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The Precipitation Behavior of MnS and Ca-containing Inclusions
in Ca-added CC Slabs
Shin-ya KITAMURA, Ko MIYAMURA and Isahiro FFUKUOKA
Synopsis :

Distribution of Ca-oxide, Ca-sulfide and MnS in Ca-added CC slabs has been investigated by new X-ray
microanalyser (CMA) . Although the relation between the amount of MnS and ACR and ESSP which had
been proposed as parameters indicating the degree of shape control was found, it was not quite satisfactory
since MnS formation was observed to be suppressed by Ca addition even in the slab in which oxygen content
was too high to form CaS according to the ACR or ESSP concept.

On the other hand, calcium-aluminate inclusions were found to be classified into the following two types:

i) Ca+0O type; Calcium-aluminate covered by thin S enriched zone.

ii) Ca+S type; Calcium-aluminate enriched by S in the whole region.

The Ca+ S type inclusions were mainly observed in the segregated area.

A thermodynamical consideration as well as the above experimental results revealed that the desulfuriza-
tion by calcium-aluminate during the solidification had the dominent importance in the shape controlling’
mechanism. This desulfurization mechanism by calcium-aluminate inclusions qualitatively explains the above
descrived deviation of the experimental results from the prediction by ACR or ESSP concept.

Key words: Ca-added steel ; MnS precipitation ; calcium-aluminate inclusion ; shape controlling mechanism ;
solidification ; solute segregation; X-ray microanalyser.
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Table 1. Composition of samples.

No. C Si Mn P S 0 Ca Al

. % ppm %
1 0.11 0.37 1.50 40 18 35 36 0.027
2 0.13 0.26 0.85 180 28 47 20 0.057
3 0.12 0.29 0.82 20 6 12 0 0.065
4 0.06 0.22 1.07 20 6 15 36 0.032
5 0.08 0.26 1.49 50 28 35 27 0.029
6 0.13 0.46 1.41 20 23 14 38 0.025
7 0.06 0.25 1.20 17 4 13 21 0.028
8 0.08 0.27 1.47 20 23 35 0 0.049
9 0.08 0.29 1.12 20 9 12 30 0.029

Table 2. Conditions for CMA measurement.

Beam diameter 10 pm
Measured area 5X5 mm
Measured elements Mn, S, Ca
Integration time 80 ms

Table 3. Threshold level for Mn, S, and Ca to classify in-
clusions.

Threshold level

Mn =2.25 Mn®
S = Xg+5 og
Ca gXCa"'so'Ca

Mn®: Average Mn concentration
X;: Average X-ray intensity for element i
o;: Standard deviation of X;
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Photo. 1. Example of CMA analysis.
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Photn. 2. Typical X-ray image of the three types of inclu-

sion.
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Fig. 1. Line analysis of A-A line in Photo. 1.
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Table 4. Composition of typical inclusions. Lol T 3040 - 40503
T Sample  Analysis | Composition of Inclusion (wt %) . L
ype No. site* Mn Ca Fe Al 8 g 1.0 [_J
Mn+S 5 C |62.29 36.15 0.12 2.57 0.002 85 0‘8 ! : ] —12Ca0 .7AL2 03
— [
5 C 0 0 33.2 .63 26. S
Cat0 5 E V63 8.27 31,40 1493 3070 \3\\/:1‘ 0.6l e 1Ca0- Aty O3
5 C 2.17 7.52 18.91 12.10 23.33 [N
CatS 7 ¢ 0.06 17.05 31.42 7.22 8.31 3 :% 0.4 ESASCBI,{ 4Ca0. 240203
¥ C : Center of the inclusion @O 0.2
E : Fringe of the inclusion . | | |
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Fig. 3. Composition of Ca0-Al,03 inclusions.
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Table 5. Fraction of inclusions observed by etching.

Type A Type B
Dendrite arm 42% 16%
Interdendrite zone 6% 36%

Type A : Ca+O in Photo. 2
Type B: Ca+S in Photo. 2

AT A, Fig. 523l Ca+S R DEF Y F5 4
FEBICHFAL, Cat+t0 ROB DI F > FI4 MEH
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Table 6. Reactions included in the precipitation mechanism
consideration.

(J/mol)
Ca+ O=Ca0O AG®=—639280 + 149.19 T
Ca+S=CaS AG®=-530319 + 118.61T
%—A_l +0 =4 AlOs AG® =~ 402190 +130.61T
Mn+ S = MnS AG®=—131807 +79.20T

Table 7. Result of calculation for No. 5 slab.

MnS O GHIHIC b To 23R E2Fo 2 L AHFETE
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Table 8. Physical properties used in the segregation cal-
culation.

Concentration (%)

Total Dissolved
S 0.0028 0.00215
0 0.0035 0.000132
Al 0.029 0.0261
Ca 0.0027 5.754 X 1078
Mn 1.49 1.49 °

Ds
k(=) Do (cm?/s) Q(kcal/mol)
Al 0.60 5.9 57.7
S 0.05 4.56 51.3
(8] 0.03 0.037 23.05

Temperature: 1520°C, L: 1mm
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Fig. 6. Decrease of AG for reaction (10) by increasing
fraction of solid.
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