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Application of X-Ray Fluorescence to Analysis of
- Zirconium in Uranium

W. F. Peed, W. B, Wright, Jr.¥* and G. L. Rogosa¥*¥

ABSTRACT
A rapid instrumental method of analysis for the determination of
Zirconium in uranium has been developed and applied to a number of samples.
Sources of error have been investigated and if is shown that the precision
and accuracy compare favorably with conventional methods; Time of analysis
for a single sample is less than twenfy minutes and the effects of impuri-

ties are negligible.

INTRODUCTION

During the history of application of X-ray methods to analytical
chemistry, attention has been given primarily to diffraction techniques.
More recently, L:I.ebhaa.fzskyl has discus;gd other appiications of X-rays
to analytical chemistry. If a sample of material is subjected to X-radi-
ation and the resulting fluorescence analyzed with-a crystal of known
lattice dimensions, the intensity of characteristie X-rays diffracted at
specific angles may be measured. Intensity measurements may then be
correlated with established working curves resulting in an analysis of the

material.

* Y-12 Analytical Laboratory
*¥Research Participant, Florida State University, Tallahassee, Florida

1. Liebhafsky, H. A., Anal. Chem. (Jan. 1949, 1950, 1951).
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The fluorescence method can be very rapid. Mortimore and Romans2
report that a single analysis, including sample preparation and calculation,
requires only 5 to 10 minutes. Samples of the order of one gram are suf-
ficient and recovery of the sample after analysis is essentially 100 per cent.
Excellent agreement between X-ray fluorescence measurements and conventional
chemical methods is obtained. |

Since the intensity of the secondary radiation above’ background is
the limiting factor, the X-ray fluorescence method has found widest application

in the regions above the upper limits of spectrbgraphic methods.

EXPERIMENTAL

Samples for fluorescence examination were prepared from mixed oxides
of zirconium and uranium by the method of Mortimore and Romans, which
consists of grinding 1.0 gram of the mixed oxides with 1.0 gram of _
cornstarch and then briquetting into pellets about 1-1/4 inch in diameter
at 8000 p.s.i. The standards varied from 1 per cent to 5 per cent
zirconium. Impurities were added to samples in the amounts discussed
later. For one set of data the weight of mixed oxides was varied in
order to determine the effect of cormstarch ratio on the fluorescence.

Fluorescence X-ray intensities were measured with a Géneral Electric
XRD-3 spectrometer with fluorescence attachments which use a bent mica

crystal as a monochromator. Counting equipment was modified as described

‘\

@
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2. Mortimore, D. M. and P. A. Romans,. J. Opt."Soc. Am. 42, 673-77 (1952).
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in 0RNL-1265.3 A T-section resistance-capacitance filter was used in the
X-ray tube high voltage power supply to minimize counting-losses;

Intensities of the uran\ium Lﬂa and zirconium Ko ,a, (plus U L 66
contribution) lines were determined by measuring the time required to
record 32,768'counts{at the respective goniometer positions of'29.00° and
30.&00. (The peaks are flat over a range of more than : 0.10°). Where
background determinations were needed, the time required for 4096 counts in the
line-free region on the long wavelength side of the zirconium peak was
measured. Determination of the U.Lf3 peak was made by measuring the time
required for 32,768 counts at the 26 gosition of 30.40° using a pure uranium

oxide (U308) sample.

, DISCUSSION

In order to interpret the intenéities of zirconium and uranium radiation
for an analysis of the material, it is necessary to know the variation of the
intensity ratio withzthe zirconium content. If the ratio is corrected for
both background‘énd U Lf?6 contr;bution to the Zr Kal,aé pe;k, a stralight
line will result in a log log plot. (See Figure 2.) However, as shown in
Figure 1, a plot without correction results in a slightly bpwpd curve. Such
a curve has the advantage that it may be determined easily and constructed
rapidly, and permits direct and rapid calculation of the zirconium content
of the saﬁple; whereas the corrected curve requires somewhat lengthy calcu-
lation before the zirconium content is ascertained.

Although the uncorrected curve appears less desirable it ylelds excel-
lent results for samples in which the impurity content is less than 10 per cent.
A comparison of data obtained by X-ray fluorescence and calculated from the

uncorrected curve with analysis of the same samples by the colorimetric method

3. Peed, W. F. and H. W. Dunn, "Preliminary Investigation of Monochromatic X-Ray
Absorption as a Method of Analysis for Uranium", ORNL-1265, April 8, 1952.
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of King and Burnsh is given in Table I. The bias and 1limit of error of
the X-ray data are + 0.53 pef cent and t 3.62 per cent, respectively, or
no significant bias with respect to the colorimetric method.

To evaluate the instrumental contfibution to the precision, one pellet
was counted 18 times yielding a limit of error of ¥ 3.8 per cent. It
should be noted that the instrumental L.E. is essentially the same as
the experimental L.E. By increasing the number of counts the instrumental

limitations could be reduced 1f more precise measurements were required.

