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D E T E R M I N A T I O N O F U R A N I U M I N T H O R I U M M A T R I X E S 
B Y E P I T H E R M A L N E U T R O N A C T I V A T I O N A N A L Y S I S * 

L. T . Atal la and F. W . L ima 

A B S T R A C T 

Uran ium, in thor ium matrixes or in minerals and ores containing tho r ium, is determined by epithermal 
neutron activation analysis (E IMAA) . In some minerals and ores, such as monazite sands, the analysis can be 
carried out by purely instrumental means w i t h no chemical separation of uranium or thor ium f rom the 
irradiated matr ix. For thor ium compounds matrixes vuith very low uranium content , a rapid radiochemical 
separation method, based on the retention of uranyl ion on anion exchange resins, is first carried out before 
counting the gamma-ray peaks for ^ ^ ' u in mult ichannel analysers, coupled to Nal ( T l ) scintil lators or to 
Ge-L i detectors. 

I N T R O D U C T I O N 

Uran ium in t ho r i um matr ixes is of ten analysed by nonact ivat ion methods. Ac t i va t ion o f 
the sample w i t h thermal neutrons fo l lowed b y count ing w i t h o u t chemical separat ion, cannot be 
fu l ly explo i ted due to the large amounts of fission products fo rmed by thermal neutrons w i t h 
^ ^ ' U or fo rmed by interact ion w i t h the ^ ^ ^ U that appears as daughter product in the decay 
chain started w i t h ^ ' " ' T h . 

A n k n e r ' ^ ' applied X - rays f luo r imet ry to determine uranium in tho r ium ox ide d o w n to a 
detect ion l imit of 0.02%. H i rokawa and G o t ô * ^ ' used the same method and were able t o 
analyse amounts of uran ium in thor ium corresponding to 100 micrograms of u ran ium. 
F luo r ime t ry has been applied by Desai and Sudhalata'-^' w h o obtained good results for the 
determinat ion of uran ium in thor ium nitrate by applying solvent ex t rac t ion and using 
ethylenediaminetetracet ic acid to complex the t ho r i um . Martres and Burastew*'* ' analysed 
monazi te samples b y a polarographic method w i t h a detect ion l imit corresponding to 50 parts 
per mi l l ion of u ran ium. 

Delayed neutrons technique has been apllied by A m i e l ' ^ ' , in the case of samples 
containing bo th elements, i. e., uranium and t ho r i um , but interferences caused by the presence 
o f t ho r i um increase w h e n the amount o f t ho r i um is v e r y large as compared w i t h the uran ium to 
be analysed. 

Ac t i va t ion by epi thermal neutrons and count ing of the ^ ^ ' N p fo rmed has been applied 
by Meyer ' ^ * fo r traces of uran ium and tho r ium in geological materials. T h e method was not 
applied fo r the case of t ho r i um matr ixes in wh i ch the amount of thor ium was ve r y large as 
compared w i t h the amount o f u ran ium. 

T h e advantages o f using epithermal neutrons fo r some act ivat ion analysis prob lems have 

been pointed out by S te innes ' ^ ' . T h i s t ype of act ivat ion should be pat i rcular ly favourable fo r 

F r o m a thesis submited by L .T .A ta l la to the Institute of Chemist ry , Univers i ty of São Paulo, in partial 
ful f i l lment for a Doctor of Sciences' degree. 



uranium determinat ion due t o tl ie ii igh ressonance integral of u ran ium. Steines and Brune ' ^ * 
analysed u ran ium, by activation w i t h epithermal neutrons, in silicate minerals, w i t h uran ium 
and thor ium present at tracer levels. Some i ron ores were also analysed fo r uran ium by the same 
authors, w i t h good results. 

T u r k o w s k y et a l . ' ^ ' also used epithermal neutrons fo r act ivat ion of uran ium samples 
fo l lowed by chemical separation o f the uranium by solvent ex t rac t ion and ion exchange resins. 
Separation of uran ium was not quant i tat ive, requir ing a chemical ye ld determinat ion in each 
analysis. 

