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The possibility of trace impurity determination in a light material by XFA method
using an X-ray optical scheme with a secondary emitter has been studied. At 0.01 kW tube
power, the line contrast is practically similar to that in the focusing crystal-diffraction
scheme with a high-power 1.2 kW source. The 100-fold gain in the contrast comparing to
the standard XFA scheme provides the Cr and Pb determination in aqueous solutions using
experimental calibration plots from 0.05 ppm, while the detectability threshold for Ti, V,
Cr, and Mn in aluminium alloys being lowered to 0.1-0.2 ppm. The scheme compactness
allows the light element lines registration without the sample evacuation.

HccenemoBaHbl BOSMOMKHOCTH OIPELENeHAsS  CIeLOB  IIpuMeceil B JIerKOM MAaTEpHaJe METO-
nom P®A B PEHTreHOONTHUUYECKOI cXeMe C BTOPUUYHBLIM M3jydaTresneM. IIpu MOIHOCTH TPYyOKU
0,01 kBt obGecreunBaeTcs MPaKTHUYECKH TaKas e KOHTPACTHOCTH JIMHUI, KaK U B (POKyCH-
pymouieil KpuUCTaLI-AU(PPAKIMOHHONA cxeMe ¢ MOIIHBIM HCTOUYHHMKOM 1,2 xBr. CToKparHbIi
BBIUTPBIIII B KOHTPAaCTHOCTH II0 CPAaBHEHHUIO CO CTaHAapTHOU cxemoii P®A obecreuuBaer
ompejesieHre XPOMa M CBHHIA B BOAHBIX PACTBOPAX II0 9KCIIEPMMEHTAJBLHBIM IPaIyHPOBOU-
HEIM QyHEIHAM, HaunHas ¢ 0,05 ppm, a npegen obHapy:kenus npumecei Ti, V, Cr w Mn B
anoMuUHAEBBIX ciuiaBax cHmKedH no 0,1+0,2 ppm. KoMIIaKTHOCTH CX€MBI IIO3BOJISET PEru-
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CTPUPOBATDH JUHUU JEMKUX DJIE€MEeHTOB 0€3 BaAKyyMUPOBAHUSA IIPOOHI.

1. Introduction

The X-ray fluorescence method for deter-
mination of material composition is applied
widely in different scientific and engineer-
ing areas due to its rapidity, high automat-
ization level, and non-destructive measure-
ment procedure. The main limitation of the
method is its low sensitivity (~5-10 ppm)
[1] when measuring the trace chemical ele-
ments, at least comparing with optical
methods, atomic absorption spectroscopy,
mass-spectroscopy, etc. The low sensitivity
is due to the background continuous spec-
trum of the X-ray tube scattered by the
sample that overlaps the sample fluores-
cence lines to be measured. The known way
to lower the background is to monochroma-
tize the primary radiation. However, this
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results in a drastic intensity drop, hence, in
poor detectability of the low impurity con-
centrations.

In [2], a monochromatization scheme is
described including the focusing both of the
tube primary radiation and the sample fluo-
rescence emission. This scheme has provided
two orders increased line contrast without
substantial intensity loss. Consequently, the
analysis sensitivity is increased by hundred
times comparing to the standard scheme
and achieved the sensitivity of above-men-
tioned optical spectral analysis. However,
the schemes with focusing are extremely
complex and expensive, and demand high-
power sources of primary X-ray emission.

The aim of this work was to consider the
possibility to determine the impurity traces
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using X-ray optical scheme where the pri-
mary radiation monochromatization is pro-
vided not by the reflection from a crystal
but by fluorescence excitation in the secon-
dary emitter being a fluorescent anode.

2. X-Ray optical scheme

In the scheme designed (Fig. 1), the tube
with shoot-through anode is attached to the
removable secondary emitter which inter-
sects the whole directional diagram of the
tube radiation. The sample is mounted in
front of the secondary emitter with the an-
gles of incidence onto the secondary emitter
(1), and onto the sample (¢5) being opti-
mized for the emitter and sample materials.
Directly behind the emitter, the input slit
of the solid-state detector is positioned. The
scheme provides a high usage efficiency
both for the tube radiation (as the aperture
is £/~0.12 for primary radiation) and for
the sample fluorescence. Indeed, with
~7 mm distance between the sample and the
detector slit and 2x2 mm?2 detector slit, the
aperture g9~0.08 is provided for registra-
tion of the sample output fluorescence. The
fraction of the primary radiation used to
excite the sample fluorescence in the crys-
tal-diffraction scheme [2] is 20 to 40 times
lower than in our scheme with the secon-
dary emitter (Fig. 1). That is why our re-
sults obtained with the tube power 0.01 kW
can be compared with the results from [1]
where the tube of 1.2 kW power was used.

3. Speciral line contrast and
detectability threshold

The primary spectrum monochroma-
tization both in [2] and in our work has
allowed to eliminate the background of the
scattered continuous spectrum. The main
background source in both cases is the tail
of Compton band appearing from scattering
the monochromatized radiation at the sam-
ple material. This tail is the more intense,
the lower is the average atomic number of
the sample. So, it is the most difficult to
provide high contrast of the lines of impurity
traces in a light material, for example, water.

