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Determination of Rare Earth Elements in Shale by Inductively
Coupled Plasma Mass Spectrometry
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Abstract Two pretreatment methods were established for the determination of 15 rare earth elements
(Lu, La, Ce,Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Y) in shale by KED-ICP-MS with
microwave digestion and wet digestion. The Rh and Re through the introduction of online as internal
standard. The results indicated that the linearity of REES were good in range of 0—100 ng/mL, with the
correlation coefficient higher than 0. 998 and the detection limit within 0. 003—0. 034 mg/kg, the relative
standard deviations were between 1.3% and 8.2% (n=26). Because of high organic matter content in
shale, the proportion of perchloric acid and sulfuric acid should be increased appropriately with wet
digestion. The microwave digestion was a rapid and efficient method for sample decomposition with less
acid consuming, better detection limit, precision and accuracy compared with wet digestion.
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1.1 UBERIESH

iICAP Q #U M B A S5 B FHR RIS X (K E
Thermo Fisher A ®])., FIRE®E N 1 ng/mL #Y
Li,Be.Co.Ce.In.Ba,U B IR & ¥ M V& 18 W 5T 28
S AT AL, AL B R ALY F =R N
BT B T R KT R B e 2ok, U R E
THESERLEL,

MARS6 % W #H # i ( CEM
MATTHEWS. NO,{{# T/EZ$ . 3% 2; EHD-24
FL T AR AN (G S R AR R A PR A DD s Milli-Q
aliK R4 (8 H B 55 /A 7D ;s AE200 594047 K (B
MR — R LA E EE 0.1 mg) s RIUK LM
H (50 mL) , H =T,

F1 ICP-MSHITIESH
Table 1 The operation parameters for ICP-MS
B2 BB 28 BuE
S R/W 1550 BHi#FR Bk v
RFERS[E] /s 30 | #BYAWHE/ (L min~1) 0.8
BHSWHE/(L s min™!) 14.0 || Z4LaS W # /(L « min~!) 0.98
MEES W E /(mL » min~™!) 4.7 SFRERE /mm 8.0
%2 MARS6 FIT{ESH
Table 2 The operation parameters for MARS6

B BEHEE/C  FHEWRE/min  fEEHE/min
1 120 5 10
2 140 5 20
3 180 5 20

1.2 EEiKH

TSR W ERFR . TR VIR . A R 3 R 4l
FRUEY) i GBWO07108 (U it JK &) 5 S5 560 FH /K 35
Milli-Q #4liK R HIS, B BHLH >18 MQ + cm; 5
I BT FH DG B 28 L35 A 20 Y AR BR IR 24 h DL |,

La,Ce, Pr,Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,
Tm.Yb.Lu.Y Bu EFR R W (1 000 mg/L, XK
A AL R BB F ARSI )

HEE R (1 000 mg/L, BRA 4R
B v F 4 B A BT R ) 5

PEERFRHE I (1 000 mg/L, HEX A B4R
B v F 4 B A BT R ) 5

Li.Be.Co.Ce.In.Ba.U ¥ i¥ ¥ (1.0 ng/mL,
2% E Thermo Fisher A F]),
1.3 FErabE gk
1.3.1 BLHEM

FRE 0. 25 gOUH 2 0.000 1 @) BEALF 50 mL
R b, 2D 8288 gl K i ke, mA
20 mLiE® (HNO, : HF : HCl : HCIO, : H,SO, =
5:5:2:2:1D),3% k&% F, BT 150 CrH AR kn
M6 h, B, HESRGARMERTHETF, BHA
HZE 230 CERZRAFERIHLR, FEHEMRTHEZE
300 C, ¥ AMEZEAME R, HMA 5 mL iHRER,
ERZE2~3mL, BHEH#B T 25 mL FRMESD,
AKEaEZZE,#5. BR5 mLBEBRZEH25 mL
AR, HKERERZZE, B, LAWK, [
B B0 25 B3 AR HE Y AR i (GBWO7108) 3L 5,
1.3.2 fHkiEmR

FREX 0. 100 0 g ## & F 50 mL Z VU5 2 M I
W A > B gk R, i A 6mLIE B
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(HNO; : HF =3 : 2)f1 1 mL H,0,, i &t %K.
R 2 POEE RSB T R ETHRRET, B A
JE BUH B8 AT T = W A T A T AR
A E, T 150 CHMZE 1.0 mL 4. B #
W AHERBMAKDRERLKEA 50 mL A &)
L AKERZZE, 515 B, RS0
F 25 H bR AEY) R 5 (GBWOT7108) 525
1.4 FRAEMEBREE

