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Determination of Trace Rare Earth Elements in Geological Samples by
Integrated Collision Reaction(iCRC)-Inductively Coupled
Plasma Mass Spectrometry

GONG Haijuan, WANG Yu,HAN Jian,LI Lin, WANG Yanan
(Jilin Institute o f Geological Sciences ,Changchun, Jilin 130021 ,China)

Abstract The interference of barium and light rare earth oxides on medium and heavy rare earth elements
has always been a problem in mass spectrometry. A method for the determination of rare earth elements
(REEs) in geological samples by ICP-MS with ' Rh as internal standard calibration was established. The
precautions for sample pretreatment with sodium carbonate-boric acid mixed flux,optimization of collision
gas flow rate and parameters of ion lens under collision mode, interference correction test and so on were
discussed. National standard substances GBW07403, GBW07405, GBW07427 and GBWO07429 were used for
verification. The experimental results show that the linear relationship of each element is good,and the correlation

coefficient is greater than 0. 999. The detection limit of the method is between 0. 01—0. 03 mg/kg,the relative error
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is 0. 13%—7.1% ,and the relative standard deviation is 0. 79%—6. 6%. The test results are in good agreement

with the standard values. A smooth normalized REE partition curve of chondrites was obtained by analyzing actual

samples, which proved that the results were reasonable and credible. The method has the advantages of less flux,

low blank,less erosion to vessels,direct heating and leaching, simplifying the operation process,and being suitable

for the determination of rare earth elements in large quantities of geological samples.

Keywords

rare earth elements

e

]

i

UT 3T A A0 B SRR VTV R T R R
WL R R TR 0 R A R IR AT
LR PER S TR Y T . VR
S Hb TR B 0 R A AL X TR0 43 28 Lk
F R TE TE SR T A B ) P A AR A
HEEZEL,

E A b TR PR = oC R I vk B 4y
JEIEEE N LR A B TR R SOk 1 (ICP-
AES)™ (LB A S B R T IS vk (ICP-MS)
X PR 5 St i B (XRE) U245 45l 5l iF
HAH T £ oo R S i 80— oo R A9 , 4k DL
JEPRHI 2 1) EE R 5 ICP-AES 35 5@ B i 765 +
JCE & RN T ORI B A S R e, B e
B S % 1) 3 2R T P15 0 48 Ok 7™ s XRF 36 0 F IR
i - 0 2 A B R 5 L JEOR  AF B TR T 1
(ICP-MS) HA 3 7 08 ARG H PR 28 1 B 9 G
AN R TR N ATV I N v R SRR
FOATH A TRME  B—ME TR E2PAH—
ANANZ (R it S T R0 3R i e AH X 7 B
ONIA R I 5E i 0 R 1Y Bl A i

LB RE X ER TR
TP — R S AR A A Y ), — Rk
ilf 48 52 7 3 5 AR GCRC) |, J2 38 28 7 38 I 4 101 1) 125
FE W X P A SR (He) 8 SR (H,) 3l 28 il 18
SN s AT LA Bk e 4 5 1A SR ol R 0 A ke i T
W R SHRH B ICR M REE KRR &S
M LY, [R] Bl AR Y ReflexION = 4k B8 £ B9 F 55 1%
TERIAE DU AT F A S” Y B il AT B2, BT AR A
e ) R AR T SUE S IR B RRAR AF 4t 25 BR
T

FE Ay 1, ST A B R I B IR - R R
A 790 e T AL B AL DU Rh O N R — 1
A A 43 5 7t GCRC) - B G 45 B 7 1R Jo 33 12 U
JE L BORE A R R RO R JF SR T E AR UE S H W) i

collision reaction;inductively coupled plasma mass spectrometry; ICP-MS; geological samples;

