
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Effect of Austempering Holding Time Variations of
30, 60, and 90 Minutes at 300 °C on The
Microstructure and Toughness of Nodular Cast
Iron
To cite this article: A S Darmawan et al 2024 J. Phys.: Conf. Ser. 2739 012029

 

View the article online for updates and enhancements.

You may also like
The effects of strain amplitude and low
cycle fatigue (LCF) behavior on nodular
cast iron with two-step austempering
(TSA) process
Andoko Andoko

-

The effect of first step holding time of low
high austempering heat treatment to the
mechanical properties of Austempered
Ductile Iron (ADI)
B Bandanadjaja, D Idamayanti, N
Widarmansyah et al.

-

Comparison of machinability of
manganese alloyed austempered ductile
iron produced using conventional and two
step austempering processes
Ananda Hegde and Sathyashankara
Sharma

-

This content was downloaded from IP address 180.242.197.141 on 04/05/2024 at 03:53

https://doi.org/10.1088/1742-6596/2739/1/012029
https://iopscience.iop.org/article/10.1088/2053-1591/ab32be
https://iopscience.iop.org/article/10.1088/2053-1591/ab32be
https://iopscience.iop.org/article/10.1088/2053-1591/ab32be
https://iopscience.iop.org/article/10.1088/2053-1591/ab32be
https://iopscience.iop.org/article/10.1088/1757-899X/541/1/012023
https://iopscience.iop.org/article/10.1088/1757-899X/541/1/012023
https://iopscience.iop.org/article/10.1088/1757-899X/541/1/012023
https://iopscience.iop.org/article/10.1088/1757-899X/541/1/012023
https://iopscience.iop.org/article/10.1088/2053-1591/aac254
https://iopscience.iop.org/article/10.1088/2053-1591/aac254
https://iopscience.iop.org/article/10.1088/2053-1591/aac254
https://iopscience.iop.org/article/10.1088/2053-1591/aac254
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjst2QeD6nP4LmkXyqr8L015AlLmgMFMqL_fDwE4xiFSb1qNhrrItWlpc0SMH-yLUzD6A-vi1Ly0EglckInE8ro21BwTx-yZ-DgbMck-QI-utaBOyBvsZUmnb5TPOystfLqkthMUVx53N-V9zFnWhHQ87rpEZE_swL-yIKP5TY93d1xaIxIrsIPrgsrEJwxKs31-BTJpqmhkOCPxijNzmneSSRxVuVlbXaB4nVk2zd9-aN13b4yMowi4vgMmRFtUpM9XLia9EoAvKVM4DC3VoyQOQfpUsojenEsmUYI0XCy4WrYisVR1TJ5sL6T5OnRbBFyiSdSYdjemz6Skv3vkGTG6pNvivaw&sig=Cg0ArKJSzIUSPKVPTuQl&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ISAIME-2022
Journal of Physics: Conference Series 2739 (2024) 012029

IOP Publishing
doi:10.1088/1742-6596/2739/1/012029

1

 

 

 

 

 

 

Effect of Austempering Holding Time Variations of 30, 60, 

and 90 Minutes at 300 oC on The Microstructure and 

Toughness of Nodular Cast Iron 

A S Darmawan1*, A D Anggono1, A Yulianto1, B W Febriantoko1, and A Hamid2  

1Department of Mechanical Engineering, Faculty of Engineering, Universitas 

Muhammadiyah Surakarta, Jl. Ahmad Yani, Tromol Pos 1 Pabelan, Surakarta 57162, 

Indonesia 

2Technology Education Department, Faculty of Technical and Vocational Education, 

Universiti Tun Hussein Onn Malaysia, Johor Darul Ta’zim, Malaysia 

* Agung.Darmawan@ums.ac.id 

Abstract. The phases of the nodular cast iron matrix are similar to those of steel. Therefore, heat 

treatment of steel can be applied to nodular cast iron. A potential heat treatment for nodular cast 

iron is austempering. This study aimed to determine the effect of austempering holding time at 

300 oC on the microstructure and toughness of nodular cast iron. The austempering process 

begins with austenitizing at a temperature of 850 oC for 60 minutes, then the quenching process 

is carried out in a salt bath until a temperature of 300 oC is held with variations of 30, 60, and 90 

minutes, then cooled to room temperature. Metallographic testing was conducted to determine 

the phase change before and after the austempering process using a Scanning Electron 