HEWR B 15 R G o0 R B AR HE i & I WA
1 mL F 100 mL 25 & b, FIAH PRV W (2 %0) #5 B¢
143 15 Fh A% LT R IR G n vV VR, T VAR IR BUE B
TR A P v i & VS W, PR R IS TR (200) Bl %
B PTR B . MR R R R AR A A
B A 1 mL F 100 mL F &S, FAHERE R
(2 90) o A5 B 58 L DR TR A b o VA YL, - o 0 TR BB
AR AR, AR QY BEHRE, 5
BB TR E IR S WARE L, RATEZL A

2 HRE5IR

2.1 EIAEFE

WE Tk e R L BT A e R (i T
FIABE R KL, 5 B0% WA 55 R A% [ R i
WK, GENFG L EAEELTHRBENTE,
ER] I, S 36 SR P VR TR Y6 2 0 A AR 0 T A4 .

7T VA A% 38 S S 0B R R I B R X A v
Yy SRR (GBWO7108) 347 A &b 38 5L 56 , 45 4 #F A
VW 2 6 0 G5 R ILER 3,

B3R 3 AL FE AT AL B AR P AR BR 5 L Tl A5
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Table 3 Effect of different pretreatments on results

of determination

3 R mEm®

cx PEE SerRE W/
(mg *» kg™1) AlgC AlgC

(mg « kg™ (mg * kgD
La 15.0 9. 00 —0.22 13.9 0.03
Ce 25.0 18. 00 —0.14 23.5 —0.03
Pr 3. 40 2. 60 —0.12 3.3 —0.01
Nd 12.0 8. 00 —0.18 11.2 —0.03
Sm 2. 40 1. 60 —0.18 2. 27 —0.02
Eu 0.51 0. 47 —0.04 0.53 0.02
Gd 1. 90 1.50 —0.10 1.79 —0.03
Tb 0.35 0. 30 —0.07 0. 37 0.02
Dy 1. 60 1. 20 —0.12 1.58 —0.01
Ho 0. 33 0. 24 —0.14 0.34 0.01
Er 1. 00 0. 60 —0.22 1.03 0.01
Tm 0.17 0.11 —0.19 0.16 —0.03
Yb 0. 90 0.61 —0.17 0.82 —0.04
Lu 0.14 0.11 —0.10 0.13 —0.03
Y 9.10 8.10 —0.05 9.03 0. 00

2.2.2 FEmIETH

Ak BT 15 T 40 32 243 Ry SRR AN BB, .
VRSN A R P R A AR R B I G
il T 344 5 SN 5 S B SR FH B L BRAE i BU A, 2 I
T, BT R P I AR, %W 5 1
BOE,HIL BEEASEPRBRNARANEL L,
ME 1 R LAE H, BEE H, SO, hn A& 53 hn, %
Wi Ce B RN EZH B L LTHTRMBE,
X EBREE W R BEE TR A, Ce B ¥ H 2%
B K, 4 H,SO, A &N 1.0 mL A, X5 &
KW EEIE Ce MbRMEME , 465231 K H, SO, A
T, (SRR VA VR R B G R, S T 35 AL AR B 55 AR
R,Ce M3 R BIFEAL., HIL, LB HE H,SO,
B mMAREN 1.0 mL,