In this paper a method is presented for analysis of uranium in thor ium matr ixes and in 
tho r ium minerals or ores, making use of epithermal neutrons for activation of the sample and 
counting the 74.7 k e V gamma rays of ^ ^ ^ U , w i t h Ge-L i detectors or Nal scinti l lators. T h e 
method can be non-destruct ive in some cases, as the case of monazi te sands and some other 
ores. Fo r determinat ion of traces of uranium in thor ium salts of high pu r i t y a rapid 
radiochemical separation me thod , based on the behaviour of u ran ium, thor ium and rare earths 
in sulfur ic acid media, and anion exchange res ins* ' ' ^ ' , was d e v e l o p e d ' ' ' ^ 

E X P E R I I V I E N T A L 

Equ ipment - Gamma-ray spectra of irradiated samples and standards were obtained by 
means of a 400 channels analyser, " T M C " , Model 406-2, coupled to a wel l t ype N a U T l ) 
scinti l lator (Harshaw) , 7.6 cm by 7.6 c m , or by a Hewlet t -Packard, HP 5402A MCA/Bas ic 
System 4096 channels analyser coupled to a 25,6 c m ' Ge -L i detector w i t h F W H M equal to 
2.1 k e V for the ' " C s 0.661 MeV peak. 

Reagents - A l l reagents used were of analytical grade. T h e standards for uran ium were 
prepared by dissolving uranium sesquioxide in nitr ic acid in order to have a final concentrat ion 
of 10 mg of uran ium per ml of solut ion. T h e other required standards were prepared f r o m this 
stock solut ion. 

T h e anion exchange resin used was of trade mark Bio-Rad A G - 2 - X 8 , 200-400 meshs. T h e 
original resin, in chlor ide f o r m , was first treated w i t h a 2 molar solut ion of sodium h y d r o x i d e , 
washed w i t h deionized water and nex t treated w i t h a 2 molar solut ion of ammon ium sulfate. 
T h e anion exchange resin, in sul fate f o r m , was used for retent ion of the urany l ions during the 
analysis w i t h chemical separation. 

Standards - Standards fo r uran ium were prepared by transfering volumes corresponding to 
10, 25 or 100 microl i ters of u rany l nitrate stock solutions to f i l ter paper discs of about one 
square cent imeter area and dry ing the papers under infrared heat. 

Preparation of Samples - Minerals, ores and tho r ium salts, in solid f o r m , were placed in 
po lye thy lene envelopes wh i ch were again packed in another envelope of the same material . F o r 
the case of non-destruct ive analysis, w i t h direct count ing of the irradiated samples, on l y the 
external envelopes were removed. T h e samples, packed as described, were put inside cadmium 
cyl inders w i t h about 0.8 cm internal diameter and 2 cm length. T h e thickness of the cadmium 
sheets used to make the cyl inders corresponded to 0.1 c m . 

In the case of the analysis of tho r ium salts solut ions, aliquots were taken and transfered 



to the fi lter papers wh i ch were dr ied as before, or the solutions were irradiated in quar tz 
ampoules, wh i ch were involved in cadmium sheets of 0.1 cm thickness. 

N O N - D E S T R U C T I V E A N A L Y S I S 

In order to test the epi thermal neut ron act ivat ion analysis w i t hou t chemical separat ion, in 
the case of uran ium ores, monazi te sands o f k n o w n content of uran ium and t ho r i um , were 
analysed. Fo r the samples of monazi te sands containing more than 0.1% of u ran ium, the 
amounts o f samples analysed varied f r o m 30 to 50 mg. F o r samples w i t h ve r y low uran ium 
content , amounts f r o m 100 to 150 mg were taken. 

