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High Temperature Properties of Vanadium and Molybdenum
Added High Silicon Ductile Iron

Heung-1l Park” and Hae-Yong Jeong
Pukyong National University, Div. of Advanced Materials Science and Engineering, Busan 608-739, Korea

Abstract

The high temperature properties of vanadium and molybdenum added high silicon ductile iron, so called V-Mo-Si ductile iron,
were investigated. The (V,Mo) complex carbides and Mo carbides precipitated at the cellular boundaries of the as-cast specimens.
The microhardness of the (V,Mo) carbides were in the range of 553-619, while that of the Mo carbides in the range of 341-390. The
thermo-mechanical tests were carried out with a Gleeble system at 700 and 800°C under vacuum condition. The tensile strengths of
the specimen tested at 700°C with the dynamic deformation rate of 50 mm/sec and those with the static deformation rate of 0.15
mm/sec were 235.7 and 115.3 MPa, while the reduction in area were 23.7 and 22.4%, respectively. At the high dynamic defor-
mation rates, the tensile strength was steeply increased due to promoting the brittle fracture of pearlite in the matrix of the spec-
imens. But the changes of the reduction in area with the deformation rates on the same specimens were negligible. The weight gain
of the V-Mo-Si specimens oxidized in the air atmosphere for 6 hours at 800 and 900°C were 1.1 and 4.1.%, respectively. The cross-
sectional microstructure of oxidized specimens consisted of the porous external scale layer grown outside from the original surface,
the dense internal scale layer grown into the original surface, the decarburized ferrite layer between the internal scale and the matrix
of base metal. The (V,Mo) carbides and Mo carbides formed in the matrix of as-cast specimen did not decompose during oxidation

at 900 for 24 hours in air atmosphere.

Key words : V-Mo-Si ductile iron, Thermo-mechanical Gleeble test, Oxidation resistance.
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Table 1. Chemical compositions of V-Mo-Si ductile iron castings.

(wWt.%)

Elements C Si Mo \% Mn P S Mg

. 3.20 4.0 0.4 0.3 0.3 0.03 0.025

Aim -3.35 45 -0.6 0.5 -0.4 -0.05 Max. 0.01 -0.05

Result 3.32 432 0.49 0.40 0.40 0.046 0.010 0.042
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Fig. 1. Schematic drawing of a wedge type Y-block casting and a
tensile test specimen for thermo-mechanical Gleeble testing,
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Fig. 2. Microstructure of a as-cast V-Mo-Si ductile iron, nital
etched.
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Fig. 3. SEM-EPMA mapping analyses on the carbides at the
eutectic cell boundaries in Fig, 2.
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Fig. 4. Variation of ultimate tensile strength with the deformation

rates at 700 and 800°C.
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Fig. 5. Variation of reduction of area with the deformation rates at
700 and 800°C.
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Fig. 6. Microstructures of tensile fractured test specimen with the
deformation rate 0.15 mm/sec at 700°C.
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Fig. 7. Effects of the deformation rates and temperature on the
tensile fractographs of the V-Mo-Si ductile iron specimens.
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Fig. 8. TGA results of the V-Mo-Si ductile iron specimen at 800°C
for 7 hours in air atmosphere.
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Fig. 9. Variation of weight gain of the V-Mo-Si ductile iron
specimen at 900°C in air atmosphere.
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Fig. 10. SEM, (a) and optical microstructures, (b) on the oxidized
specimens of the V-Mo-Si ductile iron at 900°C for 6 hours
in air atmosphere.
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Fig. 11. SEM-EDX line analyses on the oxidized specimen of the V-
Mo-Si ductile iron at 900°C for 6 hours in air atmosphere.

Fig. 12. EPMA mapping analyses on the oxidized specimen ot
the V-Mo-Si ductile iron at 900°C for 6 hours in air

atmosphere.
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