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1.2 FERKH

La.Ce.Sm.Eu.Gd,Tb.Ho.Er.Dy. Tm.Yb.Y
HATT R bR Al A T TR IR 0 Ak M RE I 3K s 42
i) :1. 00 mg/mL; IR A # + C RAR R . £ 0 K
Ji R EE YA 100 pg/ mL, B LR 4 H6 + BLIT R bR
fift 38 VOB R BE T L, A B R 106 (V/ VD RRTR
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WA 10 mL R (1+ D ke LUt ie B, 5
FETA L, AR 5 min, B R WA U =)
it w SR W DLVE , FEF U I WU BE T 50 mL 45 i
o FARER R (1+0) ph PR IETTIEBAR 5 UK, TRIRIBA
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Table 1 Diggestion mode of samples
W 5 WHE T R 2 PR e e
Dissolution Dissolution Experimental Experimental
mode method process phenomenon
T T 30mL R Z K ALREFFRA 0.25 ¢ FEAL A 10 mL #5782
Bk mg@fﬂpj&* 2.5mL R .6 mL ZUHAR , i L RV 245 TH AL RE w5 . T 150 CHEAR o T REJS RS ER A AR i
AR 10h, BUB Y E0E ¥R R 5% A 100 mL Bebrr,
F 30mL R LI THLREPFRA 0.25 g FEGLIMA 10 mL #h7R .
1 Kb R - iR 3mL AR, 3 1R 2 AL a5 T 150 C LA T RE R RS A 3R i
VA% 10 b, I ¥ 205 B % RGN 100 mL BEAR
R Na; O e 1.3 AT RE FE ViR 58 4 IR T 52
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Table 2 Determination results of interference test of single element ;Lg/ ml
TP RO 7€ {6 Found
Interference element and
its mass concentration La Ce Sm Eu Gd Tb Ho Er Dy Tm Yb Y
0 1.06 1.03 0.98 0.99 1.03 1.00 0.96 0.97 0.97 0.99 1.03 0.97
1000 pg/mL Al 1.03 0.99 1.00 0.96 1.02 1.01 0.97 0.98 0.99 0.98 0.96 0.95
1000 pg/mL Si 1.01 0.99 0.99 0.97 1.01 0.99 1.01 1.01 0.96 1.02 0.97 0.97
1000 pg/mL Fe 0.99 1.00 1.00 0.98 1.04 0.98 0.99 0.97 0.98 0.97 0.96 0.98
1000 pg/mL Zr 0.97 1.01 0.93 1.01 1.00 1.02 1.01 0.98 1.01 1.02 1.01 0.96
1000 pig/mL Ti .02 1.0l 099 098 103 10l  1.05 104 098 092  0.94  0.94
x3 RATETHRBEHNELER
Table 3 Determination results of interference test of mixed elements p.g/ ml.
LR PAES v I 5E fE
Element Coexisting ions Found

La 1000 pg/mL Al-1000 pg/mL Si-1000 pg/mL Fe-1000 pg/mL Zr-1000 pg/mL Ti 1.05

Ce 1000 ‘ug/ml, Al-1000 ‘ug/ml, Si-1 000 pg‘/mL Fe-1000 ‘ug/ml, Zr-1000 pg/ml‘ Ti 1.04

Sm 1000 pg/mL Al-1000 pg/mL Si-1000 pg/mL Fe-1000 pg/mL Zr-1000 pg/mL Ti 0.96

Eu 1000 pg/mL Al-1000 pg/mL Si-1000 pg/mL Fe-1000 pg/mL Zr-1000 pg/mL Ti 0.95

Gd 1000 pg/mL Al-1000 pg/mL Si-1000 pg/mL Fe-1000 pg/mL Zr-1000 pg/mL Ti 1.03

Tb 1000 y,g/mL Al-1000 ‘ug/mL Si-1 000 ‘ug/mL Fe-1000 ‘ug/mL Zr-1000 pg/mL Ti 1.01