HTFIAERGTAEIR SRR, Bk, BR
W HCIO, By BN % & . IWE 2 hal LUE
WL BEERBRER T HCIO, S Emm,H+ug
R R BTG K, MR b HCIO, ME R KT
2.0 mL B, LR EME B EARRENBEL.
Hi G EFIBMA S ARG RERER, LR E
HCIO, B A& R 2.0 mL,
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280 *4 FEHHR
250l Table 4 Detection limits of the methods
) T O
;E,; 220} TE 30/ 1 H R / 35/ o HBR/
H%ﬂ/ (mg* kg™?) (mg-+kg™!) (mg-+kg!) (mg-kg™!)
« 190 La 0.053 9 0.027 0.038 3 0.019
% 160l Ce 0.046 3 0.023 0.035 8 0.018
g Pr 0.039 5 0.020 0.027 2 0.014
® 130 Nd 0.045 3 0.023 0.036 2 0.018
Sm 0.0381 0.019 0.0321 0.016
10-0 1 1 L i 1
0.00 0.40 0.80 1.20 1.60 2.00 Eu 0-030°6 0. 015 0-019°5 0. 010
H,SO,fA Bt/mL Gd 0.034 3 0.017 0.023 4 0.012
Tb 0.028 3 0.014 0.022 3 0.011
Bl BRPCeHEES H,S0, MAEKHXFR Dy 0.037 0 0.019 0.026 4 0.013
Figure 1 Relationship between the content of Ce in solution Ho 0.025 2 0.013 0.020 6 0.010
and the addition of H,SO,, Er 0.021 7 0.011 0.010 6 0. 005
Tm 0.030 5 0.015 0.011 2 0. 006
270.0+ Yb 0.022 1 0.011 0.009 2 0. 005
Lu 0.0231 0.012 0.006 9 0.003
— Y 0.068 0 0.034 0.050 1 0.025
&£ 2400+
£ R5 FEBEE
g 21004 Table 5 Precision tests of the methods(n="¢6)
;}E“ W 325 K R T TH AR
* JTHE SEH{E/ SEHME/
| RSD/ % RSD/%
5 180.0 (mg - kg™D) ’ (mg * kg™") ’
La 48.2 4.4 49. 6 3.1
1500 , l . , , Ce 86.5 2.0 85. 2 13
1.00 1.50 2.00 2.50 3.00 3.50 Pr 12. 8 3.7 11.2 3.0
HCIO A/l Nd 48.0 4.6 49.3 3.1
M2 BEEHLEES HCO, MABRMER Sm 3 1 %03 L0
Eu 1. 62 7.2 1. 59 5.3
Figure 2 Relationship between the total REES in
Gd 8.19 3.5 8. 67 3.1
solution and the addition of HCIO,, Th 1.32 3.1 1. 95 2.1
Dy 7.31 5.3 6. 80 3.5
2.3 IREMKSHFERNHR Ho 1.47 6.9 1.33 5.0
LW %X 0.0.5,1.0,5.0,10.0, 50, Er 4.05 5.7 418 5.6
. e a e e o Tm 0. 66 8.2 0.73 6.3
100 ng/mLIIR AR iERE AT , SRR . & b i 29 5 1 403 3
T EAE 0~100 ng/mL JUBEINER X R R LT, Lu 0. 68 6.6 0.75 43
Y 29. 3 4.1 26.8 3.0

HMILREHN 0.998 DL b A vk, 1B L T A
BRI T A A% 12 R S IV TR 0 0 VR
&R AR, DL 3 A5 AR v 22 T sk R,
ELERIE 4,

M 4 Al LE W, 5 B BR B & T B
T BB 8 T R . R B S R TR I R A AT AR
AR, SIS R D, HoA PR B AR Tk
TH %
2.4 BEEZRH

XoF T 2 A i i A 38 ok e ) A AT VR T A AN
BT T 9, FE KR TR SRR A5 T X R R TR R T 6 K
HERWES,

HES P UUER, BEHEMBOE R EE
2.0 ~8.2%, MMM B HEERE 1.3% ~
6. 3% I THME LIBEEBAA TR EE.
2.5 HEWmEXE

X AR HERE S (GBWO7108) % | 3R B Ab 38 )5 ¥ 43
T BEAT 3 T AR RN D T A, AR SRS TR A% 6
By HERILE 6,

B 6 HY AT, X P R R b B 5 vk MR B 8
FE—10% ~ 10% Z [8], W J& #b JJ B 7= 52 56 =2 3K
R PR R R LR R T R B A E
HERR B
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Table 6 Accuracy tests of the methods(n=26)

- 1% A TR T
. PRUEME/
JT (mg - kg_l)imﬂ%jizﬂlﬁ/ M WEEHE, MR
(mg+ kg™ BE/% (mg-kg™H) BE/%
La 15.0 13.9 —7.33 14.1 —6.00
Ce 25.0 23.5 —6. 00 24. 2 —3.20
Pr 3. 40 3. 30 —2.94 3.43 0. 88
Nd 12.0 11.2 —6. 67 11.6 —3.33
Sm 2. 40 2.27 —5.42 2.31 —3.75
Eu 0.51 0.53 3.92 0. 50 —1.96
Gd 1. 90 1.79 —5.79 1. 85 —2.63
Tb 0. 35 0. 37 5.71 0. 36 2. 86
Dy 1. 60 1.58 —1.25 1. 57 —1.88
Ho 0. 33 0. 34 3.03 0.33 0. 00
Er 1. 00 1.03 3. 00 1.03 3. 00
Tm 0.17 0.16 —5.88 0.16 —5.88
Yb 0. 90 0. 82 —8. 89 0. 85 —5.56
Lu 0.14 0.13 —7.14 0.13 —7.14
Y 9.10 9.03 —0.77 9. 06 —0. 44
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A0 2o P8 3 T A 0I5 T R R AR B O 3 L 3
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