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SR LU B T ER R - B ALY, 5% SE Sm-Nd T8, WX T Sm, Nd & BB 03 A7 R b,
Sm-Nd [ 137 2 I 35 75 22 48 R & FH i (100~200 mg) o A5 357 T —F I HNO;+HCIO0,+H;3BO; I i it
AURE S T AR 75, TERE A AR AR R I HsBO; AT 204 = Sm-Nd [, 256 R, FIFH 5 mL ¥k
MR AN 0.015 mL /& SRR 4 A AR ST FE P A 1 mL 0.49 mol/L HyBO; BUR fe i, 454w BT A 5
JBT 1A (Triton) AT 52 B GlCiE 2 A BE O = R B Sm-Nd RIS 2003, BESE I O A MR MR 7 1, A5 1 KRR IR
AT RE i
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Micro-fluorite Sample Digestion Technology and High Precision Thermionic
Mass Spectrometry Determination for Sm-Nd Isotopes
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Abstract: The Sm-Nd isotopic system is widely used in the isotopic dating and tracing of fluorite. In the process
of chemical separations for the Sm-Nd isotope analysis, fluorite is dissolved by acid regularly, but it does not
react with the hydrofluoric acid and nitric acid. Additionally, the special chemical structure of fluorite (CaF,)
often leads to the insoluble rare earth fluoride produced by fluoride ion and rare earth ion, which results in the
loss of Sm and Nd in the sample. Therefore, a large sample dosage (100~200 mg) is usually designed to meet the
demands of the Sm-Nd isotope analysis in the fluoride with low content of Sm and Nd. In this study, the authors
established a new experimental method to dissolve fluoride by using the HNO3;+HClO4+H3BOj3 solvent system.
In this system, the application of H;BOj; is effective in improving the recovery of Sm and Nd in the fluoride.
Furthermore, the experiments also show that adding 1 mL 0.49 mol/L H3;BO; in the mixed system of 5 mL
concentrated nitric acid and 0.015 mL percholric acid has the best effect on the dissolution of fluoride. Combined
with high sensitive thermal ionization mass spectrometer (Triton), the high accuracy Sm-Nd isotopic analysis of
fluoride micro-samples could be realized. Compared with the conventional method, this method can reduce the
dosage of fluoride sample obviously.
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WA ATRAT ., h4 . WESSE, 1
H R S BE AT DA AT A7 R 77, ] ATEF 2 42
J& AEE S BT R LUKE e s, R — R A
W AR 4B T BE IR (P BLAE, 2001; ARUEAE,
2012), JTEEAEXS TREAEAL A . ook . 4
BRI BEAR T RS BUR, AR # A
WK, BEFE DA B A S AR 1 o o LA TR
X (Deans and Powell, 1968; Ekambram et al., 1986;
Li and Wang, 1996; Sallt et al., 2005; B X% %5,
2009; FEFKWISE, 2016). FRE A4 BT U IS R
PR, X TR R BN A HEME XL,
Sm-Nd [R5 &8 A0 3 4 1 T[RRI 25
Sm-Nd [F] {3 Z 14 2 75 b IRF} 27 (14 1oy Y o 7 W] 3 19 22
20 42 70 4E4CH), HAT Sm-Nd [FIf7 K EAE N —Fh
e B [R)7 Z AR R I Bk FH T e SBR[ 67 3
FE A FI R i 45 (Hooker et al., 1975; 2% B R 45,
2005; Li et al., 2007). W5 R, oK EEAF
FER BT CaX B AFLE, T H A
Sm Nd &2k gk, HEARTE Sm/!**Nd
AR AR R, A — A 0 B A AR
¥ (Deans and Powell, 1968; 2% i B %, 1987;
Chesley et al., 1991; Sallet et al., 2000; 3% 5%,
2006), MAh, WA ONd/MUNA AR IS A
7Sr/%Sr (R 3 HUAEAE /R B T AR IR 8 R R Xy
1R AT AR (82 A A, 2003; B 2E KGR,
2005) R AP Sm/Nd ARk, B & R4
AFESLAY Sm U Nd T EIRAL, A L/NT 2 ng/g, HIL,
AR A FE Y Sm-Nd [RIA 3R EE, G b
K,

