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HUBRE S EE RV 2R o0t A BT TR A

R, R, RS, RAREY, BED, KR
(1 AR T MERBLE 2058, )74 HEbK 541006
2 BB TR, T PURMR IR R T S, ) FEb 541006)

WE: LRI ERATATRERRENL, THRFBEN, FRRBEAGEHIHFRREIE, Kdm, AT
R E AT sl Ao B T R kR K, EAFTRZRALEE XA, ATRIJLFITLEAE,
ISR RO K Rk o AR SR, VA AGL-X8 M & F A g 4itise, RN S BN B0 BABEF B THRME
(MC-ICP-MS) 4%, A% 44 i35 A 45 Bl 45 & AR ik (NIST SRMO81) 42 i, il it # 80K M4, Hik
WA AR A, SREAM . KRN MR, £ 2mL AR -2mL SARER-0.5mL & AR RABRIK A T ik
& B0 AR T O 0.2g 2IEAF/EM T GBWO07406 3% M 74, AR RAL 2h; A8 AGI-X8 A,
LAE, RARVA 2mL 2mol/L FHBR-1% /K #k ik 6 K. 2mL A8 45 K#k 2k 1 & F= 2mL 0.1mol/L 3k 82 -6% —#,
Ak 5k (L), THZM AL, FREELENTRERLERIE R, WIKAAL T A 2mL 8, %
WRARIT A LB R TSR =Mk =M B T 025 5 R EADL 2.56mmol #= 4.90mmol, & M &4
R EDK R AR, FrFEER T AN ARER R PR E AN T, Pl ¥4 % E (2SD,
n=6) ¥ # T 03; 5 XL #key 4 Rk 2+, 474 K NOD-P-1. GBW07406 #= GSP-2 #5 Tl £ 14
(e Tlysr o€ Tlgsp 1) 394 0.8, NOD-A-1 85 2Tl £484 0.7, HL0AF F B A BIF A AL, RIS, T
s AR R GSB 04-1758-2004 #4854+ F NIST 997 4 £ TIA R 5% T 0.8,

KR AHBR-A AR -5 8 ; MOLH M, AGI-XS M B FRXEME; LRI EAR; SHKE S RFEE

F BT E
B

(1) A BR - S AR -5 ELBR AR Z P4 TR BB ARk AL AR 5 ST 0K MRAE AT 4542 2 2h WA,
(2) RARACIE 85 AG1-X8 BEAS AR 4L 48, #hibikd) B4 A4 24mL,

(3) BB AR S B AR B ARARZ, AR LA IR 6) B T LR A e,
FRESES: 0657.63 HEFRIRAD: A

IR TRHOTR, W BORAE T840 7E Bk
fesr BB 2RO, A PERE . SRAPERI L
KRG ML XS PF R e = BRI A 25
AR AR R BRI R, B SR
P, AR R AT A A 45 R 2 0 2k 55 i AL B
W 20 HHE28 70 ARAR, Dy T SRR A2 R

*OPb W L AFAE M UESE AR T 2K G U HLEL, R
NGBS SN PO Gk IO AR (S LU0
Hh, p T AR e B A (TIMS) 14 o f2 0 1
AEsE, BXELICA R B RER U R, SRR R
IR SRR R RS, AN R R TR T S
o ATSRAE, Bl FL o i B RE T G 2R oA LRk

i BHEA: 2023-11-07; {&E BHA: 2024-01-11; EZHHEE: 2024-02-22

BE4mE: BEESUEHRIEE (2021YFC2900100); 7 PfFsEAEAI#1 5 H (YCBZ2022119)
E—EE: s, WLBISRAE, HiBk{E2= %k, E-mail: 495898865@qq.com.

BEMEE: KT, SRR, FENFFREFOCRE 55, E-mail: Hg20109@163.com.
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3 25 B TR BB (MC-ICP-MS) Y 31, [R] I 7%
i THYXS 2B i 78 v 4 Rl 67 R 08 B R OE, {2 By
ZE AR AT T IR S (T 0.05%0) 15 .

