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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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2ol ZEotde g USGSY AGV-1(andesite, <+
AbhE AHEslgle USGSZHE 3% 249
n]x] 9] 2] B A 2 (USGS-13 USGS-2)5 #4338kt
R AR AIE chondrite(4)9) 2EFY
& FRdel WY EFs FEERE el B9
o}

¥ H

Alek o 2121, 74 Na;COx(99.5%)¢k HCI(37%)
£ Aldrich A.CS.§, Li;B,0A99.995%)= Aldrich,
HF(38~40%)< Merck EP&, HNOy(65%), H,0:(30
%), L-Ascorbic acid(89.7%)+= Merck GR+, H:S0,
(95%)< Junsei 5+, NH,OH(25~28%)= D.S.P.
GRS, NH,NOs(98%)= Wako 18, Toluene(99.7%)
2 Cica-Merck GRF, TOPO+ Eastmanal|& A2
stgdcl HERUAE S 28 IERIATL
747 10ppm FEZ EgEo] 9= SPEXAle £
TEAS UL EAN NEYSEH] o] AR
stsdch. NH,NO; A1H $-942 3M NHNO; §94e
F<2 HNO; $4% A7lsle] pH23 §o2 =3
sto] ALg-3leict

ICP/AESE 407 2) 945 FA)0] ¥4 F e
Jobin YvonA}2] 24 JY 50 P2} £y A%
4 ol e A9 29, JY 38 PLUSE AHg-3t

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: 03 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}

c). o|E 71718 AFEZPL Table 17 Zeow
A ERFNAe) FHALL Table 29 Jehligich

AUy

AlEEs, HHAR 05¢2 HYs) FFsio o
FE7R]o) etk HS0(1:1) 4§ 2mLs} HF
5mLE 7kt EE slevh o <& 77 %
A3 g W7k FEAzA1R F HF 10mLF
7bstE RARARG F74¢ @ ohE muifle
furnace tell WT 1000 T o)A 537+ 7radA| 7o)
I e 78 7o Na,CO:(2 @5 LizB,0A1g) ¥
FREAE Jletn L3t dedk 738 5
t}8 o}] muffle furnace bl @2 1000 T o 4]
303t SFAIRG HFErE Al HNOJ(L -
5) £-9 20 mL& 7}slx 7R2-sle] U488 ¥
HNOQ,(1:5) £ 40 mLo} &gke] B2 Mo T4
W 28-& Teflon ¥]He &7}

BojEgE. Teflon v]A el -4 30% H,0, 10
w2 7}shR 60~80TC B shegie) JFF 30%
H:0.8 R w4 2~33% 7jgich. H.0, ¥307F £
Uz gl ¥}t oF 50 mLrt 5w NHNO, 13
g€ 713k E5¢ Halt), o] Ascorbic acid 1g&
7bet3 EFo] Bk 29-& 44 F 25~28% NH,
OHE Arlsle] pH23 £o0] HEZ ZAgc
£9¢ 125mL £-3F¢] FEadrdl &7l B2

Table 2. Analytical wavelengths used for the analysis
of REEs

Element Analytical line (nm)
La 37947%
Ce 399.924
Pr 400.869
Nd 401225
Sm 359.26(¢
Eu 381.965
Gd 303.284
T 350917
Dy 353.170
Ho 345.600
Er 349910
Tm 346220
Yb 328.937
Lu 261542

aUsed for Jobin Yvon JY 38 PLUS, sequential ICP/
AES.
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MelA] 3Hiic}, 4% TOPO/toluene %4 10mLE
7hske 1083 £ FI 3087 Szt R
2)2)20c). RS Fel3to Me)a 3M NHNO,
A2 4o 20 mLE 7}shed 3§ EE F2 1027
WA g AMALE Feiste sl Edze7)
o) HCK1:1) €9 20 mLZ 7}3ld 587 &£E9
F3 1087 walgel 4558 AA4E Teflon
u] Ao AR} A2} Fd g 7)o HCKL : 1) 4
10mLE 713kn "33l Teflon B]AH £
FAc} 932 13 o) YE3T AL 2o
Teflon ¥]#A £4& 7125 Aol FYARAIeL
5% HNO; €9 10mL2 =o)% L FE= =E
Y NERUL IEL AL 012381 ICP/AESS 2
A5 EFALE APyt

o %

Rzl o] 43 4 717 ohle A FRele
JY 50 P o}43} Ax, g 94 Pl JY 38
PLUS 243 728 77 Abgsidck 28 44
o] -8 AYAH, 1052 ¥i(Ce, Pr, Nd, Eu, Gd,
Dy, Ho, Tm, Yb, Luye 7Hdel H9 gle] tjgtn
SAlAge] Fhrigen RE Aa4dF ¢