FROB R R 1) TR 8 7 A e i R R R B 1Y
FALAS, (A4 KRR R AT 3 G A S T R
4y, R 1L % (HF+HNO5+HCIO ) ¥ fif B b 1 7
B, RO AR TE 4, 2k o ik A 4
A3 Sm., Nd E R, S Mm% A FE 5 Y Sm-Nd il
ER, AR TSR, ol Rl A
HNO;+HC1O, ¥ i A AE i ROR IR A AR, 575 248
KA (100~200 mg), s HHEIT 2R E Lk
g5 A R RS 2 "PNd/MUNd T AE B ARE S R i
(Chesley et al., 1994), H & S50 F2 vh & 94T
SO AT TR A R AL (<100 mg), FECTCHE
PAFEREEE A Sm-Nd [ R MRAZE R . Chu 5%
(2014) & BN TR H XK Sm. Nd &Rk
FEdh, ZERHH B HF+HNO5+HCIO, ¥ i FE it J5
A H;BO; 0] LU 4y F 5 REE JERUH: + Ly
M2 Sm., Nd [FI % . Liao %(2000, 2001)7E
¥ Cyanex 923 AHU53 B SR VA VR s Ay B 1k A%
B R v = A 7 - AR DT0E, T8 AL ] B IR

VR I B R DA B SR T, O HLE Y A
BHLIE % B HsBO; KN F =28 54, HAR 0
TR BEF AR . R Q015 K LA
H R A 45 B TR T RSSO o 5 A R AR R OT R
IRV AR S AR I HBOs A5 Bh TR
AT FERRR LR EMCR . 78BS R A R 22
b, AR HiBOs X T HE AR Sm. Nd
AN @S- A P R i@ o et 2.7/ D iRb & <k
+ IO R PREME (R ESE, 2014), ASCHERC 5 {4
Sm. Nd &t 25 SR KM IR A FE & 6, R
HNO;+HCIO,+H;BO; % if J5 2, #RF H;BO; it
AR, JFE56 ks B P 25 0T 1543 (Triton) i H,
AR T E ARES B PN/ N [E R FAE ARS
B

1 SEREs

1.1 U 5iKF

Sm. Nd A5 55 25 A ) o7 22 I i 35 7 v [ 1 o
Pl Ry K B ST BT 92 B % 64T, Sm. Nd [
A5 ZE M s i FH 19 33540 Triton BGRB8 5 3
(Thermo Electron 23 #]). SE5e s Fe o i F 094k 273K
FI¥gh Faligk, Hrp HF, HCl. HNO, Y526
[5 Savillex /A 1] PFA V. 718 #r 4lifk 3 . [l
RN SR b i . Al 43 8 T BT A K 38 425
MilliQ Element #fi /K #% 2l fb, H 5 i F
18.2 MQ-cm, K P,0s (99.999%) 3 A 5 = 4l
K BC ) B P PR S W, I A FE 2 0.15 mol/L,
H;BO; 4 T- Sigma Aldrich, 4lJ¥ N 99.999%, #F|H
T Al K BE A 0.49 mol/L A B ER IR o o i il 38 Fip
FHAT 2220395 [ H.Cross 28 Bl F= /)40 Re 417 (Re 4
H 99.98%, %I 2% A 9.0 mmx0.75 mmx0.020 mm),
Sm A1 MONd BRI [ 58 B RIS E R LR E
fbo2 4y B pr OB B 7 8 B IE R
AG50Wx12(Bio-Rad, 200~400 H)HI P507(2-Z %
SR 2- 2 5L O IR) 2 I IR (100~200 H); #5
FE R FH 3% [ 1 J57 8 A = ) A & a5 AR A BCR-2
IS4 2 N ER Nd A LRIG.
1.2 #HRRHE

