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Consideration on Sand Marks of Carbon Steel
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Nonaka, Haruo Ocawa, Shinobu OKaNO
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Table 1. Relation between steelmaking method and sand mark index.

Mn content

Ferroalloys and deoxidizers

|

Steelmaking 3+ PR T . ' Sand mark | Oxygen content
uring refining !  Killing time .
method period " Furnace Ladle | index ’ in mould
. Fe-Mn N . about
A | Low Si-Mn Ca-Si-Mn Short 1'0 100 ppm
‘ . _a: Fe-Mn about
B | High Fe-Si Ca-Si-Mn Long 0.5 60~70 ppm
C 4 Si-l\’In F6A§l Vi 0-4 ”
D v Fe-Si Fe Mn p 04 ,
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Fig. 1. (a) Relation between carbon content

and sand mark index.
(b) Relation between carbon content and
oxygen content in the mould.

Table 2. Relation between sand mark index
and ingot making process.

Ingot making process ?x?c?gc mark
Pouri in air 1-0
ouring atmosphere in N, 1-1
Big-end-down 1-0
Mould type Big-end-up 07
. Top pouring 1-0
Pouring method Fottom pouring 0-5
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Table 3. EPMA Identification of non-metallic inclusions that constitute sand marks.
. Elements
Ferroalloys and deoxidizers Testing
position Al Si Mn Ca Mg Ti
Si-Mn, Fe-Si, Al M 1 +++ + + -+ +
# M 1 4+ 4+ ++
” T 1 +++
v M1 ++ +++ ++
Fe-Si, Fe-Mn, Al B 1 +++ ++ + + + +
Fe-Si, Fe-Mn, Ca--Si-Mn B I +++ —+ 4+ + +
” T 1 +++ + + 4+
” B I +++ +++ +
7 B I + 4+ +++
Si-Mn, Ca-Si-Mn M 1 +++ + +++
Si-Mn, Fe-Ti, Al T 1 St | 4 -
Z M I +4++ |+ ++ + 4+
” M I +4++ | ++ + 444
” B I 4+ | 4+ ++ + 4+
v B 1 444+ + -+
” B 1 | +++ ++ ++ 4+ 4+ +
|
Note T: Ingot top I: D-6 (surface) + -+ + : strong
M: Ingot middle I: 2/3D ++ : medium
B: Ingot bottom m: 1/2D —+ t weak
(D: diameter of specimen)
Table 4. Chemical compositions of scum, slag and refractory.
Sampls Composition (%)| T pe FeO SiO; ALO; | MnO CaO MgO
Scum 27 2-2 540 9-4 236 0-9 08
Slag 12-4 12-1 14-9 3-8 7-8 47-8 54
Eroded layer of refractory — — 57-1 16-5 26-9 0-8 —
Not eroded layer of refractory — — 90-4 2.4 0-1 0-2 0.1
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Continuous Casting of Nut-Size Ferromanganese
and Silicon-Manganese in Metal Mould

kazuo TacumoTo and Tsugio KAMOSHIDA
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