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ABSTRACT

The factors associated with source — sample — detector geometry and radiation
absorption by 2 cm in diameter circular carbon samples on the x-ray fluorescence
spectrometer data validity is studied. Radiation coming out from various parts of the
sample may not share in equal manner to the detector signal if the geometry is not
calculated correctly. This case may also arise if a sample is not homogeneous, so if correct
geometry is designed the decision on sample homogeneity can be made. Carbon samples of
30 mg/cm” are supposed and suitable distance from 20 keV hypothetical photon source and
detector were found in a search to solve the geometry problem.
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INTRODUCTION
X-ray fluorescence (XRF) analytical technique is well known method for multielement
analysis of a wide variety of samples( Stanzenieks et al., 1978) ; ( Sood et al., 1983). The
problem source-sample-detector geometry resulting in different quantities of radiation
emitted from the sample has been solve recently by ( Mahrok and Shamoon, 2008) . But the
energy they used was 661.6 keV.
However, another authors (Midley et al., 2005) ; (Han et al., 2009) ; ( Van Espen et
al., 1979). Use M, characteristics K-X-ray , 17.4 keV or Ag characteristics K-X-ray, 22
keV in their spectrometers. This is because photo electric absorption and consequently the
emission of fluorescent photons from the sample is dominate at low photon energy.
Therefore, the geometry associated problems of the (XRF) spectrometer by using 20 keV
hypothetical photon source was attempted.

PROCEDURE

Circular sample 2 cm in diameter with carbon surface density of 30 mg/cm® were
considered . Due to sample finite size , Photons will travel along different path both from
source to sample and from sample to detector see fig. (1)

In order to examine the effects of these factors on the homogeneity of radiation
received by the detector, 3 points on sample surface were consider and irradiated by
hypothetical photon source (20 keV) and the intensities were calculated of radiation arriving
at these points using the inverse square law. Then the intensities of scattered radiation
(elastic and inelastic) received by the detector from these 3 points were calculated by
equations given in ( Van Espen et al ., 1979)

Ne = I, GegteSe(DX) i (1)
N, = 1, Ge,t,:5:(0X) e (2)

Where N. and N, are the number of counts in elastic and inelastic scatter peaks
respectively; I, is the number of the photons incident on the sample during the

measurement time. Auto CAD program was employed to calculate the radiation path lengths
from the source to 3 points on the sample (d;,d,,d;) and from these point to detector ( D,
D, ,D3) . Table (1) shows calculated data for a 2 cm diameter sample.

Table 1: Distance from sample ( 2 cm in diameter) to source and detector.

Source — sample distance (cm) Sample — detector distance (cm)

dl d2 d3 D1 D2 D3

1.4736 2 2.7979 2.7979 2 1.4736
3.3679 4 4.7599 4.7599 4 3.3679
5.3399 6 6.7443 6.7443 6 5.3399
7.3271 8 8.7358 8.7358 8 7.3271
9.3118 10 10.7304 10.7304 10 9.3118
11.3150 12 12.7268 12.7268 12 11.3150
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Then the radiation intensity arriving at 3 points on the sample was calculated using the
inverse square law and tabulated in Table (2) .

Table 2: Radiation intensity arriving at 3 points on the sample (2 cm in diameter).

Source — sample distance Radiation intensity at the sample in
(cm) termsof (1)

di d; ds Iy P I3
1.4736 2 2.7979 0.4605 0.25 0.1277
3.3679 4 4.7599 0.08817 0.0625 0.044137
5.3399 6 6.7443 0.03507 0.027777 0.021985
7.3271 8 8.7358 0.018627 0.015625 0.013104
9.3118 10 10.7304 | 0.011513 0.01 0.008685
11.3150 12 12.7268 | 0.007811 0.006944 0.006174

The geometrical factor G for the point source is given in [Mahesh and Mustafa,1978]

G =-—

4D?
Where (1) is the radius of Si(Li) circular face. (D) is the distance from the sample to
the detector. The factor (G) was calculated for r =2.82 cm and shown in Table (3).

Table 3: The (G) for distance between the 3 points on sample and detector.

Sample-detector distance Geometry factor
(cm)

dl d2 d3 G]_ GZ Gg
1.4736 2 2.7979 0.253965 0.497025 0.915544
3.3679 4 4.7599 0.087749 0.124256 0.175275
5.3399 6 6.7443 0.043708 0.055225 0.069722
7.3271 8 8.7358 0.026052 0.031064 0.037032
9.3118 10 10.7304 0.017267 0.019881 0.022889
11.3150 12 12.7268 0.012274 0.013806 0.015528

Thin silicon detector of (3 mm) thick active layer of Si 25 mm?® in area is assumed. The
detector entrance window is 0.025 mm of Be (1 ml). The detector efficiency is calculated
using equation (4) ( Jenkins,1988) and plotted in Fig.(2), which is very similar to Canberra
efficiency curve

e(E) = exp(—pz.(E) pse Xso) (1 —exp(—ue(E) ps; Xsi))

