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Optimization of the primary filter in the scheme with fluorescent re-radiator was
carried out using the minimum detection limit criterion C, ;. It was established experi-
mentally, that the filtration provides three-fourfold increase for the contrast and 70 %
gain for the detection limit. For Au trace impurities in ion-exchange resins, the achieved
sensitivity about 1 ppm does not yield to values obtained in the complex Barkla scheme
using polarized radiation.

ITpoBemena onTuMusanus TOJIIUHBI IIePBUYHOro (GUIBTpPa B cxeMe (DIyopecIiieHTHOTO
TepensIyuaTesa 0 KPUTepUIo HauMeHbIlero mpefena obHapysxkenuda C, ;. OKCIIePUMeHTANb-
HO YCTAHOBJIEHO, UTO (UJIbTPAIUd O0eclleuMBaeT TpPeX-UeThIPEXKPATHOE IOBHINIEHNEe KOH-
TpactHocTH U 70 % -ii BLIUTPEIII B mpefene o0HapyskeHusa mo Kpurepuio C, . . [lna ciemo-
BHIX IIpUMeceil 30JJ0Ta B MOHOOOMEHHBIX CMOJIaX JOCTUTHYTAasS YYBCTBUTEJHHOCTH aHAJM3a Ha
ypoBHe 1 ppm He ycTymaeT peajusyeMoil B CJIOKHOII cxeMe BapkJa ¢ MOJIAPU30BAHHBIM
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HNU3JIy4YeHueM.

1. Introduction

Monochromatization of the primary X-ray
spectrum using a fluorescent secondary ra-
diator allows two orders of magnitude in-
creasing the analysis sensitivity for trace
impurities in light matrix in comparison to
a routine XRF scheme [1-3]. This is actual
for investigations in the fields of ecology,
medicine, mineral products, extra-pure ma-
terials, etc.

As a result of such monochromatization,
two main background components remain in
the spectrum: the twice scattered (both on
the reradiator and the sample) X-ray tube
radiation, and the reradiator analytical line
Compton scattering on the sample with
bremsstrahlung of photoelectrons occurring in
the sample under fluorescence excitation [1].

The first background component can be
lowered in a given range using a primary
filter without substantial attenuation of the
working signal, while the second part is in-
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separably related with the working signal,
so this part can not be lowered without the
working signal proportional decrease, conse-
quently, without decreasing the concentra-
tion sensitivity.

The objectives of the work are the ex-
perimental determination of the relations
between the mentioned background compo-
nents, and the filter thickness optimization
for spectrum contrast increasing and ob-
taining the lowest detection limit, C,;,.
2. Theoretical principles

The primary filter causes attenuation of
the fluorescent reradiator analytical lines.
An indicator of the attenuation is varying
the intensity of the reradiator line scatter-
ing on the sample material. The fluores-
cence excitation of the sample elements are
realized by the reradiator lines. So, with
filtration of the preliminary spectrum, the
concentration sensitivity for the sample i-th
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element, ON,;/0C;, decreases proportionally
to the secondary radiator line intensity or
its indicator — the reradiator line scattered
from the sample material. Thus, the filtra-
tion gives [3]

ON;) (oW, (1)
% =7 - exp(—p - p 1),

where N; — i-th line intensity except for
the background; C; — concentration; p and
t — filter density and thickness, respec-
tively; up — empirical absorption coeffi-
cient obtained from the filter caused attenu-
ation of the reradiator line scattered from

the sample,

§ (2)

where n — a number of thickness values,
ty, of the primary filter; I and I;, — inten-
sities of the sample scattered reradiator line
without filter and with filter of ¢, thick-
ness, respectively.

For water solutions, Compton scattering
is by an order of magnitude higher than
Rayleigh one, that is why the py value can
be determined by the Compton line decrease
with the filter thickness increasing, and not
by the total scattering intensity.

Let us consider the background Np low-
ering under filtration. The background con-
sists of two components: a — the X-ray
tube spectrum scattered both from the sam-
ple and the reradiator; and ¥ — the back-
ground related with the reradiator line in-
tensity (the "tail”™ of Compton scattering at
the sample, the scattering at slits and com-
ponents of the spectrometer, etc.).