H T A A FER P, R 28 2 Rn i
BF . FRULTE | A S S i R A R AR, PRI AT LA
R TR i U R
Feim ey it i M A R R B . HE N [ AR
FEah 28 m9 & B8 e P e 3 S U
0.75mg/kg), H.[R107 2 4028 TG B A B SR 2185k
JEAR /N 12T AR M A5 v R R v R )
[l R HdE . R, B A B (R SRl B A1, B )
T 4 B At fb Ak~ i A B R R X 4 [0 2R 4%
e R e HERf 5 AR CHEE . X TR &M,
A3 AR B AR AN B 0 A AR AR, —
P A U R A TR R R M A i 10
T T 5 oA AU ARE S, BT AE R ks . &k
Wy A5 LA 4 T, sk S (B R I R 5 AL
5, TR i A ) T P s
TR ity v e R A07 2000 A 0 At 12 32 A R G
P, TXRR TR T AE T AL S SR S, H
T8 VEZS A FIAE 5 JH o A2 0 H ik A4, FE R A 11
o T R TR S A R IR, T AR R A
TRATRR R WA, % — bR, 805
e fb— A TR TU SRR A P 5 Crgs &
RETHARIE] . R EiiE B2, R4 s o aeii o
JO7 AT /N B, 75 00 R T R 0 A I A7 2R 4 A
JEAHY (B IE ARSI R0 2 B ), 2
MR ([R5 38 MBI IE s LA, KAREEEL P 1
SR BIRICE BB 1.4%, (H*Pb'H Z 715
TR T4 R 2 A b BRI AT 20, B
I, A B B 2 4 s (i AG1-X8 5 AG-MP-
IM AR U A R R H e f el ik i
i1 Rehkamper %5 12/ U, J528 Nielsen 25 1|
Baker % 1°1 | Owens %5 "7 B 5% A BA R JB RN 5E 3
LT IR PR A 28 0k (6] — P B 5 - se e B A, 46
— RSB IERFI2EA 1.5mL S A SAE, R
i - S TR PR - TR K IR R VR I SR IR T 2R | R R -
MR ARG e T e R4, B Ja AR R - — 4
TERR e 4 . IR BIAR I D IR TR,
T SR R A TSR K AR BOR AT G R, AIE
SEETHBR Tl s m . 55 IR AR, BRETH
TRFS 55— WO R 2Z A1, R T 10 28 R Fn vk i 34 55
85— WA . A, Wang 25 U IR R T RERR = TR
(TBP) B g il AGSOW-X12 BHES 32 B A4 i 1Y 195 9%
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Ry B Al Ak 7 %, DL NIST 997 &% Wy i ] &
BHVO-2, BCR-2, AGV-2, GSP-2, COQ-1, NOD-P-
1. NOD-A-1, GBW07406, SCO-1 3t 9 Fft #thy i 5 14
S R A AR, RS T BEAR A 25 2R

BB T fifp 2 — P R R BRIt %) 28 M R S
B 7 A PR 252 IR R AEE S R, A
BF, AR, 4, 25 FEAR. 5 S H sh it | 154

g 200 ey Y ke 2 R ) ke
TSR ITR NN AR R R T
2 i b PR AR AR, B ST T R R Ot T R
I3 ORR S IR T AR R A M B T AT, AR T
il T - S R - 2 -t e Ak SRS R - S U - 1 TR
TR A TR AR 22 KR i R A IS 0 o TR AR I R
AG1-X8 B Fac i fg s s 4lifb =, >k MC-ICP-
MS 255 H PR VI (NIST SRM981) ittt /5 AL IE
AT R b MRS B SE 5 o T
4 A b JFARED) ST A RIS 2R A AR, FRAS A T B 1
ghIR

1 LR
1.1 A

e [ 25 41 A iz A Neptune plus Z242I%
i BB 5 45 B IR BT (MC-ICP-MS, 3 [H
ThermoFisher 23 ) 58 1, P 2 G0 55 DU S iE =X
FAbEE | Jet BEHERD X AUIBCHE, A SR A5 9 Mk
PIEEARAN 1 AR

I 1h e A B Il 3l 31 75000x H J&
R 45 B TR %Y (ICP-MS, % [H Agilent 23 7])
SERL, NFRIACN 10ng/mL 5% (2% REER A ). MC-
ICP-MS H1 ICP-MS Ji i EZ TAESHULE 1.

SEH F K BB 47K &4t (35 E Millipore 24 /)
il 2%, FLPHR 18.2MQ-cm.

2R NJ-SCH-1 FR&l L% (FA I B2 IELT AN
HBR ] glifk.

FEAIFAE HH Ethos 1 R HAR{Y (FAF] Milestone
2wl FER

PFA {08 85 128 4kt b i B A FR 2
A, FH#A 0.65em(N12)x10.0em(5), EF#5°~ 1.5cm
(MAR)xSem(i), A =2 15mL, JIEH A FL1E 20pum
(RSB K R
1.2 BRUEVIISAN 32 250

B[R 25 FR E TR NIST SRMOS1 ., 46 b 1 1%
7 GSB 04-1758-2004 F1 b 5 45 f 4 5t (NOD-P-1,
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1 MC-ICP-MS Fil ICP-MS X FE TS
Table 1 Main operation conditions of MC-ICP-MS and ICP-

MS instruments.

