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Geochemical characteristics of trace elements in Zhuzhuang Coal Mine of
Huaibei coalfield

LI Xiang'?, LI Wu'
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China; 2. CMOC Group Limited, Luanchuan 471000, China)

Abstract: With industrial development and innovation, the demand for key metal minerals dominated by rare earth elements is increasing
day by day. More experts believe that coal measures mineral resources have the potential to obtain key metal minerals, and such resources
have therefore received high attention at home and abroad. Huaibei coalfield in China is rich in coal resources. In order to study the geo-
chemical characteristics of trace elements in its coal and judge the industrial potential of rare metals, No. 5 coal, No. 8 coal and No. 10 coal
in Zhuzhuang Coal Mine were selected as the research objects. The samples were analyzed by means of industrial analysis, XRF and ICP-
MS. The results show that compared with the world coal, most trace elements in Zhuzhuang Coal Mine are highly enriched, such as Li, Cr,
Co, etc. Compared with 5 coal and 8 coal, the concentration of trace elements in 10 coal is low, and the contents of V, Mn, Rb and Cs be-
long to the normal range. Through the analysis of w (Al,0;)/ w (TiO,) ratio and element geochemical characteristics, it is concluded that
the sedimentary source area of the study area is felsic source rock, the paleosalinity from Shanxi formation to Lower Shihezi Formation

changes from marine facies to saline water facies, and the paleoclimate is a warm and humid reduction environment. In addition, rare earth
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elements are enriched in light and medium rare earth elements, and Eu, Y positive anomalies and Ce negative anomalies all show that the

sedimentary environment of Zhuzhuang mine is affected by seawater and magmatic hydrothermal solution. Therefore, the abnormal en-

richment of trace elements in Zhuzhuang Coal Mine may be affected by the sedimentary environment, seawater and hydrothermal solution.

In addition, the study area is relatively rich in rare earth elements, and its total content is close to or even higher than the industrial grade.

Through the comparison of REY prospect coefficient (C,,,) and a variety of sediment minerals, it is considered that the rare earth elements

of coal 5 and coal 8 in the sample of the study area are promising as REY raw materials, while the effect of coal 10 is poor.

Key words: geochemistry; trace elements; bituminous coal; Huaibei coalfield; enrichment degree
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Table 1 Vitrinite reflectance

e 75-1 752 753 754 781 782 Z10-1

Rowad%  2.41 240 243 249 192 2.00 1.91
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43 <10.00% NHEHKIKHBE, 10.01 ~ 20.00% AL KA
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MRS o KT (M) AT 0.5% ~ 1.6%, $E 551
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Table 2 Proximate analysis of coal sampls

bl KM% KAS% BRIVl % BERFCW%

Z5-1 1.15 12.49 7.50 80.94
75-2 1.12 9.78 7.75 83.23
75-3 1.6 10.52 8.14 82.2
75-4 1.24 8.65 6.67 85.25
Z3-1 0.61 9.32 17.10 75.18
78-2 0.66 17.78 16.72 68.47
Z10-1 0.5 6.73 16.23 78.13
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68.47% ~ 85.25%,

Mrp TR SRR 3. Hp Sio, Ml ALO,
%5, Fe,0, IRZ . SiO, 1 ALO, S P2+ 4 (&
WA A ) R 8 () FE B 1, Fe,05 EZRTE Tk
YY) IR AL RS I A, S S R

FEA KD ZFERA . R SE, Fe,05. CaO,
MgO. Na,0 il K,O J& T-HltE & sy, S5 b e
EALYIE 2, M R 2 AR AR A5 i 5T
THEJL R AR BT R & R R E2 W Sio,.
AlO;. Ca0, Fe,O,, IITGH M SiO, F1 ALO; F ik
FaETAH, SHRasR—3

R3 BRPEESUMSE

Table 3 Content of major oxide in coal

oy SR AR B i %
[215]

