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IIIaHAPHK_ P. 
IlpHMeHeHHe MeTOAOB 3MnHpHqeCKHX K03qxpHqHeHTOB 
B pemeHHH MaTpHqHblX 3qxpeKTOB npH PIXE aHaJIH3e 
Y-Ba-Cu-0 KepaMHK 

El4-89-493 

IlpHBOAHTCH MeTOAHKa' aHaJIH3a BblCOKOTeMnepaTypHblX CBepx­
npOBO,[I;HHKOB, OCHOBaHHaH Ha nonpaBKe MaTpHqHb!X 3cpcpeKTOB Me­
TO,[I;aMH 3MnHp11qecKHX K03!pq>HqHeHTOB. MeTO,[I;HKa pa3pa60TaHa Ha 
3TaJIOHHblX cMeCHX, COCTaBJieHHblX H3 nopomKoB'CuO, Y203 H 
BaC03. Bb!JIH 113yqeHbl BbJ6paHHble 3MnHpHqecKHe MeTO,[I;bl 1<oppe1<­
qHH MaTpHqHb!X 3qxpeKTOB cneKTpoMeTpHH XP.11 C nonpaBKOH Ha 
KOHqeHTpaqmo, a TaK)Ke Ha HHTeHCHBHOCTb. XopomHe pe3yJibTaTbl 
nonyqeHbl C noMO~bW MOAeJIH MHmeJib-Xoncpepa, r,o;e npaBHJlbHOCTb 
onpe,o;eneHHH p;JIH Y, Ba H Cu.He 6una xy)Ke qeM 3,3 oTHOCH­
TeJibHbIX % p;JIH HTTpHR 11 I ,O OTH. % p;JIH 6apHH 11 MeAH. Toq­
HOCTb aHaJIH3a MO)KeT 6b1Tb ,[I;OCTHrHyT'a Ha ypoBHe OKOJIO 1%. 

Pa6oTa BbinOJIHeHa B fla6opaTopHH HeHTPOHHoli: q>H3HKH OIDI.11. 

IlpenpHHT 06'heAHHeuuoro HHcrnTyTa RAepHLIX nccneAoeaumi . .[{y6ua 1989 

Sandrik R. 
Application of the Empirical Matrix Effect 
Correc!=ion Methods in- PIXE Analysis 
of Y-Ba-Cu-0 Ceramics · 

El4-89-493 

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, Y203 , and BaC03 • 
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% for yttrium and 1.0 relative% for ba­
rium ~md copper respectively. The precision of •the analysis I 
can be obtained by approximately 1%. 

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

Preprint of the Joint Institute for Nuclear Research. Dubria 1989 



INTRODUCTION 

The development and study of high temperature super-

conducting ceramics call for nondestructive analytical 

techniques promising sufficient precision and accuracy of 

the determination. The particle induced x-ray emission 

(PIXE) method is suitable to be appiied in analysis of bulk 

samples as well as thin solid films of this kind of 

materials1 • 2 • On the other hand,the achieved accuracy of the 

Y, Ba as well as Cu determination (4-5 relative%) is not 

very sufficient to solve a number of technological or 

physical problems. It is known that in x-ray fluorescence 

analytical techniques the precision 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 methods of matrix effects 

correction have been incorporated in the calculation 

algorithm. At present there are many of the empirical 

methods of 

spectroscopy 

interelement 

based on 

effects correction in 

both the correction 

x-ray 

on 

concentration3 • 4 and intensity5 • 6 • 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-o. 

EXPERIMENTAL 

For the external standards the reference samples, 

prepared from pure powders ..,'!,,f._ CU!J, •• ,B~~~filt_.Baco3 , have been 
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Table 1. The certified values of concentration for 12 

reference samples.and corresponding x-ray yields 

measured under activation with 3.0 Mev 4He ions 

N 

1 

2 

3 

5 

6 

ele­

ment 

0 

cu 
y 

Ba 

0 

cu 
y 

Ba 

0 

cu 
y 

Ba 

0 

cu 
y 

Ba 

0 

cu 
y 

Ba 

0 

cu 
y 

Ba 

C 

(g/g) 

0.1693 

0.2988 

0.2090 

0.3229 

0.1552 

0.2569 

0.1438 

0.4441 

0.1626 

0.3445 

0.1205 

0.3724 

0.1515 

0.2834 

0.0930 

0.4721 

0.1537 

0.2863 

0.1067 

0.4534 

0.1558 

0.2879 

0.1208 

0.4355 

Yield 

125 191 

146 816 

1 329 

103 181 

97 766 

1 880 

148 4·01 

90 806 

1 722 

118 610 

65 951 

2 088 

131 315 

74 667 

1 956 

126 442 

87 343 

1 969 

2 

N 

7 

8 

9 

10 

11 

12 

ele­

ment 

0 

cu 
y 

Ba 

0 

Cu 
y 

Ba 

0 

Cu 
y 

Ba 

0 

Cu 
y 

Ba 

0 

cu 
y 

Ba 

0 

cu 
y 

Ba 

C 

(g/g) 

