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Waupnpuk P, . : k E14~89-493
[IpuMeHEHHe MeTOAO0B SMIHPHUECKHX Ko3dhhHIHEHTOB

B pemeHuu Manuqux 3¢¢eKTOB npu- PIXE aHanuse

Y-Ba-Cu-0 kepaMHK

[[pHBOAHTCA METONHKA  aHAJH3a BbHICOKOTEMmePaTypPHBIX CBepX-—
NPOBOJHHKOB, OCHOBAHHAfA HA INOHpPaBKe MaTPHUHHX 3bdeKToB Me-
TOOAMH S9MIIHPHUECKHX KO3bdHIHEeHTOB. MeTonuKa pa3pafoTaHa Ha -
9TalOHHHMX CMECAX, COCTAaBJIEHHBIX H3 nopomxoa "Cu0, Y203 u
BaCOs3. Beuty nsyqeﬂu Bm6paHHme SMIIHpHUEeCKHe MeTonm Koppex—
IIHH MaTpHUYHbIX addbekToB CIeKTPpOMeTpPHH XPH ¢ nonpanou Ha
KOHIIeHTpalllo, a TaKxe Ha HHTEHCHBHOCTD. XopomHe pe3yabTaTH
NOJTyYEeHB! C IOMOIUbI0 MOAEIH Mnmenb—Xon¢epa, rae npaBHJIBHOCTD
onpeneneﬂua o Y, Ba u Cu . He 6pma xyxe udeM - 3,3 oTHocH-
TenbHbX %4 . utrpua v 1,0 oTH. % pna Gapusa H menu. Tou-
HOCTDb aHajlHu3a MOXeT ObiTh nOCTHFHyTa Ha ypoBHe oKojio 17.

Pa60Ta anonHeHa B Ha6opaTopnu HeHTpOHHon GHU3HKH OHﬂH

IIpenpunt O61eauHeHHOrO mHeraTyTa }mepﬂbxx HCCJIeOB aHHit. .[Iy6Ha 1989

Sandrik R. - E14-89-493
Application of the Emplrlcal Matrix Effect

Correction Methods in- PIXE Ana1y31s

of Y-Ba-Cu-0 Ceramics

The simple technique for PIXE analysis of high tempera-
ture superconducting materials based on the empirical mat-
rix effects correction methods is presented. The technique
has been developed using the reference materials composed
of the known content of powders of CuO, Y,03, and BaCO,.
The chosen empirical methods of x-ray spectrometry based
both on concentration correction and on intensity correc-
tion . have been tested. The best results have been obtained
applying the Mitchell and Hopper model, in this case the
accuracy of the determination of Y, Ba, and Cu was not less
than 3.3 relative 7 for yttrium and 1.0 relative 7 for ba-
frium .and copper respectively. The precision of the analysis
can be obtained by approximately 17. :

The investigation. has been performed at the Laboratory
of Neutron Physics, JINR.
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INTRODUCTION )

The developmenﬁ and study of high temperature super-
conducting éeramics call for nondestructive analytical
technique§ promising sufficient precision and accuracy of
the determination. The particle induced x-ray emission
(PIXE) method is suitable to be applied in anélysis of bulk
samples as well as thin solid films of this kind of

1:2 on the other hand, the achieved accuracy of the

materials
Y, Ba as well as Cu determination (4-5 relative %) is not
very sufficient to solve a number of technologicai or
physical problems. It is known that in x-ray fluorescence
analytical techniques the precisién of analysis depends on
matrix effects in analysed system, kind of physical or inter-
element character. With the aim to achieve higher accuracy
of PIXE analysis of high—Tc superconductors composed of Y,
Ba, cu,and O the application of methodé of matrix effects
correction have been incorporated in the calculation
algorithm. At present there are many of the empirical
methods of interelement effects correction ih x-ray
spectroscopy based on both the correction on

conc‘entration.a'4 and intensitys's.

The aim of the present
work has been to find optimal correction model for PIXE
analysis of high—Tc superconducting materials composed of

Y-Ba-Cu-0.

EXPERIMENTAL
For the external standards the reference samples,

have been
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Table 1. The certified values of concentration for 12 ' used. After mixing the aliquots have been pressed into the

reference samples and corresponding x-ray yields pellets. The composiéion of all samples is given in table 1.

: i . : 4
measured under activation with 3.0 Mev "He ions : For the irradiation of the samples the 3.0 MeV 4He

ions of the van de Graaff accelerator in JINR have been

ele- o] ele- o]

