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Determination of Uranium and Nitric Acid in Uranyl Nitrate System

Based on Density-Conductivity-Temperature Method
SHAQO Shao-xiong, LIU Quan-wei, FAN De-jun, ZHU Hai-qiao, WU Ji-zong
China Institute of Atomic Energy, P. O. Box 275(88), Beijing 102413, China
Abstract: A method for determination of uranium and nitric acid in uranyl nitrate system was
established through combination measurement of density-conductivity-temperature. A math-
ematical model, which described the relationship between the concentration, temperature,
density and conductivity, was obtained. This model was a set of non-linear dualistic quadrat-
ic equations. Once the temperature, density and conductivity of uranyl nitrate system were
measured, the concentration of uranium and nitric acid could be calculated by computer. The
method was used to determine the concentration of uranium and nitric acid in uranyl nitrate
system. The results show that the relative errors are between 5% to uranium and nitric acid.
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Fig. 1 Relationship between density and

mass concentration of uranium
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Fig. 2 Relationship between density and

concentration of nitric acid
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Fig. 3 Relationship between conductivity and

mass concentration of uranium
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concentration of nitric acid
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Table 1 Temperature coefficients of the density

% W (Solution)

%% i (Density) / 9% I 1R 2 50 (Density temperature

No. t/C
o) /(g+ LD c(H")/(mol « L™1) (ge+cm *) coefficient) /(g + ecm 2 « °C 1)
1 50 1 20 1.098 6 —0. 00047
30 1.094 6
40 1.089 9
50 1.0844
2 200 1 20 1.299 5 —0.000 59
30 1.294 2
40 1. 2884
50 1.2818
3 50 4 20 1.1953 —0.000 67
30 1.189 1
40 1.1823
50 1.1751
4 200 4 20 1. 3914 —0. 000 74
30 1.3845
40 1.376 9
50 1. 369 4
E2 R R
Table 2 Temperature coefficients of the conductivity
o T (Solution) e HL 5% (Conductivity) /  HL 53R I8 B 2 % (Conductivity temperature
p(U)/(g+ LY c(H')/(mol « L™ 1) o (Seem 1) coefficient) /(S + em ™! « C—1)
1 50 1 20 0.311 0.006 5
30 0.383
40 0.428
50 0.512
2 200 1 20 0.222 0.0055
30 0.276
40 0.333
50 0. 386
3 50 4 20 0.652 0.008 0
30 0.726
40 0.811
50 0. 891
4 200 4 20 0.516 0.006 8
30 0.594
40 0. 634
50 0. 730
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Table 3

Pa S R AT Z2 e ARk R A5 240 R B e
ABAY HC g R [ 1 0 B AR SR R B - =0. 999 8.
FL S A [l 7 R A AR Sk AR K =0 997 6.,
p=0.001 32p(U)+0. 030 47c(H" ) —

0.000 636 69:+1. 018 66
k=—0.01533¢*(H" )+0. 186 14c(H" ) —

0. 000 106 8¢(H" )p(U)+0. 000 460 8c(H " )z—

0. 000 585 3p(U) +0. 005 43t+0. 063 69 (2)
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Density and conductivity of uranyl nitrate solution at different temperatures

V5 W (Solution)

2% & (Density) /(g ¢ ecm™ %)

H, 5 % (Conductivity) /(S » cm ™ 1)

oUW /(g+ L ¢(H")/(mol+ L 1 20 °C 30 °C 40 °C 50 °C 20 °C 30 °C 40 °C 50 C
50 1 1.098 6 1.094 6 1.0899 1.084 4 0. 311 0. 383 0.428 0.512
100 1 1.1653 1.1608 1.1556 1.1497 0.278 0. 340 0.402 0. 458
150 1 1.2327 1.2276 1.2218 1.2156 0. 249 0. 307 0.361 0.419
200 1 1.2995 1.294 2 1. 288 4 1.2818 0.222 0. 276 0.333 0. 386
50 2 1.1311 1.126 1 1.1207 1.114 7 0. 454 0.523 0.593 0. 656
100 2 1.1991 1.194 2 1.188 2 1.1816 0.418 0. 482 0. 544 0.612
150 2 1. 2653 1.2595 1.2531 1.246 1 0. 387 0. 447 0.513 0.576
200 2 1.3307 1.324 6 1.3179 1.3106 0. 346 0.411 0.472 0.517
50 3 1.162 1 1.156 4 1.1502 1.1436 0. 567 0. 639 0.708 0. 786
100 3 1.2288 1.2226 1.2158 1.208 6 0.531 0.598 0.674 0. 746
150 3 1.2952 1. 2889 1.2818 1.274 0 0. 482 0.557 0.626 0.677
200 3 1.3625 1.3559 1.348 7 1.3408 0. 448 0. 507 0. 568 0. 635
50 4 1.1953 1.189 1 1.182 3 1.1751 0.652 0.726 0. 811 0. 891
100 4 1. 2606 1.254 2 1.2471 1.2391 0.597 0. 680 0. 759 0. 814
150 4 1.326 6 1.3199 1.3125 1. 304 2 0. 561 0.625 0.693 0.771
200 4 1.391 4 1.384 5 1.376 9 1. 369 4 0.516 0.594 0.634 0. 730
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Table 4 Determination results of uranium and nitric acid in samples
AR5 25 AT 1R 22
o)/ c(H")/ p/ «/ pml(U)/ . ce (HY)/ )
No. ] | ] ( , s ] t/C ] (Relative | ! (Relative
(g« LD (mol « L1 gecm ?) ccm ) (g« LD (mol« L™°1)
error) /% error) / %
1 50 1.5 1.1122 0.463 30 49.5 —0.9 1. 55 3.4
2 54 1.2 1.107 2 0.412 30 53.1 —1.8 1.23 2.9
3 60 1.8 1.1287 0.529 35 57.8 —3.7 1. 84 2.2
4 70 3.5 1.206 2 0.593 20 72.5 3.6 3.43 —2.0
5 83 1.5 1.162 9 0. 402 25 86.0 3.6 1.53 2.2
6 90 2.0 1.1812 0.490 30 91.8 2.0 1. 99 —0.7
7 120 3.6 1.2558 0.663 35 115.7 —3.6 3.50 —2.7
8 180 4.0 1.3386 0. 668 40 173.0 —3.9 3. 84 —4.0
. tric acid based on in-line density and conductivity
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