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Measurement of Plutonium Isotopic Compositions in Plutonium Oxide
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Abstract: The study of the measurement of the plutonium isotopes abundance in the plutoni-
um oxide using the thermal ionization mass spectroscopy (TIMS) is performed in the paper.
The conditions such as pretreatment of the plutonium oxide sample, vacuum control of the
ion source and analyzer, check of the receiving efficiency of the Faraday cups, the extent
control of the signal intensity, the stability control of the signal intensity, the control of the
measuring time and so on are optimized. The optimal conditions of pretreatment and measur-
ment are determined, at which the accurate determination of plutonium isotopes components
in the plutonium oxide is achieved. Under the selected condition, the plutonium isotopes
abundance in the plutonium standard is obtained. Results show that the measuring precisions
of the main isotopes *’Pu and **Pu are better than 0. 05% (n=6).
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Table 1 Comparison of measuring value and nominal value
of isotopes abundance ratio under different vacuum
NEHU) /NEBEU) NP U) /NE3U) N6U) /NHEU)
PRARAE fRE = LA B FR{E Rz LA B FR{E Rz S
(Nominal (Low (High (Nominal (High (Nominal (Low (High
value) vacuum) vacuum) value) vacuum) vacuum) value) vacuum) vacuum)
0.010 422 0.010 465 0.010 431 0. 999 698 1. 002 348 1. 000 053 0.001 519 0.001 530 0.001 529
(n=3) (n=3) (n=3) (n=3) (n=3) (n=3)
0.413% 0. 086 % 0.265% 0.036% 0.724% 0.658%

7 (Note) : fit J§ — 178048 Jy A %% 2% (The last row of data are the relative error) ; fili B 25 (Low vacuum) : 1 X 107° Pa== g 7 i H 25
J& (Ton source vacuum) =1 X 108 Pa, 1 X 10~ % Pa= 4} ¥ #§ H 25 if ( Analyser vacuum) =1 X 1077 Pa; & H 2% (High
vacuum) ; &5 I H 23 ¥ (Ton source vacuum)=<<1X 10 ¢ Pa, 43 B %% B 25 i (Analyser vacuum)<<1X10 7 Pa
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Fig. 1 Detection of the receiving efficiency

of the Faraday cups

B DL/ I 2 B 51 6 1Y 2R Se i 2% .

2.2 MEREGESH

2.2.1 fF9 9B RS XERRAL R bR iEY
Jit IRMM-290b (N (*** Pu) /N (** Pu) = 1. 000 730)
TG JE™ Pu {545 58 B 43 ] 5.50,100,150,
250 mV Ry AL R F ST T E . BRI E S
SRR A 9 AEUE . B AS R Pu {5 5 B X
Pu/* Pu MY Pu/® Pu [ 3R R AR IR &5
KT 2. 3. K 2.8 3 LA H: 47 Pu
5N 5 mV B W N #) 100 mV L Pu/
PR Pu/* Pu [ 7 2 T B LI R 8
A& b I HE RS % B M AR 45 247 Pu R 5 R
AN/NF 100 mV B}, 2% Pu/* Pu #1*° Pu/? Pu [A]
AL ZR T LI B RS HE A AR /0N I R R 4
AR, Hr i 2 & LIEH 250 mV IFHL T
JRFINAR 9 Pu/* Pu [Rl R F2BE EL{E R 1. 000 856 6,
H B B 20 FRRAEE 1. 000 730, 3 5 () AH X i 22
S/ o DRI Sy it A 00 R R R R R R Y W oK
TERTERFE it rh BA ] 7 2% 7 BE 3 A7 DU B 0 20T

1.0100000

1.0050000 F o¢ ¢

+ +e5mV
= . ., 100mv 250 mV
1.000 000 0 PUCMENRIEA ORI S
50 mv 150 mV
0.995 0000 !

*Pufi 5 51 & (Signal intensity of *"Pu) /mV

B2 AR Pa (ST
o P P 75 H
Fig. 2 Variation of **Pu/*’Pu isotopes abundance ratio

under different signal intensities of *** Pu



%4l A S L PR T FE B O v

TE B AL HR R B TR 07 38 2H A 223

LA L E T B9 Pu {5 2 R A E] 100 mV DA L,
A BE PR AL [F) 7 2 F BE N 5 AR A0 R & R
B .

