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Quantitative Analysis of Ca-rich Oxide Inclusions in Steel by Galvanostatic Electrolysis

Atsushi CHINO, Satoshi KINOSHIRO and Takatoshi ONO

Synopsis : It is well known that oxide inclusions, such as aluminum oxide or Ca-rich oxide, sometimes cause serious problems for steel products. Usual-
ly, oxide inclusions have been measured by the extraction method or by optical microscope observation prescribed by JIS and ASTM, but the
quantity of inclusions in steel products are now below the detection limits of these conventional methods. Recently several new methods were
developed to evaluate inclusions both in size and in amount; for example, electron beam melting method coupled with optical microscopic
analysis and photo scattering method coupled with acid extraction. However, it is difficult to evaluate Ca-rich oxide inclusions in amount
even though by using above mentioned new methods. The reason is as follows:

(1) Tt is difficult to extract Ca-rich oxide inclusion quantitatively from steel.
(2) The quantity of Ca-rich oxide inclusions in steel is quite low.
The authors developed a new method to extract ca-rich oxide inclusions in steel quantitatively, which method is based on galvanostatic
electrolysis with non- aqueous electrolyte.
The composition of new type of electrolyte is 40% maleic anhydride-3% tetrametylammonium chloride-methanol.
100 gram of steel matrix can be clectrolyzed with 1 liter of the new electrolyte.
This technique makes it possible to determine Ca-rich oxide inclusions quantitatively.
Key words: Ca-rich oxide; inclusion; extraction; galvanostatic electrolysis; non-aqueous electrolyte.
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Table 1. Chemical composition of used powder (mass%).

Sample | total G| SiO, | Al,0; | CaO | MgO [ Na,0 | Li,0 F
A 2.1 365 | 54 | 284 | 22 85 4.4 4.9
B 3.9 443 | 69 | 313 | 32 34 1.0 tr

Table 2. Chemical composition of used sample (mass% in
steel).
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Fig. 1. Schematic diagram of electrode.
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Fig. 2. The recovery of powder after dipping in solutions
(dipping: 60°C 1 h).
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Fig. 3. Measuring procedure for stability of poWder inclu-
sions during electrolytic extraction.
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Fig. 4. The stability of powder inclusions during 10%AA electrolysis.
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Fig. 5. Relationship of solubility between chelate com-

pound and solvent.
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Fig. 6. Effect of kinds of chelate agent on solubility of
chelate compound in methanol.
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Fig. 7. Effect of maleic anhydride (MA) and tetramethyl
ammonium chloride (TMAC) content on the solu-
bility of chelate compound in electrolyte.
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Fig. 9. Evaluation of powder inclusions in billet samples.
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Fig. 8. The stability of powder inclusions during 40%MA electrolysis.
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