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Austempering temperature and time play an important role in the
austempering mechanism and microstructural evolution of the |
austempered ductile iron (ADI) part. In this study, as cast ductile
iron (DI) samples were subjected to austempering treatment by
adopting varying austempering temperatures of 300 °C, 350°C
and 400°C and times of 20, 40 and 60 minutes. Samples were
subjected to microstructural analysis via optical microscopy
(OM) and Scanning electron microscopy (SEM), mechanical
property testing, wear and X ray diffraction (XRD) analysis.
Austempered samples consisted of needlelike and feathery
ausferrite phase. The highest and lowest ultimate tensile test
(UTS) values observed were 740 MPa at 300 °C for 20 minutes
and 538 MPa at 400 °C for 60 minutes respectively. The UTS and
vickers hardness of all austempered samples were higher than
that of as cast sample’s value of 480.3 MPa and 380 Hv
respectively. Highest percent elongation of 7.7% was observed
using 400°C for 60 minutes. The austempered samples had lower
wear rates than their as cast counterpart. XRD patterns revealed
growth of the ausferrite phase as austempering temperature
increased. This study has established that there exists a crucial
interplay between austempering temperature and time during
austempering process.

© 2024 RJEES. All rights reserved.

1. INTRODUCTION

Ductile irons (DIs) also known as spheroidal cast irons (SCIs) or nodular cast irons (NCIs) are a type
of cast irons which contain graphite in the nodular or spheroidal shape viz-a-viz the graphite flakes in
gray cast irons (GClIs). The excellent properties of DI are mainly due to its microstructure which can be
modified by adding alloying elements or by heat treatment (Olivera et al., 2006). Austempered ductile
irons (ADIs) are DIs which have been subjected to austempering heat treatment process which is an
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isothermal heat treatment process. The DIs used for the austempering heat treatment must have the
adequate chemical composition. ADIs have attractive mechanical properties as compared to
conventional cast irons, steel castings, steel forgings and aluminum alloys (Vidyarthee and Singh, 2014;
Bialobrzeski and Pezda, 2014; Mandal and Maity, 2013). The heat treatment methods could be the
single step (conventional) and the dual step austempering processes (Wang ef al., 2020a). During this
heat treatment there exists an interplay between the heat treatment parameters: austempering times and
temperatures, which significantly impacts on phase transformation phenomenon, microstructure
evolution, mechanical and wear properties of the product.

The properties of ADI are due to its unique matrix of acicular ferrite (o) and carbon-stabilized austenite
(yuc) called Ausferrite, austenite in ADI has been stabilized with carbon during heat treatment and will
not transform to brittle martensite. The combination of competitive mechanical properties makes ADIs
one of the preferred materials for manufacturing components for commercial vehicles such as
connecting rods, camshafts, crankshafts, transmission gears, and engine valves (Wang et al., 2020a).
ADIs are also used in wear applications such as rock drills and mining vehicles, during their service life
these components are subjected to repeated surface contact with relative motion and external cyclic
loads. This results in severe wear and fatigue damage; these combined effect leads to failure of the
components. Thus, to ensure components with properties to meet the accepted service application and
life, the component must have a high wear resistance and excellent fatigue strength (Mussa et al., 2022).
ADIs have found successful applications in many industries, including Construction and Mining,
Agriculture, Automotive, Heavy Truck, and Railroad. ADI is almost 10% lighter than steel, and its
superior capacity to absorb vibration and reduce noise from gearboxes (Magalhies ef al., 2012).

The higher hardness grades of ADI have excellent wear characteristics, unlike case hardened materials,
typically the ADI is uniformly hardened throughout the part. This property make ADIs are good choice
for producing different gear types namely spur gears, helical gears, gear racks, bevel gears, and worms
(Rajan et al., 2011). Austempering heat treatment was generally done by heating the sample above the
austenitizing temperature and holding it in that temperature range for sufficient time. The specimen is
then quenched in salt bath medium kept at the austempering temperature and holding it for adequate
time for the isothermal transformation, after which it is further cooled in air to room temperature.

