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Geochemical characteristics of uranium in medium to high sulfur
coals from Eastern Yunnan China

WANG Xin'* FENG Qi-yan' FANG Ting’ LIU Jing5ing’ LIU Gui-jian®
( 1.School of Environment Science and Spatial Informatics China University’ of Mining and Technology Xuzhou 221116 China; 2. College of Life Sciences
Huaibei Normal University Huaibei 235000 China; 3.School of Edrth and Space Sciences University of Science and Technology of China Hefei 230026 Chi-
na)
Abstract: High-resolution inductively coupled plasma mass spectrometry ( HR ICP-MS) was used to measure the ura—
nium concentration in medium-highsulfur coals from eastern Yunnan China.Sequential chemical extraction procedures
were adopted to investigate the mode of occurrence of uranium in studied coals.Correlation analysis was taken to study
the relationship among uranium and different sulfur forms ash yield and volatile matter. The results show that in the
coals from eastern Yunnan uranium varies from 0.54 to 8.28 png/g with an average value of 4.47 pg/g.The uranium
concentration in high sulfur coals is higher than that in medium sulfur coals.Some studied coals are uranium enriched
with respect to concentration coefficient. Uranium is mainly associated with organic matter in the coals from eastern
Yunnan China.The causes of uranium enrichment are the oxidation environment during sedimentary period uranium
mineralization in some coals marine transgression and regression and the deposition of volcanic ash.

Key words: medium-high sulfur coal; uranium; geochemical characteristics; Eastern Yunnan
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Table 2 Chemical occurrences and extraction methods in coal

_ 1
S. 1. Arbuzov
46-7 12
(ZT-1 7ZT-2 7ZT-4 7ZT-5) . ( KM) .
(QI-4) ( ML-1) 1.
40 C
(100 ),
9 10-11
- 3 o
1 J—
Table 1 Proximate sulfur forms of the middle to high sulfur coals in easthern Yunnan China
1% 1%
Mad Ad V(L\f FC‘(ul St d Sp d S5 d Sn d
9.97 15.46 56. 34 33.23 4.05 0.94 0.11 3.00
1.20 29.24 12. 66 61..06 4.00 3.65 0.18 0.17
0.70 12.72 10. 64 7745 1.95 1.15 0.04 0.76
0.47 9.47 7. 00 83.79 1.68 1.40 0.03 0.25
0. 82 32.12 12.42 58.96 3.22 2.83 0. 06 0.33
0. 86 27.03 22.91 55.77 4.15 3.41 0.30 0. 44
0.51 18. 88 16.21 64.73 1.74 1.21 0.04 0. 49
(I . (V) . (V)
( GB/T 212—2008 GB/T 2142007 GB/T 215— (VD 2,
2 6 ( HR ICP-MS)
- U 0.002 ng/mlL;
(I . Th 0. 003 ng/mL 3.
2

5 g+30 mL
+30 mL NH,C,H,0,( IN)

+20 mL CHCl4( 1. 47 g/cm?)
+20 mL HCI( 0. 5%)
+20 mL CHBr;( 2. 89 g/cm’)

+ ( HNO; : HCI : HF( 3 :

25 C 24 h 20 min
25 C 24 h 20 min

20 min 40 C
25 C 24 h 20 min

20 min 40 °C
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Table 3 Contents of uranium and the concentration coefficient of the coals
w( U) w( Th) /w( U) w( U) /w( Th) cc, G,
KM 7.32 0.37 2.70 2.52 3.01
ZT-1 5.50 1.76 0.57 2.89 2.26
Z1-2 5.00 1.18 0.85 2.63 2.06
7T-4 0.54 3.61 0.28 0.28 0.22
7ZT-5 3.72 2.04 0.49 1.96 1.53
ML-1 8.28 1. 05 0.95 3.45 3.41
QJ-4 1. 64 3.52 0.28 0. 68 0. 67
2.40
2.90
1.90
2.43
(2012) 7 Ketris & Yudovich( 2009) 7 ; cC ( concentration coefficient) ; CC,
(
) CC,
0.1¢g 40% 2 mL (0.5<CC<2),
2 mL 65% 5 mL 12 h N
150 C 2 h 180 °C 3h 210 C dle
o 4% 2.3
1 mL.3 mL 10 mL o 2.3.1
2
2.1 o
1 ( KM)
4 2 )
(ML-1) o Vassilev et al. (1997) "
(QJ-4) o
58% ~ 91%
(74%) ;
o 9.47% ~ 32. 12%
1( a)
(r=0.86 p<0.05) r=0.37( p<0. 05)
2.2
3
N o 4.47 pglg o
(6.21 pg/g n=4) (r=0.47) ( 1(b))
(2.39 pg/g n=3) "
Y 3 o
1 (CC=CylCy Cy U o
pe/g Cyy U pg/g) 2.3.2
ZT-4 (€C<0.5) ZT-1 o,

