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Abstract: Thermal ionization mass spectrometry (TIMS) is a well-established instru-
mental technique for accurately analyzing isotopes of elements with low first ionization
potential. However, the measurement accuracy is affected due to the existence of the
mass fractionation effect. Generally, applying the external standard method or total
evaporation method is the most common way to correct the mass fractionation effect.
Total evaporation (TE) technology is the most conventional method for uranium major
isotope ratio measurement (**U/**¥U) using TIMS. However, due to the strong peak
tailing of the major isotopes and other factors, the measurement precision and accuracy
of minor isotope ratios (*'U/**U and **U/**U) are relatively low. In this study, the
modified total evaporation (MTE) method for highly precise measurement of uranium
isotopes ratios by TIMS was developed based on the research of dynamic heating proce-
dures, dynamic and static receiving procedures, peak tailing correction, efficiency cali-
bration of collectors and mass discrimination calibration. The accuracy and reliability of

the MTE method were verified with different reference materials. The experiment
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results showed that the yield of uranium oxide should be monitored and the related
parameters should be precisely controlled to reduce the yield of uranium oxidation during
measurement. This action could guarantee the effectiveness of the MTE measurement
and improve the uranium samples utilization. The initial strength of ' Re” played an
important role in the ionization efficiency of uranium and the yield of uranium oxide.
The optimal signal of ¥"Re” should be set in the range of 0. 17-0. 22 V. When uranium
samples with 2% *°U isotopic abundance were measured by the MTE method using
TIMS, the measurement precisions of **U/**U, *'U/*U and “'U/*U were
0.024%, 0.06%, and 0.19% , and the bias between the measured value and reference
value were 0. 025% ., 0.19%, and 0. 38% , respectively. Compared to the TE method,
the MTE method showed the same precision for the **U/*®¥ U ratio measurement. As
for the MTE measurement of ** U/***U and **U/***U ratios, the major uranium isotopes
(**U and **U) were used as an internal standard to overcome the mass fractionation
effect. When the tailing effects were eliminated, the measurement precisions of
21 /%80 and #®°U/**U ratios were improved by 5 to 10 times. As for sample amount,

the TE method generally requires the uranium amount of less than 1 pg, while 5 pg is

a4t

required for the MTE method.
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thermal ionization mass spectrometry (TIMS); total evaporation (TE)
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Table 1 Dynamic receiving procedure of uranium isotope measured by MTE
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Fig.1 MTE heating process of sample 1
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Table 2 Effect of U and Re initial signal setting on uranium ionization efficiency

UWHL T Re " AL IR 1E 5 IR BEUTRIGE T IRIE U M ERE TRLEE

No. 187Re™ initiation signal/V 238 U™ initiation signal/V U ionization efficiency/ % Temperature/C
1 0. 10 1 0. 054 1780
2 0.15 1 0.058 1794
3 0. 20 1 0. 081 1802
4 0. 25 1 0.098 1810
5 0. 10 3 0.031
6 0. 20 3 0.039
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Fig. 4 Variation of '* Re signal intensity (a) and filament temperature (b)

under initial intensity of 0. 15 V and 0. 30 V
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MG OLTE SRR 5 pg AR &L MTE U & A IRMM184 By /23U 25y /28Y
BIFE 2~4 h Z [ 4" Re" R IA(E 50 B3 E b 5.3138X 1077 7.2623X107%
b B S P ET BT C R e R R . Ueenr 3.2X10°% 2.2X10°6
I Re IR E SR B EAE 0. 17~0.22 V R 5.3124 X105 7.2616X 10
T AR AE RSD/ % 0.137 0.015
2.3 REMRILMESR Bias/ % —0.026 —0.010
AR A IR 2 T Re {7 5 T En 0,00 .03
30 mV AT WAL JE O S BUR R Ak 2
AT L B AL Y Re T F 53K 5 0.17 'V, %4 $0001-02/U-PELLET BB &

PR AL A AR L 2 U {5 Sl 30 mV
Ja BEATIE AL JE DL E S BOR R MNT 22 07 8 R

Table 4 Measurement results of 80001-02/U-PELLET

R e o L e . o 80001-02/ i e e e
A8 ARSI RE i IR L i U (5 5 05 3 UpELLET U/UL Uy gy
1V J5iafr MTE #)¥. X} IRMM184,80001~ -

PR E(H 1.7080X 10~ * 1.9645X 1072 2.5800X10?
02/U-PELLET.CRM U030A P & CRM U100

Ucerr 8.0X10°7 7.5X10°6 1.0X10 6
S5 A4 A TR R TR Bl ) 0 2R b E W 5T R AT - 7
%a/l\#lﬂlfm 3 /l\ﬂﬁﬁfl‘i %ﬁnﬁ:ﬂ‘]{ﬁ'ﬂ%ﬁ ) - 1.7112X107* 1. 9649 X102 2.5887X10°
HIXEGRHE 22 (RSD)  Bias En g b gz F 07 00 " e
%3’\’67%@1&_‘%‘tt?ﬂ”%éﬁ%i@%%%ﬁﬁm Bias/ % 0.19 0.02 0. 34

