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1 LA-MCHCP-MS DSN
Table 1 ~ Optimizied parameters for LA-MCJCP-MS system

Types of parameters Values of parameters| Types of parameters Values of parameters
Carrier gas flow ( mL/min) 910 Nebulizer gas pressure ( Pa) 13130
) Auxiliary gas flow rate ( mL/ 980 Hot gas flow ( mL/min) 300
min) Membrane gas flow ( mL/min) 1640
Cooling gas flow rate ( mL/min) 1350
RF power ( W) 1325 Solution uptake rate ( mL/min) 0.05
20 Hz NIST SRM612 U 4.0 x10* cps/10™°,
2.3
2 cm ( )
; ( Olympus Szx9 )
5 min 2
. CRM1244
CCD 3 o
R
‘@
. s
2 3 CCD
Fig.2  Uranium particles mounts Fig.3 Image of particles by CCD
2.4
235U/238U 235U+\238U+ HI\H4
100% MCACP-MS »urtu R,s s B
R235/2380 = ( 1235m/[238m) X ( M235 /M238) h = R235/238m X (M235 /M238) h ( 1)
R235/2330 = U /238 U I235m s U ’ [238111 e U :
Mys *®U Mys **U F,  DSN
TRMM199 (2) .
Fio=1In Ry g /(s /Lossn)  /1In( Myss /M) (2)
R235 /238t 2 U /238 U °©
234U/235U 236U/235U 234U+ ‘235U+ \236U+ IC2\IC] ICO .
Sl U I 5 x 10’ cps UH
234U /235 U
R234/2350 = ( 1234111/K1C2) /( 1235111/KIC1) X ( M234 /M235) h
= Rysumism X (K1 /Kia) X (M /M) (3)

. 234171+ 236 771+ 234 235
. ]234m U 1236m U R234/235(- U/ U
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R234/235m 234U /235U l KICI N KICZ ICI ‘IC2 1 M234 234U
236U/235U :
R236/235c = R236/235m X ( KICI /K[C()) X ( M236 /M235) h ( 4)
: R236/235c 236U /235U 1 R236/235m 0 U /235 U l KICO ICO
© My 2367 .
2.5 SSB
SSB LA-MCHCP-MS BPustusturtu Purtu (1)
DSN NIST SRM981 206pp 27pL,  2%p} IC2 ICI ICO
5h; (2) . DSN TRMM199
F, 15 min 3 F, 1% ( 3) DSN DSN
I 5 x 10° cps 3 K. /K. K. /K,
238 P Ic1 1c2 11 1C0
15 min;, (4) DSN 2% HNO3 30 s R235/238m R234/235m R236/235m;
( 5) Fl KIC] /KI(L2 KI(II /KICO °
3
3.1
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2V( 1.3x10%cps) “*U" 4, 4 S U
2 CRM1244 30 [
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45 min 30 s) z, 20r " . m
© L | A . /.‘
CCD 40 wm . > e
3.2 Foor T
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GBW04238 CcCDh 75 ~100 pum o = . . .
5 206 Pb 207 Pb 208 Pb 0 10 20 30 40
’ is)
IC2 IC1 1C0O 5h  *pPb* *Ph* *Sph*
238 +
1h 0.5% 4 v
F Fig.4 A typical laser ablation signal of **U*
© 1
~1.417 £0.006 K, /K, =0.912+0.004 K, /K, =1.126 £0.005.
3.2.1 ®Uu/®u 1~2
30 wm- 20 Hz. 24% | 30 s CRM1244
GBW04234 GBW04238 *"U/*"U 2 A wa
. 2 Uy 0.050%
3.2.2 ®*u/®¥u Pu/®u 22% ~23%
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o By
Table 2 Corrected values for *U/**U

235 238
Sample No. Ry351238m Ryss 12380 Hea pa/(F7USR) Certified values
CRMI1244 7.1261 x107 7.2557 x107 1.4x10°° 0.020% 7.2526 x107 £7.3 x10°°
GBW04234 4.3720 x 107 4.4514 x 1072 2.2 x107 0.050% 4.4545 x102 2.8 x 107
GBWO04238 2.4945 x 107! 2.5398 x 107! 7.0 x107 0.030% 2.5404 x 107" 1.9 x10™*

3 BBy
Table 3 Corrected values for U/ U

234 235 234 235
Sample No. U/~u s pa/(RUU) Certified values
CRM1244 7.65 %107 3.0x107 0.40% 7.53 x107 £4.3 x107*
GBWO04234 1.0222 x1072 9.4 x107 0.92% 9.76 x10™ £3.3 x107*
GBW04238 7.92 x107 1.3x107* 1.7% 7.18x107 £1.5x107*

4 BYBY
Table 4 Corrected values for 2°U/*°U

Sample No. Huu Ha pa /(U Certified values
GBW04234 1.143 x 1072 2.0x10* 1.8% 1.103 x102 £3.3 x10™*
GBW04238 6.60 x 107 9.0x107 1.4% 6.63 x107 +2.0x10™*
3.2.3 CCD . CCD
200 pm  CRMI1244 30 wm. 20 Hz.
5s 32% CCD
5 o
75 pm
30 pm. 20 Hz. 24 %
30 s o
4
LA-MCACP-MS o
235U/238U 234U/235U 236U/235U
0.050% 1.7% 1.8% 3 32%
Fig.5 Ablation spots at laser energy of 32%
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Determination of Uranium Isotope Ratios in Uranium Particles
by Laser Ablation Multiple Collector Inductively Coupled
Plasma Mass Spectrometry

WANG Wei LI Zhi-Ming® XU Jiang ZHOU Guo-Qing SHEN Xiao-Pan ZHAI Li-Hua
( Northwest Institute of Nuclear Technology Xian 710024 China)

Abstract The study describes the application of laser ablation multiple collector-inductively coupled plasma
mass spectrometry ( LA-MC-HCP-MS) for the direct analysis of uranium isotope ratios in uranium particles.
The proposed method includes the studies with respect to ( 1) adhesive tape loading method established to fix
uranium particles (2) standard-sample bracketing ( SSB) method established to correct the mass fractionation
and ion counter gains and ( 3) replicate analysis of uranium isotope ratios in uranium particles ( CRM124-
GBW04234 GBWO04238) with dimensions ranging from 75 pm to 100 pum. Experimental results show that the
relative uncertainties for “’U/** U **U/* U and **U/** U are less than 0. 050% 1.7% and 1. 8%
respectively. At the same time the uranium isotope ratios are in agreement with the corresponding certified
values. The proposed technique offers a rapid accurate and precise possibility for the uranium isotope ratios
determination of uranium particles.

Keywords Particle analysis; Uranium; Isotope ratios; Laser ablation-multiple collector-inductively coupled

plasma-mass spectrometry; Standard-sample bracketing
( Received 21 January 2015; accepted 27 February 2015)



