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Determination of 15 REEs in Ulan Citrine by Inductively Coupled
Plasma Optical Emission Spectrometry (ICP-OES) with
Super Microwave Digestion

ZHANG Xuewei, LIU Xiaoyu,LYU Jixin,LI Ying, LI Jian
(Hangzhou Puyu Technology Development Co. ,Ltd. s Hangzhou,Zhejiang 311300 ,China)

Abstract Ulan citrine is the rare earth elements (REEs) bearing mineral. It is of great significance to
accurately determine REEs in Ulan citrine for its application in the ceramic industry. In this paper,through
15 groups of digestion reagent condition experiments and optimization of the working parameters of the
super microwave digestion,the HNO, , HBF, and H;PO, were finally selected to dissolve the Ulan citrine
samples during super microwave digestion process (heating at 260 °C for 30 min), and 2% HNO; was
added after acid-drying. This paper established a method for the determination of REEs in Ulan citrine by
inductively coupled plasma optical emission spectrometry (ICP-OES),the whole process was efficient, easy

to operate, no loss and no pollution. In addition, the selected spectral line was measured without

W is B H9:2022-12-26 & @ B #3:2023-01-30
BEEWMB :Fx & AT &R T &% %R H (2019YFC1804700)
YEB B A ok 3h . o, TR, BB SRR T 7 TF & B8 . E-mail: 1462225785@qq. com

SRR IR E XN, B 2R 55 8 GO - BB A S TR R TGS (ICP-OES) 1 I 28 1 2% 48 i /1 v 15 Fh
i LR & a )] E LA BT 2, 2023,13(8) :875-882.

ZHANG Xuewei, LIU Xiaoyu, LYU Jixin,et al. Determination of 15 REEs in Ulan Citrine by Inductively Coupled Plasma
Optical Emission Spectrometry (ICP-OES) with Super Microwave Digestion[ ] ]. Chinese Journal of Inorganic Analytical
Chemistry,2023,13(8) :875-882.



876 i LS BT %

2023 4

interference, the signal-to-background ratio (I/I,) was high, the linear correlation coefficient of the

calibration curve was greater than 0. 999 95, the precision was<(4. 0% ,and the results of recovery test was

between 91.3% and 96.3% . This method was applied in the determination of REEs in the national

geochemistry standard reference materialss-GBW07103, and the measured values were consistent with the

standard values. In conclusion, this method can replace the alkali fusion method to pretreat the actual samples of

Ulan citrine,and it has better stability and accuracy,which can meet the practical application needs.
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Table 1 Working parameters of the ICP-OES instrument
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RF I /W 1150 || B WM& &/ mm 12,0
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Table 2 Working parameters of super
microwave digestion instrument

s JHEEE /BRI BREEEE BN/ A/

min C min MPa W
1 3 120 0
2 8 200 8 4 1 000
3 15 260 30
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Table 3 Concentrations of REEs in calibration standard solution

LR FRUER W/ (mg - L)
Ce,.Dy.Er.Eu.Gd,Ho.La,Lu,Nd,Pr.Sm.Tb,.Tm.Y.Yb 0.0 0.2 0.5 1.0 2.0 5.0
1.3 i 25 mlL,

B R — R Fi GBW07103(GSR-1) % [ #]
FAMEH T RN B =R A B2k AarEs kA
WS 5 22 A T AL TR L0
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Table 4 Analytical spectral lines, linear correlation coefficient and detection limits of the measured elements

JrEk R/ (mg « kg™ 1)