Bl
TAESHL
MC-ICP-MS ICP-MS
VAR (Ar) B (L/min) 16.00 14.95
BB (Ar) W (L/min) 0.86 0.28
ZEALS (Ar) Fi#E (L/min) 0.05 0.92
SRR (W) 1152 1470
TSI (s) 4.194 /
AR AL 30 /
MUR=RaER 1 /

NOD-A-1, GBW07406. GSP-2) #4115 B L3 2.

[ B 1 A2 b g (AG1-X8, 100 ~ 200 H): 14 [
2 Bio-Rad A ],

Al B ERIR . il AN U TRER (e [ 25 45 4]
AR A B e 48 R W 3k 8 B 4l Ak f 15 5 v
AR (eghal, i E 258 AL A FRA s i
AR MK (30T aE, TN PP AL TR A BR
3Dy ZAAARTRARE R (99.9%, I AR Sl T pa i
AR

0.1mol/L #h R -6% — & A Bt 7 i 1) T 1 - o —
FALB AR HESAAE A 0.1mol/L Fh R rhr, i 5 i 184
T 6%, BLAHEREL
1.3 FERIHMR

R R ZEAE A Y 2 i, FREC 50 ~ 300mg #y AR
RS (200 H, 105°C HE+ 2h) T4+ 1 PFA(A] %
PER VUG M) T e b, A REKIE R, A 2mL
SRR . 2mL ASER A 0.5mL B AR MRS, R
RN Th J&, Insg iy 5 #iedk 3 W THR AR Y HEAT Rk
TR WRHS, 18 R, FTF T AR, R
A E 15mL R LM 180°C inFA 2 (A 'E
JE, I 2mL 6mol/L R R i, 120°C Z& 1, 4 —

F2 M hREI B R AR AR RS B

(GRS S TR . i R AN AR e Jm I 2mL
2mol/L fil§ iR -1% HR AR 7K, Jin 35 % P J5 80°C. Jin #4
12h, REFIRR N, B0 e T s 3 B

T BRI T B DT A A 2L
MG TAEG AT, AR SN A EE i s S A TR Y
15 G Ry bt G R AP0 N2 4405 5, T A RE 20T 5
SV HIG A REME TR % 2,
1.4 femalife

FERAAL IR ARTE Nielsen 25 127 BB LA 1
YETH oAk, AL N 25 245G OFF AU e &
WA BRI @FE SRR ) B FRAE 28mL, T
AT (LW 4): KR EEGER AR, ¥
2y 2mL AG1-X8 M fig B T i AU 25 38 At vp, AR
FH 1mL 0.1mol/L £h#2-6% — % ALHi Al 1mL 4l /K
T VR, B 2mL 2mol/L filfR-1% 1K SE-HiH fg
2 WK SRIE R B O B RE A O AR TR IR A 1,
2mL 2mol/L fi§ ig -1% YR 7K itk 6 YA 2mL 8 4l 7K
e 1k, PABR 2540 R B /5 H 2mL 0.1mol/L £
fiz-6% — AR IR YE 5 W, WEREE . e B Ui A 3]
[ 0.1mol/L £51R-6% —FAUHRIA R & T HHWR 120°C
Z&T, SR H 0.5mL 0.1% HilR-2% fsmRIA i, ek
AT
1.5 FeEFNES B

REIRIL R I 40 BT s A A M TR ) e Bk
SR A E S E AT BT AR
& RV 28 A AR ) AR AR AR /N, R G T o3 22
“O"FEAEANREAT R S L [RA 2R 4 ) 25 5, LA
B PR 4 )07 28 D2 SR 3l DA T 43D 22 ™ R 3R
L B A, i T AR I SEE] [ b e A AT A 4 [
L ZEPRUEYI T NIST 997, A SCIE£E LA A (648
JHL TR IR O A £ TRl 2 905 GSB
04-1758-2004 N2 MR, BIFH 62 Tlgsp 1 77R:

Table 2 Details of geological reference materials and isotope reference solutions.

iz
) I3 2 AT S F ey
& e
NIST SRM 981 HE R, RARME L REFRESHARBISEBE (NIST) / 10pg/mL
GSB 04-1758-2004 RebRER IR A () K TR T I 1000pg/mL /
NOD-P-1 BRER S5 EEHFHESR (USGS) 210+2pg/g 560+6pg/g
NOD-A-1 BRERZE % FeE BT A /) (USGS) 120+1.0pg/g 846+8.2ug/g
GBW07406 3 ] b SR B MR B R fh 2= Bl A A 5 i 2.2+0.6pg/g 314+251g/g
GSP-2 Ak SR b T2 SR (USGS) 1.1£0.1pg/g 4343pg/g
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3 FEAMCERRIH R

