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Sk, TSR BRI R RE b, BCIRAT B AR T ik
e (o, 00 o e v D0 e s AR, N0 i e PR |
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1 LI

1.1 NBREESHY

IR A HEAS 5110 BUYEEAY, EEESHRY 1)
R 12 kW R EI RN 14 L/min; 5BV < &
1.2 L/min; 2 &N 0. 7 L/min,,
1.2 RAIRREARR

BSIR , gl i AL, Ph g gl ; — A AL kA
VIV« 48K R T T ), (5 P e B o) ol e
H100 we/ml () "SR ALTEAR MEIR T, (R A7 T 20K
e e
1.3 TAErEHIETH

SR HC 100 pe/mL ) — AL REPRMEIR R O

1.00 mL.5. 00 mL.10. 00 mL.20. 00 mL T 5 2
A5 mg/mL g (B AR & 0 3 1Y
100 mL Z5H T, A 1 mL R, LLK#6 B 2 %1
JEIRAT FC AR TAE M2 R 5, 2Zhs i R 5 W
A RE Y T MR BE 43 0 R 001,00 pg/mL,
5.00 pg/mlL.10.00 pwg/mL 20. 00wg/mL,

1.4 Stk Sl &

HERIFREL 0. 50 g CKEHIZE 0.0 001 g) IREE( AN
i ALY CRE B A B AR ) T 150 mL b2
e Ik, A 5 mlL 6l R AR L E AL A,
R MM A B X E2E R, PAHEEREEA
100 mL 25 s, DIKFR B B 208 IR AT RF

2 HR 5%

2.1 SRR

1 i N T e v G LTI S A
ELVRLHE VKB BE VB BE B2 BRI E R
D2 R FEVEE M 2 mg/mL, 23 A [ 4AFH
AYREARIR , AR 8 D65 7 B 1 83 2 0 e ) (O3 1
P B R ) ik T4 B W P T
R ITIGL, &£ 1 Mgk,

R1 DWLERK/om

Table 1 Wavelength of analysis lines/nm

Sample Wavelength Sample Wavelength Sample Wavelength Sample Wavelength
La 251.611 Ce 251.611 Pr 251.611,212.412 Nd 251.611
Sm 251.611 Eu 251.611 Gd 251.611 Th 250. 690
Dy 212.412 Ho 251.611 Er 251.611 Tm 251.611,212.412
Yb 288.158,212.412 Lu 251.611 Y 251.611
2.2 HETEFHER FEIT BRI Y R

2.2.1  Hi £ e E X E TCE A

FEVEE BT IT T I A [k B 1 45
FIeE, DB XM T Rk &k ) T, R 2
MESEH, BEs R, 7 LA i & 76 1 o Rk
JE R 50 we/mL B, 7800 22 70 2 KAk 77 AR i ek
THRUSE H 0. 50 wg/mL, BITH KN 1. 0%, i

2.2.2  ARFG L ITER X E TCR AR

TERE SE 1Y 73 BT B, 700 5E 50 pg/mlL
FOES B BK VR VHR VB R EE VBT VBRI BR RBR AR
AEf £, LB ZEHIT PN T K 1 T4, &k
T AAARRERYINE (/N T 0. 20 pg/mL, B
B/NT 0. 4% , AT R LA EISCR A ETTR T THE
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Table 2 Interference of rare earth elements

Determined value of silica/ ( ug/mL)

Coexisting elements and concentrations

212.412/nm 250. 690/nm 251.611/nm 288. 158/nm
50 wg/mL La, 0,4 <0.10 <0.10 <0.10 <0.10
50 pg/mL CeO, <0.10 <0.10 <0.10 0.12
50 pg/mL PrgOy, <0.10 <0.10 <0.10 <0.10
50 pg/mL Nd, 0, <0.10 <0.10 <0.10 <0.10
50 pg/mLSm, 0,4 <0.10 <0.10 <0.10 0.20
50 pg/mL Eu, 04 0.50 <0.10 <0.10 <0.10
50 pg/mL Gd, 0,4 <0.10 <0.10 <0.10 <0.10
50 pg/mL Th,07 <0.10 <0.10 0.20 <0.10
50 pwg/mL Dy,0, <0.10 <0.10 0.12 0. 14
50 pg/mL Ho,O4 0.14 0.24 <0.10 <0.10
50 pg/mL Er, 04 <0.10 <0.10 <0.10 <0.10
50 pg/mL Tm, 0, 0.12 <0.10 0.12 0.19
50 wg/mL Yb,0, <0.10 <0.10 0.22 <0.10
50 pg/mL Lu, 04 <0.10 <0.10 <0.10 <0.10
50 pg/mL Y, 04 <0.10 <0.10 <0.10 <0.10