WEEE ST /am ot [ 15 St X R 2 . R T
Ce 456. 236 y=55543x—628. 94 0.999 98 7.01 3.24
Dy 353.170 y=3229352x—3803. 40 0.999 99 1. 23 0. 841
Er 349.910 y=182986x—4580. 05 0.999 98 3.82 2.12
Eu 381. 967 y=1404690x—9385. 14 0.999 98 0.611 0.267
Gd 376. 839 y=388187x—490. 62 0.999 98 2.21 1. 34
Ho 345. 600 y=121588x—1660. 19 0.999 99 1. 39 1. 36
La 412.323 y=355711x—2344. 98 0.999 99 1. 82 0. 748
Lu 261.542 y=1309480xr—4436. 68 0.999 96 0.224 0.143
Nd 406. 109 y=387547x—898. 72 0.999 99 6. 74 2.47
Pr 417.939 y=253700x—95. 21 0.999 99 5. 24 1.62
Sm 359. 260 y=89310x—2000. 66 0.999 97 3.35 2.59
Thb 350. 917 y=134192x—1733. 50 0.999 99 3. 84 1. 49
Tm 346. 220 y=1299497x—357. 32 0.999 99 1. 677 0. 945
Y 360. 073 y=2865869x—7495. 20 0.999 99 0. 281 0. 157
Yb 328. 937 y=27954402—60212 0.999 97 0.118 0.136
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Table 5 Determination results of interference test of REEs /(mg -« kg™')
JLHE Ce Dy Er Eu Gd Ho La Lu Nd Pr Sm Thb Tm Y Yb
Ayfriggk/nm 456.2  353.1 349.9 381.9 376.8 345.6 412.3 261.5 406.1 417.9 359.2 350.9 346.2 360 328.9
Ce 1. 00 0. 00 0. 00 0.00 —0.02 0.00 0.01 0.00 —0.02 0.00 0.00 —0.01 0.00 0. 00 0. 00
Dy —0.01 1.01 —0.01 0.00 0. 00 0. 00 0. 00 0. 00 0.01 0. 00 0.00 —0.01 0.00 0. 00 0. 00
Er 0. 00 0. 00 1. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Eu 0. 00 0. 00 0. 00 1.00 —0.01 0.00 0. 00 0. 00 0. 00 0.01 0.00 —0.01 0.00 0. 00 0. 00
Gd 0. 00 0. 00 0. 00 0. 00 1.01 0. 00 0. 00 0. 00 0. 00 0. 00 0.08 0. 00 0. 00 0. 00 0. 00
Ho —0.01 0.00 —0.01 0.00 0. 00 1.01 0. 00 0. 00 0.01 0.01 —0.02 0.01 0. 00 0. 00 0. 00
La 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.98 0. 00 0. 00 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
Lu 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 1.01 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Nd —0.01 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 1. 00 0.01 0.03 0. 00 0. 00 0. 00 0. 00
Pr 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.02 1. 02 0. 00 0. 00 0. 00 0. 00 0. 00
Sm 0.01 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.02 0.01 1. 00 0.03 0. 00 0. 00 0. 00
Tb 0.02 0.00 —0.01 0.00 —0.01 0.01 0. 00 0.00 —0.02 —0.01 —0.01 0.99 0. 00 0. 00 0. 00
Tm 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 —0.01 1.01 0. 00 0. 00
Y —0.01 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.01 0.01 —0.02 0.00 0. 00 1.01 0. 00
Yb 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 —0.01 0.00 0. 00 1. 00

2.3 BRATRARIERE
FEAR TR ASCES A5 4 R 43 50 %5 3 FAS 8] A 5t (224
AR 2 0 R TR 2 06 F 7K Iy [] — B ity , 78 7] — 8 2 1
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WEARL/ 5 5B g PP AL 8 b, IR 25 SRR (3R 6) .3
P BT AR T AR 22 AN K. BV 3, 2 00 A R A o
TR T 200 ERBR AN 206 T KA BT o e ) A of it 2k B
SE SR G I H R 2 D0 AR A 5T
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Table 6 I/I, in different media

TLHR SIMTIELR /nm  2000HIR  2XEOK 200488
Ce 456. 236 1. 40 1.39 1. 40
Dy 353. 170 3.57 3.50 3.45
Er 349. 910 2.32 2.29 2.27
Eu 381. 967 9.70 9. 45 9.48
Gd 376. 839 2.75 2.75 2.70
Ho 345. 600 3. 40 3. 34 3.35
La 412. 323 3.94 3. 88 3. 85
Lu 261. 542 36.1 35.7 34.9
Nd 406. 109 1. 50 1.47 1.47
Pr 417.939 3.57 3.50 3.45
Sm 359. 260 1. 87 1. 84 1. 82
Tb 350. 917 2.42 2.12 2.11
T'm 346. 220 5.68 5.51 5. 54
Y 360. 073 16.1 15. 8 15.6
Yb 328. 937 21.5 22.0 21.5
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Table 7 Analytical results of REEs in Ulan citrine with fifteen sample pretreatment methods by ICP-OES
/(mg -+ kg™")
s MERAR MR/ mL Tife Ce Dy Er Eu Gd Ho La Lu Nd Pr Sm  Tb Tm Y Yb
iR SRR HhM MR WRRR MR BOR