Table3 Microwave digestion procedure for sample
pretreatment.
g TWIE  WROE WA R
VPR
(C) (W) (min) (min)

1 120 400 5 5

2 150 800 5 5

3 190 1200 5 20

Fa AR E FRBWAE emL AGI-X8 B i,
100~200 H)
Table 4 Chemical purification procedure for Tl isotopes (2mL
AG1-X8 resin, 100-200 mesh).
R AAR ik

A i SFinlid o) WK SEHET
1 0.1mol/L Efz-6% —F ki 1 2 TH VAN
2 Ak 1 2 TE VeI
3 2mol/L fiFR-1% WK 2 2 BRI
4 2mol/L fiFR-1% WK 2 / FERAE S
5 2mol/L ffR-1% TR/K 2 6 b o
YEfE NO, Al
y 3
6 Ak 2 BO-
7 0.1mol/L #:iR-6% — A LA 2 5 Wk
(ZOSTl/ZOSTl)sam le
205 _ D!
o Mo = | T o gy |10

DUES MC-ICP-MS A3 25 114 125 17 56 AR 5 48 o «
L3(*Hg). L2("TIl). L1“Pb). CC"TI). HI(**°Pb).
H2(*"’Pb). H3(*"Pb), Hifth = 2 T ESHIL % 1.
R 5B A B4R H 2% FIASRR , 2ng/mL GSB
04-1758-2004 FRUEIEHNT ST BE(E S48 1.2V,
I e R 7 A 1 SO e A3 i A L N R 6 2R A
A (NIST SRM981) BEATIIE, H A kS %
SCHR [5]e FEIX IR ST, B b 1R VS W 1Y) JoT ot 42 R
mp/mp=10/1 A o FERRR I 4R Z 01, #075 24T
HPREAL AR S E, DI R A RV R0 5 5 B e KAk
(IR, 647 H 52 A BT s 4, DR AR A PR AR B
G 1 I W IR, o OR [R]57 28 LUAB DU 4 R A8 2%

# 5 AFTCHURRIE R RIFTHRSCRM LE (=3)

4o AN, R TR IERE S AR R AL, E R
Hr a5 200 — R bR EYI BT GSB 04-1758-2004

2 HiR5iie
2.1 JHfEFAIRE
211 TCHLERZL AR K 2 () 5 )

X = BERGTRR AL Y 4 B o BT,
FE PR AR AR CH RGO &8 ot R B i
TR A0 T AR ) (H 832—2017) 474 /1 11mL
- TR -ER R B TR B BR A & X RE AR AT T o 8K
17, 5 M SRR it v A ML sl 0 ) 5 B 3
P ME LAY 58 4 o0 i, o (ol PR TR - S R - o S R
FE i Y RN A A AT LA
RR o e 71, BRI, AR SR T A R - IR -3k
-1k 4 A SR - S R - 1o SR TR PR R TR 5 TR R R
XPRE G TH ARG O o A, A THEHI T TR R
SR 5T, SER R XTER 1 FH A T T Ak .

Ve HERREE GBW07406, FREE S 0.2g, ITAA
R A TR A, Hie 3% 3 R T EATIRC I TS A, T
GERULEE S, fEMHMR- SRR - R R - AL AR A R
R Z v, YRR SR 4mL(Z5 1-1) B, T f#
WA DR OR A TUE, TR A BICRACE
84.7%, i IATR FH 2 K /D, AN JE LIS 0.2g FE 5 o€
4, B s E— B3I (A5 1-2 F 1-3), FTfRH
TR A T B 1Y) ) B VAT, A TSGR AT 100%,
Ui B R - SRR - R - A AL A AR R v, TmL 2
(45 1-2) BEAT LK 0.2g RES IS MRSE 4 . TERYIR-
[ AR A TR IR R v, THARAE 5 T FH Y T it
/b AL 4.5mL(415 2-2) FEAPEE 0.2g FE TR 6 4,
LHb S A5 380 1 905 AP VR T YRGS 2 11 B CAL VA TR, e i
FH 98.2% . YT IRl ZR 4 M UL A RRARAS IS 1Y 75
R, ARSI 2mL A R -2mL A FER -0.5mL 5 54
i (415 2-2) BT A TR 0 RE S e T IH A

T EAR e 0, AR S A MUTTE % A R

Table 5 Comparison of digestion effects of different types and volumes of inorganic acids (n=3).

