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ABSTRACT

The development of the delayed fission neutron counting method
for uranium and thorium sanalysis in many kind of sampas such as monazite
mineral, uranium - thorium cake and both organic and inorganic solutions were
studied. The mterference of thorium to the determination of uranium included
the sensitivity, precision and accuracy were evaluated. The suitable quantity of
the samples and the comparison between the delayed fission neutron counting
method and the neutron aclivation method for wuranium and thorium

determination were also reported.
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264 Keithley Height voltage supply

ORTEC Preamplifier Model 105 PC.
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ORTEC Ampbfier Pulse Height Analyzer Model 486
5. ORTEC Scalar Model 484
6. ORTEC Timer Model 8112
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Height voltage Supply 1250 Volts
Coarse gain 4

Fine gain 3

Low gam 3.67
Window width 10.02
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Table 1 Fission produced neutron emitting isotopes

Isotope Hal-iife delayed neutron
(second) per 100 fission
Br-87 57.5 0.063
1-137 24.4
0.251
Br-88 16.3
1-138 6.3
Br-89 4.4
1-139 2.0 0.672
Br-90 1.0
As-85 0.43 0.254
Total 1.65
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Table 2 The relation of weight, count without and with Cd, Cadmium ratic and count

(without Cd)/weight

Sample Weight Count Count Cadmum Count
(gm.) (without Cd) (with Cd) ratio (without Cd)

weight

U-a 7.123x 107 4555 236 19.3008 639478
U-b 73776 x 10° 4547 240 18.9458 616325
U-c 11.236 x 10” 6954 355 19.7014 622464
U-d 16.2816 x 10” 10445 547 15.0851 641322
U-e 36.337x 107 22760 1196 19.0463 626359
Th-a 36.0085 x 107 343 333 1.03003 8761
Th-b 106.1162% 10° 899 992 0.90625 93438
Th-c 125 846 % 10° 1059 1113 0.95148 8844
Th-d 139.1155 x 10 1193 1240 0.96210 8913
Th-e 196 589 x 10 1643 1737 0.94588 8836
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Table 3 The results of the determunation of uranium and thorium in standard monazite

sand NGL-7A by delayed neutron counting method.

No. % U,0, % ThO,
1 0 443:0.03 6,700 76
2 0.4110.03 9.520.75
3 0.401:0.02 10.2810177
4 0.38+0.03 10.6810199
5 0.38+0.03 9.91£0.93
6 0.40£0.03 9,6610.89
7 0.4310.03 10.8740.80
8 0.4610.03 9.9610.76
? 0.4410.03 9.8910.73

average 0.4240.03 10.0340.82
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by delayed neutroa counting method

sample % U,0, % ThO,
PG-2 0.64x0.04 8.0610.56
PC-3 0.41+0.02 8.274+0.57
PG4 0 4610 02 71140 51
PK-15 0.41£0.02 6,910 50
RN-1 0.4610.02 7 4410 53
RN-2 0.35£0 02 8.11+0.56
RN-3 0.31+£0.02 7.08+0.55
RN-4 0.31+0.02 6.261+0 47
RN-6 0.38+0 02 7.34+0.52
RN-8 0.35+0.02 7 72+0.53
RN-9 0.40+0.02 7.83+0.55
RN-11 0.70+0.05 8.61+0 60
TK-1,2 0.47+0.02 8.7810.60
TK-1 0542004 59740 46
TK-2 0.35+0.02 9 90+0.66
TK-3 0.31+0.02 9.43+0.63
TK-4.5 0.5310.04 8.31+0.58
TK-5 0.34+0 02 7.95+0 58
TK-7 0.4410 02 8.8940.60
TK-8 1.05£0.06 4,3240.41
90% monazite 0.31+0 025 7.79+0.33
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Tabel 5 The effect of thorium oxide to the determumation of uranium and thorium by

delayed neutron counting method

uranium thorium
Sample ThO, added content analysed content analysed
(time) (grm) (gm) (gm) (gm)
1 0 0.0075 0.0068 0.0000 0.0000
2 0 0.0075 0.0065 0.0000 0.0000
3 1 0.0075 0.0065 0.0076 0.0061
4 1.58 0.0075 0.0062 0.0119 0.0166
5 5.14 0.0075 0.0065 0.0386 0.0408
6 10.28 0.0075 0.0063 0.0771 0.0831
7 21.54 0.0075 0.0063 0.1645 01705
8 31.21 0.0075 0.0065 0.2341 0.2480
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Table 6 The uranium and thorium contents m wranwm-thorum cake determined by

