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Simultaneous Determination of Uranium and Thorium in
Ores by X-ray Fluorescence Spectrometry

JING Hui

(Nuclear Geological Brigade of Guangxi Zhuang Autonomous Region ,310, Guilin, Guangxi 541213 ,China)

Abstract A method for the determination of uranium and thorium in ores was established by X-ray
fluorescence spectrometry. The samples were made by high pressure powder sampling preparation
method. Experiment parameters, such as tablet pressure, particle size, moisture content and dosage of
radioactive sample with different concentrations, were investigated through single factor tests. The
samples were pressed under 400 MPa to overcome the disadvantages of low press sampling preparation
method, which making the samples pressed smooth and compact. This sampling preparation method could
improve obviously the reproducibility of samples, and effectively reduce the part of the matrix effect. The
standard deviations of uranium and thorium in calibration curve were reduced to 0. 0071% from 0. 053 %
and to 0. 0057% from 0. 062%, respectively. The method was validated by the analysis of national
reference materials. The results showed that the proposed method was accurate and reliable for
determining uranium and thorium content in ores for daily analysis.
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Table 1 Measurement conditions
' X ' Elements
[1-2] U Th
’ > ’ Conditions
’ ’ El line Ka Ka
Crystal LiF200 LiF200
X XRE Collimator/pm 150 150
’ ( ) 20/(%) 32, 468 32. 468
) N N Detector Hiper Scint Hiper Scint
[3-4] , Tube voltage/kV 60 60
X Pipe flow/mA 60 60
° ( / ) Time/s 36/12 36/12
. ’ (PHD) 15-80 15-80
X
S ¢ el X 6 h, 75 um ,
400 MPa , 30s .
b o ’
1 10 g lg
L1 s
Axios PW 4400 X ° ’ ’
( ) ’ H °
X . 4 kW, Super Q 4. 0H . L3
HMST-1-7Z ( N ’
) 1, 14
1.2 o N
2,
2 >
Table 2 Contents of uranium and thorium in national reference materials /(pg-g™")
Standard U Th Standard U Th
NO. ) NO. )
material material
1 GBWO04110 285 25 8 GBWO04122 66. 4 29. 4
2 GBWO04111 788 26 9 GSR-1 18 8 54
GBWO04112 682 11 10 GSD-11 91 233
4 GBWO04115 986 313 11 GSD-2a 6. 6 38
5 GBWO04117 4.6 17. 9 12 GSS-4 6. 7 27
6 GBWO04119 86. 2 1. 9 13 GSS-5 6.5 23
7 GBWO04121 6.1 21 4 14 GBWO04113 1 940 43
.’ ’ 2
s 2.1
X .
) b N A
X ,
b N b X
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h lg Y determination results
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Figure 1 Influence of particle size on 0. 90 %’ ’ 16. 3% ’
determination results
1 80 pm , 105 C
(2 000~74 pm) » U, o
Th 33. 3% 214
L 39%. 80 pm . ) ;
L72% 174%. N , X
R s 80 pm
s 5 s 100, 200, 300, 400,
, , 80 pm 500 MPa 30 s s
s 7 s
s ; 80 pm , o
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Figure 3 Influence of tablet pressure on X
determination results
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Figure 4 Influence of sample dosage 8.