. , . IRATRIAR LR . LA
AR Sttt 5 LR R B AR ¢
(mL) (%)
e 1-1 1+1+1+1 F DA ETTTE 84.7
G- SRS
ﬂﬁﬁ—ﬁ’i{t’ﬁ 1-2 24242+1 B EYHE " FIER( 2 98.4
1-3 54+3+3+1 BT RS TROE 98.6
o e i 2-1 1+1+0. BB HATIE 1.
U 103 it 81.9
- 22 242+0.5 O RS TROE ST 98.2
: 2-3 5+3+0.5 8 T RO G 99.0
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G RN RIEL, 5y e A KE ol IS AS (S A 4 3
R B, 3 LA B T R 2 B RN — B[]
(A SCHAL A 1h).,
2.1.2 SRR T iR

R T BT AR T ) e iR BE RN AR )
[ X V1S AP AR R i), AR SCHE - HERR AR GBW07406
SIS T, RSN AS; LR 3 PR 3 1Y
TH TR AR RR I (R R PR R, 647 IR 385, B4
RN 6 fin. S5REH, MR R ETE 190°C,
PRFEIT E] A 20min B, 2809 B R T 98%, 4k4k
T T firf T R T s 1] 9 S B el 1) [T g o
R, L R T ) e A T R AR, 5
M L A ME . PRI, 190°C 4449 20min Sk A SCHEFEE
FH 9 TCIB T0 A 2% A, O I A IR S A I I

45min,

o IHMHREAM LRI M IEZSIABER (n=3)
Table 6 Orthogonal test results of digestion temperature and

holding time (n=3).

EV/ISE

s IR

IR (°C) fffi] (min) (%)
1 180 15 86.6
2 180 20 93.1
3 190 15 94.0
4 190 20 98.2
5 200 15 97.8
6 200 20 99.1

2.2 FETERHE 72 b lig b pEthek

203T1 ﬂ:ﬂ205T1 E/‘Jq:#tjzgﬂéEI@DymAr‘ 165H040AI\
187Re160\ 18905160\ 202Hng\ 204Hg1H ﬂgn204pb1H %g
JE 1 7 1A, R e A T 1 4l Ak A AR 56 e 3
FETUEEE . KL BR. B SRANETI 3 B O o

PEFE 0.2g TH R I bR Y it GBW07406 K ik
BOREal, Fe 3k 4 thAE RO R Y B SRR, A 1mL
h BT HEIR A3 A ICP-MS & &8 43 vh AR I 7T
RS RIS HIR LR, S5 R AnE 1 TR . DAk
VEHZR AT LB H, 4 R 2B FOC R KT E
(LG . Bk, Bk Bk . R FVEY) B T R A9 6mL
2mol/L fiffR-1% VKWL . R 10T BE kb 45 1)
FREE, AR L T 6mL 2mol/L filfiz-1% Ji
TR $2 T ok, H 2mL #B 4l ACKE B i Hh i U B
+ (NO; A1 BrO") $Ei . BfiJ5 LA 10mL 0.1mol/L £k
fi2-6% — A LB DEIF ISR A h i e . B XX

T8 43 B AL 40 4 BT & B, 4 1 TR 24 R 98.5%, i
Bk, Bk, HOROR LT TOAR B, A AR B N R R
110, 91— FIBRER, 290 B Y 4%, Horh, £
SO VR, 2> HE 5 1 % B A 1) [R) 67 25000 A
S, 24 4 R i R A A4 U AR T 1000 B, 41AY
B BA T g2 Sk IR 22 2E N s 8 e L e
AFEE G AT A

2 mol/L HNO,+1% Br, VH,0! 0.1 mol/L HCI+6% SO, !

100 |

Ve LA e

\ — Ba
g 75| "
pa — Pb
< D
E s0¢ Ho
4 — Os
5 25 ~ He

0 T PR ORI SR T e "

10 15 20 25

IR AL (mL)

Bl BERIB DRI £k (AGI-X8 B, 100~200 H), Hrh
2mol/L fifi&-1% WK TEWEEEA TR, Atk T sk &
NO, fll BrO™, 0.1mol/L $#h#&-6% — A IbmilsEte

Fig. 1 Elution curves of Tl (AG1-X8 resin, 100-200 mesh),

2mol/L HNO;-1% Br, for eluting matrix elments,
ultrapure water for eluting NO; and BrO, 0.lmol/L
HCI-6% SO, for collecting TI.

