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Abstract: The o specific activity of plutonium(Pu) and neptunium(Np) in the uranium trioxide product is
an important parameter for the quality control. In this study, a simple and reliable method based on TEVA
resin was established for the determination of a specific activity of Pu and Np using o spectrometer
measurement in the high-uranium content sample. In this method, the uranium oxide powder was first
completely dissolved into 2 mL of 5 mol/L. HNO; with heating at 90 °C, then 10 mL of 5 mol/L HNO; was
added, followed by the addition of 0.1 mL of 30%(mass fraction) H,O, to adjust the valence of Pu and Np
to +4. Then the Pu and Np with the high-uranium extracted onto TEVA resin on the condition of 5 mol/L
HNO;+0.1 mL 30% H,O, loading, while the most of interfering element U penetrated the resin, and the rest
was removed using 10 mL of 5 mol/L HNO;+0.1 mL 30% H,O, elute. The losses of Pu and Np were
between 1% and 6% in the loading and rinsing fraction. Finally, the Pu and Np were simultaneously eluted
with 10 mL of 0.3 mol/L HNO;+0.02 mol/L H,C,0, at a flow rate of 1 mL/min. The results show that more
than 99% of U is removed through the resin separate ion: the decontamination factor of U is greater than

3.2x10* using the method. And the overall recoveries of Np and Pu are > 90%, illustrating that the
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developed method is suitable for the a specific activity measurement of Pu and Np in 0.1-0.5 g of uranium

trioxide sample. For the analysis of six spiked samples with known amounts of Pu and Np activities, the

measured values are consistent with the expected ones, the relative deviations are between —2% and 5%,

indicating the robust and reliable of the developed method. The analysis of the blank procedure shows that

the measurement results of Pu and Np are between 0.8 Bq and 1.3 Bq, the detection limit is 2.7 Bg/g for the

0.2 g of uranium trioxide, which meets the requirements of the spent fuel reprocessing process for the

determination of o specific activity of Pu and Np in uranium oxide powder. The method has been applied to

the determination of Pu and Np impurities in post-treated uranium oxides.
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2.1 M4 Pu 1 Np WE KA Fi%

TEVA B g i [ 2 A8 28 BRI o 2 5 8 3¢
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Fig. 1 Elution curves of Pu, Np, U from TEVA
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# 1 H,0, ¥ EEXT TEVA B i 5 4E Pu Al Np [a15 5119 52 1)
Table 1 Effect of hydrogen peroxide concentration

on recovery of Pu and Np

2 HNO; ¥ JEXT TEVA R i W B Pu F1 Np 2 25 3 4 52 1]
Table 2  Effect of HNO; concentration on loss rate of Pu and Np
from TEVA resin

H,O, /1A fit/mL :;1:12(:)1/) %*ﬂf:j?g;ﬁ@ % /%
0.000 0.000 (4.5+0.2)x10° 517
0.025 0.125 (8.140.4)x10° 93.1
0.050 0.250 (8.5:0.4)x10? 97.7
0.100 0.500 (8.8+0.4)x107 1011
0.150 0.750 (8.6+0.4)<10° 98.8

TE: #50.2 g UOKEh (PuMINp EL TG 1% 48.7x102 Bq/g) ¥ F°10 mL
5 mol/L HNO,# ', TEVAR IS S mol/L HNO;Hi4b#, 10 mL
0.3 mol/L HNO;+0.02 mol/L H,C,0,#£1.0 mL/minii# T e -

H, Np*“Fll Pu*'fig 5 NO3 JE L 7 B 25 1 Np(NOs)g~
F1 Pu(NOs)Z™ 1717 = R b #% TEVA B i O/ B 0% BT,
I b 15 v BE /) HNO, T 44k +4 4 Np 246 o
T W5 HNO; # X Np 1 Pu 4 25 98 B J 15
TEVA # fig | i W B 505 19 52 Wil , 7 2~ 6 mol/L
HNO, /5 i A Pu H1 Np FAR #E W, 1 0.1 mL
30% H,0, 877 Pu Al Np A4 2%, I & i BF & 1 i
TEVA B 7 W& 9 Pu FIl Np B 7 2, SCa6 4%
Ry TR2, R24R/FW, M4 H 3~5 mol/L
HNO;+0.1 mL 30% H,0, 1F 4 I A4 3R K bk vk 75
BF, IR PE VR P Pu R Np 19 5 2R AE 1%~ 6% Z [,

WS e (HNOS)/ e Py IRUEH N
(mol-L™") mimg  ERE/% mimg  ERHE/%
2 1.65x107" 8.01 1.87x107" 8.82
3 2.64x107 1.28 1.14x10™" 5.38
4 2.12x107? 1.03 9.50x107? 4.48
5 1.85x1072 0.90 6.32x1072 2.98
6 1.08x107"! 5.24 1.36x107" 6.42

