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Alloying effect on the K, and Kg X-ray fluorescence cross-sections in
CrzNij_z and CrgzAli_, alloys was studied. The samples were excited by
gamma rays with energy 59.5 keV from a ?*! Am radioisotope source and
K X-rays emitted by the samples were counted with a Si(Li) detector. We
found that K, and Kpg X-ray fluorescence cross-sections are changed by
alloying effect in Cr,Ni;—, and CrzAl;_, alloys for different composition .
We compared our results with the theoretical values.

PACS numbers: 32.30.-1, 32.80.—t

1. Introduction

X-ray fluorescence cross-section is an important parameter in X-ray fluores-
cence analysis and various applied fields such as radiation transport in matter. In
addition, comparison of measured X-ray fluorescence cross-sections with theoreti-
cal estimates provides a check on the validity of various physical parameters such
as photoionisation cross-section, fluorescence yield, X-ray emission rates and jump
ratio.

K X-ray emission lines are caused by transition Ko = (K «— Ly, L), Kp =
(K «— My, M1, Myy, Mv, Ni1, Nux . . .). Ko and Kp X-ray fluorescence cross-
-sections of various elements were measured at different energies [1-5]. Krause et
al. [6] have calculated theoretically Ko and Ky X-ray fluorescence cross-sections.
We studied chemical effect [7-9], alloying effect [10], thickness effect [11] on K
emission lines intensity ratios, and chemical effect on L emission lines intensity
ratios and L X-ray fluorescence cross-sections [12, 13]. Bhuinya et al. [14] and
Dhal et al. [15] investigated alloying effect on K emission lines intensity ratios.
Characteristic X-rays of 3d elements are affected strongly by chemical structure
and alloying composition.
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We studied alloying effect on the K, and Kg X-ray fluorescence cross-sections
in CryNiy_, and Cr;Al;_, alloys. We want to show that the K X-ray fluorescence
cross-sections are affected by alloying composition in Cr;Ni;_, and CryAl;_, al-
loys.

2. Experimental

Experimental measurements were carried out on the K characteristic radia-
tions stimulated by 59.5 keV v photons of a 100 mCi 24 Am source in pure Cr, Ni,
and Cr;Nij_; and Cr;Al;_, alloys. The samples of elements and alloys were in
the form of powders. All the samples were procured from Good Fellow Company,
U.K. Powdered samples were sieved by 400 mesh and prepared by supporting on
the mylar film at the ~ 2—10 x 10~2 g/cm? thickness. The Si(Li) detector, which
has a resolution 160 eV at 5.9 keV, and ND66B pulse height analyser were used
to count K and K photons emitted from samples. The experimental setup and
a typical K emission spectrum for Crg sNip5 are given in Fig. 1 and Fig. 2, re-
spectively. As shown in Fig. 1, the lead shield avoids the direct exposure of the
detector to radiation from the source. Iron lining on its inner side is used to absorb
the L X-rays of Pb. The aluminium lining is used to collimate the K X-rays from
iron shield. The K, and Kg peaks are resolved ones. The background is estimated
by calculating the mean of ten channels before and after K, and Kz peaks. The
peak area was found by subtraction of the background from the total peak area.

The K, and Kg X-ray fluorescence cross-sections were calculated using the
relation

Nk,

IoGe;ifimy’ : @)
where Nk, is the intensity observed for the K; emission line of the element, Ij is
the intensity of exciting radiation, G is the geometry factor, m; is the mass of the
element in sample (g/cm?), B; is the target self-absorption correction factor for
both the incident and emitted radiation and ¢; is the detection efficiency of the
detector at the energy of K; lines.

OK;
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Fig. 1. Experimental geometry.
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Fig. 2. A typical spectrum for Crp sNig.s.

IoGe values in the present experimental setup were determined in a sepa-
rate experiment. Targets of pure elements, having areas of cross-section similar to
those used in the main experiment, with atomic number 22 < Z < 40, emitting
fluorescent radiation in the energy range 4.5-18 keV were irradiated in the same
geometry and fluorescent radiation were counted. IyGe values for the present setup
were determined by the following relationship:

Nk,
IiGe = ——— 2
0 OK; ,Bzmj ( )

where Nk, is the number of counts under the Kz or K, peaks ok, is the ok, or
ok, fluorescence cross-section.

