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INTRODUCTION

• In this study, the effects of the austempering temperature and duration on tensile properties and fracture behavior

of low manganese austempered spheroidal graphite cast iron were investigated.

• The objectives of this study were to identify the optimum austempering temperature&time that results in

enhanced mechanical properties, such as strength and elongation.
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EXPERIMENTAL METHODS

• The aim here is to improve the austemperability by preventing pearlite, and ferrite formation before austempering

by preventing the cutting of pearlite nose of CCT curve during cooling to austempering temperature by providing

sufficient hardenability with alloying.

• Avoid segregation in the microstructure especially thick parts for increase toughness for fatigue life.

C Si Mn P S Mg Fe

3,62 2,53 0,167 0,043 0,014 0,047 Kalan

Chemical Composition (%weight)
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EXPERIMENTAL METHODS

Y Block Castings were done for test specimens between 13 – 38

mm thickness according to ASTM A897

The section thickness of the Y-block with 20 mm was chosen

based on the casting section thickness.

Test specimens were machined from Position A (preferred).

The test bars were machined before heat treatment

TARGET

After Casting (starting microstructure for heat treatment next step):

pearlite + ferrite + graphite (max.%10) – without carbide
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EXPERIMENTAL METHODS

Austempering Temperature 260 °C Austempering Temperature 320 °C Austempering Temperature 400 °C
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Austenitizing @ 900℃ / 90 min

Quenching in 

Salt Bath

Austenitizing @ 260 ,320 & 400℃ / 

30, 60, 90, 120, 150, 180, 210 min

Ausferrite

RT – Air Cool

TARGET

(with optimizing process window)

After Heat Treatment (final microstructure): 

high carbon ferrite + austenite

WHICH MEANS HIGHER 
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EXPERIMENTAL FINDINGS AND EVALUATION
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As Casted Microstructure Heat Treated Microstructure

Nodularity

(%)

Nodule Count

(mm2)

Nodule Size

(mµ)

Graphite Volume

Ratio (%)

Ferrite Volume

Ratio (%)

Pearlite

Volume Ratio

(%)

89 286 19,21 13,86 56,59 29,55

Metallography results of as-casted microstructure
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EXPERIMENTAL FINDINGS AND EVALUATION
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The yield and tensile strengths of the austempered samples were

increased three times compared to the samples in as-casted

conditions.
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EXPERIMENTAL FINDINGS AND EVALUATION
Microstructure

Mechanical
Properties

Fractography

SEM images of the fracture surface of the sample in as-casted conditions

500x 1000x 1000x 1000x

SEM images of the fracture surface of the sample in;

a) Austempered at 320 0C / 30 min b) Austempered at 320 0C / 180 min

a b

As the austempering time increases, the reason for the fracture mode to partially pass from brittle to ductile can be attributed to 

the displacement of the microstructure by martensite as the austempering time increases.

Microvoids (dimples) proves that the fracture ise ductile overload

30-minute austempered specimen shows cleavage fracture and for 180 

minutes exhibited a partially dimpled ductile, and partially cleavage 

fracture mode
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EXPERIMENTAL FINDINGS AND EVALUATION
Conclusion

1. The yield and tensile strengths of the austempered samples were increased three times compared to the

samples in as-casted conditions.

2. The experimental results showed that the best strength-ductility combination results of the samples

exhibited austempering at 320 ° C for 180 minutes.

3. It was observed that the fracture mode was passed from the brittle to ductile as the austempering time

increased.
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THANK YOU


