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Table 1  Analytical results of two sample pretreatment methods

GBW07103 GBW07104

WA | ey Jith— RS T A
e AL T

8 e e | MY (e (e
La 54+4 44,12  55.63 22+2 17.23  22.65
Ce 108+7 91.56 110.7 40+3 33.59 41.89
Pr 12.7+0.8 8.97 12.47 4.9+0.4 4.06 4.99

Nd 47+4 41.16  48.56 19+2 16.65 19.44
Sm 9.7+0.8 8.65 9.96 3.4+0.2 3.02 3.31
Eu 0.85+0.07  0.78 0.88 | 1.02+0.05  0.92 1.07
Gd 9.30+0.7  8.29 9.17 | 2.70£0.4  2.46 2.76

Tb 1.65£0.09  1.22 1.59 | 0.41£0.05  0.34 0.43
Dy 10.2£0.4  8.94 10.31 | 1.85+0.17 1.6l 1.91
Ho 2.05+0.17  1.77 2.09 | 0.34+0.03  0.25 0.35
Er 6.5+0.3 6.18 6.37 | 0.85+0.13  0.76 0.88
Tm 1.06+0.09  0.91 1.02 | 0.15+0.05  0.12 0.14

Yb 7.4+0.5 6.89 7.27
Lu 1.15+£0.09  1.03 1.18
Y 62+5 54.28 64.45

0.89+0.13  0.81 0.93
0.12+0.03  0.10 0.13
9.3+1.2 7.61 9.64
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Table 2 Isotope and mass spectrum interference —o— AL R
e R e R —u— X EL R VA A ) R
T L T B — X He AR
LR &7 JLR e | =
z= 0.05
La 139 - Dy 163 - st
Ce 140 - Ho 165 - &
Pr 141 - Er 166 =
Nd 146 3010 Tm 169 -
Smo 147 - Yb 172 - (NS < Sl ai S
Fu 153 137840 Lu 175 _ La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er TmYb Lu Y
Gd 157 "Ce0H,"'Pr0 || Y 89 - Bl 1 i iBeR
143
™ 159 NdO Fig. 1 Detection limits of the method

. RP " FRAFAE RS T,

2.3 JiiEER

Fie AT 2% 12 I AR S R, A2
S5 IEBRUEAR 22 1) 3 A% i X 07 B e B {ELE Sl O Tk 1Y
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Table 3  Determination of rare earth elements in rock reference materials

HEmPERL

GBW07103(n=4) GBW07104(n=4) GBWO07122(n=4)
it FRifEE WERME AR PrifEfE WEHME AEXT R PrifEfE MBI AR

(ne/g) (ne/g) (%) (ng/g) (ne/g) (%) (ne/g) (re/g) (%)
La 54+4 55.82 3.37 22+2 21.92 -0.36 2.9+0.4 3. 11 7.24
Ce 108+7 111.4 3.15 40+3 41.70 4.25 7.8+1.0 8.02 2.82
Pr 12.7+0.8 13.12 3.31 4.9+0.4 4.92 0.41 1.25+0. 15 1.31 4.80
Nd 47+4 48.01 2.15 19£2 19.30 1.58 6.5+1.4 6.74 3.69
Sm 9.7+0.8 10. 16 4.74 3.40.2 3.44 1.18 2.1£0.2 2.21 5.24
Eu 0. 85+0. 07 0.87 2.35 1.02+0. 05 1.08 5.88 0.91=0. 15 0.87 -4.40
Gd 9.30+0.7 9.19 -1.18 2.70+0.4 2.66 -1.48 2.8+0.3 2.72 -2.86
Th 1.65£0.09 1.66 0. 61 0.410. 05 0.39 -4.88 0.57£0.08 0.56 -1.75
Dy 10.2+0.4 10.05  -1.47 1.85+0. 17 1.79 -3.24 3.5+0.5 3.64 4.00
Ho 2.05+0. 17 2.08 1.46 0.34+0.03 0.32 -5.88 0.85+0. 14 0.84 -1.18
Er 6.5+0.3 6.53 0.46 0.85+0. 13 0.87 2.35 2.3+0.4 2.41 4.78
Tm 1.06+0. 09 1.09 2.83 0.15+0.05 0.14 -6.67 0.37+0. 10 0.39 5.41
Yb 7.4£0.5 7.45 0.68 0.89+0. 13 0.85 -4.49 2.4+0.4 2.45 2.08
Lu 1.15+0.09 1.17 1.74 0.12+0.03 0.11 -8.33 0.39+0. 06 0.38 -2.56
Y 62+5 61.06  -1.52 9.3+1.2 9.12 -1.94 20+3 20.33 1.65
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Fig.2  Chondrite—normalized average REE distribution curves

of uranium ore

T340 I bR I O By ik ) IR
F 4 ME SR WoR My A HEY BT GBW04108
15 Fhfs 10 Z Az BHBCR h 96. 0% ~ 106. 0% ,
FWAA SO R ME