WERFR 2 (1001) mg 8 A1 FE i K3 A (100~200 H)
TR LIGERERS, IAGE & " Sm-"Nd IR A Fi
BRI, ZJEIA S mL ¥ASER . 0.015 mL = 8RR (1
ARSI 5236 1 A e AR R S R A
YN s mL, mAEARIMA RN 0.015 mL)A 1 mL
0.49 mol/L HiBO; & T 150°CH ] H R A% 1R — A,
ZIRZETHREN, A 2 mL 6 mol/L HC1 ¥ f#AE N I
T, BZRM 1 mL 2.5 mol/L HC ¥ kR i %
B2 o XTI A PN/ N [0 H(E Y
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FESR AR T IR R, JURRTEIA Y Sm-"“"Nd IR &
FBER . A APRFE BCR-2 A Zis, RILIE T =
WA X, SR 2.5 mL WS AR L 0.5 mL VAN ER A
0.015 mL /= & FR A T MRAE i, HARIRRE R A 4
wn VA A AR ]
1.3 Sm, Nd 4ZHE

HAETA ARG Sm-Nd 43 B R B 2R 5 i,
i R TR RS2 020 PH B B T s S bR,
Je, B s A SR 1.5 mL BOE
1E 4 000 r/min %3 F &0 10 min, WH 1 mL 3
WD E T A 04 B 2 -SSRl AGS0Wx12 43
S LR (REE), K5, 1450 213%] REE #
W75 TIF R PR B i, @k P507 ZEUWRR A Ek
LN F 40 85 4l iy Sm Al Nd., A 32 40 B9 i A
FHMESE AG50Wx12 Fl P507 MAEHI4r 85 fe, H
PR T DA DG SCHR (4R =55, 1988; 5K %5 5%,
1994; 5K53THSF, 2001; 25045, 2011).,
1.4 FRgENE

Sm. Nd [f] {7 2 W3 ¥ R B A 88 5 435 1
Triton J5T 315 A3 &5 5 R 43 A % 128 250 40 AR T
1x10”7 mbar F1 4x10°° mbar, MIFEHLIE 10 kV, FElk
BEACh Z s &80, WE Sm. Nd & &
"N/ N R 2 HAEAR R EE P B AR A L2 1,

Triton JiT {5 AR FHAUKT 22 2540, 7E Re 45 AT
22 F5E4 1 ul 0.15 mol/L HiPO, W75 T, SRIGH
1 uL 0.75 mol/L HNO; i f#FE M, mFE Re iy I, 7%
TR G, FHE AT 22 BT 2004k dr 2~3 s ¥
HL IR I

R Sm. Nd &2 "Sm/MNd iR
HRAE Sm/!YSm A MNA/MND BdESS 120 4,

Sm. "Sm. Nd. '""Nd %~ LS TR
4 s, AR "Sm/MSm A1 ONA/ N FE AR B RS EE
T 0.05%, MMBELFEHTFAMSH Sm, Nd fFa
H147Sm/ " Nd Fo .

"ONA/'NA HEE I E K 'PNd [ S R
PR 1~2 Vv, FIH Nd/*Nd=0.721 9 #EfT
JE R OE, R 150 4% . LRIG-Nd
R bR AR T T M AR R A, W SR R
"SNd/"Nd = 0.512 202+12(20), H £ brFE BCR-2
T W5y B 7 Wk W AT SEPE, BCR-2 M2 45 2R Oy
MINA/MNA=0.512 643+11(20), 455 5 SCHRE 78 1%
225 B N —E(Yang et al., 2010; Li et al., 2012), il
H R Sm/ONd B/ T 3.9x10°, FB **Sm
XtHF N AT DL A RSBG4S 1 Nd
/NTF 81 pg, Sm/NT 74 pgs
2 R
2.1 H;BO; M EAHM Sm,. Nd BRI