1 05 3 PLUE 20.0 0.736 0.553 0.228 0.539 7.99 0.172 6.39 0.360 1.73 0.558 4.37 1.41
2 1.5 3 IUE 68.9 1.52 0.488 0.242 0.868 32.0 0.175 21.7 4.71 3.67 0.428 9.50 1.65
33 3 PIVE 64.4  1.41 0.05 0.255 0.975 20.7 0.191 15.9 3.55 3.76 0.714 11.5 1.79
4 3 L5 PLYE 117 2.42 0.854 0.258 1.36 64.6 0.207 43.5 7.19 6.05 0.963 20.3 2.14
5 3 L5 PIVE 82.4 2.03 0.703 0.244 1.03 38.6 0.206 28.6 5.13 4.50 0.548 15.6 2.01
6 3 1.5 2 PLVE 62.3 0.945 0.14 0.248 0.508 29.9 0.211 19.4 3.21 2.24 0.631 7.74 0.961
706 3 2 YiiE 97.3  1.78 0.258 1.04 43.2 0.211 28.0 5.27 4.24 0.480 15.0 1.88
8§ 3 L5 2 B 185 5.18 4.52 0.605 3.26 86.3 0.658 64.6 14.0 8.69 1.83 1.06 28.6 3.63
9 6 3 2 B 159 4.70 3.34 0.610 3.06 81.0 0.662 58.7 10.9 875 1.75 1.01 25.8 3.47
0 3 L5 2 B 197 5.23  4.78 0.604 3.44 76.2 0.679 59.7 12.9 9.83 1.92 1.12 33.6 3.92
11 6 3 2 B 204 5.27  4.97 0.596 3.36 89.1 0.679 66.7 14.0 9.9 1.9 1.05 34.4 3.88
123 2 1.5 W 239 5.97 4.90 0.762 3.77 126 0.862 87.7 17.6 14.1 2.02 0.958 36.1 4.20
13 6 2 3 I 237 5.92 4.98 0.780 3.56 125 0.867 86.5 17.6 14.0 2.03 0.968 36.0 4.20
4 3 2 1.5 W 244 6.27 5.24 0.838 3.79 131 0.933 87.1 18.4 14.4 2.22 1.20 39.9 4.54
15 6 2 3 I 240 6.08 5.25 0.806 3.71 128 0.907 86.9 17.7 13.9 2.02 0.972 38.5 4.40

2 8-9.35 10-11 40 51 A B R s 12 » A% 5 I 1R
TH A B I 2 SR Lk 4 SR8 T 1. 29~5. 16 4%,
Hr Pl Er Lu B3 o0 W2 BkIE KT 3 4% Dy,
Eu.Gd. Th#K 2~3 f%;Ce.La.Nd.Pr.Sm.Y.Yb
WK T~2 A%, T WAE SR ot e B OCE B, fHEXT I
Sy NI R B IR 1 T A B L B I (AR
HoAth T 2 0w R A 5 T EL IR R A = T 3. 2104 ~
25. 176 o PR W 2 76 I 50 43 B0 K 46 A i 2R
M2, ARe IR, RE S L ou RAE T IE %A
Py 35 B PR TR U R S B R B R T A R R
JE AT RE S R AL W 5% B L T PR AR RS B L B
PR TEAZRE Wl I T R AR MVE T R R 0

1 12-15 HIUA R 2 5 SRR » 55 3k 8-11 il 3k
SEARAH LG T MK R ILTF A8 A R oo R
REE R BRIETE T 7. 16 % ~52. 5% , HfP 2L La,Sm
R e R T 50% L F L Eu Lu Nd, Pr 1
KT 30%~40%,Ce. Y K T 20% ~30%, Dy,
Er.Gd.Yb 3K T 10%~20%,Tb #kiE{K T 10%;
XL T GBI R A T i R P R HE T A RUIR B R
VR T AR S 08 S0 R EL A B Pk AR S 5
JCE AR BEVE (45 A, B AL SRR = L AT LA
i 1R A TR AR FR (0 B L 5 A T R T A
[F] B o S LU B 13 811 J i 5 4 I 4k 235 2R 200 i A1

