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Phase Analysis of Ca-containing Inclusions in Ca-treated Steels

Hivofumi Kuravasu, Toru Taxavama, Shigeharu HiNnoran énd Yoshiyasu SHiroTA

Synopsis :

The determination and phase control of Ca-containing inclusions are important for the successful production of Ca-

treated steels such as hydrogen induced cracking resisted steels. In this work, the quantitative isolation of calcium
aluminate (mCaQ+nAlQ,), CaS and CaO in Ca-treated steels has been investigated. All operations of isolation
procedure from matrix dissolution to filtration were carried out in a glovebox with an Ar atmosphere. The atmosphere
was controlled to a relative humidity of 25% to prevent H,O from attacking the inclusions. Using this protection, 10%
bromine-methanol method was capable of the quantitative isolation of mCaO-nAlLO;, whose reactivity with H,O was

found to be increased with increasing the ratio of m/n.

Constant current electrolysis in 109 acetylacetone-1%

tetramethylammonium chloride-methanol electrolyte (AA electrolysis method) was capable of the quantitative isolation
of mCa0-nALO; and CaS. However, Ca0 was not isolated. On the basis of these results, the method for evaluating
the amounts of the Ca-containing inclusions has been developed. The amount of mCaO-nAlLO; was evaluated by
converting the analytical values of metal elements in the residue isolated by 1094 bromine-methanol method into oxide
forms. The amount of CaS was calculated from the difference between the amounts of Ca isolated by AA electrolysis
method and 109 bromine-methanol method. The amount of CaO was calculated from the difference between the

amounts of total oxygen and oxygen as mCaO-nAl,O;.

Key words : Ca-containing inclusions ; calcium aluminate ; calcium sulfide ; calcium oxide ; Ca-treated steels ; separation of inclu-
sions ; element analysis of inclusions ; phase analysis.
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Table 1. Chemical compositions of steels (mass%).

sample | C §i in P Ti |[sol.Al| N Ca* (4 s*
A 0.058 | 0.09 | 1.46 | 0.010 | 0.014 | 0.027|0.0052 | 21.5 | 45.0 [ 17.0
B 0.035) 0.26 | 1.48 | 0.017( 0.023 | 0.023 0.0054 | 24.5 | 185 | 10.0 |
Cc 0.0597 0.23 | 143 | 0.008 | 0.007 [ 0.0180.0042| 28.5 | 22.5 5.0
D 0.050 0.22 | 1.28 | 0-010| 0.016 [ 0.046|0.0030 | 27.0 | 12.0 4.5
E 0.120{ 0.17 { 0.50 » 0.008 | <0.001 | 0.060)0.0032| 95.0 | 20.5 9.5

% average of plural determinations, ug/g.
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Fig. 1. Scanning electron micrographs and elemental mapping images of Ca-containing inclusions in
(a) sample A, (b) sample B, (c) sample C and (d) sample D.
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Table 2. Analytical results of the residus of sample
D isolated by bromine-methanol method in
a glovebox and in air (ug/g in steel).

in a glovebox (in Ar) in air
Ca Al Mg Zr Ca Al Mg Zr
53 30 0.7 0.6 38 2.4 0.8 0.5
5.3 35 0.7 0.7 32 25 0.7 0.6
4.7 31 0.7 0.6 4.8 26 0.5 0.6
5.1 30 0.8 0.7 a3 23 0.7 0.6

Table 3. Analytical results of the residues isolated
by bromine-methanol method and AA
electrolysis in a glovebox (ug/g in steel).

bromine-methanol method AA electrolysis
sample -
Ca Al Mg Zr S Ca S
A 1.0 4.1 33 0.2 1.5 22.6 6.1
B 10.0 11. 4 2.9 4.7 0.1 23.3 10.1
C 21.3 13.2 2.6 0.2 0.4 29.0 5.7
D 5.1 3.2 0.7 0.7 0.3 12.1 5.4
E 0.9 2.8 0.9 0.3 - 13.4 ~
— not determined.
50
] Total O
40 O as AL,O; in mCa0+nALO;
O as Ca0 in mCaO*nAlO;
O as MgO in mCaO*nALOs
;:n 30 1 Ml O 2s 21O, in MCaO*nALO;
)
=2
o 20 -
10 1 O as Ca0
0

sample A le B le C D

Fig. 2. Comparison of (a) total O with (b O as
mCa0-nAl,0O; [O as mCa0-nAl,O; is the
total amount of oxygen in the oxides calcu-
lated from the amounts of Ca, Al, Mg and Zr
in the residue isolated by bromine-methanol
method in a glovebox].
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Fig. 3. Comparison of (a) total S with (b) S as CaS
[S as CaS={(Ca in the residue isolated by
AA electrolysis in a glovebox) — (Ca in the
residue isolated by bromine - methanol
method in a glovebox) } X 32.06/40.08].
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Fig. 4. Scanning electron micrographs, elemental
mapping images and X-ray spectra of Ca-
containing inclusions in the residue of sam-
ple D isolated by bromine-methanol method
in a glovebox.
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Fig. 5. Scanning electron micrographs, elemental
mapping images and X-ray spectra of Ca-
containing inclusions in the residue of sam-
ple D isolated by AA electrolysis in a
glovebox.
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Table 4. Analytical results of the residues rinsed by
H,O after the isolation by means of bro-
mine-methanol method in a glovebox (ug/

g in steel).

sample | Ca Al Mg Zr
A 10.4 | 41.8 3.2 0.3

v B 5.7 | 10.5 20 4.9
C 1.8 4.2 L9 0.2
D 0.8 1.6 0.9 0.6
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Amounts of Inclusions (xg./g)
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Ca0 as mCa0*nAlL,O;
[ MgO as mCaO+nALO;
h , Il 2:0: as mCa0°*nALO;

sample C

sample A sample B sample D

Fig. 7. Amounts of (a) Ca0, (b) CaS and (C) mCaO-
nAlLO; in sample A, B, C and D.
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