Several studies have been conducted in literature to investigate the wear characteristics of the ADIs
(Chiniforush et al., 2016; Soli¢ et al., 2016; Wang et al., 2020a; Wang et al., 2020b). These studies
have reported that the wear performance of ADIs is influenced by the presence of graphite nodules in
the matrix as well as the presence of carbon-rich austenite phase. In the study conducted in Krawiec et
al. (2023), the researchers investigated the influence of heat treatment parameters of ADI on its
microstructure, corrosion and tribological properties. They observed that a low value of the scratch
depth, a high hardness at low values of the austempering temperature and short isothermal annealing
time is related to the presence of martensite. The researchers concluded that increasing the isothermal
annealing time from 30 to 120 minutes caused an increase in the fraction of ausferrite structures in
relation to martensite. Also increasing the austempering temperature from 280 °C to 430 °C increased
the transformation kinetics and, at the same time, affects the morphology of the final ausferrite structure.
In Hegde and Sharma (2018), study on modified austempering process on manganese alloyed DI which
involved multi-stage austempering heat treatments was conducted. The addition of manganese was done
to improve the hardenability of the DI samples. The study concluded that, modified austempering
process at 420 °C with 0.6 wt.% Mn compared with the conventional process improved hardness and
UTS by 30 % and 40 %, respectively without compromising toughness. The researchers in Upkar and
Rone (2019) conducted a review on the effect of copper on austempering behavior of DI, they concluded
that as austempering temperature is increased the hardness and tensile strength are decreased and
elongation is increased in both the copper alloyed DI and unalloyed DI. Also, as the austempering time
is increases, the tensile strength, hardness and elongation are increased in both the grades adopted.

Some modifications have been made in the austempering process in the past few decades in other to
improve the abrasion wear resistance of ADI, for example the introduction of a two-step austempering
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which improved both mechanical properties and wear resistance through microstructural refinement
(Yang and Putatunda 2005). Also, in Zhou et al. (2001), the researchers induced quenched martensite
and retained austenite into the ausferrite matrix, this improved the impact abrasion resistance of the
material. In the study conducted in Laino er al. (2008) chromium alloyed massive carbides was
introduced into the microstructure of ADI, this enhanced wear resistance with compromise of impact
toughness.

In many of these studies, the researchers investigated the effects of chemical composition and
austempering parameters on microstructure and mechanical properties without investigating the wear
properties of the heat treated ADIs. The wear performance of ADIs was discussed in Wang et al.
(2020a), however being a review article, no heat treatment experiments were conducted, also most of
the discussions were not based on the conventional austempering process which is a single step process
but on the non-conventional one which is a dual step process. Based on these gaps discovered in
literature, this study will investigate the effects of varying austempering temperature and time on
evolved microstructure, mechanical and wear properties of the ADI samples to determine their interplay
in the conventional austempering heat treatment process.

2. MATERIALS AND METHODS
2.1. Material Collection and Preparation of Samples

The materials adopted were silica sand, bentonite clay, steel scrap, DI returns, ferrosilicon alloy,
ferrosilicon magnesium alloy and graphite coke to produce DI samples were sourced from Machine
Tools Limited Osogbo. The mould was produced according to the requirements as outlined in ASTM
E2349 standard mould making procedures, the moulding sand consisted of silica sand, bentonite,
additives (coal dust and starch) and water. Consumables for metallography such as bakelite, alumina,
diamond paste, silicon carbide powder and polishing papers were sourced from Metallurgical and
Materials Engineering Department University of Lagos, Akoka. Lagos. The chemical composition of
the graphite coke, ferro silicon alloy (FeSi) inoculant and ferro silicon magnesium alloy (FeSiMg)
adopted for casting the DI samples are shown Tables 1, 2 and 3.

Table 1: Chemical composition of graphite coke

Element C Ash S Volatile matter Moisture

Wt. % 72 27.5 0.2 <0.3 0.1

Table 2: Chemical composition of FeSi

Element Si Al C S P Fe

Wt. % 70 0.31 0.0032 0.001 0.001 29.68

Table 3: Chemical composition of FeSiMg

Element Si Mg C Fe

Wt. % 44.3 5.7 0.0032 29.68

The pattern used was a Y- block of ASTM A-536 specification for test coupons. Six mould boxes were
prepared with the Y block cavity, the dimension of the Y block and the Y block pattern is shown in
Figures 1a and 1b respectively. Melting was carried out in a 2000 kg dual track Induction furnace of
model 13690/1954 inductotherm in Nigeria Machine Tools Osogbo, the charge materials consisted of
steel scraps, DI returns, ferrosilicon and graphite, tapping was done at 1480 °C, 50kg of the melt was
poured into the preheated treatment ladle. Nodularization treatment was performed via the sandwich
process using FeSiMg alloy granules covered with mild steel chips in the treatment ladle. Two stage
inoculation treatment was done for optimum graphite precipitation, firstly the FeSi inoculants were
added to the melt in the pouring ladle after transfer from the treatment ladle. Further inoculation was
also carried out while pouring into the moulds using a perforated pipe that delivered powdered
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ferrosilicon into the melt stream. The moulds were then left to cool after pouring, fettling was later done
to isolate blocks.
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Figure 1a: Y-block Dimensions Figure 1b: Y-block pattern
2.2. Austenization Treatment

