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Abstract: Nitric acid concentration affects and even determines the distribution ratio of
uranium and plutonium in reprocessing feed solutions, so, in the reprocessing process
control analysis, the determination of the free acid plays an important role. Traditional
laboratory analysis of the free aicd needs greater sampling, higher costing, and is time
consuming. Hence, development of a new free acid fast analytical method has important
significance for the reprocessing process control analysis. In this work, an NIR fiber-optic
spectrophotometer designed and constructed in our lab has been used to determine total nitric
acid concentration in samples from nuclear fuel reprocessing. Based on partial least squares

(PLS) numerical analysis methods, calibration models are built from simulated and real
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aqueous solutions with known acid contents and used to predict concentration of nitric acid.

The acid detection limit applied in acid solutions by the established calibration model is

0. 06 mol/L, and the detection limit for acid in mass plutonium is 0. 12 mol/L, and the relative

deviation is less than 10%, and the s, is less than 5%. The NIR system can provide fast, accurate

data with relatively small sample preparation. The PLS calibration results of the free acid concentr-

ation show good agreement with that of sodium oxalate-fixed pH value titration.

Key words: aqueous solution; free acid; near infrared; fast analysis
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Fig. 2 NIR spectra of nitric acid solutions of different
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Fig. 3 NIR spectra of 1 mol/L. HNO; solution containing
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Fig. 4 NIR spectra of aqueous solutions
containing 1. 45 g/L U, 3 g/L Pu(l\V),
and different concentration of HNO; measured

with water as reference
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Table 1 Calibration results in different spectral range without preprocession
A/nm s¢/(mol » L™1) se/(mol « L™1) r? A ¥ %t (Number of factor)
896~1 701 0.02 0.03 0.999 6 12
1346~1701 0.02 0.02 0.999 6 11
1346~1663 0.02 0.02 0.9997 10
1346~1 536 0. 05 0. 06 0.998 4 10
1540~1 640 0.02 0. 04 0.999 5 6
1540~1 660 0.02 0.02 0.999 8 6
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Fig. 9 NIR first derivative spectra(a) and second derivative spectra(bh)

of nitric acid solutions with water as reference
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Table 2 Effect of baseline pretreatment on calibration result
A/nm BUALRIT s¢/(mol « L) se/(mol « L™1) r? GEk

(Preprocessing methods) (Number of factor)
1540~1 660 Jo4b #H (Non preprocessing) 0.02 0.02 0.999 8 6
1540~1 660 FELALIE+5 AW 0.03 0.03 0.999 5 6

(Baseline correction & 5 points smoothing)
1540~1 660 — W +5 s 0.02 0.03 0.999 8 8
(First derivative & 5 points smoothing)

1540~1 660 28 1% 1F (Baseline correction) 0.02 0. 06 0.999 7 8
1540~1 660 ZB gy 5 mCEE 0. 05 0.35 0.998 6 13

(Second derivative & 5 points smoothing)
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B HIOBHA P 2SR 1Y E RS OE AR 3k
49 A il 2 R AR i A L R A e s e 1k
(PLS) g 37 75 BlURHA Hh it B9 R 1Y 7 1 BC I BT
BRI SHH T3 3, Rl 3E ] T 2AW (3EU 4§
T A0 8, Hs.=0.02 mol/L,s. =0.02 mol/L,

r*=0.999 8, Kz MR A 0. 06 mol/L,

TR i R Y A R A IR B A L R 21
ANKE i 4 B B RE A AR R IR AR /N 3 Ik
(PLS) . {57 15 BB Hh il 125 12 1) 2 i A IE AL
MRS HH) F 35 4, AL n] 3& F F 2BP.2AF T
2E A, H s.=0. 04 mol/L,s.=0. 05 mol/L,
7 =0.999 0, KM L H 0. 12 mol/L,,

3 ORI R U R R I E e A IE B Y

Table 3 Calibration statistics of uranium-nitric acid solution

B IESEFEAS (Calibration set) B IEAEAE AR (Validation set)

A/nm R i Ak ¥ (Data preprocessing)

40 9 1540~1 660 JoAb B (Non preprocessing)
se/(mol « L™1) se/(mol « L™1) H ¥ %1 (Number of factor) r?
0.02 0.02 6 0.999 8