The self-absorption correction was calculated by using the following expres-
sion obtained by assuming that the incidence angle of the fluorescent X-rays sub-
tended the detector to be approximately 90° [16]:

ot = 1= (1) cong 4 e, "
p(inc)/ cos ¢ + p(emt)]t

where p(inc) [em?] and p(emt) [cm?] are the mass absorption coefficients [17] at

the incident photon energy and fluorescent energy of the sample, respectively;

t (in mass thickness unit g/cm?) is the measured thickness of the sample. Angle ¢

was calculated by using the following expression [18]:
v

2+ 0.25(Ro + R )
where v is the distance from the source to sample, Ry and R; are internal and
external diameters of radioisotope source, respectively. Angle ¢ was found equal
to 48° (Fig. 1). In addition to this, we also checked the angle, from the shift in
energy of the incoherent scattered peak from the coherent peak and using Compton
scattering formula.

In the case of CryNij_, alloy, there is an effect of enhancement by about
3-6% of the Cr K emission lines intensity by the K emission from the Ni. This
effect was taken into account [19-21].

cos ¢ =
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3. Results and discussion

In Table we compared the K, and Kjp X-ray fluorescence cross-sections in
different Cry Nij—g and CrzAl;_, alloys. Possible sources of error include: (a) IoGe
determination (1%), (b) background determination (0.5%), (c) self-absorption
(0.5%), (d) counting statistics (0.5%). Adding these sources of error, the total
experimental relative error is 2.5%.

TABLE

K X-ray fluorescence cross-sections of Cr and Ni in CrzNij—» and CrzAli—, alloys
and pure metals (barns/atom).

CrzNiz_s CrzAli—» Theoretical values [6]
z Cr . Ni z,|] - Cr Cr Ni
TK, OKs; | OKa | OKj \ 0K, | OKg | Ok, | 0K, | 0K | 0K,
0.0 - - 33.55 | 4.28 | 0.0 - - 14.5 | 1.64 | 40.3 | 4.8
+0.83 | £0.11
0.5 | 19.53 2.38 | 27.01 3.66 0.6 | 10.29 1.42
+0.48 | £0.06 | £0.67 | 0.09 +0.26 | £0.04
0.8 [ 15.98 2.11 29.89 | 5.15 [0.8] 1532 | 1.70
| £0.40 [ £0705 | £0.74 | +0.12 +0.38 | £0.04
1.0} 15.62 | 1.95 - - 1.0 15.62 } 1.95
+0.39 | £0.04 +0.39 | ££0.05

In the Cr;Nij—, alloys, we observed an increase in the values of og, of
chromium with decreasing chromium concentration. There is an increase in the val-
ues of ok, /oK, ratio of the nickel with decreasing nickel concentration (ck,/ok,
values of nickel are equal to 0.128, 0.135, 0.172 for nickel concentrations 1, 0.5, 0.2,
respectively). ok, cross-section of nickel and ok, /o, ratios of chromium have
different values for different alloys compositions. The reason of this effect may be
that the electronegativity of nickel is higher than that of chromium and electron
transfer from the outermost orbitals of chromium to the outermost orbitals of
nickel occurs. In addition to this, there are five 3d electrons in chromium, whereas
there are more than nine 3d electrons in nickel in solid form.

In the CryAly_, alloys, there is an increase in 0K, cross-sections values of
chromium with increasing chromium concentration. The reason of this effect may
be that the electronegativity of chromium is higher than that of aluminium and
electron transfer from aluminium to the outermost orbitals of chromium occurs.
0K, /0K, ratios of chromium have different values for different alloys compositions.

The transitions concerned with Kp lines were affected directly by changes
in the distribution of outermost valence electrons. Changes in the distribution
of outermost valence electrons cause a shift of energy levels in the atom with
respect to molecular orbital theory. The transitions concerned with K lines were
affected by this event. There are clear differences between K X-ray fluorescence
cross-section values of alloys and pure chromium and nickel. The values of ok, and
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0K, cross-section for pure chromium and nickel are in agreement with theoretical
values [6].

In conclusion, we say that alloying effect in Cr, Ni, and Cr, Al alloys could

have altered the X-ray fluorescence cross-sections of these elements from the
free-atom values. To reach a more definitive conclusion about alloying effect on
X-ray fluorescence cross-section, we plan to extend these measurements for alloys
of various 3d metals and various concentrations.
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