The cast DI samples were machined to tensile, hardness, microstructure and wear rate test sizes. A
Carbolite Muffle Heat Treatment Furnace serial No 7/99/1635 type RHF 16/3 was adopted for the
austenizing treatment. The samples were first austenized to 910 °C for twenty-four (24) minutes after
which three austempering temperatures and three austempering (soaking) times for each temperature
was adopted.

2.3. Austempering Heat Treatment

The austempering salt bath for the austempering treatment consisted of sodium nitrate (NaNOs) and
potassium nitrate (KNO3) of the ratio 1:1. The sample designations for each austempering time and
temperature are shown in Table 4. The austempering salt was placed in a porcelain crucible in another
furnace and heated to 400 °C, and the heat maintained at 400 °C. The A samples for austempering were
then treated by quenching them in the salt bath at 400 °C and held isothermally for varying soaking
times of 20 minutes, 40 minutes and 60 minutes after which they were air cooled to room temperature.
The procedure was repeated for 350 °C and 300 °C austempering temperatures with the same
austempering times.

Table 4: Sample designation with austempering times and temperature

. . Holding time in salt bath in Austempering
SN Sample designation minutes (Austempering time) temperature (°C)
1 Al 20
2 A2 40 300
3 A3 60
4 B1 20
5 B2 40 350
6 B3 60
7 Cl 20
8 C2 40 400
9 C3 60

2.4. Microstructural Characterization of DI and ADI samples

The samples were prepared according to specifications outlined in ASTM E3-11 standard for
metallographic specimen. Samples were sectioned and mounted using a semi-automatic Buehler hot
mounting press. The thermosetting bakelite was poured into the cylinder, locked and heated up to 200
°C. Grinding was done using LECO BG20 grinder using SiC abrasive papers, whereas polishing
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operation was done on a mechanized polishing wheel using a sylvelte cloth and successive alumina
(Al2O3) polishing paste Sum, 1pm, 0.5um and 0.05um for final polishing.

Etching was done using 2% Nital (2ml nitric acid in 98ml ethanol), samples were dried and ready for
microscopy. Microstructural characterization was carried out using CETI Optical Metallurgical
Microscope (model no 0703552) located at the Metallurgical and Materials Engineering Laboratory,
University of Lagos and scanning electron microscope model JEOL JSM-5900LV equipped with
energy dispersive X-ray spectroscope (EDS).

2.5. Tensile Test

Tensile tests were done according to specifications outlined in ASTM E8/E8M standard (ASTM 2022)
using a computer controlled 100 kN capacity Universal Instron Machine model 3369 at a constant cross
head speed of 1mm/min at room temperature. The yield and ultimate tensile stress were determined as
well as the elongation from the computer software as a graph of stress/strain is plotted, this was done
for all the samples: for the control DI samples and all the austempered samples. The schematic drawing
of the tensile test sample is shown in Figure 2.

|r— 36 mm
==
- : 7\_‘6'

o 30 MM el 6 MM

Figure 2: Dimension of tensile test piece
2.6. Hardness Test

Hardness test was carried out using Vickers micro hardness tester was done in accordance with ASTM
E384-11 standard. The sample surface was first polished for smoothness using a polishing wheel, then
placed on the tester, the indenter was allowed to press on the surface for about 10 seconds. After
indentation, the resulting indent was analysed optically to measure the length of diagonals and
determine the size of the impression.

