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Table 1 ~ Operation parameters of the ICP-MS instrument
THEZ% BOE AT THESH BOE A
URRTPIE S 1404 W || SREEAE(ND AL 1.0 mm
ALPIES <8 W BHBHE(ND fL2 0.7 mm

BEA(Ar) Jiii 13.02 L/min 7 =X Bk
MBI (Ar) st 0.70 L/min R REL 50
FAR(A) ikt 0.80 L/min JE B i) 10 s

1.2 b2 2805

REFRMETVER .Y, La,Ce,Pr,Nd,Sm,Eu, Gd,
Tb,Dy,Ho,Er,Tm, Yb, Lu; {ff FIi FH 2% fili iR i% 9% i

JE IS AEPER .2 weg/L 1Y Li Be Co.In Bi U
FRUEFS I

AR IR : 10 we/L 1 Rh 9, I3 sf A 78
—IETEL A

FRIR IR = AR I s, SR R
B T8 A D0 0 At R I 2R TR R A5 . SER K
18.25 MQ - cm (15 27K ( AWL - 6000 — U %8 4
KA, IR Aquapro 23 7]) o
1.3 FEERERI BT i

1E ICP — MS ZIC &R 3t , 2 FH A 38 B A A AT
AR FR Ty =, (A S RN G R S8 A s, HApk
TCRNSHERIKIE T EER . ISR 5
AT ER R A TR R I, T R
nn AT B R AR AL B S AT I , S R B
TH A2 ARV AR AT, (B AL T A A s R B8t
D RN, Te TR A . AR S
SRR T R A BRI R MO BRI M e .2 T R
P T XA S A TR AR B
1.3.1 REMMUT IR

FREGAEE (0. 0500 0. 0005) g F 50 mL 5y
SRR, LB AN, IR AR 3 mL,
R IUF LA E T 200°C AR 2R & IR E
JETHE e A RK oh e B h 2, A 2.5 mL B
Bea K, 76 B HAR B IR # S min J5, O ¥
AR 10 mL SUEHE b E A RS T .
U AR 1 mL T 10 mL 30RHE 2% B il
FRF R 2 10 mL, $25] , % LHLIAE . 2 ICP — MS Y
air TAESRAERT 25 VWP 1V VR R B i VR A T
M

DL E¥ R R A R WO RIS AR AT 7 B, 16
J/(1

PRR 1R - SRR (R 7 2 5) .
1K 2 .08 - E5IR - ShIR (A2 1: 1),
(K7 3 B8 — E9RIR - B ARR AR T 42 1)
AR 4R - S0RRR - IR (ABUL 3 : 2 1),
A& 5 B - 2R
AR 6 TR - ZR
7:2:2:1),
PR 7T - SRR - 4R - BN - SR
1

(RS 1),

@g’—i
MR - $hIR — = AR (AR L

2

I

(AR5 :2:2:2:1),
1.3.2 AR — SV & % PV A

FRECEEL (0. 0500 +£0.0005) g T H il 5 14 %
IRV FERES, LT KR, InA 1 mL 5 1R
1 mLEFRAER 3 mL K, 35 135, B ANE T, 47 B
B, K IEFERE T 195C A ORI 48 h, IR
R HIG TR IO 20U 36 2 M VSRR RE , 7 H AR
FF180CZERIET . A 1 mL fERZE KT, Ik
SR E G WK, A 1 mL 4R 4 mL K, FRkET
WED, BT 135 CHFE P IRIE 6 h, WAEIF,
PR IR AR, KRR B2 10 mL, $75)
JE4r B mL L M BR R S mL, FRRIE A5 15 1CP
-MS AL,

R 5 T AR I AR AL A 32 10 A
IXER BB AR R, 75 4 TCP — MS I 33 i v il
IO SRR I IR TG R A TR UE

2 giRkbie
2.1 WHRHEREER
2.1.1 ARNRSRRHOTRRIE AR

Oy S M6 A [T R A A8 18 L AR i v
M £ IRCR A 59 1 FE 5 — bR fERE i Pkt
e B oC R & AR P R A (GBW 07122
GBW 07108 .GBW 07430) #4715 . 7 Fhiig A& B2 ML
TR E AL AlgC(GBW) R o

AR T PR R R B BCRE 1945 TR T i, X A5 i ik
FrorArilide S T HORH Lon R m MACR , £ 1K R
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Table 2 Accuracy tests of the method with different open acid digestion systems

