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Unusual Structure Related to the Segregation in
Continuously Casting and Ingot Making Steels

Toshio SHIRATWA, Nobukatsu FUjINO, Yasuo SUGITANI,

Susumu ISHIMURA, Kazuo YAMANAKA, and Takeo HARADA

Synopsis:

An unusual structure existing in the segregated position of the continuously casting plate or of the ingot
steelmaking plate has been studied by metallurgical observations and EPMA analysis. The unusual
structure is martensite or bainite transformed at low-temperatures. The occurrence of such transformed
structure is closely related to the segregation of solute elements and mainly attributable to the segregation
of manganese and phosphorus. The unusual structure consists of both martensite and bainite structure
in the high strength steels of 50 kg/mm? tensile strength class containing high manganese contents, while only
bainite structure in the steels of 40 kg/mm? class containing lower manganese contents. The appearance
of this unusual structure has good relation to the segregated pattern obtained by micro—etching.
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Table 1. Chemical compositions of the steels (wt%).

Steels C Si Mn P S Cu Cr Ni Sol. Al
A 0.14 0.25 1.06 0.021 0.016 — — — 0.022
B 0.14 0.36 1.48 0.018 0.007 — — —_ 0.024
C 0.15 0.34 1.35 0.024 0.015 — e 0.030
D 0.12 0.33 1.03 0.015 0.019 — — — 0.032
S45C 0.46 0.29 0.93 0.018 0.012 — — — 0.020
99, Ni 0.06 0.25 0.59 0.012 0.010 — —_ 9.40 0.022
ACR40K* 0.13 0.24 0.72 0.023 0.010 0.23 0.23 — 0.006

*ACR : Atmospheric Corrosion Resisting Steel
£ P = B

Photo. 1. Optical micrographs of anormalous structure of the segregated portion in

continuously casting steel products.
(b) Martensite (Steel B)

(a) DBainite (Steel A)
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Photo. 2. Electron micrograph of double-stage replica of anormalous structure in Photo. 1(b).
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Photo. 3. Typical example of the relation between macro-structure and micro -

structure. (Steel C)

(a) Etched by ammonium copper chloride
(b) Etched by nital (c¢) Etched by picric acid
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Fig. 1. Distibution of the anormalous structure

of the mid position along the plate wide
direction, (a), and relationship of the
anormalous structure position between C.
C. slab and steel plate (b).
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Photo. 4. Typical macro-structure of continuously
casting steel products.
(Etched by ammonium copper chloride)

(a)

(a) Unetched parts

()
Photo. 5. Micro-structure of etched and unetched parts by macro-etching.

(Steel B)

(b) Etched parts
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Fig. 2. Criterion of sulfur- and macro-grade, (a),
and the relationship between macro-grade
and contents of anormalous structure, (b).
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Fig. 3. Distribution of elements in the segregated
continuonsly casting slab. (Steel D)
(Slab thickness 190 mm)
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Photo. 6. Linear analysis of center-line segregation
of continuously cast slab by electron
probe micro analyser. (Steel B)
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Fig. 4. Segregation degree of the center
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