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HWE: RALAR -8 - UM RORTNERS ST LHD AR ETIRME. ST LRp gL
HHAMBEEEYEER B L, BRSSP LEBSFE T4 A#(HR - ICPMS) B % 4 & shibik
FU/U T/ Th #Ra/™ Ra Bl &, WAL EHEEIRE TIRAG KD Fst BHEREG X
Mo SREREH 10 ng/mL X K40 Tk, U/ U R EHEELTF 1.2% ;5 °Th FEREH 0.6
ng/mL BTh #™Th K ERER LN T&, T Th )M EHFEREA 1.2% ;55 Ra REREH
0.48 pg/mLE™Ra #=”°Ra i E R E LB F&, " Ra/ Ra 4R EHFE A H 4.0% ,

XgiFg: >*U/U; PTh™Th; PRa/™Ra; 45 6; S4HLEBLFE TRk E
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Determination of > U/** U, * Th/** Th, *® Ra/*® Ra Ratios in
Uranium Ores by High-resolution Inductively Coupled Plasma-
Mass Spectrometry
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2. No. 240 Institute of Nuclear Industry, Shenyang 110032, China)

Abstract: Uranium ore samples are decomposed with HF-HNO,-HCl in sealed vessels. Anion exchange resin is
used to separate U from Th and Ra, Th from Ra. Sr-specific resin is applied to separate Ra from Ba and other
elements. Purified U, Th and Ra ( solutions) are used for measurement of 2U/** U, *Th/** Th and
Ra/™Ra by HR-ICPMS. The precision of the isotopic ratio measurements for U2 U, T Th and
Ra/™Ra depends on their isotopic ratios and the concentration of relative nuclides. For a 10 ng/mL natural
uranium solution, the isotopic ratio measurement precision for *U/**U is better than 1.2% RSD, for a solution
with 0. 6 ng/mL of *Th and nearly equal concentration of **Th and ZTh, the measurement precision for
20Th/®Th is 1.2% RSD and for a solution with 0. 48 pg/mL of “*Ra and nearly equal concentration of **Ra
and “*Ra, the measurement precision for Ra/**Ra is 4. 0% RSD.
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My AEREPH* U U W™ Th #
#*Ra/™ Rafty & 7E 41 5" BY 4R o B A 112 0 5L
M, o BERHE RN E™ U/ U A T Th &
fE507 8, KR %Y R o BBk — K0
XRE W B o SRR S O Th 22 Th PP U U/ U
A Th/ ™ Th; B KARMED BT o BRI IE H
TR B2 U/ U fPTh ™ Th RERE: B 5
BEYRHBEELRRE o gL SR AP
B Th G RE AR %0 R A o« SRR B4
BERP™U/0 ATV Th, o SR EFFE
BB TR TR R RE A RENR,
SRR, EHHEZ, H ER T BN ROES
HIME o

I 10 A4k, B v REE & B TR (ICP
-MS) TR RE KBRS, A B e A
BEMAERRE, REEEEEOEA B ER
o 1 Sylviane 4™ FPUMRFF ICP - MS J5E B b4
FKHHG Ra £ 1 FR AT 35 2 fg/go 2003 4E, Lariviere
SOV R T — R RN PR S S B B 4 | ICP
- MS JEFREEBE 5 B Ra (94047 J B, 4 5
WUBR AT % 0. 02 fg, EARE G R RFE 4 mg, MIKRE
G R R 25 mL, ATSAXSEBFS TAERM, ICP
- MS B ARRME 4 ENILE . AR
ZEA T WER L, — K&, HRB TR
RIS B TR B B MR R IS B R A B &
G SRR, B B BB A 4 TR R L (HR -
ICPMS) il & 44 8™ A B & ™ U/ U Tv™ Th
A Ra/™ Ra R WWE, B0 AR, IR R
Pk, T A AR AT ER

1 £
11 RBAEEAN

Finnigan ELEMENT 4Bt Bl & 53 T4k
B (3 H Thermo A7) ,

BFRFE(BEITAZTZ—).

