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ABSTRACT

During the last two decades, austempered ductile cast iron (ADI) was the focus of various studies world-wide.
It has exhibited outstanding mechanical properties from perspective of structural applications. ADI consisting of high
ductility, high strength and better wear resistance, fatigue strength and fracture toughness. Now a days, the devel opment
of these steels plays very important role in automobile sector because of their unique combinations of properties
achieved through alloying with inexpensive elements. Number of research has been done in this field. Brief review

shown in this paper.
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INTRODUCTION

When ductile iron is subjected to an austemperiegt hreatment, different microstructures is obtain
depending on heat treatment parameters such asnaizstg time and temperature and austempering t&md
temperature. The austempered structure consisfirdgiaitic ferrite, retained austenite and spheaibigraphite
which shows excellent comprehensive mechanicalgit®s, such as strength and toughness, when cethpar
other ductile irons [1-2] ADI has been used in agtlons as diverse as gears, crankshafts and mdomwheels.
ADI has other advantages such as low productiohlmesause of its good castability, excellent maaiility and
consequently longer tool life and shorter heattineat processing cycles. However, the graphite lesdun the
ADI are often the source of cracks, which decréhsemechanical properties of the product. The erfke of heat
treatment parameters on the microstructure has leetamsively studied using optical microscopy, ttat

microscopy, and X-ray diffraction.

In [3] studied the Steel with chemical composit{eveight %) i.e. 0.55-0.6 Carbon, 1.8-2.2 Silicorda
0.7-0.95 Manganese, which belong to AISI 9255 gpsteel (EN45 spring steel). This type of heattéeasteels
have high elastic limit and fatigue strength. Hetlwse steels are well suited for producing chigelaches, leaf
springs, coiled springs. The most commonly adogtedt treatment consists of austenitizing followsddi
guenching and tempering. Mandal [4] studied therosicucture of these Carbide Free Bainite (CFBElste
obtained by austempering process strongly dependdhe transformation temperature. At lower tempees,
ferrite laths are finer and their orientation ieegular. It is shown that the length of the fertaéhs are remain
almost equal with the austempering temperaturehare is increase in width. The properties likestienstrength
and hardness of bainitic steel decrease as austieigpemperature increases. On other hand as tterapering

temperature decreases, the ultimate tensile streswgdl yield strength increases but the ductilitydéxreases.

M3IIATY V

Bhadeshia, [5] Carry out an investigation on bainsteel and it is reported that when carbidesadimved to
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precipitate in the microstructure the impact touggmof bainitic steels is reduced dramatically{6lrshows the different
austempering temperature and time on mechanicpkepties of spheroidal cast iron. The specimens \wastempered at
various temperatures ranging from Z%Dto 300°C held at 10,20,30 min. Results shows there iseamedse in tensile
strength and hardness and increase in elongatiansismpering time and temperature increases) Bn[ivestigation is
carried out to examine microstructure and hardinésseel(9260) heat treated by (QP) process. Hexesamples were
austenitized at 908C in molten salt for 15 min, then quenched in toltero bath of tin bismuth at temperature range
between 156C to 210°C, and equilibrated for 120 seconds before paniitip at temperature between Z&Dto 500°C in
molten salt for the time range between 10 to 3Gfidids and lastly quenched to room temperature.obtened result
shows with QP process it is possible to achievestiestantial levels of retained austenite. Bagkdul [8] studied the
microstructure and mechanical properties suchrasléestrength and toughness of medium carbon aftel Q P process.
In this samples were austenitised at 9@0at 600 seconds followed by quenching in a modtaih bath at temperature
range between 260C to 325°C and equilibrated for time between 100 to 600 sdsofinally quenched to room
temperature. Results shows that the best combmaifoyield strength and toughness was obtained ugnching
temperature 25€. . In [9] an investigation is carried out to exaenthe characterization of microstructure and raedtal
properties of two different nano structured baingieel. In this the samples were austenitizedd@’@ for 3 minute and
then these are isothermally heat treated at 200,a2@ 300°C, held until completion of bainitic transformatiohhe
results indicate that the different nano structwechposite like microstructure composed of higtboarretained austenite
and bainitic ferrite were obtained by isothermahsformation at low temperature {200- 3@} are characterized in to

two high carbon steels.

