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e % G o Mo B fr Sl BT AL BB 5 A R R
KAfT B g

' ERAE B BRI BT , BRI IR L E R E AR E , 5T 550002)
* (o ERMEBERT A A B, L3 100039)

B B A A Mo [R] AR HT R AL BT 55 B9 LB, XPAE G RIBH L BB TR IR S ik AT T K
BT, Lt /e 7 IR SE T BB, Mo ) B e R 1A 5] 97.49% +0.27% , Mo [Rfif & FR 447 i3 48 R 7T
BEMRIE THICK Zr Fe Mn K ERBCREE, HEL BT RN ERMR B REN, H7EA R 708 bt
fii Mo B2 P 3207 B SR BB (SERRANANAR) R AR A 75 mL, R SCHRIRIE IR 45% , AT T3
FAURHAE fr , R A o &5 B ol JORE O T BRI SR MRS 3

e DRGNCIE R S W
1 31 §

R 2 T PR T3 (TIMS ) M Bl i BB & 45 B TR B3 (MC-ICP-MS) )32 i FH A & R iz
RO R EGHE, 1T 10 4EREEFTRE R K (Cu Zn Fe Se Mo, Cr . Hg %) B 5715 B B &
B, b, BT Mo RINLE A/ B2 SR A MRl , (AT R i IR o SR L P A
PR IRAL R R X B, Mo [ IR A2 BT 58 B BN B PR 34508 ) — AT AR

Mo A" Mo.>*Mo.”Mo.*Mo.”"Mo.*Mo.,'®Mo 3t 7 Ma BRI E, W Zr FZr > Zr 7 3 MR E
5Z W%, Ru A Ru.” Ru,'" Ru 3 MREFA R 52, Fe Al Mn B8 58S Ar B " Mn Ar”,
TR Ar” TFe Ar” PR Art ST TH (LKD) LB, ZEHAT MR K AT Z A, B BURTRE S
FHI Mo AT B FIEREE, XTREdh (FRBI R %1 Mo AR ERIEMTBEHTRNAETE TR
SBRER) HFT Mo E£E B R B B Table 1 Major potential interferences for Mo isotopes
THAWR AR AR EFROTE.  BRE ) 200 men, WEATEITH

Mase Potential interfering

ERIA 3 Fh vk 0 43 8 F0 42 00 R o o i) molecular ions
Mo, @E: (1) BT A Fachbtfuibs 2, 2 B D o o .
(2)EAMAE AR (3) MR HIA R 95 15.92 . 5 M Ar* e Ar
TR BE ), X 3 Fho AR RE S B 9 16.68 2.78 5.52 % Fet Ar *
BT B AR RUR T S L B T 2; 294' 5153 s Z;‘:ﬁ:
THRMIEXAEE R BRI ZRAN T E. & 100 9 63 12,60

T, XETTEHE K BB HI0, B

A BARE R B R 2 A RER B A B A A9BSR, B RF 4 (95 +3) % ') B L FH B F 3 1
B DU Bk ) B SR AN 8 , O T T R BAL L P B T80 g 22 e 2 B R 4 7R P T BB 7= A 19 Mo R R 43
18, A SR R R AL A TR o W ARG TE 7 5 SCHR (5 ] 419 B P 8 F S 38 Avt G U 1 76 B9 7 - Ak e Bt
Mo #J7% 170 mL HCIL #1 HNO, , 545 R {53 , i XS IR EE A B i B AR S0 AR R R BER LB ™ 4% . M,
A SR SCHR LS 1 B Bt AT T B0, 398 LLBSH B Mo AR,

2 EES

2.1 MBRIEESH
MPX B BHR A S B TR RS EIEU (R E Varian 24F)) . WHXSEC.RF IR 1.20 kW, EE FX
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Wi 15.0 L/min, F B F & 1. 50 L/min, 43 #r 28 I {5 Mo (204. 589 nm), Zr (327. 307 nm) ,
Ru(245.657 nm) ,Fe(238.204 nm) ,Mn(257.610 nm) ,

MAT ELEMENT et /BAR & % 3 74 i Y ICP-MS (3. [ Finnigan A H]) . WASE: SRR
1.30 kW;Ar TAESHE 13.0 L/min, A0 1. 10 L/min; #AE R 100 pL/min, B KAHXIRZE/PNTF £10%
2.2 RFIBIRARE