PUE &=
By ot

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
GBW 07122 ({£ % 1) 0.01 0.03 0.07 0.03 0.03 0.02 -0.08 -0.43 -0.24 0.08 0.00 -0.11 0.05 0.01 0.04
GBW 07108 ({A% 1) 0.04 0.02 0.11 0.04 0.09 0.05 0.06 0.03 0.00 0.15 0.10 0.07 0.06 0.13 0.17
GBW 07430 ({£%& 1) -0.64 -0.58 -0.49 -0.44 -0.44 -0.37 -0.26 -0.43 -0.40 -0.37 -0.43 -0.38 -0.35 -0.37 -0.32
GBW 07122({£% 2) -0.02 -0.01 0.02 -0.02 -0.01 -0.02 -0.11 -0.45 -0.27 0.04 -0.05 -0.15 0.01 -0.02 0.00
GBW 07108 ({1 % 2) 0.05 0.03 0.12 0.04 0.08 0.06 0.07 0.05 0.01 0.17 0.11 0.09 0.06 0.13 0.17
GBW 07430 (1A% 2) -0.63 -0.59 -0.50 -0.45 -0.45 -0.40 -0.29 -0.42 -0.40 -0.41 -0.47 -0.41 -0.41 -0.41 -0.37
GBW 07122 (&% 3) 0.12 0.11 0.09 0.07 0.06 0.07 -0.03 -0.37 -0.17 0.15 0.07 -0.04 0.14 0.1 0.13
GBW 07108 ({& % 3) 0.14 0.08 0.16 0.09 0.13 0.11 0.14 0.09 0.06 0.21 0.15 0.12 0.12 0.19 0.23
GBW 07430({£% 3) -0.07 0.03 0.30 0.07 0.04 0.05 0.09 0.07 0.06 0.01 -0.06 0.04 -0.02 -0.02 0.00
GBW 07122({£% 4) -0.04 0.03 0.01 -0.05 -0.06 -0.08 -0.15 -0.49 -0.32 -0.02 -0.10 -0.18 0.02 0.00 0.06
GBW 07108 ({£ % 4) 0.01 -0.01 0.05 -0.02 0.03 -0.02 0.04 0.02 -0.04 0.10 0.04 0.02 0.00 0.09 0.11
GBW 07430({£% 4) -0.01 -0.04 0.25 0.00 -0.04 -0.03 -0.04 0.02 0.02 0.03 -0.01 0.04 0.04 0.03 0.05
GBW 07122({A% 5) -0.04 0.02 0.03 -0.02 -0.04 -0.06 -0.12 -0.46 -0.29 0.00 -0.08 -0.16 0.03 0.02 0.06
GBW 07108 (A% 5) -0.14 -0.07 -0.03 -0.13 -0.12 -0.17 -0.08 -0.09 -0.18 -0.08 -0.11 -0.12 -0.13 -0.02 0.03
GBW 07430 (A% 5) -0.04 -0.09 0.22 -0.02 -0.06 -0.04 -0.08 0.01 0.01 0.01 -0.04 0.03 0.03 0.0l 0.03
GBW 07122 (1K % 6) 0.14 0.11 0.11 0.08 0.07 0.09 -0.01 -0.35 -0.15 0.16 0.07 -0.02 0.17 0.12 0.14
GBW 07108 (1A% 6) 0.03 -0.02 0.06 -0.01 0.03 0.02 0.07 0.04 0.01 0.13 0.06 0.05 0.0l 0.11 0.13
GBW 07430 ({£% 6) -0.32 -0.24 -0.17 -0.15 -0.17 -0.13 -0.05 -0.09 -0.11 -0.19 -0.26 -0.14 -0.23 -0.19 -0.18
GBW 07122 (1A% 7) 0.06 0.05 0.06 0.02 0.02 0.04 -0.04 -0.38 -0.20 0.10 0.06 -0.08 0.09 0.07 0.08
GBW 07108 (1A% 7) -0.08 -0.08 -0.01 -0.08 -0.06 -0.09 0.00 -0.02 -0.09 0.02 -0.05 -0.03 -0.10 0.01 0.04
GBW 07430 (1A% 7) -0.03 -0.08 0.24 -0.03 -0.07 -0.04 -0.04 0.03 0.02 0.08 -0.03 0.04 0.02 0.01 0.02

TE - DRSS A BTA T b o o o v P 2280 B0 s 2R 15 P B P 0 5022 ) 20 , Sy SRUMEL S 2 I i 45 SRR BB AL, S 1E (B I 2R K
SR TARUE(L . AT AL ARIEAR  XPR2E I X (BN T 0. 13 WAL ARERER