2.3 FAEKHR

FEEE RN 251 T, X7 28 s il e 11
U, LI 10 A5 I bR o O 22 48 S 7 s rh g T R 1
KR, 2 3 e s 2R, Faks R 2 Ay 1 &0

L ISERNE N RS R R R 5, AT
LRSI E AR BRI, B AT IR R
PEAEI A T BR A 0. 0109% s, XoF 1 1) 35 44 e &g A
EAS RS IE T FRAYFEAR, B 5 mg/mL,

#3 KMUHRER/(pg/mL)
Table 3 Detection limit/ ( pg/mL)

Wavelength/nm 212.412 250. 690

251. 611 288.158

-0.0303,-0. 0086,0. 0003,

0.0954,0. 0984 ,0. 1078,
Determined value
-0.0096,0. 0340,0. 0193,

0. 0062,0. 0060

SD 0. 0488 0. 0487

0.49 0. 49

Detection limit

0.0117,0. 0401 ,0. 0179,
0.0984,0. 1305,0. 1258,
0. 0248 ,0. 0204, 0. 0040,

0. 0053,0. 0631

~0.0058,0.0160,0. 0038,  0.0068,0.0002,-0. 0172,

~0.0035,0.0183,0.0063,  0.0645,0. 0548 ,0. 0580,
0.0267,0. 0278 ,0. 0043, 0.0735,0. 0774,0. 0555,

0.0364,0. 0278 0. 0497,0. 0749

0. 0142 0. 0330

0. 14 0.33

2.4 MEENFHE

SIEFETEA Z IR AT A, R e R
S A I SRR R A DG, N PRIERE
MITCER A& =R AR TP g oo 3= 1 S bR 5 i

PRI T AR X I A S5 R A R, 3R 4 e 4
o M4 A SR b A R B /N T
GE TR, AR BE S %, X T & R ELFE A
0.42 ¢ 50.84 g 2. 10 g FATMICE & —2, HIk
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PRI 0. 42 g G JE AR i n] PRIEAE S b B o0 38 19 &5
2.5 BEERAERE

ATy T I e O PR 1, D G
T ERTR 55 A TR R < JE R A TP I I G 3R I i A
JE, SRR S, MRS AT G JE AR SR A R R
SRHRRI M, 45 R AR, B 4 A R o i

A AR IR  ROCR B A AL b b 5 I
B Ak ol A B, X R e A AL 5 AN 5 R IR I
I (R N ik PR ) , & 5 R (AL PE IR ) X
07, DR T R R AR o v ) 98 A 58 4, 45 2R i TR
PRI A T o 0 TR 15 G A TR A it P e ) 4 i
REST— B, PRI J7 325 2R TG il 1 3 4k i TR ¥4 i
FEb

x4 MEEER
Table 4 Sample weighing

Weighing/ Determined Weighing/ Determined Weighing/ Determined value/
Sumple g value/ ( pg/mL) g value/ ( pg/mL) g (pg/mL)
Gd metal 0. 4251 0.72,0.74 0. 8415 0.72,0.75 2.1012 0.69,0.73
Yb metal 0. 4302 <0.50,<0. 50 0. 8447 <0.50,<0.50 2.1038 <0.50,<0. 50
x5 BEEBRIEE
Table 5 Choice of dissolves acid
Dissolves Determined Dissolves Determined
Sample Sample
acid value/ ( pLg/mL) acid value/ ( pug/mL)
HCl1 0.20,0. 20 HCI1 <0.50,<0. 50
(1+1) HNO, Gd metal 0.74,0.74 (1+1) HNO; Yb metal <0.50,<0. 50
HNO; 0.74,0.74 HNO, <0.50,<0.50