FAES F 22y B AE: KK @ 0.8 em x 16
em, Py AG®1 x8 C1” I35 B HE BT T3 BRI
(74 ~165 pm),

BB T8 B KA @ 0.5 em x5.5
em, 9% AG® 1 x8 C1™ SR HEBH & F 35 % g
(74 ~165 pm),

FHES F3C 4 A B Ak . KR @ 0.6 cm x 14.5
cm, P23 Dowex® 50W x 8 H* BB Mt FH B F 35
PHRE (74 ~165 pm) o
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ERERRBE 2 B A HE AR O 200 plL TIP 3k
i, PI%E SR - B25 - S RISRKFIAR (38 ~74 um),

2°Ra FRAEVSI Al R R ARHET IR : K AR Sz
HEVEWR ; Th ARAEVE W

POTh W AR R B 2 Nog WM A 2
BEEBE, T Th HEHR 1.0 x10°,

“Ra 7 A Th(NO, ), Y Wi 2 B B8 T 3CHa it

BB E ST, Ra HRBIEE N 4.8 pg/mL,

HF .HNO, .HCl H,BO,

1.2 #E %

FRALO.2 g(KH % 0.0001 ¢) MW AKEM B
FiEEH 15 mL RIGEZREF gD , ) H D
BMA 5 mL MOS % HF #13 mL 7 mol/L HNO, , % |
VAFEGE, 76 180 C TN 7 d ERE R TR 4T
FEBEREZET, WA S mL 2.5 mol/L HCL
(H,BO/EFIYEW) , & FIAFERE, TR LIRE
B 1 GITHEFEERRAET, EMA
2 mL 6 mol/L HCI %, B/l A 5 mL 6 mol/L HCl
BERES R HEE.L, I RSB,

BBOERBNESEBEEARES WA
5 mL2.5 mol/L HCI( H,BO, I FI¥S ) , 35 b Wik
#, TR LRAY— 1 d T REEE
BHET, 5% MA 2 mL 6 mol/L HCl &5, BMA
5 mL 6 mol/L HCl ¥ f&HE Sh L B M TR B &
CREPERS LRRHABRAN, ZZET, WA
10 mL 6 mol/L HCl, % j5 R4y 55,

13 AesEm o BEs
1.3.1 454 + BN

AR 769 10 mL JRAE I BHE S 4 6 mol/L
HCl V& i P B F X 5 B HE (P 0.8 em x 16
em) , i 6 mol/L HCI 53K sh 75 HERE I N RE 48
KimL, %2 K, BHBREBZZIERES; A
35 mL 6 mol/L HCl 4} Kk, B W% 5 mL, i
50 mL FE#FEEER (Th + Ra) 23 B3 (3£ 47 mL) ; A
20 mL B4l K KPR U, A 20 mL 0.5 mol/L
HCI AR BEAR U, B EE 5 mL, A 50 mL Beffiz
U BB (3£ 40 mL) o
1.3.2 4hiogifb

BEARDBEO U LBRAZET, £H
1 mL8 mol/L HNO, % %I, A 1 mL 8 mol/L
HNO, f#4, 2 H 5@ 11 4 8 mol/L HNO, -5 B
BT HATE (D 0.5 ecm x5.5 em) , fj 8 mol/L
HNO, 43k wh 36 1% A 7 A P BE, 8K 1 mL, Wk 2
KRB EBESEEP, A 15 mL 8 mo/L
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HNO, 23Kk Fe S8 , B K% 2 mL, LR
ik, %A 10 mL @AK M RYER U, 5/ 10 mL
0.5 mol/L HCl 437k U, B EE 2 mL, A 50
mL BEHER U BB (320 mL) , % U B W
ZZ2FEF,imA 1 mL8 mol/L HNO, , fi{#t , B4 , &
" LR EAE e ABE A B — K, 18 B b i 89
U ahifhil, Baifbird U slAEET, H2%
) HNO, B ZE A& E , 7% HR - ICPMS Jl &,
1.3.3 #580058