Where yi, is the mass attenuation coefficient of Be = 0.2232 cm®/gm, ., is the mass
attenuation coefficient of Si = 4.3737 cm®*/gm at 20 keV, X, is the thickness of active

layer of Si = 0.5 cm, X;_ is the thickness layer of Be = .0025 cm, £(E) is the detector
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efficiency, ps, is the density of Be = 1.85 g/em’ ,p., 1s the density of
Si =2.42 g/em’, The efficiencies of elastically £- and 1in elastically &, scattered radiation

were obtained from this curve taken from ( Canberra %ed) interpolation gx = 95% for 20
keV and £; = 97% for 19.247 keV.

t- and t, are the absorption correction factors for the elastic and inelastic scatter

radiation respectively( Van Espen et al., 1979).
- 1—exp (—2uz csc@ (px))
=

2u-csc@(px)

1—exp(—pug+pp)esed(px)) .
t = PP
! (pg+pplescO(px) ©)

Where p; = total mass absorption coefficient in cm’/gm for 20 keV;
u,= total mass absorption coefficient in cm®/gm for 19.247 keV . @ = 45° which is the

angle that the sample surface makes with exciting radiation and with radiation scattered to
the detector. Values of u- and y; for carbon at 20 keV were interpolated from the

tabulation of ( Storm and Israel, 1970). The values found are u; = 0.4322 cm*/gm at 20
keV and p; = 0.44 cm’/gm for 19.247 keV which is the energy of the in elastically
scattered photon. Putting the values p;, i;, © and (px)= 30 mg/cm2 in equation (5) and

(6).

The correction factors t; and t; were found to be 0.9819 and 0.9818 respectively
which quite close to one but can not be neglected .

The elastic and inelastic scatter cross-sections ¢ and ¢, are plotted against the atomic
number Z for 20 KeV photons by interpolation of the theoretical data given in ( Hubbell
et al., 1975) and shown in fig.(3) and fig.(4) The scatter cross-sections . and o, are
expressed as:

Inog, =139 MMZ+B . (7)
Ing, =—029Z+ D (8)

B and D are y-intercepts for . and o, respectively. The scatter factor 5. and &,
depends on x-ray energy and atomic number of the sample elements. These factor were

found theoretically from equation (7) and (8) as :

1.29

5.— =-Z‘

and 5:_ — E—':‘-:':-!'

If the counts ( of one energy value) received by the detector from different point on
sample are similar, then the geometrical arrangement of XRF analyzer are correct.

The application of this condition to more than one energy value received by the
detector, gives better confidence about the geometry.
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When d # D, values of N arriving at the detector from 3 points on the sample were
found to be different, and so were values of ¥, , therefore all cases for which d # D are
ignored. When d = D = 2 to 12 cm, values of Nz and N; were calculated in step of 1 cm
and some of these are shown in Table (4). Whend =D <6 cm N values corresponding to
3pionts on sample are dissimilar, and so are values of N,. further to that, values of N, =
Nzg < Nz> and N;; = N;3 < N,- . this is attributed to the distances (which are not equal)
covered by radiation inside the sample when traveling to and from points1, 2, and 3 in all
the casesof d=D <6 cm.

However, these distance seem to home similar effects on both N- and ¥, values and

d =D > 6 cm .Table (4). N: and N, values calculated using hypothetical 20 keV photon
source and 2 cm diameter carbon sample of 30 mg/cm® where d = D.

Table 4: N- and N, Values calculated using hypothical 20 keV photon source and 2 cm
diameter carbon sample of 30 mg/cm® when d=D.

Sample-detector

H d“ll:.._"x .I.'I-'T,_—u- X P‘.‘T._—- X f'w..-. X ‘.\-'..H X "\..T._: X
distance (cm) £ E E3 1 I3

10° | 10° | 10° | 10° | 10° | 10°

di  |dy| ds
1.4736 | 2 | 2.7979 | 40284 | 42800 | 40271 1989 | 2114 | 1989
33679 | 4 | 4.7599 | 2665 2675 2665 131 132 131
5.3399 | 6 | 6.7443 528 528 528 26 26 26
7.3271 | 8 | 8.7358 167 167 167 8 8 8
9.3118 | 10 |10.7304 | 68 68 68 3 3 3
11.3150 | 12 | 12.7268 33 33 33 2 2 2
Upper

Sample
Source

Lower

Detector

Fig. 1: Illustration of different radiation path from source- sample- detector
geometry arbitrary scale.
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Fig. 2: Efficiency as a function of the incident photon energy ( keV)
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DISCUSSION

Reliable result are usually required from any XRF spectrometer. Radiation (N or N; )

emitted from and scattered by various parts of the sample may not contribute in equal
manner to the detectors signal if either the geometry of the spectrometer is misdesigned or
the sample is not homogeneous, or both.

Sample in homogeneity arises from variation in thickness, and / or density along the
sample. However, geometric configuration could have negative effects on the sample
analysis result if not correctly designed .

Hence, decision on homogeneity can only be made if the effect of the spectrometer
geometry is eliminated such that similar values of Ny and of N arrive at the detector. In

this work, the distances d = D > 6 cm were found to be adequate for the 90° mode of
excitations; other values may be obtained for different energies, spectrometric
configurations, and sample sizes.

In this current work, by using a new detector source and according to a suitable
geometrical configuration, results show close approximation to current condition d=D > 6
with previous results ( Mahrok and Shamoon, 2008) which we obtained then d=D > 8. We
conclude by comparing the two results that d= D > 8 is an optimum condition for all
energies and detector types.
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