ALO, Ca0 Fe,0, K.O MgO Na,0 Sio, TiO, MnO P,0,
Z5-1 456 0.08 0.59 0.29 0.14 0.017 5.62 0.17 0.003 0.024
7522 4.11 0.08 0.80 025 0.16 0.028 481 0.12 0.0012 0.022
Z-5-3 443 0.12 0.74 0.27 0.24 0.026 541 0.17 0.003 0.023
75-4 3.74 0.12 0.80 0.30 0.16 0.018 4.64 0.09 0.003 0.057
Z8-1 329 0.09 0.77 0.07 0.13 0.011 4.13 0.15 0.004 0.008
78-2 6.55 0.38 0.72 0.26 0.23 0.057 8.85 0.27 0.004 0.04
Z10-1 1.94 0.50 033 0.03 0.15 0.015 234 0.06 0.02 0.013
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Table 4 Trace elements in coal
RFEFE A MECE SR/ (ngg )
TTHE
Z5-1 752 753 Z5-4 Z8-1 78-2 783 78-4 78-5 710-1 H AR

Li 136 151 384 89.0 290 159 26.4 24.2 31 235 12
Be 18.8 18.8 18.7 10.6 214 23.1 5.43 5.37 2.22 10.8 1.6
P 1120 913 1130 1590 1520 392 781 471 1240 588 230
Sc 55.2 46.6 46.8 28.0 49.6 58.1 21.0 22.1 21.7 28.8 3.9
Ti 13 600 10 000 14 100 7810 13 100 12 200 7 680 7230 — 8280 800
\'% 866 590 1050 328 1110 1140 145 138 186 247 140
Cr 430 232 311 132 194 202 292 337 260 160 16
Mn 160 141 206 342 188 277 817 565 818 137 86
Co 137 163 183 94.8 71.8 172 18.5 553 59.4 55.6 5.1
Ni 846 389 436 176 235 240 127 252 111.5 347 13
Cu 1020 1460 2320 458 254 506 47.3 52.7 76.3 144 16
Zn 1 460 592 449 351 172 189 126 149 59 126 23
Ga 131 166 168 67.6 98.0 104 36.5 35.1 2229 66.5 5.8
Rb 107 97.1 70.7 101 77.0 46.0 161 173 33.7 24.7 14
Sr 1800 958 1030 1 060 1790 632 219 190 142.5 2180 110
Y 121 134 153 89.4 115 165 38.2 38.6 26.8 97.7 8.4
Zr 689 530 664 307 734 686 158 167 124 370 1.2
Nb 71.4 39.8 67.0 23.8 54.2 51.2 233 22.6 7.6 36.6 3.7
Cs 4.51 3.66 2.86 2.40 5.62 4.14 7.81 10.4 0.77 1.18 1
Ba 1500 1240 1440 1400 1570 745 833 912 282 1610 150
La 100 94.1 161 173 162 96.2 71.3 62.3 232 203 11
Ce 228 221 361 287 302 219 159 125 52.6 406 23
Pr 25.8 26.1 429 30.4 323 27.4 17.3 13.8 6.28 41.0 3.5
Nd 92.0 92.1 162 105 110 108 64.0 51.0 24.8 130 12
Sm 18.0 19.5 30.5 19.0 18.4 21.9 11.7 9.55 53 20.3 2
Eu 3.85 4.40 5.85 391 3.75 491 2.31 1.81 1.59 3.64 0.47
Gd 15.7 17.7 24.5 15.9 14.9 20.5 9.18 7.48 5.59 14.4 2.7
Tb 2.68 2.98 3.53 2.31 2.47 3.28 1.25 1.14 0.87 2.38 0.32
Dy 16.2 17.7 19.4 12.4 14.6 19.7 6.71 6.58 5.23 13.4 2.1
Ho 3.25 3.48 3.78 2.37 2.97 4.10 1.32 1.34 1.05 2.60 0.54
Er 9.01 9.47 10.1 6.29 8.36 11.6 3.77 3.87 2.99 7.07 0.93
Tm 1.36 1.38 1.50 0.915 1.28 1.76 0.593 0.594 0.41 1.07 0.31
Yb 8.66 8.46 9.33 5.59 8.37 11.3 3.82 3.76 2.57 7.00 1
Lu 1.21 1.17 1.30 0.820 1.21 1.68 0.598 0.574 0.41 0.942 0.2
Hf 11.9 9.03 10.9 6.00 12.6 12.3 4.24 4.38 2.9 6.97 1.2
Ta 2.43 1.87 2.28 1.41 2.23 2.47 1.64 1.60 0.38 1.92 0.28
Pb 155 122 98.2 75.6 88.4 61.8 29.6 339 16.5 68.5 7.8
Th 31.0 19.7 32.1 18.5 31.8 27.5 243 21.7 4.03 259 33
U 21.2 12.4 31.8 6.63 18.4 133 5.80 5.17 0.96 7.76 2.4
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Table 5 Content and geochemical parameters of rare earth elements in the coal from Zhuzhuang Coal Mine