T h e samples were prepared fo r irradiation as described and irradiated in a reactor posit ion 
were the thermal neut ron f lux corresponded to 5 x l O ' ^ n / s . c m . ' and the gold cadmium ratio 
was equal to 3.52. T h e uranium standard used had masses equal to 100 MQ- Irradiat ion t ime was 
equal to 30 seconds, cool ing and count ing times were equal to 15 and 10 minutes, respect ively. 
T h e Ge-L i detector was used for count ing. Results are shown in Tab le 1. 

T A B L E 1 

Determinat ion of U ran ium in Monazi te 
Sands, W i thou t Chemical Separation 

Sample 
U 3 O S (%) 

Sample 
E N A A * Grav imetr ic 

1 0.22 +0 .02 ** 0.22 
2 0.16 ±0.01 0.15 
3 0.026 ± 0.002 <0 .05 

Epi thermal neut ron act ivat ion analysis. 
Standard deviat ions fo r 4 replicates. 

T h e possibil i ty o f analysing uran ium in t ho r i um matr ixes, w i t h o u t chemical separat ion, 
was checked b y analysing high pu r i t y tho r ium oxalate, w i t h less than 4 ppm of u ran ium, to 
wh i ch increasing amounts o f uran ium was added. Previous exper iments had shown that the 
pure ly instrumental analysis, w i t h no chemical separation of u ran ium, w o u l d not be feasible fo r 
t ho r i um samples of v e r y low uran ium content . F o r this reason the checking o f the instrumental 
me thod , fo r tho r ium matr ixes , was made in such a w a y that the addit ion of uran ium to tho r ium 
wou ld give samples w i t h , at least, 125 ppm of u ran ium. 

F o r the prepared samples the relative amounts of thor ium (as oxalate) t o uran ium varied 
f r o m 10:1 to 8 000:1. Irradiat ion t ime was equal t o 30 seconds and count ing s tar ted 5 minutes 
after the end of i rradiat ion. T h e G e - L i detector was used, requir ing a count ing t ime equal to 



20 minutes. Results are presented in Tab le 2. 

T A B L E 2 

Analys is of T h o r i u m Oxalate Samples w i t h Increasing 
A m o u n t s of U ran ium, Wi thou t Chemical Separation 

T h o r i u m Oxalate Uran ium Added Uran ium F o u n d 
(mg) (iug) (MS) 

40 5 5.0 ± 0.7* 
40 10 9.5 ± 0.7 
40 25 24.1 ± 1.8 
40 50 4 8 . 5 + 1 . 9 
40 100 99.0 ± 3.2 
20 100 97.5 ± 3.0 
10 100 97.8 ± 2.8 

5 100 98.4 ± 2.7 
1 100 99.1 ± 2.7 

* Count ing standard deviations. 

T h e values o f uran ium found as compared to uranium added may indicate some neutron 
self-absorption on irradiat ion, but the dif ference between uranium found and uran ium added, 
in the major i ty of cases, is much less than 5%. 

A N A L Y S I S W I T H R A P I D R A D I O C H E M I C A L S E P A R A T I O N 

Ores and Minerals 

Fo r samples in wh i ch the propor t ion of tho r ium to uranium was higher than 8 000:1 a 
separation of uran ium f r o m the irradiated matr ix was required. T h e general method of analysis 
for the minerals and ores was as fo l l ows : samples w i t h masses f r om 30 to 200 mg were 
irradiated in the cadmium cyl inders fo r a t ime f r o m 10 seconds t o 10 minutes, depending on 
the concentrat ion o f uran ium on the samples. T o the irradiated samples the amount of 0.5 mg 
of uran ium (as urany l nitrate) was added as carrier and the sample was melted w i t h potassium 
f luor ide in a p lat inum crucible. T h e melted sample was cooled to room temperature, 1.5 ml of 
concentrated sulfur ic acid was added and the ,mass was then heated up to fo rmat ion o f fumes 
of sul fur ic anhydr ide , cooled again to room temperature, treated w i t h hot water and transferred 
to a 100 ml beaker. O n e or t w o drops of a 10% solut ion o f potassium permanganate were added 
fo l lowed by 5 to 10 mg of th iourea crystals to reduce the permanganate ion . T h e p H of the 
solut ion was ascertained to 2.5, the final vo lume was made to about 80 ml and the solut ion was 
passed th rough an anion exchanger co l umn , in sulfate f o r m , at a rate o f 12 t o 15 m f per 
minute , applying slight suction to regulate the f l o w as desired. T h e ion exchange resin was then 
washed w i t h 30 m1 of a 0.2 molar solut ion of sulfuric acid. T h e resin was transferred to a 