2.3 B rPER O R DU R A

FETEML RS S P A B B T 0.1ng/g, 14T
T ELIMRPRFE A i RS B . KRB i DA
R R ., SRS, R AR R bR 2, TR
THER MR, T S AR (R IR (B ) A
A - (BR ) AESEAL Y TR A, T AR BT TR
4 JE BT Ik BEAR R, AR TR 10 BB T AR B A i —
MEAE 3 ~ 6mmol/g(T2E) 3 1 ~ 2mmol/g({3E). H ik,
Ry 2 B3k — T BH S X R R LR Y TR, AR SR
FRUENIAGE ST =Sk 8k EALEs A =E e —
B LRIk il 2R P AR ISR R . AR R R
B = 1mL lpg/mL % br #E % W (GSB 04-1758-
2004), 43 B A 0.1 ~ 0.5g B Fe,0,. CaO FI AlO;,
FEE 1.3, 1.4, L5 AT AT A FRANAE S ik, =
JCR MR SR ISR Z B B R WA 2 FR,

A 2 AT LU H, CaO fAm A4 [R5
W AR /N, T LAZ . Fe,05 A M i A, 24 Hopm A&
4 0.4g(£4 2.56mmol) B, & 1Y [0S 3 T 45 F B, 24
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SR LT =S xR [ R A 2 e
(n=3)
Fig.2 Influences of the load of Fe,0;, CaO and AL,O; on the

2

recovery of Tl (n=3).

H90%; 4 A H 0.5g I, &g Y [ i 2 T 3] 2
A 75% Fikio X RS A BEE AR Fe’ i £,
FHER TRV 25 5 T8 26 5 ) FeCly, i di B8 38
T2 ASE A5, oA Bl 1 S8 48 25 3k I A RN, AATATRRARG T
B R S T X T ALO,, 2 H A & 2 0.5g
(% 4.90mmol) B, 48 1 [FISCRIE A T [, 2978 93%,
MNREE S A S B I 52 FU T, SRR 2 ALO, A #B A4k
i, JeFe A iR HE A EARBT R B0 . R, XF
TR AR R WA = B N PR i
LB A B 3G H 25 s AR AT S 208 R IMCR A A
24 HEZH

W =y PR A 1.3, 1.4, 1.5 92058
) AR T R 67 3R AT, B A SRR
TR AR ZS FHEAR T 10pg, Vo i T35 1 1o B ke i

7 HEARHEYI B R BRI A S5 R B SRR bl

BE A 1%, XTIIREE SR sEm AT A Zmg (23
2.5 HBFRUEYI B R R SR AR I E S R

T i MC-ICP-MS I 5E £ [Rl 57 25 f K 399 T
FEANE, SHEEARE TR GSB 04-1758-2004 #E4T 40 1K
W, GEIRANE 3 TR AP TIAC TR LASY
FRUEZ T NIST SRMO81 A /MR IE J& i 285 58 (R
F28PbAPb=2.1076), 7 52 & 55 (k) I & &5 S oN
5TIPPTI=2.38775, #i i 2% (20) S 0.00011, 15 H
IR A AR PEALLT

P AR AL J5 Ak A AR, A3 4 A M B bR )
B, HE AT A R R AL I . N 7 HR I e
ZERVTLLR I, 4 AMARHEYI Y 2SD BIET 0.3(n=6),
VAT BEA RSB R . BT 5 Sk
(RS ZE AR ) SO AN (), 7 3 %) Y 85 0T LA R 2 [
ZEHAAIE R 5L, it 5 SR 25 5 e & B,
bR 5 NOD-P-1., GBWO07406 Fil GSP-2 1 ¢ Tl
ZAH (e Thast 997—€"" Tlgsg 1) 1 9 0.8, NOD-A-1 fY

2.3880
25T1/2%T1=2.38775+0.00011

ol 3l LEERAE ]
T

= I

STl

205"1"1/20

2.3876

23874 L~ : : : :
0 10 20 30 40
MR EL (n=40)
B3 kbR kT I GSB 04-1758-2004 T B &5 B 19 &3 5
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Fig.3 The reproducibility of analytical results for Tl standard
solution GSB 04-1758-2004 (n=40).

Table 7 Comparison of analytical results of Tl isotope composition in geological reference materials determined by this method and

those in the literatures.

205
e Tlgsgm

205
& Thust 097

=
=
&

B T bali G Sl 20T 24 (8
IR (2SD) (2SD) ) ¢
. / 3.3+0.7 6 [5]
_p- BREL L5 .
NOD-P-1 PRER A% 55409 ) 6 KR 0.8
, . / 10.7+0.5 6 [28]
_A- A e .
NOD-A-1 At 10.0£0 3 / 6 ASCHFSE o7
- / —2.240.2 4 [5]
+15 RN, .
GBWO07406 -3.0+0.2 / 6 ARSI 0.8
GSP-2 piaeEa) / 725406 ? [4] 0.8
i —3.3+0.3 / 6 ESRIEH '