We have compared the contrast of ana-
lytic lines obtained in [2] for the aqueous
solutions of Co, Fe, and Cr impurities and
similar solutions of Cr and Pb in our
work. At C~5 ppm impurity content, the
contrast K = 8.15 was obtained in [2],
which corresponds to the detectability
limit C; = 0.02-C/K = 0.032 ppm, while in
our work, the contrast K = 2.23 corre-
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Fig. 1. X-ray optical scheme with the secon-
dary emitter: I, X-ray tube anode; 2, secon-
dary emitter; 3, sample under study; 4, solid-
state detector.
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Fig. 2. The calibration function for Cr deter-
mination in aqueous solution for the concen-
tration range 0.08 to 10 ppm.
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Fig. 3. The calibration function for Pb deter-
mination in aqueous solution for the concen-
tration range 0.1 to 2 ppm.

sponds to C; = 0.045 ppm. A slight loss in
the analytical line contrast is caused by the
larger scattering angle (2¢ = 138°) in our
scheme comparing to 2¢ = 108° in [2]. The
result is the increased background observed,
as the Compton scattering intensity in-
creases with scattering angle.

Thus, our simple and high-aperture
scheme with the secondary emitter to mono-
chromatize the primary radiation provides a
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Fig. 4. The spectrum fragment of standard
reference material CO aluminium alloy. The
detectability threshold for Ti, V, Cr and Mn is
from 0.1 to 0.2 ppm for 100 s.
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Fig. 5. Light elements lines in the spectrum
recorded without vacuumization of the speci-
men.

contrast similar to that of the complex fo-
cusing crystal-diffraction scheme demand-
ing high-power primary radiation sources.
In Figs. 2, 3, the experimental calibration
functions for chromium and lead aqueous
solutions measured using the new scheme
(Fig. 1) are shown. Using these calibration
functions, it is possible to determine Cr and
Pb in aqueous solutions beginning from
0.05 ppm, thus corresponding to the data of
atomic absorption analysis using the optical
spectral lines.
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In Fig. 4, a fragment of the spectrum is
shown containing Ti-K,, V-Ka, Mn—-K and
Cr—Ko lines measured for standard sample
of an aluminium alloy. The analytical line
contrast is high enough to provide 0.1-
0.2 ppm detectability threshold for those
elements in aluminium alloys. These values
are at least an order lower than in the
standard X-ray fluorescent analysis. An im-
portant advantage of the scheme is a com-
pact arrangement of the X-ray tube anode,
the secondary emitter, the sample, and the
solid-state detector, which gives a possibil-
ity to register the radiation from light ele-
ments up to magnesium without evacuation
or helium filling of the working volume.
Indeed, with 10 mm distance between the
sample and the detector input slit, air at-
tenuates the Si—Ko intensity by 2.6 times,
Al-Ko by 4.7 times, Mg—-Ko by 12.6 times.
Due to high aperture of our X-ray optic
scheme (Fig. 1), such attenuation does not
impair the acceptable quality of the spectra
in the analytical line range of the elements
(Fig. 5). For Mg and Si in aluminium alloys,
0.02 % mass detectability threshold was at-
tained which is quite enough for quantita-
tive measurement of the elements.

4. Summary

The primary spectrum monochromatiza-
tion using the secondary emitter provides
the line contrast practically similar to that
attained with monochromatization in the fo-
cusing crystal-diffraction scheme. Compar-
ing to the standard XFA scheme, a 100-fold
advantage in contrast is provided, hence,
the detectability threshold is lowered by 50
to 100 times. The compact arrangement of
the primary and the secondary emitters, the
sample, and the detector provides reliable
registration of light elements up to magne-
sium without any sample evacuation or he-
lium atmosphere.
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PentrenodayopecieiTHe BU3HAYEHHA CJIigiB~ AOMIIIOK
i3 3acTOCyBAaHHAM BTOPMHHOIrO BMIIPOMiHIOBau4a
Ta TBEPAOTIIBHOTO JETEeKTOpa

I.&.Muxaiinos, O.A.Bamypin, JI.Il.Domina

IlocaimpKeHO MOMKJIMBOCTI BU3HAUEHHS CIIAiB" QOMINIOK y JlerKoMy MaTepiaji MeTomom
P®A B peHTreHoonTmuHiil cxemi i3 BTOpMHHUM BuIpoMiHOBaueM. IIpu moTy:KHOCTI TpyOKU
0,01 xBr 3abesmeuyeThcs MPAKTUUHO TaKa K KOHTPACTHICTH JiHiN, aK 1 y Qorycyrouiit
Kpucrtaja-gudpakiiiiniii cxemi 8 mory:xeEUM mKepesoMm 1,2 kBr. CTtokpaTHUil BUTpam B KOH-
TPAcTHOCTI y HMOPiBHAHHI 31 cTaHZapTHOIO cxeMoi0 PMDA 3abesmeuye BU3HAUEHHS XPOMY Ta
CBUHI[I0 ¥ BOIHUX PO3UYMHAX 32 €KCIEePUMEeHTAJLHUMU (PYHKIiAMU I'pafyOBaHHA, IOUYMHAO-
un 3 0,05 ppm, a mesxa BuabiaeHHa gomimox Ti, V, Cr ta Mn B ammomimieBumx cmimasax
samkena xo 0,1+0,2 ppm. KoMmaxkTHiCTh cXeMM [L03BOJISIE PEECTPyBaTH JiHil Jerkux ese-
MeHTiB 0e3 BaKyyMyBaHHS IIPOOH.
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