count ing vial and counted using the Nal scinti l lator. T h e results of application of such a method 
to uran ium minerals containing tho r ium at about the same level, supplied by the U.S.Geological 
Su rvey , are presented in Tab le 3. 

T A B L E 3 

Determinat ion of Uran ium in Minerals 
A f t e r Rapid Radiochemical Separation 

Sample 
A m o u n t Tai<en 

(mg) 
Found Uran ium 
(expressed as U ) 

Exist ing Uran ium 
(expressed as U ) 

Diabase |W1) 
Dunite ( D T S - 1 ) 

120 
220 

0.56 ± 0 . 0 6 * (ppm) 
0.0040 ± 0.0008(ppm) 

0.54 to 0,f"5(ppm) (a) 
0.0037(pp.m) (b) 

* S t a n d a r d d e v i a t i o n f o r 6 rep l i ca tes 
(a) R e f e r e n c e 1 7. 
(b ) R e f e r e n c e 13. 

Analys is o f T h o r i u m Salts 

In the case of t ho r i um Tsatr ixes, the step of percolat ion of the irradiated sample th rough 
the anion exchanger showed that, due to high amount of tho r ium in the sample, some ̂ ' ^ T h 
wou ld remain in the resin even after washing it w i t h a m ix tu re of hydroch lo r i c and hyd ro f l uo r i c 
acid. T o reduce the amount of the remaining ^ ' ^ T h in the resin, inactive tho r ium oxalate was 
used to di lute the ^ ^ ^ T h in the irradiated sample. T h i s addit ion was made during the f irst step 
of the chemical t reatment of the irradiated sample. 

T h o r i u m salts samples w i t h masses corresponding to 10 or 40 mg of thor ium ox ide were 
used fo r analysis. A f t e r i r radiat ion, the samples were transferred to a beaker containing a 
m ix tu re fo rmed by tho r i um oxalate, equivalent to 360 mg of tho r ium ox ide , 1.5 m l o f 
concentrated sulfur ic acid and 0.5 mg of uran ium carrier (as u rany l n i t rate) . T h e m ix tu re was 
heated up to fo rmat ion of fumes of sul fur ic anhydr ide , cooled to room temperature, and water 
was then added. F r o m there on the same previous procedure as applied to the minerals and 
ores, was fo l lowed. In the case of tho r ium matr ixes, the washing o f the ion exchange resin, 
w h i c h should be placed in po lye thy lene columns, was made w i t h 30 ml of a 0.2 molar solut ion 
o f sulfur ic acid, pids 30 ml o f a 10 molar solut ion of hydroch lo r i c acid and, f ina l ly , by 20 ml of 
a solut ion 9 molar in hydroch lo r i c acid and 1 molar in hyd ro f l uo r i c acid, in order to el iminate 
the ' ^ " P a fo rmed b y beta decay o f ^ ^ ^ T h ' ^ ^ ) j ^ e ion exchange resin was then transferred to 
a count ing vial and counted in Nal scinti l lator. T h e total t ime spent on the separation 
corresponds to 45 to 50 minutes. 