Table 3. Results for REE abundance {(pg/g) in USGS
AGV-1 rock standard

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

La 35 40 30 277

Ce 63 61 645 624

Pr 7 8 7.27 9.62
Nd 39 33 286 35.6

Sm 59 49 5.56 6.51
Eu 17 14 145 191
Gd 55 56 4.00 5.03
Tb 0.70 0.46 057 0.74
Dy 35 31 3.08 3.65
Ho 06 10 0.71 0.73
Er 1.2 16 157 1.89
Tm 04 <09 <04 0.49
Yb 17 16 201 1.52
Lu 028 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. /. Anal. At Spectrom. 1990, 5, 371.
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Fig. 1. Chondrite-normalized abundances of REE in
USGS AGV-1 rock standard.
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Table 4. Results for REE abundance (ug/g) in USGS
AGY-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 63 562 180.1 580 569 85

Pr 7 87 58.1 150 130 &0

Nd 39 200 1202 280 309 99

Sm 59 - = 15 36 12

Eu 17 06 23 02 09 02
Gd 55 - 41116 94 28 16
Tb 0.70 12 161 11 06 16
Dy 35 1.0 49 02 02 20
He 0.6 62 18 02 06 02
Er 12 -~ = 02 16 04
Tm 04 03 26 01 03 01
b 17 03 19 <01 11 02
Lu 0.28 01 25 <01 05 01

—: not performed, M-1: by NaxCO; fusion, acid diges-
tion and cation exchange chromatography, M-2: by mi-
xed acid digestion without separation, M-4: by Li;B,0;
fusion, acid digestion, CaF; coprecipitation and two anion
exchange chromatography, M-5: by Li:BO; fusion, acid
digestion, and cation and anion exchange chromatogra-
phy, M-6: Na;CO; and Li,B;O; fusion, acid digestion and
systematic extraction with TOA and TTA.
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40%2} o) ext kel A Ado] 7l53ic). uf
A2 Ye)e] JMIYAE BeA AR dod A 3
EFULe) Age] Erlssbe £ A4E S1#A
€ 334 27t gdHeldel.

B M-4ol A 2 Re g HI9LE 55
Hog R A7 #ste] 4 R 45 B ¥
T3 P 294 Solduy ¥lE ek 24T
222 YA Zed Tie FIAAESREEH QA4
23t AAY 5 Uk A2 Soleagt Fej=
U Co, Fe 3 Zn 5-& A #AA AAYL ¢
Qo] EAtAe] o] L ¥ IPe)eIS
{129} Mn, Fe, Co, Sc 5 MAT & ok 28y
A7 $2 %L olf ICP/AES 4R 4
Ca%} Lig) 54 SR 8 Ao Hol tjse)
ZAA% 547 AR RN 4R AARA
4 A 2om, Ao vhE 3 R neksid
F& 292 94 A2E Y49

uhy M-5% wiy M-1614 ol mtt Relgto
2 M4 Bty eR P & dsles
E o) naduAl A W &3 FH ¥ Fole P
olE wHeo B A543 $elF g § HNO;
fegg o] 4% Po)2EY ¥ mRe|o]
F2 744 9449 Al, Be, Ca, Mn, Th, T, U, V,
Zr, Mg, Ba, Sr 5& ¥= M3 HC §el9¢
o] 2% Lol B2 Z Fe 52 vnja 7H44
48 2ejA# %}, ICP/AESH| oigh Aads) 8
Ze) 3424, La, Ce, Nd, Th, Ho, Er, Tm, Ybel] ©j
A v g A2 Ik 2B ICP/
AESe} o9 ¥A13o] Li®) S4 EFY2do] nal
Ao Bol 547 2t AR Yol A&
dozl 7 2

uhy M6 A 9 8§ 2t A58 o 2 ¥
HEFHLY A543 FE 915t TOAst TTA
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Z4AE o143 wietA Y A ~100%2] 33
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vhebytch. ICP/AESe 213 AAAIRFS e/
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Table 5. Results for REE abundance {ug/g) in unk-
nown USGS geological samples

Element USGS-1 USGS-2
La 10.0 309
Ce 13.0 448
Pr 40 10.9
Nd 97 219
Sm 45 56
Eu 09 10
Gd 44 35
Th 1.1 0.8
Dy 5.0 30
Ho 10 0.7
Er 30 22
Tm 0.7 04
Yb 23 17
Lu 04 03

2 BAol TTA 3343 o83 F¥ele oM
BaElz] ¢jster) o] wiyle AAxge E43
AEe] $9 2AYPeE AFHe upez A2ts
A ek ICP/AESH ¢ #A43) Nasg] 54
EgAY4Do] B3 o T Hol 4FM2HEY Nag
A AAHA G B4 AR dodle AR
A zhgic},

X3 Mol Oi¢ FHugE E9E 3o
USGSZ3e Ay vy 4202 FF4 7
A2 xAARE USGS-13 USGS-2& #Asksie}
F ARy "A]Fd A8 Ty e PSS
5 @AY BAo] BEUM Ao)F Byl F
AP 272 Aays ¢ FEelsin ICP/AESH
Ay ok FAAF R EARN Table 59
AAE doo XFAMF oS FEEAE B
o}

4d B

ICP/AESE o]4% o4 FAAF o A
o2 AAAEFS 1439 A ARFALE UY
gk 4 R EFLEEAE o8 AREAY
TOPO/toluene & ©| 8§ £ujF& R HCl §4&
o4 A3 AeFULETE Ao T¥
Zdigich £ A7 L9i329L 100%] 2
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