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ABSORPTTON CORRECTIONS FCR X~-RAY FLUCRESCENCE

ANALYSIS OF ENVIRONHENTAL SAMPLES

F. Bazan and N. A. Bonner
Lawrence Livermore Labcratory, University of California

Livermore, California 94550

ABSTRACT

The discovery of a very simple and useful relationship between the
absorption coefficient of a particular element and the ratio of incoher-
ent to coherent scattering by the sample containing the element is
discussed. By measuring the absorption coefficients for a few elements
in a few samples, absorption coefficients for many elements in an entire
set of similar samples can be obtained.

INTRODUCTION

Absorption corrections in x-ray fluorescence are not negligible and
usually must be taken into account if quantitative results are to be
obtained. In principle, the absorption corrections can be calculated
from published tables of absorption coefficients such as those of 3Storm
an. Israel (1), combined with appropriate geometrical factors fer the
instrument used as described by Bonner, Bazan, and Camp (2). However,
the calculation requires a knowledge of the composition of the sample,
which is usually not known in sufficient detail when the sample irf to be
analysed. Thus the usual situation is that absorption coefficlents must
be measured for each sample.
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The purpose of this study was to look for a relationship between
sample absorption and some characteristic of ¢he recorded spectrum. Such
a relationship would eliminate the necessity of measuring the absorption
for each sample.

A remarkably simple relationship has been found. For sets of simi-
lar samples, the effective absorption coefficient is a linear function
of the ratio of the intensities of the incoherently and coherently scat-
tered exciter radiation, That is,

a, =C, +B, xR

i i i ’
where Ci and Bj are experimentally determined constants; R is the inten-
sity ratio (incoherent peak)/(coherent peak); and a; is the measured
absorption coefficient for element i in the sample.

The utility of this relationship s very clear. Once the constants
By and Cj have been determined, the absorption coefficient for element i
can be calculated from the backscatrer ratio, R, with no additional
measurements. The only additional informatior needed to calculate the
absorption correction is the sample thickness in g/cm®.

RESULTS

An obvious place to look for a relationship between absorption and
spectral characteristics is the backscatter peaks. The intensities of
the coherent and incoherent p:aks depend on the amount of absorption in
the sample as well as on the atomic number (Z) of the scattering atoms.
The absorption cozfficient for an x ray is also strongly dependent on Z.
From the experimenter's standpoint a ratio of intensities is more con-
venient than an absolute intensirty. Because of this, the first function
we looked at was the ratio, R, of the incoherent to the coherent peak
integrals for che Ag Ka exciting x ray.

From another study, we had cn hand a set of vegetation samples {rom
Eniwetak Atoll. The samples were all 1-in. (2.34 cm) diameter -ressed
discs each weighing approximately 250 mg. At tiis thickness, about
50 mg/cm®, absorption corrections for most clerents are appreciable, We
measured the effective absorption coefficient, ayxj, for the Ni K x ray
for these samples. When we plotted anNj vs R (see Figure 1), the points
fecll on a straight line within our estimated errors of about 17 in R and

27% in ay:-
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Figure 1 The linear relationship between the
absorption coefficient for nickel and the
incoherent/coherent ratio for Eniwetak
vegetation.

This result was so striking that we decided to prepare some artifi-
cial samples of known composition to see how general the result was.
Many environmental samples consist of an orpaaic (carbom, hydrogen,
oxygen) matrix with admixtures of other low Z elements such as sodium,
potassium, silicon, aluminum, and calcium. Our €irst set of mixturas
consisted of cellulose (Avicel*) plus A1203 and CaC03, prepared as

kRefcrence to a company or preduct name dves not imply approval or
recommandation of the product by the University of California or the
U.S. Energy Research and Development Administration to the exclusion of
otkers that may be suitable.
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Figure 2 Linear relationship between axji and R for

cellulose-Alzo3 mixtures.

described in the experimental section. In spite c¢f some apparent nen-
uniformity in the samples, a plot of ayj vs R gave a very satisfactory
straight line as shown in Flgure 2. Our second set of mixtures consisted
of Avicel plus NaCl and CaClz. Again a plot of ayj vs R pave a straight
line as shown in Figure 3.

The absorption curves, la a vs ln E, for the XaCl-Avicel samples
were straight lines, but the lines for the variocus samples were not
parallel. Figure & shows the curves for the two extreme samples. Thus
it was possible that the linearity of the ay; vs R curve might be acci-
dental, and not be valid for other energies. Therefore, we made plots
of the a va R curves for chromiuvm and zinc, the measured elements with
the lowest and highest energy x rays. Fortunately, the chromium and
zinc plots were also linear, indicating the nickel result is not unique.
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Figure 3 Linear relationship between ag and R for
cellulose-NaCl mixtures. !
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Figure 4 aAbsorption curves for cellulose-NaCl
mixtures.

It should be noted that the a vs R curves for the three sets of
samples, Avicel-NaCl, Avicel-Al;0;, and Eniwetak vegetation are all dif-
That is, each set gives a straight line but the sets are not
This means that for the linear relationship to hold, the
ke do not vet know what all of the
Chemical

ferent.
equivalent.
set of samples must be similar.
necessary conditions are that make a set sufficiently similar.
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composition seems to be the most critical variable, but we do not know

the Jimits. At present we can only try ary given set to see if the
relationship holds. It is very enccouraging that it holds for a set as
varied as the Eniwetak vege:ation, which consists of ground leaves and
stems from at least three different types of plants. National Bureau of
Standard Reference Material 1571 (Orchard Leaves) almost fits the Enjwetak
set. The difference between the measured absorption coefficilents and the
ones calculated from our vegetation curves are about 107.

