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Abstract: Methods to separate 14 rare earth elements (REEs) and yttrium by the AG® 50W-X8 cation exchange
resin, and to determine REEs by inductively coupled plasma atomic emission spectrophotometry (ICP-AES)
were described. Ion exchange capacities of REEs on the resin were so high that the REEs were quantitatively
ion exchanged under the flow rate of 0.3~1.0 mL/min at pH 1~6. The breakthrough capacity curve of the REEs
showed that ion exchange capacities of light REEs (Cerium group) were greater than that of the heavy
REEs (Yttrium group). When 200 pg of each REEs was ion exchanged on 100 mg of resin, most of the heavy
REEs were quantitatively desorbed with 10 mL of 2.0 M of HNO;, while most of the light REEs with 30 mL.
The method was applied to the monazite sample. The REEs could be separated from matrix, since ion exchange
capacities of matrix ions of Ca, Ti, Mg, Mn were much lower than that of the REEs. However the relative
standard deviations of the analytical results by the present method were not improved, as high as 1~5%.
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Table 1. Specifications and Operation Conditions of ICP-AES

RF power 800 W

Flow rate Carrier gas; 1.0 L/min
Auxiliary gas; 0.5 L/min
Coolant gas; 18 L/min

Nebulizer Cross-flow

Spray Chamber Scott type

Spectrometer 750 mm focal length

1800 grooves/mm
0.2 nm/mm (2nd order)
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Table 2. Spectral lines and detection limits of rare earth
elements for ICP-AES

Spectral line Detection limit

Element

(nm) (ppm)
Y 371.749 0.0035
La 333.749 0.010
Ce 413.765 0.048
Pr 390.844 0.037
Nd 430.358 0.075
Sm 359.260 0.043
Eu 381.967 0.0027
Gd 342.247 0.014
Tb 350917 0.023
Dy 353.170 0.010
Ho 345.600 0.0057
Er 337.126 0.010
Tm 313.126 0.0052
Yb 328.937 0.0018
Lu 261.542 0.0010

e 93t HEAE Table 29k 2.
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Fig. 1. Effect of flow rate (mL/min.) on the ion exchange
percent of La, Dy and Lu.
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Fig. 2. Breakthrough capacity of rare earth elements.
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Table 3. Effect of concentration of HNOs on the desorption

percent
Desorption percent
Element

05M I0OM 20M 40M total
Mg 98.5 ND ND ND 98.5
Ca 96.6 2.2 ND ND 98.8
Ti 99.0 ND ND ND 99.0
Mn 96.6 1.5 ND ND 98.1
Fe 8.3 89.5 ND ND 97.8
Y ND 38.2 63.7 ND 101.9
La ND 3.5 96.7 ND 100.2
Ce ND 4.8 94.2 ND 98.9
Pr ND 6.5 92.4 ND 99.2
Nd ND 7.2 92.0 ND 99.0
Sm ND 12.0 86.0 ND 98.0
Eu ND 16.2 81.5 ND 97.7
Gd ND 14.3 88.4 ND 102.7
Tb ND 24.8 74.2 ND 99.0
Dy ND 31.5 67.2 ND 98.7
Ho ND 32.8 67.2 ND 100.0
Er ND 452 532 ND 98.4
Tm ND 45.2 55.8 ND 101.0
Yb ND 44.8 54.0 ND 98.8
Lu ND 46.0 53.0 ND 99.0

I I EFIALE FELLE BT} o]l2ud 5
o] 7Fated, 0.5 M2 EAE AMES o E3hER] oF
otth 1.0 M9 HNO; 25 mLE A8 o) S9b5 g8
o] £ AJEFAALE 3.5~162%7}F, S8 & o)
Ao ZIHEFALE 14.3~46.0%7F 2= At 28
L 20MS AT W BT FJFHoF GREHQL
e BURlelE FEof| EAlshs ¥EYLE Fe&
A Q)BlE 0.5 MY HNO;O.Z 7] g2a7|d 3)&E
FULZHRE £ 7Fsst A & F Ao

et 9] gl e g 2] 98l 2.0 M)
HNO; S AH&3F2 10mLy TSAIE 2 g4 7] A
G2E-S ZABIAT BAE g3ed 73 EEe s
Table 49 4==3} At} Table 4914 R Y, Er, Tm,
Yb, Lug] FIHEFAALE 20MY A 10 mLY+ AF
|3t BF GFA1Z & AJoh 283 Gd, Tbh,
Dy? TIEFLA2S Nd, Sm, Eud] A3 EF dibe
20 mLE EZAIZ 4 ATk WA La, Ce, Pr, Nd
ol AIEFUALE 30mLE AFET o) 25 23y
Atk

S Ate] FRo wE JFS 1] fJste] 20M
9] HCIE AH&-3I9 ], HCIE AFE-E wl = HNOsS
AHEE o} e S BN 30mLE BT ©F

A2 & U9,

Tuble 4. Effect of acid volume of 2.0 M of HNO; on the
desorption percents

Desorption percent

Element
0~10mL 10~20 mL 20~30 mL Total
Y 101.5 ND ND 101.5
La 70.3 223 8.4 101.0
Ce 79.0 16.5 4.0 99.5
Pr 80.4 16.1 3.9 100.4
Nd 86.0 12.0 1.2 99.2
Sm 90.5 9.1 ND 99.6
Eu 96.5 44 ND 100.9
Gd 94.8 49 ND 99.7
Tb 93.0 6.7 ND 99.7
Dy 94.9 3.0 ND 97.9
Ho 93.4 5.6 ND 99.0
Er 100.8 ND ND 100.8
Tm 98.8 ND ND 98.8
Yb 101.0 ND ND 101.0
Lu 98.7 ND ND 98.7
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Table 5. Analytical results of monazite sample and chondrite
normalizing values

Chondrite normalized

Element Found (%)

values
Y 0.92+0.02 -
La 10.7+£0.3 0.330
Ce 23.6+0.9 0.88
Pr 3.21+0.09 0.11
Nd 10.1+£0.5 0.60
Sm 1.80+0.02 0.181
Eu 0.0550+£0.0005 0.069
Gd 0.90+0.04 0.249
Tb 0.120+0.001 0.047
Dy 0.350+0.004 0.325
Ho 0.062+0.002 0.070
Er 0.180+0.008 0.200
Tm 0.0184+0.0008 0.030
Yb 0.058+0.002 0.200
Lu 0.0046+0.0001 0.034
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