Ho 1000 pg/mL Al-1000 pg/mL Si-1000 pg/mL Fe-1000 pg/mL Zr-1000 pg/mL Ti 1.03

Er 1000 pig/mL Al-1000 g/ mL Si-1000 pg/mL Fe-1000 pg/mL Zr-1000 pig/mL Ti 1.01

Dy 1000 pg/mL Al-1000 pg/mL Si-1000 pg/mL Fe-1000 pg/mL Zr-1000 pg/mL Ti 0.97

Tm 1000 pg/mL Al-1000 pg/mL Si-1000 pg/mL Fe-1000 pg/mL Zr-1000 pg/mL Ti 0.94

Yb 1000 pg/mL Al-1000 pg/mL Si-1000 pg/mL Fe-1000 pg/mL Zr-1000 pg/mL Ti 0.95

Y 1000 pg/mL Al-1000 pg/mL Si-1000 pg/mL Fe-1000 pg/mL Zr-1000 pg/mL Ti 0.92

Ho.Er.Dy.Tm.,Yb.Y HJE .
2.3 HBEILERZENEIG

HEM Lo R Z M A, R T R
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FR YA AR HE A X 25 T R o £ 2~5 i 4 43 x4 BERLEHWTILE
{}[]uﬁg 10 pg/mL {tE'bé'ﬁ? ‘(@ {%’, {&&ﬁa {)r“J ﬁ Dtt'l {%’, {ﬁ 3 %IJ Table 4 Spectral line of each element
KoC R Z [ BT R 4% B R U R LR S L% Wik R E Tt
EF‘ %’;‘%?ﬁclj\ E‘Jﬁz%éf ,ﬁﬁ_ﬁ%%iﬁ E"J ;'%s% o EHJ IK/{FTE? Element Wavelengh/nm Type of background correction
_ La 108.672 1.0.047 R0.027
B B O il 2 A1 L o n : : .
S RO T4TR IS TAR SR 1. - o PR
2.5 KEMEKMEHR Sm 428.079 1.0.051 R0.047
e B 2% B 22 19 T AE 4% 14 X0 b 1 35 W3R %) Eu 381.967 L0.028 R0.026
e L) 7= =N 1] [t =) NN — ) Y >d o4d. 0. R0.04
S o DA TG 0 I 4K A B S B Oy 0 e e e
Mebr, A HE M 28 . FEAL RS B AL TAE S 4 F X2 Ho 347.426 10.058 R0.035
H A BOE S E 11 WK, LA AE 45 SR bR ME Al 22 19 3 % Er 349.910 10.052 R0.033
TR A I T 2 R R L LA 10 A G HBR S  F by 508.170 L0-025 RO.033
N Tm 346.220 1.0.048 R0.032
Fi éﬂ%ﬂ% oo Yb 328.937 1.0.030 R0.030
2.6 BINE S R NSk 2 1R y 371.029 1L0.027 R0.034

BRI 0. 25 ¢ BEG MABTIRE 170 KR Ak oL WZeliir st R WA ivs.

£S5 REHZHEZMEE . KELEEAFEBXREMEHR

Table 5 Linear range, linear regression equation, correlation coefficient of calibration curve and detection limit