In order to check the chemical y ie ld , irradiated standards of uran ium were added to a 
mass of tho r ium sulfate, corresponding to about 400 mg of tho r ium ox ide , and the tho r ium 
sulfate was submited t o the described chemical separation procedure. T h e mean value fo r the 
recovery , in seven replicate analysis, was equal to 95.1% ±0 .8 . F o r each actual analysis this 
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T A B L E 4 

Determinat ion of uran ium 
in tho r ium oxicarbonate 

Sample 
Uran ium 

Sample 
(ppm) 

1 
2 
3 
4 

0.212 
0.199 
0.206 
0.203 

10.6 
- » . 9 
10.3 
10.1 

Mean: 10.2 + 0.4 

m = 20 mg. 
tj = 2 m. 
tc = 4 m. 
Detector : Nal scinti l lator. 

recovering factor was used to correct for tlie chemical y ie ld . 

T h e described method was applied t o samples consisting of solid tho r ium ox icarbonate, 
nitr ic solutions of the tho r ium oxicarbonate and thor ium oxalate. T h e content of uran ium in 
the oxicarbonate samples was determined by the f luor imetr ic method of Desai and 
Sudhalata<3), giving a value of 9.6 parts per mi l l ion in uran ium w i t h a standard deviat ion of 0.3 
for 12 replicates. In the case of the nitr ic solutions of tho r ium oxycarbonate , water in the 
solut ion did not in t roduce any appreciable error due to eventual neutron therma I izat ion of the 
epithernal neutrons, wha t was checked b y adding increasing amounts o f uran ium to the 
samples. Results fo r the various samples are shown in Tables 4, 5 and 6. Masses used for 
irradiat ion, m, as wel l as irradiation and count ing t imes, tj and tc, respectively, are listed in each 
Tab le . 



T A B L E 5 

Analys is of t ho r i um oxycarbona te 
(Samples Irradiated as Ni t r ic Solut ion) 

U A d d e d 

(Mg) 

U F o u n d 

(MO) 

Uran ium in the Sample U A d d e d 

(Mg) 

U F o u n d 

(MO) (Mg) (ppm) 

0.851 0.851 9.3 
0.935 0.935 10.3 

0.04 0.924 0.884 9.7 
0.10 0.980 0.880 9.7 
0.40 1.375 0.975 10.7 
0.60 1.463 0.863 9.5 
1.00 1.902 0.902 9.9 

M E A N : 9.9 ±0 .5 

m = 91 mg (0.5 ml) 
= 2 m. 

tc = 4 m . 
Detector : Nal scinti l lator. 

T A B L E 6 

Determinat ion of U ran ium in T h o r i u m Oxalate 

Mass of 
Sample 

(mg) 

A d d e d 
Uran ium 

(Mg) 

F o u n d 
Uran ium 

(MS) . 

Uran ium in the Sample Mass of 
Sample 

(mg) 

A d d e d 
Uran ium 

(Mg) 

F o u n d 
Uran ium 

(MS) . (Mg) (ppm) 

20 0.055 0.055 2.8 
20 0.041 0.041 2.0 
40 0.101 0.101 2.5 
40 0.096 0.096 2.4 
20 0.01 0.053 0.043 2.2 
20 0.02 0.067 0.047 2.3 
20 0.04 0.076 0.036 1.8 
20 0.05 0.093 0.043 2.1 
20 0.06 0.102 0.042 2.1 
20 0.08 0.117 0.037 1.8 
20 0.10 0.138 0.038 1.9 

Mean: 2.17 ±0 .35 

tj = 4 m (Nal scinti l lator) 
tc = 20 m (Ge-L i detector) 
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Curve A 

Curve B 
Curve C 

F I G U R E 2 
gamma-rays spectra of anion-exchange resin 
after retent ion of uran ium f r o m irradiated 
t h o r i m oxalate sample, 
standard of " ' T h . 
spectra represented b y Curve A after strip
ping o f ^ ^ ' T h . 
N a l ( T I ) Scinti l lator. 

