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AL ST RAFR =B (UTEVA) Mg beik 5 B 405 R R A F B BABSF & TR
ik (ICP -MS) ME L RmAEAS T ALRIT, LR AW, UTEVA A5 544 69 o
B 0% AR IRAE S Y 16.43 mg B, ARAR AT A EF R FRTF3x10°,9 A& AT
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AT EEXT I H | LASR ik AU E BOR BE
I H DR T RO ALTI LV Cr Mn,
Ni Cu Mo Cd 3t 9 FhR T AMFFER R, 1T
H 2R FOCR IR TR . AL S0 T X R
FUX AR, #2572 1 R ] UTEVA ##fI§ 73 25 | ICP - MS
Al R 2% B R R GULRE , R SCRAME N ik
MRS T HOR T B, [t g AT i
iR Tk

R 2
L1 AT
NexION 300Q L &% & 55 & 1 1 Jit 3% 1%

1 YR PTHLAH]

(ICP - MS, Z[H PerkinElmer AN 7] ) o

Isoprobe Z5H2 I AL JBGHE 5 45 B TR B {X (MC
- ICP - MS,32F GV 24 H]) .

FEAEK LR Ay 18.2 MQ - em, H 8 4l K e
(S Millipore 23 7]) il % o

HL - KF- (A5 BP211D) - 78 [ 845 1] 57 24 )
7 /N RS BT Iy 2 —

WPz 1B 28 (A5 DST - 1000 ) : 35 [ Savillex
NIV T

ST R LR 1y T REAR AR 2 B SO
X RE S BT A R R, 43 B R b Al RS R R
FRAEA FH AT HEAT 1 b Z8 1R A 3

Table 1 ~Reagents and materials used in the experiment
i MRS FE I A A
UTEVA #fig 100 ~ 150 pm 7 [E TRISKEM 75 ]
TR BV - 1I et E R Br
iR Peghat Aest b5 e
U Hi B (IRMM - 051) T 5 WRI A L
i )37 28 b ) B (EC — NRM - 199) [l 3z ZE AR ) WAL A L
il )3z 28 B ) 5 (CRM - 030A) Rl 2 b ) o F[H NBL 52505
ICP - MS JIIZI0 5 1R A ARHER (700 - 101 - 126) ICP — MS ¥ J& it JEJ SCP Science 437
JNEEAL =l P 2% BT R AR ) B (GBW04205 ) I KR ) B ALt e Tk ST b

Bl EG X R i

T, SR 5% IR

BOEIE A AR LR A K

1.2 ki ORI R,

JNE A =8 b e T oot B b MW IR
(GBW04205) : [E ARy A, VE hy /\ S8 Ak = 5l v ey 0 2
JRICER BT o BT W T, A% Tk S A ) 12
Mo A AR FR(E N 84. 7T11% +0. 021% , 2%
JRICER WP FRE LR 2,

ZICRIR A PR EV W (700 - 101 - 126) : o4
WA, g K SCP Science /A W j™ i, £ H F ICP
— AES ¥ ICP — MS il & 1 A v i e o, FEAAh 5%
iR, &4 Cu Ni Cr Al Ti V % 28 Mo, ik
FEYSSh 100 wg/mL,

EUXTA: i« BV R, FE AR R 3 mol/L AH TR, Hh
BIEIEE AR L R A 0y K, SR it g vl v 4%
JTLRF . HA Cr Mn Ni Mo AT E , Al Ti,
V.Cu . Cd Rkl e %

1.3 FES P ahR i e

HY 2200 g sl b ) 2 R, AR R T
P20 B 22T, SR R TR 2 B i XF X e
i FRRI AR BEREA T T AT o S B
FER TR AR B, A5 5 20 mL VR K2y 200

ng/g HIRTR . A b3k 7 A U i B35 (IRMM
— 051 ) e VR G v i, 308 Aok I 2 A R ) AT ) (]
A7 2 PUABL A2 Ak, THC S D AR A o R At A R B2

JOT T SR FH R A 22 B s =, Al VA 5
FRZIC® U P U 1 [R) 3 36 {5 5, Daly 6 0 25 42 1
U PU U RN R (RS R B AR T
CRM -030A .EC — NRM — 199 Xl & 3+ 5 v /%) i 1
AT RERRE

[ Z AR AT

238 _R(Y) —R(B) 1 m(Y)
cCTUX) = R BY 2R XROY) X m(X)
c(**U,Y) (1)

