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The role and importance of the measurement constant in
X-spectrometry is considered with the problem of the sample
composition analysis without the use of standard samples. It is
shown that it is possible to determine the sample composition even
when the characteristic X-ray intensity for one of the elements in
the sample is not detectable. The duraluminum sample and the
brass sample compositions have been analyzed as two essentially
diferent examples of the presented approach. Iron in brass shows
the case when the corresponding intensity is undetectable since
the element is present only in traces. In case of duraluminum, the
undetectable aluminum is a dominant component of the sample

composi tion.

1. Introduction

In the last decade the EDXRF spectrometry has developed into the
most reliable, non-destructive and rapid analytical method. The
X-energy spectrometry requires a minimal sample preparation Cthick
targetd, in which case the matrix effects occur. The X-ray
intensity from an element in the matrix of other elements is not
linear with composition because of the selective absorption or
secondary fluorescence whithin the sample”. The most common
approach for correcting the matrix effects in the X-energy
spectrometry is the fundamental parameter method with the use of
corresponding sLandards" in order to avoid determinimg the

measurement constant and a series of other relevant parameters.
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These standards make the measurement more complex and are
‘unwelcome. This paper presents a new approach to the fundamental
parameter method without the use of standards, which also allows
avoliding the most undesirable parameter, the measurement
constant?’

The problem of determining the sample composition , when the
characteristic X-ray intensity of one of the elements in sample is
not detectable, is also considered. Here the fundamental parameter
method without using the standards, cannot avoid determining the
measurement constant. The value of the measurement constant |is
obtained by analyzing an ‘'independent"' samplea’.'rhis sample of
course, must contain only the elements with detectable
characteristic radiation. Obviously, it need not to be a special
standard. 1t is desirable for both this '“independent' sample and
the sample invol ved to have the same excitation conditions
Cworking condition of X-ray tube, Jirradiator, geometry
collection time ) . If these conditions are not fulfilled it is
neccessary to perform the renormalization of the measurement

3
constant.

2. Avoiding the measuremsnl constant in the analysis of a sample

composttion wi thout the use of standards

‘The detected characteristic X-ray intensity for an element has
been found to be®:

n
1, SKWF Cw.)=Kn E";,Qz" -------- .3 SRS AUV, UV . 3. SUVCEANS. & S
¥ o pnmCrJ + porn(xi) cosfi/cosh

1
14-—=—=--= wCi-1/J Do Cy)do. ¥
{ ao_‘Cr)? j yj i y: oJCr)kory’wyj

cOS e cos 3 sm i
[":-.-' s-ln {1+ ";--; -------- =Dt boCx 3 in (14 ~=Fo-g<cc=—z- )]} ci>

uBmCij cos .8

where:

K - measurement constant (product of irradiator py-photon
number per unit solid angle and mean detector solid angle);

y.mCr) - mass attenuation coefficient of the sample for

incident y-photon (linear function of unknowns - wi);
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pomCxlb - mass attenuation coefficient of the sample for
x-photon from element-—{; pGMCyj)-Lhe same for y photon
from element-J;
WL x-shell fluorescence Yyleld for element-i; Qyj- the
same for y-shell of element-j;
alCr) - photoelectric cross section. for incident y-photon
on element-{i; a.‘Cyj) -~ the same for y-photon from
element-J;
.!"AL - x-shell absorption-edge-jump ratio for element-i;
Jyj-!.he same for y-shell for element-J;
w -~ mass fraction of element-i in the sample,
searching values;
chi) - relative detection efficiency for x-photon of element-i;
korn = the relative 1intensity of x-characteristic photon
from x-shell one hole state deexcitation for element-i,

koryj—t.he same for y-shell for element -j;

n
oy

n
o

i - mean incident angle of py-photons;

~ relative intensity for incident y-photons;

® - mean exit angle of x-photons.

The relation (1) is in full analogy with the relation (8) by Criss
and Birks®’. The factors kor, w and J are. measurable physical
4.3.6.2} Detection

efficiency chi) can also be found, or can be measured. Thus

quantities and can be found in references

only the measurement constant K is left unknown.

If the sample composition consists of n elements with the

corresponding mass fractions ijJ=1. ..Nd), the solving of the
composition problem requires n measured characteristic intensities
Ni. Ci=1,...n, one for each element). Then the system
1=1, R
= Kx
Ni. K F'ijj) J=1.. ...n

ca
Fw =1
i J

has Cn+1) unknowns (K, wj)' and C(n+1) independent equations, so the
searching for solution is Justified. The system is nonlinear and
the solution requires the iterative process based on the
successi vely better estimates of mass fraction until the

differences between the corresponding calculated intensities and



- 144 -

the measured intensities are within the desired limits. In weach
iteration step these obtained differences are used to adjust the
new assumed mass fractions.

In applying this iteration process it is necessary to avoid
determining the measurement constant K. There is no possibility
for the corresponding corrections. For this purpose it s

convenient to define the measured relative intensities as

N.
Cim = -t ¢33 , where
kN,
i
N -~ is the measured characteristic intensity for element-i,

1Y
obtained by decomposition of the corresponding spectrum.