Rivas L M et.al [10] studied the tensile responstwe nanoscale bainite composite like structuriesigh carbon
high silicon steel (Fe-0.7C-1.4Si-1.3Mn-1.0Cr-0.2B14Ni) In this the samples were austenitized & “@for 60 minute
and followed by isothermal transformation at terapae 200°C, held for 24 Hrs(HT24) & 168 Hrs (HT168). Results
shows that high ductility can be obtained by effextvork hardening, if resistance to damage arldriaimechanism is not
scarified, and the ductility of the material is polm HT 168, the above characteristics are ndtlfed and there is high
total elongation is observed due to high ductiftyusha K et.al [11] studied about the change instnecture of a steel
with a different austempering time and it was obsdrthat for the short austempering time, the nsicuzture obtained
consisting of retained austenite and ferrite anthasime increases austenite becomes more stabllagain increase in
the time results in the decomposition of retainastenite to carbide and ferrite, finally it is ndbtdhat increase time of

austempering did not cause further improvemenanaiiess and strength.

Tomita Y et.al [12] studied the impact of microstiwre on mechanical properties of isothermally bain
transformed 300M (0.4C-1.7Si-0.8Mn-0.8Cr-1.76Ni4Mb-0.08v {wt % steel}). Here the samples were angized at
900°C for one hour then goes in to isothermal transédiom in Tin lead bath at different temperatureassn 320 to 400
°C at different durations 1000 to 1800 sec. respelgti and followed by oil quenching. Results obgéaginndicate that there
is an improvement in fracture toughness and impaergy of steel of isothermally transformed stebem match with
conventional quenching and tempered steel. Navaeadk [13] carried out his investigation on ausfer The material
taken was high strength steel (EN45 spring ste@®-0.6 C, 1.5-2.0 Si, and 0.7-1.0 Mn) Here the Ham were
austenitized at 888C for 60 min. after austenitizing some of the sampkere oil quenched and tempered | the range of
400-500°C, remaining samples were austempered in salt dtatbmperature range 300-3%D held there for sufficient

duration to attain complete ausferite structuresuRe indicate that mechanical properties of auiséervere strongly
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depends on austempering temperature. The propdiltesstrength and impact toughness exceeds thatmpered

martensite in a low alloy quenched and temperesl.ste

In [14] the properties of high silicon cast stearevstudied. Here the samples were austenitiz8AGHC for 30
min then it is austempered in a salt bath at a éatpre range between 240 to 4@for 30 min and finally it is air
cooled. Results indicate that ausferite structuas &xcellent properties and it has also observatttie austempering
temperature between 320 to 3@ it is possible to achieve higher values of sjtentoughness and hardness. Putatunda S
K et.al [15]Studied the fracture toughness propeftg high carbon and high silicon steel (Fe-1CS2)an this experiment
the specimens were austenitized at 927for 120 min. followed by austempering treatmenidiferent temperature
260,288,302,385 and 39€ retained for 120 min. finally it is air cooledhd results indicates that as the austempering
temperature increases the retained austenite ¢aalenincreases and gains a highest value af@G&mhd begins starts to
decrease again. Sajjadi & Zebarjad [16] Studieth@wnal conversion of austenite to bainite strieiorHCS. Here the
samples were austenitized at 10@0for 60 min. then it is austempered at temperatamge between 250-50C hold for
different durations, finally water quenched. Resiidicate that at the temperature 250-2Z3ustenite phase convert in
to bainite in HCS.