GBWO07403, GBW07405, GBW07427, GBW07429
SR RIE | FRAT A AT R A 4

1 SLIgER4Y

L1 FEMSFERIIEEH

PlasmaQuant MS Hi J&#l & 5 B 7 & Il 315 1Y
(PQ-MS, 7 [=] HE = 73 AL 4% I 23 |)) o PQ-MS
FETAESE: WM 1 400 W, %1k 24 i &
1.0 mL/min, & H S FH 9.0 L/min, Hi IS i =
1.5 mL/min, R FE#EFLAE 1.1 mm, 3 HCHE FL 42
0.5 mm, 791 77 2 g Bl , I B /W 3 L
YR 40 U A 07 e 4 B R I 45 He YR RN
120 mL/min,
1.2 #Fai 5

i £ICER 15 TR TE G b HEAE £ % W (10 mg/L,
EXA 648 & 7 Mk 8 sk g, 4
(1 000 mg/L, [E 5 84 gk A4 LI 12 b0 B9 Bk 0T 5% 6
Bt RIE ¥ (0. 010 g/ L, A & Bl A 4 LB L 8 55 IR
BV, 200 B IR A ST L 7 I 5 A3 M A R I A
A AR (BV-1D . 8 £ BR G A 4l 76 7K ik TR 8-
WMBREASBEN 2+, BEWESZY K
(GBW07403,GBWO07405, GBW07427 , GBW07429,
B30 07 A0 JR B Bk ) B b BR AL 2 B A R BT L
Al R (A =>99. 999 %, K FEAAT =D, mai s
R Al > 99.999 %, I 5 A0SR A BR A FD
LAB-LB-100 #i2li/K &4 (R L2 >18. 2 MQ + cm,
KA MEMR R L RARA D .
1.3 fEmbl&

HERFREL 0. 1 gORE A 2 0. 1 mg) B it T Fil Sl
A 0.5 g IRABHMUELC L RS AT
BB . BRI THE 2 850 C B4
LRl 10 min, BRICH B A B0 P A T4
BEAT 15 mL AR (24 8) G 2 0 A1 R A B AR e
PR B P E 2R € A2 100 mL 25 8=
o DK R R 208 R 50 45 Y. 28 TR R A i e —
FE 4



44 Hh [ JE AL AT Al 2

2020 4F

1.4 BEREBRBHHE

i TR G AR MER W 10 mg/ L, 38 ZH B . e i i
W35 0.0.1.0,10.0,50,100. 0 pg/L By 5
VWA TSR (2% IR AT . EHLINE .

2 HR5H®

2.1 HREAEFEER

o HEORE S il 28 1 o 3 o OB T B 0 P I A
0.5.1.0.2. 0 g, WA 2 25 5 . W) 5 245 5 359 42 30 A o
B FEIERL . WABFMIMARR 0.5 g Bf, Ff
MRS BB R e A W R IE Y. % R
JUA] BE RREARER 38 B B AR T4 ZE B R R I T 26 o8
BT GEFRIR AR AR R 0.5 g.

TEVE I YLty s R vh s A — 2 S 0 A R L AT
DI A5 B i i AN S A L oc e . )
B0 1 R e 5 2 Fh 4 JB T iR 8 I 45 54 5 B 1K
fif IR AR E . WA AR 1.0 g/L,

5548 40 ask A AR B A R Ak B SR LE L A AR R
R B R B - B IR TR - e ) e T Ak BRRE 5 8 I
ET:DIRAERAAED MR TEEE A2 A
TR J5 » i SR T J80HI 20 Je 2k U 20 ok i HIIL 1) 42 el 5
DIEPE M RR I E E R, 245 B E
At T #AE R
2.2 —iR{kniER N RGN
2.2.1  flE A A AL

L6 ] He A hy filf 18 <14

He S0 i A9 R/ G & B 4 o0 28 2 5 58 JE AN
Z T TR BR R BE e £ U Sy < PR AIE X
B o3 A B8 R IR W B B R B LT R AT g
N TR EZ T4 FE T . He R HE
WK BRHERZEF 05 TR & H
JCE R RAR K s He K ik /Iy, BRI T
RRBER S AR F T TR E.

