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by 
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ABSTRACT 

A method has been developed for gravimetrically preparing uranium 
nitrate standards with an estimated mean error of 0.1J (1 sigma) and a 
maximum error of 0.2< (1 sigma) for the total uranium weight. 

Two source materials, depleted uranium dioxide powder and NBS standard 
Reference Material 960 uranium metal,1 were used to prepare stock 
solutions. The NBS metal proved to be superior beoause of the small but 
inherent uncertainty in the stoiohioraetry of the uranium oxide. These 
solutions were used to prepare standards in a freeze-dried configuration 
suitable for x-ray fluorescence analysis.2 Both gravimetric and 
freeze-drying techniques will be presented. Volumetric preparation was 
found to be unsatisfactory for 0.1} precision for the sample size of 
interest. 

One of the primary considerations in preparing uranium standards for 
x-ray fluorescence analysis ia the development of a technique for dispensing 
a 50-ul aliquot of a standard solution with a precision of Q.I} and an 
accuracy of 0.1}. The method developed corrects for variation in aliquoting 
and for evaporation loss during weighing. .„-; 

Two sets, each containing 50 standards have been produced. One set has 
been retained by LLL and one set retained by the Savannah River Project 
(SRP). -: 

KEYWORDS: X-Ray Fluorescence Analysis, Actinides, High Accuracy, Freeze 
Dried, Particle Size Effects, Gravimetric Standards, Radioactive 
Samples 

INTRODUCTION 

The purpose of this study was to develop a method of preparing uranium standards for 
x-ray fluorescence analysis to meet the requirement of the Safeguard Programs at Lawrence 
Livermore Laboratory (LLL). Some of these requirements were that the standards source 
material must be of high purity; the method of preparation of the standard solution must be 
accurate; the aliquoting technique must be precise; the standard configuration must be 
suitable for x-ray fluorescence measurement; and, the maximum error associated with all 
aspects of preparation must be minimal and well known. 

This work was performed under the auspices of the U.S. Department of Energy by the 
Lawrence Livermore Laboratory under contract Mo. W-7105-Eng-18. 
As suggested by S. S. Yamamura, private communication. 
Tf. L. Pickles and J. L. Cate, Jr. Quantitative Nondlspersive X-Ray Fluorescence Analysis 

of Highly Radioactive Samples for Uranium and Plutonium Concentration. Lawrence Livermore 
Laboratory, Report UCRL-17117 (1973) , and in Advances in X-Ray Analysis, C. L. Grant, C. 
S. Barrett, J. B. Newkirk, and Co., 0. Rudd, Eds. (Plenum Press, New York, 1971), Vol. 17, 
pp. 337-317. 
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I. STANDARDS SOLUTIONS PREPARATION 

A. uranium Oxide standards 

To make our initial trial uranium standardsf we used some 15-year-old depleted uranium 
oxide that was 99.93% pure U0_. The sample was spectrographically analyzed for 
impurities (see Table I). 

The uranium oxide was initially prepared according to the following standard method: 
CD The oxides are converted to U3O3 by heating in a cleaned platinum crucible at 
800 C for one hour; (2) The crucible 1& removed from the oven and the powder stirred and 
mixed well; (3) The crucible is returned to the oven and heated for one hour; and (4) The 
U3OQ is allowed to cool in a desiccator and then weighed. The weight of the 
U0>2 before heating was 201.859 g and the weight of U3O8 after heating was 
208.967 g. There was a weight gain of 7.108 g which indicates a 99.6* theoretical 
conversion of U 0 2 to U308» and according to the equation 3 UOfc + 0 2 *• 
u3°8» t h e gain in weight should have been 7.973 g. This difference may indicate 
that the original U0 2 contained a snail amount of U3O9. The stoichiometry as 
well as the isotopic composition were established by mass spectroscopy. 

A weighed aliquot of the U3Og was dissolved in sub-boiled distilled 8 N 
HNO3, and a stock solution was prepared using sub-boiled distilled H 20 to dFlute to 
volume at 1 N HNO3. Sub-standards from 0.1-10 mg U/g of solution were then prepared 
from the stock solution. 

All aliquots and dilutions were made by powder weight. Aluminum foil pans and funnels 
were used for initially weighing the UOj and U3Q8 to eliminate the static 
charge that the powder exhibited. Next, the solutions were pipetted, weighed, 
freeze-dried, and analyzed by x-ray fluorescence. 

Table I. Spectrochenical Analysis foe 
Impurities in U0 2 (ppm). 

Fe 100 Al 5 B <L 
Hi 30 Mg 5 Sr <1 
Ca 20 Cu 4 Pb 0.5 
HO 20 Hn 3 Ti <0.3 
Cr 15 Sn 3 Be <0.1 
SI 15 Zn 2 V 1 
The following elements were not dett. oted: 

Detection limit 
Ba 
Zr 
Nb, Sb 
Bi, Co 
ca 

<30 
<10 
<3 
<1 
<0.3 



B. Uranium Metal Standards 

The uranium metal, NBS Standard Reference Material 960, was obtained from the National 
Eureau of Standards and cleaned of surface oxide according to the following NBS procedure: 
(1) dip the uranium metal in 1:1 HNO3 for ten minutes to remove surface oxide; (2) 
rinse in distilled water; (3) etch in 1:3 HC1 for five minutes; (4) rinse thoroughly in 
distilled water; and (5) remove excess distilled water and place in a vacuum desiccator to 
attain constant weight. Removal of surface moisture is accelerated and reoxidation of the 
metal surface is retarded by drying under vacuum for a suitable length of time 
(approximately 1/2 hour). 