B1.3.1 4B K (Th + Ra) 73 BB S0
A1 ~23% H,BO, 75k, X F 5T, 56F1 2 mL 8 mol/L
HNO, %% FANA S mL 8 mol/L HNO,, ##4, X3
J& E% 8 mol/L HNO, % i) B B F 3 #e 4 B &
(# 0.8 cm x16 em) , A 8 mol/L HNO, 53 ¥k Mk 1
FERERINEE B | mL, W¥E 2 I, K BB E
B4k, FI 35 mL 8 mol/L HNO, Ak k¥t Ra, 4
Wk 5 mL, F 50 mL Z#F#: W Ra 5 B
(3£42 mL), FH20 mL 8 mol/L HNO, 2 ¥k itk ¥k 4
JR, B KMUE 5 mL, F RMUER . IS mL @4iKK
%t Th, B 30 mL 6 mol/L HCl 4K % Th, Bk
P& S5 mL, f 50 mL BAREEER Th /3 (3635 mL),
1.3.4 4y4ifl

f11.3.3 4B Th FERPMAL~2
i H,BO, 5, Z 25T, 5cA 1 mL 8 mol/L HNO,
%%, HMmA 1 mL 8 mol/L HNO,, ##k, %W &5 |k
£ 8 mol/L HNO, PAFHIFI B F 58 BHE(P 0.5
emx5.5 cm), Fi 8 mol/L HNO, 2K mh ik TH #e i
BINEE, BIK ImL, tht 4 K, MR HEBR 220
A, A 12 mL 8 mol/L HNO, 43 WK ik, Bk i
W2 mL, WBEW A Z. FI 5 mL 4K 7 Kbk ok
Th, EFH 20 mL 6 mol/L HCl 42 ¥k Th, 48 K
%2 mL, i 40 mL £EAFEE B Th 4k ¥ (3t 25
mL) . [AifLiFH Th difb A 1 %% H,BO, %
BLAZEET H2% 0 HNO. R EZAERE, f+
HR - ICPMS #il &,
1.3.5 @Epyaik

WA Ra A BEBAZET, £
2 mL 6 mol/L HCl %, F/INA S mL 2 mol/L HCI,
I, B A E22 2 mol/L HCI -1 FH B 7 30
AEKE(P 0.6 em x 14.5 cm) , Al 2 mol/L HCI 4}
WPk R A R BEK | mL, pPEE S K,
BEZSERP, 4540 mL 2 mol/L HCI 433K
¥, B 5 mL 2.5 mol/L HNO, 4} K k% Ca 7%
B, B KM S mL, F LM PEH. 30 mL2.5

mol/L HNO, 43> Pk %k , BIK ke 5 mL, F 40 mL 4%
PRI (Ba + Ra) Bk (#£ 30 mL) . ¥/ B HAY
(Ba +Ra) 2 BT, I BEAR - MA 1 7% 6 mol/L
HC1 #1 1 j# 8 mol/L HNO, , ZZE T, HEFFH
BEEEREDE, B PMA 1T 8 ml/L
HNO, , ZZEFEF, B/EMA 0.1 mL 1. 1 mol/L
HNO, , 4 , B H1f5 L8 gm st Er. FOo.1
mL 1.1 mol/L HNO, Wyt iH RN N EE, HHEBE
AR, F0.5 mL 1.1 mol/L HNO, 4}k ik,
BWHIEO. 1 mL, HFEZMKER. FH0.7mL 1.1
mol/L HNO, 4} YK #k %t Ra, BIK £ 0. 1 mL, A
2 mLEEA IR Ra S35 (3£ 0.7 mL) . SEi§4ifl
A Ra FEWTF 90 ~100CTFHRZELT, FH2% K
HNO, B2 AEWE,#F HR - ICPMS &,
1.4 BooEs TR

1B AT, WA 2R RTEE NS S35
ZLERERERBREN PR R RS, E
PR EFERS RSP S HERERLIE. HEH
100 ng/mL U Th [@4; ZtrHEE RH TSN E S
il EHARBRERBENREIFE. RE
ﬁgili&ﬁwU/nsU ‘mTh/mTh *DZZSRR/ZZGRH mlﬁo

HhELERINL R A I & - 28 i R (10
mL) FHA 5 mL 5% i HNO, , ¥ BRAE AL 598l 5] 7
EMBESRER T HEE TRRIEN ENESH
F5RE(BL), R, EHBRMPMAZEEN
KIRG 7 W (5% HNO, 41 Jir ) gk 2905 10
ng/mL, BEA)EME™U P U MU FMEE SR
BE(BL + STD) , DA e i3 B i+ 5 Bl sl 1 & & L HAH
MEBRERE, BERERAEGREKESS
U @ & HAE™ U/ 0,