ZT-2 ML-1 KM (2< CC<5) QJ-4
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(S,) . (S.) . (r=0.34 r=0.45 p<0.05) ,

(r=0.85 r=0.77 p<0.05)

21-23

11 24

o 2 ( CaSO, * 2H,0) ( FeSO, * 2H,0) * U

1 N N

Fig. 1 Relationship between uranium contents and ash yield moisture volatile matter fixed carbon in coals from Eastern Yunnan

2

Fig.2 Variation of the uranium contents with different forms of sulfur in medium and high sulfur coal
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Fe** Ca™ (U*:0.097 nm; Fe*': e 4 3 KM
0.1 nm Ca’:0.099 nm) (1) ()
Fe’* Ca™ . 7ZT-1
° (1) . (1I) (V)
2.3.3 L ZT-4 (I .
2 (1) (V) (V)
(1)
(r=-0.69 p<0.05) ( 1(d)) . Gluskoter  ( 1977)
(r=0.59 p<0.05)( 1(c))
o KM
7T-4 o Seredin and Finkel-
. man ° Dai *
2.3.4
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Table 4 Sequential chemical extraction procedures
Npgeg™) Usum ! U/
1%
I il | v v Vi (ngeeg") (pegce™)
KM 0.13 1.33 5.34 0.21 0.21 0.19 7.41 7.32 101. 20
7ZT-1 0.19 1. 00 2. 11 0.20 1.43 0.55 5.47 5.50 99. 49
7T-4 0 0.11 0.21 0.02 0.11 0.10 0.55 0.54 102. 15
Ui Ul
(U™)
? ML-1  ZT-2
w( Th) /w( U)
3 w( Th) /
Fig.3  Sequential chemical extraction procedures w( V) n . w( Th) /
3 w( U) 2 w(Th) /w(U) 0.37~3.61
2 1.93( 3).

o w( U) /w( Th)

Manning ( 1994) *

o Jones and

w( U) /w( Th) <0.75

0.75<w( U) /w( Th) <1.25 —

w( U) /w( Th) >1. 25
57% (

o

3) .

10 35



2456

2015 40

(1 .
(6.21 pg/g n=4)
(2.39 pg/g n=3) o

4.47 pglg

Berthoud E L.On the uranium sliver iron etc. in the Tertiary For—
mation of Colorado Territory J . Academy of Natural Sciences
1975 27( 2) : 363-336.
Seredin V Finkelman R B. Metalliferous coals: A review of! the
main genetic and geochemical types J . International Journal of
Coal Geology 2008 76:253-289.
Arbuzov S T Volostnov A V Rikhvanov L P et al.Geochemistry of
radioactive elements (U Th) in coal and peat of.northern Asia( Si-
beria Russian Far East Kazakhstan and Mongelig J .Internation—
al Journal of Coal Geology 2011 86( 4) : 318-328.
N J.

2002 14(S) : 55-63.
Huang Wenhui Tang Xiuyi.Uranium Thorium and other radionuclies
in coal of China J .Coal Geology of China 2002 14( S) : 55-56.
Huang Wenhui Wan Huan Finkelman R B et al. Distribution of
uranium in the main coalfields of China J .Energy Exploration &
Exploitation 2012 30: 819-835.
Yang Jianye. Concentration and distribution of uranium in Chinese
coals J .Energy 2007 32:203-212.
Dai Shifeng Ren Deyi Chou Chenlin et al.Geochemistry of trace el—
ements in Chinese coals: A review of abundances genetic types im-—
pacts on human health and industrial utilization J . International

Journal of Coal Geology 2012 94:3-21.

1992 4( 3) : 30.
Xi Weishi.Uranium in some coals of Yunnan China J .Coal Geolo—

gy of China 1992 4( 3) : 30.

11

12

13

14

16

17

18

19

20

Dai Shifeng Wang Peipei Ward Colin R et al. Elemental and
mineralogical anomalies in the coal-hosted Ge ore deposit of Lin—
cang Yunnan southwestern China: Key role of N, -CO,-mixed hy-
drothermal solutions J . International Journal of Coal Geology
2014 doi: 10.1016/j.c0al.2014.11.006.
Dai Shifeng Ren Deyi Zhou Yiping. Mineralogy and geochemistry
of a superhigh-erganic-sulfur coal Yanshan coalfield Yunnan Chi-
na: Evidence for a volcanic ash component and influence by subma—
rine exhalation J .Chem.Geol. 2008 255:182-194.
V.Cr«Mo U

] .2009 28( 3) :268-271.
Yang Zong. Occurence and abundance of V. Cr Mo and U
in the Late Permian coals from Yanshan Yunnan China J .Bulle-
tin of Mineralogy Petrology and Geochemistry 2009 28( 3) : 268—
271.