10 mL HNO,%# HP 1A 2.06 mg Pufi12.12 mg Np, FH0.1 mL
30%H, 0,1 1y PuFINpHI M 25, FHARIRIHK FEEHNO; AN TEVARYIE, 10 mL
0.3 mol/L HNO+0.02 mol/L H,C,0, H¥EME K, Hi# 4 1.0 mL/min,

Pu**Hl Np*'7£ TEVA #f ig I i) W Bt R BB AIK, Fu
CO3™ . C,OF X} Pu il Np 45 #48 4 i 1% fig 77, 4 bk
FHFH A8 I Pu A1 Np FI3BERR . A 858 Pu #1 Np 1)
PB4 14 B9 B 0, K5 5 mol/L HNO5-0.5 mol/L
H,0, ML A Pu/Np #R#E %, 431 ] 10 mL 0.3 mol/L
HNO;. 10 mL 0.3 mol/L HNO, + 0.025 mol/L HF,
10 mL 0.3 mol/L HNO; + 0.02 mol/L H,C,0, ¥ i #4f
Jig b W BfF A9 Pu AT Np, £5 S5 F K 3. Bk 3 n]
1, B4R 0.3 mol/L HNO; 45 & Ik e i 1y F 8l C,02
YT RE = A R B Pu A Np ([ E > 95%) , H 2
A E e )5, 42 59 TEVA # i %t Pu Al Np 943
BISCRAE T 80%, P AR T4E 3£ H 0.3 mol/L HNO;+

222 BEBRAYIESE  FEMRWEE HNOs /R R TF,  0.02 mol/L HyC,O, M ¥k i i -
3 VR A B T Pu. Np PR B AY 82 R
Table 3  Effect of elution composition on recoveries of Pu and Np
SIRAL I K al
m/mg mI/% m/mg M/ %

0.3 mol/L HNO; 1.91 92.7 1.98 93.4

0.3 mol/L HNO;+0.025 mol/L HF 1.98 96.1 2.02 95.3

0.3 mol/L HNO;+0.02 mol/L H,C,0, 2.03 98.5 2.05 96.7

2.2.3 TEVA W JIg 7 & 2li 4k Pu F1 Np (% 3 H #h
2 NS IE A TAE BT 257  H,y0, 3 15 Pu M
Np W Hr & %7 TEVA # fig 73 15 4l fk. Pu. Np. U 14X
R, Pu, Np., UZE BAEWR . ROV . V4535 o
TR SRR TR L K858 LW 10mL
5 mol/L HNO;+0.1 mL 30% H,0, 5 Pu FI Np 44
A, BiE o TEVA BB S, 98% L _E A4 Pu 1 Np #
o A R B A B B, RIS, 99% DL B Y U SR

BT 8% KB, U B 205 B F >3.2x10% [
6 mL 0.3 mol/L HNO;+0.02 mol/L H,C,0, ¥ JIit # 7&
1 mL/min Ji 3 % B 2% 14 T, 98.7% [ Np Fl
96.7% [1) Pu B 15 Bl o 24P H e Bt , UE B B A 57 1Y
J5 15 RE 8 43 5 Sl Ak = Bl RE P Y Pu A Np.
23 3B UX Pu 0 Np 2 B 221

o B I, 234U (4.60~4.78 MeV, 43 37 L
99.8%) Y o 4 AF % 55 'Np(4.64~4.87 MeV, 73 32
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It 99.2%) | 2*Pu(4.78~4.93 MeV, 43 32 1t 99.9%)
S, AR RN U R EN o 5o 528
YRR, 7 A ) WS R o 2 FR B AR I )
FR 25, BRI, Ay o i Il R AR R R
() Pu Fl Np 2% T % 5, 5 76 Ak 2% m b 28 b L B &
TEMN U,

5 (2.13x10°~1.06) mg U 4 UO, %% % 10 mL
5 mol/L HNO; I W&, #ERA A (420.2+20.8) Bq &
Pu Fl Np (AR W W, T #2300 47 SO0 v VR (i
2 R R 95%~99%, n=25) I Fi] o 354X
I & Pu FN Np Y & &, MBS Ry TR 4, K44
SR, SR U R & AR 22 pg B, Pu Ml
Np 1] 2t 45 S (4 AH X i 25 46 X {H < 10%, W 45
HEW AT HE . AR PR X U M 2205 B 1 >3.2x104, 2
LA M R K& 0.6 g B9 UO, K A KE i .
Iy BIFREL 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 g UO, B K HE
mi (Pu A1 Np Y HE i & 2 (190.049.5) Ba/g) , %4 T
B FiT 2 57 19 77 75 43 85 4l Ak Pu M Np, 45 851 F 3% 5.
H 2 5 AT, 76 UO, IUFE&E R 0.1~0.5 g B, I &5
{8 55 2 25 {1 (1 A 6 i 22 46 XHIE < 10%, B8 B A
T AE % o R L I 4 0.1~ 0.5 g fil & AL ¥ b Pu I
Np &t X UO, IUFE ik 5 0.6 g B, FR AR A1
A, A Y o IR R R B AR, R AR Y H TR
WSO A A3 B0 5 11 o B 5 0 U TR 52 2, S I
5 R AmA% . R 4 RUIBEE 5 a0y & B R, BR
FRIVERE 5 B 1 0 I
24 SAERRIE

