0.8974  0.00 6.15 A 0.51 0.62 0.00 
Sc Ka 4.7 3.2922 0.0084 0.0037 0.44 0.17 0.8483  0.00 4.49 A 0.39 0.49 0.00 
Y La 14.9 94.2186 0.0233 0.0104 1.57 0.32 0.6611  0.00 16.72 A 1.46 1.67 0.00 
La La 5.7 4.8620 0.0305 0.0135 1.96 0.25 0.6906  0.00 3.56 B 1.75 2.17 0.00 
Ce La 4.9 4.9056 0.0283 0.0126 1.82 0.23 0.6932  0.00 3.33 B 1.61 2.03 0.00 
Pr La 2.2 4.9492 0.0137 0.0061 0.87 0.11 0.6975  0.00 3.15 B 0.72 1.02 0.00 
Pm La 1.4 5.0365 0.0101 0.0045 0.66 0.08 0.6835  0.00 3.04 B 0.51 0.80 0.00 
Sm La 2.7 5.0801 0.0215 0.0095 1.42 0.17 0.6738  0.00 3.01 B 1.20 1.63 0.00 
Eu La 2.3 5.1237 0.0193 0.0086 1.28 0.15 0.6710  0.00 2.81 B 1.06 1.50 0.00 
Ho La 1.8 5.2981 0.0223 0.0099 1.56 0.17 0.6333  0.00 2.40 B 1.26 1.86 0.00 
Er La 1.1 5.3417 0.0158 0.0070 1.11 0.12 0.6277  0.00 2.46 B 0.84 1.39 0.00 
Tm La 2.6 5.3853 0.0406 0.0180 2.88 0.31 0.6252  0.00 2.41 B 2.42 3.34 0.00 
Lu La 1.6 5.4725 0.0316 0.0141 2.31 0.24 0.6093  0.00 2.28 B 1.83 2.78 0.00 

    1.0000 0.4440 100.00 100.00   0.00     0.00 

 

 
Figure 10. Elemental mapping of Tabas coal ash, provided by the he field emission scanning electron microscope 
(FE-SEM) including: (a) the whole SEM image, (b) oxygen (O2), (c) aluminium (Al), (d) silicon (Si), (e) potassium 

(K), (f) lanthanum (La), (g) cerium (Ce), (h) samarium (Sm), (i) europium (Eu), (j) erbium (Er), (k) thulium 
(Tm), (l) oxygen, aluminium, and silicon (O2, Al, Si). 

 
5. Conclusions 

In this research work, XRD, inductively coupled 
plasma spectroscopy (ICP-MS) analysis, wet 
chemical analysis, and field emission scanning 
electron microscopy equipped with energy 
dispersive X-ray spectroscopy (FE-SEM/EDS) 
were employed to determine the REE distribution 
in the Tabas coal ash. Several mineral phases 
including quartz, clay minerals, alkali feldspars, 
magnetite, and pyrite were identified in the Tabas 
coal ash. Among the detected phases in the coal, 

the clay minerals seemed to be the host of REEs. 
The concentration of REEs varied from 0.10 ppm 
(for Tm) to 68.48 ppm (for Ce), with an arithmetic 
mean of 14.19 ppm. The concentration of REEs 
was more or less close to their corresponding 
average values in the earth crust, except for the 
samarium, which was 4.4 and 2.2 times more 
abundant in the earth's crust and its average 
amount in the world coking coal ashes. The total 
summation of the light REEs was higher than the 
same value in the heavy ones, and this is in 
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complete accordance with the global trend of REE 
distribution in the coals. 
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  چکیده:

 خاکستر مقاله، نیا در. دارد قرار یجنوب خراسان استان در طبس شهرستان يلومتریک 75 در مربع لومتریک 30,000 وسعت با رانیا دارزغال حوزه نیترعیسو
 يهاشیآزما. گرفت قرار یبررس و مطالعه مورد ابیکم عناصر عیتوز يالگوها ییشناسا و )REE( یخاک ابیکم عناصر يمحتوا نییتع منظور به طبس سنگزغال

 کروسکوپیم ،شیمی تر لیتحل و هیتجز ،)ICP-MS( ییالقا شده جفت يپلاسما یسنجفیط ،)XRD( کسیا پرتو پراش از استفاده با يفاز و يعنصر زیآنال
 خاکستر يفازها که داد نشان )XRD( کسیا پرتو پراش جینتا. شد انجام )ED )FE-SEM/EDSنوع  کسیا يپرتو سنجفیط به مجهز یدانیم نشر یروبش یالکترون
 ،Si، Al، K شامل يعنصر هیتجز جینتا براساس یاصل عناصر. است تیریپ و تیمگنت ،ییایقل فلدسپات ،یرس يهایکان کوارتز، فراوانی، بیترت به طبس سنگزغال

Fe، Mg، S و Na روش به شده ییشناسا يهایکان ییایمیش بیترک با منطبق که است XRD از ابیکم یخاک عناصر مقدار شده انجام يزهایآنال براساس. هست 
ppm 0,10 )يبرا Tm (تا ppm 68,48 )يبرا Ce (ی حساب نیانگیم باppm 14,19 عنصر 16 یفراوان  و بوده ریمتغ REE نیزم پوسته یفراوان نیانگیم از کمتر 

 يبرا. بود جهان شوندهکک هايسنگ زغال خاکستر و نیزم پوسته از شتریب برابر 2,2 و 4,4 حدود در) ومیسامار( ابیکم یخاک عنصر کی اریع تنها و ستا
 عناصر که داد نشان SEM/EDS لیتحل و هیتجز. شد استفاده Fe-SEM/EDX روش از شده، ییشناسا یکان هر در REE عناصر فازهاي تمرکزدهنده شتریب یابیارز

 .اندشده متمرکز یرس يهایکان در عمدتاً ابیکم یخاک

 عناصــر عیــتوز ،)ICP-MS( ییالقــا شــدهجفــت يپلاســما یســنجفیط روش ،)XRD( کــسیا پرتــو پراش روش ،)REE( یخاک ابیکم عناصر زیآنال کلمات کلیدي:
  یخاک ابیکم عناصر یمیژئوش ،یخاک ابیکم
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