He <9 & 16 A 58 50« 75 filf 43 8% 20, 9 ik
50. 0 pg/ LAA (In) B MEE WY 30 28 2028 He Y i 1
20.0.,40.0,60.0,80.0,100,120,140,160 mL/min,
LA [ Ay s i i 32 (R A A b R 6 il R 1 2 Al s
FOWE 1, NE T AT LIEH .1 SR In(f 3R
PMITER) . 2 FERAN AT AR Z T T &
T3 54 In/ " Ar® Ar (AR ERAF MR H) L 3l 2 2k
A8 He M i, ' In (ME S S THEFE, " Ar® Ar
FfE S EH—EA T FREBEEERE" In/" Ar® Ar
B—HAT EAEHE, 4 He K KT 120 mL/min
B, AR E MR B In/ " AX® Ar {15 40 F | Tt

E 2 ity £ ik 3 A R PR AE TR R R He
K FHB In 915 S5 (E oK & A0 o #2 AR
AR 2. G, He R B A0 T — M i
£ 120 mL/min,

6 <500
51 -400
= 4l 1320
- E
v 240 =
= [ &
ool 160
1+ 7480
2 T 40
0 e R S ; 0
0 50 100 200 300 400 500
IS s/
1 HEHeSRE, URERILHTHHER
Figure 1 Change the flow rate of He gas and

observe the change of signal-to-noise ratio.

2.2.2 RS

He KRBT AL B T B 5L i S50

A —If 10 pg/L &H Y BR G WN AR A —Iil
5 pg/L As FRUEVE IR AT IF He <N . 98547 U8 IE 18
53 K32 1.5 MPa, i ABEVERF, € He K
O 120 mL/min, SRS 53 BN PR W, A
dr HEh AL T . B[] K 2y 20 min. B 24 1k 45
KB ASNERE., SRR 2 fE 3,
45000
35000+
25000

150001

!

2
&
)

=

P

i

H

5000

L L L L L L L L L J
0 100 200 300 400 500 600 700 800 900 988
A I /s

2 REEMEHZ

Figure 2 Sensitivity corresponding curve.

50 000.0 T JB{E . 23 846.053 230
, i S As A
z 40 000.0| : oy A
B 000 = SR HIE
= 20000.0 S — GRS
™ 10000.0 = 5 RIUE S
1 800.0! ‘ s w . = 5 AR HUE T
0 200 400 600 800 988
[ [l/s
-10p 85— ALUER: 28V
~10.0[ - T T T w B AR GE R —165 V
2 A A w B HARMGERE: 240V
4 -20.0 pat Ul e - FiERE: —198V
= 230.0 L/\/\.x.l Loo~rmoorrro m RGBS : 22V
T w AT B : 25V
-40.0 w JIEHR B 27V

0 200 400 600 800 988

s []/s
B3 BFEESHTUHMLE

Figure 3 Variation curve of ionic lens parameters.
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Table 1 Isotope,abundance and major disturbances in rare earth determination
TE OFEME FE/ N OWREENFETHR THRERTF R MR OFEE/% WRFAAMFEETH]R THREERTF
Y 89 100 Th 159 100 SN O 0.001 6
La 139 99.91 Dy 163 24.9 M1 Sm'6 0 0.001 1
Ce 140 88. 45 Ho 165 100 H9Sm! O 0. 000 3
Pr 141 100 Er 166 33.5 ONA' O 0.001 9
Nd 146 17. 2 Tm 169 100 1B EW0 0.000 1
Sm 147 14. 99 Yb 172 21.83 156 Gd16 O 0.000 1
Eu 153 52.19 137Balf O 0.000 2 Lu 175 97.41 B9THI6 O 0. 000 1
Gd 157 15. 65 HIPrIs O 0.063 8
Gd 157 15. 65 10 Cel”O 0.011 8
R2 BITENLUEFREMBXRBERFTERER
Table 2 Linear equation, correlation coefficient and detection limit of rare earth elements
JLR KPR/ (g gD LA LIPS % a8 Tk R/ (pg e gD W TR/ (pge gD
89Y 0.02~100 y=1 548x—20 0.999 7 0.02 0.08
139a 0.02~500 y=3 210x—23 0.999 9 0.02 0.08
10 Ce 0.02~500 y=37252—755 0.999 9 0.02 0.08
Uipy 0.01~100 y=23 830x—53 0.999 8 0.01 0. 04
H6Nd 0.03~100 y=723x—17 0.999 9 0.03 0.12
147Sm 0.01~50 y=687x—3 0.999 9 0.01 0. 04
53 Eu 0.01~50 y=2 630x—28 0.999 7 0.01 0. 04
B7Gd 0.02~50 y=658x—12 0.999 9 0.02 0.08
159 Th 0.01~50 y=15 840x—3 0.999 9 0.01 0. 04
163 Dy 0.02~50 y=1333x—17 0.999 8 0.02 0.08
185 Ho 0.01~50 y=6 355x—53 0.999 7 0.01 0. 04
166 Er 0.01~50 y=2 252x—10 0.999 9 0.01 0. 04
169 Tm 0.01~50 y=17 582x—60 0.999 9 0.01 0. 04
172Yh 0.02~50 y=1696x—15 0.999 7 0.02 0.08
1 Lu 0.01~50 y=4 608x—40 0.999 8 0.01 0. 04
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Table 3  Analysis results of standard materials(n=26) /(mg - kg™")
GBWO07403 GBWO07405 GBWO07427 GBWO07429