— 218 —


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%24

TRHEE, S HUBURE AR R AL R T AL O ik Al

543 4%

OT1 280 0.7, 6 )7 i BAA B i wERa s LAk,
Al DAL B AR EY) R GSB 04-1758-2004 4% T NIST
997 1 2 THH MW 25T 0.8,

3 g

SIRUNS KA KA v Rl SRSV (N ST 1 E2
FVRRR 2 1 20 BT o] 10, SR FH B0 T #f 0%, 7E
2mL fi§ 2 -2mL AR -0.5mL & AR IE A TRk &
ok FHIE X TS R RE T, 1T LK 0.2 T3 FR EY) 5T
GBWO07406 1K H i s FIHH AG1-X8 [ 55 32 e pif
Jg, #K LA 2mL 2mol/L fisR-1% TR ANR/KIBE 6 1K
2mL EBZIKIHREE 1 A 2mL 0.1mol/L $hR-6% — %A
LB IHRE 5 U, FF I 0.1mol/L 88 -6% — A fLH
(RARR 43, T AT R 2 Ak b SRR v A . IR TR TR

FEFT FLVF R S A =M =M s TR R
Sy ISR L 2.56mmol F1 4.90mmol, 7505 | FH i
(RS F A M 5 AR AT S 204 MIICR IR I SRTA
HEL, AR 6 T I A1, SR AG1-X8 F g i
R IR T A R 28 A ik, o bk U T ) A R LR Ak
F 24mL, A TAEHE TR Z M b k24 b
IR RR AR, B b7 TR R T 4 SR [ M SR v
Yy B TRl 2 LB A I A2, 45 SR B LA 4 1
8 FIERAE

T EAR A, BTN R R H 2, FE PR L
388 A 1T [ NIST 997 b 9 i 78 Hh [ 2L AR MENE 3K,
S T P A TR A R M BRI 2A BT TAE BT R, BT
DL [ 75 00 B N T A 4 R 2R Bk o
Y.

Optimization of Pretreatment Method for Tl Isotope Analysis of Geological
Samples

Ol Jinjie', YU Hongxia'?, XU Qinghong', YUAN Yonghai*", YANG Feng'?, ZHANG Huiping'
(1. College of Earth Sciences, Guilin University of Technology, Guilin 541006, China;
2. Guangxi Key Laboratory of Hidden Metal Mineral Exploration, Guilin University of Technology, Guilin
541006, China)

HIGHLIGHTS

(1) Using the microwave digestion method in HNO;-HF-HCIO, system can shorten the digestion time to less than
2h.

(2) The total volume of eluent was optimized to 28mL in the proposed method using AG1-X8 resin single column to
concentrate T1.

(3) The usage of geological samples with high Fe or Al matrix should be controlled to prevent the saturation of resin

ion exchange capacity.

ABSTRACT: The thallium (T1) isotope system can be utilized to track various geological processes, but the current
sample digestion and ion exchange methods used for TI isotope analysis take a long time. To improve the efficiency
of chemical pretreatment of samples for Tl isotope analysis, the samples were decomposed by the microwave
digestion method. In the mixed acid system of 2mL HNO;, 2mL HF and 0.5mL HCIO,, 0.2g of GBW(07406 could
be completely dissolved by selecting the digestion procedure. The slurry was then loaded on AG1-X8 resin,
followed by eluting with 2mL 2mol/L HNO;-1% Br, for 6 times, 2mL H,O for 1 time, and 2mL 0.1mol/L HCI-6%
SO, for 5 times (TI collection). The amount of Fe*" and AI’" allowed in the sample solution should not exceed
2.56mmol and 4.90mmol respectively, otherwise the recovery rate of Tl will be reduced. Measurement ¢TI values
for four geological reference materials (NOD-P-1, NOD-A-1, GBW07406 and GSP-2) by multi-collector
inductively coupled plasma-mass spectrometry (MC-ICP-MS) showed a good precision (2SD better than 0.3, n=6)
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and a fixed difference of 0.8 compared with the value in the literature, indicating that the ¢*°°T1 value of GSB04-
1758-2004 with respect to NIST 997 should be approximately equal to 0.8. The BRIEF REPORT is available for
this paper at http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykes.202311070174.

KEY WORDS: HNO;-HF-HCIO4; microwave digestion; AG1-X8 anion exchange resin; Tl isotope composition;

multi-collector inductively coupled plasma-mass spectrometry

BRIEF REPORT

Significance: The TI isotope system can trace geological processes such as the evolution of celestial bodies, changes
in the paleoenvironment, the origin of mineral deposits and the migration of pollutants. However, the current sample
digestion and ion exchange methods used for Tl isotope analysis take a long time, often two weeks or more. In order
to improve the efficiency of chemical pretreatment, microwave digestion technology was used to digest geological
samples, and the AG1-X8 anion exchange resin single column method was used to purify the digested samples,
which greatly shortened the sample digestion time and simplified the leaching process of matrix impurities without
affecting the recovery rate and purity. The efficiency of chemical pretreatment process for Tl isotope analysis was
improved.