2.6 RBEEXR

PR Ay i 4 4 S S A A W 08 B i R b 2k
LE AN [l BTV % = D AR S B A N )
M F TR R A R A T s 1k BORE B | AR
SR SR EENGE M, XL T
A &)E LIRS W LT, BA —E/
R

FREL 0. 50 g 55 B 8 AL AL i, W A J L 43 i
A 100 pg/mL A9 = %A fb bR HEFE W 0.20 mL,
5.00 mL.10. 00 mL AY4% 11 f3F 100 mL AS[A] 25 &
R B R A B - BE 1 (PNO-1) RSB AL
Yr-#£0h 2(PNO-2) SEECA -FE0 3(PNO-3) =
P OB 7R 28 I A AT R T T, & 6
AR R B

FREC0.43 ¢ 4 J@ LA &b, WA ), 20 0 A
100 pg/mL A — % b bR #E ¥ W 0, 2.00 mL,
10. 00 mL.20. 00 mL 4% 11 {3 100 mL A [E % &=l
H AL Gd-1,Gd-2.Gd-3 . Gd-4 PUFP& BUFE , 7E 1k 2
T R P T #EAT I E . R 7 R 45 HE A

FREX 0. 435 ¢ 4@ §EAE &b W R Je, 3 il A
100 pg/mL B — % fk BE A5 ME % % 1.00 mL,
5.00 mL.20. 00 mL 4% 11 £3F 100 mL AS[a] %5 &)
H R Yb-1,Yb-2, Yb-3 =Fli & BUkE | 78 1% 2 /9 5
BB T AT E . 3% 8 S &% FF i 1O R 2%
e 8 Al L R ECA AL R AL B R AR SRR A
) i Ya L 0. 010% 2247 5] 0. 20% A2 47, A XS A
HEMRZER/NT 10% 1 53 ks D g 25K
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Table 6 Precision of praseodymium oxide/ %

Sample and wavelength Determined value of silica Average RSD

PNO-1 251. 611 nm 0.0115,0.0119,0.0108,0. 0106,0. 0125,0. 0125,0. 0110,0. 0126,0. 0132,0. 0114,0. 0108 0.0117 7.24
PNO-2 251. 611 nm 0. 108,0. 105,0. 108,0. 108,0. 111,0. 112,0. 113,0. 112,0. 106,0. 107,0. 108 0. 109 2.38
PNO-3 251. 611 nm 0.209,0. 208,0. 207,0. 208,0. 213,0. 207,0. 208,0. 210,0. 202,0. 204,0. 203 0.207 1.46

x1 cRIERBEEER %
Table 7 Precision of gadolinium/ %

Sample and wavelength Determined value of silicon Average RSD

0. 00786,0. 00780,0. 00808 ,0. 00825,0. 00745,0. 00783,0. 00721,0. 00714,0. 00842,
Gd-1 251. 611 nm 0. 00773 5.14
0.00739,0. 00760
Gd-2 251. 611 nm 0. 0283,0. 0281,0. 0286,0. 0273,0. 0278 ,0. 0280,0. 0285,0. 0281,0. 0285,0. 0269,0. 0277 0. 0280 1. 80
Gd-3 251. 611 nm 0.116,0.117,0.118,0. 118,0. 116,0. 117,0. 115,0. 117,0. 116,0. 116,0. 117 0.117 0.74

Gd-4 251. 611 nm 0.225,0.229,0.227,0. 227,0. 227,0. 229,0. 228,0. 226,0. 227,0. 229,0. 227 0.227 0.58

K8 EREHMBEELER %
Table 8 Precision of ytterbium/ %

Sample and wavelength Determined value of silicon Average RSD
212.412 nm  0.0113,0.00971,0. 0107,0.0113,0.0112,0. 0107,0. 0112,0. 0118,0. 0103,0. 00960,0. 00928  0.0107 7.43
s 288. 158 nm 0.0112,0.0101,0. 0108,0. 0105,0. 0107,0. 00981,0. 0106,0. 0113,0. 0110,0. 0104,0. 0111 0.0107 4.16
212.412 nm 0. 0523,0. 0524,0. 0535,0. 0529,0. 0541,0. 0540,0. 0537,0. 0531,0. 0524,0. 0516,0. 0518 0. 0529 1.56
b2 288. 158 nm 0.0531,0. 0526,0. 0532,0. 0530,0. 0529,0. 0534,0. 0532,0. 0527,0. 0526,0. 0531,0. 0539 0.0531  0.704
212.412 nm 0.213,0.209,0. 212,0. 214,0. 215,0. 213,0. 215,0. 216,0. 212,0. 208 ,0. 215 0.213 1. 11
v 288. 158 nm 0.212,0. 210,0. 212,0. 215,0. 212,0. 210,0. 213,0. 214,0. 211,0. 212,0. 212 0.212  0.699
2.7 [EgEREE Wescst , MREERILEK 9, 3 9 Al A, 1EA[F]