As a check of the valjdity of the method in a situation where
extrapolation of the absorption curves is necessary, we used the method
in the analysis of a set o! milk samples. The calcium absorption coef-
ficients could not be measured directly because the samples contain large
amounts of calcium and are essentially infinitely thick to Ca K, radia-
tion. (Our 50 mg/cm? samples attenuate the calcium radiation bv a factor
of about 400.) We measured the absorption for the usual set of five
elemencs, then extrapolated the curve to the calcium energy. The plot
of the resulting ac, vs R data is shown in Tigure 5. Our usual x-ray
fluorescence analvsis then gave us values of R that we used in conjunc-
tion with the curve to get the calcium sbsorption coefficients. The
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Figure 5 Linear relationship between acy and R for
milk samples after extrapolation of
absorption curves.
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Table [. Comparison of x-ray fluorescence and {nstrumental neutron
activation analvsis of milk samplies.

Grams «f calcium per liter

Sample Type X ray @ = INAA ©
Q37 Xonfat 25 2 nL0p 1.30 » 0.05
039 Sonfat 1.06 = 0.95 1.07 - 0,05
007 Homogenized 1.04 ¢+ 0,05 1.04 ¢ 0.04
042 Homogenized .22 2 D06 1.23 ¢+ 0,05
03s Homogenized 1.12 ¢+ 0,06 1.12 = 0,05

calcium contents calculated from these data are shown in Tuble 1, which
also includes calcium analyvses performed by Instrumental Neutron Activa-
tion Analysis at Lawrence Livermvre Laboratory. The apreement is cobar-
rassingly good, the average diiference being about 1. The error
estimates for x-ray §luorescence In the table include only the counting
statiscics, but our guess is thar the uncertainty tfrom the abserprion
curve extragclations f{s abouc 107.

EXPERIMENTAL

Counting Procedures

All measurements were made with a nondispersive (energv dispersive)
system using a ring-shaped '°°Cd exciter and a $i(Ll) detector. Tie
scatty~ing angle from exciter to sample to detector is nearly 1B0°. The
system {5 described in detail in R:ference {2).

The oherent and inccherent peak intensities were cach sums of
cirannels spanning 375 eV. This includes 2 reasonable {raction of ecach
peak wita mipimal overlap. The ¢oherent and incoherent sums were cen-
tered at 22.1 and 20.¢ keV respectively.
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Absorprion Mrasurerents

The absorption measurements were made by counting ¥hatman 41 stand-
ards of chromfum, manganese, nickel, copper, and zinc with and without
an intervening sample. The geomes vas such that the sample was in its
normil position and the standard was ir a reproducible peosition. (That
is, its posfition did not depend on the prescnce of the sample.) The
absorption coefficient, a, is defined by the equation:

L= exp{-aDh),

where 1, = the net intensity of an x rav from the standard with no
absorber; 1 = the net intensity of the same x ray with the absorber
(sample) in place; D = sample thickness in_g/ce®; and a = the effective
absorption ccefficient for the x ray in cm‘/g.

Note that a1 is a mass absorption coefficient. We designate it a
instead of the usual symbol, .. to emphasize that it is different from
the uswal quantitv., Our a includes the absorption coefficients for the
exeiting x ravs as well as for the emitted x rav. Tt alsc includes the
pecretric factors resulting {rom the nen-nermal paths of the x raws
threugh tihe sazmple.

Plots of In a vs Iln E were always straight lines, (E = the energy
of the K, x rav.) The renge of our measurements was from 5,41 kel
(chromium) to 8.63 keV (zinc)., Thus the absorption ccefficients for any
clement with x-ray energies in this range ¢an be obtained by interpola-
tion. It is alsc possible :0 extrapolate to some extert, but this is
riskv as it could generite errors.

Sarmple Preparation

ALY samples were pressed inoa l-in. (1 3e-cm) diameter steel die
with a hvdraulic press at 1 to 3 metric tons. This produced fiat,
smooth, cvoherent discs with a uniform thickness of about 4,3 mn for vur
i-mp samples.

The natural samples were already in powvder ferrm and were merely
nressed and weighed. The cellulose material in the artificial samples
was JAvicel, a microcrvstalline cellulose with empirical formula CH20.
The alumina samoles were prepared by weighing finely divided Al;03
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i . (levigated alumina), Avicel, and CaCC: intc a glass vial. The sa-nles
were homogenized in a mechanical shakxer {or 5 min. The catcium vontent
was alwavs 2% and the alimina content varied from 9 tn 257. These

. sanples appeared to bave segregated to some extent during the pres
procedure. As a resuit, we prepared a ret of Avice!-NaCl szmples by ..
different procedure. Solutions of NaCl and CaCl; were pipetted inte
Avicel, and water wis added if necessary to make a thin paste. This -—as
well mixed, then dried. The dry powéer was ground gently in a mortar
and pestle, then pressed into discs and weighed. The NaCl content voried

e

from O to 227 and the calcium was kept at 2

iny

In these experiments it wis unnecessary to know the composition of
the mixtures. The purpose of the mixtures was to supplv sets of samples
with dirfferen: absorption coefficients and different values of K.

STMMALRY AND CONCLUSIUXS

We have deronstrated that a linear relationship exists betwee.
absarption coefficients and the incoherent to ccherent scattering ratio
for sets of similar camples. This relationship can be a very useful tool
to the analyst using x-ray flucrescence. 1If many simila: samples are to
be analysed, only a few absorption measurements nced be made instead of
one set per sample, In future work we hope to establish the extent and
limitations of the relationships.
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