0.1602 

0.2914 

0.1495 

0.3989 

0.1624 

0.2932 

0.1641 

0.3803 

0.1647 

0.2951 

0.1789 

0.3613 

0.1716 

0.3005 

0.2248 

0.3031 

0.1495 

0.2827 

0.0791 

0.4887 

0.1670 

0.2969 

0.1939 

0.3422 

Yield 

127 122 

100 593 

1 587 

126 162 

105 022 

1 418 

125 490 

124 120 

1 386 

123 614 

164 143 

1 053 

125 556 

54 167 

2 087 

119 027 

115 687 

1 481 

used. After mixi~g the aliquots have been pressed into the 

pellets. The composition of all samples is given in table 1. 

For the irradiation of the samples the 3.0 MeV 4He 

ions of the van de Graaff accelerator in JINR have been 

used. The yields of K lines of Cu(8.9 keV), Y(l4.6 keV), and 
• a 

Ba(32.6 keV) have been chosen for quantitative determination 

of cu, Y,and Ba (see·table 1). The more detailed description 

of experimental conditions has been already published1 • 

CALCULATIONS 

To solve (Ci - Yi) concentration - x-ray 

relation in analysed system, in analytical 

yield 

practice 

linear or quadratic relations are often used. According to 

the interval as well as to the variation of the 

concentration in all samples, the discussed expressions can­

not always describe the analysed system sufficiently. 

Allowance for additional empirical coefficients 

desc;ibing interelement effects can lead to improving . the . 
accuracy of the analysis. The following models have been 

tested in our Y-Ba-cu-o system: 

c, a + b Y, (1) 

c, = I\ 1 + E a .. C. ) 
j .iti. \ ~ J 3 

proposed by Lachance and Traill (L-T), 

(2) 

C. = R . . 1 + E a .. C. + E (J . . C. / ( 1 + C. )1 
j ;a!'i, L J J j ;;i!i, \ J J \ 4 

proposed by Rasberry and Heinrich (R-H), 

(3) 
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C. = R 
\ \ 

l+Ek. R. 
j ~i L J J 5 

proposed by Lucas-Tooth and Pierce (LT~P), 

(4) 

C.=l+Ek. R. +E Ek.k R. 1\ 
L • I. J J : k ;t'j 'J J 

(5) 

c. = k
0 

+ E k .. _R. + E k . . R: 
2 

+ E E k . k R. 1\ 
\. ' \. J J ! \. J J J : le ;t'j I. J J 

(6) 

proposed by Mitchell and Hopper6 (M-H). 

In equations (2)-(6) ''.i' fl,j and kii' k 1 ii, kijk 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), I\ , Ri 1\ are the relative yields of x-ray 

radiation for the i-th, j~th and k-th element, respectively, 

and c
1

, S 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 calculated coefficients and experimental x-ray 

yields of K lines the concentrations Ccalcof Y, Ba. and Cu 
a 

have been determined. In this step the certificated 

concentration of oxygen has been taken into account. With 

the aim to compare the accuracy of the applied techniques 

the residual dispersion s has be.en used, 

following way: 

E ( c:alc _ c;•u• )2 

s = 
N - p 

where c~ ru• is true concentration, c: a.l C 

4 

defined in the 

is calculated 

i 

~ 
j 
f 

I~ 
l'.l , ! 

I 

concentration, N is number of the standards and p express 

the number of empirical parameters. 

The values of s for all tested correction models as well as 

linear relation (1) are given in table 2. 

have been obtained using the· Mitchell 

The best results 

Hopper empirical 

relation, where the accuracy of determination is not- worse 

than 3.3 relative% 'for yttrium and 1.0 relative % for 

barium and 0.9 for copper. The dependence of c•alc on clru• 

for Y, Ba.and Cu applying the M-H model are given in 

figures 1, 2 and 3 respectively. The illustrated best fit 

in the figures is complemented by the results obtained 

without interelement effects correction to demonstrate the 

advantage of the proposed technique. 

Table 2. Calculated residual dispersions 

Model 

Number 

1 

2 

3 

4 

5 

6 

for th~ determination of Y, Ba and cu 

by the chosen empirical models 

residual dispersion 
y Ba 

-
1.4 10-2 1.7 10-2 

0.7 10-2 1.6 10-2 

0.6 10-2 1.5 10-2 

0.9 10-2 1.6 10-2 

2.7 10-2 1.8 10-2 

0.5 10-2 0.3 10-2 

5 

Cu 

1.0 10-2 

1.2 10-2 

1.1 10-2 

0.9 10-2 

1.1 10-2 

0.2 10-2 
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Fig. 3. 
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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 re:rerence samples, not de­

grading with time, is still the main question in proposed 

technique. 
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