2.7. Wear Test

The samples for the wear tests were in the form of 4 mm pins which were prepared in a lathe machine
and then subjected to abrasive wear test conducted on a pin-on disk machine according to specifications
outlined in ASTM G99. A hardened circular steel disk with hardness of 64 HRC was used as counter
face. The machined test samples were placed into the tester allowing the sample to rub against the
hardened revolving disk for a given normal load and speed condition. The disk was allowed to rotate
for a predetermined period at a varying sliding moment for 60 seconds. The specimens were taken out
at regular intervals and the weight was recorded. This procedure was repeated for all the samples after
which the weight of the worn surfaces was obtained as the volume loss/wear volume in mm3 which
was then used to determine the wear rate.

2.8. X-ray Diffraction (XRD) of samples

X-ray Diffractometer (XRD) Thermo scientific model: ARL’XTRA X-ray and serial number
197492086 at Engineering Laboratory, Musa Yar’dua University Kaduna was adopted for the analysis,
the intensity of the peaks was used to determine the phases present in the samples. The intensity of
diffracted X-rays is continuously recorded as the sample and detector rotate through their respective
angles. The samples were polished to ensure smooth and defect free surface, they were then subjected
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to XRD analysis using chromium Ka radiation. Scanning was done in the 20 range of 10-80° to get the
austenite and ferrite peaks.
3. RESULTS AND DISCUSSION

The chemical composition of the cast DI sample is shown in Table 5. All the elements in the cast DI
sample are within the range accepted for DI, and to enhance austemperability of the as cast DI sample.

Table 5: Chemical composition of cast ductile iron

Element C Si Mg Mn Cu Ni Cr Fe

Wt. % 3.27 2.79 0.04 0.32 0.39 0.44 0.06 92.68

3.1. Optical Micrographs of Cast DI and ADI Samples

The as-cast microstructure of DI samples (etched in 4% nital) used for the austempering heat treatment
is shown in Figure 3. This microstructure consists mainly of graphite nodules between 10-20 microns
in size embedded in a matrix comprising of the ferrite and then surrounded by pearlite phase, typically
known as the “bull eyes structure”. In the ADI samples the morphology of acicular ferrite, carbon
enriched austenite and retained austenite are strongly dependent on the austempering temperature and
austempering time. For samples austempered at 300 °C, the microstructure consisted of a mixture of
ausferrite i.e. acicular ferrite in carbon saturated austenite, untransformed austenite called retained
austenite and graphite nodules, this microstructure was also observed in Wang et al. (2020a), The dark
areas in Figure 4a represent the retained austenite whereas the lighter phase represents the ausferrite
phase. As the austempering time increased, the ausferrite phase through nucleation and growth process
increased as shown in Figures 4b and 4c. The ausferrite phase was in form of fine needle-like plates,
these plates increased and became coarser with increasing austempering time (Figures 4a, 4b and 4c),
whereas the retained austenite phase was reduced. As the austempering temperature was increased from
300 °C to 350°C and 400 °C the acicular ferrite became coarser in structure. The ausferrite structure
being more evident with 400 °C austempering time. The ausferrite phase which was in form of fine
needle-like plates at 300 °C now becomes coarser and feather-like in structure at 350 °C (Figures Sa, 5b
and 5c¢) and 400 °C, the coarsening being more evident as the austempering time is increased from 40
to 60 minutes (Figures 6a, 6b and 6c¢). It is evident that the morphology of acicular ferrite, the carbon
content in saturated austenite and volume fraction of retained austenite are strongly dependent on the
austempering temperature and austempering time. This agrees with the findings in Cui and Chen (2015)
and Donnini et al. (2017). Also, the microstructure of the ADI samples showed higher quantity of
retained austenite as the austempering temperature increased.

Ferrite phase

Graphite nodules

Pearlite phase

Figure 3: As cast DI sample
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Figure 4a-c: Plate of DI austempered at 300 °C, Holding time a) 20 mins b) 40mins c) 60 mins

N4 NPT T
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Figure 5a-c: Plate of DI austempered at 350 °C, Holding time a) 20 mins b) 40mins c) 60 mins

TR S TR T WY

Figure 6a-c: Plate of DI austempered at 400 °C, Holding time a) 20 mins b) 40mins c) 60 mins

