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Abstract: Uranium content measurement is very important to nuclear material accounting
and product quality control in nuclear bulk facilities. It needs high accuracy and precision. In
this work, 3 different measurement steps from 2 analytical standards GB 11841—1989 and
ASTM C1267-17, which were uranium content test methods by iron( ][ ) reduction followed
by chromium (V] ) titration, were discussed by simulated experiments and following uncer-
tainty evaluation. The results show that, the total uncertainties of the 3 steps are all lower
than 0. 1%, which is the international target value of uranium content measurement by redox
potential titration method. The step for 2-3 g sample of GB 11841-—1989 is more suitable to
sign value measurement in reference material production, because of its lowest uncertainty.
In routine testing works, the step for 0. 20-0. 25 g sample of GB 11841—1989 is better in
sample weighting, the step of ASTM C1267-17 is better in titration and potassium dichro-

mate solution preparation.
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Fig. 1 Cause and effect diagram for uranium content measurement by using steps

of GB 11841

1989 for 0. 20-0. 25 g sample measurement
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Table 1

Data and results of uranium content measurements

by using steps of GB 11841-—1989 for 0. 20-0. 25 g sample measurement

K= m./g wy mi/g my/g wyp/(g* mL™ 1) V/mL Qu/%
1 0.223 04 9.807 3X10% 104. 759 1 96.893 1 7.357 1X10°* 0. 853 84.662
2 0.238 12 96. 893 1 88.479 2 0. 812 84.749
3 0.230 41 88.479 2 80. 339 0 0. 741 84.701
4 0.229 27 80. 339 0 72.245 1 0. 842 84.720
5 0.226 53 72.245 1 64.245 3 0.761 84.692

(0.229 47) (88.543 1) (80. 440 3) (0.802) (84.705)
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Table 2 Uncertainty components calculations for total
potassium dichromate amount consumed in measurement

by using steps of GB 118411989 for 0. 20-0. 25 g sample

e HfH bR AN
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mi 9.810 4 g 8.2X107 % g 4.4X10718
K 0.999 95 4X107° 1.0X10" 1
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Fig. 2 Cause and effect diagram for uranium content measurement by using steps

of GB 11841

1989 for 2-3 g sample measurement
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# 3 i GB 11841—1989 4k 2~3 g FE M BUR A& R

Table 3

Data and results of uranium content measurements

by using steps of GB 118411989 for 2-3 g sample measurement

5= m./g ms/g wyp/ (g mL™H) V/mL Qu/%
1 2. 449 56 0. 854 07 7.357 1 X104 0. 801 84.718
2 2.503 84 0.872 65 0. 745 84. 680
3 2.441 55 0. 850 77 0.766 84. 666
4 2.641 33 0.921 02 0. 719 84. 717
5 2.591 01 0.903 59 0. 824 84.737
(2.525 46) (0. 880 42) 0.771) (84.704)
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Table 4 Uncertainty components calculations for total
potassium dichromate amount consumed in measurement

by using steps of GB 11841—1989 for 2-3 g sample

e HfH B AN
CF{ED AN BE J5 %4/ gt

Ck 0.999 95 4X10°° 1.2X107°

mh 0.880 46 g 8.2X10 6 g 6.7>x10"11
miy 9.8104 g 8.2X10 % g 2.2X10°17
M2 150.034 g 8.2X10 % g 9.5X10"18
\% 0.771 mL 2.4X107° mL 3.2X10°12
ma 1000.27 g 8.2X10 % g 2.1X10°17
Ve 2 000. 0 mLL 0.24 mL 4.8X10° 1
MK, Cr, 0, 0.88103 g 3.6X10° g 1.3X107°
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Fig. 3 Cause and effect diagram for uranium content measurement by using steps of ASTM C1267-17

5 A ASTM C1267-17 Il 5k 4 b B gl A 45 2R 15

Table 5 Data and results of uranium content measurements by using steps of ASTM C1267-17

¥ S/g wy mi/g ma /g Qu/%

1 3.860 5 6.549 X103 1.323 8X10°° 101. 614 5 94.949 1 84. 737

2 4.499 0 94.947 1 87.180 3 84.726

3 4.486 9 87.180 3 79.435 8 84. 711

4 4.514 3 79.438 8 71.649 6 84.683

5 4.449 3 71.649 0 63.974 5 84. 655
(4.362 0) (86.965 9) (79. 437 9) (84.703)

A5 P A 8 T
4.3 FAHWEETE mia i
mg 0, = wlmy —my) = —5—(m; —m;)
1) 0 25 2R o 02 1 1 A - s
(16)
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u(rep) = s//5=0.015 1% , | % 7 Ui A 1 5 FF
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2) T E AR E AR TR B R T | AW E B

HR A 2 2 (15) 4 i 2 T4 A8 1 T 4% R B A
HF .

Horp : MK, Cr, 0, %(ﬁ%é@ﬁ%%%lé\ﬁi’gy7nlil A
T 1) L % TR YT D 1 R A% R D R g ckib
B TR 014 0 B 5y Ay T 1) T IRV R
H 8o

T 5 T R A T B TR BB B 5 | AT R A%
SIS R AR 2.3 7% 2) 85 R 5 TER 6.
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Table 6 Uncertainty components calculations
for total potassium dichromate amount consumed

in measurement by using steps of ASTM C1267-17
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Fig. 7 Standard uncertainty comparation of uranium content measurement results by using 3 different steps
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