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Effects of Alloying Elements and Heat Treatments on the Microstructures
and Mechanical Properties of Ductile Cast Iron by Strip Casting

Gi-Rak Lee and Hyung-Yong Ra

Abstract

Strip casting process is a new technology that makes a near net shape thin strip directly from molten metal. With this pro-
cess, a large amount of energy and casting cost could be decreased from the abbreviation of reheating and/or hot rolling pro-
cess. Ductile cast iron which has spheroidal graphite in the matrix s the most commercial and industrial material, because of
its supreme strength, toughness, and wear resistance etc. But it cannot be produced to the thin strip owing to difficulty in roll-
ing of ductile cast iron. In this study, ductile cast iron strips are produced by the twin roll strip caster, with different chemical
compositions of C, Si, and Mn contents. And then heat-treated, microstructures and mechanical properties are examined. The
microstructures of as-cast strip are that of white cast iron which consists of the mixture of cementite and pearlite, but the equi-
axed crystal zone of the pearlite or segregation zone of cementite exists in the center region of the strip thickness, which can-
not be observed in the rapidly solidified metallic mold cast specimens. This structure is supposed to be formed from the
thermal distribution of strip and the rolling force. Comparing with the structures of each strips after heat treatment, increasing
Si content makes smaller spheroidal graphite and more compact in the matrix, furthermore the less of Mn content makes the
ferrite matrix be obtained clearer and easier. As a result of the tensile test of graphitization heat-treated strips, the yield
strengths are about 250 MPa, the tensile strengths are about 430~500 MPa, and the elongations are about 10~13%. In the case
of the strip which has the smaller and more compact spheroidal graphite in the ferrite matrix, the higher tensile strength and
better drawability could be obtained. (Received April 12, 2000)
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Table 1. The chemical compositions of Y-mold cast specimens

(Wt%)
element] )
, C Si C.E Mn
specimen No.
case 1-1 343 2.61 4.30 0.10
case 1-2 3.63 2.60 4.50 0.10
case 2-1 3.45 2.59 431 0.20
case 2-2 3.30 3.02 431 0.19
case 3 345 2.60 432 0.40
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Fig. 1. Graphitization heat treating cycle
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Table 3. The chemical compositions of strips (wt%)

Table 2. Strip casting condition

Melt Weight 39kg
Tundish Nozzle carbon, 1-hole type

5.5 mm®

Roll Gap 1 1 mm
Roll Size 200 mm® X 100 mm

Roli velocity 14.5 rpm
Plunging Temperature 1450°C
Pouring Temperature 1210°C

Casting Rolls
Motor

Side Dam

Pyrometer @

Strip
Withdraw]

Fig. 2. Schematic diagram of lab. scale vertical type twin-roll
strip caster
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element , ,
_ C Si C.E. Mn P S Ni Cr Mg
specimen No
strip 1 3.46 3.0 4.46 0.09 0.049 0.01 0.04 0.01 0.027
strip 2 3.24 2.54 4.09 0.31 0.047 0.013 0.03 0.03 0.004
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Fig. 3. The variations of microstructure in metallic mold-cast specimens 1.5mm thickness with increasing Mn-content in 3.45C,

2.6S1, 4.3 C.E iron
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(¢) case 2-1 (heat-treaed) (d) case 2-2 (heat treated)

Fig. 4. The variations of microstructure in metallic mold-cast specimens 1.5 mm thickness with increasing Si-content in same 4.3
C.E 1ron (0.2wt% Mn)

Fig. 5. Microstructure of as-cast strip specimen No. 1 (at w=0.7)
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Fig. 7. Microstructure of as-cast strip specimen No. 2 (at w =0)
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Fig. 8. Microstructures of heat-treated strips
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Fig. 11. Scanning electron micrographs of the fracture surface
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