538 % M54 ) 1€ [ O R Vol.38, No.4, 708-714
2022 4 12H South China Geology Dec., 2022

doi:10.3969/j.issn.2097-0013.2022.04.013

SHIASHR-BEBEESTERILENE
sOEmPHELTIITE

WER,MREEH &, W

ZENG Mei-Yun, HE Qi-Sheng, SHAO Xin, YANG Xiao-Li

B M A B XSRS P s (F da s AL P s ) b XL 430205
Wuhan Center, China Geological Survey (Central South China Innovation Center for Geosciences),
Wuhan 430205, Hubei, China

FE A T DL A B A A S5 T AR OUE ARRR IR -1 - R R - 5 -1 51 SRR R4, L Rh Re g INAR , HLIEAR 646 24
TR 2 #4541 La . Ce \Pr (Nd .Sm .Eu .Gd . Tb .Dy .Ho .Er . Tm.Yb .Lu.Y 15 ##f + o0 E & i b1k *aaEE —gds
) Ft GBW07103 .GBW07104 ,GBW07105 ,GBW07108 .GBW07109 ,GBWO07110 ,GBW07112 ,GBWO07122 #:17 H iLBRFH &
VIR B VAR RURS B R A IR 5% . G5 SR ARBH e IR AR 7 D A 1) Lo AR v o, 45 e I (i S AR v — 2
AHXSARAE DR 25 7E 0.98% ~ 4.41% 2 7], J5 K59 B O 55 P 0% R ROR T AR s, J oS 860 e RIS, 1 Ll J b o ™ S 3
T A RN K 1% Y R s, A SRR i, T N L SR

KR 42 A A BTG BB G SR RBUE L A A LT R

FE S S:P59;0657.63 XERFRIRAD : A XEHS:2097-0013(2022)04-0708-07

Zeng M Y, He Q S, Shao X and Yang X L. 2022. Determination of Rare Earth Elements in Rock
by Inductively Coupled Plasma Mass Spectrometry with Automatic Graphite Digestion.
South China Geology, 38(4): 708-714.

Abstract: A new automatic graphite digestion method was developed to measure 15 rare earth elements in
rock samples with inductively coupled plasma mass spectrometry, including La, Ce, Pr, Nd, Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm, Yb, Lu, Y. The whole process consists of acid injection, sample digestion, acid removal, pre-
cise dilution and mixture, which is controlled by software thoroughly with Rh and Re as internal standards.
The effects of acid dosage, as well as the precision, accuracy and detection limit of the method have been
studied with national rock standard materials GBWO07103, GBW07104, GBWO07105, GBWO07108,
GBWO07109, GBW07110, GBW07112, GBW07122. The results show that, when the rock samples have been
digested according to the digestion procedure, the measured values were consistent with the certified values,
and the RSD of components in samples ranged from 0.98% to 4.41%. The precision of the method is better
than that of the traditional electric plate digestion method. The precision, accuracy and detection limit of the

method meet the requirements of the specification of testing quality management for geological laboratories.
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This method requires less acid dosage and provides a high degree of automation, therefore can be applied to

batch sample testing.

Key words: automatic graphite digestion; inductively coupled plasma mass spectrometry; rock; rare earth ele-

ments
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Table 1 Reference operating conditions of inductively coupled plasma mass spectrometry
o H TAESHL B INE| TAESHL
SR (W) 1350 A i
FEAL AR (L/min) 0.85 N /0 3
¥ H HE(L/min) 12 A I R 3
B (L/min) 1.2 {5 EA B ] 10 ms/ /4
FARIRSE () 90 A 40
SRAFHE/ R IUHE (mm) 1.0/0.7 e ] 60s

ng/mL, 75k 3%(w) HNO;,

PAIL R bR EAE W : La, Ce . Pr.Nd, Sm. Eu,
Gd.Tb.Dy.Ho.Er.,Tm.Yb.Lu.Y ¥ ¥4 1000
pg/mL,

WEWEAR T - 15 PP £ 00 R IR AR bR
TR W R P Jo ot 0 O B B 0 2R P M i 2 TR T
HA5 2, A 5Tk 3%(w)HNOs , il 45 J5 A HERR T
RN IO R AR EE L7 2.