FAES FHHAS : AG1-X8 (100 ~200 H) , FHES F#IAE : AG50W-X8(200 ~400 H ), B FACHALMAME . B
#0.7 em, K 31 om, M B A VLB,

HCl . HNO, .HF \HCIO, {4 41i;0. 01.1.0.1. 4 F1 6. 0 mol/L HCI, 5.0 1 8. 0 mol/L HNO,;
0.1 mol/L HF +0. 01 mol/L HCl ¥ £33 W i — K& 18 ; SCH A K B 47K, Mo #n #E VW (1000 £ 3)
mg/L. Ru FRAEE A (1000 +3) mg/L. Zr FRAEE K (1000 +3) mg/L #74 Johnson Matthey Company = ;
FeCl, 1 MnSO, ¥Jh4k2248 ; Mo TAHER : BR 10 mL Mo FR#EVEYR , Bl 5% HNO, FEZ i 100 mL %% ;Ru T
VEWE : BtS mL Ru BRVEZE T 20% HCI BL A% 100 mL %W ; Zr TAEW : B 10 mL Zr 43R ML 5% HCL E
K% 100 mL;Fe T/EW: FREL 1.7 g FeCl, % F 100 mL 7K #7; Mn T/E¥ : #REX 0. 4 g MnSO, & T
1000 mL /K, B-EARHERM : B—E &M Mo .Zr .Ru.Fe F1 Mn TAYEMZE T, LA 6 mol/L HCI %3 &
AZE3 mLE%E S mL,

16 5 A bR L BT R & (GBW07103 ) , /K 5 mﬁ 1Y #tb B RE A (GBWO7306)

2.3 EENHEERRBEE

HEFFREL— B B RTE K AR 5 FUK R TR AR R A R IR Z B Beph o, A 10 mL HF T #4
MR _Efn#4 b, SREHNA 20 mL HNO, 4K4E/m#4 12 h, ilA 3 mL HCIO, & MHEx 2/ 8 /A PRI R R, AN
A5 mL HNO, J5#T#EEZRE ¢ HCIO, , FECH| A 6 mol/L HCl 75,

3 #R5iTi
3.1 CRR[S1FORBGREOD | PABE T 3 bt B WAL & SR IR b

TEHBRAEA TR O SCER[ 5 T AR 2, RSR[5 IR BB M R L% 3,
F2 B HET BRI E LRSS R

Table 2 Flow chart of Mo separation chemistry by anion and cation exchange resins

Literalure [ 5 ]-method A E This method
2R Process i g =
Reagent Volume( mL) Reagent Volume( mL)
m%%mﬂgﬁ%@ Anion exchange 8 mol/L HNO; +6 mol/L 60 8 mol/L HNO; +6 mol/L 45
resin pre-cleaning HCI +1 mol/L HC1 HCl +1 mol/L HCl
141 (BB T4 0E) Column 1# (anion exchange resin) 10 5
PE¥ Clean 0.01 mol/L HCI 100 1 mol/L HCI 40
BEH Clean 1 mol/L HCl 50
SE-4F Condition 6 mol/L HCl 30 6 mol/L HCl 20
MBI A Sample load FERYEVE Sample 5 B L EE UK Sample <3
Wk Wash 6 mol/L HCI 40 6 mol/L HCl 30
Yk Wash( % Fe, remove Fe) (())..(l)lmrzlo/l}LHI-FI‘C"i 40
Bl s Mo Collect Mo 1 mol/L HC1 120 1 mol/L HCI 45
Ve 3 I £ Mo Collect Mo 5 mol/L HNO; 50 5 mol/L HNO, 30
244k (FHES FAHE) Column 2#( cation exchange resin) 3.5 5
E#5 Condition 1.4 mol/L HCl 20 1.4 mol/L HCl1 30
MBI A Sample load FESHE Sample <1.8 S YE W Sample <2
Bk UL Mo Collect Mo 1.4 mol/L HCIl =8 1.4 mol/L HCI 11

R BB RSB R RR A A SC I B - MO 2 AR MERE MR VAR (2-1 A1 2-2) 5 2-1 TN SR AN
RGBT BRI HEIBRA TR 0. 01 mol/L HClL + 1 mol/L HF WK ;2-2 MBMN RABREE
B F 32 Bt B S B I BR A SR 0. 05 mol/L HCl +1 mol/L HF §¥F . S Hr&ERINE 3,
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3.2 xIBEEIRA BT 2 R R WA R ROIE

FA1-1 A0 1-2 PRAAEFR AR S VA VRR SCHR [ 5 ] itk (44 BA . BH B8 T 22 e g XU v SE 00 20 TR #4E , 5016
HERNAFK3, NER3 WEREIREE, Ru BEERE(L 30% , Mo (I FA 43% , 2 T A8 Mo HiR MR
JESCHR(S ) SR BRABSE I (R 2) , FF M Mo BB WS | ABIE AR T 16, WE B — LW TR
AR BRIt B R, 40 28T J5 BC BUB W A ICP-OES 43, L Z5 R 4. IR 4 K3, Mo (4R
KERETEREFHRAE A 0.1 mol/L HF +0.01 mol/L HCI %5 ¥ ¥ WA Bg F LAVE AR K ER 43 Fe I35
3R, Mo B R4 56%