MBS UESE IR AR AR M, A AT BRAE BCR-2
WA e, WES R Nd &5H
28.80 pg/g; Sm HHEA 6.542 pg/g; "Sm/MNd Ky
0.137 3, 255 CHEEIR 220 N —2(Li et al.,
2012), ULBHSCH 4 B TR RS T4 o AR IR LB B
54 Sm. Nd FHERBERHEAFEMY-1. Y-2,
Y-3. Y-4. Y-5)HA TR LA G . X 5 A4
VAT = TR G R 7 N [ B O 1/ = ST < T =
HCI1O,+HNO; i##: . HCl04,+#HNOs+1 mL 0.49 mol/L
H;BO; % #: . HCIO4+HNO;s+2 mL 0.49 mol/L H;BO;
VSRR L 45 R SR (GR 2)FEIE R AR Sh i B A H3BO;
XoF LA AR 38 2 R v T IR L TR R |

®1 BSEZREUESRERESY

Table 1 Cup setting of static multi-collector mode

AR (Cup) L3 L2 L1 C H1 H2 H3
Sl’l’l+Nd 142Nd 143Nd 144Nd 145Nd 146Nd 147Sm I4'~)Sm
Nd 142Nd 143Nd 144Nd 145Nd 146Nd 148Nd 149Sm

%2 TRFA#7AAX Sm. Nd & 2/(pg/g)E T
Table 2 The effect of different digestion methods on the determination of Sm and Nd/(ng/g)

FE b HC104+HNO; HCIO4+HNO;+1mL H;BO; HC104+HNO;+2mL H;BO;
Y-1-Nd 1.640 2.611 2.608
Y-2-Nd 3.415 5.132 5.084
Y-3-Nd 8.572 16.540 15.820
Y-4-Nd 11.710 21.610 21.410
Y-5-Nd 18.030 28.780 29.510
Y-1-Sm 0.957 9 1.540 1.536
Y-2-Sm 2.153 3.240 3.218
Y-3-Sm 2.838 5.508 5.288
Y-4-Sm 3.197 5.790 5.744
Y-5-Sm 6.362 10.720 10.800
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#*3 AEMAEHR 0.49 mol/L H;BO; A& X Sm. Nd & = EH M
Table 3 The effect of different concentrations of H;BO3 on the determination of Sm and Nd
H;BO; I A & Y-1-Nd Y-1-Sm 7S m/"**Nd Y-2-Nd Y-2-Sm 7S m/"**Nd
/mL /(ng/g) /(ug/g) Y-1 /(ng/g) /(ug/g) Y-2
0 1.640 0.9579 0.353 1 3415 2.153 0.3812
0.2 2.076 1.216 0.354 2 3.676 2.317 0.3811
0.5 2.262 1.324 0.353 8 4.750 3.012 0.383 4
0.8 2.596 1.525 0.3551 5.030 3.189 0.3832
1.0 2.611 1.540 0.356 5 5.132 3.240 0.381 6
1.2 2.619 1.537 0.3549 5.081 3214 0.382 4
1.5 2.627 1.534 0.3529 5.069 3.216 0.383 5
2.0 2.608 1.536 0.356 0 5.084 3.218 0.3827
P e oww e /IR, AR 02 P ROA T — et B
; AR SR N S, ok B A
) 30 ng KA b, XFFHAE Nd FA R 590 0 — R
® — X FH NAO™ A AT DL AR 15 5 A B 0 a5 4l (2 30 0 55
=5 2008), fH NAO4MH7 )y sUH AR LB 2 2%, 77 2 o
15
&,y I 7 48RS IE 28 BRI AR 2% 1 SRR IE B, EL XA iy
Al FORAR R R 2, 5 2 S0 Ce-Nd Al Pr-Nd # 7>
1
B X Nd SR EAR T YA, T A
oz Y . ” 3 RARHE 35 B A B IR SR i o (IR A
HBOMA L R T T, 0 -1 05 R, R
1 FEE H;BO; % Sm. Nd & 2l E #8200 WAL N TSRS, AR
Fig. 1 The effect of different concentrations of