N vield - N vield ) '
ment (g/9) ) . ment (g/9) usgd. The yields of K, lines of Cu(8.9 keV), Y(14.6 keV), and
— — — - Ba(32.6 keV) have been chosen for quantitative determination
o 0.1693 - o 0.1602 - . . .
of Cu, Y,and Ba (see ‘table 1). The more detailed description
1 Cu 0.2988 125 191 7 Cu 0.2914 127 122 i
Y 0.2090 146 816 Y 0.1495 100 593 of experimental conditions has been already publishedl.
Ba 0.3229 1 329 Ba 0.3989 1 587 -
CALCULATIONS
(o] 0.1552 - (o} 0.1624 -
2 Cu 0.2569 103 181 8 .Cu 0.2932 126 162 ' To solve (C; - Y;) concentration - x-ray yield
Y 0.1438 97 766 Y- 0.1641 105 022 . relation in analysed system, in analytical practice
Ba 0.4441 1 880 Ba 0.3803 1 418 X L . .
: o . linear or quadratic relations are often used. According to
k o 0.1626 - . o 0.1647 - the interval as well as to the variation of the
3 . Cu 0.3445 148 401 9 Cu 0.2551 125 490 concentration in all samples, the discussed expressiohs can-
Y 0.1205 90 806 Y 0.1789 124 120 ' . L. .
. not always describe the analysed system sufficiently.
Ba 0.3724 1 722 . Ba 0.3613 1 386
) Allowance for additional empirical coefficients
N
(o] 0.1515 - o °f1716 - describing interelement effects can lead to improving the
Cu 0.2834 118 610 10 Cu 0.3005 123 614 . L *
) . . accuracy of the analysis. The following models have been
Y 0.0930 65 951 Y 0.2248 164 143
Ba  0.4721 2 088 Ba 0.3031 1053 . tested in our Y-Ba-Cu-O system:
(o] 0.1537 - (o] 0.1495 -
C =a + byY (1)
5 Cu 0.2863 131 315 11 Cu 0.2827 125 556 L L )
Y 0.1067 74 667 Y 0.0791 54 167
Ba 0.4534 1 956 Ba 0.4887 2 087 : C=R (1l+Fa«.C ) 2)
. i [ i=i lj j
\ . R :
. { roposed b h 1 —~
o 0.1558 - o 0.1670 - | 1 prop Yy Lachance and Trail (L-T),
6 Cu 0.2879 126 442 12 Cu 0.2969 119 027 { i
Y 0.1208 87 343 ’ Y 0.1939 115 687 it =
G=R (1+Le ;G +Lp,C/(1+cC)) (3)
Ba 0.4355 1 969 Ba 0.3422 1 481 . i®i i*i 4

proposed by Rasberry and Heinrich™ (R-H),



C=R (1+Lk. R ) : (4)
i [3 j*i [N} 3
proposed by Lucas-Tooth and Pierce5 (LT-P),

Cl=1+;k”. Rj +; L‘.k”,k Rj R (5)
i i k#j -
= : ‘2
C = kg + F k ;R + F K, RS+ F kEjk‘j* gj R, (6)

proposed by Mitchell anq Hopper6 (M-H) .
In equazions (2)-(6) o Bij ‘and kij, kijj, kiik are
empirical coefficients expressing the influence of a j-th
element on the i-th one (or j-th and k-th on the i-th one in
the M-H model), Rl' Rj Rk are the relative yields of x-ray
radiation for the i-th, j-th and k-th element, respectively,
and C . Cj are the relative concentrations. .

The - calculation of empirical coefficients form
equation§ (2) - (6) has been performed on reference samples
using the program FUMILI8 handling data 'by the method of
least squares in the general method of maximum likelihood.
Applying calculatéd coefficients and experimental x-ray

yields of K, lines the concentrations ¢ °'°

of Y, Ba. and Cu
have been determined. In this step the certificated
concentration of oxygen has been taken into aécount. With
the aim to compare the accuracy of the applied techniques

the residual dispersion s has been used, defined in the

following way:

calc true 2
L (¢ -C )
L
s = ?
N~-p
where C:r"' is true concentration, C:°l° is calculated

4

concentration, N is number of the standards and p express
the number of empifical parameters. .

The values of s for all tested correction models as well as
linear relation (1) are given in table 2. The best results
have been obtained using the - Mitchell - Hopper ~empirical
relation, where the accuracy of determination is not. worse
than 3.3 relative % ‘for yttrium aﬁd 1.0 relative % for
barium and 0.9 for copper. The dependehce of ¢*'° on c'fU*
for ¥ , Ea,and Cu applying ‘the M-H model are given in
figures 1, 2 and 3 respectively. The illustrated best fit
in the figures is complehented by the results obtained

without interelement effects correction to demonstrate the

advantage of the proposed technique.

Table 2. Calculated residual dispersion s
for thé determination of Y, Bé and Cu

by the chosen empirical models

Model residual dispersion

Number ) Y Ba Cu Y
1 1.4 1072 1.7 1072 1.0 1072
2 0.7 1072 1.6 1072 1.2 1072
3 0.6 1072 1.5 1072 1.1 1072
‘@ 0.9 1072 1.6 1072 0.9 1072
5 2.7 1072 1.8 1072 1.1 1072
6 0.5 1072 0.3 1072 0.2 1072
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[ | using the Mitchell-Hopper interelement

correction model

A ‘without interelement correction technique

035 - e —

- »
o
~
2033~ 44
s .
5
o 031 - -
° b q.g-
© \ a b
2029 - o - -
[}
s . LI
(&)

0.27 - 4

- |
025 e d
. : 0.27 028 031 033 035
True conc. {9/9g)
Fig. 3. The dependence of C°*'° on C'"“® for copper,

W using the Mitchell-Hopper interelement-
correction model

A without interelement correction technique

It can be seen from the figures that in the PIXE
analysis of h'igh-Tc superconducting materials, application of
the interelement effect correction can give sufficient

-

accuracy. The preparation of good reference samples, not de-
grading with time, is still the main question in proposed

technique.
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