Methods: (1) The digestion procedure. According to the content of Tl in the sample, weigh 50-300mg powder
sample (200 mesh, 105°C drying 2h) in a clean PFA digestion tank, wet with a small amount of water, and add 2mL
HF, 2mL HNO; and 0.5mL HCIO,; fully mix, place reaction for lh, cover and tighten; microwave digestion
according to a certain heating procedure (Table 3). After cooling, slowly depressurize and degas, open the digestion
tank, transfer the sample to a 15mL Teflon cup and heat it to 180°C until the white smoke stops, add 2mL 6mol/L
HCI to dissolve, dry at 120°C, and repeat once (remove HF, HNO, and HCIO,). Finally add 2mL 2mol/L HNO;-1%
Br, cover, seal, and heat at 80°C for 12h, wait for the solution to cool, centrifuge and perform chromatographic
separation.

(2) The TI purification process. The resin column was filled with the wet method. 2mL AG1-X8 resin was
placed in the micro ion exchange column, cleaned with ImL 0.1mol/L HCI-6% SO, and ImL H,O for two times,
and then 2mL 2mol/L HNO;-1% Br, balanced resin for two times. The centrifuged sample solution was loaded on
the resin column and washed with 2mL 2mol/L HNO;-1% Br, for six times and 2mL H,O for one time to remove
the matrix elements. Then, they were washed with 2mL 0.1mol/L HCI-6% SO, for five times to collect T1. Finally,
the collected 0.1mol/L HCI-6% SO, solution was dried on an electric heating plate at 120°C, and then dissolved with
0.5mL 0.1% H,SO4-2% HNO; to prepare for the mass spectrometry test.

(3) The digestion conditions, leaching curve and matrix effect. (DIn order to study the feasibility of using
microwave digestion technology to decompose geological samples for Tl isotope analysis, and consider the
influence of inorganic acid composition and dosage on sample digestion, the digestion of samples by HNO;-HF-HCI-
H,0, and HNO;-HF-HCIO, mixed acid system was tested. In addition, in order to control the introduction of
interfering elements (especially for Pb), the amount of acid was also optimized. At the same time, in order to
investigate the influence of the maximum temperature and retention time in microwave digestion procedure on the
digestion effect, the soil standard sample GBW07406 was selected as the test sample, and other conditions were kept
unchanged. Orthogonal tests were carried out with digestion temperature and retention time of step 3 in Table 3 as
factors. @GBWO07406, the reference substance after 0.2g digestion, was selected as the test sample, and 1mL
fractions were obtained according to the ion exchange process in Table 4. ICP-MS was used to determine the
content of corresponding elements in each fraction and to draw the leaching curve. (3)The main metal cations in the
solution after digestion of geological samples were Fe’*, Ca®" and Al*". Therefore, the effects of Fe,0;, CaO and
AlL,O; on Tl recovery in the above leaching curve were investigated by the standard addition method.

— 220 —


http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykcs.202311070174
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%2 TRHEE, S HUBURE AR R AL R T AL O ik Al o543 %

Data and Results: The method used in this paper effectively improves the efficiency of chemical pretreatment
for the study of Tl isotopes. 0.2g soil reference material GBW07406 could be completely digested in the mixed
acid system of 2mL HNO;-2mL HF-0.5mL HCIO, by selecting appropriate digestion procedures, and the total
digestion process took no longer than 2h. After loading with AG1-X8 resin, the digested solution was washed with
2mL 2mol/L HNO;-1% Br, for six times, 2mL H,O for one time and 2mL 0.1mol/L HCI-6% SO, for five times,
which could effectively purify the Tl in the geological sample. The matrix interference test results showed that when
the resin filling amount was 2mL, 0.4g of Fe,O; (about 2.56mmol) and 0.5g of Al,O; (about 4.90mmol) the Tl
recovery was reduced. According to the optimized chemical process, four geological reference substances NOD-P-1,
NOD-A-1, GBW07406 and GSP-2 were treated, and TI isotopic compositions were determined. It could be found
from the measurement results (Table 7) that the 2SD of the 4 reference substances was better than 0.3 (n=6). The
accuracy of the method could be measured by the variation of the difference between the two isotope reference
materials. The difference of £*T1 of NOD-P-1, GBW07406 and GSP-2 (¢ Tlysr 99— Tlgss 1) Was 0.8, and that
of NOD-A-1 was 0.7. In addition, it could be estimated that the £’ Tl value of GSB 04-1758-2004 with respect to
¢TI value of NIST 997 should be approximately 0.8.
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