E N E R G Y C K E V 3 
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Sample Tab le E ( % ) 

Monazite 1 1 18.2 
Monazi te 2 1 13.3 
Diabase ( W D 3 11 .5 -23 .1 
Duni te ( D T S - 1 ) 3 43.3 
T h o r i u m oxycarbona te 4 8.3 
T h o r i u m oxycarbona te 5 10.4 
(solut ion) 

Due to the slight contaminat ion of the ^ ^ ' U w i t h ^ ' ^ T h retained in the anion exchange 
resin, count ing of the resin should be made by using Ge -L i detectors. In this w a y the small 
amount of ^ ' ^ T h does not interfere w i t h the determinat ion of u ran ium, since the resolution o f 
the equipment is such that the ^ ^ ' U peak of energy 74.7 k e V is wel l separated f r o m the ^ ' ^ T h 
peak of energy 86.9 k e V , as shown in Figure 1. However , Nal scinti l lator can also be used if a 
stripping of the ^ ' ^ T h contr ibut ion is made. In order to do this a standard of tho r ium is 
irradiated together w i t h the samples and, after the sample spectrurri has been obtained, the 
spectrum of ^ ' ^ T h is accumulated in a negative w a y unti l l the ^ ' ^ T h peaks of 29.2 k e V 
disappears (see Figure 2). T h e stripping technique does not introduce any appreciable error in 
the results as can be seen by the data in Tables 4, 5 and 6. 

D I S C U S S I O N 

Precision of the method can be evaluated by means of the small values fo r standard 
deviations for the data of the various analysed samples. Tables 1 t o Tab le 6. Accu racy can be 
calculated by comparison of f ound values for uran ium w i t h " t r u e " values, w h e n available, as 
wi l l be shown . 

In accordance w i t h Mc Farren et a l . ' ^ ^ ' and Eckshlager* ' '^* an analytical method can be 
accepted as "exce l l en t " if the " to ta l e r r o r " , E, calculated as 

E = 100 (D + 2S) / u 

is smaller than 25%. D is the absolute value of the mean error (difference between t rue value 
and found mean value, statistically signif icantly di f ferent f r o m z e r o , a t 95% level) ; S is the 
standard deviat ion and u t h e true value. 

" T o t a l e r r o r s " for the method applied to the various samples whose results have been 
listed in Tables 1, 3, 4 and 5 are presented in Tab le 7. T o t a l errors were calculated on ly fo r 
those samples for w h i c h reliable indications were available concerning the " t r u e " value of the 
uran ium content of the sample. When possible, l iterature data were used as source fo r " t r u e " 
values, but on l y in those cases for w h i c h these data were not too scattered, over a large range, 
vary ing too much f r o m one laboratory results t o another. 

T A B L E 7 

" T o t a l E r ro rs E " F o r Results of Analys is 
Listed on Tables 1, 3, 4 and 5 
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O n l y in the case of the Duni te sample the total er ror was larger than 25% but smaller than 
50%, wha t allows one to classify the me thod , fo r this sample, as "acceptab le" , in accordance 
w i t h Mc Far ren et a l . ' ^ ' * ' and Eckslager'"" Since the amount of uran ium in this sample is ve r y 
small , on the level of parts per b i l ion, the cr i ter ion of "acceptab le" fo r this sample, meaning a 
total error smaller than 50%, but larger than 25%, seems reasonable. 

T h e values fo r the standard deviat ion fo r the results of the analysis o f solid t ho r i um 
oxycarbona te or of the same material in so lu t ion. Tables 4 and 5, indicate a good precision fo r 
the method . A c c u r a c y is also good if one compares the 10.2 ppm and 9.9 found for those t w o 
samples w i t h the amount o f u ran ium found b y f luor imetr ic me thod , i.e., 9.6 p p m . 