En 0. 37 0. 36 0.09

i % JBE VI I P — 2K
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Table 5 Measurement results of CRM U030A

CI{M UOSOA 231U/238U 235 U/_’iSU 236 U/ZSSU

b U 2.8660X10"* 3.1367X10 % 6.1800X10 ¢

Ucere 6.2X10°7 1.7X107° 5.2X10°8

HUERRIER 2.8717X107" 3.1378X107% 6.1319X10°°

RSD/ % 0.01 0. 007 0.07
Bias/ % 0. 20 0.03 —0.78
En 0.91 0.63 —0.91

k6 CRMUIO SR
Table 6 Measurement results of CRM U100

CRM U100 281y /28U 2357 /238U 267 /28U
FrifE(E 7.5360X107* 1.1360X10"1 4.2250X10*
Uvcerr 2.2X107° 1.2X10°! 1.1X10°°

N (e 7.5483X 107 1.1362X10 ! 4.2339X10*

RSD/ % 0.01 0. 022 0. 05
Bias/ % 0.16 0.02 0.21
En 0.56 0.15 0.75

2.4 MTERMAFERBZEEMURS TE LR
Hb# MTE Fi1 TE W & 8l [7] 7 2 149 15 15 1)
TR 7, XFTURERE R 20 KR & (80001
02/U-PELLET), i@ 3 12 ¥l &, *°U/** U,
HHU/AS U U2 U MTE 58 48 X A5 1
24354 0.024% ,0. 06 % 1 0. 19%,
XFFEU/#S UM R U, TE 84 5 L # . X
ARE S B R R CR A G, TE a2 1 4
PEITTEE 1~5 s, B AN & F I 78 10~ 30 min
Z ], — M 2x R AL Ak 1 000 DEHE s T MTE
SERL 1 DG B 80 s, B AN I AT B
2~4 h,— M REFN L 60~120 DMEHE.
I, MTE 534 T 52 335 119 3o A% 455 i A0 B 0 1
HLBG A, LU IR %8 2 0 A S8 dis . X T
U/ UMPU/A UM E s MTE SR E 6 7
RCPURPU) AT W ARALIE . A R Ik 15
B Y R e 7R 40 BR 4 R 2 J5 , MTE
T MR L TERR & T 1 &
K. AR, TE - RHFLAKRT 1 pg
B E  MTE WG 225 pg R E .

%7 MTE #1 TE Ul £ $h F L Z 89 LL 3%

Table 7 Comparison of uranium isotopes measured by MTE and TE

o MTE TE
No. BU/HSU 2 /28Y BoU/28U BIY/HU By /28y oy /28y
1 1.7108X107*  1.9643X1072  2.5934X10°°  1.7180X10*  1.9642X10°2  2.7120X10°7
2 L7115X107%  1.9653X1072  2.5950X1075  1L.7130X107%  1.9652X107%  2.6590X10°°
3 L7121X10°%  1.9654X10°2  2.5924X10°5  1L.7140X10 '  1.9649X10 %  2.6840X10 3
4 171061071 1.9643X10°%  2.5837X10°5  1.7200X10° '  1.9646X10 %  2.6830X10 %
5 17100107+ 1.9648X10°2  2.5815X10 7  1L.7150X10 %  1.9646X10 %  2.7210X10 °
6 L7114X107%  1.9651X1072  2.5896X1075  1.7170X107'  1.9647X107%  2.6320X10°°
7 171291074 1.9647X107%  2.5941X10°5  1.7180X10° ¢  1.9647X10°%  2.6900X10 3
8 1.7107X107%  1.9650X1072  2.5954X107°  1L.7170X10%  1.9652X107%  2.7380X107°
9 L7119X107%  1.9650X1072  2.5933X1075  1L.7150X10°%  1.9645X10°%  2.6710X10°°
10 170951074 1.9659X1072  2.5822X10°5  1.7170X10° '  1.9643X10°2  2.7120X10°°
11 L7114X107%  1.9654X1072  2.5888X107°  1.7220X10*  1.9647X10°2  2.6200X 10
12 L7119X107%  1.9648X1072  2.5890X1075  1L7170X107%  1.9649X107%  2.6840X10°°
FHIH L7112X107% 196501072  2.5899X1075  1.7169X10° ¢  1.9647X10°%  2.6838X10°
RSD/ % 0. 06 0. 024 0. 0.15 0.016 1.3
Bias/ % 0.19 0. 025 0. 38 0.52 0.011 4.0
En 0.79 0. 83 0. 1. 89 0.43 1.70

7 MTE fl TE thil iy HARE 538 5 5 15 V3 TE J7ik B il 6 15 5 3R B B O 50 mV, B Re ™ 5 5382 5 MTE

PREFARIF (0. 17 V)L BRI ]y 1 s/ cycle
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