FEIRERG J7 0 % Th Ra R LA™ Th ™ Th
fﬂmRa/mRao

2 ZR5ie
2.1 BREMibEas

HTFHEKSHEE™ U/ U T Th fl
2R/ Ra, fHEFERE R B RS B PASIATHT
RREBBHTERWXE, S THNMBT %
RZ5 5, Bl HNO, J##% , Fi 1 mol/L HNO, 7E 120 C %
% ,1 h WEEK K5 U.Pb Wt (Bl FHh9 A
B WA 24, % EE KK E R HNO, HIEK
BT A% . LI P 2], YK HF f1 7 mol/L
HNO,7E B I M i AR 7 d, R Y A B AR
f# (HIERE R, N7 FAEY X AR
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WEEMA 2.5 mol/L HCI(H;BO MR W) HER
BRI RREESER. Eit, %A HNO, FH kR
AT A KA R A% , DURIERE B 52 214 T
REI At BRI R

BTy G EERS HBE R, AR E RS
gﬂgﬂ“ U/238 U‘mTh/BZTh\m Ra/226 Ra ﬁ!“%%%,
5f U.Th #1 Ra #17/r SHL BB ER, FTHE
o SRR AR, RS R S TR A B
U.%& Th f17% Ra ) 3 RHEEGRIER, RATBAGIRE
BT AR Bl UM Th!' a8 Bkt
U I Th . & Ra BFE G IS AT BEFF7E Ba 70
# 1T & (REEs) , & TH™Ra/™Ra W E, HE
RBAE 4B a5 Ra AT B 4ifk, AT
fERFAPH B F3c ¥ W A5 H %% (Ra + Ba) 5 Ca,
REEs SLH B, SRV R FEBRERUM B 20 B A4 Ra
H5Ba B, AT BRI B4 M X Ra M,
HR - ICPMSHll &
211 PHESFARSELHL(Ra + Ba) S3BEIR-PAICR

HE 1 B FRIRS B4l (5E + ) Bl
) Ca M L AT ENE ARG RT R, &
(Ra +Ba) (/B X [6] (i385 6 ~11) ,Ba f I
}83.7% , Eu MR BEN3.0%, BiBHETFHIE
B EAT LASCHL(Ra +Ba) 5 Ca Eu 4T HR
M58  (H A REL IR Ra #1 Ba Z 53R

8000 Ca
6400 /\ i
-] / \ Eu
£, 4800| ——
& 3200 i
Ca Eu
1600 ParRy
/ ~\\4
0 12345678910111213141516
1 P 2

1 FHBSTPHHE 2 BY(Ra + Ba) 4y B ili+h Ca AR L 40R
RN

Fig.1 Separation condition of Ca and REEs from (Ra + Ba)
separation solution using cation exchange resin

WBEIBFS 1 ~4 1 2 mol/L HCI ki, Bk vt 8 T RS 10 mL;
WRBEHFF S 5 ~16: 2.5 mol/L HNO, 5, BikekeyciAil 5 mL,

2.1.2  SEARONE BRI R I A4S
WA AE B Ra 2 BIW P K Ba F1 Ca Y
ZRRTE 2, % Ra HEXE(RRS3~7),
Ba R E R 0. 12% ,Ca IR EF HH 0. 19% , 7]
LA 2 (Ra +Ba) MBS P Ra MAI{LE R,

