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A rapid method for simultaneus determination of some rare earth elements in rare earth
metal products used in Inductively coupled plasma atomic emission spectrometry (ICP
AES) was described.

This procedure allows rare earth metal products to be decomposed with nitric acid and
hydrogen peroxide within about ten minutes. The linear relationships between the
concentration of elements (Ce, La, Nd, Sm and Y) and the intensity of analytical lines was
linear the range of 0.1 10ppm.

Recoveries of each element measured with a prepared standard solution were about 98%.

It was found that the ICP AES analysis is useful for the rapid determination of Ce, La,
Nd, Sm and Y in rare earth metal products.
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Table 1

Table 1 Operating Conditions of Analytical lines for ICP  AES

Generating

equipment

oscillation method Crystal control
oscillation

Frequency 27. 12MHz
Maximum output 1. 8kW
Observation height 8
Argon flow

Plasma gas 16 £/min
Nebulizer gas 0. 42 /min

Carrier gas 2. 2kg/k
Integration time 1. 0s

Main spectrometer (Monochromator)
Mounting Czerny-Turner
Focal length 100em
Diffraction grating 3600/ m
Range of wavelengh 160~500mm
Reciprocal linear 0. 22m/mm
dispersion

0.1g
1 1 10mil

3ml

100ml

100ml

Ce La Nd

Sm Y

3 Table

Table 2 Analytical Lines of Rare Earth Elements by ICP AES

Z E 1. Apal.line(nm) | 2. Anal.line(nm) | 3. Anal.line(nm)
21 Sc 357. 253 361. 3814 363. 075
39 Y 324. 228 360. 073 371. 030
517 La 333. 749 379. 478 408. 672
58 Ce 413. 3890 413. 765 418. 660
59 Pr 390. 844 414. 311 417. 939
60 Nd 401. 225 406. 109 430. 358
62 Sm 359. 260 360. 949 442. 434
63 Eu 381. 967 412. 970 420. 505
64 Gd 335. 047 336. 223 342, 247
65 Tb 350. 917 367. 635 384. 873
66 Dy 340. 780 353. 17¢ 364. 540
67 Ho 339. 898 345. 600
68 Er 323. 085 337. 271 349. 900
69 Tm 313. 128 346. 220 484. 802
70 Yb 289. 138 328. 937 369. 419
71i Lu 218. 5514 261. 542 291. 139
7: Atomic number, B: Element, Pm(z 61): Radioactive isotope
1. Peak accummlation : 1 time, 2.Scan speed : 40.0nw/min,
3.Sample concentration : 10ppm
Ce 1 413.380nm 2
413.765nm
3 418.660nm
La 1 333.749nm Gd 1
335.047nm La 2
379.478nm
Nd Sm 1 401.225nm 359.260nm
Y 1 324.228nm Er 1
323.058nm 2 360.073nm Sm
2 360.949nm 3

371.030nm
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Table 3 Analytical Results of Ce and La Standard Solutions

Ce La

10ppm lppm 0. Ippm 10ppm 1ppm 0. 1ppm

1 10.08 0.9803 0. 10210 1 10.08 0. 9812 0. 1007

2 10.16 0. 9980 0. 09553 2 10. 11 1. 0010 0. 1004

3 10.10 0.9938 0. 09960 3 10.03 0. 9948 0. 1015

4 10.15 1. 0020 0. 09809 4 10. 03 0. 9904 0. 1003

5 10.09 0.9899 0. 09995 5 10. 02 0.9949 0. 1011

6 10.20 0. 9971 0. 09954 6 10.13 0.9918 0. 1005
7 10.11 1. 0000 0. 10740 7 10.10 0. 9907 0.09978
8 9.934 0. 9993 0. 10200 8 10.07 0.9954 0. 09989
9 9.999 0.9996 0. 09807 9 10.09 0. 9890 0. 09990
10 10.04 0. 9971 0. 10720 10 10.02 0. 9906 0. 09925
X 10.0863  0.9957 0. 10085 x 10.068  0.9920 0. 10039
s 0.0790  0.0064 0. 00385 5 0.0405  0.0052 0. 00069

R.S.D.%¥ 0.78 0.64 3.81 R.S.D.%¥ 0.40 0.52 0. 69

R.S.D¥ : Relative Standard deviation

Ce R.S.D. 0.1ppm 3.81
1ppm 10 ppm 0.8
0.03ppm
La R.S.D. 08
0.01ppm
Nd Sm Table 4

Table 4 Analytical Results of Nd and Sm Standard Solutions

Nd Sm
10ppm ippm 0. 1ppm 10ppm ippm 0. lppm
1 9.963 0.9836 0. 09988 1 9.918 1. 0090 0. 09963
2 9.961 1. 0000 0. 09931 2 9.911 0.9948 0.10130
3 9.921 0. 9920 0.09943 3 9,986 0. 9933 0. 10030
4 10. 07 0.9913 0.09931 4 10.01 0. 9900 0. 10100
5 10.07 0.9943 0. 10160 5 9.915 0. 9520 0. 09976
6 9. 907 0.9899 0. 10060 6 9.929 1.0010 0. 10030
7 9.907 0.9964 0. 08975 7 9. 968 1. 0070 0. 09976
8 9. 889 1. 0020 0. 10070 8 10. 03 1.0150 0. 09936
9 9.903 0.9972 0. 10280 9 9.916 1.0100 0. 10000
10 9.903 0.9918 0. 10270 10 9.979 1. 0150 0. 09877
X 9.9494  0.9939 0. 10061 b3 9.9562 1.0027 0. 10002
s 0.0681  0.0053 0. 00134 s 0.0440  0.0097 0. 00075
R.5.D.¥ 0.68 0.53 1.33 RS.DX 0.44 0.97 0.75