A e (U, XO)—FF OB P Uk
c(PULY) — R BRI ™ U R BE 5 R (X) —FF
WAL U 570 MREIGLR L n(CPU) /0 (PU) 5
ROY)—HFBER ™ U 52U AL R n (P U)/
n(*PU) s R(B)—RAFM U 50U (16 {1 %
Fon (PP U)/n (P U) 5 m (X0 —T5 JURE i 10 52 &5
m (Y) — A B B A i
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FRE— 7 & 1) UTEVA # i, I 25 B F K 2K
VRRJE IR 24 h DL b AR EOE PR 4 i B S 28 A
o 2 AR B PR > R SR D R M 22 3 E
HNAE 8 mm, K 100 mm, & B FRIEGREGZ
H:, 885 20 mL 0.5 mol/L i BRVERE , 2 ) FH LB
FoRE T Ve H v 10 mL e AR 3 A il R oot
B, i 22 BT 45 FH o 6 RE R AT PR 4% B TP
FErp, P RRFAE 1 mL/ming, KRR ST i g
At 24, 285 H 6 mL 3mol/L A FRVE U ()24, Ik
SET B, R 5 SR UG T 10 mL 3 mol/ L £h R i Wi
£1,20 mL 26K SRl . 8 [RIRE A9 5 ik A T R

i /484 = Al Bl R 2% 3R T RS s
Y5t GBWO04205 e Wi 43 25 30 B2 1) (SR B i 4
PR BRI G EAT 43 B o
1.5 JjiEAHE e

AN 5E FEE BT RE MK A2 2 A P AT R E D
FEFEFE CNAS - GLO6 3 £ X 4% A4~ I o o B AT 09
AT, B0 50 AN 02 8 T 1) A« e 8 T 2 1) AS
FEPE (Uye) ARFICE & I E AHR E R (Uy)
TR ORI R E B (Uy) o BT 0T R
PREATERE U(k =1.96,95% B{EHEHR) .

U=1.96 x \/U + U + US, (2)

2 g
2.1 UTEVA Bl aseh
2.1.1  ZrEgumiinkahng 205 H 1

T D FR AR PR T A S O3 B I R BE Y LU AEL
T2 B AR e 275 5 7, IPEAN 2 A
SIERCR . 1 mL GRS IR A UTEVA B85 70 25
Jei A 1CP — MS X 73 25 Jo A it il ) e BE AT T
e o sr e ATk iz 16.43 me/g, 738 Jo ik i N
0.1 ng/g, BNy Es Xt sl 2575 7K F 3.0 x10°,
SCHRL14 = 15,19 J Rl 300 mg ~ 1 g 1, 7355
A% B i K 22 R e G, s Quemet 25 Al EURE
0.6 g if, ffi ] UTEVA B ASH) 4 275 K7
3.0 x10°, M FREIE AT DA H A 7 ik A Sl EURE
H16.43 mg v}, 22 UTEVA 3B )5 ihak i 4 1 W
BRI, HEE A TR,

N T BEARAL AR RO AS NS, 5035 0 oo — fe SR AT
S B BV B /N F 50 ng/mL, HXU 1 ml g 16. 43
mg/mUBHAE it 0 5, CHE IRV 10 mL, D0 25K 73 15
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TR TS TR T 3.3 x 10% 0 43 B8 AR R AT TR
AR T B RERE Y ZOR , [R] B4 i P il 0 2% OC R
(0 5 5 i B A AT LA Z s AN
2.1.2 JrESifEAs B R BUCER I IR

AR 70 B RIS AR HERE dh R JBORE B 0 B0 )5 R
JiCHE i B R b ok BOC R 1 45 RS R 115
G EI o Wi s o W ey = P T VST
GiRFITHR2, NR2 ATUUEN, A= H R
JROGER I F 55 i R R BROG R 1 35 1 2 AL/
T 5% UL R 25 X 2% JBOC 2 B4R 45 2R 5 TR
B/ve Mn Mo \Ni Cu,Cr 4§ 9 FZ% TR f149-F- 44 1]
PR ST 95. 1% ~ 105. 1% Z [, 8 25 SR AE A v
W o) A PR AT, I P 5 6 R P ) 00 8 9L e FE 0
HR 2R T 3R R AT A A RIS, SO A
TBP 435 29 FhZ4= i i) [R5 (81.0% ~111.0% ) #H
PO BR TN Cd AR, FC TR e sl i R4,
R 8 FhARIC R A IR B sl /.