4 FREVIR GBWO04108 DITAAIRIBCALS
Table 4 Recovery tests of reference material GBW04108

A SRR TE AR REEE FeR
Wt E
(ne/g) (nhe/g) (ne/g) (%)
La 40.96 40. 00 82.23 103.2
Ce 81.83 100. 0 183.21 101.4
Pr 10. 09 10. 00 19.98 98.9
Nd 34.53 50. 00 84.56 100. 1
Sm 6.00 5.00 11.12 102. 4
Eu 0. 84 1.00 1.82 98.0
Gd 5.13 5.00 10. 04 98.2
Th 0.83 1.00 1.79 96.0
Dy 4.62 5.00 9.73 102.2
Ho 0.93 1.00 1.98 105.0
Er 2.82 5.00 7.69 97.4
Tm 0.43 0.50 0.96 106. 0
Yb 2.88 2.00 4.95 103.5
Lu 0.45 0.50 0.96 102.0
Y 25.01 20.00 44.46 97.3

GBWO04103 1 GBWO04104 HEATIRE, % 5 45 R %W
WP 2 R (B 4 AR 42 30T, D BH SR FH O ik — i g
W PR TR T

25 AREHETTBHEIEREE R
Table 5 Comparison of analytical results with different sample

pretreatment methods

2.5 ARIEFE i
B RRIEE AL SR TR LT R B RTAL BT
S A R I ) o Bl AP I i £

GBW04103 GBW04104
ooz | AXTIE O WEEH | A3OME mREE

ME BREWEM | WEfl REEE

(ne/g) (ne/g) (ne/g) (ne/g)
La 31.30 31.52 6.11 6.18
Ce 69. 87 69. 97 13.88 13.96
Pr 9.19 9.18 1.89 1.85
Nd 37.44 37.35 7.65 7.57
Sm 11.11 11.19 1.73 1.69
Eu 0.67 0.68 0.36 0.35
Gd 13.71 13.66 1.89 1.84
Th 2.51 2.49 0.29 0.30
Dy 16. 88 16.96 1.65 1.62
Ho 3.65 3.69 0.34 0.35
Er 11.42 11.33 0.91 0. 89
Tm 1.94 1.98 0.13 0.12
Yb 13.65 13. 81 0.77 0.75
Lu 2.22 2.21 0.11 0.11
Y 107.2 108. 8 10. 41 10.35

3 ik

AR SCHEST T RE IR - SRR — 5 R - R R TR A T
TR RIS A RE & ICP-MS W 5E 15 F#s oo &
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1E GBS R LM AL AR, TR T AR 500 FAS
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AT TR A A R oo R MR E

4 BHC0Hk
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HIGHLIGHTS

(1) The open acid dissolution method is simple and fast. Nitric acid, hydrofluoric acid, perchloric acid, and
sulfuric acid were used to dissolve the uranium ore sample, and 15 rare earth elements were simultaneously
determined by inductively coupled plasma—mass spectrometry.

(2) Sulfuric acid was added when dissolving the sample, and the high boiling point of sulfuric acid solved the
problem of incomplete dissolution of rare earth elements.

(3) The results of rare earth element content is satisfactory. The proposed method is suitable for simultaneous
determination of large quantities of samples, and has a time advantage compared with the high—pressure closed

acid—dissolution method.

ABSTRACT

BACKGROUND:; Studying the characteristics of rare earth elements in uranium ore can determine the source of
the ore—forming fluids, the mineralization environment, and the physical and chemical conditions. It is particularly
important to accurately determine the content of rare earth elements in uranium ore. At present, rare earth elements
are mainly determined by inductively coupled plasma—mass spectrometry (ICP-MS). High—pressure closed acid—
dissolution is commonly used. The open acid dissolution method is rarely used because perchloric acid is routinely
used to dissolve samples, and the temperature is relatively low, which may cause incomplete decomposition of some
samples.

OBJECTIVES: In order to solve the problem that the rare earth elements have contents lower than real values in
open acid dissolution.

METHODS ; The tetracid system of nitric acid —hydrofluoric acid —perchloric acid —sulfuric acid was used in the
open acid dissolution method. ICP—MS with Rh as internal standard was used to determine 15 rare earth elements
In uranium ore.

RESULTS:: The relative standard deviation (RSD) of the 15 rare earth elements was between 0. 54% and 5. 98%,
and the recovery was between 96. 0% and 106. 0%. Applying to national rock standard materials (GBW07103,
GBW07104, GBW07122), the measured values were consistent with the standard values, and the relative error
(RE) was between —8.33% and 7. 24%, indicating that this method was effective for the determination of rare
earth elements.

CONCLUSIONS: The method has simple operation, accurate and reliable results, and is suitable for the

determination of rare earth elements in large quantities of uranium ore.

KEY WORDS: uranium ore; rare earth elements; nitric acid —hydrofluoric acid —perchloric acid - sulfuric acid

open acid dissolution ; inductively coupled plasma—mass spectrometry
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