FA4 FRRRNB P B R A E AR IE AR

Table 4 Calibration statistics of plutonium-nitric acid solution

e IEFEFEAS (Calibration set) I IEAEAE AR (Validation set)

A/nm K4 15 40 3 (Data preprocessing)

18 3 1500~1 660 JoAb i (Non preprocessing)
se/(mol « L 1) se/(mol « L™ 1) K 7% (Number of factor) r?
0. 04 0. 05 6 0.9990

4.2 FHBHFEIHIIE

SR FH B0 I AR AR i 6] o A OEASE R AT 0 IE
25 K& 10 F T B IESEFE SR BINE S S %
H 2Z 18] 1 28 11 45 S . I o 36 ik 42 1500 A o O 22
5.=0.02 mol/L, 7 =0.999 6, XfF & 2 K F
a=0.05,t0.05.5) =2. 447 SZHG A1 t=0. 162<<
Lao.os.e « BETRVTRUIN A9 25 SR 5 S PR I A b 35 1 22
S0 F MR IR B 58 v 1) R L B RL w1 S
B I

F 5 BUESE AT A5 2R

Table 5 Predicted results for validation set

ZH{H SRR Y AT i 22
No. (Reference value)/ (Predicted value)/ (Relative
(mol « L™ 1) (mol « L™ deviation) / %
41 0. 14 0.13 —7.1
42 4.12 4. 11 —0.2
43 3.26 3.27 0.3
44 0.91 0.96 5.5
45 1. 95 1. 95 0.0
46 2.17 2.15 —0.9
47 2. 00 1. 99 —0.5
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5 T E A IE R T S AR b R e Y A
»=0.995x+0.011 . . .
_ 4 220 999 6 Table 7 Repeatability test of nitric acid
. 3 in uranium solution
°
\\E/ 2 MWL 3% 85 B & i+ (Free nitric acid content) /(mol » L™1)
"Jl (Measure
number) 1 2 3 4 5
0 1 2 3 4 5 _
¢/ (mol + L™ 1 0. 82 1.03 2.16 2.02 3.51
) N s 2 0.83  1.00 2.17 2.03 3.52
B10 FEdh T iE s iR o = BUE (o) 5
3 0. 82 1.01 2. 16 2.03 3.52
BHA (e AL ’
Fig. 10 Correlation curve of nitric acid determined ! 081 1.00 21 2.0z 393
by NIR and standard test 5 0. 82 1. 00 2.15 2. 04 3. 94
6 0. 80 0.99 2.15 2. 04 3. 54
4.3 EBEENEERTEEREIN 0. 82V 1.01Y 2. 16V 2.03Y 3.53V
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Table 6 Predicted results of nitric acid
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Table 9 Predicted results of actual samples

i 2 % {H (Reference value) p/ (g LD R U B R I A X 22
e U Pu fi% ( Nitric acid) (Predicted value) /(mol « L™1) (Relative deviation) /%
1 0 0 0. 84 0. 83 —1.2
2 0 0 1.00 1.03 3.0
3 0 0 2.00 2.02 1.0
4 0 2.59X 104 114 1. 14 0.0
5 0 1.07 0. 64 0. 64 0.0
6 0 0.29 3.13 3.09 —1.3
7 0 1.42 0. 44 0. 46 4.5
8 1.47 2.01 1. 30 1.37 5.4
9 15. 92 3. 14 2. 14 2.33 8.9
10 35. 74 L5 1.03 1.03 0.0
11 28. 42 3. 14 3. 04 3.25 6.9
12 30. 74 L5 1.75 1.75 0.0
13 23. 24 2 2.05 2.08 1.5
14 15.74 1.5 2.73 2.73 0.0
15 5. 74 L5 1.65 1. 64 —0.6
16 20 0 1.00 0.99 —1.0
17 60. 88 0 0.98 0. 96 —2.0
18 22. 4 0 4.07 4.10 0.7
19 15.16 0 3. 26 3. 26 0.0
20 6.16 0 2.17 2.15 —0.9
21 0 7.12 2.20 2.17 —1.4
22 0 24. 64 2. 80 2.79 —0.4
23 15. 92 3. 14 2. 14 2. 20 2.8
24 37. 43 0 3. 20 3. 14 —1.9
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Fig. 11 Correlation curve between values determined
by NIR spectrophotometry and standard values

for nitric acid concentration analysis
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