2.2 FRRPRAER B A

X TRRIR — S ABROT BRI R R, TP 2K
BEXT GBW 07449 4743 Hrillilc MK 1 455 n]
PIAT i FEGRIR — SRR A 2 r i 1 A1 0 9RR F) H
AN, 0 F R AR 9 Y La, Ce BYSZMRRT R, XF
HABTTR A WAL, o R 51 5 ROR b
e P BRI I 1 mL, SRR I R 2.5 mL,
VEN RS s  mR T

IR T 85 AT T e ORI ) it fnf 21228
AU PR A S 56 B 5, 26 WTRE A ORE B 1
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RATHESE
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45.0 | F 4 JPEHERIE AR R R S
40.0 }' ] = Z a1 Table 4 The correct rate of the measurement
3500 il m 252
~ Il R BHEFE(%)
g wor M Laf =
ERETYAR | m &7 4 Bl - SURBRMOT BRI TE AR — USR5 P R A i
i N m 1
o ] SRS
g 200F N B £51 6 Y 95.2 98.3
8% 150 | La 100 100
Rl Ce 100 98.3
I, H Pr 100 98.3
00 Nd 100 98.3
Sm 100 98.3
oo Eu 9. 8 93.1
T T 2a2e 1 INTIRERE YIS Gd 91.9 84.5
Pl 1 BRAR — SRR T S ] s Th 08. 4 96.6
Fig.1 The results of different acid concentration of H,SO,-HF Dy 100 9.6
£ 1:0.5 mL g +2 mL ZU9RER; 251 2:0.5 mL Hilg +2.5 mL Ho 100 96.6
SRR 251 3:0.5 mL iR +3 mL SR 251 4.:0.5 mL B + Er 98.4 100
2.5 mL SRR R 5:1 mLBER +2.5 mL SURER; R516:1.5 mL Tm 100 96.6
Bl 42,5 mL SURER. Yb 100 98.3
Lu 100 98.3

SR TR 3. TR - SRR T BRI 1R &R 1Y
GRS D 2 R R SR AR S 5/ At
R BREEAR, Al 82 VB EL VRLB VBK B B R
B R BRI R T A A B TRR O
R

263 MWL B TR

Table 3 The isotopes of the determined elements and the
detection limits of the elements
i oz R (pg/g)
IR g - ARRMOTRRIE Y R - SRR R
9y 0.100 0.020
¥1a 0.110 0.030
140 Ce 0. 180 0.069
14 py 0.020 0.007
4Nd 0. 060 0.020
528m 0.020 0.005
153Eu 0.004 0.002
155Gd 0.020 0.005
197}, 0.003 0.001
19 py 0.020 0.003
% Ho 0.004 0. 001
108y 0.010 0.004
19Tm 0.003 0.001
74 yh 0.010 0.003
5 0.003 0.001

2.4 JilkERnE

B 59 1 FE ZARHER J5iH% 1.3 V57 5 s R
TEA S B AR T BEAT I , b 1 D3 ) 5l
Z(2655 4%) , ik ——8 i AR SCH 45 H =2k dh
FICR UMER L SAS RATHAR, Wk 4.

TR TR BRI L AT R IR RE il A BRAAR 2R
AR A LI, LA VERA BE 2 SRR 22 , JRbm i)
J A AT 3R HER P S M R R T 95% o (H 22
JLER WRE A JCRLEE A , T HERR AR R ST iR Z v Ek,
BER SRR ZZBORE i B S B IR I, A T
B2 TAEEAT IR T o
2.5 JilkRiEE

VeI 45 M o0 2% 8 180 R E K AR E W)
GBW 07404 {5077 ¥5H5 4% B 2 30, K FL R B 12 03 iy
MR HEATINE , TR A T A A U R IS w2
GERIF S, ks W LA W, AR ZR FTil# 1
R ER/INT 10% AR IR — 2R MOT RR I
PRZR N Ba B ALY T8, DI T7 i (9 4G
FESAL . fiSMR - EURIRE A REIR R b, Gd BORS %
JECHEIT 10% 3% & d1 T Gd /Y 12 MIHAE R P A
—NESHFE 6. 21 (ARMfE(E 4. 70) Pk,
2.6 1CP - MS sy prff iy T

1E 1CP - MS Jp#r e, 5 DL 0 A 7] 543 3%
T 2T BT T S A L R AR AR
TP RIS ) 258210 . [ i 5 0 36 1) 4,
AT LASS S B ORI T AR A0 2 B S e briil ik 45 R 1k
FEFALR, — O £ ORI B i R A6
o M2 T3 10 LA 8 AT /2T m/z 82 LA
N AR 03l A B 2 R B T
eI o0 R LA 2 i) TAE S A, AT LRI
SLIRFERRE S Z AT B TR R, — R R
MERE BT o AL IR/ INEEAR SN T 18T, >R FH AR
FRIERE  EL A ARG, AT/ NER . Y
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Table 5 Precision tests of the method

i RSD(% )

