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Abstract: The quantitatively detection of U(V]) in 30 % TBP/kerosene in Purex process was
studied. The baseline of the Raman spectra was corrected, and the Raman band of U(V])
which is considered as symmetric stretching mode v, (860 cm ') and the band of the organic
solvent located at 1 065 cm ' were selected as quantitative peak and internal standard
reference peak, respectively. Take the ratio of the intensities as relative peak intensity, the
standard curve was plotted, which is y=0.063 62+ 0. 357 with »* =0.999 in the range of
5.0-107.0 g/L of UCV]). The standard curve using the internal standard method shows good
stability, which changes to y=0. 062 4x+0. 489 with v* =0. 999 after 75 d. The analytical
precisions and slopes of the two standard curves show no significant differences when

significance level « is equal to 0.05 by F test and ¢ test. The linearity shows good
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repeatability, thus it can be used for a long period without refreshing it. With the method of

internal standard, different containers had little effect on the Raman spectra of uranyl

organic solutions, thus the detection can be conducted through the container walls, which

had the advantage of simplifying the detection. The detection of U(V]) in five containers

shows the relative deviations of no more than 3. 7%, therefore, it has no need to change the

containers when detecting the samples. Take the use of the internal standard method, then the

integral time and the laser power have little influence on the determination. Thus the parameters can

be selected to meet the need of detecting uranyl solutions with different concentrations.

Key words: Raman spectroscopy; internal standard method; the detection of U(V[); 30% TBP/

kerosene
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Fig. 3 Calibration curves for uranyl detection

using different internal standard peaks
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Table 1 Effect of internal standard method on the change of calibration curves as time
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t/d UCVD 53 4 % (Measured FH X 1R 22 UCVD 53 4 % (Measured R 22

concentration) /(g « L™1)

(Relative error)/ %

concentration) /(g « L™1) (Relative error) /%

0 99.1 —1.9
1 96.7 —4.3
2 95.3 —5.6
3 92.0 —8.9
7 80. 3 —20.5
75 128.7 27.4

102. 9 1.8
103. 4 2.3
105.0 4.0
103. 3 2.2
100. 9 —0.1
99. 4 —1.6
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Table 2 Detection results in different containers without internal standard method

UGD R - UCVD P14 S R A R 22
. AR 5% 22 .
Pag 1 (Measured (Average (Relative error
(Relative s/ %
(Containers) concentration) / concentration) / for average
error) /%
(g« L H (g« L°H concentration) / %
H %, 7 (Colorimetric cell) 99.1 —1.9 - 99.1 —1.9
P14 (Pneumatic feeding flask) 1 69. 4 —3L.3 3.4 66.9 —33.8
2 64.9 —35.7
3 66. 3 —34.3
758 i (Volumetric flask) 1 85. 8 —15.1 8.0 87.7 —13.2
2 81.8 —19.0
3 95.4 —5.5
1% 3% i (Flask with blue cap) 1 20. 0 —80. 2 10. 0 21.1 —79.1
2 23.6 —76.7
3 19. 8 —80. 4
8 5 9 (Flask with aluminous cap) 1 91.9 —9.0 1.4 92.3 —8.6
2 93.8 —7.1
3 91.3 —9.6
3 IBREEXS AR 2 g o A R Y A A 4 BT 4
Table 3 Detection results in different containers with internal standard method
UV IRk i - [SIQUBR =) ST 50 Y AR AT 1R 22
TR A
Kes (Measured (Average (Relative error
(Relative s/ %
(Containers) concentration) / concentration) / for average
error) /%
(g« LD (g« L H concentration) /%
e 2, 7 (Colorimetric cell) 102. 8 1.8 - 102. 8 1.8
#i4 )l (Pneumatic feeding flask) 1 102. 0 1.0 1.4 100. 4 —0.6
2 99. 6 —1.4
3 99. 6 —1.4
25 (Volumetric flask) 1 101. 8 0.8 2.6 101. 2 0.2
2 98. 4 —2.6
3 103.5 2.5
% % i (Flask with blue cap) 1 103. 1 2.1 5.4 97.2 —3.7
2 95.5 —5.4
3 93.1 —7.9
8 3% (Flask with aluminous cap) 1 103. 6 2.5 1.1 102. 3 1.3
2 101.9 0.9
3 101.5 0.5
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Fig. 9 Effect of internal standard method on the Raman spectra of uranyl in different containers
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Table 4 Detection results of U(V][) with internal standard method with different integral time

A4 FH kR (Without internal standard method) M FR 1 (With internal standard method)

FR 53 B 1]
. UCVD 357 B2 (Measured X% 2 (Relative UCVD 33 S8 (Measured FXFR 2 (Relative
(Integral time) /s
concentration) /(g « L™1) error) /% concentration) /(g « L™1) error) /%
1 3.0 —97.1 94. 5 —6.4
3 35.0 —65.4 100. 7 —0.3
5 68.7 —32.0 105. 6 4.5
7 99.1 —1.9 102. 8 1.8
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Fig. 12 Effect of internal standard method on the Raman spectra of uranyl with different laser power

Table 5
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Detection results of U(V][) with internal standard method with different laser power

A Adi FH 9 bR (Without internal standard method)

P A5 (With internal standard method)

BOG R
. UCVD 51 (Measured X iR 22 (Relative UCVD 584 ) (Measured FAXT iR 2 (Relative
(Laser power)/ %
concentration) /(g « L™1) error) /% concentration) /(g « L™1) error)/ %
40 32.8 —67.5 103.7 2.7
60 55.0 —45.6 101. 7 0.7
80 79.0 —21.8 100. 6 —0.4
100 99.1 —1.¢ 102. 8 1.8
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