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Determination of Uranium in PWR Spent Fuels by
Coulometric Titration Method
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Abstract

Controlled-potential coulometric titration method was applied in 0.5 M sulphuric acid
medium for the determination of uranium content in samples of PWR spent fuel. In this
study, we discussed some experimental conditions related to the determination of uranium in
PWR spent fuel samples.  Accuracy(recovery of uranium) for the coulometric determination of
1~7 mg uranium standard was 99.96~100.88 %.  Precision(relative standard deviation, rsd)
for the coulometric determination(n=3) of 3~4 mg uranium in PWR spent fuel samples was
0.07~0.68 %. Relative error for the results of the potentiometric and coulometirc determination

of uranium in PWR spent fuel samples was +0.65~—2.76 %.
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Table 1. Effect of H,SO4 concetration on coulometric titration of uranium

U found
[HSO4], M U taken, mg —
mg recovery, % X*£sd

5.0270 4.9376 98.22

0.1 5.0550 5.0005 98.92 98.67%0.39
5.0960 5.0381 98.86
5.0121 5.0091 99.94

0.5 5.0233 5.0215 99.96 99.96 £0.03
5.0233 5.0230 99.99
5.0158 5.0252 100.19

1.0 5.0885 5.0869 99.97 100.05£0.12
5.0867 5.0856 99.98
5.0233 5.0116 99.77

1.5 5.0084 4.9980 99.79 99.53%0.43
5.0438 4.9956 99.04
5.0289 4.9055 97.55

2.0 5.0680 4.8648 95.99 95.41+£2.48
5.0457 4.6773 92.70

Table 2. Effect of Fe ion concetration on coulometric titration of uranium

U found
Fe, mg Fe : U U taken, mg —
mg recovery, % X+ sd

5.0363 4.9302 97.89

5 101 5.0550 5.0573 100.05 99.32+1.24
5.0774 5.0782 100.02
4.9785 4.9808 100.05

1 115 5.0289 5.0289 100.00 99.99+0.05
5.0046 5.0017 99.94
5.0121 5.0091 99.94

0.5 1:10 5.0233 5.0215 99.96 99.96+0.03
5.0233 5.0230 99.99
5.0401 5.0444 100.09

0.33 1114 5.0587 5.0558 99.94 100.01£0.07
5.0904 5.0897 99.99
5.0401 5.0390 99.98

0.25 1:20 5.0568 5.0527 99.92 100.01 £0.11
5.0382 5.0447 100.13




Table 3. Effect of HNOs; concetration on coulometric titration of uranium

U found
[HNOs], M U taken, mg —
mg % X=£sd
5.0121 5.0091 99.94
0 5.0233 5.0215 99.96 99.96+0.03
5.0233 5.0230 99.99
5.1184 5.1248 100.13
0.05 5.0992 5.1054 100.12 100.12%0.01
5.0624 5.0685 100.12
5.0680 5.0749 100.14
0.1 5.0947 5.0975 100.05 100.10%+0.05
5.1221 51271 100.10
5.0345 5.0418 100.15
0.3 5.0755 5.0823 100.13 100.13+0.02
5.0680 5.0739 100.12
4.9831 5.0738 101.82
0.5 4.9982 5.0867 101.77 101.78 +0.03
4.9972 5.0851 101.76
Table 4. Effect of pre-electrolysis time on coulometric titration of uranium
U found
Time, min U taken, mg p—
mg % X*£sd
5.0997 4.1636 81.64 80.51 £ 1.43
5 5.0978 4.1292 81.00 (rsd = 1.78%)
5.0889 40153 78.90 67 0%
5.1046 4.9134 96.25 97 23+ 0.84
10 5.0838 4.9680 97.72 (rsd = 0.87%)
5.0837 4.9476 97.72 red T el
0121 . 1 .94
5.0 5.009 99.9 99.96 % 0.03
15 5.0233 5.0215 99.96 (rsd = 0.03%)
5.0233 5.0230 99.99 6T TR
5.1012 5.0998 99.97
99.96 =0.07
20 5.0965 5.0902 99.88 (rsd = 0.07%)
5.0965 5.0976 100.02 rea T BEe
.081 . 1 100.14
5.0810 5.088 00 10012+ 0.04
25 5.0923 5.0966 100.08 (rsd = 0.04%)
5.0705 5.0781 100.15 S¢ T e




Table 5. Coulometric titration results of uranium standard solution

U taken, mg U found, mg Recoverly, % X+ sd, mg/g rsd, %
1.0369 1.0477 101.04
1.0531 1.0593 100.59 100.88£0.25 0.25
1.0441 1.0548 101.02
2.2471 2.2547 100.34
2.2471 2.2588 100.52 100.34%0.18 0.18
2.2616 2.2651 100.15
3.3147 3.3184 100.11
3.3057 3.3041 99.95 99.98+0.12 0.12
3.3129 3.3090 99.88
5.0121 5.0091 5.0091
5.0233 5.0215 5.0215 99.96+0.03 0.03
5.0233 5.0230 5.0230
7.5958 7.5959 100.00
7.6446 7.6452 100.01 99.99+0.02 0.02
7.6355 7.6329 99.97
Table 6. Coulometric titration results of uranium in PWR spent fuels
Titration results
Sample No. —
S/F Soln, g (U], mg (U), mg/g X=*sd, mg/g rsd, %
0.3792 3.0838 8.1324
1 0.3764 3.0628 8.1371 8.1318£0.0056 0.07
0.3795 3.0838 8.1260
0.4167 4.0522 9.7244
2 0.4076 4.0127 9.8446 9.7675%£0.0670 0.68
0.3636 3.5391 9.7334
0.3770 4.0387 10.7126
3 0.3792 4.0744 10.7447 10.7203£0.0216 0.20
0.3787 4.0535 10.7036
0.3745 3.1198 8.3307
5 0.3729 3.0890 8.2837 8.3306 £0.0468 0.56
0.3705 3.1038 8.3773
0.3767 3.7823 10.0407
8 0.3743 3.7330 9.9732 10.0134£0.0355 0.35
0.3738 3.7478 10.0262
0.3777 2.7153 7.1890
11 0.3756 2.7030 7.1964 7.1835£0.0164 0.22
0.3960 2.8374 7.1651




Table 7. Comparison of potentiometric and coulometric titration results for determination

of PWR spent fuels

Titration results, mg U/g soln, (rsd %)
Sample No.
Potentiometric Coulometric Rel. error, %
1 8.3040 (0.09) 8.1318 (0.07) -2.07
2 9.8639 (0.30) 9.7675 (0.68) -0.98
3 10.6510 (0.97) 10.7203 (0.20) +0.65
5 8.3374 (0.56) 8.3306 (0.56) -0.08
8 10.2976 (0.07) 10.0134 (0.35) -2.76
11 7.3196 (0.45) 7.1835 (0.22) -1.86
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