R Big - SURRRMOTROE R - AR I R VA s
9y 4.1 3.4
¥4 2.2 3.4
140 ¢e 1.5 3.1
141 py 1.8 2.9
14 Nd 1.8 3.0
528m 1.7 2.6
15 Eu 1.8 8.5
15Gd 3.1 9.2
197 3.6 3.6
12Dy 3.6 3.7
15 Ho 3.6 4.0
168 oy 3.2 3.8
19T 3.8 4.3
7 yh 3.5 4.1
1 4.0 3.7

TERM 170 I I R i A T, AN Rl A A
HSCIRAR + TR M Ak (B e ) sl
S AL Wy RS AR B EE i b 0 R Y IS S T,
135Ba1605(‘j_151Eu\141 Prlﬁo Xj‘lﬂ Gd\143 NleO Xd‘lngb iéj
ST (AR S P OT IR I i £ B R I
0 FE i P R KR 2 5 A o B R LT R 25 0 i
LIRS 59 P FE GRS A RS R R L RS
LR AT, R WAE A ) 3 DK R DO s
FRE R R B 1 Pt O X Gd M Nd 0
XFOTh PR T PR TR TR T
TE R AT A CCHl A S5 g A i o A B R
YA EDR

3 4k

AT EFRIBIR — SR MOT R TR R S AN
— IR = He o A AR A R, 0 K R DT
A FR I E AR EY AT AT AL B >R 1ICP - MS
MER TICER . PIEIR RT3 L e
i BE S RE 1% 2 SRA T AR AR HEII UK o X T
MR~ SRR MOT BRI R R, IR A2 D, 5 30k 11 ]
RIE ) LR O BRI VA 2R R E N 6 E TR AR AT 2 5
A an PR R A R R A B T it
PR ZR el P b G R 5, PR B A PR ) L
APEH e XTI — SR i Ik 3 T RER & A
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R B AR, MR N 5 mL, W BRI TG e R /N (R
BAFHEURE AL IA RIS TR B, 29 48 h, DB RE TR
A A 1 R AR

R TARB I BT AT A TR AT
FIE, R R (2 6 mL) , 73 Hr &R i (CF 1
H A 300 1) , A7 5K B BE HH A (.
A TARATY e BEAT X MR LA 22 A AR HEAE: i T
RIRMTTE TR, Lk — 2588 ATk

BT R R 2 e R AL 22 BIE 5 i g S B R
2045 5, TR I X 2 5 A 30 H WF 58 19 ] 2 3
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G P, Pakhomova N N, Smagunova A A. Spectral

Quick Determination of Rare Earth Elements in Geological Samples with
Open Acid Digestion or High-pressure Closed Digestion by Inductively
Coupled Plasma-Mass Spectrometry

JIA Shuang-lin, ZHAO Ping, YANG Gang, SUN Xia, HE Hai
( Guizhou Central Laboratory of Geology and Mineral Resources, Guiyang 550018, China)

Abstract: Common pretreatment such as alkali fusion, open acid digestion and microwave digestion are unsuitable
for the determination of rare earth elements ( REEs) in geological samples. The process of the alkali fusion method
is complicated. The open acid digestion system often contains 3, or even 5 kinds of acid, and the reagent
consumption is large. The microwave digestion pretreatment only treats 8 to 9 samples per batch. A method with the
advantages of simple pretreatment, small acid consumption and rapid determination for digestion of geological
samples and determination of 15 Rare Earth Elements by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS)
is proposed here. Seven different acid digestion methods and the pressurized acid digestion method were studied by
using 59 national standard reference materials. The analysis results show that the mixed acids of H,SO, and HF
under open system and the pressurized acid digestion with HNO, and HF method dissolved the samples effectively.
The accuracy and precision of the proposed method match well with the geological standard. This method also
demonstrates that the results are satisfied without mathematical calibration. The H,SO,-HF open acid digestion is
suitable for less sample weight or high Ba content samples. The pressurized acid digestion of HNO; and HF method
with lower detection limit is good for large quantities of samples. Both methods are reliable for REEs determination
without mathematical interference correction. The acid consumption is less than 6 mL and up to 300 samples per
day can be analyzed.

Key words: geological samples; rare earth elements; Inductively Coupled Plasma-Mass Spectrometry; open acid

digestion; high-pressure closed digestion
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