H;BO; on the determination of Sm and Nd

H— P PRI Sm . Nd & S AN AR Y-1 #1 Y-2 7
AN a0 FE S, TR A0 WF 900 RE R RO ) R A
H;BO; X4 A7 Sm, Nd EUSCR R, DI R Al
1Ly HyBO; il i 46 3 KB, XJF Y-1 F1 Y-2 B4~
AR TRV R R R 43 B A 0 mL. 0.2 mL,
0.5mL, 0.8 mL, 1.0mL., 1.2mL., 1.5mL. 2.0 mL
1) 0.49 mol/L H;BO; W, 45 B x(B 1)# A+
iR R R BEE HsBO,; M A S A2, Sm, Nd
[\ A B 24 5, 24 H3BOs A RETE 1 mL I Sm,
Nd 2 5 FeA TR B i R MH, Bl PR35 HsBO;
FIIMAZXTF Sm. Nd /9 IR B A i — 2 ek,
VoI RE A AP A 1 mL 0.49 mol/L H;BO;
R R R . Eid H;BO; AR AR LI
T, REHAMMERLIRETD HBOs AR A
6], X TR AR YSm/MNd TR 2 HAE
25 RO R, U0 B TE WA RE A A R
A H3BO; A2xf s AR Sm. Nd I 1% 7]
ESisdiAIN
22 WEEAHER '“NI'Nd AEEHENSHE

ENE

1E 92 g W b, B B Bk AR T
MONA/ NG TR R H AR I S EA R R

100~130 mg A7 A i 1 A4 g 2R 15 0 2 0 ik sk
o AT R H;BOs 7] LA 25 Bl 35 2 A1 i) ¥
FERUR, M KRS = s A AR Sm. Nd [,
PRI R ARG T 288 A A i PR 3 o 6 38 A B i 9 Sm-Nd
(] o7 2% 0 3 5L A 3 0 AN . AS IR SE 3 o
Y-1 Fl Y-2 % A1 0 40 0 PRI 25 mg .50 mg .75 mg,
B RSO OBCM By O AT RE, R A
HClO,+#HNO;+1 mL 0.49 mol/L H;BO; ¥ A i,
Sy IR, S ATEE R LR 4,

SURRY, XM FARMHEN Y-1 M Y-2 #AH
i A N/ NG R 2 AR 4 SR AR R 22 T
— 3, HATLLSRAS mAE AL R, Rl Y-1 A
Y-2 @ AFES IR E 25 mg B, AREE 2
BRSO I T B . 2% S0 2 B AR A R VAR
TR I HyBO, B3 AR BOR W] I 25 9800 5 4 A i
M.
x4 TEHRAEH "Nd/“Nd B ELLEQO)ER

Table 4 The "*Nd/"**Nd (26) isotopic ratios by different
sample consuming quantities

FE i 25 mg 50 mg 75 mg

Y-1-1 0.512753+13  0.512775+8  0.512 749+8
Y-1-2 0.512 74716 0.512 786+10  0.512 783+5
Y-2-1 0.512776+11  0.512 7756  0.512 753+3
Y-2-2 0.512772+12  0.512 756+4  0.512 768+4

T FN 0.512 75313, F/RoM 0.512 753+0.000 013,
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AR AERFE#ATRES Sm-Nd [R5 ZAK R A AT
HHRE S A o R POl A H3BOs AT DA R0
AFEG T Sm. Nd BRI, @) S g e T
FEREATFE S L R H A 0.49 mol/L H;BO;
1 mL A AN A % S50 AT DUA 8% 5
WA Sm. Nd W ESCR, 1 HAH & 5
(HF+HNOs+HC1O04) i il 4 it 7 ¥ a] LU ik 5 78 A1 A
s HP R AR T 2 0 S LR R T SR R 2 R A R e,
FRAERE/DH Sm, Nd BRI AR A E
BV FAME . 27 FRTIR, LI 7 vk N TR AR
ih Sm-Nd [R5 4F 1 Nd [R) 57 278 B 450 T DL AT
REHEE Sm. Nd B, 256l B g e T
flt A R i RS Sm-Nd R 2R
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