TABLE T
COMPARISON OF CHEMICAL AND X-RAY ANALYSES

f Zirconium

Sample No. Colorimetric - X~-Ray Fluorescence

1 2.36 - : 2.39
2 2.42 2.h2
3 2.h1 2.45
4 2.00 1.97
5 2.90 : 3.00
6 2.17 2.18
7 2.94 2.93
8 2.76 2.79
9

‘2°27 2.25

‘ In both the corrected and uncorrected curve the U LA peak is used
o _
as an internal standard. In this way it is possible to correct for small

amounts of impurlties aﬁd minor variations in pellet preparation. Diffi-
culties encountered with large changes in sample size, U Lﬂ? contribution
_ ’ 6

to the zirconium peak, and large amounts of impurities_aré not resolved

with the uncorrected curve.

L, Kihg, H. G. and W. A.Aﬁurns, Y-12 Analyticai ILaboratory, unpublished work.
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Measurement of the intensities are subject to background which arises
largely by scattering from the cornstarch. Uranium and zirconium absorb
this scattered radiation considerably and thereby reduce the background
intensity. Impurities complicate the situation since they introduce more
scattering in some cases and more absorption in others. The background
then is a function of the components of the cornstarch pellet.

Since the background distorts the measured intensities, the effect
is particularly noticeable in the presence of large amounts of impurities
and when the sample to cornstarch ratio is reduced'drastically. The effect

of the latter is illustrated by the data in Table II.

TABLE IT

EFFECT OF OXIDE/STARCH RATIO ON ANALYSES
FOR ZIRCONIUM

g Oxide/ % Zr % Zr
g Cornstarch Uncorrected Curve Corrected Curve
1.0 2.15 2.16
1.0 2.25 2.22
0.8 2.20 2.16
0.8 2.25 2.23
0.6 2.25 2.22.
0.4 2.30 2.22
0.2 2.h0 2.24
0.2 2.37 2.21

For the construction of the corrected curve, the uranium-zirconium
fluorescence spectrum was scanned and a line free region on the long
wavelength side of the zirconium peak was selected for the determination
of background (see Figures 3 and 4). The U L& contribution to the
zirconium peak was measured by determining the ratio of the U Lf? to
U L[?a intensities from a pellet containing only uranium after sugtraction

of background from both peaks. The effect of U Lﬁ? contribution in a sample
6
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is then calculated simply by multiplying the observed.uranium peak by
this factor and subtraéting the result from the Zr intensity. When these
corrections are applied to the measured intemsities of the Zr-U standards,
a log log plot of the resulting ratios versus zirconium concentration ylelds
a straight line over the region investigated. (See Figure 2.)

It is seen in Table II that corrected intensity ratios when read from
the corrected curve, negate the effect of large changes in the sample
to cormstarch ratio. This implies that the sample size may be varied over
large ranges. Table III illustrates the efféct of several impurities on
the measured zirconium concentration. Again it is indicated that correction
of the intensities negates the effects of impurities. This will be true
for all impurities except those that yield lines in the region used for
intensity measurements. Elements expected to seriously interfere include-
lead, thorium, and bismuth. In Figures 3 and 4 scans of the spectrum of
this region are reproduced at a concentration level of 2.22 per cent
zirconium. In the pure Zr-U scan the U L[S peak was superimposed on
the spectrum to indicate the magnitude of tge contribution. It is noted
that the scans of the pure U-Zr sample and those containing copper and tin
are identical except for changes in peak height due to changes in background.
In the presence of lead, however, lines appear in the region which evidently
interfere seriously with the zirconium determination from the uncorrected
curve. Correction for background reduces the error considerably, even in

the case of lead. (See Table III).
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TABLE IIT

IMPURITY EFFECTS

Uncorrected Curve Corrected Curve

Impurity in % ' % Zr ¢ Error ~ % Zr  %Error
2% Sn 2,28 2.73 2.31 k.09
14 ¢ sn 2.23 0.45 2.22 0.00
2k % sn 2.25 1.36 2.22 0.00
5 % Cu 2.22 0.00 2.18 1.82
2k ¢ Cu 2.25 1.36 2.20 0.91
2% Pb 2.30 3.64 2.23 0.k45
48 4 P 2.55 15.00 2.32 4 54

To obtain a limit of error for the method, the results listed in
Tables II and III were considered as repeated analyses of one sample under
drastic changes in conditions. The value of t 4.35 per cent represents
the maximum limit of error of the method when correcting for background
effects. The L.E. T 11.5 per cent, calculated from the uncorrected
measurements, indicates the advisability of background correction with
unknown samples.

The variation in the intensity ratios as a function of voltage is
shown in Table IV. It is seen fhat the variation is negligible within an

increment of a thousand volts at 50 KV.

TABLE IV

EFFECT OF TUBE VOLTAGE ON OBSERVED PER CENT ZIRCONIUM

Voltage (in KV) % Zr
50 2.22
47 2.26
by 2.32

b1 2.50
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CONCLUSIONS

This method has been applied to a number of samples of zirconium
in uranium. It is rapid and the precision and accuracy compare favorably
with the more time consuming colorimetric method. In samples that are
relatively free from impurities no background corrections need be made.
In all other cases background corrections permit an accurate analysis.

The time required for a single sample is approximately 10 minutes if
| background corrections are not made. Background correction increases
the time required to 15-20 minutes per determination.

The method seems. applicable to practically‘any element above
titanium in fhe periodicvtable. The only requirement is that an internal
standard be introduced with a peak fairly close to the measured intensity.
It seems reasonable to assume that the above application can be extended
to low uranium concentrations in zirconiumb_and also to the determination

of ﬁranium in nonfluorescing matrices such as alumlinum.
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