ARG R ICE A (ngeg )

R 75-1 75-2 75-3 75-4 78-1 78-2 78-3 784  z10-1  HEFEES SeEaER pERs
La 333 3.14 537 577 5.40 321 2.58 2.08 6.77 0.37 0.40 0.87
Ce 3.56 345 5.64 448 472 3.42 248 1.95 6.34 0.36 0.33 0.77
Pr 3.63 3.68 6.04 428 455 3.86 244 1.94 577 0.49 0.34 0.77
Nd 3.54 3.54 6.23 4.04 423 4.15 246 1.96 5.00 0.46 0.37 0.85
Sm 4.00 433 6.78 42 4.09 487 2.60 2.12 451 0.67 0.38 0.96
Eu 438 5.00 6.65 444 426 5.58 2.63 2.06 4.14 0.53 0.45 1.02
Gd 413 4.66 6.45 4.18 3.92 5.39 242 1.97 3.79 0.71 047 0.97
Tb 4.19 4.66 5.52 3.61 3.86 5.13 1.95 1.78 372 0.50 047 1.09
Dy 4.63 5.06 5.54 3.54 417 5.63 1.92 1.88 3.83 0.60 0.54 0.89
Ho 4.06 435 4.73 2.96 371 5.13 1.65 1.68 325 0.68 0.44 0.88
Y 5.50 6.09 6.95 4.06 523 7.50 1.74 1.75 444 0.38 0.39 0.82
Er 3.92 4.12 439 2.73 3.63 5.04 1.64 1.68 3.07 0.40 0.43 0.83
Tm 4.12 4.18 4.55 2.77 3.88 5.33 1.80 1.80 3.24 0.94 0.45 0.82
Yb 3.94 3.85 424 2.54 3.80 5.14 1.74 1.71 3.18 0.45 0.43 0.95
Lu 378 3.66 4.06 2.56 378 525 1.87 1.79 2.94 0.63 0.44 0.94

LREE 1807 1814 3006 2279 2299 1951 1256  10.06  28.40 2.35 1.81 421

MREE 2282 2546 3111 1984 2144 2923 1065 944 19.91 2.73 2.33 479
HREE 1982 2015 2197 1357 1881 2589  8.69 8.66 15.69 3.10 2.20 441
YREE 60.71 6375 8313 5621 6324 7462 3190 2816  64.00 8.17 6.33 13.41
(La/Lu)y 0.88 0.86 1.32 225 143 0.61 1.38 1.16 2.30 0.88 0.86 1.32
(Gd/Lu)y 1.09 1.27 1.59 1.63 1.04 1.03 1.29 1.10 1.29 1.09 1.27 1.59
(La/Sm)y,  0.83 0.72 0.79 1.37 1.32 0.66 0.99 0.98 1.50 0.83 0.72 0.79

3Eu 1.08 111 1.01 1.06 1.06 1.09 1.05 1.01 1.00 1.08 111 1.01
3Ce 1.02 1.01 0.99 0.89 0.95 0.97 0.99 0.97 1.01 1.02 1.01 0.99

Y/Ho 135 1.40 147 1.37 1.41 1.46 1.05 1.05 1.37 1.35 1.40 147

X tonR SR E
- —m 5 —e— i 4 it it
—a— BRI —w— 10 B
Ty Rt KR 41 TR

FEM/UCC
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Fig.4 Distribution of rare earth elements in coal
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Table 6 REY prospect coefficient in the study area

i ZREY/(ugg*]) JEHE R
75-1 646.72 1.01
Z5-2 653.54 1.11
Z5-3 989.69 0.94
75-4 754.31 0.74
Z8-1 797.61 0.80
78-2 716.33 1.31
Z10-1 950.50 0.61
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