The background under the sample i-th
line, Ngp = a + b, with radiation primary fil-
tration can be written as

(Npp = (3)
=a-{exp)(-1; - p-t)+b - {exp)(—up-p-1),

where ; — absorption coefficient of the
primary filter material for the sample line
wavelength ;.

Variation of the detection limit, C,;, =
3Ny /(BN /8C) [4], after filtration, C,;, p»
with respect to the initial value, C; ,,;,, for
the scheme with a secondary radiator, tak-
ing (1) and (3) into account is written as
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Fig. 1. Cu detection limit dependence on the
primary filter thickness. Secondary radiator:
e — molybdenum, b/a = 0.25; O — yttrium,
b/a =0,25; @ — molybdenum, b/a = 0.1.

(4)

Q
E
=

COmin
=V1l+a- exﬁ(ui - LLF)JCJL exp{up - %“i) - x},

where o =b/a — the ratio of the back-

ground components; x =p-t — surface
density. Optimization of (4) by x according
to 0/0x = 0 results in

1 I (% C M= HF) . (%)

(Hi - Up) .

Xopt =

1
9O Hp

As it is seen from Table 1, the filter op-
timal thickness for different spectrum parts
varies significantly, thus, the selection of
the filter thickness is not universal, though
is practically independent on the reradiator
material.

The filter efficiency for C,;, lowering in
the scheme with a secondary radiator is
shown in Fig. 1. C,,;, shows a drastic de-
crease at the filter small thickness, and it is
the more remarkable, the lower is b/a ratio
of the background components. Thus, the
filtration efficiency increases with decreas-
ing the contribution of the reradiator line

Table 1. Optimal thickness values, t(n), of
silicon filter to obtain the minimum detec-
tion limits for copper and selenium in
water solutions. Reradiators: Mo and Y;
o =0.6

Reradiator Mo Y
Se—Ka, E =11.2 keV 447 461
Cu—Ka, E = 8.047 keV 268 249
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Table 2. Experimental intensities of Compton scattering, analytic lines, and background beneath
for a water solution PM 23 standard sample with impurities of 20 ppm content each. C_, —

detection limit, ppm

Line, +
ilter +
rz‘;'ggirator Compton, Se—Ka Zn—Ka Mn—Ka.
0/ 0,
countiscdotBY% % Y%eAK ) )
103 Line, |Backgr.,|C, ;. ,| Line, |Backgr.,| C, . , | Line, |Backgr.,|C,_, ,
counts | counts | ppm | counts counts ppm |counts| counts | ppm
SiO + Mo 68 1250 350 1.25 | 1050 200 1.00 250 100 4.0
Si 360 + Mo 54 965 150 0.90 850 65 0.6 200 55 3.07
Si 720 + Mo 48 600 95 1.16 600 50 0.77 175 50 3.39
Si 1080 + Mo 38 550 75 1.09 550 40 0.74 150 50 4.24
SiO+Y 83 1600 450 1.11 | 1520 290 0.83 350 105 2.51
Si 360 +Y 62 1280 160 0.65 | 1190 82 0.49 250 60 2.45
Si 720+Y 52 725 100 0.96 725 80 0.83 200 50 2.83
Si 1080 +Y 38 675 75 0.87 650 75 0.90 150 40 3.45
I, counts ©
o =4 &8 |, counts T
g £ % - N o
= %] >‘; N4
N 5 >
1500 |- 2/l <
R\ 60000 |- £ 2
| S >
12
1000 40000 |
1
S00 20000 |-
0 1 ’I\' 1 1 1 0 1 1 1
160 200 240 280 320 360 400 440 480 520 Channel

Fig. 2. The spectrum of PM 23 water solution standard sample with Se, Zn, and Mn 20 ppm
content. Secondary radiator: yttrium. Exposure 600 s. I — without filter; 2 — with silicon filter.

scattered at the sample. If the measurement
scheme provides the ratio b/a = 0.25, it is
easy to reach threefold sensitivity increase
according C,;, criterion, and fivefold con-
trast increase for a given spectrum line.