R2 RERERRRE (ng/mL)

Table 2 Calibration of standard solution concentration (ng/mL)

JCE RMERRERCE 1 ROV L REREEANY  REREANG  RERREA 4 ROERREAIR S
La 0 0.4 2 10 50 100
Ce 0 1 5 25 125 250
Pr 0 0.2 1 5 25 50
Nd 0 0.3 1.5 7.5 37.5 75
Sm 0 0.2 1 5 25 50
Eu 0 0.08 0.4 2 10 20
Gd 0 0.15 0.75 3.75 18.75 37.5
Tb 0 0.08 0.4 2 10 20
Dy 0 0.15 0.75 3.75 18.75 37.5
Ho 0 0.06 0.3 1.5 7.5 15
Er 0 0.05 0.25 1.25 6.25 12.5
Tm 0 0.08 0.4 2 10 20
Yb 0 0.2 1 5 25 50
Lu 0 0.08 0.4 2 10 20
Y 0 04 2 10 50 100
1.3 HREBIAE JE  [RIHINE 25 R
FREL 0.0500~0.1000 g £ 5 F 50 mL R VU5 &
AR o KA AR e SRR, 2 25 IR SR
WEEMET (23) RGBT HMARET .25 [t
TS A i [ T T 2.1 e =R

1.4 H&RNE

i B ICP-MSS #AERLFR S S A, 43088 i K e
2 /0F0E 30 min, FER IR TR S 8wt
PR A Fr T 2R A R 2= AN AR Rl 2=
(2 4) B8 3 A 7 i S8, 2 BRAER S5 A a0E A 7

0 B 2 A A B E Y BT GBWO07103 Al
GBWO07109, 43 S [ 2 i, 2 BEQH fff R 7
il Je O AR X 1R 22 (RE) |, 45 5 WL 42 518 2
FE 4 mL B, £ 0 R AR 22 80N, HAERAE 7
VFRZBRZ N, RVFIRZE Yo TR 2% DZ/



55 38 & 57 4 1) B 24 A 1 B A I - L S 5 A TR B R PR TR 711

x3 £HIBEHEBIOEBERF

Table 3 Program of automatic graphite digestion instrument

IR AR BARNZE
1 S AR 2 mL HF, I mL HNO;,0.5 mL HCIO,,0.5 mL H.SO;
2 | 1 min
3 ik 200°C 60 min
4 | 0.5 min
5 ik 210°C, 60 min
6 5] 0.5 min
7 PIE- 230°C, 60 min
8 R 0.5 min
9 T 230°C, 60 min
10 R 0.5 min
11 T 230°C, 60 min
12 A 20%F7K 210 mL
13 Tk 180°C, 7 min
14 B 10 min
15 ER IKFEFSZE 50 mL

R4 DB EMAIRE A E

Table 4 Isotope mass number and internal standard isotope mass number

SrHTIRI R “La “Ce “pr “Nd “Sm SIEy 1Gd Th
AENEIVAS "“Re "“Re "Re "Re “Re "“Re “Re "Re
e “Dy “Ho “Er “Tm Yh Lu 2y
PARIRIGE R "“Re "“Re "“Re "“Re "Re "“Re ""Rh

x5 BAZEMNHMN
Table 5 Effect of acid dosage

GBW07103 GBW07109
JLE 3mL 3.5mL 4 mL 5mL PINARES = 3mL 3.5mL 4 mL 5mL PINARE S =
RE(%)  RE(%) RE(%)  RE(%) Ye(%) RE(%) RE(%) RE(%)  RE(%) Ya(%)
La -13.87  -12.93 2.66 4.63 14.23 -13.89 12.39 1.65 1.36 11.87
Ce 12.41 -11.92 0.61 -4.63 12.59 -12.57 7.17 5.36 3.75 10.84
Pr -18.06 7.40 -1.63 0.00 18.17 -17.97 -8.33 -0.76 -2.04 16.53
Nd 14.57 7.31 -0.93 -0.64 14.58 -14.53 -8.08 1.04 -1.58 13.77
Sm 19.35 7.38 0.85 2.06 18.99 -19.44 10.00 -0.13 -1.18 18.99
Eu 24.45 -7.80 -2.54 2.35 27.78 25 -16.12 -6.81 4.90 23.78
Gd 22024 -10.00 5.60 -2.80 19.12 -20.16 7.78 491 1.48 20.02
Tb 27.14 6.75 -3.97 2.42 25.11 -27.02 -6.85 4.41 -2.44 27.02
Dy -20.91 -14.71 -4.15 -5.88 18.84 -21.06 15.71 -5.62 2.70 21.33
Ho -26.71 9.71 3.05 -4.88 24.29 -27.19 2278 5.00 -2.94 27.27
Er 2297 -11.96 -4.87 -3.85 20.26 2327 11.67 -5.10 -4.71 23.58
Tm 2136 -15.81 5.48 472 26.87 -27.89 -14.09 3.85 4.98 30
Yb 2272 -13.33 -5.10 -5.14 19.84 -23.41 -15.00 5.13 -0.89 23.46
Lu -25.46 10.13 4.48 3.48 26.53 -25.98 9.35 -4.17 1.63 30