——Ca
——Ba

'Ratf) 7 B X 1]}
T

900 &
800 2
700 8
600 ¥
500 o
400 &
300 &
200

100

0
12345678910111213
BN T 5

P2 ERESPIR 2> BY Ra 5 BSHEH) Ba Fl Ca
Fig.2 Separation condition of Ba and Ca from Ra separation
solution using Sr-specific resin

st AF:1. 1 mol/L HNO, , MNP S B A TLIABI% 0.2 mL,

2.2 PU/2U. " Th/**Th.”Ra/Ra MIERRGT-E

ICP - MS Wi #h FEAERHL T —L
BEKTH®H, Z—-XKEFEHEFHR> U U,
®Th/**Th,”Ra/*Ra W B H E B FHh R HE
W TRl BTHMPPLOsETHTERSE
i k¥ U.Th F&,% U.Th §FHATUATE
B i{H Ra & BARN 84K, A TAEE EX 8
FARTTER Ra M RMEHR TR, WER2 ZERA
W, %400 &8 B b &4 10 ~ 100 ng/mL Ba,Ce,La,
Nd .Pb.Bi 1 Sr B, ¥ 7E m/z 226 1 m/z 228 b4
PP 2.2 ~5.4 cps WTH. XHERW WP
Ra B BEA 3] 0. 004 ng/mL A b (W74 260 cps
HItE) , FIR TR B ML 100 ng/mL DA, PR
MM ERERE, ATERERHSBRE LWL
HWEX,
2.3 FNELEKIE

B TG 25 Xof S [ J 2 4 [ 67 6 A i o R 52
L—B FE—E R BB, H 7 A
PP R TR E. W FRA U R RN
B, AIRABA™U/U IEK U R RIRED
FREAKRERR 6, RERBEZKERHED
HUPUMKRIERE 6g0 FIRERE 6, K IE
BUAUNRE, BEASFHUSURE, HE
FEPRA(1~5). REIER(~3), 5 Ry F
0.007253 W RAMBEYD K, Wi Re N
0.007 164 , 1+ H A BULRHI R IE REL 855 71 6,5 7051
3% -0.01227 1 - 0. 016 36, X F*° Th/**Th H
PR/ RafylillE, LR ERBRBER

R. = I 2358 123530
588 Iﬁs; _ 1238.0

(1)
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B R B B A S TR M E Y AR ™ U/ U T ™ Th ™ Ra/*Ra- - %28 %

# 1 HR-ICPMS ME™ U/ U Th/**Th.® Ra/™ Ra W BRAFER TR R P blits
Table 1 Possible interferences and control measures for measurement of >*U/**U, 2Th/**Th and *Ra/Ra by HR - ICPMS

R R

FROTHT

=)

By

lD‘PthAr 196 py 38 A, 1% py3% Ap lﬂﬂg SAI Z27y,! H'H
®TPP, THg"S, P Hg®S, HgS, 7 Au" L, P He

@ Pt Au ZEROR A 1 b & BB, TLA BB . T A P bbRHG
BRERMEO%, O £ H,PO, H,50, HCl, @ ERIB AR
£ BLESTH Hgo @ #1T U 48, BAERMRR TR,

By

%10 Ar, ' P Ar,” Hg® Ar,” Hg® Ar,” Pb! P,
MP]JMS,204[_{8345’205“335’206%325’201 H837CI’203T135CI

@ P EERORLAAT Yh S BB, LB BEEH Pt RLEY P HE
REMEOE, @ FEM H, PO, H,S0, HCL, @ AHLHE,
WOES T Hgo @ 347 U 488, WA R TR

20Th

Imosﬂ)Ar 190 Pt‘o Ar 192 0338 Ar ™ | ] cl 19 Hgﬂ P
I%Ptys lWAuJSS l98H5325 19§Pt325 1931!37Cl 195Pt35cl

@ Pt Au.lr Os FERR G Y & BECHK, FTLAZRE . REH PRI
HEREAEO%, @ A H PO, H,50, HCL, @ fARLHE,
WA He, @ #HT Th 7B, B MR F4E

EZTh

IQZOEOA',WZ RﬂArlm Pt” Arl% Pt36 AIZOI Hg31 P
198Bpg I%ngs I99Hg335 ZOUHgJZS I95Pt37cl IWAu35Cl

@ Pt Au FERORI T WP RIS, T LA BN . A PLATR IR
RERMEO%, @ AEH H, PO, H,80, HCL, @ BARAR
£, B ES A Hgo @ 347 Th 43 B AL, B/ R E T

BSI'M)CE,HSI'"ZCA,“M”AI“ENd,”ArnArde,”Arws OS,
JlAerOs %A,ln OS mRﬂ] HI H 209 Bil? F 197 Au.’!l P
XMP‘B‘S 195“335 196Pt325 196Hg325 191113’7c1