R.5.D% : Relative Standard deviation
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Nd R.S.D. 0.1ppm 1.33

1ppm 10 ppm 0.7
0.02ppm
Sm R. S. D. 1
0.02ppm Y Table 5

Table 5 Analytical Result of Y Standard Solutions

Y
10ppa lppm 0. 1ppm
1 9.931 0. 9991 0. 09940
2 10. 01 0. 9982 0. 09970
3 9.946 0. 9957 0. 10010
4 10.09 0. 9967 0. 09950
5 10.01 0. 9953 0. 10020
6 8.975 0. 9901 0. 09945
7 10.09 0.9992 0. 10020
8 10. 06 0. 9954 0. 10040
] 9.973 0. 9977 0. 09987
10 10.03 0. 9951 0. 09977
b3 10.115 0. 9963 0. 09986
5 0. 0564 0. 0027 0. 00035
R.S.D.% 0.56 0.27 0.35

R.S.D¥ : Relative Standard deviation

Y R.S.D. 0.6
0.002ppm
Ce La Nd Sm Y 1ppm
10 Table 6 ICP
AES
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Table 6 Determination of Rare Earth Elements in Standard
Mixture Solution

Ce La Nd Sm Y
Gppm) | (Ippm) | {tppm) | (ippm) | (1ppm)

1 1. 016 1. 005 t. 018 1. 04270, 9854
2 1. 009 1. 000 1. 018 1. 06640. 9941
3 1. 609 1. 004 1. 016 1. 050 0. 9883
4 1. 005 1. ot1 1.027 1. 052/0. 9885
5 1. 005 1. 019 1. 020 1. 054 0. 98789
6 1. 010 1. 012 1. 020 1. 055|0. 9912
7 1. 010 1. 006 1. 018 1. 051(0. 9823
8 1. 010 1. 013 1. 028 1. 058}0. 9867
9 1. 015 1. 011 1019 1. 058(0. 9817
10 1. 011 1. 007 1. 019 1. 057|0. 5908

X 1. 0190 1. 009 1.020 1. 05410. 9887

s/0 0036(0. 0055|0. 0036/0. 0063,0. 0036

R.S.D. 0. 36 0. 55 0. 35 0. 60 0. 36

R.S.D. : Relative Staudard Deviation(¥)
Mixture solution : Mixture solution content 1ppe of all five elements
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ppm Ce 10 La 2 Table 8 Analytical Results of Rare Earth Element in Import
lppm Samples by ICP  AES
sample Ce® [La(® [Nd® Y® [ Sm®
Sm 10 1.054ppm
Cerium concentrate (1) 50. 82 8.00 2.15 0.02 —
Y 0.9887 "
Cerium carbonate T5.72 0. 67 0.73 0.02 —
R.S.D. . .
S.D. 036 0.60 Bastnesite 28.13 18.97 7.06 0.08 0.01
Cerius concentrate (2) 51. 17 8.68 2.31 0.09 -
X Cerium hydroxide 64.41 0.35 5.52 0.08 -
X
Rare earth oxide (5w, Gd) | 503 0.24 11.08 3.20 36.21
Table 7 : .
Ce La Nd Leached Bastnesite conc. | 29.91 18.66 7.89 1.0z 0.34
Cerium carbonate 95% 59.29 2.53 0.93 0.02 —
Table 7 Qualitative Analysis of Major Element in Import
Gadolinite concentrate i 1.51 10.86 31.05 12.85
Samples by Fluorescent X ray method
Sample Element
ICP AES 4
1 Cerium concentrate (1) Ce, La, Nd, Y, Pr, Ba, Mg, Al Si, P. S, Cl 4 5
K Ca, Fe, Sr, Th
2| Cerium carbonate Ce, la, Nd, Y, P, S, Cl, Ca Sr
31 Dastnesite Ce, La, Nd, Sm Y, Pr, Pb, Ba Mg Al Si, P,
S. €1, K Ca. Fe Ni, Sr
41 Cerium concentrate (2) Ce, La, Nd, Y, Pr, Ba, Mg, Al Si, P, §, Cl,
| K Ca Fe Ni, Sr, Th
i
5 Cerium concentrate Ce, La, Nd Y, Pr, Al, Si. P, S, Cl, Ca Mn,
Fe. Cu Pb Ce La Nd Sm Y ICP AES
R 11
6| Rare earth oxide (Sm Gd) Ce, La. Nd. Y, Pr, Ss Bu, Gd, Tb Dy, Lu
Al 8i. 8 CL K Ca Pe Ce La Y
7| Leached Bastnesite conc. Ce. La. Nd, Y, Pr. Ba, Sm. Mg Al Si, P, S,
Cl, Ca Fe Ni, Sr. Pb Th Ce La Nd Sm Y 1ppm
Sm Y
8| Cerium cabonate 95% Ce, La, Nd, Y, Pr, P, S Cl, Ca Sr
9 Gadolinite concentraie Ce, La, Nd, Y, Pr, Sm Gd, Tb, Dy, Ho, Br, 10 R. S. D.
Na, Al, Si, S CL, Ca Fe in Sr
X
ICP AES Table 8
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