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Fig. 1 Separation process of REEs in uranium ore concentrates.
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Table 1 The absorption rate of uranium in nitric acid with

different acidity.
TRk i A I A £ I i DS
(mol/L) (mg) (mg) (%)
1 38.6 36.0 93.90
2 38.2 37.0 98.00
3 38.5 38.0 99.66
4 383 38.0 99.40
5 38.4 38.0 99.57
6 38.4 38.0 99.78
7 383 38.2 99.75
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Fig. 2 Content of REEs after eluted with 1-7mL HNO; with different concentrations.
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Table 3 Detection limit of the methods for REEs.

iz Iy A H PR otz I A H PR
(ng’kg) (ng’kg)
LRI AR R L RN e L L e - 0.078 T 0.003
Ce 0.190 Dy 0.017
Table2 Spiked recovery rate of REEs analysis method in Pr 0.027 Ho 0.003
uranium ore concentrates. Nd 0.116 Er 0.004
— Sm 0.027 Tm 0.001
P IR IR (%) Eu 0.005 Yb 0.006
- 81k 0%k 3% Gd 0.179 Lu 0.001
La 94.1 101.0 101.0
Ce 94.8 101.0 102.0 24 FIEIEHE
Pr 953 101.0 102.0 . . ) -
Sm 93.9 100.0 101.0 2y 22mg 45 6 1oy, TERIFEZRAE T, ¥ BRI AE 1Y 5256 7
£ 053 0200 AR, WAL 4 Fide 5. A
Dy 94.9 100.0 99.0 E oK%, GBWO04205 @i 5 S % (i —
to 053 102000 g AR )7 T T AR
I . . . — ~ \ 3.y N >

m 06.1 1010 102.0 SAH M HANR 100, @A TR AIE, A S
Yb 96.2 104.0 102.0 5 HIEAE (% 5), XA T e gLt o sl Ak s +
Lu 96.5 101.0 102.0

TLRBE ARG TS E N E.

F4 \EIL=0FHEYIR GBW04205 W Lc RIS H il 5 E

Table 4 Recommended values and determined values of REEs content in U;Oq standard material GBW04205.

TLR SN EH (ng/g)

. JTLEGE JUE FEE
hESE B (ngle) p . p " " T (ng/e)
=15 ugle 551K 852K 53K 84K 5k 9561k -(Hg’g
Dy 0.01 0.018 0.024 0.025 0.019 0.020 0.016 0.019
Gd 0.006 0.004 0.006 0.007 0.005 0.005 0.007 0.006
Sm 0.007 0.003 0.003 0.004 0.004 0.004 0.003 0.004
Eu 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001

— 626 —


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%44

T 5F YR AE YR TR BRI T %43 4

%5 I\BALZHRRHEDIR GBW04205 HIChRIEIER 1 yc 2 0mle(E
Table 5 Analytical values of REEs with unrecommended values in U;0Oy standard material GBW04205.

JLR P UNE M (ug/g)

— T I

%1% 2% % 3% 4K % 5% 56 % T (1g/g)
La 0.016 0.015 0.016 0.020 0.025 0.015 0.018
Ce 0.033 0.035 0.032 0.036 0.037 0.041 0.036
Pr 0.004 0.004 0.004 0.003 0.004 0.003 0.004
Nd 0.014 0.015 0.010 0.011 0.013 0.011 0.012
Tb 0.003 0.004 0.005 0.005 0.003 0.003 0.004
Ho 0.006 0.005 0.006 0.005 0.004 0.005 0.005
Er 0.024 0.025 0.021 0.021 0.020 0.024 0.023
Tm 0.004 0.004 0.004 0.004 0.004 0.003 0.004
Yb 0.035 0.038 0.027 0.030 0.028 0.026 0.031
Lu 0.004 0.004 0.004 0.004 0.004 0.004 0.004

3 W IRGEVIRE SR L e R IR 5
PRI 4 A5 Hedg Re ot (i o0l 1,2, 3
F14) % 25mg 2247 (5B 2 0.00002g), BT A 2mL ¥
R AE RN 2 ~ 3 ¥ ZUR R, 170°C % 36h, JT 5,
FH B 4t 7K w5 B 5 78 TE RE (Y 5% BA FF i, 150°C 28T

Fo  LhREh IR PIRE SRR TR F

Table 6 Analytical values of REEs content in real UOC samples.

T ImL HRASER 170°C 4k&m#k 12h, $THF 35, Mgk
Wk, 150°C 285 FALA ImL #ASER 170°C 4kS2hn
120, FTHF R, BAIK phYk, 150°C 25T, A 1mL
3mol/L fiSFR, FFE i 58 A VR, 4% 1.4 1IN B i e
PEATSEE, 43R Ff LR &, 45 R 6.

