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Evaluation of Quantitative Electron Probe Micro Analyzer with
Energy Dispersive X-ray Spectrometry

Katsuhiko INOUE and Toshiro NAKATSUKA

Synopsis :

The accuracy of quantitative analysis was evaluated extensively for 2 commercial SEM with energy
dispersive X-ray spectrometer.

For acquiring reliable X-ray spectra for quantitative analysis, several improvements of electron and
X-ray collimation systems were required to eliminate extraneous X-rays excited due to scattered elect-
rons and fluorescing X-rays. In the spectrum processing procedure, theoretical model for prediction
of the background distribution was modified to fit the observed spectrum even at low energy regions
and the deconvolution routine for the overlapping X-ray peaks and the low energy tailing were also
improved.

After these improvements, the absolute accuracy of analyses of 21 standard reference silicates (supp-
lied from Smithsonian Museum) is found to be within +0.39, which is comparable to the best mea-
surements with conventional wavelength dispersive EPMA.

Applications of this energy dispersive EPMA to some mineralogical problems in the iron and steel-

making process are reported.
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Table 1. Results of energy dispersive microprobe analysis (E) compared with chemical analysis (9]

of Smithonian Museum microprobe standard silicates.

Na,O MgQO Al,O3

SiO; K,0 CaO TiO, MnQO FeOD)  Total??

0.53 <0.02  36.03

Anorthite C
USNM 137041 E 0.75 35.23
Anorthoclase C 9.31 20.12
USNM 133868 L 8.85 20.17
Augite C 1.27 16.65 7.86
USNM 122142 E 1.90 16.58 8.41
Diopside C 0.34 18.30 0.11
USMN 117733 E 0.39 18.35 0.34
Garnet D 6.55 22.27
USNM 87375 E 6.90 22.14
Garnet C 7.14 22.70
USNM 110752 E 7.94 22.64
Glass, Basaltic C 2.62 6.71 14.06
USNM 111240/52 VG-2 E 2.47 7.07 13.90
Glass, Basaltic C 2.66 5.08 12.49
USNM 113498/1 VG-A99 L 2.66 5.04 12.56
Glass, Basaltic C 2.48 8.21 15.39
USNM 113716 E 2.09 8.49 15.43
Glass, Rhyolitic C 3.75 12.06
USMN 72854 VG-568 E 3.81 12.63
Glass, Tektite C 1.06 1.51 11.34
USNM 2213 E 0.50 1.63 11.38
Hornblende C 1.91 14.24 15.47
USNM 111356 E 1,93 15.31 13.88
Hornblende D 2.60 12.80 14.90
USNM 143965 E 2.38 12.62 14.28
Hypersthene C 26.7 1.23
USNM 746 E 27.49 1.01
Microcline C 1.30 18.30
USNM 143966 E 1.48 18.90
Olivine C 49.42
USNM 111312/444 E 50.42
Olivine C 43.58
USNM 2566 E 45.28
Omphacite C 5.00 11.57 8.89
USNM 110607 E 4.68 11.13 8.70
Osumilite C 0.39 5.83 22.60
USNM 143967 E 6.22 23.10
Plagioclase C 3.45 0.14 30.91
USNM 15900 E 4.42 0.16 30.98
Scapolite C 5.20 25.05
USNM R6600-1 E 5.

30 25.42

75.75
75.73

41.46
42.08

40.37
39.69

40.81
40.86

38.95

55.42
55.21
60.20
60.86
51.25
50.82

49.78
49.64

44.00  0.03  19.09 0.03 0.62  100.27

42.95 19.44 0.44 98,82
66.44 2.35 0.87 0.20 9929
66.09 2.44 0.61 0.08 98.25
50.73 15.82 0.74 0.13 6.77 99.97
50.37 0.10 16.51 0.69 0.12 6.43 101.67
54.87 26.63 0.24 100.49
56.07 26.30 0.23 101.67
39.47 14.39 0.39 0.59 16.25 99.91
38.66 14.63 0.27 0.73 16.47 99.79
40.16 18.12 0.35 0.19 11.31 100.00
39,33 18.55 0.31 0.16 11.58 100.52
50.81 0.19 11.12 1.85 0.22 11.84 99.42
50.33 0.24 11.24 1.79 0.13 11.72 98.89
50.94 0.82 9.30 4.06 0.15 13.30 98.80
50.65 0.88 9.45 4,02 0.12 13.31 98.67
51.52 0.09 11.31 1.30 0.17 9.13 99.60
51.54 0.13 11.38 1.19 0.08 8.80 99.03
76.71 4.89 0.50 0.12 0.03 1.23 99.29
76.94 4.90 0.47 0.07 1.14 99.95
1.88 2.66 0.50 0.11 4.90 99.71
1.89 2.69 0.45 0.08 4.84 99.18
0.21 11.55 1.41 0.15 11.47 97.87
0.25 11.76 1.32 0.15 11.43 98.10
2.05 10.30 4.72 0.09 10.92 98.75
2.15 10.78 4.92 10.87 97.70
54.09 1.52 0.16 0.49 15.22 99.50
54.82 1.52 0.09 0.66 15.43 101.03
64.24 15.14 99.98
64.40 14.68 99.46
0.14 9.55 99,92
0.12 9.78 101.19
0.30 16.62 99.45
39.84 0.33 16.96 102.40
Q.15 13.75 0.37 0.10 4.62 99.87
0.31 13.97 0.25 0.05 4.27 98.57
4.00 0.18 6.38 99.19
4.04 0.25 6.32 100.79
Q.15 13.75 0.46 100.11
0.31 14.03 0.34 101.05
0.94 13.58 0.17 94,72

1.

25 13.86 0.11 95.57

1) Fe;O3 are included as FeQ.

2) Sum of nine components, the actual total values of Smithsonian analyses are very close to 100%.
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Fig. 11. Energy dispersive microprobe analyses of
Smithsonian Microprobe standard silicates compared
with chemical analyses.
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Fig. 12. The relative and absolute accuracy histgrams
for energy dispersive microprobe analyses of Smith-
sonian Microprobe standard silicates.
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Table 2. Chemical and mineral compositions of dolomite-fluxed pellet.

Mineral phase

Mineral composition (o) (wt%) MgO Al,O; SiO, CaQO TiO, MnO T.Fe

Hematite 61.22(1.61)
Magnesioferrite-Magnetite s.s. 9.36(1.07)
Calcium ferrite 21.97(2.60)
Silicate slag 5.78(0.79)

0.01 0.17 0.15 0.27 0.30 0.22 70.34
13.85 0.68 0.16 1.08 0.10 0.63 59.49
2.50 4.90 7.75 15.39 0.18 0.30 50.47
1.98 2.75 35.86 38.29 0.55 0.0 13.43

Dolomite-fluxed pellet (calculated)

1.97 1.40 3.88 5.42 0.26 0.26 60.49

Dolomite-fluxed pellet (wet analysis)

1.97 1.34 3.90 5.40 0.61 0.06 60.5
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Fig. 13. Effect of saturation of dicalcium silicate
(C;S) on the lime dissolution rate in LD converter.
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