delayed neutron countmng method

Sample weight (gm) % U % Th
1 0.0486 3.57 3322
2 0.0977 3.53 40 59
3 0.1545 3.52 37.02
4 (0 2003 3.30 41.18
5 0.2504 339 37.00
6 03002 327 36 65
7 0.3994 3.41 37.25
8 0.5002 3.30 39.07
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Table 7 Variation of sand added in urantum-thorum cake

Sample sand added %U % th
{times)

1 10.75 3.63 38.41

19.57 3.36 41.56

3 21.93 3.78 31.71

4 39.75 3.33 49.26

5 50.88 3.68 37.42

6 58.54 3.63 35.53




Table 8 Companson between delayed neutron counting method and NAA for the

determmation of wranmim and thorium m warnum-thorium cake

% U % Th
Sample delayed NAA delayed NAA
neutron neutron

D-29-1 0.850.051 3.93 12.931+1.06 1438
D-29-2 0.73%0 039 065 11.6610.91 10.85
D-30-2 11940 101 0.81 15 101 42 16 35
D-31-2 1.4970 085 1.04 19 40+1.41 19.24
D-32-1 0 870,050 0.62 12.89%1 11 1272
D-32-2 0.8020 049 0.60 10 8270 98 1195
D-33-1 0 990,059 - 13.95 -

D341 0.9530 060 0.93 11 330,90 1318
b-34-2 1.19%0.07 112 16 2311.16 1616
D-40-1 1.0110 06 o4 14 3311 07 17
D-40-2 0.870.05 066 11 580,87 1406
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Table 9 Comparison between delayed neutron counting method and NAA

for the determunation of uranium and thorium m gangue

%U % Th
Sample delayed NAA delayed NAA
neutron neutron
C-24 0.49310.049 0.497 6.81£0.57 6.39
C-29 0.64410.040 0 546 6.4410.73 6.13
C-30 0.60910.041 0.552 5.5230.79 5.76
C-31 0.489%0.032 0.476 6.20£0.67 5.87
C-32 0.5820.038 0.427 5.2910.70 3.75
C-33 0.46730.030 - 6.6410.67 -
€35 0.58540.032 0.447 5.7140.62 5.72
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Table 10 Accuracy of uramium in standard uranium solution

Sample uranium (ppm) % Error
content analysis
1 16,000 12,240 +22
2 8,000 9,686 +21
3 6,000 7,313 +22
4 4,000 3,158 +21
5 2,000 2,292 +15
6 1,000 1,174 +17
Table 11 Accuracy of thorium in standard thorrum solution
Sample thorium (ppm) % Errer
content analysed
1 8,000 9,286 + 16
2 6,000 5,501 -8
3 4,000 4,118 +3
4 2,000 2,472 +24
5 1,000 1,081 + 8
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Table 12 Effect of volume of standard uranium-thorium solution to the determination of

uranium and thorum by delayed neuwon couutmg method

Content Solution 0.5 crm’ Solution 1 cm’
Sample U Th U Th U Th

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
1 1,000 6,000 1,302, 6,291 1,200 7,086
2 2,000 4,000 2,518 3,932 2,413 4,592
3 1,000 4,000 1,590 3,534 1,334 4,71
4 1,000 2,000 1,244 1,864 1,250 2,065
5 500 2,000 541 2,051 573 2,550
6 250 2,000 307 2,479 279 2,458

Table 13 Comparison of delayed neutron counting method for the determination of

vranium and thorium in aqueous and organic phase.

Sample uranium (ppm) thorium (ppm)
delayed NAA delayed | NAA
AX, 535 173 3.01 313
AX,, 388 181 3.59 5.32
AX, 34 6 0.73 0.95
AX,, - 8 1.29 0.97
0X, 445 196 1.86 212
0X,, 19.8 17 0.51 0.51
0X,, 25.1 14 0.83 0.86
0X 389 13 0.90 0.95
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