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Abstract: Rare earth elements (REEs) are widely used in electronics, petrochemical,
metallurgy, machinery, textile, ceramic, glass, permanent magnetic materialenergy,
light industry, environmental protection, agriculture and other fields. With the devel-
opment of science and technology and breakthrough in applied technology, the applica-
tion of rare earth elements will continue to expand, and the value of rare earth oxides
will become more and more large. Therefore, it is of importance to establish a rapid and
accurate determination method for comprehensive utilization of rare earth elements. A

method of inductively coupled plasma mass spetrometry (ICP-MS) was developed for
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simultaneously determining 46 species of micro, trace and rare earth elements in geolog-
ical samples. The geological samples were dissolved with HCI-HNO,-HF-HCIO,-
H, SO, and extracted by inverse aqua regia. '“Rh and ' Re were used as the internal
standard elements, and the National Primary Reference Material ( GBW07359,
GBWO07363, GBW07430 and GBW07457) instead of standard solution of the measured
elements was employed to make the standardwork curve. By choosing internal elements,
the deviations caused by matrix effect and instrument fluctuation were effectively elimi-
nated. By improving conditions of atomizer velocity, auxiliary gas flow rate and integra-
tion time, the optimum experiment conditions were acquired. The influences on test
results of refractory and volatile elements of solvent systems were also discussed. Under
the optimum test conditions, the method has good accuracy and reproducibility. The
correlation coefficient is more than 0. 999 0, AlgC<C0. 1, and the relative standard devia-
tion (RSD, n=12) is less than 5.0%. The obtained results are consistent with the ref-
erence analytical values. This method is accurate, simple, sensitive and rapid, which
can be used for simultaneous determination of multielement in geology samples.

Key words: geological samples; five acid dissolution system; inductively coupled plasma

mass spectrometry (ICP-MS) ; rare earth elements
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Table 1 Working parameters of ICP-MS

TAEZE B E(E
W% /W 1550
BHS R A/ (L/min) 14.0
WA R E/(L/min) 0.8
FALS R A/ (L/min) 1.03
RAEHEFLAE/ mm 1.0
BECHEFLAE/ mm 0.7
R/ (r/min) 40
Hit = ke
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GBWO07305, GBW07308, GBW07309, GBW07312,
GBWO7317) , 2445 (GBWO07105) , 113 (GBW07432,,
GBWO0740 .GBWO07457) - 357t sth 3Ry B b 3R Ak 27 3y
BV ST K I LB TK,
1.3 #HALE

TEFIFREX 0. 250 0 g Hah F 50 mL R P95
iR, A B KEE, A 3 mL HCI,
5 mL HNO;,8 mL HF,2 mL HCIO,, 2 mL
H, SO, , 76 B #u iR b 2218 FHE I % s F5 R i B1IR
Y RIE ¥  FB 10 mL 33 EKER N 5~10
min, RHEEAZE 25 mL HESH, HHER 10
ERECSUIN

AFEERFE—F R FERED R
(GBWO07359,GBW07363,GBW07430 ,GBW07457) ,
i FRET AR i A0 P8 7 VA I 2 W WU AR i &
—BLH TAEMLR , AT bk m e & 517
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W X % 258 B A s ma AR K, A SE g v, AL R
X RYUE REEUATHREENE WA T
Bl 1, B 1A 0L, 4R W K 1. 03 L/min
AYREEATRS, MEARTRZBAS
FALRE R, TG T ™F) . G5FE, &
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Fig. 1 Effect of atomization gas flow rate

on the experiment
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ICP-MS AR JT % Y 2 95 5 I 2 - B DU
WP A& TR AIRILR, R L R Z 8K
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AR 5 P R & BRI, 7 ICP-MS Wl %€ B
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2.5 BEHGERMUENEIE

2.5.1 BHERNIWEHETRMEE HHTK
£ % F sk 2 (HCI-HNO,-HF-HCIO,) % f#
Mg, HERE W.La F M RBMATE, N
T & B A3 45 SR AR . A5 F 5 76 DU R Y 2Rl |
A H.SO, BRI BRIEFIRR , IR IS AR R
TR ELE RS TR 2, hF2TW, WA

H,SO, J& , IR B B 2%, W.La (9 £ 1E
BIRtn .