(I B AR 1T R 5 AU TR R AR IS A C R L R A
WAl AR & A WA 5 5200 1 F 1 JRAk B 0
JE X B A TR R L B R A R A R
Nd . S I E AR #2235, FAth 70 22 Il /2 19 7 32k Lo
BRI T 1.68% ~12. 8%, 25 & UL 4y Hr. ik K
e 14 RN 15 R AR A 3E 19 77 T X A O 1 T E 45
AR F I e AR BN R 1 1 14 CRI RS 2~
o Rl R O AR ) L Y 245N T A L v O IR
() » &4 J8d S 5 ) 3
2.4.2 PP AR AL

T T R A B S8 B 3 T T R i B A3 B 46 2R
IR R A 3 BB 2T IR L mT A A 1 T R
FIZN T 3O BRI B 2 A THR B BOE AR T
R il L TH AR R B B s B SR R S B AT XA 3 B
B I BAGL BE B B (] 2 AT R 5 SR FH A 1R - 9B R
W TR Y A v« 1 BRUIR B 220, 240,260,280 °C , B[]
20,30,40.50 min #F 17404k 52 56, H AR 45 5L W, 3% 8,
MR R T 260 °C OB T 30 min B, A 5L 35 AT
e A, (A ERENRE, &5 FHRE 280 C,
ANBEAE 20 min f AT [A] R K AR ST RS A, BT
DAXT T2 ST 5 38 0 4 e ek B2 ke ik 20 3 i B[]
ANTIAT S BEARUE 78 43 0 T i B RD . DAY O S 60 5 6
PR 260 C J4F 30 min B RLETH i 5518 .
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Table 8 Temperature and time conditions of super microwave digestion

TH i SR B/ C AR5} [H] / min T iR Ik, 45
1 220 30 VLTE PG (15. 2% ~60%)
2 240 30 DLE P AR (10. 4% ~56. 2 %)
3 260 30 B —%
4 280 30 B -5
5 280 20 LIE TR (8. 52 % ~43.3%)
6 260 20 LIE PRAK(18. 6% ~61.3%)
7 260 30 e —
8 260 40 B —E
9 260 50 B — 5
2.4.3  FRUEY A BN . B 325 9 R X0 2 0. 50% ~ 7. 4% L Tl k-

X LU BB V5 4 IR L A A S B0 S 58 5 vk X 4B B BN TR - A T I AR T 1 AR X R 25 R 1000 ~5. 7%,
EAREYI T GSR-1 BEAT I A5 o MHAZ R W2 9, VLA I 5t 37 (9 52 598 07 ¥E A A nT AT AT DUBOIR
T R0 5 R - R - 9 TR T A v & VRSB0 B0 V5 B T 5 22 2% A B Y S PR
TCRMMEA R G EEY) & W ERFREL i,

£9 IREYR GSR-1 [ ICP-OES S #T 45 R
Table 9 Analytical results of REEs in GSR-1 by ICP-OES

s v e gy e i — AN i v
W% A4 /em R (mg e ke ) —— P : R B
MEM/ (mg « kg™ MXE2ZE/%  WEM/(mg - kg™ MHXHRE2E/%
Ce 456. 236 1087 107 0. 90 104 3.7
Dy 353.170 10.240. 4 10. 0 2.0 9.83 3.6
Er 349. 910 6.540.3 6.43 1.1 6.32 2.8
Eu 381. 967 0.8540.07 0.793 6.7 0. 836 1.6
Gd 376. 839 9.34+0.7 9. 35 0. 50 8.99 3.3
Ho 345. 600 2.0540.17 2.15 4.9 1.96 4.4
La 412.323 5444 51.1 5.4 51.9 3.9
Lu 261. 542 1.15+0. 09 1.18 2.6 1.12 2.6
Nd 406. 109 47+4 43.5 7.4 44. 3 5.7
Pr 417.939 12.7£0. 8 12.4 2.4 12.2 3.9
Sm 359. 260 9.74+0.8 9.43 2.8 9.51 2.0
Th 350. 917 1. 652£0. 09 - 1.59 3.6
Tm 346. 220 1.06-+0.09 - 1.02 3.8
Y 360. 073 6245 61.1 1.5 61. 4 1.0
Yb 328. 937 7.440.5 7.47 0.91 7.19 2.8
2.4. 4 SEBRAE ST 7% im0 S8 B B 45 2R UL 3R 10, B e 1k AR ATF 5

TEB AE B SE 90 25 U R SE 86 J7 16 BT T 15 22 P S TR - 9B 0 T 08 T 9 Atk I 2 SRR — B

£10 BELERAFHRBE ICP-OES UEL R
Table 10  Analytical results of REEs in Ulan citrine by ICP-OES