@ P, Au Ir Os FERUBIAHT Wb & REECON, TTLAZRE . NBER] PLADRIE
BHERERRO%, © FEA H,P0, H,50, HCl, @ fFEHAME,

WS H, @ #H4T Ra SMREAL, B MERFZR TR

8513 Ba, ¥ Sr'¥ La, %5r'Ce,®® ' Ba,¥ S La,
55r'*Ce, AP Ar™ Nd, " 0" P, Bi"" 0,% Ar'® W,
mAr‘“Os,” Arlss 08,36 Arm Os’m Pb'® F,I” Pl3l P,
mhsas 19205345 Wshjﬂs 1941)‘325 1590337(:1 91 wsc1

@ Pt Au Ir Os TERBLGHT Yy & BRI, FTLIZRE . FAERT PRy
WEREAMEOS, @ A BP0, H,50, HCl, @ SARHAHE,
BB A Hge @ #4T Ra SMEALRYMEAHZ R T,

£2 FETRAEL m/z226 fl m/z 228 Lbi3it8
.Table 2  Intensities at m/z 226 and m/z 228 from main

interference elements

iFa*)E Jﬁﬁv&ﬁ_l FRATRT HE eps

7E py/(ng-ml™') m/z22%6 m/z228
Sr 1000 881388, 575115, 65140Ce 0.8 0.7
Bs 1000 885;138By 0.5 0.6
Ls 100 51 ¥ 0.4 0.5
Ce 1000 865;140Ce 2.3 L5
Nd 100 404,904, 146Ng 1.4 1.6
1) 1000 18g28pp, 1.1 1.2
Bi 1000 2983170 16.9 2.5
v 1000 Vet 1.6 0.5
0s 1000 “Ar'%0s,#Ar'%0s, 6Ar'%0s 4.6 0.4
St 100 885r18Ba, 75r' P g, ¥5r1%Ce 5.4 2.2
Ba 100 885r1%8Bs

La 10 F5r'PLa

Ce 10 865r140Ce

Nd 10 OAMALNG

Pb 110 28y

Bi 10 298i'70

v 10 Oprisey

0s 10 DAr'#0s, ¥ Ar'#0s, ¥Ar'0s

R589 - Rss

Og=—7p 2
58 Rss ( )
8. = (238 —234)x§:—;§=%x858 (3)
lzum—lzumo
=0 4
o 1238m—1238mo ( )
R48m
R =500 (5)

A(1 ~5)H oI, \1238:_m‘§%%%ﬁﬁz§ﬁ<@%
BB UMU MBS FIR IR, cps;

Lss Doy — 018 48 7 33 7 T T 78
B2 BB PU AU MBS FRIRE , ops;

Rag, — T B K 8 5 I7] 431 3% A o490 B 98 15 2
BP0/ 4 LA

Ry — R AR50 L R br MY TRAE B 48 H B
mU/mUHﬁfE:

85— 33 T B K AR B Rl R AR BV WA
WU/ RERERY;

S S HTEARBIN™ U/ U RERERK:

Lt Jnga— W BB S B B 9™ U AU
BFmEE, cps;
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Lty s,y — T RAE SR BTG B S AT
P20 U BT HIBIE , cps;
R BAE S VEIRAEIM™ U/ U 4 SURUAE

R — PR GTRRARIN U/ U LEROEME,

2.4 MHREEERE DMRHRRE

K EScan $H25 84 , % B 1B FRE /R LB 59
U.Th 7 Ra bR iS4 T B, 1% 3 ATLAE I,
%t F 10 ng/mL FRSR U SRaE, 10 0B AR
HEERNL2%, 58%ERE -1.3%; % F
6 ng/mL {9 Th FRAER W, 10 Y & 4 X5 % 5 0
0.20% , 55 #4 i B R 3 w2k (TIMS ) 0 & i Iw 55
0.02% , %Wk & T HA R ML RO & Lo (0 B
WK X T 4.8 pg/mL ) Ra FRUEF M, 10 1K &
HINEHERER 1.7% , 555 HKE ~0.09% ,

