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¢ Abstract

¢ Introduction: This study investigated the influence of copper addition and two-
: step austempering temperature on the microstructure, phase fractions, and
: mechanical properties of austempered ductile iron (ADI).

: Methods: Two alloys, one without copper and one containing 1.5 wt.% copper,
¢ were melted and cast. Samples were austenitized at 900°C for 90 minutes,
: quenched to 260°C, and held for 5 minutes. They were subsequently
. austempered at either 350°C or 400°C for 120 minutes and then air-cooled to
: room temperature. Characterization was performed using tensile testing,
: hardness measurements, optical metallography, scanning electron microscopy
¢ (SEM), and X-ray diffraction (XRD).

: Findings: Tensile and hardness test results indicated that increasing the two-
: step austempering temperature decreased yield strength, ultimate tensile
: strength, elongation, hardness, and retained austenite content. The addition of
: copper enhanced all measured mechanical properties compared to the copper-
: free samples.
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Extended Abstract

Introduction:

Austempered ductile iron (ADI) is a type of ductile
iron with spheroidal graphite produced through an
isothermal heat treatment process. It exhibits
competitive mechanical properties compared to
conventional cast irons, cast steels, and wrought
steels. Studies on the microstructure of ADI using
different austempering temperatures and holding
times have shown that increasing the austempering
temperature or prolonging the holding time results
in coarser and thicker acicular ferrite. As an
alternative to single-step austempering, two-step
austempering has been proposed to refine the
ausferritic  microstructure and enhance the
mechanical properties of ADI. Copper-alloyed ADI
can effectively reduce costs, and previous studies
have shown that copper can improve the plasticity
and toughness of ADI without significantly
compromising strength.

Findings and Discussion

No discernible changes in the morphology or size of
the graphite nodules are observed with increasing
copper content. This suggests that the graphite
nodules are not affected by the copper addition, and
therefore, variations in mechanical properties are not
attributable to changes in the graphite. Optical
micrographs reveal a fine, acicular ferrite
microstructure within a lower ausferrite matrix at the
lower austempering temperature. At higher two-step
austempering temperatures, the ausferrite matrix
becomes coarser with thicker and wider ferrite
plates. Studies on the mechanical properties of two-
step austempered ADI have reported that hardness,
yield strength, and tensile strength decrease with
increasing second-stage austempering temperature.
The mechanical properties of ADI are influenced by
three factors: the fraction of carbon-saturated
austenite, the carbon content in the stable austenite,
and the morphology of the acicular ferrite. Since the
nucleation rate of ferrite is controlled by the degree
of supercooling, more ferrite plates nucleate in high-
energy regions under high supercooling conditions.
Furthermore, the carbon percentage in austenite
primarily depends on the diffusion rate of carbon
atoms, which is enhanced by the higher
austempering temperature. Therefore, the two-step
austempering process is proposed to produce fine

acicular ferrite and more stable austenite with higher
carbon content in the ADI matrix to improve
mechanical properties.

Conclusion

1. The microstructure of two-step austempered
copper-alloyed ADI consists of two distinct ferrite
morphologies and retained austenite. Bulky ferrite
and acicular ferrite are essentially the same in
morphology but have different thicknesses and
distributions  resulting from the two-step
austempering process. With increasing copper
content, the retained austenite increases, the
austenite layer thickens, and the size and amount of
blocky austenite increase.

2. As the second-stage austempering temperature
increases, the bulky ferrite coarsens, and the
austenite content and its carbon content decrease.
Carbides begin to precipitate, and when the second-
stage austempering temperature reaches 400°C, the
austenite completely decomposes.

3. With increasing second-stage austempering
temperature, the ultimate tensile strength, yield
strength, elongation, and hardness decrease. This is
a combined result of the reduction in austenite
content and its carbon content, coarsening of bulky
ferrite, and carbide precipitation. Tensile strength
and vyield strength increase significantly with the
addition of copper, while elongation and hardness
change only slightly.
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