JLR e W% RE/ RSD/ — Wz RE/ RSD/ - M RE/ RSD/ e W& RE/ RSD/
B % % & % % fE % % LI % %

89y 15+2 14.9 0.40 2.8 21+3 21.2 0.86 2.6 24.5+0.7 24.2 1.02 0.72 33+2 32.9 0.15 1.6
139 a 2142 21.6 2.76 3.4 3644 36.9 2.50 1.7 3442 34.2 0.68 1.4 A7T+2 47.6 1.23 2.6
1o Ce 39414 39.6 1.49 1.7 91410 91.3 0.35 1.4 6616 65.2 1.15 1.3 9344 93.2 0.18 2.5
Wpyr 4.84£0.4 4.92 2.50 1.5 7+1.2 6.99 0.14 1.6 7.94£0.5 7.81 1.14 1.6 10.3£0.8 10.7 3.98 4.1
M6Nd 18.4+1.7 18.0 2.01 1.7 2442 24.1 0.37 0.76 30+2 29.9 0.13 1.8 4142 41.1 0.22 1.8
MiSm 3.3£0.2 3.34 1.21 2.0 47+0.4 4.06 1.50 2.1 5.640.3 5.63 0.54 2.9 7.8+£0.3 7.73 0.90 1.6
SEy 0.724+0.04 0.73 1.39 6.6 0.82%£0.04 0.82 .61 1.9 1.18#+0.05 1.17 0.85 0.79 1.56=F0.06 1.57 0.64 2.4
B7TGd  2.940.4  2.91 0.34 3.1 3.5+0.3 3.51 0.29 1.6 4.940.3 4.89 0.20 1.7 6.8+0.5 6.84 0.59 1.9
159Th 0.4940.06 0.49 1.02 3.3 0.74+0.1 0.69 1.43 1.5 0.8+0.03 0.82 2.50 1.6 1.08+0.07 1.10 1.85 1.6
16Dy 2.6+0.2 2.64 1.54 2.4 3.7£0.5 3.72 0.54 1.9 4.54£0.3 4.52 0.44 3.6 6.240.4 6.19 0.16 1.3
155 Ho 0.53£0.06 0.53 0.75 3.0 0.77£0.08 0.78 1.30 1.5 0.92+0.03 0.90 2.17 0.81 1.23+0.07 1.25 1.63 2.3
66Fy 1.5+0.3 1.52 1.33 2.3 2.44+0.3 2.44 1.67 1.9 2.574+0.12 2.52 1.95 2.0 3.47+0.2 3.45 1.47 1.0
169Tm 0.2840.05 0.30 7.14 2.3 0.4140.04 0.41 0.98 3.9 0.4+0.03 1.50 5.0 1.8 0.53+0.04 0.54 1.89 3.7
2Yb  1.7£0.2 1.74 2.35 1.8 2.84+0.4 2.77 1.07 1.4 2.6+£0.2 2.65 1.92 0.96 3.54+0.2 3.55 1.43 1.7
5 Lu 0.2940.02 0.29 1.72 3.4 0.4240.05 0.42 1.19 3.4 0.41£0.02 0.41 0.98 3.0 0.5470.02 0.54 0.74 0.79
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Figure 4 Chondrite normalized patterns of REEs.
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