* 2 AR O R R R g

Table 2 Measurement results of the process blank and the
process recovery
GBW04205 Ze b Bt
g BB T ikt
ok ff/ﬁ) SRMI el BER
ne'e »

(ng/e) (n/e)  (png/e) @) (%)
Mn  0.004 112 115 1.12 1.13 0.99~1.32  100.2 1.6
Mo 0.017 27.20 27.67 28.25 29.14 25.4~31.0 9.1 1.9

Ni 0.193 4.18 3.77 4.10 3.86
Cu 0.124 3.35 3.09 3.36 3.26
Cr 0.197 6.95 6.65 6.5 6.53
Al 0.115 16.38 17.53 16.54  16.0
Ti 0.016  7.39 7.80 7.51 7.67 6.31~9.82  98.6 2.1
V- 0.001 1.44 1.42 1.49 1.50 1.12~2.02 9.7 2.6
Cd 0.001 0.026 0.025 0.031 0.026 0.00053~1.93 105.0 12.7

3.44~430 1041 3.0
2.89~4.04  100.3 4.6
5.9~17.61 102.9 5.4
14.4~20.9  105.1 3.6

2.2 LEXFERI ST
2.2.1 REN AR I

TEHOSHE R > IR AT I R rp BRI R A D
IR . N T FEARAE A A AR FEXS S R A2, LE
XA RSB 2 TG R R I — 2 4 sl i
SEAS A [ 37 R B B T 00 R 1 R s i 0
i AR RS AR A i i 14 1] 067 2% EC{EL
EACR, TTRARE] TR IR U

B, MR T IR IR A = P AT B
e, T REAR K 3 O 90. 53 ,50.49.20. 18 ik
RS REAT B AR, ST ) A0 DN R SRR T Al ey e P
LT ng/ml, T A2 3 HEARE 3 A B SR R 22 4%
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e A FEL SRR £ 45 B T B I R T U B RS
NEIRAFER B U/ U HOfH, 8 F R R hn ey I
IRMM - 199 % I 45 A7 4 1E 207 ke fh AR i
Bds M )7 2 (R 25 51 F 3% 3,

FUHRTE A A (1), HHEE R RS U B
WeRE R 177.7 ng/g(n =3) , WIRHBEREE L R
R IG(EI 25 0L, 115 2 B n 5 o v U bl vk
Ji£40. 01643 ¢/g.

3 FERELI SR
Table 3 Measurement results by IDMS

liReTEl Jrikdets FiREL k2 PR3
B4y B8y 5.448x10 7> 5.422x10 7> 5.450x10 73
TR AR B5y/B38y 7.261x10 73 7.258 x10 7% 7.256 x10 =3
HRA & ol 23y/238y <1077 <1077 <1077
6p/238() <1077 <1077 <1077
FEMIUEE (g) 0.8052 0.8077 0.8081
LR R B0 AR () 0.2169 0.2224 0.2225
. BRI (ng/) 250.87 250.87 250.87
W BARERWZU/PU A 2.585 2.525 2.526

B Z80/230 W 8.042x10 73 8.042x1073 8.042x10 3

2.2.2 MR ABOCER W EE I

FEXTRE b 280 UTEVA ZE B )2 70 85, e R 5
FIFH ICP — MS #4710 43 Ao o 3 ) 4t B >R
PRt 2 (AMmi) ] ICP - MS Z0RIB B 4%
Tk V5 VR, T R B bR o VRO B (E A
ng/mL) 43524 0.1.,0.5.1.5.10, 7EFF il & 5 72
H ZEZRMA 10 ng/mL 1) In AR N NAR, IS IE
W2 25 PR S X 3 BT 5 R iy g, R ICP — MS
M THE A ALLTI LV Cr Mn Ni,Cu Mo ,Cd 75
i, [] AR 38 Ak 2% 43 B o S B BE P E FR R
CNAS — GLO6 Xof e Al 5 4o R SR A 7N o BE PE A
ORI it 23 BT 45 SR B HOAN W o B8 Tk 4

4 LoxbRER g v Alh AT 0 E A I g R B AR
Wi
Table 4

Measurement results of the impurities content in 1g

uranium in control sample and its synthetic uncertainty

WioeR  UTEVA BEREREDE (pe/g ) BH(H(ng/g )
Al 49.78 +8.31 47.36 =1.47
Ti 1.25£0.36 1.34 +0.24
v 0.22 £0.05 0.26 +0.06
Cr 24.47 +4.16 26.78 +2.28
Mn 12.96 +2.05 13.45 +0.97
Ni 44.98 +9.18 43.79 +2.32
Cu 18.09 £2.71 18.21 x1.45
Mo 8.24+1.24 8.370.83
Cd 0.38 x0.08 0.37 +0.02