In [17] Study has been made to know the impact usteampering temperature on the microstructure and
mechanical properties of medium carbon low allaek0.4C-2Si-1Cr-0.6Mn- 0.2Mo-0.5Cu) Here the spexis were
austenitized at 927 for 120 min. and then it is austempered at difietemperature 260,315,357,385 and %9%or 120
min. followed by air cooling. Results were indic#tat at austempering temperature of 3x6or 120 min. a higher values
yield strength and fracture toughness was achieard. also found that at austempering temperatuée480 °C it is
possible to achieve a mixed microstructure which mixture of austenite and bainitic ferrite. I8]&tudy taken to know
that the effect of retained austenite on the impagtthness of multiphase banitic — martensiticlsfBee samples were
austenitized at 908C followed by isothermal treatment for 0.5 to 48uf®to get microstructure made up of retained
autenite, bainite, and martensite. After the isotted process the specimens are bring down to rampérature. And
remaining specimens of this process were againéesdpat 400C for 1 hour and again bring down to room tempeeatu
Results shows that better mechanical propertidsgeilfrom the specimens those who were isotheyntedht treated and
tempered compared to only heat treated specimef9]l Study has been made to know the impact ofeaysering
temperature on microstructure and mechanical ptiggeof high carbon, high silicon, high manganek8:2) cast steel.
Here the heat treated conditions were termed asttesament conditions 1 2 3 4. All the samplesenaustenitized at
1010°C for 2 hours followed by austempering. The hezdtment condition on 1, the samples was austemp28i8°C
for 6 hour. For condition 2 & 3, they were austenggeat 316C & 343°C for 6 hours and condition 4 were austempered
at 371°C for 6 hours. Results were indicate that aftefiediint austempered heat treatment mechanical giepéke yield
and tensile strength of the material increases inithease in austempering temperature and as gustEn temperature

increases. ductility of the specimen decreases.

S SNayak et.al [20] in this Quenching and Partitign(Q & P) process is examined to evaluate theosteucture
and alteration in hardness in a high and mediurharasteel made up of different amount of chromiamnganese and
silicon. Results indicates that in high and meditarbon silicon steel regardless of quenching teaipe, lath class of
martensite was seen and also found that the hadne&igh carbon steel decreases with increaseaititipning

temperature. In [21] investigation carried out oicnostructure development in QP process for lovbearsteel. Results
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were indicates that stabilization of austenite Wdlattained in this material automatically in &stime as compared to the
bainitic isothermal holding. Palaksha et.al [22]ds¢d the dry sliding wear behavior of AISI 9255thisilicon steel
austempered under varying temperature and timihnigrtest the samples were austenitized at°@for 30 min. and then
austempered in a salt bath which is at a temperatu800, 350,400C for time betweenl1-4 hours. The samples were then
bring down to room temperature in a open air. Tlherostructure analysis has been made with helgpti€al microscopy,
SEM, XRD. The results were indicate that specifeaawrate decreases with increase in time and iseseaith increase in

temperature.

Sandvik et.al [23] shows that it is possible toaidtsteel with a bainitic microstructure which doest have
carbides by austempering heat treatment of Si-atissteel and it is also shows that the mechanicglgpties of this steel
were depending on grain size, austenite volumeifra@and austenite morphology. In [24] the investign carried out on
the erosion resistance of two different high siicsteels austempered at two different holding tinfé®e results were
indicate that a fully CBF microstructure has goedistance to erosive wear. Ping et.al [25] madepeoison on the
sliding wear performance of austempered cast iribim ligh silicon steels. Results were indicates thare is no outcome
of graphite on friction and also observed that ighhsilicon steel there is a surface weakening eausy nodules as
compared to the austempered steel. Claytan e6algfidy made on the microstructure of bainiticebtend found that
increase rate of CFB will be helpful for rollingfihg wear. In [27] the investigation has been iegrout on the outcome
of austempering temperature on the sliding weaopaance of CFB steels. The results were indidaad the lowest wear
rate was obtained by austempering heat treatmentipalied. Bhadesia et.al [28] shows that the ntr@chbhproperties of
CFB steel will be better under the absence of daband the presence of austenite will be helsful imcrease plasticity
and toughness. In [29] Investigation has beenermwut on comparison of rolling/sliding wear resigte of various high
silicon austempered steels and begin that the widielaimost fully CFB microstructure gave an extedy low wear rate
and also found that the retained austenite in timeact surface will transform to martensite duriegting. Vuorinen et.al
[30] studied the wear properties of CFB comparetth wie other quenched and tempered steel. In xipisrament the wear
behavior of Si-alloyed austempered steel was exanin correlation with hardened, quenched and teedbsteel. The

results indicates that the specific wear rate GiB steel were 2-3 times higher than that ohtirelened steel.