2.5.2 BHERMNGERITENEZE EN
BRIk R BT AT, V.Cr.Cd.Ga.Shb HF LR &
HCI A+ mH & TE R 5 # & &, 2300 <
LR M A H. SO, J5, X ETLEEANR
FRER W T AL ERR T B & 51 E 145 R W
. R EK. £ KB BN E %R F
3, AIOL RS FKERE L, BT Cl- & &
R, IHBR T ClXf Cr FJu R M2, T € 45
BT

F2 MHBMEBRBEEEARTHUNESR

Table 2 Analytical results of four acid and five acid dissolution

La w
o o ) 5 45 B
VU PR A 7 HREFR r e PO AR k2 HREFR o HEE
GBW07308 41.3 45.3 45.0 3.00 3.32 3. 30
GBW07305 38.6 40.6 41.0 5.00 5.43 5. 50
GBW07317 22.8 24.0 24.0 0. 450 0.510 0. 500
GBW07312 30.2 32.9 32.7 30.6 36.6 37.0
GBW07309 37.8 40. 2 40.0 1.62 1.81 1. 80
3 EFAENESFEIKBEHUELER
Table 3 Analytical results of aqua regia extraction and inverse aqua regia extraction
i A% Cd Sb Cr Ga
Wik B L RB K 5 B L RB K 5 B L
A% mrk Tk (8 mEk Tk @ wEk Tk B wmik Tk & mrk Tk M
GBW07308 31.3 28.3 31 0.150 0.110 0.16 0.380 0.320 0.38 11.2 9.71 11.6 18.2 15.6 18.5
GBWO07305 98.7 92.1 99 1. 36 1.18 1.37 880 7.92 8.90 68.3 52.9 68 18.9 16.2 18.7
GBW07317 18.8 18.3 19  0.0440 0.03900.045 0.200 0.150 0.19 10.5 9.34 10.7 11.3 8.80 11.1
GBWO07312 47.2 42.6 47 3.98 3.71 4.0 23.2 77.3 24 34.9 28.8 35 13.9 12.3 14.1
GBWO07309 97.4  90.8 97 0.270 0.210 0.26 0.830 0.720 0.81 86.1 72.5 85 14.1 11.9 14.0

2.6 ERYM. FUETHRERE

0 8 AT v A RS & (TDS) K+ &
W BB EBERI D M55 A
il 520 K [l 90 5 I, & R T 3R UL AR 78 U 4
o PR Th 3 4 L 3% 2, b b 7 AR A5 S R AR
DRI, 7 00 5 5 S 4 ) 3 R Ak 2 R A I, SR
) 5 ¥ 9 (R BE A T E 500~1 000 LA, B fR
B ) TDS /NF 0. 1%, [F) B 3 38 24 1 9
JC R X 45 2R HE A7 K IE 5 LU AR I FE R4 ) 55002

Filfe 5 BB Je/, DL KB R G0 R E 1
“"Ba, *Be, **Bi, " Cd, **Co, **Cs, "Li, * Mo,
PNb.*Ni,*Pb,*Rb, " 8b,*Sr,* Th ,** T1,
POULZe AR RS TR AR R b
#Cr,®Cu, " Hf, ®Sc, ™ Ta,” V"W, * Zn %
WG ET R, HE, A QCell ICP-
MS By 4% 0 PUAR AT BT LR A I A0 e, P
FAET AR, 7 A AR B D) 0, AT Bk
CHRFR B 1 B B O Te R ™= A i T4
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2.7 FERHER W 2= TR ekt BR L, 5 SR B T3k 4. T, %%
TR IR T, IR 2 FE Y 3 ks JRERAVKEH IR AR R HBRIL AR EK .