The calculated relative intensities are defined in the same

manner:

I a— Cc4d

The composition problem is reduced to solve the system of n
independent equations with n unknowns:
r =r Cw)D i=1,...,n; J=1,..,n
Lc J

m

S

? wj =1
The most simple iterative process 1is based on the linear
interpolation of the mass fraction compositions and on the scaling
of these fractions so that their sum is a unity at the start of
each iteration step. It can be shown that results converge to the
unique solution.
In solving the problem of sample analysis when the characteristic
X-ray intensity of an element cannot be detected, the above
fundamental parameter method without using the sLandards” cannot
be applied. Namely, the system of n independent equations with
Cn+l1) unknowns has no unambiguous solution. The number of unknowns
must be reduced by one. The measurement constant K is the most
advisable unknown which can be deternined separately. There are
two essentially different cases.
If an intensity is missing because of the corresponding element
being present only in traces in the sanmple, the measurement

constant K can be determined in the allowed approximation by



- 5 -

composi tion analysis of the same sample, assumi ng the
corresponding element not being present at all in the sample.

If the corresponding element of the undetectable intensity
is a dominant fraction in the sample composition, the above
assumption is not allowed. Then the measurement constant K
must be determined by analysing an *“independent' sample. In

both cases the relations (3) can be written as

N.L 121
Fim® i=1,.....,Cn-1> (6D
T N + K-Fle,) J=1,..... N
izl J
and the corresponding system of equations (5> consists of n

1ndependent equation with n unknowns and can again be solved by

the same iteration method.
3. Measuring and results

To verify * both specific ways in determining the sample
composition. in case when the characteristic intensity of one of
the sample elements cannot be determined, the duraluminum sample

and the brass sample have been analyzed.

Duralumi num sample analysis

Duraluminum is an alloy of Al, Fe, Cu, and 2n. The aluminum |is
present in the highest concentration, but 1its characteristic
radiation is not detectable with the applied detector system

Figure 1. is indicative. Only the characteristic peak of Fe, Cu

and 2n can be seen with no characteristic peak of Al.
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Fig. 1. X-spoctrum from duraluminura.
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An "“independent' sample has been analyzed (Table 1.0 and the

measurement constant determined.

TABLE 1.
CrC% MnC %D | FeC% CuC ZnC
1.14%0.02 0. 90%0.02 I 92.7 ¥ o.1 .0.24%0.02} 0.067%0.0053

Indopendet samplo composilion.

KCmeasur.const.) = (5,70 * 0.02) * 10°

This constant is used directly in the sample analysis since the
excitation conditions for the duraluminum sample and those of the
*independent" one were the same.

The results of duraluminum sample analysis are given in Table 2.

The sample has also been analyzed by chemical analysis method.

TABLE 2.
Ao FeC?o Gulis TZnc
X-opectrometry|93.9 * 0.5 |o.29 * 0.03| 5.6 * 0.5 |o.042% 0.005
ER:T§§9$ 93.8 * 0.2 |o.25 £ 0.02| 5.5 * 0.2 ”
Duraluminum sample composilion.
® — 2n being present in traces only, and it was not possible to

separate it by clasical chemical methods.

The errors in X-spectrometry analysis include the counting
statistical error and uncertainties in the fundamental
parametersm. The errors in chemical analysis are estimated by
superposition of errors in the corresponding measurements.

The comparative analysis of the results shows the reliability of
the described approach in solving the problem of the sample
compositon analysis when the characteristic intensity of the

domi nant component in the sample is not detectable.

Brass sample analysis:

Brass sample C(Calloy of Fe, Cu, 2Zn) s an example when the
characteristic X-ray intensity for an element cannot be determined

because the element is present in traces only, as is the case of
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iron CFe). Figure 2. presents the X-ray spectrum from brass. 1t
can be seen that the characteristic X-ray intensity for Fe is of

the same order as the background noise.
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Fig.2. X - spectrum from braaes

This fact naturaly allows the assumption that iron is not present
in the sample. The aim of this assumplion is to determine the
measurement constant solving the corresponding system (S).
The true composition of brass sample, now when the measurement
constant is estimated, is determined on the basis of relations
C(B8). The analysis results are:

Yol C0.047 * 0.0060%

w =(74.8 * 0.3>%

Cu

w_ =(25.1 % 0.3>%

Zn

The same brass sample has also been analyzed by the atomic

absorption spectrophotometry method and the results are the

following:
w =C0.047 % 0.0050%
Feo
Yeu =C73.7 £ 1.50%
w =(26.2 * 0.8X%
zn

The errors in X-spectrometry are of the same meaning as before.
The errors in the atomic absorption spectrophotometry include the
chemical analysis errors and the inherent spectrophotometry
errors. The comparative analysis of the presented results shows the
reliability of approximate determination of the measurenent
constant when the characteristic X-ray intensity of an element in

traces is hardly detectable.
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4. CONCLUSION
In tne applied X-spectrometry many improvements can be obtalned
not only by advancing the detection technique and spectrum
deconvolution, but also by the improvement of the physical
approach. The presented analysis results, when the characteristic
X-ray intensity for one of the elements in the sample is missing,
confirms the above statement. It further suggests considering the

problem in ‘case the characteristic X-ray intensities for two

elements in the sample are undetectable.
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