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WATTANAPORN CHONHAI : THREE - BODY ABRASION WEAR OF
AUSTEMPERED DUCTILE CAST IRON. THESIS ADVISOR :

ASSP. PROF. USANEE KITKAMTHORN,Ph.D., 89 PP.

AUSTENIZATION/AUSFERRITE/ABRASION WEAR/VOLUME LOSS

The effects of austenitizing time on abrasion wear resistance and mechanical
properties of austempered ductile iron was studied. The austempering treatment was
carried out by austenitizing at 900 °C for 30, 60 and 90 minutes and then quenching
in salt bath at 280 °C and 360 °C for 60, 90 and 120 minutes respectively. The
microstructure of austempered specimens were investigated by optical microscope.
The quantitative analysis of austenite volume fractions was performed by X — ray
diffraction technique. Three — body dry sand/rubber wheel abrasion wear resistance
was tested according to the ASTM G65. Scanning electron microscope was also used
for worn surface investigation. Mechanical properties including hardness and impact
energy were determined. The results showed that the austempered specimens
exhibited higher hardness and wear resistance than as — cast specimen. Hardness of
austempered ductile iron increased with austenitizing time from 30, 60 to 90 minutes.
The hardness tended to decrease when the austempering temperature increased from
280 to 360 °C. Furthermore, the hardness of the specimens which were austenitized at
the same condition decreased with austempering time from 60, 90 to 120 minutes.
This was due to the higher volume of ausferrite formed and higher stability of
austenite. Therefore, the martensite volume fractions decreased with austempering
time. The volume losses of specimens were found to decrease with increasing

austenitizing time 30, 60 to 90 minutes. The specimens austenitized for 30 minutes



exhibited highest volume loss and lowest hardness value due to the presence of
allotriomorph ferrite. Such results indicated that austenitization for 30 minutes was
too short. Therefore, austenite exhibited low hardenability and thus allotriomorph
ferrite formed during quenching into the molten salt. Inadditions, some of specimens
had the same hardness value but the microstructure constituents were different. This
resulted in different volume loss values. For example, the microstructure of specimen
which was austenitized for 30 minutes and austempered at 280 °C for 90 minutes
comprised ausferrite, martensite and some allotriomorph ferrite. The latter
microstructure is soft and could cause high volume loss. The specimen which was
austenitized for 90 minutes and austempered at 280 °C for 120 minutes has lower
volume loss since the microstructure mainly consisted of ausferrite and there is no
allotriomorph ferrite in the microstructure. Moreover, three — body abrasive worn
surface revealed that the wear mechanisms involved cracking, plowing, and shearing.
Cracks were found to initiate in the matrix at the graphite/matrix interface in all of

specimens.

School of Metallurgical Engineering Student’s Signature

Academic Year 2010 Advisor’s Signature
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°c Min Fraction , Xy Wt% Xy CY Particle Size , dg , A°
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850 90 0.31 1.7 0.527 108

850 120 0.33 1.8 0.594 185

900 60 0.36 1.8 0.648 190
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N8R : H19D9U110 “Effect of Austenitization on Austempering of Copper Alloyed Ductile

Iron,” Uma Batra, S.Ray, S.R.Prabhakar , 2001, ASM International , p.600
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Designation Standard test method for

G 65 Measuring Abrasion Using the Dry Sand/Rubber Wheel Apparatus

G 105 Conducting Wet Sand/Rubber Wheel Abrasion Tests

G75 Determination of Slurry Abrasivity (Miller Number) and Slurry Abrasion

Response of Materials (SAR Number)

G 98 Galling Resistance of Materials

G99 Wear Testing with a Pin-on-Disk Apparatus

G 73 Liquid Impingement Erosion Testing

G 76 Conducting Erosion Tests by Solid Particle Impingement Using Gas Jets

G 102 Calculation of Corrosion Rates and Related Information from Electrochemical
Measurements

G 59 Conducting Potentiodynamic Polarization Resistance Measurements

HUIYLNA : $1949911910 “Surface Wear Analysis, Treatment, and Prevention,” R.Chattopadhyay,

2001, ASM International , p.60.
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Wear type K-value
Adhesive (K ;)
Identical metals 107 to 10" (a)
Compatible metals 10" t0 107 (a)
Partly compatible metals 10° t0 10”7 (a)
Nonmetals on metals or nonmetals 10*t0 1077 (a)
Abrasive (K, )
Two-body abrasion 10 t0 1077
Three-body abrasion 10770 10° (b)
Corrosive (K, ) 10°t0 10°7
Fretting (K, 10" t0 107 (a)

(a) Depends on the extent of lubrication. (b) Depends on low or high abrasive content.

N1NBLE : 9190911910 “Surface Wear Analysis, Treatment, and Prevention,” R.Chattopadhyay,

2001, ASM International , p.60.
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A5 2.5 'IJ33LﬂﬂﬂWiﬁﬂﬂiﬂﬂWNﬁﬂHmﬁJ@ﬂi@ﬂﬁﬂﬂiﬂllaglﬁyﬂ1ﬂﬂ15§ﬂﬁi@

Type of wear Wear particle/debris Wear scar/surface topography
Abrasion Particles Grooves or furrows running parallel to
Flat splinters surface
Discontinuous, if hard phase
present in wear track
Comet tails in low stress abrasion
Adhesion Flakes Splinters Sliding tails in low stress abrasion
Erosion Thin flakes Pits and cavities
Fine particles Wave fronts
Lamellar pattern
Thermal Oxides Particles or flakes Scale, partly or fully covering the surface

Pits/cavities

N1NBLE : 9190911910 “Surface Wear Analysis, Treatment, and Prevention,” R.Chattopadhyay,

2001, ASM International , p.62.
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Treatment, and Prevention,” R.Chattopadhyay, 2001)
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(c) 508A9 (cutting) (“Surface Wear Analysis, Treatment, and
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ABSTRACT

The effects of austenitizing time on abrasion wear resistance and mechanical properties of
austempered ductile iron (ADI) were studied. The austempering treatment was carried out by
austenitizing the ductile iron at 900 °C for 30, 60 and 90 minutes and then austempering in & salt bath at
280 °C and 360 °C for 80, 90 and 120 minutes, respectively. The microstructure of sustempered
specimens weme investigated by optical microscope and scannirg electran microscope. Brinell hardness
of all samples were tested. Abrasion wear test was conducted according to ASTM GE5 tree = body dry
sand/rubber wheel abrasion testing. Scanning electron microscope was also used for worn surface
investigation. The results showed that volume losses of ADI decreased with increasing austenitizing time
from 30, 60 to 90 minutes. The specimens austenitized for 30 minutes exhibited highest volume loss and
lowest hardness wvalue due to the presence of allotriomorph ferrite. Such results indicated that
austenitization for 30 minutes was too short. Therefore, austenite exhibited low hardenability and thus
allotriomorph farrite formed during quenching into the malten salt. Moreover, three — body abrasive worn
surface revealed the wear mechanisms involve eracking, plowing and shearing. Cracks were found to

initiate in the matrix at the graphite/matrix interface in all of specimens.
Keyword: austenitizing, ausferrite, abrasive wear
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