£33 IO JABHERIRIEA B SCHRE HE R A AT A R XT L (mg/L)
Table 3 Analytical result for the method according to literature [ 5] and this method({ mg/L)

SCHR 77 3% (literature [ 5] method) A5 ( this method )
Mo Zr Ru Fe Mn Mo Zr Ru Fe Mn
1-1 ¥#R4H A, Primitive component 7.80 7.04 0.51 1116 19.61 7.80 7.76 0.48 1051 26.6

1-1# Sy B H AR

Composition after separated
1-2 4R 4 A Primitive component 6.53 7.44 0.49 1048 26.5 88.45 91.62 81.25 0.1 0.6
124 B

Composition after separated

S ENL R Average recovery( % ) 43.24 0 69.99 0 0 5.08 7.62 0.36 0.5 0.02

3.33 <0.01 0.36 <0.01 <0.01 6.90 7.11 0.39 1.1 0.6

2.86 <0.01 0.34 <0.01 <0.01 7.88 8.04 0.47 1056 26.4

2[R FHE FHAR IR (the flow through anion/cation exchange columns ) ; 0.26 mL/min, by ICP-OES,

#F4 ELMAER G A E (BB B HT 4R (mg/L)

Table 4 Analytical results of elution after separation( mg/L)

i) cEiba
Primitive SCESHEIE 1 Flow 1 SCE IR 2 Flow 2 ELE TR 3 Flow 3 SIS TR 4 Flow 4
component
K K Ees Ik
4-1 4-2 4-1# 4-2# Recovery 4-1# 4-2# Recovery 4-1# 4-2# Recovery 4-1# 4-2# Recovery
(%) (%) (%) (%)
Mo 3.14 3.10 0.03.0.03 0.96 1.77 1.75 56.4 1.35 1.33 42.95 1.33 1.32 42.47
Zr  2.97 2.86 2.83 2.88 97.99 0.15 0.15 5.15 0.10 0.10 3.43 <0.01 <0.01 0
Ru 0.51 0.50 0.14 0.14 27.73 0.02 0.01 2.96 0.36 0.35 70.29 0.34 0.33 66.33
Fe 1195 1180 0.6 1.0 0.07 1178 1160 98.4 13.9 14.3 1.19 <0.01 <0.01 0
Mn 275 269 273 268 99.6 0.2 0.1 0.06 0.1 0.1 0.04 <0.01 <0.01 0

Flow 1: £26 mol/L HCl &% FHES FH A8 5 B M AY 3 (the composition of 6 mol/L HCI eluate by passing through the anion exchange resin
column ) ;Flow 2: 2 0.1 mol/L HF +0.01 mol/L HCI 3% A B T4 15 /5 15E ¥R A9 1€ & ( the composition of 0. 1 mol/L HF +0. 01 mol/L HCI
eluate by passing through the anion exchange resin column ) ; Flow 3: £ 1 mol/L HCl F15 mol/L HNO, 3t/ RAZS T4 B J5 26 B i f ik 15
(the composition of 1 mol/L HCI and 5 mol/L HNOj eluat by passing through the anion exchange resin column) ; Flow 4 ; 22 BH 2 F 38 #u% g &b
H S5 A€ B (the composition after separated by cation exchange resin column) , ¥ (flow rate) : 0.25 mL/min,

