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Abstract: Coupling C-T fixed-type grating with InGaAs detector, a new novel analytical
instrument for measurement of nitric acid and Pu(IV) was successfully developed. Acquiring
near infrared absorptive spectra (NIR spectra) with the spectroscopic instrument and
processing data with PLS technique, a rapid and non-destructive method for measuring the
nitric acid and Pu([V) of reprocessing fuel solutions was established. The instrument shows
excellent performances such as rapid measurement, good reproducibility of wavelength, and
higher stability. For the measurement of nitric acid and Pu(]V) in aqueous solutions, the
simple, fast and non-destructive method yields wide determination ranges from 0. 42-
3.97 mol/L, 1.07-25. 26 g/L.
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Fig. 1 Principle diagram of analysis device
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Fig. 2 Attenuation of typical fiber-optic light guides-®”
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Fig. 3 Control analysis system diagram
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Table 1 Accuracy measurement of wave length

A/nm
i W AX/nm
AN I SRM2065 & # i

1 974. 65 975.9+0.3 —1.3
2 1074.70 1075.7+0.2 —1.0
3 1 150. 39 1151.4+0.1 —1.0
4 1221. 34 1222.2+0.4 —0.9
5 1 368.03 1366.7+0.4 1.3
6 1 468. 83 1469.0+£0.4 —0.2
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Table 2 Reproducibility measurement of absorbance

No. A1 468,83 nm A1 368,03 nm At 221,34 om A1 150.39 om A1 074.70 nm Ag74.65 nm
1 0.314 7 0.3257 0.247 4 0.237 1 0.2815 0.254 3
2 0.314 7 0.3257 0.247 4 0.237 1 0.281 4 0.254 3
3 0.314 7 0.3257 0.247 4 0.237 1 0.281 4 0.254 4
4 0.314 7 0.3257 0.247 4 0.237 1 0.281 4 0.254 3
5 0.314 8 0.325 8 0.247 5 0.237 2 0.2815 0.254 4
6 0.314 7 0.3257 0.247 5 0.237 2 0.2815 0.254 5

(0. 000 03) (0.000 03)

(0. 000 03)

(0. 000 02) (0. 000 05) (0. 000 08)

TE < 155 9 500 2 o Al 22

(4) FLF I AR U LR RS

PR IEAT RS AT B e KRR 45
RINAZE 3. d13% 3 Al [, 70 A 36 B SR 21

BT 0. 002, BELREL RS 4L F 0. 000 8/h,

3 AR IR IR i 2
Table 3 Stability of base line

A/nm FAH I i) /min A R e JBE Ao o i 22
975 60 0.001 5 0.000 83
1074 60 0.000 8 0. 000 48
1200 60 0.000 5 0.000 28
1 370 60 0.001 0 0. 000 50
1470 60 0.000 3 0.000 17
1 600 60 —0.000 2 0.000 079

(5) AR Fa Ik R IR 2 B XS 925.1 207,
1390 nm&E K s WO FE AL #F1T3%E %L 2.5 h
A, A AR AR e M A RS AR 4. |
2 4 ATAL A IR O BEAR UE IR 22 /N T 0. 000 7,
et RAT.
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Table 4 Stable measurement of analysis instrument

A/nm F1 4 B 5] /min A W2 6 B A o A 2
925 150 0.020 8 0.002 6
1 207 150 0.475 8 0. 000 66
1 390 150 0.2218 0. 000 45
1415 150 0.218 6 0. 000 34
1 650 150 0.049 5 0. 000 57
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Fig.5 NIR spectra of different Pu([V )-uranium and

HNO; concentration measured with water as reference
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Table 5

Calibration and prediction results of the Pu([V) and

nitric acid PLS model for the reprocessing aqueous solution

\ ) e IF % o £
4oy A/nm o i i Ak B 7%
FE A r SEC FE 5 5K r SEP
PuClV) 941~1 200 JE GG 5 29 0.999 6 0. 20 6 0.999 9 0. 20
Tl FR 1500~1 660 JFIR s 6 35 0.998 3 0. 055 8 0.999 1 0. 054
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Table 7 Predicted results

Table 6 Predicted results of Pu(V) of nitric acid for aqueous validation set
for aqueous validation set s (HNOy)/ e (CHNOy) / Hiwt
No.
N ey (PuCN)/ pmwi (PuCN)/ A4 (mol + L75) (mol « L™ 22/ %%
NO.
(g+ L7 (g+ L7 2%/ % 1 2.00 1. 99 —0. 69
1 6. 28 6. 49 5.3 2 3.50 3. 50 0.00
2 19. 15 19.51 1.9 3 315 3. 16 0-20
4 0. 64 0. 60 —6.4
3 7.12 7.33 2.9
5 2.92 2.79 —4.5
4 5.61 5.63 0. 34
6 0. 44 0. 44 0
5 1. 50 1. 60 6.9
7 0.62 0.57 —8.1
6 1.50 1.3 —10 8 2.05 2.09 2.2
8 T LLAN G A K AR R ER R PuCIV ) /Y 43 BT 45 2
Table 8 Predicted results of nitric acid and Pu(]\V ) in aqueous sample
E LAl 7 {8
No. p(Pu(V))/ p(U)/ c(HNO) / p (PuClV))/ HixH c(HNO;)/ %t
(g+ L™ (g+ L™ b (mol « L™1) (g« LD 2/ % (mol « L™1) W2/ %
1 3. 14 15.92 2. 14 3. 14 0 2. 20 2.8
2 3. 14 28.42 3. 04 3. 04 —3.2 3.12 2.6
3 2.00 23.24 2.05 2. 00 0 2.11 2.9
4 1. 50 15.74 2.73 1.41 —6 2.74 0.4
5 12. 48 0.74 2. 10 12. 20 —2.2 2. 10 0
6 8. 19 - 1.13 8.24 0.6 1. 10 —2.6
7 6.05 - 3.52 6. 06 0.2 3.43 —2.6
8 7.12 - 2. 20 7.33 2.9 2.17 —1.4
PN SR R R R T A MR A A M R
4 & it
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o TR EAT A SRM2065 HrofE 4 5t 114 ) 3 22

SEAYMT T R IR . AL TR AR R PudIV)
G R & it 1) [] B R 00 2 3 o I A 3 5
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