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Application of the Beattie Calibration to the Ternary Compound System

Onzd Jyé and Yaiiro Furrt

Abstract

A general correction formula for matrix effects on X-ray fluorescent tensities for multi-com-
ponent compound systems was derived by using the empirical parameters that express absorption-
enhancement effects in X-ray fluorescence analysis as had been introduced by Beattiec and Brissey
for alloy steel systems. Six parameters were evaluated from the intensity measurements of Mg-Ka,
‘Cd-Ka or Ba-La line on the mixtures in the binary compound systems composed of chemical
grade Vmagnesxum borate, cadmium sulfide or barium oxide.

Contents of individual compounds in 13 unknown mixed samples in the ternary magnesium
borate-cadmium sulfide-barium oxide system were calculated by solving the derived simultaneous
equations, together with the data on the intensity ratios of the unknown samples. In nearly all
cases calibrated values were within 5% of the theoretical values with average deviations being
1.76% for magnesium borate, 0.85% for cadmium sulfide and 1.87% for barium oxide. The

results suggest that this calibration method for the absorption or enhancement effects in X-ray

fluorescence analysis may be applicable to multi-component mineral systems.
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Table I X-ray fluorescence analysis

Radiating Element Mg-Ka Cd-Ka Ba-La
‘ Minimum Exciting 1.30 26.7 5.99
High-Voltage Voltage (keV)
Supply Tube Voltage (kV) 40 35 40
Tube Current (mA) 30 8 30
X-Ray Crystal ADP Li'F LiF
Optics X-Ray Pass Vac. Air Air
Detector FPC SC SC
Gain, Coarse-Fine 64-40 16-82.5 32-12.5
Pulse-height Base Line 10 5 5
Analyzer Integral/Differential D 1 1
Channel Width 20
Recorder Ratemeter ‘ . x8 X256 x64
B Counting Time (min.) 1 1 1
20 Angle Peak 136.47 15.30 87.13
Background 138.47 14.70 86.13
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4. ERERBIUER

4.1 ERERBSIURIT A—S2—DRH

CdS-MgsB4Oy DTS YRIC D &, —EDES
A DRI Cd-Ka #3 X8 Mg-Ka $ROMIELH
»sko1-E% Fig. 31c7xd. Fig. 3icsT, CdS
1wk b Mg-Ka b d» Kz dh, = hich
T & 72255, MgsBsOgiz kb Cd-Kaiflid b T
e 5. BaO-CdS o~ m{tA¥Ric- &,
—EDRAEE OFREID Ba-La i L8 Cd-Ka f}

—0 1.0

08 0.8 .
o X
£ 06 0.6 3
s S
=
Z 0.2 0.4 2
= &
=
£ >
2 (.2 0.2 3
@ 5
= £
0~ ' 0
0 25 50 75 100
MgB s (%)
| | S N
100 7 50 25 0
cdS %)

Fig. 3 Intensity ratio of Cd-Ka or Mg-Ka in
CdS-MgsB4Og system
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Fig. 5 Intensity ratio of Mg-Ka or Ba-La in
MgsB4Og-BaO system
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Table 2 Absorption parameter

Radiating} Absorbing Compound

Element ) MgsB.0o |  CdS BaO
Mg ‘ 1.0000 0.9224 0.8398
cd 0.0854 1.0000 0.5652
Ba 0.5372 2.1715 1.0000
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Table 3 X-ray fluorescence analysis for ternary compound system

—_

Sample X'ﬁﬁ{eri‘i‘t‘;’rﬁift‘}gce Weight % of Mg3B409| Weight % of CdS Weight 9% BaO

No. R'ug Rca R'sa | Calc. | Theor. Errorl Calc. | Theor.|Error| Calc. ;Theor. Error
1 0.7473} 0.6785 0.1028 68.80 | 69.23 | 0.43] 22.631 23.08 | 0.45 8.57 7.69‘ 0.88
2 0.7689] 0.2732, 0.3305; 70.96 & 69.23 | 1.73, 6.97 7.69 | 0.72] 22.07 | 23.08] 1.01
3 0.6755 0.5350, 0.2602] 59.91 | 60.00 | 0.09] 19.37: 20.00 | 0.63] 20.73 | 20.00, 0.73
4 1 0.4566/ 0.7714, 0.1542) 38.62 | 42.86 | 4.24] 44.09 | 42.86  1.23} 17.28 | 14.29| 2.99
5 0.4980, 0.3272| 0.5052] 43.55| 42.86 | 0.69] 13.60 | 14.29 | 0.69| 42.86 | 42.86] 0.00
6 0.3916] 0.5805/ 0.3480 32.69 | 33.33 | 0.65 31.71 | 33.33 | 1.62| 35.61; 33.33 2.28
7 | 0.2578| 0.9078 0.0648 20.96 | 23.08 | 2.12| 69.69 | 69.23 | 0.46] 9.35 7.70 1.65
8 0.2714/ 0.1459, 0.7507 23.41 | 23.08 | 0.33 7.05 7.69 | 0.64 69.54 | 69.23 0.31
9 0.2466| 0.8050. 0.1792) 18.94 | 20.00 | 1.06; 58.75 60.00 | 1.25 22.32 | 20.00, 2.32
10 0.2673] 0.3490 | 0.5607, 23.02 | 20.00; 3.02| 18.71 | 20.00 | 1.29| 58.27 | 60.00; 1.73
11 0.1469) 0.6114 0.3924 11.43 | 14.29 | 2.86 42.50; 42.86 | 0.36) 46.07 | 42.86| 3.21
12 0.0893 0.82281 0.1901] 6.39 7.69 | 1.30, 68.48 | 69.23 | 0.75 25.13 | 23.08 2.05
13 0.0418 0.3446I 0.6737  3.36 7.69 | 4.33 22.26 1 23.23 | 0.97. 74.38 | 69.23 5.15
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