3.3 ERYr BSAERT B E B R0
X SCHR LS 1758 Mo By [T RRAR A AT, A S 6 2 i R R A R AR A R . Mo (VD) 7E HCL AN
1 mol/L HF 4B+, 43 A 4 D CHILFN R M- 45 kg TRASH M Mo (VD) B85 1 L
Mo( VI) i HifE) 55 HCL B9k BEBUR H e 2, 24 HC Rk 333 B8, ATk 24 2000 [y RME o B
i, ARSI E B B T AR 224 P R 1 mol/L HF IR BE 1Y HCL IR & WAV I i 32 4 i) F A 4
LUK BIRESRAE Mo Y IR, [RIRS M REA R 25k Zr Ru Mn  K#85) Fe MM E G BITRY M ER,
SEIRSRH, XA CHE vk AR BBIA B S BR KRS Fe MK (EABELBR Ze Al Ru, H Mo 1y EI K
R, 535 RA 64.47% 1 88.46% , M WCER AT LI H - HCL i IR, Mo 9 [0 i i o {H
) HCL B3R BER AR, AT BB 27 A AL Wy TLUE TR R Mo ( VL), Rl itk i 5 3% 07 B R AN BE A Y
S B A ELCEUR
3.4 CER[S]PA PR F BB AT & HY izt
3.4.1 LASERE LRt ASCEASREM, ORI S 1 HIBA L BH B T XS H I DU B 1 L 30 0 TR
Y&, KA Mo JRE R 9 PR, TR B B 722 Bt i - 0. 1 mol/L HF +0. 01 mol/L HCL ¥ Ve %M g
AL RIS Fe BB E(WFRA) o HBUXFE LT RER SCHRTS ] 89 S 3020 BRARAT A0 T
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BOE T B R FTB, MR 4 R RVIHE T EHBRIRH £ Fe SURBBRBIR M RMTHER. &
Filt, AL IAE T A0 Bt S B F A AR AT 0. 1 mol/L HF +0.01 mol/L HCI ¥ M A g F LA
VRV W R4 Fe 25 BREUN , SR 5 72 FH B TR B 30 3 X2 72 ol 438 PR B T D i A B O SE 31
TR 3Bk Fe B9 BIK, I HIEBIES FH IR0 B S mL(SCHR[ S ] B977 ¥ h 10 mL) , RIS B B A% AR
HIBRAE LV T —LuisE, STRAERILK S, WK S5 FAEM, Mo B IENRTT A 99% L L, Bk Ru 5b, K
ETRITTR B KRB, ‘

RS HERAFEE TR (] ICP-OES 2047)
Table 5 Analytical result for changing of acid medium( measured by ICP-OES)

Mo(mg/L) Zr(mg/L) Ru(mg/L) Fe(mg/L) Mn(mg/L)

3-1 ¥ B4, Primitive component 10.30 4.55 0.53 3885 26.95
3-1# 4B e i, Composition after separated 10.28 . 0.02 0.35 <0.01 <0.01
3-2 ¥iE4H AY, Primitive component 11.15 13.0 0.55 16905 62.65
32# 3B Jo A A, Composition after separated 11.09 0.02 0.33 <0.01 <0.01
FH B R average recovery( % ) 99. 63 0.25 63.03 0 0
3.4.2 PAEFHIERMEINERIWER  Pietruszka B ER L FHE T IR DU BB TR BB F
B Mo( VI) 25 170 mL $EBY, 0t — sk & & 100

I Hb R A AT BB RIS . ABFSE BB TR AR
VeM B ) SR A R L 1 (VR 1 3 8 fg oA
5 mL PEBH,9 B 21 E4FH 10 mL YERLR) . A 1
BH PERm A 2.3.4.5.6.7.8.9.17.18.19 Mo f9[8]
Wk 97.7% (B EE D 1 mol/L HCl YEHRE, S .
£S5 1 S mol/L HNO, ¥ i it e 3 P B Mo ( V) 4 o 5 10 15 20
HBLAERG S R TTRE 19 WCIRIRAE10 1) , K REBK PURIAPE Bluto wequence

% Hi 45 mL HCl +30 mL HNO, T REM B /r B Aifb B E 1 HIBFRARCHAE B3R L s i 2
K, AUH R T e E . Fig.1 Mo récovery graph for the subsection elution solu-
3.4.3 FEREHEZHBY 3 HEi7R4 54  tons passing through the anion exchange resin column
AR ITEIATI R, R 6, MR 6 1Gihy, O RMBFRRBIR ol SR o BER (n-
. merator is Mo of subsection elution solutions and the denominator
Mo E/‘J [ﬁ]q&%jﬂ 97.49% +0.27%, :F%E? Zr.Fe, is the total Mo on the data of graph) , Mo BB & 455.3 pg(total
Mn f 22 BRRCE HAR Mo is 455.3 pg)

F6 M PO F BB BE R AT 45 R (A ICP-OES 4347)
Table 6 Analytical result for the method improved ( measured by ICP-OES)

Mo(mg/L) Zr(mg/L) Ru(mg/L) Fe(mg/L) Mn(mg/L)

- S
1 1

MM Recovery (%)
e

3-3-1 #1#R4H 3 Primitive component 6.64 18:31 0.52 3782 26.51
3-3-1# 4> B f5 4 A Composition after separated 6.47 0.02 0.34 <0.01 <0.01
3-3-2 ¥kA4H AT Primitive component 6.64 18.31 0.52 3782 26.51
3-32# 4B J54H AL Composition after separated 6.50 0.02 0.35 <0.01 <0.01
333 ¥#h4H Y, Primitive component 6.64 18.31 0.52 3782 26.51
3-3-3# 3B JS 4, Composition after separated 6.45 0.02 0.34 <0.01 <0.01
- [ENL R Average recovery( % ) 97.49 0.11 65.40 0 0

