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ABSTRACT. Inductively coupled plasma atomic emission spectrometry was used for the determination
of all 14 rare earth elements (REE) in geological materials. Samples were decomposed by using acid
digestion followed by alkaline fusion. Group separation of the REE was achieved by solvent extraction
with TOPO (trioctylphosphine oxide) and back extraction into HCL. The results for standard rock sample,
AGV-1, showed a good agreement with those obtained by US Geological Survey as well as reported
values in other articles.
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2 Aldrich A.C.S.+#, Li;B;0+(99.995%)+ AldrichAl,
HF(38~40%)+= Merck EP&, HNO3(65%), H,0:(30
%), L-Ascorbic acid(99.7%)+ Merck GR+, H.S0,
(95%)+= Junsei &4, NH,OH(25~28%)= D.S.P.
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Table 1. Operating conditions of JY 38 PLUS and JY
50 P ICP/AES

Spectrometer :
Simultaneous (JY 50 P): focal length 0.5 m
Paschen-Runge mount
Sequential JY 38 PLUS): focal length 1m
Czerny-Turner mount
Holographic grating : 3600 grooves/mm
RF generator : 40.68 MHz, 1.0 kW working power
Flow rate of argon gas (using humidifier)
Coolant gas: 12 L/min
Sheath gas: 0.3 L/min
Carrier gas: 0.3 L/min
Nebulizer : Meinhard type C
Sample uptake rate: 1 mL/min
Observation height : 15 mm above load coil
Flush time: 20sec JY 50 P)
Integration time : 0.5sec (JY 38 PLUS)
5sec JY 50 P)
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Table 2. Analytical wavelengths used for the analysis
of REEs

Element Analytical line (nm)
La 379478
Ce 399.924
Pr 400.869
Nd 401.225
Sm 359.26(¢
Eu 381.965
Gd 303.284
Tb 350.917%
Dy 353.170
Ho 345.600
Er 349.91(¢
Tm 346.220
Yb 328.937
Lu 261.542

*Used for Jobin Yvon JY 38 PLUS, sequential ICP/
AES.
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Table 3. Results for REE abundance (ug/g) in USGS
AGV-1 rock standard

Element USGS Ref-1° Ref-1° This work
recommended

La 35 40 330 27.7

Ce 63 61 64.5 62.4

Pr 7 8 7.27 9.62
Nd 39 33 28.6 35.6

Sm 59 49 5.56 6.51
Eu 1.7 14 1.45 191
Gd 55 5.6 4.00 5.03
Th 0.70 0.46 0.57 0.74
Dy 35 31 3.08 3.65
Ho 0.6 1.0 0.71 0.73
Er 12 1.6 1.57 1.89
Tm 04 <09 <04 0.49
Yb 17 16 201 1.52
Lu 0.28 0.25 021 0.26

“Bauer-Wolf, E.; Wegscheider, W.; Posch, S.; Knapp,
G. Talanta 1993, 40(1), 9. *Weiss, D.; Paukert, T.; Ru-
beska, 1. J. Anal. At. Spectrom. 1990, 5, 371.
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Fig. 1. Chondrite-normalized abundances of REE in
USGS AGV-1 rock standard.



84 SIESH - EPEH - KB - HKA

Table 4. Results for REE abundance (ug/g) in USGS
AGV-1 rock standard by other methods

Element USGS M-1 M-2 M-4 M-5 M-6
recommended

La 35 277 250 360 359 50

Ce 63 562 180.1 58.0 569 85

Pr 7 8.7 58.1 150 130 6.0

Nd 39 20.0 120.2 28,0 309 99

Sm 59 - — 15 36 12

Eu 1.7 06 23 02 09 02
Gd 5.5 41116 94 28 16
Tb 0.70 12 161 11 06 16
Dy 35 10 49 02 02 20
Ho 0.6 02 19 02 06 02
Er 12 - — 02 16 04
Tm 04 03 26 01 03 01
Yb 1.7 03 19 <01 11 02
Lu 0.28 01 25 <01 05 01

—: not performed, M-1: by Na,CO; fusion, acid diges-
tion and cation exchange chromatography, M-2: by mi-
xed acid digestion without separation, M-4: by Li,B,O;
fusion, acid digestion, CaF, coprecipitation and two anion
exchange chromatography, M-5: by Li;B4O; fusion, acid
digestion, and cation and anion exchange chromatogra-
phy, M-6: Na,CO; and Li;B,0; fusion, acid digestion and
systematic extraction with TOA and TTA.
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Table 5. Results for REE abundance (ug/g) in unk-
nown USGS geological samples

Element USGS-1 USGS-2
La 10,0 30.9
Ce 13.0 448
Pr 4.0 109
Nd 9.7 219
Sm 45 5.6
Eu 0.9 1.0
Gd 44 35
Tb 11 0.8
Dy 50 30
Ho 10 0.7
Er 30 2.2
Tm 0.7 04
Yb 23 1.7
Lu 04 03

A EAHd TTA $#EAE o]43 THele oy
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