I 6% Sr i 4/ nm Bl L/ (mg - kg 1) i - LA - O M / (g - kg™ D)
Ce 456. 236 244 244
Dy 353. 170 6. 31 6.27
Er 349. 910 5.26 5.24
Eu 381.967 0. 848 0.838
Gd 376. 839 3.81 3.79
Ho 345. 600 -

La 412.323 129 131

Lu 261. 542 0.942 0.933
Nd 406. 109 86. 4 87.1
Pr 417. 939 18.2 18.4
Sm 359. 260 14.9 14.4
Tb 350. 917 - 2.22
Tm 346. 220 - 1. 20
Y 360.073 40. 8 39.9

Yh 328.937 4. 03 3.92
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Table 11  Results of precision test (r=9) /(mg - kg™')
e e 5 S -
MWEILHE %L /nm ! 5 3 n : 5 ; S 5 T RSD
Ce 456. 236 240 245 246 247 243 242 251 246 239 244 1.5
Dy 353.170 6. 36 6.23 6. 24 6.32 6. 25 6.23 6.43 6.11 6.26 6.27 1.5
Er 349. 910 5.21 5.41 5.10 5.19 5.32 5.22 5.25 5.42 5.05 5.24 2.4
Eu 381. 967 0. 815 0. 848 0. 850 0. 826 0. 841 0. 847 0. 815 0. 838 0. 864 0. 838 2.0
Gd 376. 839 3. 83 3.75 3. 80 3.67 3. 89 3. 81 3. 65 3.72 3.95 3.79 2.6
Ho 345. 600 - - - - - - - - - -
La 412. 323 131 129 132 128 133 132 135 135 122 131 3.1
Lu 261.542 0.951 0.936 0.913 0.925 0.948 0.928 0.915 0.938 0.942 0.933 1.5
Nd 406. 109 87.0 86. 8 87.5 88.1 86. 1 87.2 85.9 86. 6 89.0 87.1 1.1
Pr 417.939 18.7 18. 2 18.2 18.5 18.9 17.9 17.6 17.8 19. 4 18. 4 3.1
Sm 359. 260 14. 3 13.9 15.0 13.7 14. 8 14. 6 13.5 15.2 14. 4 14. 4 4.0
Tb 350. 917 2.19 2.23 2. 24 2.16 2. 31 2.21 2.33 2.15 2. 20 2.22 2.8
Tm 346. 220 1. 19 1. 24 1.17 1. 15 1. 21 1.27 1. 20 1. 15 1. 25 1. 20 3.6
Y 360. 073 40. 3 39.2 40. 2 39. 4 39.7 40. 8 38.5 39.7 40. 9 39.9 1.9
Yb 328.937 3. 95 3.84 3.98 4.01 3.81 3.93 3.98 3.82 3. 94 3.92 1.9

2.6 fn&R[E Y L6
X i 1 - R0 B 7 - o 1 VS e 1 B0 A e AT A [l
W, A SRR i 4% BB T R B o ik B GOl I R

AT IR  BC= AR A 45 5 09 S 29 08 1 & g (=)
W, an 3% 12 Frow , B A B & 00 0 A [l iR #1 7E
91.3%~96.3%.,

F 12 miREK RN &R

Table 12 Results of recovery tests

LR Mg 2k /nm FHME/ (mg - kg™ JnAr i/ (mg « kg™ b M5 A/ (mg + kg™ D) Jindz EHR / %
Ce 456. 236 244 200 428 91. 8
Dy 353.170 6.27 5 11.0 94. 3
Er 349. 910 5.24 5 9. 98 94. 8
Eu 381.967 0. 838 1 1.75 91.3
Gd 376. 839 3.79 5 8. 47 93.5
Ho 345. 600 - 0.1 0.094 94. 4
La 412. 323 131 100 223 92.8
Lu 261.542 0.933 1 1. 90 96. 3
Nd 406. 109 87.1 100 180 92.8
Pr 417. 939 18. 4 20 37.1 93.8
Sm 359. 260 14. 4 20 32.9 92. 6
Th 350. 917 2.22 2 4. 09 93.5
Tm 346. 220 1. 20 2 3. 10 95. 3
Y 360. 073 39.9 50 87.7 95.5
Yb 328. 937 3.92 5 8.62 93.9

3 >, 3 (=] -
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