3.2. Scanning Electron Micrographs of Cast and ADI Samples

The SEM micrograph and EDX analysis of the sample austempered at 300 °C for 60 minutes is shown
in Figure 7a and 7b. The coarse and feather-like structure of the acicular ferrite in the carbon enriched
austenite is evident than the needle-like ausferrite structure due to the longer austempering time of 60
minutes. This is also the case for the microstructure shown in Figure 4c. The SEM micrograph and EDX
analysis of the sample austempered at 350 °C for 60 minutes is shown in Figure 8a and 8b, also that of
400 °C for 60 minutes is shown in Figure 9a and 9b. This feather-like microstructure of the ausferrite
phase is even more pronounced in Figures 8 and 9, this is attributed to the higher austempering
temperatures of 350 °C and 400 °C, also the case in Figures 5c and 6c¢.
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a

a b

a b
Figure 9: a) SEM micrograph with b) EDX analysis for 400 °C for 60 minutes
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3.3. Mechanical Properties of As Cast and ADI Samples
3.3.1. Tensile strength

The chart for tensile strength versus austempering temperature of the as cast and austempered samples
are shown in Figure 10. It is observed that the tensile strength of the samples decreased with increasing
austempering temperature and soaking time. This can be attributed to increased volume of retained
austenite being trapped in the microstructure as the austempering temperature is increased. The
nucleation rate of acicular ferrite and austenite with high carbon content (ausferrite phase) is favoured
at lower austempering temperature than the higher ones. These temperatures of 300 °C, 350 °C and 400
°C also reduced the possibility of martensite formation as these temperatures are higher than that of the
martensite start temperature. As the soaking time is increased from 20 minutes to 40 and 60 minutes,
growth of the ausferrite phase (acicular ferrite in carbon enriched austenite) occurred is also observed
in Wang et al. (2020a). This growth led to the formation of coarser and feathery ausferrite structure,
thereby reducing the tensile strength with increased austempering time. However, due to the increase
in the amount of retained austenite at high austempering temperature a slight reduction in tensile
strength was observed. For the 40 minutes-soaked sample, tensile strength values of 706, 645 and 578
MPa were observed for 300 °C, 350 °C and 400 °C austempering temperatures respectively. This trend
was also observed in the study of Hegde et al. (2022). As shown in Figure 10, there is significant
improvement of tensile strength of the ADI samples over that of the as cast structure which gave tensile
strength of 480 MPa.

M As cast M 20 mins B 40 mins W 60 mins

300 350 400

Austempering Temperature ©C
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o

Figure 10: Chart of tensile strength versus austempering temperature for as cast and ADI samples
3.3.2. Percent elongation

The chart for percent elongation versus austempering temperature of the as cast and austempered
samples are shown in Figure 11, as shown from the plot the percentage elongation increases with
increase in austempering temperature and time. Austempering time showed a significant effect in the
percent elongation /ductility, it was observed from Figure 11 that as the austempering time increased
from 20, 40 to 60 minutes for each austempering temperature the percent elongation increased, this
greater ductility obtained at higher soaking time results from the growth of the nucleated ausferrite
phase from needle-like shape to the coarser and feathery ausferrite structure. At higher austempering
temperatures there is more retained austenite than occurs at lower austempering of 300 °C (Figures 4 -
6), this accounts for the higher ductility of 4.1 and 5.7% elongation at 350 and 400 °C austempering
temperatures respectively for samples austempered for 20 minutes, this trend was also observed for 40-
and 60-minutes austempering times. Also, greater ductility is obtained for a more coarser and feathery
ausferrite structure (Figures 4-6). The temperature of 300 °C favours the nucleation of the ausferrite
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phase as there is larger supercooling, this larger supercooling favours formation and reduction of critical
radius of the nucleating phase i.e. ausferrite phase. This trend is in consonance with that observed by
the researchers in Hegde ef al. (2022). At austempering temperature of 400 °C improved ductility is
observed with compromise on tensile strength, whereas the opposite in the case at 300 °C.

MW As cast M 20 mins B 40 mins B 60 mins

300 350 400

Austempering Temperature ©C
Figure 11: Chart for percent elongation versus austempering temperature for as cast and ADI samples

3.3.3. Hardness

The chart for vickers hardness value versus austempering temperature of the as cast and austempered
samples are shown in Figure 12, as shown the plot shows that hardness decreases with increase in
austempering temperature and time. There is significant improvement over the as cast hardness value
of 390 Hv in all the austempered samples. The increase in the amount of retained austenite at higher
austempering temperatures of 350 and 400 °C caused the reduction in hardness values, nucleation of
the ausferrite phase occurred more at lowest temperature of 300°C due to greater supercooling
consequently increasing hardness of those samples. This trend was also observed in related studies
conducted by Hsu and Lin (2011) and Wang et al. (2016), these researchers concluded that the hardness
and tensile strength of single-step ADIs decreased, and ductility increased with increasing austempering
temperature or holding time. This could be attributed to more unstable austenite transformation into
ausferrite structure with high carbon content during the isothermal heat treatment process, and less
martensite formation in the final ADI matrix.
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Figure 12: Chart for vickers hardness versus austempering temperature for as cast and ADI samples
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3.4. Wear rate