on determination results
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Table 3 Comparison of analytical results of uranium and thorium by different methods /(pg-g")
U Th
X /% X /%
Sample No. Volumetric X-ray fluorescence The relative Spectroph- X-ray fluorescence The relative
method spectrometry error otometry spectrometry error
2014-01-1 266 257 3. 38 15. 8 16. 2 2. 53
2014-01-2 1760 1750 0. 57 21. 5 20. 4 5. 12
2014-01-3 18 2 16. 4 9. 89 19. 4 17. 9 7. 73
2014-01-4 767 760 0. 91 22. 6 234 3. 54
2014-01-5 155 147 5 16 58 7 57. 8 1. 53
2014-01-6 202 208 2. 97 15. 5 14. 5 6. 45
2014-01-7 25. 4 24. 5 3. 54 75. 4 77. 1 2. 25
2014-01-8 51. 8 49, 4 4 63 88 2 84. 6 4. 08
2014-01-9 54, 9 54. 1 1. 46 100 106 6. 00
2014-01-10 14. 4 13. 8 417 52. 1 55. 0 5. 57
2014-01-11 532 548 3. 01 159 160 0. 63
2014-01-12 17. 1 159 7. 02 237 239 0. 84
2014-01-13 154 152 1. 30 143 148 3. 50
2014-01-14 225 217 3. 56 15. 9 15. 7 1 26
2014-01-15 94. 9 92. 8 2. 21 18 8 17. 9 479
2014-01-16 1140 1150 0. 88 75. 4 74. 3 1. 46
2014-01-17 869 872 0. 35 38 7 37. 5 3. 10
2014-01-18 594 589 0. 84 12. 8 13 4 4. 69
2014-01-19 554 545 1 62 72. 6 724 0. 28
2014-01-20 1L 9 10. 8 9. 24 55, 4 56. 4 1L 81
4 .
Table 4 Analytical results of uranium and thorium in national reference materials /(ng-g™")
U Th
/% /%
Standard The standard The determination The relative The standard The determination The relative
value of the value error value of the value error
GBW04118 37. 1 35.9 323 29. 7 27.9 6. 06
GBW04128 1190 1170 1. 68 27. 3 29. 2 6. 96
5 N
Table 5 Analytical results of uranium and thorium in silicate rock /(ngeg™")
U Th
/% /%
. X . . X .
Sample No. The classic The relative The classic The relative
XRF method XRF method
method error method error
1 47,4 48.5 2. 32 22,3 24. 1 8 07
2 235 240 2.13 34. 1 36. 4 6. 74
3 146 152 4. 11 12. 4 11 9 4. 03
5 . X 10% . N
Y b o
0% . ; 7 X
o b
6 X 3% . N
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Table 6 Analytical results of uranium and thorium in carbonate rock /(pg-g")
U Th
. X . . X .
Sample No. The classic The relative The classic The relative
XRF method XRF method
method error method error
4 2L 4 22. 3 4. 21 19. 8 17. 9 9. 60
5 11 5 12. 1 5 22 415 42. 7 2. 89
6 99. 7 98 4 1. 30 22. 3 23.4 4. 93
7 ~
Table 7 Analytical results of uranium and thorium in uvanite /(pg-g")
U Th
/% /%
. X . . X .
Sample No. The classic . The relative The classic R The relative
XRF method XRF method
method error method error
7 68 4 70. 0 2. 34 18 7 19. 1 2. 14
8 148 152 2. 70 32.5 33 4 277
9 24. 9 24, 2 2. 81 35. 4 36, 1 1L 98
8 >
Table 8 Analytical results of uranium and thorium in soil /(pg-g™")
U Th
/% /%
) X . . X .
Sample No. The classic The relative The classic The relative
XRF method XRF method
method error method error
10 34. 5 35, 4 2. 61 11. 5 12. 0 4, 35
11 29. 4 287 2. 38 14. 6 15 2 4. 11
12 41. 6 40. 8 1L 92 16. 2 15 3 5. 56
8 , X N 9
s 6% . Table 9 Precisions test of uranium
of the method /(pg+g™)
’ Y o
2.2 4 Standard sample
Determination
’ N N 3 of times GBW07103  GBWO04110 GBWO04115
N ’ 1 18 2 284 984
11 , 2 18 8 286 985
9 3 18 4 288 981
’ ’ ’ 4 18. 6 280 979
10, 5 18 9 281 990
9 y s 6 18 2 279 987
7 19. 3 286 982
’ ’ 8 18 9 290 983
2.2%.1.5%.0 36%. 9 19. 4 276 990
i 10 , , 10 191 284 984
11 18 7 287 982
b .
0 0 0 18 8 284 984
415,01 1%,2 4%, The average value
° Standard deviati 0 41 4 28 3. 54
225 Standard deviation
RSD/ % 22 L5 0. 36

@Y
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Table 10 Precisions test of thorium

of the method /(png-g™")

Standard sample

Determination

GBW04112  GBWO07103 GBWO04115

of times
1 11 5 54. 8 310
2 11. 8 55. 2 316
3 10, 9 54. 1 305
4 11 6 55. 8 303
5 11 7 56, 1 321
6 10. 8 55. 1 301
7 12. 0 55. 8 314
8 10. 9 56. 2 323
9 11 4 55. 9 307
10 12. 1 54, 8 319
11 10. 8 55. 1 311
11 4 55. 4 311 8
The average value
0. 46 0. 62 7. 42
Standard deviation
RSD/ % 4.1 L1 2.4
L [T 0
m T
s Lp— sm 1 pg/g
A/ [se(ugeg D 31— W1/
T—— S,
, 6~1 940 pg/g,
2 pg/g. 11~313 pg/g,
4 pg/g.
b
b .
10% , .
b o b
’ N
b Y N Y
(LDR) . \ .
b Y

s 80 pm 105 C
400 MPa, 30 s,
52 ¢g X ,
s X
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