After constant weight is attained, a weighed aliquot of the uranium metal was 
dissolved in sub-boiled distilled 8 tJ HNO3 and sub-standards were prepared. These 
solutions were pipetted, weighed, freeze-dried, and analyzed by x-ray fluorescence in the 
same manner as the uranium oxide. The metal-based standards proved to be far more precise 
than the oxide-based standards.3 

II. WEIGHING ACCURACY. 

We checked our H-16 Mettler balance and our weighing method to determine the 
consistency of the balance in weighing and the individual bia3 in reading the weights. 
Fir3t, one person alternately weighed a 3eries of empty vials, and then a series of vials 
each containing 50 ul of distilled water. This procedure was repeated ten times for each 
vial. Second, two people did the weighing, rezeroing the balance and alternately reading 
the weights. The results in Table II show that the slight variance in weight read by two 
people or by the same person is not great enough to exceed the 0.1} precision and accuracy 
of weight that we hope to achieve. 

Table II. Average Deviation in Reading Weights 

Reading by Empty Vials Vials + H O 

One person ± 0.00002 g ± 0.00003 g 
Two people ± 0.00003 g ± 0.00005 g 

III. DISPENSING PRECISION AND ACCURACY 

The accuracy and precision of three high-precision microdispensers were measured by 
weighing each aliquot on a Mettler H-16 balance. To standardize the effects of weight loss 
from evaporation while weighing, the following procedure wa3 used: (1) open vial; (2) 
start electric timer; (3) pipet 50-ul aliquot of distilled water; (4) dispense 3aaple 
into vial; (5) place on balance pan; (6) weigh; (7) read weight when timer is exactly 
1.00 min. The Brand A pipet proved to be far superior to the Brand B and Brand C pipet3, 
as shown in Table III. However, none of the three pipets are capable of delivering 0.1) 
accuracy or precision volumetrleally, therefore, the accuracy had to be achieved 
gravimetrically, weighing each sample individually. 

^W. L. Pickles, J. W. McClure, R. H. Howell, A Non-Linear Method for Including the Mass 
Uncertainty of Gravimetric Standards and the System Measurement Errors In the Fitting of 
Calibration Curves. Lawrence Livermore Laboratory Report, UCRL-80375 (1977), and in the 
Proceedings of the American Chemical Society, Symposium on Non-Destructive and Analytical 
Chemical Techniques in Nuclear Safeguards (1978), 175 ACS. 
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Table III. Fipet Freoision and Accuracy for Delivery of 50 ul Water Samples 

Number of 
Measurement 

f Aceuraova Average % 
Fipet 

Number of 
Measurement Range Av Precision 

Brand A 
Brand B 
Brand C 

70 
60 
20 

-1.38 to 1.72 -0.48 
-6.62 to 7.28 -2.27 
-9.46 to 1.16 -1.42 

0.47 
3.03 
2.65 

Corrected for H 20 density variation at room temperature (22 C). 

IV. EVAPORATION CORRECTION IN WEIGHING 

The evaporation rate of 50-ul aliquots of several solutions was determined by 
repeated weighings over a five-minute interval for each sample. It is apparent from Pig. 1 
that the evaporation loss becomes significant for a weighing time greater than 15 s. 

52 r ^ 

51 

50 

49 

i—i—r 

o . °< 

8 0 * * 
U o° o 

19.2 
mgU/g 

i—i—i—r 

J i i L__ 
0 1 2 3 4 5 

A A I 0.0988 mg U/g 

48L 

oo 
c-o 
oo 
oo 
O Oi 
oK' 

J I I L 

H.O 

0 1 2 3 4 S 
Time after dispensing — min 

Fig. 1. Weight changes of solution during weighing. 



The evaporation rates of SO ul of pure water and of 100 ppm, and 19000 ppm (in 0.25 
N HNO3) uranium solutions vary between 0.19 and 0.21 mg/mln (a 3lightly lower rate of 
0". 15 mg/min was observed for 6 N HNO3). In actual practice, the minimum time required 
for conveniently dispensing (with an automatic pipet) and weighing the 50-ul aliquot Is 
about 30 s. therefore, within 30 s, 0.10 mg of solution would have been volatilized, or 
0.2} of a 50-mg aliquot, for solutions with the above evaporation rate. To achieve the 
O.lj aocuracy, as desired by the Safeguards Programs, it Is necessary that this kind of 
correction be incorporated into the weighing procedure. 

The 50-̂ 11 aliquot was chosen because this volume be3t meets the requirements of the 
sample- mounting and counting procedure developed by LLL for x-ray fluorescence analysis of 
uranium~bearing solutions.2 Briefly, this procedure involves mounting an adhesive 
Kapton polyimide film on a 35-mm 3lide with a 1.27-cm diameter circle of polycarbonate film 
centered on the adhesive side of the Kapton. The polycarbonate film was wiped with a 
dilute (1:100) solution of aerosol-OT-dispersant, then dried and tared. The standard 
solutions were then dispensed onto the circle of film, weighed continuously every 30 s for 
five minutes, freeze-dried, and covered with another layer of adhesive Kapton (Fig. 2). 
After the procedure was completed the samples were analyzed by x-ray fluorescence. 

V. FREEZE-DRYING TECHNIQUE AND PHYSICAL SAMPLE CHARACTERISTICS 

After weighing, the sample was quick-frozen by placing it on an aluminum chill block 
that was at LN temperature. The chill block and sample were then placed in the vacuum 
apparatus and kept under vacuum until the sample was completely dry — from 6 to 16 hours 
(Pig. 3). 

Fig. 2. Mounting procedure for an Fig. 3. Freeze-drying apparatus. 
::-ray fluorescence analysis The apparatus consists of a vacuum 
sample. This is a convenient manifold, a sample evacuation Jar, 
procedure that provides primary a foam insert, and an aluminum 
containment for hot samples. heat sink at LN temperature. 
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