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Determination of Rare Earth Elements Abundance in Alkaline Rocks by
Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
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Abstract : Inductively coupled plasma mass spectrometry (ICP-MS) is useful instrument for determining
abundance of rare earth elements, due to very low detection limits and rapid data acquisition. In this article,
two methods are used for decomposition of alkaline rocks; close vessel acid digestion and Na,CO; fusion.
The two analytical results show good agreements. Considering total dissolved solids and detection limits,
the most adequate dilution factor is 5,000 times. Polyatomic ion interferences during analysis can give rise
to inaccuracies. After correction from oxide and hydroxide interference, the analytical result show 20-30%
decrease for Gd and Tm, 10-20% decrease for Tb and Er. In comparing the analytical results from KORDI
with other institutes, most rare earth elements abundance show good agreements except Lu.

Key words : ICP-MS, 3] E/¥4x(rare earth elements), 22+2)$H(alkaline rock), 7Hd (interference).
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Table 1. Operation condition and Mass Spectrometer settings of the ELAN 6100 ICP-MS.

Instrument operating parameters

MS acquisition setting

RF power 1300
Neblizer gas flow rate 0.96 //min
Auxiliary gas flow rate 1.2 //min
Plasma gas flow rate 15 I/min
Lens setting Autolens
Neblizer type Cross-flow

Interface cones Nikel

Dwell time (msec) 20to 50
Number of sweeps 20

Number of replicates 3

Scan mode Peak Hopping
MCA channels per peak 1

Detector Dual
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Table 2. Detection limit data for REEs.

Solution Sample Blank (ug/D
Element Analvtical (ng/l) with Close vessel 2C03
ement o fusion
mass 1 wt.% (x1,000 (2,000
HNO; dilution) dilu’tion)
La 139 0.53 0.21 18.50
Ce 140 1.10 0.70 29.34
Pr 141 0.81 0.23 3.20
Nd 146 0.35 0.42 5.28
Sm 147 0.51 0.30 2.04
Eu 151 0.88 0.33 0.72
Gd 157 0.85 0.34 248
Tb 159 0.29 0.30 0.60
Dy 161 0.46 0.23 1.76
Ho 165 0.63 0.16 0.94
Er 166 0.54 0.15 2.10
Tm 169 0.29 0.19 0.30
Yb 172 0.29 0.40 1.42
Lu 175 0.46 0.12 0.68
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Table 3. Interference species and their associated correction equation.

Element Mass Interfernces Correction equation
La 139
Ce 140
Pr 141
Nd 146 139Ba0 —0.000080**°Ba
Sm 147 130B40H —0.000005*3°Ba
Eu 151 135840, 3*BaOH —0.000754*'3°Ba — 0.000189*'>*Ba
Gd 157 141prQ, 10CeOH —0.02031*"*'Pr — 0.000515%1°Ce
Tb 159 3NdO, '"2CeOH, “NdOH —0.0133349*Nd - 0.000144*'%2Ce — 0.000592**>Nd
Dy 161 1NdO, "“NdOH —0.009086*'**Nd — 0.000373*1*Nd
Ho 165 19S5m0, "¥NdOH —0.002118*1*9Sm — 0.00010*1**Nd
Er 166 150NQO, %Sm0, *SmOH ~0.00560*"°°Nd — 0.002118*'%°Sm
Tm 169 1S3Eu0, 1*28SmOH, 52GdOH —0.00067*'3Eu — 0.00032*'*Sm — 0.000032*'3%Gd
Yb 172 1%Gdo, **Dy0, *GdOH ~0.001256*1°°Gd — 0.00001*"**Dy — 0.000073*'*°Gd
Lu 175 Tb0, '¥GdOH, **DyOH —0.01235*1°Tb - 0.001159*'%*Gd - 0.00462***Dy
- — — ¥ T H H T T T T T 7 T T T T T 3
- : :) .
1000 k- - 1000 = =
g ¢ 3 g ¢ E
2 - 1 3 - ;
5 10g 4 & op E
g = ] 3 - E
= 3 3 T E
1 1 1 1 ] i i 1 1 1 i 1 1

H 1
La Ce Pr NdPmSm Eu Gd Tb Dy Ho Er Tm Yb Lu

1 1 i i i i i 1 1 H i ! i 1 1
La Ce Pr NdPmSm Eu Gd Tb Dy Ho Er TmYb Lu

Fig. 1. Chondrite normalized REE patterns (from Sun and McDonough 1989). (A) is measured data without inter-
ference correction, and (B) is interference corrected data using correction equation of table 3.
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Table 4. Analytical results (ppm) for carbonatite from acid digestion and Na,CO; fusion.

Sample No. 434R206 387R160

Method acid digestion fusion acid digestion fusion

Dilution x1,000 x5,000 x10,000 x1,000 x5,000
La 296.93 291.12 283.90 293.83 121.76 113.76 114.54
Ce 701.38 684.69 627.81 691.13 266.90 250.58 254.33
Pr 86.03 86.60 84.17 85.84 31.89 29.79 29.70
Nd 303.07 32941 327.66 334.17 116.22 110.80 112.03
Sm 53.26 53.19 51.86 53.28 18.29 17.81 18.27
Eu 14.99 14.62 14.16 14.85 5.41 5.10 5.30
Gd 52.04 50.16 49.49 51.37 18.03 16.77 17.37
Tb 5.32 5.25 5.26 5.29 1.82 1.84 1.88
Dy 22.53 22.17 21.84 22.87 7.79 7.80 7.86
Ho 2.87 290 2.79 2.90 1.00 1.01 1.04
Er 7.25 7.29 7.07 7.10 2.54 2.50 2.58
Tm 0.61 0.63 0.63 0.62 0.17 0.24 0.25
Yb 3.53 3.56 3.43 3.58 1.24 1.26 1.31
Lu 0.43 0.43 0.44 045 0.12 0.17 0.18
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Fig. 2. Comparison diagrams showing percentage difference between Na,O; fusion and acid digestion. (cross) 1,000
times dilution; (circle) 5,000 times dilution; (triangle) 10,000 times dilution. (A) Sample No. 434R206, (B) Sam-
ple No. 387R160.

250

Ce

8 8

8

Concentration(ppm)
Concentration(ppm)

2]

o

Pr 140 { Nd

Concentration(ppm)
8 8
X@

O

Concentration(ppm)

8
@Q\
O
%

0 10 20 30 40 50 0 20 40 60 80 100 120 140

N
4]
o]

Sm 4 Eu

6 1 A/

7z
e

Concentration(ppm)
Concentration(ppm)
F-S
RN

©)

0 5 1 15 20 25 0 2 4 6 8
Concentration{ppm) Concentration(ppm)
(KORDI) (KORD1)

Fig. 3. Comparison diagram showing analytical results from ICP-MS in KORDI, ICP-MS in NHM and ICP-OES in
SPIN. (circle) comparison between KORDI and NHM; (triangle) comparison between KORDI and SPIN.
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