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Abstract Determination of rare earth elements in copper, lead and zinc ores was studied by inductively
coupled plasma mass spectrometry (ICP-MS). The samples were digested in a closed PTFE digestion vessel
by HCI-HNO,-HF-HCIO,. H,SO, was added to the digestion solution and heated until it gave off a large
quantity of white smoke, then the residue was extracted by HCl. The use of Rh and Ir as internal
standards compensated matrix interferences and sensitivity drift. The method was validated by the analysis
of certified reference materials (certified samples of rare earth elements in copper. lead and zinc ores,
GBWO07233 ~ GBW07237). The results agreed well with the reference values. The relative standard
deviations (RSDs) were 1. 2%~7 6% with 0. 001~0. 011 pg/g detection limits. The method could meet
the requirement of analytical criteria of geological samples.
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Table 1 Operating parameters of ICP-MS
Parameters Value Parameters Value
RF power 1350 W Scan mode Jump peak
/
3°C ' 3
Atomization chamber temperature Measuring point/peak
Sampling depth 12 mm Integral time 24 s
Cooling gas flow 13. 0 L/min Oxide ion yield <0. 4%
Auxiliary gas flow 0. 80 L./min Double charge ion yield <2%
12 , o
N N N ’ 25 mL ’ ’ °
) ( >18 MQ * cm), . 2. 5 mL 10 mL
(1. 000 g/L, > , 1 000,
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Table 3 Linear ranges and detection limits of

Table 2 Selection of isotopes and internal standards the method(n=12) /lpg-g")
and calibration of mass interferences
Element Blank value  Detectionlimits  Linear range
Element Isotope Internal standard Mass interference Y 0. 016 0. 011 0. 50~100. 0
Y 89 Rh La 0. 053 0. 025 0. 60~90. 0
Ba 137 Rh Ce 0. 212 0. 09 L 2~150. 0
La 139 Rh Pr 0. 004 0. 009 0. 30~55. 0
Ce 140 Ir Nd 0. 015 0. 015 0. 50~80. 0
Pr 141 Ir Sm 0. 002 0. 008 0. 30~50. 0
n 1~ ~ 92K
Nd 146 Ir Eu 0. 000 5 0. 001 0. 10~25.0
_ Gd 0. 004 0. 015 0. 40~45, 0
Sm 147 Ir
o Th 0. 000 5 0. 001 0. 10~20. 0
Eu 151 Ir 137Ba0)
! Dy 0. 003 0. 005 0. 25~40. 0
Gd 157 1 e
7 r CeOH Ho 0. 000 5 0. 003 0. 10~15. 0
T L 47X (81— 163
b 159 Ir 147X (¥ Dy—Q 76 XDy Er 0. 001 1 0. 010 0. 10~15. 0
Dy 163 Ir Tm 0. 000 3 0. 002 0. 15~20. 0
Ho 165 Ir Yb 0. 002 4 0. 021 0. 30~45, 0
Er 166 Ir Lu 0. 000 7 0. 005 0. 15~25.0
Tm 169 Ir
Yb 172 Ir 2.5
Lu 175 Ir .
(GBW07233
23 GBWO07234) . (GBWO07235
GBWO07236) (GBWO07237)
) ( 4),
’ o
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Table 4 Analytical results of certified reference materials /(pg+g™")
GBWO07233 GBWO07234 GBWO07235 GBWO07236 GBWO07237
Element  Reference Determined Reference Determined Reference Determined Reference Determined Reference Determined
value value value value value value value value value value
Y 7.3 7. 44 11. 8 11 0 15. 4 150 16. 2 18 4 4.5 4. 21
La 7.5 7. 38 40, 3 34. 2 40, 5 38 0 3L 2 29. 5 13 1 28
Ce 13 2 12. 8 72. 6 69. 4 78 3 8L 6 66. 8 69. 6 2.3 2. 35
Pr L4 1 39 81 7. 94 81 8 15 6. 2 6. 65 0. 30 0. 29
Nd 4.7 5 44 29. 4 30. 2 28 2 32. 2 23. 4 26. 6 0. 92 0. 98
Sm 1.0 1. 07 51 4.9 51 53 4.6 478 0. 36 0. 29
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GBW07233 GBWO07234 GBWO07235 GBWO07236 GBWO07237
Elements Reference Determined Reference Determined Reference Determined Reference Determined Reference Determined
value value value value value value value value value value
Eu 0. 28 0. 27 L3 1. 25 12 L 15 0. 82 0. 84 0. 06 0. 051
Gd L1 1. 08 36 3.5 37 41 3.6 3. 88 0. 31 0. 30
Tb 0. 21 0. 18 0. 48 0. 44 0. 58 0. 56 0.6 0. 60 0. 10 0. 084
Dy L1 1. 10 2.4 2.2 30 2.9 31 3,35 0. 47 0. 49
Ho 0. 26 0. 25 0. 48 0. 42 0. 61 0. 57 0. 65 0. 67 0. 13 0. 12
Er 0. 78 0. 81 13 1. 16 L5 L 67 L6 L9 0. 28 0. 33
Tm 0. 11 0. 13 0. 18 0. 16 0. 23 0. 23 0. 26 0. 27 0. 05 0. 055
Yb 0. 89 0. 88 L2 1. 05 L5 L5 L7 1. 83 0. 42 0. 41
Lu 0. 16 0. 14 0. 20 0. 17 0. 24 0. 22 0. 25 0. 26 0. 08 0. 06
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