Yang et.al [31] Investigated microstructure and naexcal properties of high carbon silicon-alumintioh steel
by low temperature austempering. Here the specimens austenitized then these are isothermallyebeat 220 — 260
°C.for 0.5 to 4 hours. Results were indicate thatoséructured bainitic microstructure and bettertomix of mechanical
properties were accomplished. In [32] studied thpdct of austempering temperature on mechanicaiivaad properties
of ADI. Here samples were austenitized at 8Gor 30 min. then it is austempered for 30 minmialten salt bathat four
varying temperatures 300,320,340, and 3B0Results indicate that hardness and strengtledses where as ductility and
impact strength improved with increase in austeingeiemperature. O Eric et.al [33] studied the iotpE austempering
on the microstructure and toughness of nodular oast The samples were austenitized at 860 followed by
austempering for different times at 320 and 40&nd then quenched in ice water. Results indidhtsaustempering at
320°C produces microstructure consisting of a mixturaacular banitic ferrite and the stable carboriched austenite.
P Shanmugam et.al [34] studied rotating bendinigdattest which is conducted on austempered duotiieconsists of
1.5 wt% nickel and 0.3 wt% molybdenum. Samples veergtenitized at 900 or 105G followed by austempering at 280
400°C for various time durations to get various microsture. The results were indicate that the terssilength decreases

with increase in retained austenite contain arigdatstrength increases.
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In [35] the investigation has been made on the @nhpd austempering time on the mechanical propemie
ductile cast iron. The samples were austenitiz&268fC and socked for 60 min. in rubber seed oil at Z5@llowed by
austempering for various time slots of 1,2,3,4,6reoThe results were indicates that there is apefliing increase in the
tensile strength and impact energy as well as irgnent in hardness. M Kaczorowski et.al [36] Stdd#&ructure
property relationship of ADI. In this 500 7 gradectle iron goes under austempering with variouatheeatment
specifications. The samples were initially dippedsblution for60 min. in 916C and then isothermally quenched for
various time in bath of silicon oil which is at tparature of 275,325,300 and 860 Results shows that minimum
temperature isothermal quenching produces higmgtineADI compared to similar ADI but austempered0 °C and
also found that low yield strength ADI obtained &vort time quenching at 27& shows maximum tensile strength. In
[37] an investigation has been carried out on et kreatment specifications on the microstructung impact energy as a
measure of toughness of ADI. The samples were roattee composition of 3.2 % C, 2.5% Si, 1.09% N8 @6 Cu, 0.5%
Mo, and 0.16% Mn. All the samples were austenitiae800°C for 1 hour, followed by austempering at 250,360,3and
400°C for different time slots. The results shows thighest impact energy (105 J) for the samples aitigted at 900°C

and austempered at 3%0 for 2.5 hours.

In[38]comparison of Traditional austempering (TApdatwo step austempering (SA) heat treatments for
microstructure and mechanical properties of nodedat iron has been made. In this test both metiveds done at 90t
of a austenitic temperature for 60 min. For twgsdeistempering method the second step started0atC2ér 10 min.
increased gradually at 280,310, and 3@0for 60 min. Results shows that in two step aupting method there is a
compelling increase in the mechanical propertiesasfular cast iron as compared to single step ayseng. In [39] an
investigation has made on the choice of heat treatrepecifications to get ADI with appropriate impatrength. In this
samples were austenitized at 830 — 8G@or 1 hour. then austempered at the range of 20M°C for 16, 32 and 64 min.
Results shows that the impact energy of ADI wifeafed by austenitizing temperature and austemmamglitions. In [40]
the investigation has been made on the charadienzand mechanical behavior of low manganese Algre specimens
were initially heated at 35 for 60 min. and austenitized at 98D for 60 min. in salt bath furnace. The three gsoap
specimens were quickly austempered in the austéngpealt bath furnaceat uniform austempering teatpee of 300,
350 and 400C for 90, 120 and 150 min respectively. The ressittsws that highest hardness, tensile and yiedhgth
were obtained at austempering temperature of’858& 150 min. it was also observed that at tempege800°C and 350

°C, hardness and strength increases with austengpérie.