F4 FEHUHR
Table 4 Detection limit of method

TR KRR/ (ng/2) TTE KRR/ (pg/2) TTE KRR/ (png/2) TR KRR/ (/)
TLi 0.37 66 7n 0.61 183Cs 0.012 166 Er 0. 0040
Be 0.14 71Ga 0.052 189 0.022 169 Tm 0.0010
Mg 0. 0050 85Rb 0.11 140Ce 0.029 172Y]h 0. 0060
“4Ca 0. 0090 88Qr 0.17 141py 0.0070 75 Lu 0.0010
45Sc 0. 088 89y 0.030 146 Nd 0.026 181Tq 0.038
48T 0.083 9 Nb 0.12 1478m 0.0070 182w 0.020

sy 0.23 % Mo 0.011 153 Ey 0. 0020 205T] 0.034
52Cr 0.78 n1cq 0.011 157Gd 0. 0060 208 pf, 0. 097
5 Mn 0.55 151y 0. 0010 159 T} 0. 0020 209 By 0. 0050

%9 Co 0.15 18gny 0.051 163Dy 0. 0060 232 Th 0. 049
60Ni 0.78 1218 0.010 165 Ho 0. 0040 28U 0.010

83 Cu 0. 33 125 Te 0. 0090

2.8 FEMERENMBEEE YIE SRR A — B0, 5 WX H0R 2 4%

VBUAAREY R GBW07105(GSR-3) # {EAlgO) Y97 0.1 LAY, A %) br #E fi 22 (RSD)
712 AT I 58 , %5 88 07 6 O S 2 JE ALV ¥NF 5%,
BRI TS, ATUE B, AN A EF

RS FENERESHEE

Table 5 Accuracy and precision of the method

TLR W4 E i HE1E ¥ % RSD/ % HEBE AlgC
Li 9.50 9.5 4.10 0
°Be 2.54 2.5 3.30 0. 006
2 Mg* 7.60 7.77 3.63 0.01
“Cax 8.87 8. 81 4.28 0. 003
15Sc 15.4 15.2 4.48 0. 005
48T 14235 14200 3.81 0. 001
sty 167 167 4.69 0
52Cr 135 134 3.84 0. 002
Mn 1310 1310 3.70 0
% Co 46. 6 46.5 4.31 0. 001
SONi 141 140 3.52 0. 003
8Cu 48.8 49 1. 04 0. 002

56Zn 154 150 2.59 0.012
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gEs
TR W - ¥ PRE(E W¥HE RSD/% HER . AlgC
"Ga 24.5 24.8 2. 60 0. 006
85Rb 37.2 37 4,57 0.002
88 GQr 1150 1100 3.76 0.012
89y 22.3 22 4.61 0. 005
9 Nb 67.2 68 4,24 0. 005
9% Mo 2. 48 2.6 1. 64 0.021
11Cd 0. 0680 0. 067 2.99 0. 007
15T 0. 0630 0. 064 3.56 0. 004
18Gn 2.09 2 3.76 0.019
121G} 0.0790 0. 08 4. 83 0. 005
125Te 0. 0240 0.022 4.59 0.032
133Cs 0.710 0.7 4. 01 0. 003
1391 a 58.0 56 0. 90 0.019
140Ce 102 105 2.63 0. 099
141py 13.1 13.2 2.78 0. 087
146 Nd 54.9 54 2.83 0.08
147Sm 10. 50 10. 2 2.71 0.09
153 Ey 3.11 3.2 2.94 0.019
157Gd 8. 48 8.5 2.91 0.091
159 Th 1.17 1.2 2.75 0.088
163Dy 5. 26 5.6 3.01 0.013
165 Ho 0. 850 0. 88 2.35 0.008
166 Fy 2.04 2 2.74 0.021
169 Tm 0. 330 0. 28 3.07 0. 066
172Yh 1.52 1.5 3. 00 0.084
5Ly 0.170 0.19 3.14 0. 05
181 Ty 4. 28 4.3 0. 89 0.09
82w 0.430 0.4 4.14 0.019
2051 0.110 0.12 4. 00 0.028
208 P, 7.03 7 0.97 0.002
209 Bj 0. 0500 0. 05 1.17 0. 007
232Th 6.18 6 3.29 0.013
28U 1.42 1.4 2.93 0.037

W < IR EE 10 2R %L HARHy 107 /4%

3 &Hig

A T fg ® A HCI-HNO,-HF-HCIO,-
H, SO, 5 FR£ BRI FER R L D — YW i b

di o 3 E KRB, ICP-MS 3 7] i il 5 i 5 A
H46 MOLR . B AL E AL B R
BRI R] L 45 B A AR A SE R A5 15 O
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