3. Results and discussion

In the spectra of water solutions stand-
ard samples, there are observed an intense
Compton scattering line, a weaker
Rayleigh one (Fig. 2), and analytic lines of
trace impurities: selenium, lead, zine, and
manganese. The measurements revealed a
line contrast drastic rise with the filter
thickness increase and allowed calculating pz
value by the Compton scattering intensity
variation (Table 2). For molybdenum rera-
diator, puy = 2.41 cm?/g, for yttrium, pp =
3.16 cm2/g. From the results of background
measurements under lines at four filter
thickness values (0; 360; 720; and 1080 um)
for each analytical line from Table 2, the

128

background components a and & and their
ratio were calculated (Table 3). According to
Table 3, the ratio b/a <1 is characteristic
only for the lines with energies more 8 keV
(Zn—Ka, Se—-Ka), thus the filtration may be
effective only in a narrow range near the
reradiator line.

Let us discuss the increase of the analy-
sis sensitivity through filtration of the pre-

Table 3. The b/a ratio of the Compton scat-
tering background, b, to the X-ray tube

double scattering background, a, under
different analytical lines
) Line

Reradiator | go ko | ZnKa | MnKa
11.2 keV | 8.63 keV |5.89 keV

b/a b/a b/a

Molybdenum 0.63 0.58 3.0

Yttrium 0.57 0.87 3.2
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Fig. 3. A spectrum fragment for a standard
sample of Au in ion-exchange resin. Au con-
tent is 10 ppm. Secondary radiator: yttrium.
Filter: silicon. Exposure 600 s. I — without
filter, C,;, = 2.1 ppm; 2 — with a filter of
optimized thickness, C, ;. = 1.38 ppm.

liminary radiation (Table 2). Though at the
b/a =~ 0.6 ratio realized in our scheme, we
don’t succeed to lower C, ;, more than 70 %
by "8c" criterion [4], nevertheless there
presents a significant gain (by a factor 3—4)
in the contrast of weak signals. For impor-
tant measurements, it is possible to achieve
threefold sensitivity increase due to expo-
sure prolongation. So, the spectrum frag-
ment of gold trace impurities in ion-ex-
change resins (Fig. 3) shows that the proper
filtration (curve 2) in the scheme with a
secondary radiator provides the threefold
gain in comparison with the same scheme
without filter (curve 1). The Au detection
limit calculated by the curve 2 for Au-Loa
line is 1.38 ppm that corresponds to sensitiv-

ity values achieved for such objects in Bar-
kla scheme with polarized radiation [5, 6].

4. Conclusions

The optimization of the preliminary fil-
ter thickness in the fluorescent secondary
radiator scheme was carried out by C,,;, cri-
terion. The filtration was established to pro-
vide three- or fourfold increase of the con-
trast and 70 %-th gain in the detection
limit according to C,,;, criterion. For the Au
trace impurities in ion-change resins, the
achieved 1 ppm sensitivity level does not
yield to one realized in the complex Barkla
scheme with polarized radiation.

Further sensitivity increase can be reach
due to decreasing the b/a ratio of the back-
ground components in the experimental
spectrum.
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IlinBumeHHA YyTJIUBOCTI PEHTTEeHO(IYyOPECIHeHTHOL
cXeMH 3 BTOPUHHMM BMIPOMiHIOBa4YeM NIJIAXOM
¢dinpTpanii MIepBUHHOIO CIEKTpa

I.&.Muxainos, O.A.Bamypun, A.I. Muxaiinos, C.C.Bopucosa

ITpoBemeno onTuMmisallilo TOBIIWHU IIePBUHHOTO (hiJbTpa B cxXeMi (IyopecleHTHOTO Iiepe-

BUIIPOMiHIOBaYa B3a KpUTepieM HaliMeHmIol rpaHuii BuaBjeHHa C

min® ERCHepI/IMeHTaJIBHO

BCTAHOBJIEHO, 10 (QiabTparia 3abesmeuye TPU-UYOTUPUKPATHE HiABUIIEHHS KOHTPACTHOCTI Ta

70 % Burpam y rpaHulli BuUsABJeHHs 3a Kpurepiem C

min- WIS CIIMOBUX NOMINIOK 30J0Ta Y

i0HHO-0OMiHHUX CMOJIaX [TOCATHYTA UYTJUBICTH aHajidy Ha piBHI 1 ppm He mocTymnaeTbcsa
peasnisoBaHiil y ckaagHilt cxemi Bapkia 3 mosgpu3oBaHUM BUNIPOMIHIOBAHHSAM.
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