TheinTun et.al [41] an investigation is made to Wwnithe impact of austenitizing temperature and angtéeng
time on the microstructure and mechanical properifeADI. The samples were austenitized at 850, &0 950°C for
1.5 hour followed by austempering at 38Din the time interval of 0.5 to 2 hours. Resulisewss admirable consolidation
of high tensile strength with good ductility andigtiness. Je Young et.al [42] an investigation iderta know the impact
of microstructure and mechanical properties of emgering high carbon (0.9%C), high silicon(2.3%&i¥t steel. Here
the samples were austenitized at 80Gor 60 min. then these are austempered at 2@0),88% 38F°C for the time range
between 30 to 240 min. Results indicates high ailibigh carbon cast steel without graphite and wmithher tensile
strength (1300 Mpa to 2200 Mpa) and elongation (R&%compared to ADI In [43] comparison has beederzetween
one step and two step heat treatment process aostriecture and mechanical properties of ADI. Hiereone step the
specimens were austenitized at 900for 1.5 hour and cooled in a salt bath at a teatpee of 300°C for 30 min. and for

two step the specimens were cooled from 8@Qo 245°C, kept at this temperature for 5 min. in salt baftien again
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heated in another salt bath at a temperature®@0for 30 min. The results indicate that for twopsf@ocess hardness
increased by 4.7 % and impact resistance decrdgsd$% and it is also observed that micro hardioésaisferite was

6.2% higher in one step austempering as comparsebtstep.

In [44] study has been to know the impact of auptening time on the mechanical properties of a loanganese
ADI. In this samples were austempered in the ug@&r°’C and lower 260C bainitic temperature ranges for various time
durations between 30 to 240 min. Results shows tdradile and yield strength of material increaséh wcrease in
austempering time in lower bainitic temperaturegegrwhere as in upper bainitic range time has mmortant impact on
mechanical properties. Abhishek Sharma et.al [45died the effect copper along with austemperingatsées on the
microstructure and mechanical properties of ADIsiREs indicates that ADI with copper shows highteersgth, hardness
and lower elongation as compared to the ADI withoopper. Mantesh C Choukimath et.al [46] Study ¢ffect of
austempering process on the machinability of tdel df ADI. The specimens were austempering at ZZ1, 360°C.
Results indicates that machinability index increasdth increase in austempering temperature ara falsnd that as

austempering temperature increases tool wear riésedses.

In [47] an investigation is made to know the impode of austempering temperature and time on trex we
characteristics of ADI. In this the specimens waustenitized at 90%C followed by austempering for 60 and 120 min. at
various temperature 235,260, 285, and 310Results indicates that as the austempering textyse increases abrasion
resistance also increases. SasanYazdani et.alsfd@} the impact of austempering temperature oh bigcle fatigue
action of an ADI. Here the samples were austenitene875°C followed by austempering at 320,365 and 200n a salt
bath furnace. Rotating bending tests were condumteldresults indicates that fatigue life for spesinmcreases by 10,20
and 24% as the austempered temperature increag20I865 and 408C respectively. In [49] an investigation is made to
study the effect of austempering time on mechamcaperties of ADI. In this the specimens were enisized at 900
°Cfor 100 min. followed by austempering at 3@ Results shows that when austempering time isesefiom 45 to 180

min. there is no further improvement in strengtd Aardness but there is an increase in ductilid/\aear resistance..

The above paper takes the reference of many nuwibpublications from reputed journals to inculcabe

improvement in properties of ADI as compared taeotinaterials.
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