E Wk 2 PRI A0l Ep¥E LIPS (ED) izt BR T~ R
El - . Wavelength/ Linear range/ Linear regression Correlation Detection limit/ Low limit of
emen nm (pg/mL) equation coefficient (pg/g) determination/(pg/g)
La 408.672 0.10~25 y=—4595.2+387700x 0.99997 0.94 9.4
Ce 413.376 0.10~25 vy=9530.38+74760x 0.99999 0.54 5.4
Sm 428.079 0.10~25 y=3324.3+47930x 0.99992 0.20 2.0
Eu 381.967 0.10~25 y=—104447.5+861900x 0.99998 0.80 8.0
Gd 342.247 0.10~25 y=12041.7+114100x 0.99991 1.0 10
Tb 350.917 0.10~25 y=4403.6+66170x 0.99993 0.62 6.2
Ho 347.426 0.10~25 y=7834.0+123100x 0.99991 0.70 7.0
Er 349.910 0.10~25 y=28613.4+113700x 0.999 96 0.86 8.6
Dy 353.170 0.10~25 y=239856.8+361000x 0.99992 0.62 6.2
Tm 346.220 0.10~25 y=11500.8+111600x 0.99997 0.70 7.0
Yb 328.937 0.10~25 y=2355330.71+1359000x 0.99998 0.34 3.4
Y 371.029 0.10~25 y=182064.5+931900x 0.99998 0.94 9.4
HE W BE T A 4g 247 Na, O, A 750 °C B if 6 HAMBITENEERNOEM
S Vgt i v b 5 Table 6 Effect of carrier on determination results of
ffrp J%5 Fl 12 min, A, HE R (1 +4)
300 mL BB AITA 5ml H, O, .2 5] H, 0, 452 rare carth elements w/%
NI BCRERHE, — MM A 5mL 5mg/mL Fe #5 i W % & Found
SRS JLE ‘
WA 30mL /K #HATHVIE D B EE: ) — M E Element il 5 mlL # ik N
. [T vy With L carri With arri
}_%j]n/\ 30 ml‘ ﬁ7kl&/fj‘;'i\:y[_‘ﬁ%% ’E_‘HE_;% . ﬁ%ﬁ 1 h I 1t 5m2 carrier 1t OUtZC'Irrlﬁr
.a 0.020 0.020
PhJa s H ¢ 1lem Hl 2 98 4R 98 . 3 5 ok 19 b 3 Ce 0.038 0.037
[l 1.3, 45132 6, MR 6 ITLIE I, P &5 R FeA Sm 0.0021 0.0023
—HLHEEMS TS A N Fe  ALLTi Zr TEBMERMET E;’ 0.0068 0-0067
G 0.0047 0.0049
HAE AL B AR A AE T, BB S B B TG SR Y Th 0.0024 0.0025
RES AR I A% 50 215 8 E 4 RN H 5 4 A 2 Ho 0.0050 0.0051
M:ﬁt?lqj Er 0.0010 0.0011
_ - Dy 0.0031 0.0030
2.7 ﬂu*m@l‘&litgﬁ Tm 0.0027 0.0026
e RRSC I R E B & B A AR La, Yb 0.0014 0.0014
Ce.Sm.Eu.Gd.Tb.Ho.Er.Dy.Tm.Yb.Y % 12 #f Y 0.015 0.016
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Table 7 Results of recovery test

SE W 72 {8 Jindr i W S [EE &
7 Found/ Added/ Total found/ Recovery/
Element
(pg/mL)  (pg/mL) (pg/mL) %
0.100 0.922 101
La 0.821
1.00 1.92 110
_ 0.100 1.70 110
Ce 1.59
1.00 2.62 103
0.100 0.281 102
Sm 0.179 N
1.00 1.13 95
0.100 0.276 92
Eu 0.184 -
1.00 1.13 95
0.100 0.286 94
Gd 0.192
1.00 1.13 94
0.100 0.275 96
Th 0.179 ’
1.00 1.08 90
0.100 0.251 91
Ho 0.160
1.00 1.16 100
0.100 0.196 90
Er 0.106
1.00 1.08 97
0.100 0.260 95
Dy 0.165 ,
1.00 1.09 93
0.100 0.276 92
Tm 0.184
1.00 1.22 104
0.100 0.230 95
Yb 0.135
1.00 1.15 102
0.100 0.652 98
Y 0.554 -
1.00 1.60 105

2.8 HBEERK

Fie FRSC G J5 vE M 58 & e & 8 A W Bk La.
Ce.Sm.Eu.Gd.Tb.Ho.Er.Dy.Tm.Yb.Y % 12 fh
Wi £ ICE I AT % R, 45 2 L3R 8,

x8 BEERRBRERM=9)