5.000 000 0
4.0000000f

.3.000 0000, .5 my

= 2.000000 0f + * _
1.000 000 0

0.000 000 0
*pufii 5 9k (Signal intensity of “’Pu) /mV

50 mVlOO Il’lVlSO mV250 mv

.
o, LR R R R

FS RR P BRI T
240 PU/ZBS) PU Iﬂ'fﬁ%ﬂzfg H:/E’T»t
Fig. 3 Variation of ' Pu/*’Pu isotopes abundance ratio

under different signal intensities of **° Pu

2.2.2 fFoRREERREMEAEE] XER R A 3R AR vfE
Y IRMM-290b( N (*** Pu)/ N (** Pu) = 1. 000 730)
FEH LI E Y Pu 5 5 9 B RRUE EAS A G 00T /Y
FEENL R F AT T 00 A Pu {55 50 B
o PR AN [F I B0 B A 48 X Pu/%" Pu Fi#°Pu/
U Pulml i B Ay 0 T 50 AR IF
FtE Y Pu 2 Pu #* Pu Y5 H 40 H L IF o
g Hh T D R YRR X A A 25 . Pl i I
U PufES R B B A ) AR AR TR 4. B AR OR
[F]% Pu {5550 B 3 6] A7 R 3 B2 DU 4t (9 A0 X5 A5
MEfm 2250 T8 2, HE 4 ATLLAEE L 1 h
S PufAE S TR E B0 o AH AR AL L A 22 18 A
552k 2 ¥ Pu B A5 5 0 B 5GBS 0 98N L TE
30 s ARTAS b H 8P, 30 s VUG A8 B W e T 5%
18 HJE R 2k 1 A b, AR (R B R P, B ER 2 W]

DA 2R 1R A7 Pufs 5 38 5 B 45 197 Pu,
PP Pu B A 43 E AR BRI 22 0 0 R

= 3.5000000

5> 30000000

CZ\

EE 2.500 000 0

=74 2.000 0000

2 21.5000000

Z21.000 0000 |

2 2 2

7 £0.5000000

S 0.0000000 . . . . . ,

0 10 20 30 40 50 60
t/s
1— 15 598 & 1(Signal intensity 1),

2 {5 5 JF 2(Signal intensity 2)
B4 PIFR Pu {55 8 B Rl s e A2 Ak 1E
Fig. 4 Variation of two signal intensities

of #°Pu with the time

1.240 1%.0.161 3% #1 0.174 2% (n=50),
H¥/NTF £ 2 87 Pufg 5 o B T 0 45 19

“'Pu 2“Pu\z”Pu (4 J5L 5 1 23 L B R X A o
o YW H LB IE S Pu {55 MR E L B N A B9 245
%ﬁ%#ﬁ‘fyﬁf&ﬁ%o

F2 WM PuFSRET
T2 [5) fo2 2R =F J5E 00 2k 1% K X A 9 i 22 LE AR
Table 2 Comparison of the relative standard deviation
of the main isotopes abundance measured

under the two signal intensities of **°Pu

e N
(Isotopes) B4k 1(Curve 1 H£k 2(Curve 2)
240 Py 1.240 1 1.419 3
212py 0.1613 0.6170
239 py, 0.174 2 0. 665 6
# (Note) :n=50
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Table 3 Measuring value of the isotopes abundance
of the sample and the corresponding

relative standard deviation

239 Pu 240Pu 242Pu

49. 694 % 0.02518% 50. 345%
49. 696 % 0.02567% 50. 358 %
49.641% 0.024 27% 50. 304 %
49.651% 0.02450% 50. 350%
49.650% 0.024 95% 50. 364 %
49.685% - 50. 360 %
49.670% " 0.024 92%P 50. 347 %V
0.049 9% 2.000 0%2 0.043 9%%

¥ (Note) : 1) FH{f (Average value)
2) FH X H5 UE R 22 (Relative standard deviation)

Hi& 3 W] LA 3% 6 i E AE A 32 2 41
% Pu AP Pu, H B 23 HE 43 i Dl 49. 67004
FI50.347%0, iy Y€ 45 R T LA . BRI R

BOPuA M Pu il B R (s BT 0.05%
(n=6), *"Puiidd {43ty 0. 024 9204, H W &
KSR (s )R 2.000 0% (n=6).
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