#3 U0 TW™Th 2 Ra/™Ra MR #EG RO
Table 3 Measurement precisions for *U/™ U, ®*Th/™ Th
and *Ra/”*Ra by HR-ICPMS

[RI & B

miwﬁ 234U /ZSSU ZSOvIvh/ZSZTh mRa/zuRa

1 5.39x10°3 0.690 1.400

2 5.47x107% 0.687 1.424

3 5.52x10 7% 0.689 1.401

4 5.36x103 0.691 1.361

5 5.51x10 "% 0.688 1.421

6 5.47x10°3 0.687 1.381

7 5.36x10"° 0.688 1.353

8 5.37x107% 0.688 1.381

9 5.38x10"° 0.688 1.381

10 5.47x10°% 0.690 1.393
FiE 5.43x1073 0.688 1.389
RSD/% 1.2 0.20 1.7
BHE 5.50x10°5  0.688(TIMS)  1.390(TIMS)

@ BAEWE N U H 10 ng/mL,Th %6 ng/mL,Ra 354.8 pg/mL,

LHFH,1 ng/mL KRG, U/
AR AT B B 21. 4% . BIR KR
U™U/20 AR EE, RES UKREE
10 ng/mL DA to

WP TW>Th HUEEFE, FES5
PTh/®* ThEfEA %, % Th 5™ Th £FEIER
G, KR FHERE , B T A A &,
% Th ¥R EFE 0.6 ~ 60 ng/mL i, Bl £ AH X 4R
RETFEL.2% ~ -0.2%, %™ Th 57 Th FF
BEJR L Th/ ™ Th =2. 6 x 10 * B}, ™ Th 5™ Th i+
¥om=ES MRS, X Th BFEEE X 100 ng/mL
Bt , ™ Th #1408 1 160 cps, M EKEH 5 M6.9% ,

— 106 —

VIR R REAIRERE, OTh B3 H8OR /D, T 8RS %
R B, Y Th™Th=1.1x 10 A,
H®Th 572 Th P2 6 MEEE,Th it
A 2 ~30 cps, #BiH ICP - MS FEREE, H g
B R SO . BRI Th ™ Th &,
ER™Th/™ Th JFFEE/R LS 107° L4 EA™ Th
BLF IR KTF 160 cps, A HEF ICP - MS %€,

5t Ra/™Ra W R 1.4 £4 0, Ra WIEFE
0.48 ~4.8 pg/mL, ™ Ra/**Ra WWHI BEXEHE R
4.0% ~1.7% ,

EREMBHEFEZEBWERLT,HR -
ICPMS il &2 U/ U . Th/™*Th f1”* Ra/™ Ra, ¥
B R K B/NRER 2 FIAFIRR U A 10
ng/mL.”*Th 4 2.6 pg/mL F"*Ra % 0.48 pg/mL,
X R B E B BRI R 1.2% 6.9% F14.0% ,
2.5 HikSiE

BT R B HER Y, L3 T HR - ICPMS
o BEIE BRI 5 D B LAY 7 BT A R R ( GBW
04130) H > U/ U2 Th/** Th, HF CBW 04130
BAERa/Ra ¥ E(E, A HR - ICPMS #1 TIMS i
E”R/™Ra HHK G, #4452 %9, HR -
ICPMS 5 o RERE/M 45 SR8 B9 R 22 06 U/ U N
5.3% , % Th/**Th % 0.9% , %5 Z5REH, TIMS
#1 HR - ICPMS %1 Ra/ Ra S} 7 45 2 9 i 25
0.1% , AL, TIMS 1 HR - ICPMS $ R LA R iFH
—HE, 5 o BEEBEANERYIA .

