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The development is presented of X-Rays fluorescence analysis using as primary source proton induced X-Rays
emission. It is offered to make primary target as double-layer using as the backing natural intermixture of isotopes,
and as the upper layer — an isotope with the highest threshold of (p,n)-reaction for given element. Such target allows
to reach lower detection limits by decreasing of background y-emission from (p,n)-reactions. The making of target
from copper, nickel, zirconium, and molybdenum are discussed. The presented approach has been used for
elemental analysis of the samples of zirconium compounds and alloys, soils, plants and sediments.

INTRODUCTION

Nuclear-physical methods of analysis of substances
elemental content using charged particles beams from
electrostatic accelerators are applied to the solution of
the number of analytical problems from metallurgy up
to medicine and ecology. The methods using charged
particles, elastic scattering under back angles (RBS),
charged particles and y-emission from nuclear reactions
(NRA), charged particles induced characteristic X-Rays
emission (PIXE) are most spread. This methods use for
initiation of analytical radiation immediately beams of
particles, but indirect mechanism of excitation are
mostly available for solution of some problems. In
particular, PIXE induced XRF, using a suitable target-
converter as primary fluorescence source may be
applied to analyze the samples without sufficient heat
and radiation damages [1,2]. A similar indirect
mechanism of excitation X-Rays emission was used in
the presented work. The method based on the excitation
of a secondary X-Rays fluorescence by a characteristic
X-Rays from a target-converter for analysis of ZrF,,
HfF,;, and ZrCl, is presented and the possibility to
reduce a contribution to background component of the
continuum bremsstrahlung radiation and gamma
emission from nuclear reactions are also considered.

METHOD

The scheme of analysis using PIXE induced XRF is
shown on Fig. 1. The set-up includes charged particles
accelerator — 1, a primary target — 2, the analyzed
sample — 3 and X-Rays detector — 4.

1
2_ .
Arlmary target
3 4
N o

Sample analyzed X-Rays detector
Fig. 1. The set-up for PIXE induced XRF analysis

As the material for a target-converter the element is
selected on such a way that characteristic X-Rays have
energy, sufficient to excite fluorescence radiation of
elements of interest in the sample. The experimental set-
up of the technique works as follows. A primary X-Rays
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emission is generated under irradiation of a target-
converter by the charged particle beam, for example
protons. This primary emission is used to induce in the
analyzed sample secondary fluorescence X-Rays, which
are the registered by the detector.

Together with characteristic X-Ray radiation the
bremsstrahlung radiation and y-radiation from nuclear
reactions are induced due to interaction of protons with
a target-converter matter. The (p,n)-reactions inducing
neutrons give basic contribution in this background. The
relation between intensity of characteristic and
background emission, finally, defines limit of detection.
At increasing of protons energy the intensity of

characteristic X-Rays of target-converter increases
proportionally to 3...4 power of energy and
bremsstrahlung radiation intensity increases too.

Intensity of a background radiation due to the
contribution of vy-radiation from nuclear reactions at
proton energies below a threshold for nuclear reactions
(p,n)-type is negligible small, and at energies above a
threshold this quantity increases sharply and gives basic
contribution to the background.

As a result of nuclear reactions y-quanta with
energies from some tens keV up to several MeV, and
also particles are emitted. This primary radiation as
result of its scattering in the converter, the sample and
details of accelerator produces continuous background
of electromagnetic radiation, including that with energy
in the range of a characteristic X-Rays emission of K-
and L-series of analyzed elements in the sample. The
threshold energies for nuclear reactions are different for
various isotopes of the same element. Therefore the
converter is made from isotope with highest thresholds.
To preferential cost of target it can be made as a double-
layer. Thus thickness of the monoisotopical layer must
be chosen such that it is sufficient for decreasing of
energy of charged particles up to quantity below a
threshold of nuclear reaction (p,n)-type for a material of
the second layer. The second layer may be made from
the chemical element chosen for a primary target with
natural isotopic content. The scheme of a double-layer
primary target is given on Fig. 2, where 5 denotes the
first monoisotopical layer of primary target and 6 — the
backing made from substance with a natural isotopic
composition.
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Fig. 2. Scheme of a primary target

EXPERIMENT

Let's view a case with proton energies 2, 3, and
4 MeV and a target-converter, made from copper, with
natural isotopic composition containing 69.1% of
isotope ®*Cu and 30.9% of isotope “°Cu. Thresholds of
(p,n)-type reactions for isotopes ®*Cu and ®°Cu are equal
to 4.1 and 2.1 MeV accordingly. Clearly, at energy of
protons 2 MeV it is possible to use copper in a natural
isotopic composition, but for 3 and 4 MeV it is letter to
use isotope “Cu. Whereas ranges of protons with
energies of 2.1, 3 and 4 MeV in copper are equal 19.75,
34.23 and 53.96 um (SRIM 2006), thickness of a target-
converter from isotope ®Cu should be not less than
16 um for protons with energy 3 MeV and 35 um for
protons with energy 4 MeV. If available accelerator can
provide higher energies of protons, and magnitude of
energy of primary X-Rays is not so critical, what is
valid for the majority of practical problems, it is
possible to use a target-converter made of isotopes of
nickel, *®Ni and ®Ni, with nickel abundances of 67.9
and 26.2%, and with thresholds for (p,n)-reactions 9.3
and 6.9 MeV.