The chart of the wear rate versus austempering temperature of the as cast and austempered samples are
shown in Figure 13. The plot shows that wear rate increases with increase in austempering temperature
and time, from Figure 13, wear rate increases with an increase in the austempering temperature. At the
lowest austempering temperature of 300 °C, wear rate is low (0.47 mm?/s), this is attributable to the
finer lower ausferritic structure with high hardness value 424 Hv (for samples austempered for 20
minutes). At elevated austempering temperatures of 350 °C and 400 °C, wear rate is higher: 0.7 and
0.94 mm?*/s respectively due to the presence of coarse upper ausferrite. Also the increased wear rate at
higher temperatures of 350 °C and 400 °C, could also be attributed to the greater amount of retained
austenite which is a softer phase in comparison with the ausferrite phase. The wear rate of as-cast
samples is significantly higher than austempered samples, because of the softer ferritic and pearlitic
structure. Also, the wear rate increases with increased austempering time due to growth of the ausferrite
structure from its formation with finer nucleated structure to the coarser structure which occurs with
increase in austempering time. These findings are in agreement with studies conducted in Sellamuthu
et al. (2018) and Sahin and Durak (2017). These researchers observed that increasing the austempering
temperatures and holding duration could result in significantly high wear loss on single-step ADI
specimens in rotational ball-on-disk sliding tests. It is observed that the wear rate increased with
decrease in the hardness of the ADI samples, showing a indirect correlation between wear rate and
hardness of the ADI samples.

1.8 B Ascast HM20mins H40mins HM 60 mins

300 350 400

Austempering Temperature °C

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Wear Rate mm?/s

Figure 13: Chart for wear rate versus austempering temperature for as cast and ADI samples
3.5. X-Ray Diffraction (XRD)

The XRD patterns conducted for the control sample (which was not austempered), the sample
austempered at 300, 350 and 400 °C (with holding time of 40 minutes) are shown in Figure 14, . The
XRD results confirmed that the main phases present in the samples were austenite (y) and ferrite (o)
phases. For the control sample (as cast), a sharp peak is observed at 20 bragg’s angle of about 45°
corresponding to o ferrite phase occurring at (110) plane, other peaks indicative of FesC were also
observed close to the o ferrite peak suggesting the presence of the pearlite phase. At temperature of 300
°C, the a Fe BCC lattice peak occuring at (110) plane and y FCC phase occuring at (111) and (002)
plane corresponding to 20 of about 42° and 50° respectively were observed close to each other
suggesting the formation of the ausferrite phase. At 350 °C, greater intensity of these peaks were
observed. At 400 °C, additional a ferrite peak occuring at bragg’s angle of 65° on (200) plane was
observed. This can be attributed to the growth of the nucleated ausferrite phase. The XRD plot validated
the fact that as temperature increased, the ausferrite phase became more stabilized. This is in consonance
with the studies conducted by Sellamuthu ef al. (2018) and Regita et al. (2021).
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Figure 14: XRD pattern for control, 300 °C, 350 °C and 400 °C (40 minutes austempering time) samples
4. CONCLUSION

In this study, green sand mould cast DI which consisted of graphite nodules in pearlitic ferritic matrix
was subjected to varying austempering heat treatment parameters: temperature and time to determine
their effect on mechanical and wear properties of the resulting ADI samples. Varying temperatures of
300 °C, 350 °C and 400 °C and varying times of 20, 40 and 60 minutes were adopted. Microstructures
of all austempered samples at the various austempering temperature and times adopted consisted of
various proportions of acicular ferrite and carbon-enriched austenite, called ausferrite, graphite nodules
and retained austenite phase. The results of these study have shown that these two parameters
significantly influence microstructural evolution and consequently the mechanical and wear rates of the
ADI samples. The tensile strength and vickers hardness values decreased with increase in austempering
temperature and time whereas the ductility (percent elongation) and wear rates increased with increase
in austempering temperature and time.
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