3 HeEorH

SREUA SCHRIE 5 BT iR, HR ~ ICPMS 3%
W S MR 4R S BB I R AL
{EZMU/ZSS U\mTh/BzTh *uzzs Ra/zls Ra, #—'_3‘ TIMS
ST I o B, BRI TF R 6. KRG Ra &
EHAE, ™ Ra/™Ra TERY R (Ly ~1 x107°) AT,

4 &5k

B3 AR AT AR S BRI R A
AR B TR R I E R AL LA
234U/238U‘230rrh/2321vh *‘]228 Ra/Z%Ra’ﬁ}ET%E%
PR B E A P U/ U T Th
FI™*Ra/™Ra M7 5k, FESHIBWT

(1) IRAERE A IH M 7 B o) X G0 o
FTABOHRE, SRR D R F e
U B B S B9 i 2 PR AR AU B 2 B 7R 4R
FoEERU. ThHiRa, if LI KK, 52 R



F2y

BARE BB A SR THREIE S8 AR+ U/ U T/ Th 7™ Ra/*Ra- -

E28%

# 4 HR-ICPMS 5 o fEIEMH U/ U fF¥Th/**Th
SRR

Table 4 Comparison of analytical results of **U/*® U and
"Th/**Th in samples by HR-ICPMS and a-spectrometry

GBW 04130 Z'U/7%U EFBE/RHI 7 gk “OTh/ ™ Th R FHEE/R I ik
RS amix  Ap WE o A% RE

1 0.000055 0.000058 5.3% 0.002799 0.002824

2 0.000057 0.000059 0.002810 0.002873

3 0.000055 0.000057 0.002942  0.002827 0.5%

4 0.000054 0.000057 0.002879 0.002801
¥ 0.000055 0.000058 0.002858 0.002831

RSD/% 2.3 1.7 2.3 1.1

# 5 HR-ICPMS 5 TIMS 43#7® Ra/™ Ra 45 B LA
Table 5 Comparison of analytical results of “*Ra/***Ra
in samples by HR-ICPMS and TIMS

& HR - ICPMS & TIMS 3% ik
Hi% WE (py/ul) PRa/™Ra AHHE(ps) PRo/PRa  WE
1 4,75 1.400 100 1,.3808
2 4.75 1.401 100 1.3881
3 4.75 1.421 100 1.3937
4 4.75 1.353 50 1.3907 0.1%
5 4,75 1.381 50 1.3912
6 4.75 1.381 50 1.3900
T4 1.389 1.3906
RSD% 1.7 0.1

F6 wyadb>*u/ 0. P T Th,” R/ Ra BFLb
{E s R

Table 6 Comparison of analytical results for 2*U/?*U,
20Th/2Th and **Ra/**Ra (atomic ratio) in uranium ores by

HR-ICPMS and TIMS

. /B8y (x107%) ZOTh/™*Th 7Ra/Ra
(]

&5 mus gk TET TS Ak el TINS Ak
x-1 576 58 0.69% 1.116 1.081 3.20% <Lp <Lp
x-1 550 56 180% 0.55 0.53 0.2% <Ly <p
x-2 5.8 56 3.90% 0.940 0.935 0.55% <Lp <Lp
y-1 5.5 54 2.9% 0.02160.0218 0.60% <Lp <Lp

y-1-3 553 56 1.30% 0.424 0.423 0.31% <Ly <L,
y-1-1 55 56 0.18% 0.08500.0846 0.4% <Ly <L,
z-1-1 567 5.8 2.30% 0.03530.0351 0.488% <L, <,

A R K K E™ U U T Th,
#Ra/ ™ Raff) S i T AR S 0 &

(2) Bl TR EWE™ U/ U,
PTh/®*Th **Ra/™ Ra [ & HAH , B EBORTF
BRI R B R R FEE/R o XN

10 ng/mL FARGH I8 W, ™ U/2°U Wl B0 % B IR
F1.2% ; *°Th JiBKE X 0.6 ng/mL H* Th
55" Th [ o B 20T B MR, O Th/ ™ Th g9 3 &
WHER1.2% ;5 Th FHEWKE R 2.6 pg/mL,
Th/™Th L FEE/R BN (107 EH) S,
POTh/ ™ Thil B2 B K 6. 9% ; 517 Ra R E
370.48 pg/mL H™ Ra F1”° Ra Jii £ ¥k B 2550 1o I
B, Ra/™ Ra BT BRE %4 4.0% .

3) BABSEFhREERME™ U/ U,
mTh/mTh\mRa/mRa,%%Ej TIMS *ﬂ o ﬁﬁﬁ%%
W 5e 45 FARY A, A PO R AR R R
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