BRI La Ce Pr Nd Sm Eu Gd Te Dy Ho Er Tm Yb Lu
(ng/g)  (pglg)  (ng/g)  (ng/g)  (pe/g)  (pglg)  (ng/g)  (ng/g)  (ng/g)  (pelg)  (pelg)  (pglg)  (ng/g)  (ng/g)
11 0945 221 0926 0745 0503 0345 0564 0214 0173 0.124 0.103 0.08  0.08  0.079
12 0907 230 0895 0707 0477 0345 0511 0241 0181 0106 0.097 0.8 0.100 0.079
1”3 0.857 206 0.842 0655 0438 0293 0487 0.187 0.146 0.106 0.097 0.094 0.094 0.079
14 0924 235 0947 0728 0431 0362 0521 0214 0161 0.106 0.103 0.090 0.088  0.079
TEE S 0907 222 0905 0709 0464 0328 0521 0214 0.165 0106  0.103  0.090  0.094  0.079
RSD(%) 420 574 494 553 7.19 7.61 6.16 8.44 8.58 855 427 628 474 520
21 0726  1.83  0.558 0445 0301 0224 0341 0.160 0.138 0.088 0.079 0.078 0.059  0.039
2%2 0730 170 0558 0475 0327 0207 0311 0160 0.134 0088 0.079 0.039 0059  0.039
2%3 0.764 165 0579 0488 0333 0207 0350 0.187 0.126 0088 0.073 0.078 0.053  0.039
24 0.738 178  0.568 0497 0307 0207 0355 0.160 0.130 0.088  0.079  0.078  0.059  0.039
TETYIE 0738 173 0568 0475 0314 0207 0341 0.160 0.134  0.088  0.079 0.078 0.059  0.039
RSD(%) 220 457 219 478 471 289 588 240  4.00 142 273 410 546  5.09
351 1.41 1.75 1.04 0964 127 1.12 2.55 3.10 429 6.57 103 13.1 16.5 18.4
372 125 172 0968 0938 127 1.14 261 329 472 7.16 11.1 14.6 185 20.9
33 1.38 1.90 1.06 1.05 1.27 121 235 3.21 472 731 113 142 185 20.5
374 1.28 176 0989 0976 1.8 124 236 318 453 7.07 10.9 13.7 17.6 19.6
TETE 141 1.75 1.04 0964 127 1.12 255 3.10 429 6.57 103 13.1 16.5 18.4
RSD(%) 486 422 435 453 036 453 482 210 432 3.98 355 422 471 5.09
41 4371 6346 4032 2970 2242 164 1144 866 587 350 308 253 258 212
42 4456 6346 4074 2784 2294 171 1163 920 614 367 314 264 242 222
4"3 4333 6057 3832 2842 2222 163 1071 904 598 357 309 238 248 225
4"-4 4101 5922 3905 2835 2163 156 1080 861 563 341 292 241 249 204
TEOPYIE 4316 6168 3958 2859 2229 163 1114 888 591 353 306 249 249 216
RSD(%) 3.51 3.46 2.82 2.77 2.42 3.58 4.11 3.23 3.65 3.17 3.03 4.84 2.72 435
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MM LR AETEN % 2257 (p<<0.01)., &3l 44>
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Nuclear Forensic Analysis of Rare Earth Elements in Uranium Ore
Concentrates

WANG Lan"*, CHU Quanli*, GE Liangsheng"", JI Jianchen*, HUANG Ming®, WU Zhaohui®

(1. Command Center of Natural Resources Comprehensive Survey, China Geological Survey, Beijing 100055,
China;

2. State Nuclear Security Technology Center, Beijing 102401, China;

3. Mudanjiang Center of Natural Resources Comprehensive Survey, China Geological Survey, Mudanjiang
157021, China)

HIGHLIGHTS

(1) The acidity and volume of TRU resin for the separation of uranium and rare earth elements in uranium
concentrate were determined through experimental studies on conditions such as equilibrium solution acidity of
the column, rare earth adsorption acidity, leaching acidity, and volume.

(2) The separation of a large amount of uranium, alkali metals and trace rare earth elements in uranium ore
concentrates eliminates interference of homogeneous ectopic number and pollution caused by the uranium
during ICP-MS analysis of rare earth elements of uranium ore concentrates.

(3) The rare earth elements in four uranium ore concentrate samples exhibit different distribution patterns, which

indicated that they can be used to trace the geological source of uranium ore concentrates.

ABSTRACT: The distribution pattern of rare earth elements (REEs) in uranium ore concentrates (UOC) is an
important fingerprint information for geological source tracing in nuclear forensics. It is particularly important to
accurately determine the content of rare earth elements in UOC. Because of the large amount of the uranium matrix
effect, the ionization efficiency of rare earth elements is low when determined by ICP-MS, and the results are
significantly low. It is most important to remove the uranium matrix for accurately determining rare earth elements
in UOC. A rapid separation method for rare earth elements in UOC by study of experimental conditions of Eichrom
TRU resin, such as equilibrium solution acidity of column, adsorption acidity, leaching acidity and volume of rare
earth elements is established. The content of uranium in eluent is lower than ng/kg, the recovery of REEs ranges
from 88.3% to 104.0%, and the detection limit of REEs through ICP-MS analysis is from 0.001pg/kg to 0.190pg/kg
after the separation of uranium and rare earth elements in UOC by TRU Resin. This method is used to determine the
standard material GBW04205 for uranium ore, and the measured values are consistent with the standard values.
Further analysis of four samples of UOC from different sources shows that the method can accurately determine the
rare earth elements in UOC. The established distribution pattern of rare earth elements is effective for the
geographical traceability of UOC nuclear forensics.

KEY WORDS: nuclear forensics; uranium ore concentrates; Eichrom TRU resin; rare earth elements; inductively

coupled plasma-mass spectrometry
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