T h e results fo r the analysis o f t ho r i um oxalate. Tab le 6 were not conf ron ted w i t h the 
ones obtained by some other method. Howeve r , the l inearity of the results of analysis o f 
samples w i t h increasing amounts of u ran ium, indicates that the value found for the urar.Jum 
content o f the sample to w h i c h no uran ium was added, is correct . T h e straight line passing 
th rough the points corresponding to the results of Tables 5 and 6, obtained by the least-squares 
me thod , are, respectively 

y = 0.8970 + 1.0088 X (1) 

y = 0.0948-1- 0.9230 X (2) 

in w h i c h X is the mass of uran ium added to the samples and y the amount of uran ium f o u n d . 

A n analysis of variance fo r the lines <1) and (2) shows the existence of linear regression at 
a conf idence level of 95%, meaning that the value found fo r u ran ium, in those samples to w h i c h 
no uranium was added, indicates the amount o f uran ium in the original samples. 

Sensi t iv i ty of the method was calculated by measuring the act iv i ty of uran ium standards 
irradiated during 10 minutes w i t h an epithermal neut ron f lux o f the order to 1 0 " n / c m ^ . s . , 
w h i c h was the f lux used t o per fom the analysis presented in this paper. A quant i tat ive 
"determinat ion l imi t " was calculatsci in accordance w i t h C u r r i e * ^ ^ ' giving the result o f 
2 x 1 0 " ' " g, in the absence of interferences and using Nal scinti l lat ion fo r count ing. T h e 
sensit ivi ty can be increased b y irradiating fo r t imes longer than 10 minutes. Longer irradiations 
are specially indicated in the cases were the analysis requires chemical processing since, dur ing 
this step, the act iv i ty fo r ^ ^ ' U decreases to about one fou r th of the act iv i ty at the end o f 
i rradiat ion. 

T h e advantages of using epithermal neutrons act ivat ion analysis fo r uranim can be seen in 
the gamma rays spectra obtained w i t h G e - L i detector fo r a sample o f monazi te sand and 
irradiated w i t h and w i t hou t cadmium cover ing. F igure 3. A l t hough the peaks are wel l resolved 
in bo th cases, the total act iv i ty induced in the sample irradiated w i t h o u t the cadmium cover ing 
is t oo h igh, resulting in a dead t ime of the mult ichannel analyser larger than 30%. T h e peaks 
resolut ion fo r those samples of high total act iv i ty is larger than fo r the low total act iv i ty 
samples and qui te o f ten the high activities samples produced distorted gamma ray spectra. T h e 
high total act iv i ty is main ly due to the gamma rays o f the. various radioisotopes o f o ther 
elements present in the samples, besides u ran ium, and this high act iv i ty is avoided by impeding 
the act ivat ion of these other elements, by irradiating w i t h epithermal neutrons. F o r instance, 
the interference caused by the gamma peaks o f ^ ' ^ T h , " ' S m and ' ^ ' S m is much larger in the 
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F I G U I R E 3 : gamma-rays spectra, obtained w i t h G e - L i detector, of irradiated monazi te sands. 
Curve A : sample irradiated w i t h o u t cadmium covering. 
Curve B ; sample irradiated w i t h cadmium covering. 

tfase of irradiation of the samples w i t h o u t cadmium covering than w h e n irradiation takes place 
w i t h the cadmium shield, as can be b y the spectra in F igure 3. 
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R E S U M O 

É feito o estudo da determinação de urânio em matrizes constituídas por minerais e minérios de tór io , 
bem c o m o por sais de tór io , usando análise por ativação com neutrons epitérmicos. E m alguns minerais e 
minérios tais como areias monazít icas, a análise pode ser feita por método puramente instrumental sem 
separação química do urânio ou tór io da matr iz. Para matrizes consti tuídas por sais ou outros com^^ostos de 
tór io contendo uma proporção mui to baixa de urânio faz-se uma separação radioquímica rápida do Uar>tes 
da contagem do radioisótopo em cint i lòmetros de N a l ( T I ) ou detectores de G e - L i . A separação é feita por 
retenção do íon uranila em resinas trocadoras de anions. 
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