Table 8 Results of precision test

JtZE Element & Found w/% X FR U 2% RSD/ %

La 0.039 4.1
Ce 0.063 3.2
Sm 0.019 6.2
Eu 0.018 5.2
Gd 0.020 5.6
Thb 0.020 4.7
Ho 0.016 5.4
Er 0.012 5.9
Dy 0.020 3.5
Tm 0.017 5.6
Yb 0.018 5.6
Y 0.034 3.3

2.9 WmEMRSWH

PEFESH Zr.Ti,Siu Al Fe XEWE 4 @ 6 A i -
WARMEY) BT GBWO07186,GBWO07187 (Ml 5t i 7 &8 Ik
FHZE A A I b $E ) L 3 1.3 ik AT b #L S
WE S5 R ILER 9,

R HEESERERIVRENMRMNESR

Table 9 Determination results of rare earth minerals

CRMs for refractory metals w/ %
. GBWO07186 GBWO07187
e 3
Element 52 fH NE(H W 7 A E fH
Found Certified Found Certified
La 0.00578 0.00590 0.204 0.213
Ce 0.0124 0.0131 0.044 2 0.0476
Sm 0.0531 0.0569
Eu 0.000905 0.000826
Gd 0.076 6 0.0790
Tb 0.0146 0.016 1
Ho 0.0195 0.0201
Er 0.00132 0.00143 0.0624 0.0595
Dy 0.00117 0.001 30 0.096 7 0.105
Tm 0.007 37 0.007 26
Yb 0.00219 0.002 27 0.192 0.184
Y 0.0120 0.0112 0.0652 0.630
S 3 Hf
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[3] rhre A RZL A [ [ 5 5T 4 B A 0 A e SR b [ IR K
PRUEAL A B2 51 2. GB/T 146352008 #i + 4 J& S H Ak
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H AL, 2008,
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Determination of twelve rare earth elements in rock containing
refractory metals by inductively coupled plasma atomic
emission spectrometry with coprecipitation separation

LI Qiu-ying' .GAN Jian-zhuang', WANG Ying-jin* ,FANG Hai-yan', HE Jiao',SUN Qi'
(1. Guiyan Detection Technology (yunnan) Co., Ltd., Kunming 650106, China;2. State Key Laboratory of Advanced

Technologies for Comprehensive Utilization of Platinum Metals, Sino-Platinum Metals Co., Ltd., Kunming 650106, China)

Abstract: The accurate determination of rare earth elements was of great significance for the mining of rare
earth elements in mine of rock containing refectory metals. The sample was fused with sodium peroxide in
muffle furnace at 750 °C. After cooling, the melt was transferred into a beaker with hydrochloric acid (1-+
4) followed by adding ammonia water into solution. The sample was used as carrier to remove sodium salts
and metal ions which could react with ammonia to form ammonia complexation ions by coprecipitation sep-
aration. The precipitates were washed with diluted ammonia water and then dissolved with hot diluted hy-
drochloric acid. La, Ce, Sm, Eu, Gd, Tb, Ho, Er, Dy, Tm, Yb and Y in the test solution were deter-
mined by inductively coupled plasma atomic emission spectrometry (ICP-AES). Consequently,a determi-
nation method of the above twelve rare earth elements in rock containing refectory metals was established.
The linear ranges of calibration curves of these elements were between 0. 10 ng/mL and 25 pg/mL. The de-
tection limits of method were between 0. 20 ng/g and 1. 0 ug/g. The contents of twelve rare earth elements
(including La, Ce, Sm, Eu, Gd, Tb, Ho., Er, Dy, Tm, Yb and Y) in rock samples containing refectory
metals were determined according to the experimental method. The relative standard deviations (RSD, n=
9) of determination results were between 3.2% and 6.2%, and the recoveries were between 90% and
110%. The proposed method was applicable for the determination of rare earth elements (the mass frac-
tions were in range of 0. 001%-0.50%) in rock containing refectory metals.

Key words: alkali fusion; coprecipitation separation; inductively coupled plasma atomic emission spectrom-
etry(ICP-AES) ; rock containing refractory metal; rare earth element





