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Determination of 15 Rare Earth Elements in Rare Earth Waster by
Inductively Coupled Plasma Optical Emission Spectrometry with
Ultra-microwave Digestion

LI Yingying,LI Ying.LI Jian
(Hangzhou Puyu Technology Development Co. ,Ltd. s Hangzhou,Zhejiang 311300 ,China)

Abstract Rare earth waster has become a strategic material and non-renewable. Its recycling has become
an important research direction. It is very important to develop a rapid and accurate quantitative method for
rare earth elements in rare earth waster. Ultra-microwave digestion method solves the problems of element
loss and easy to introduce pollution in electrothermal plate digestion. In this study,the electrothermal plate
digestion using nitric acid-hydrochloric acid-hydrogen peroxide digestion system and the ultra-microwave
digestion using nitric acid-hydrochloric acid-hydrogen peroxide and nitric acid-hydrochloric acid-hydrogen

peroxide-fluoboric acid digestion system were compared to treat rare earth waster with different mixed acid
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systems,and then were detected by the inductively coupled plasma optical emission spectrometry (ICP-OES).
Compared with the digestion effect, detection limit, precision and recovery of standard addition, the ultra-
microwave digestion method was determined to use nitric acid-hydrochloric acid-hydrogen peroxide-
fluoboric acid digestion system,and the digestion conditions were optimized (4. 5 mI. HCI,1. 5 mL. HNO;,
0.5 mL H,0,.and 4 mIL. HBF,). The results showed that the use of ultra-microwave digestion using nitric
acid-hydrochloric acid-hydrogen peroxide-fluoroboric acid digestion system better completed the treatment of
rare earth waster. The detection limits of fifteen rare earth elements were in the range of 0. 12—6. 62 mg/kg. The
relative standard deviation (RSD,n=7) for fifteen elements were all less than 1. 7%. The recoveries were
between 97.4% and 102% . Besides, the accuracy and precision met the requirements of multi-element

analysis. In conclusion, this method can realize the accurate determination of rare earth elements in rare

earth waster.
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Table 1 Linear range of standard curve

for rare earth elements

JTLE RMEUE/ (mg-kg D | TR LHEWEHE/(mg - kg )
Ce 0.1~2 Lu 0.1~2

Dy 0.1~5 Nd 0.5~10

Er 0.05~2 Pr 0.5~10

Eu 0.05~2 Sc 0.1~2

Gd 0.1~5 Sm 0.05~2

Ho 0.1~5 Thb 0.1~5

La 0.1~2 Tm 0.05~2

Yb 0.05~2
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Table 2 Effects of different digestion systems of ultra-microwave digestion

75 T R 3 B

®ZE 1 4.5 mL HCI+1.5 mL HNO;+0.5 mL H,0, ERER*7H
% 2 4.5 mL HCI41. 5 mL HNO; +2 mL HF SRR 3N
HZ 3 4.5 mL HCl+1. 5 mL HNO;+0. 5 mL H,O,+4 mL HBF, BiEE N
% 4 4.5 mL HCI+1.5 mL HNO;+0. 5 mL H,SO,+1. 5 mL H;PO, 14 €8 T vE
RZ5 4.5 mL HCl+1. 5 mL HNO;+0. 5 mL H;SO,+1.5 mL H;PO, +1 mL HF 1 £ T 3
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Table 3 The optimization experiments of ultra-microwave pre-pressure and constant temperature time
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Table 4 Optimization of ultra-microwave digestion method

THR T W1k BUNE/MPa T+ 0 ]/ min Hppif £/ C PREF I ] /min
1 4.5 mL HCI+1.5 mL 8 120 5
2 HNO;40. 5 mL H,O, +4 mL 5. 8 200 5
3 HBF, 10 260 40
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Table 5 Correlation coefficient of standard curve of rare

earth elements and detection limit of method

/(mg -« kg™")
JCE % /nm MR KR KBHER 2 KBRS
Ce 456. 236 0.999 99 8. 45 8.92 6.62
Dy 353.170 0.999 97 3.24 3.24 2.19
Er 369. 265 0.999 95 2.82 2.44 1.91
Eu 420. 505 0.999 97 1. 44 1. 37 1. 32
Gd 335. 047 0.999 99 2.31 2.28 1. 87
Ho 341. 646 1. 000 00 3.13 3.11 2.23
La 412.323 1. 000 00 1. 89 1.91 1. 06
Yb 211. 667 1. 000 00 0. 155 0.15 0.137
Lu 261. 542 1. 000 00 6. 81 4.25 4.48
Nd 430. 358 1. 000 00 6. 85 6. 47 5.68
Pr 414. 311 0.999 97 0. 482 0.331 0.321
Sc 361. 384 0.999 97 4.53 4.28 3.29
Sm 330. 639 0.999 99 5.67 5.62 4. 04
Th 350. 917 1. 000 00 1. 44 1. 67 1. 34
Tm 313.126 0.999 99 0. 263 0. 219 0.120
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Table 6 Determination results of samples with different digestion methods /(mg -« kg™")
T 12 T A 1 R TR A 2
JLH Hh R -5 AL & Hh R -5 AL & A PR - R - 3o 4R - TR 1R
DEME ARXTAR MR 22D bs mIBCRD ESME A AR R 2D ks TR E S AEXT bR AR 22D AR iR D
Ce 56. 3 1.1 97.3 86.7 0. 60 98.5 89. 8 0. 30 101
Dy 205 1.4 98.5 222 1.2 99. 2 254 0.72 100
Er - 96. 7 - 97.2 - 98. 6
Eu - 96. 9 - 99.1 - 100
Gd 45 1.5 94. 2 57.1 1.7 97. 4 68.5 1.5 97.7
Ho 102 1.1 97.6 107 .0 98.7 118 1.6 101
La - 92.7 - 94. 3 - 97.4
Lu 13.7 2.1 93.2 13.8 1.6 95.2 14. 6 1.7 98.1
Nd 3535 1.9 97.1 3777 0. 40 98.2 4043 0.61 99.5
Pr 712 1. 93.8 737 0. 31 95.4 772 0. 50 100
Sc 2.21 0. 60 94.9 2. 24 0. 40 96. 9 2.71 0.42 97.9
Sm - 96. 5 - 100 - 102
Thb 21.5 1.4 96. 2 24.2 .1 98.8 28.4 0.91 100
Tm - 97. 4 - 99.7 - 101
Yb 9.63 1.9 94. 9 9. 84 .3 98 10.5 1.2 99. 6
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