Let energy of primary X-Rays in the range of
15..18 keV is required for the analysis. This energy
diapason corresponds to X-Rays K-serie elements Zr
and Mo, and it is preferable to make the target-converter
from the isotopes *Zr, Mo or *Mo. The choice of an
isotope for the upper layer of the converter is similar
featured above. Thickness of the upper layer is chosen

such that energy of protons on an exit from it was less
than the threshold energy of (p,n)-reaction for isotopes
in the inferior layer, and thus interaction of protons with
a material of the inferior layer, is similar to interaction
with a material of the upper layer, i. e. there is low
probably for nuclear reactions. The required thicknesses
of the upper monoisotopical layer may be up to some
tens microns on the average and they change for
discussed above elements of target-converter in
dependence on choice of element and energy of protons.
Thickness of the inferior layer which is made from a
material of a natural isotopic composition, must be
chosen such that to provide sufficient hardness of target-
converter.

The set of converters enumerated above, allows to
carry out determination of elements in a range up to
Z=39 on K-series, and elements with Z>50 on
L-series. The offered approach has been used by authors
for determination of elements from Ca to Mo, hafnium,
tungsten and lead in samples of zirconium and hafhium
compounds and alloys, soils, plants and sediments. The
use of converters with the offered structure, has allowed
to reach lower limits of detection of elements, to raise
expressivity of the analysis, to preference analysis cost.

CONCLUSION

The application of a target-converter allows to
reduce the component of background caused by (p, n)-
nuclear reactions when using charged particles with
energy above the nuclear reaction thresholds. This
approach allows to use higher energy of beam particles,
and accordingly to increase the intensity of a primary
X-Ray fluorescence, to reduce detection limits of
elements in analyzed sample and to improve the
analysis be lowering of spectrum measurement time at
the same sensitivity.
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PEHTTEHO®JYOPECIHEHTHBIN AHAJIN3 C BO3BY KIEHUEM NEPBUYHOI'O
PEHTTEHOBCKOI'O U3JIYUEHUSA 3APS)KEHHBIMU YACTUIIAMU B MUILLIEHU
C MOHOM3OTOIIHBIM ITOBEPXHOCTHbBIM CJIOEM

B. Jleseneu, A. Omenvnux, A. Ilyp

[IpencraBnena MomuduKanus PEHTTCHOMIYOPECICHTHOTO aHAllM3a, HCIOJB3YIOMIET0 KaK HCTOYHHUK
(hiTyopecueHIINM PEeHTICHOBCKOE M3IydeHHe, BO30yKaaeMoe mpoToHaMH. [IpenioKeHo HCIoIb30BaTh MIEPBUIHYIO
MUIIIEHh C MOHOW3OTOIHBIM IIOBEPXHOCTHBIM CIIOEM M TIOJUIOKKOH M3 TOTO K€ BEIIeCTBA C ECTECTBEHHBIM
W30TOMHBIM COCTaBOM. JIJI1 M3TOTOBIICHHUS BEPXHETO CJIOS MCIOIB3YETCS M30TON C HAMOOJBIIIAM ITOPOTOM PEaKITUH
(p,n)-tuma. Takas MHIIEHb TIO3BOJISIET CHU3HTH TpeNeibl OOHAPYXKEHHS ITPH JJIEMEHTHOM aHajinW3e 3a CYeT
YMEHBIIICHUS (HOHOBOTO Y-H3JIyueHUs U3 peakuuii (p,n)-tuna. OOCyxIeHa BO3MOXHOCTh U3TOTOBIICHUS TTEPBUUHBIX
MUIIIEHEH W3 HUKEJs, MEIH, IIUPKOHUA W MoiuOaeHa. [IpencTaBieHHBIH MOAX0] WCHOIB30BaH LIS 3JIEMEHTHOTO
aHanm3a 00pa3IoB U3 COSAMHEHH U CIIABOB IIUPKOHUSA, TOYB, PACTEHIH 1 TOHHBIX OTJIOXKEHUI.

PEHTTEHO®1YOPECIHEHTHUI AHAJII3 31 3BYI)KEHHSIM IIEPBUHHOI'O
PEHTI'EHIBCBKOI'O BUTTPOMIHIOBAHHSA 3APA/UKEHNMHU YACTUHKAMM
B MIIIEHI 3 MOHOI3OTOITHUM ITIOBEPXHEBUM INIAPOM

B. Jleseneuyn, O. Omenvnux, A. Hlyp

[MpencraBnena moaudikamiss peHTTeHO(IYOPECHEHTHOTO aHalizy 3 BHKOPUCTaHHAM B SIKOCTI JKepesa
(ryopecueHIii peHTIeHIBChbKEe BUIIPOMIHIOBAaHHS, 1110 30y/)KyBaHe NPOTOHAMH. 3alpOIIOHOBAaHO BUKOPHCTOBYBATH
MEPBUHHY MIILIEHb 3 MOHOI130TOIIHUM ITOBEPXHEBUM ILIAPOM 1 MiJKIAAKOIO 3 Ti€l %K PEYOBUHHU 3 NPUPOJTHUM BMICTOM
i3oTomiB. /[ BUTOTOBJICHHS! IOBEPXHEBOT'O APy BUKOPHCTOBYETHCS 130TOI 3 HAWOUIBIIMM MOPOTOM peakiii (p,n)-
tumy. Taka MilleHp Ja€ 3MOTY 3HU3HTH T'PAaHHLI BH3HAYCHHS IIPH €JIEMEHTHOMY aHali3i 32 paXyHOK 3MEHIICHHS
(hOHOBOTO Y-BUIIPOMIHIOBaHHS 3 peakiii (p,n)-Tuiry. OGroBOpEeHO MOXKIMBICTH BUTOTOBJICHHS IEPBUHHUX MillICHEH
3 HIKeI0, MeJli, IUPKOHII0 Ta MONiOIeHY. 3alpONOHOBAaHUH MiIXil BUKOPUCTAHO ISl €IEMEHTHOTO aHAIi3y 3pa3KiB
13 CHIOJIYK Ta CIUIABiB ITUPKOHIIO, IPYHTIB, POCIINH, JOHHUX BiJKJIaJICHB.