Y -15.93 -11.50 -3.76 5.48 13.89 16.13 11.84 4.52 3.23 16.27
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Fig.2 Comparison of relative error and allowable error in determination of rare earth elements by automatic graphite digestion method
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Table 6 Detection limits of the method

SR, KA LR A H BRAK T b v vk (el 52 i
BRI A AR, 2010) B HIBR .

JCE O HIEKHR(<10°) TR HEAHBR(x10°)
F TR ¥ 2 v F
Ce 0.06 Ho 0.03
Pr 0.01 Er 0.01 . e
Nd 0.05 - 0.02 PEPE W FE i (A22020001 | A22020002) 377
. oo o oo SRR E O 5D (507
Eu 0.01 Lu 0.02 WA 6 K692 B, 2010) 1 58 45 3R F#, H
Gd 0.03 Y 0.04 % JEEH L K é H 3l 85 I A I bR e 7 700
o 0.02 TR 25 7E SRV 25T RN, 25 SR & R AT
F7 ZRRERIKE R SHREF EXTEE (x107)
Table 7 Determination results of the samples(x10~)
A22020001 A22020002
JLHR FRife ASAEEN AR PV 22 Frife 4 H 30 5H HIRHRZE (%) PV ZE Yo
ik fifi (%) Ye(%) ik fiff1: (%)
La 1.34 1.27 2.68 30.00 5.62 5.72 0.88 29.28
Ce 2.23 2.46 4.90 30.00 3.92 4.01 1.13 30.00
Pr 0.25 0.28 5.66 30.00 0.84 0.92 4.55 30.00
Nd 1.00 1.06 2.91 30.00 3.67 3.72 0.68 30.00
Sm 0.20 0.17 8.11 30.00 0.71 0.66 3.65 30.00
Eu 0.071 0.079 5.33 30.00 0.19 0.16 8.57 30.00
Gd 0.22 0.26 8.33 30.00 0.87 0.91 2.25 30.00
Tb 0.037 0.032 7.25 30.00 0.15 0.16 3.23 30.00
Dy 0.26 0.22 8.33 30.00 1.02 0.99 1.49 30.00
Ho 0.062 0.06 1.64 30.00 0.26 0.22 8.33 30.00
Er 0.19 0.18 2.70 30.00 0.77 0.69 5.48 30.00
Tm 0.031 0.032 1.59 30.00 0.11 0.13 8.33 30.00
Yb 0.21 0.23 4.55 30.00 0.71 0.69 1.43 30.00
Lu 0.030 0.031 1.64 30.00 0.10 0.13 13 30.00
Y 3.09 3.08 0.16 30.00 15.8 14.9 2.93 2491
Yt b o B B AR EE R, AT KRR B DR S 0 A
4 25185 B2 4 o — Y AT [ B 304 A7 60 AN FE & L 7 TN

4 A Bl Ay B T - SR £ B AR T R
FAARE S R T E R AT 5 A on AN
FrUE D 22 7E 0.98% ~ 4.41%2Z 1], )5 kG % AL T
i FH 04 R AAARCT A 1, VARG R T 8 ARG
B S5 B it A S B0 o PR ) 20K o 42 A
Bl SR AR R D 1 A0V UR ARV 3R S

77, Al AR R A AR 5K

S 3Lk

T, G, TIRE, X 24, whAREE, P 55, SRR 2020.
i S 265 PAT T - L SRS 5 45 2 (AR B 35V 00 b S A
nn PR H B S L6 R 10T 1], IMER IR (fhaE
431, 56(7):782-787.
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