Shy B AE T 8 ST 43 A O 1k B E R M FR R 4
0.1 g UO, ¥ & (Pu F1 Np 89 HL 6 BE 494 1170 Bg/g),
JA 120 Bq 7 2°Pu F1237Np bR HEIE T, $2 BB A T

4 Al B R R Pu AL Np I 5 R

Table 4 Effect of uranium content on determination results

of Pu and Np in sample
ERRIFERTE /B
m(5AY) /mg X2/ %
JALE =R
1.06 420.2+20.8 272.5+18.5 -35.1
0.21 332.2+17.6 -20.9
0.11 366.6+18.3 -12.7
2.13x1072 389.2+19.4 -7.3
1.06x1072 398.0+18.0 —52
2.13x1073 421.4+20.2 0.3
e n=2,

F 5 ARIEBURE BT UO, A% & o Pu il Np 4
L 1 B 25
Table 5 Results of Pu and Np activity concentration

in different mass of uranium trioxide

ERRIEER LIS BE/(Bqeg™)

UOHUFf /g AR 2/ %
JAME B
0.1 190.0+9.5 190.749.6 0.2
0.2 178.5£9.0 -5.9
0.3 189.3+9.4 -0.2
0.4 182.6+10.2 -3.7
0.5 195.449.2 3.0
0.6 158.0£13.5 -16.7
H:n=2,

VERT 8 ST 5 Bl 4 A s i R i B AU B K
2l AL B & A Pu A Nip, B & Y B4 i ) (AL 35
SE ARl T A AR R Y 4 Ak ol TR Y S
HF 2.5 h, & BRI T3 6. B A A & i ik
24 96.2%~ 109.6%, W5t {E 5 i AAE Z 1] i AH X
s 25 46 XA /N T 5%, TIE B2 5 75 58 W 2y AT 4 b 4y
BT i Sl R i Pu BT Np B9 36 2

6 JMARFE S Pu Al Np 1Y 53 #7 45
Table 6 Results of Pu and Np for spiked sample

PuFINpiii B/Bq
P R % M RZE/%
FEfh A SR
1 1222 120 253.7 109.6 47
2 113.1 120 233.4 100.2 0.1
3 120.3 120 243.1 102.3 1.2
4 1222 120 237.6 96.2 -1.9
5 112.3 120 228.4 96.7 -1.7
6 110.7 120 235.6 104.1 22

FE AR T A e R v, Sk D S 0 9 R Y Y
ARUE, I 10 mL 5 mol/L HNO, ¢ FE A 3 #2 1l £ o 1%
ASCI) 2 VR, 3 3 A AR A R R U O vk 1
R B o 24T Am s o VR I A5 o 4S04 FR I KR Sy
13.1%, Y 25 1 By 18 R TE 85%~90% Z (1], il
130 min, 25 FIECR N 7~ 10 min !, FRA45 25 (I
H{H N 0.8~1.3 Bq, trifEfi 22 ¢ 4 0.18 Bq, %
3o TG R 0.54 Bqo 24 il 4 B9 RE S BURE &
0.2 g B, AT R R 2.7 Ba/g, bR ifE
EJ/T 1154—2002(J kb B = 41k Sl 495 oK 2 A S )10
R H ™ 5 P Y Pu R Np 2% R 09 o il 51 L3 B
250 Bq/g 291X 100 1%, i /& UO; #3 K 2% 5T Pu Al
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Np 6 I Z K
3 4 g

A G R L X Al A AR T Pu R Np 2% 5T L0 3 B2
)5 #r, #£ 5 mol/L HNO, 4 i ' H H,0, 14 5
Pu Il Np [ fr 25, Fl TEVA Bl 43 & 4l fk Pu 1
Np. Pu I Np B [H 45 2 >90%, U 1y K75 K+ >
104, AJ AERG 43 HT 0.1~0.5 g UO, ¥ i v Pu 1 Np (1)
TSR S B %07 ¥ B TR AL B A A Ak
Pu I Np 2% 5T 9 43 B R0 e, Shy 7™ i 19 o 4 42
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