I ( ) 2009
36(1):71-77.
Xia Qinglin Zhao Pengda .Cheng Qiuming et al.Platinum and pal-
ladium in the coal bearing series in the east of Yunnan China J .
Journal of Chengdu University of Technology( Science & Technolo—
gy Edition)y 2009 36( 1) : 71-77.

2005.
Zheng Liugen. Environmental chemistry of mercury in coal D .
Heifei: University of Science and Technology of China 2005.
Dai Shifeng Luo Yangbing Seredin Vladimir V et al.Revisiting the
late Permian coal from the Huayingshan Sichuan southwestern
China: Enrichment and occurrence modes of minerals and trace ele—
ments J .International Journal of Coal Geology 2014 122: 110-
128.
Wang Xiaobo Dai Shifeng Chou Chenlin et al.Mineralogy and geo—
chemistry of Late Permian coals from the aoshuping Mine Yunnan
Province China: Evidences for the sources of minerals J .Interna—
tional Journal of Coal Geology 2012 96-97:49-59.
Dai Shifeng Li Tian Seredin Vladimir V et al.Origin of minerals
and elements in the Late Permian coals tonsteins and host rocks
of the Xinde Mine Xuanwei eastern Yunnan China J .Interna—
tional Journal of Coal Geology 2014 121:53-78.
Ketris M P Yudovich Ya E. Estimations of clarkes for carbona—
ceous bioliths: World average for trace element contents in black
shales and coals ] .International Journal of Coal Geology 2009
78:135-148.
Vassilev S V Kitano K Vassileva C G.Relations between ash yield
and chemical and mineral composition of coals J .Fuel 1997 76:

3-8.

D . : 2011.
Wang Ran.Study on occurrence and distribution of Au in the coals
and its enrichment mechanism in Western Guizhou Province China

D .Xuzhou: China University of Mining and Technology 2011.

—_— M .



10 : — 2457
1999. 28 ]
21 1988 12(3) : 185-196.
J. 2013 38(7) : 1228-1233. Yao Zhenkai.Tectonic evolution of coalforming processes in China
Li Weiwei Tang Yuegang Deng Xiujie et al. Geochemistry and Uranium Mineralization in Coalbeds ] .Geotectonica et Metal—
of the trace elements in the high-organicsulfur coals from logenia 1988 12( 3) : 185-196.
Chenxi coalfild J .Journal of China Coal Society 2013 38( 7): 29
1228-1233. J. 2002 31( 5) : 349-353.
22 Dai Shifeng Ren Deyi Li Shengsheng. Occurrence and sequen—
J. 1994 69( 4) : 20-23. tial chemical extraction of rare earth element in coals and seam
Li Wenhua Xiong Fei Jiang Ying.The occurence of tace hazardous roofs J . Journal of China University of Mining & Technology
elements in high—sulfur coals J .Coal Chemical Industry 1994 2002 31(5) :349-353.
69( 4) : 20-23. 30  Gluskoter HJ Ruch R R Miller W G et al.Trace elements in coal:
23 Dai S Seredin V'V Ward C R et al.Enrichment of U-Se-Mo-Re-V Occurence and distribution M .Illionois State Geological Suevey
in coals preserved within marine carbonate successions: Geochemi— 19717.
cal and mineralogical data from the Late Permian Guiding 31 M .
Coalfield Guizhou China J .Mineralium Deposita 2014 DOI: 10. 1987:57-97.
1007/s00126-014-0528-1 32 Jones B Manning D A C.Comparison of geochemical indexes used
24 for the interpretation of palaeoredox conditions in ancient mudstones
J. 2004 29( S) : 56-60. J .Chemical Geology 1994 111:111-129.
Dai Shifeng Ren Deyi Sun Yuzhuang et al.Concentration and the 33
sequential chemical extraction procedures of U and Th in the Paleo— J. 1987 3(5) :267-275.
zoic coals from the Ordos Basin J .Journal of China Coal Society Zhang Shuling Wang Shuying Yin Jinshuang.The study of germa-
2004 29( S) : 56-60. nium ore in uranium-bearing coal of the Bangmai Basin Lincang
25 M . : 1999: 92— Region Yunnan Province J .Uranium Geology 1987 3(5):267-
138. 275.
26 ZK0407 34 M . : 2003.
] 2011 39( 5) : 340- 35
345. J . 2008 53(24):
Yang Jianye Wang Guo Shi Zhilong et al. Geochemistry study of u= 3120-3126.
ranium and other element in brown coal of ZK0407 well in Yili Ba— Dai Shifeng Ren Deyi Zhou Yiping et al.Enrichment of trace ele—
sin J .Journal of Fuel Chemistry and Technology 2011 39( 5)% ments and mineral in coal: Composite formation of synsedimentary
340-345. volcanic ash and submarine exhalation J .Chinese Science Bulle—
27 A tin 2008 53( 24) : 3120-3126.

2013 C .2013.