M4 LA O ot 9 M2 BOcER
A 45 2R -5 225 (e AN 1 7 J3E Y TRl A — 2, i)
SR I o TR R LUK 2% JBOG 3R A [eIiC, o
T VR AT A KA AR 0 T A S SR R
I TBP FEH( 2008 B T Ac oy B ik e
PEATXS EE, T LA M, 7 Bl HORE B I AR A 15 0
L BERAE XA FOTER B R A B AR,
SRR A ) 25 75 RO B A (SRR Bl 5 B R DA B
SO ) , Ul UTEVA AR I Xt il i) % B 6E 7 56, 7
VERRE S 2 BUCER M2 HE Bkt Tk

3 4k

AR TAEE Xl b 2% OG- & I E A B AR, LA
IIMTE R T SRTERY ALTEV  Cr \Mn Ni
Cu.Mo Cd 45 9 R 2% BOCE N AT TER &R, 20 i
A AR | A A PR AR R R AR SR A2 , 25
T UTEVA B 2 3% bR 73 85 4l -5 2% oo
2, 1CP — MS J5E fil h 2% OGRS 7k A 3k
5 1SR IR P A FOTR AR . ke
A URE RO 16. 43 mg, Sy XAl 2575 1R F
3.0 x 107, FZAL BT R KT T w1 B i 19 [l i
(95.1% ~105.1% ) o A TAEHEST 1Y 73 B i 2 X 4l
[ LA ORAE T U T Al it JC HO AR A 1Y
LN #l  2R ROCER 1 70 M, D % bR 90 R s
B AR AR T — R T B

4 Z5K
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Determination of Nine Impurities in Uranium Products by Inductively
Coupled Plasma-Mass Spectrometry after UTEVA  Extraction
Chromatographic Separation

ZHU Liu-chao, WANG Tong-xing, ZHAO Yong-gang ™ , XU Chang-kun, ZHAO Li-fei,
JIANG Xiao-yan, ZHAO Xing-hong
( China Institute of Atomic Energy, Beijing 102413, China)

Abstract; Determination of impurity elements in uranium products is very valuable in nuclear forensics tracing and
quality control of fuel cartridges. The accuracy of determination is controlled by procedure blank and the recovery of
impurity elements. In this study, a method for rapid separation of uranium from impurity elements by UTEVA resin
and determination of impurity elements by Inductively Coupled Plasma-Mass Spectrometry ( ICP-MS) was
developed. Results show that UTEVA resin has a strong absorption of uranium. When the sample weight is 16.43
mg, decontamination factor for uranium in the whole procedure is greater than 3 x 10°, the recoveries of nine
impurity elements range from 95.1% to 105. 1% . The contents of impurity elements in national standard material,
GBWO04205, are consistent with the reference values within the uncertainty (£ =2). The proposed method has good
decontamination ability for uranium and is suitable for analyzing impurity elements in low weight uranium samples.
This method provides technical support for nuclear forensics tracing and quality control of fuel cartridges.

Key words: uranium products; impurities; decontamination factor; UTEVA extraction chromatography;

Inductively Coupled Plasma-Mass Spectrometry

S X GOl R b 2l

AR HEFRE X SRS A BT 2 ARSI, J7is [ PN A 32 ST A 9 R g T %) B i, 2l BRAR 3 Al ik
PRB K . P EM 2 E T IS EAR L 2R 5125 T 2015 429 17 H ~ 18 HAEILIAR BRI 5+
—JEAE X SEOtEE ARG S . SUHE T MR BOR %22 5125 B 55T S g il o &k I

Rz #3E EFR(X ~ Ray Spectrometry ) 324 R. Grieken (4% | [5 PR ¥-AEE C. Streli {# - Jii 4t £f fE 42
K2 J. Boman Z{43% )% 25 B LA R M. L. Carvalho #5255 1 44 S8 L 58 3R IR X B EO6IE 70 ki 44 77
A (R AR RS X B EOEHE A vh Y BE 5 07 i SO T 3RS U (R B R DR IES X
S5 AT = 4 AR SR P A LA TR o DG SR () 28 ) X 20 1 o A B AH O 4k
TAERY N DUBRER B AR S 21, S $2 58 s S A 5 R H (B H 1 8 20 H) .

— VMR B R LU R B T RN 1T
TSR 9 A6 H TR (Bl KRB 2 SHIRE]; 17 H(A&K) ReHE; 18 H () ety s
18 H(T4) 45, AR WIRFE,
ZBSCESR XL SR (1500 FLAN) .
PO 2R 22 R SR I S 5T S 3l Hh0 3 (hittp < //nrega. cags. ac. en/ W @A) IHE
Zxgx [k, T 8 1 20 HFT AR MBI 223 55 20, LMETUE A 7, & TS SR8 5 0k (23800 .
T BRZE T RBEZE 13661340640  fEF 17 13671154865
FEML: 010 —68999770  HE4H : xrs_chn2007@ sina. com

— 419 —



