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Determination of Single Uranium Particle Isotope Ratio by SEM-ICP-MS
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Abstract: A new method was developed for the determination of single uranium particle
isotope ratio by using multi-collector ICP-MS (MC-ICP-MS) combined with scanning elec-
tron microscope (SEM). The single uranium particle was searched and located by SEM and
identified by EDX, then transferred by micromanipulator. The isotope ratio was measured by
MC-ICP-MS after chemical dissolution. CRM U850, U350 and U005-A uranium particles
with different diameter were analyzed. The particles with different enrichment have different
morphology. The isotope ratio results consist with the certified values and s, is within 3. 3%,
2.2% and 4. 6% separately.
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Table 1  Composition of four kinds of uranium isotope of certified material

= J# (Abundance, k=2)/%

No.
2317 236 ] 238 ]
CRM U005-A 0.003 40+0. 000 07 0.506 440. 000 3 0.001 1840. 000 01 99. 489 040. 000 3
CRM U350 0.249 84+0.000 6 35.190+0. 035 0.167 34+0.0005 64.393+0.036
CRM U850 0.643 7%+0.001 4 85.1374+0.017 0.370 440.001 1 13.84840.014
CRM U970 1. 665 3+0.0017 97.663+0. 000 3 0.149 140. 0005 0.522 940. 000 6
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Fig.1 Schematic chart of Isoprobe™ MC-ICP-MS
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Fig. 3 Morphologic image of uranium particles of CRM U850 with different diameters
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Fig. 4 Morphologic image of uranium particles of CRM U350 with different diameters

ki 4% (Particle diameter) ; (a)

4.3 ;;m,(b)i& 0 pm (o)

1.2 pm



242 Bede o 5 e o7

5% 34

(a)# GA
R
0\
» \

W 28kV X110, 000 Lum

B 5 A[Aki{% CRM U005-A iz i ) R 50k T8 551 &
Fig. 5 Morphologic image of uranium particles of CRM U005-A with different diameters
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Table 2 Measured isotope ratio of certified material

and the correction factor
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FrFRH UEREIEN
CRM U970 186. 77 185. 05 1. 009 3
CRM U350 0.546 5 0.5437 1. 005 2
CRM U005-A 0. 005 090 0.005071 1.0037
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Fig. 6 Results of isotope ratio of U850 particles
— — 5 FR{E (Nominal value) , ¢——CRM U850



% 4

F B4 : SEM-ICP-MS Wl 5 B0kl [/ 6 2% HE {8 243

Pu/*u
[F] 7. % Lk (Isotope ratio)
o
W
W

$i 42 (Particle diameter) /pum

& 7 CRM U350 foki [l fi 28 FbAE I 4k 45
Fig. 7 Results of isotope ratio of U350 particles
— — R FR{E (Nominal value) , ¢——CRM U350

.= 0.0057

0.004 9 - { I h

e 0.004 5 |

S
(=3
S
W
w

U/*U
ri) {7 % Lk (Isotope ratio)

235

0.004 1 ! ! ! !
2 3 4 5 6
$i 42 (Particle diameter) /pum

Bl 8 CRM U005-A foki [F] {7 Z Eb AR M 2 45 1
Fig. 8 Results of isotope ratio of U005-A particles
FRFR{E (Nominal value) , ¢——CRM U005-A

BAY s 7E 0. 7% ~3. 3% Z 8] s XF F U350 ¥ fh s
PRIk 1 0. 7~4. 6 pm K/NBYORL, 6] A7 2 A 1Y)
se /NN 004 % I KON 2. 2% 5 U005-A kAR 78
2.8~5.7 ym Z[a].s, 7E 0. 7% ~4. 6 % J5 [l .
M T DL RO AR R K Y A R B R
e 45 SR R 2 R A . 3 Rl T R RORE Y TR s 3R
F F 0 o 235 R S AR R0 — 3 A 22 39 7E 30 LA

B9 R B JEAE SEM e kv A%l o
Vs R 5 - 78 MC-ICP-MS | il  CRM U350 Ho
PU/U RALR B[R R B E g, B9 AT
LN EZE T 2 505 e - LS 3™ UM
L3 40y U, g5 /KW, F§ MC-ICP-MS ] i
el R 2R B b B B SRR Y TR0

3 & &

A TAETE SEM T4k | % B OKE B9 SL 5L 1 F)
FRBAERAE 2% 58 B0 B Hh TORL 10 F5 A% X Ok IR 4T
{22V i 5 MC-ICP-MS il 5 [8] f7 22 He(H . 76
E NI AR T — Mot k. EE8 T

250.003
250.461

249.561

249.6 249.8 250.0 250.26 250.4
Jit i %0 (Mass number)

K9 CRM U350 fok [l £ % L fE (9 - I90 0 ]
Fig. 9 Chart of flat peak of isotope ratio
of CRM U350 particle

AR A% A v A T SR i OB 20 A7 ) BOR T
Bro %7 HBTE A bz fihHoR: A25R bR i AR T
PERIAT G b AR 3l AN ] 2 B2 9 il o o4 900 5k 3
e T G e b b v TR R 1 [R] 07 3R LA
Hi T A 2000 28 57 o AN TR) 3 B2 119 il ROk 20 4%
ANHATAD 5 Al ) 37 2% LU AR A 00 7 45 28 5 A R (EL AR A7
o5 BITE 500 LU 2 A AR B RORE 3 BT i FOR
FER 5 M) FH 0 ) 2 3R A ME W S ST T AT AT Y
PR @ AR R R A% T i D T 52 B 3 8 #5241
FERL IR AT T T JEA

S 3k

[1] Donohue D L. Strengthening TAEA Safeguards
Through Environmental Sampling and Analysis[ ] ].
J Alloys Comp. 1998, 271-273; 11-18.

[2] TAEA. Safeguards Techniques and Equipment[ M].
Vienna: TAEA, 2003. 80-82.

[3] Becker ] S. Mass Spectrometry of Long-Lived Radio-
nuclides[J]. Spectrochim Acta, Part B, 2003, 58:
1 757-1 784.

[4] Lariviere D, Taylor V F, Evans R D, et al. Radio-
nuclide Determination in Environmental Samples by
Inductively Coupled Plasma Mass Spectrometry[ ] ].
Spectrochim Acta, Part B, 2006, 61 877-904.

[5] Zhang X Z, Esaka F, Esaka K T, et al. Application
of Inductively Coupled Plasma Mass Spectrometry
to the Determination of Uranium Isotope Ratios in
Individual Particles for Nuclear Safeguards [ ] ].
Spectrochim Acta, Part B, 2007, 62 1 130-1 134.