TEERE BN RE Z51F T, A6 B AN E J0 & 75 5 1Y (8 R I [ 9 B8 1) — SR AR AR ME T R
Rl P — i TR b P T, 1A s oA T ISR AE 98% ~102% Z 18], 1§ /2 73 ARl B 25K

x99 MERER/ %
Table 9 Recovery result/ %

Sample Original results Addition Determined value Recovery Addition Determined value Recovery
Praseodymium oxide 0. 0080 0. 0040 0.0117 92.5 0.20 0.207 99.5
Gd metal 0. 0077 0.109 0.117 100.0 0.217 0.227 101. 1
Yb metal / 0.0107 0.0107 100.0 0.215 0.212 98.6
2.8 ZHRIEXIELLE e e EL | B A A5 R 0 il 5 23 6o B ik B

RIS VR ERR B A DT R B AR S B B AR T AR SR LA 10, RUOR RSBk
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AR S RN T AR E R, R g R
B A G005 25 SR 5 A I 1 2548, AR AN & L 4%
W5E (EAT ] 4 e W S 25 2R . G- 2(Si) 5 Yb-
RS 1S FEM SR 506 —3, kT
S AR D5 PRSI o At 4 R AR rh i

i,

K10 AEFELEREX %
Table 10 Comparision of different methods/ %

Sample name and result

Method name

PNO-1(Si0,) Gd-2(Si) Yb-1(Si)

ICP-AES 0. 0077 0. 0280 0.0107

Spectrophotometry 0. 0080 0. 0265 0. 0120
3 i

SR P A DG T vk 00 A + 4 I B LAk vh
PRV EER & i, DS S &R EL & B o ok
SAEah, S T IAE TR B T AR AR
1R R FRAE S e DR 3R 38 RS 2 B | T SR Aol
LS AIE, B T DU 2 S 0. T2 i 1 0.010% ~
0.20% , 48 % &£ RSD /N T 10%, 1At 7E 92% ~
105% 2 [6] . W5 ¥ B A 43 B o B8 b | e ot P 4 45
e

S 3k
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Determination of Silicon in Rare Earth Metals and Their Oxides by Inductively Coupled

Plasma Emission Spectrometry

DU Mei'*, WANG Dong-jie'* , YANG Xue-zheng', LIU Xiao-jie'*"

(1. State Key Laboratory of Baiyunnobo Rare Earth Resource Researrches and Comprehensive Utilization, Baotou Research

Institute of Rare Earths, Baotou 014030, China;

2. National Engineering Research Center of Rare Earth Metallurgy and Functional Materials , Baotou 014030, China)

Abstract : The experimental conditions for the determination of acid-soluble silicon in rare earth metals and their oxides by

inductively coupled plasma emission spectrometry were studied and a determination method was estabilished. The determina-

tion range of silica is 0. 010% to 0.20%. The sample was dissolved in nitric acid. The matrix matching method was used to

make the working curve. According to the detection limit(0. 5 pwg/mL) and determination limit( 0. 010% ) of silica in the meth-

od, the matrix concentration of the determination liquid was determined to be 5 mg/mL, and the weighing mass of the sample

was determined. The analytical lines of silicon were different for different rare earth samples, four analytical lines (251. 61

nm, 250. 690 nm, 212.412 nm and 288. 158 nm) were selected. Disturbance variable of coexistence rare earth elements and

non-rare earth elements on the selected analytical lines was less than 10%, could be ignored. The determination results were

consistent with those of spectrophotometry. The standard recovery was between 92% ~105% and the relative standard deviation

(RSD,n=11) was less than 10%.
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