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Determination of Small Amounts of Aluminum in Iron and Steel

by X-ray Fluorescence Analysis

Minao ITO, Shoki SATO, and Masanao NARITA

Synopsis :

The accuracy of X-ray fluorescence analysis for determining aluminum in steel is generally poor when

the aluminum content is below 0,19%,.

In this study, it is confirmed that the existence of inhomogeneous

acid-insoluble aluminum causes the poor accuracy of X-ray fluorescence analysis. The accuracy can
be improved by adding granular ferro—zirconium to molten steel when sampling. By using this method,
the accuracy of determining aluminum was 0.0024%, for low alloy steels and 0.00229, for stainless steels
as the standard deviation obtained for a series of differences between an analytical result and a standard
value. Corrections for overlapping of the chromium spectrum, and for absorption and enhancement ef-
fects of co-existent elements are not necessary for the analysis of low alloy steels, whereas these corrections

are necessary for the analysis of stainless steels.
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Table 1. Operating conditions.

Rh target (Machlett

X-ray tube OEGg 75H)
X-ray tube voltage 50 kV-50 mA

and current
Sample mask Stainless steel 30 mm §
Spectrum Al K,
X-ray path Vacuum
Crystal EDDT
Detector Flow prop. counter
P. H. A. Differential
Sample spin 30 rpm
Measuring time 40s
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Fig. 1. Relation between analytical precision and
total Al concentration.
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Table 2. Effect of grain size of abrasive paper on reproducibility.

Abrasive paper CCH60 CCH120

Sample* A B c A B C
Total Al (%) . 0.016 0.023 0.026 | 0.016 0.023 0.026
o (%)** 0.0008 | 0.0008 | 0.0008 i 0.0009 | 0.0013 | 0.0012

x 5=1/3(X,—X)?/n—1 n=10

¥ Low alloy steels.
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Fig. 2. Relation between X-ray intensity and
total Al concentration in low alloy steels.
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Table 3. Effect of insol. Al concentration on
analytical accuracy in low alloy steels.

(b) Sample without addition

Oxide conclusion in samples.

Total Al Insol. Al range (%)
range =0.002 >0.002
%
P et | ax | catomr*
0.001~0.050| 29 0.0033 43 0.0054

¥ n: Number of samples
P N\
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?VM : Analytical result of Al by X-ray fluorescence

analysis (%)
W4, : Standard value of total Al (%)
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Fig. 3. Effect of Ferro-Zr addition on total Al
concentration.
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Table 4. Comparison of Insol Al concentration in steel by addition of various deoxidizing agents.

Insol. Al (%)

Deoxidizing agents Non-addition Ferro-Zr Ferro-Ti Ca-Si
D 0.009 <0.002 0.005 | 0.005
Samples* E 0.004 <0.002 0.006 0.004
F 0.011 0.002 0.005 0.004

* Low alloy steels.
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Table 5. Chemical composition of stainless steel samples.

Chemical composition (%)

Number of samples

Total Al c s Mn Cu Ni | Cr Mo
03 0.001 0.05 0.0l 0.0l 0.01 0.0l 11.44 0.01
~0.110 ] ~1.50 | ~1.12 | ~0.97 | ~0.26 | ~9.77 | ~19.3¢ | ~0.85
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