3.4.4 TIRMFEHRKIE FRIERZARER 1.0166 g, Ll 6 mol/L HCl FEFHFEARZE 4 mL, HRBUKR
TORIRE S 0. 5148 ¢, Lk 6 mol/L HCl M HERZE 3 mL, 2F3% L 2 F k07 B TS0 (5
BABILE2) , CRERIKT, NRTBH LKA Mo B ENKCR 97. 14% ; K RUTERPIHE & Mo
(4 [E] i 2R 98. 70% 3 £ T4 ITE Zr Fe Mn FIF LRSS HH 99.991% 99.999% 99.997% , HE
TLE M ERBRY S AHE,
3.5 it

Pietruszka 255 BU#E AR | BH B T3 AR S U 1k xof 52 B 2% 120 B B SR LA P2, AR T % SR 5K
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RT ERRHEBEER R (H ICP-MS L2545 1) (pe/g)
Table 7 Analytical result of geological samples( measured by ICP-MS) (ng/g)
Mo Zr Fe Mn Cr Li Co Sc Ni Ba Tu w Bi A La
s Vi 3.4 0.01 0.47 0.02 0.51 0.04 0.001 0.001 0.02 0.38 0.003 0.3 0.1 0.1 K
V2 3.5 167 2.27% 463 3.6 131 3.4 6.1 2.3 343 1.15 8.4 0.53 24 54
52 A2t 7.6 0.02 0.44 0.03 0.9 0.1 0.001 0.002 0.04 0.6 0.003 0.5 0.79 0.16 0.002
v2 7.7 170 5.34% 970 .190 40 24.4 17 78 330 0.34 25 5.0 142 39
Zn Cu Ga As Rb Y Nb Ag Gd Nd Ti Pb Th Cs Dy
s \2! 2.3 0.08 5% 0.4 0.03 7 * 0.34  0.01 2= 0.008 0.004 1.0 2= 5% 2%
v2 28 3.2 19 2.1 466 62 40 0.033 9.3 47 1720 31 54 38.4 10.2
52 V1 6.6 0.06 0.001 0.9 0.05 0.002 0.6 0.01 0 0.016 0.003 1.39 0.001 8= 5 *
V2 144 383 16.7 13.6 107 20 12 0.36 5.5 33 4640 27 9.0 9.1 3.8

S1: 16557 (granite) , S2: 7K R UL (stream sediment ) ; V1 ; 32018 ( analytical value) , V2 : HEFR(E ( certified value) , * 278 x 10 ~*(is
x107*), Ru.Be.Ge.Sr.Sm.Eu.Tb Ho Er .Tm.Yb Hf Ta ¥ME T # 4 BR (under detection limit) o

MHE. ZRELERI,FEHLEFEMAT Mo i BRI 43% . ASLHexI SCERIS ] B3 B 738
B R XIS HEAT T Bt , A2 07 Bk A SE FIVE BB 98 , Mo B 130 97.49% £0.27% , Mo [a] {3 F i %
ot P A R RIE TR Zr . Fe Mn %5 (Ru BRSH, REERRE4 1/3) M ERBCR AR, HESRT
R E BB B, BB R HL BURE i v Mo [RIZ 3R 20AT AT A 43 B SR AN B SR I ZER

B RATERERARCEARINLETL AR ER BET . ZELTNESRFH,
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Chemical Pretreatment Methods for Measurement of
Mo Isotope Ratio on Geological Samples

ZHANG Yu-Xu'?, WEN Han-Jie', FAN Hai-Feng'~
' (State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences ,Guiyang 550002)
*( The Graduate School of Chinese Academy of Sciences, Beijing 100039)

Abstract By comparing the methods of separation and purification before Mo isotope ratio measurements on
geological samples, we modified the traditional anion/cation exchange resin two-column procedure. After
being modified, the operating range was rather wide, the recovery of Mo was 97.49% +0.27% , the potential
interferences on Mo isotopes( including Zr, Fe, Mn and other interfering matrix elements) were reduced to the
negligible levels relative to Mo, and the volume of Mo elution solution passing through the anion exchange
resin column was only 75 mL, which was only 45% of the volume reported by other literatures, and this will
reduce potential contamination to Mo isotope geological samples from chemical reagents, especially for the low
concentration Mo isotope geological samples.
Keywords Molybdenum, stable isotope, ion exchange, separation and purification
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