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BY X-RAY SPECTROGRAPHY 

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

In the pas t  the Laboratory has used only the radiation counter 
t o  estimate uranium. The counter i s  sensi t ive  t o  radiation 
from sources other khan uranium and so the estimate was one 
of "equivalent uranium" (eU). There has existed a need for  
a method for  the deterinination of uranium per se. This in- 
vestigation was designed t o  tha t  end. 

Standards were formed using analyt ical  reagent grade uranium 
n i t r a t e  hexahydrate (U02 (NO3) - 6 ~ ~ 0 )  as the uranium source. 
The matrix material in to  which the uranium n i t r a t e  was added 
i s  a very f ine  grained coal ash, The coal ash was chosen 
t o  represent a nominal rock coinposition. 

A 10 gram sample of coal ash containing enough uranium n i t r a t e  
t o  give the f i n a l  composition of 2.00 weight per cent uranium 
was f i r s t  compounded. The sample was thoroughly ground and 
then checked for  uranim homogeneity. A s e r i e s  of d i lu t ions  
were made t o  form standards a t  2,OO%, 1,0076, 0,500%, 0,250?6, 
0.125%, and 0.060% U. Those powders were pressed in to  Spec- 
C a p  a t  24,000 psig t o  form permanent standards. 

The S r K a  l i n e  (25.09O20) occurs f a i r l y  near the ULa l i n e  
(26.14°2B)'but is readi ly  resolged. The HgL,.Tine a t  25,73°28 
may offer-an interference a s  could possibly the HfKa2 a t  . 
26.06O28, The Hf l i n e  would be weak, It and the Hg l i n e  
could be eliminated by PHA or voltage control. The weak 

p b ~ ~ 9  a t  26.61° could possibly in te r fere  but it too couId 
be eliminated by PHA. 

0 

The UL, l i n e  used for t h i s  analysis has a wave length of 0.910A- 
Therefore, the elements Cu, Ni, Co, Fe, Eh, and C r  ( i n  decreas- 
ing order of importance) would be strong matrix absorbers. 
No system of correction or  control for  those matrix a f fec t s  
a re  incorporated i n t o  t h i s  analysis,  Error would r e s u l t  from 
the presence of a considerable amount of any ol- those elements, 
Strontium has been used as  a?! in te rna l  standard for  matrix 
control,  However, s t ront iuc  i s  SO frequently a consti tuent 
of roclcs it would be unsafe t o  use it routinely. Brornine 
could possibly be used, except the B r  Kg in te r feres  with 
the ULa. Br in te rna l  standard, using a very low B r  concen- 
t ra t ion ,  could possibly be used but it was not investigated, 
This being a semi-quantitative analysis, I elected t o  accept 
the e r ro r  caused by matrix affects ,  knowing some samples 



(high i n  in te r fer ing  elements) could not be walyzed by t h i s  
procedure. This procedure incorporates some matrix correction 
by using the pea?: t o  baclcground in tens i ty  r a t i o s  ra ther  than 
simply the peal: in tensi ty ,  The x-ray in tens i ty  data obtained 
on the prepared standards a re  shov~n on table  1. 

The data w e r e  obtained by scanning rather than by fixed 28 
(because of temporary x-ray machine mechanical problems). 
The 0.00% standard i s  the coal ash without any addition-of 
uranium n i t r a t e .  There was evidence or' a t race  of U i n  the 
coal ash and t h a t  i s  probably the reason for  the 0.20 r a t i o  
at the O,OO"/o U level .  The analyt ical  l i n e  formed from the 
data of tab le  1 is  nearly s t r a igh t  with some upward t a i l i n g  
below 0.1% U. 

The precision of the analysis was tested a t  0.25% U and a t  
0.066% U, Using f ive  specimens for  each test the coeff ic ient  
of var ia t ion was 4% of the value a t  0.25% U and 27% of the 
value a t  0.066% U. The l a t t e r  value i s  near the de tec tab i l i ty  
l i m i t  and so 27% of the value i s  acceptable precision. The 
analyt ical  l i m i t  is  estimated t o  be about 0.03% U and the 
de tec tab i l i ty  l i m i t  i s  estimated t o  be between 0.01 and 
0.005% U. The 0.065% sample i s  a specimen from our "counting 
standards" t h a t  w a s  labled by the  supplier t o  contain 0.1% Urn 
The s ta ted figure i s  probably eU ra ther  than per cent U. A l l  
the other "counting standards" were a l so  Eound t o  contain 
about one half the s ta ted uranium values and are  probably eU 
values, The samples tha t  were used i n  the precision t e s t ,  
i n  addition t o  one other of the "counting standards", w i l l  
be sent out for  analysis for  the purpose of comparison. 
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