Microscope (SEM). Meanwhile, impact testing was carried out to determine changes in 

toughness before and after the austempering process. At a holding time of 30 minutes, 

metallographic testing on the raw material produced a gray coarse pearlite phase, black nodular 

graphite surrounded by white ferrite. After the austempering process, gray fine pearlite and black 

nodular graphite appeared. At the holding time of 60 and 90 minutes, the graphite sizes were 

bigger. Austempering withholding times of 30, 60, and 90 minutes resulted in impact energy of 

4.2, 10, and 11 Joule. From the results of the study, it was concluded that an increase in holding 

time would increase the size of the graphite and the toughness of nodular cast iron.  

Keywords: Austempering, Nodular Cast Iron, Toughness 

1.  Introduction  

In industrial applications, nodular cast iron material is a suitable material to be applied in the 

manufacture of various products. Nodular cast iron has the ability to be easily formed [1-6]. Nodular 

cast iron is a type of cast iron that contains graphite in the form of nodules. Nodules in nodular cast iron 

provide higher toughness, strength, fatigue resistance, stiffness, and vibration resistance than gray cast 

iron which contains graphite in the form of flakes. The excellent properties of nodular cast iron are due 

to its microstructure consisting of nodular graphite surrounded by ferrite and pearlite [7-13]. 

However, the toughness of nodular cast iron can still be improved by modifying the microstructure. 

The microstructure can be changed by adding alloying elements or by heat treatment [14-16]. One of 

the most common heat treatments applied to increase the toughness of nodular cast iron is austempering. 
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Austempering heat treatment leads to the formation of an ausferrite matrix and the resulting iron is called 

Austempered Ductile Iron [17-21]. 

The austempering process of cast iron alloys involves two steps. The first is austenitization, in which 

the ferrous alloy is heated to a certain temperature in the austenitizing range and maintained for some 

time to form an austenitic matrix (γ). The second is rapid cooling from the austenitizing temperature to 

a temperature range of 250 oC - 400 oC, which is maintained for some time until the austempering 

reaction is complete [22-24]. 

The strength of Austempered Ductile Iron depends on the structure of the ausferrite matrix, which 

depends on the austempering temperature. Increasing the strength of Austempered Ductile Iron by the 

austempering process reflects a decrease in the thickness of the component, thereby reducing its weight 

of the component. The ausferrite matrix with high strength and good toughness makes Austempered 

Ductile Iron more wear-resistant than other materials [25-29]. 

Toughness is an important mechanical property [30, 31]. Toughness is a material's ability to absorb 

energy and undergo plastic deformation without fracture. The purpose of this study is to investigate how 

austempering holding time variations of 30, 60, and 90 minutes at 300 oC affect the microstructure and 

toughness of nodular cast iron. 

2.  Materials and Methods 

The material used in this research was nodular cast iron. The composition of this nodular cast iron 

can be seen in Table 1. 

Table 1. Nodular cast iron composition 

Element Weight % 

C  3.4876  

Si  2.6449  

S  0.0105  

P  0.0163  

Mn  0.5748  

Mg  0.0351  

Ni  0.0117  

Cr  0.0896  

Mo  0.0026  

Cu  1.1144  

W  0.0034  

Ti  0.0356  

Sn  0.0088  

Al  0.0130  

Nb  0.0011  

V  0.0048  

Co  0.0034  

Pb  0.0004  

Ca  0.0344  

Zn  0.0018  

Fe  91.95  

 

The medium used for the quenching process in austempering was Bath Salt. Bath Salt consists of a 

mixture of Sodium Nitrite (NaNO2), Potassium Nitrate (KNO3), and Sodium Nitrate (NaNO3) in a ratio 

of 0.2: 0.3: 0.5 with a total weight of 300 g and added with 500 ml of water. 
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Prior to the austempering process, the raw material was first tested metallographically by Scanning 

Electron Microscopy (SEM) and tested for impact by the Charpy method based on ASTM E23 Standard. 

The heat treatment process was carried out by heating the specimen at 850 oC with a holding time of 60 

minutes for the austenitization process. Then the temperature was lowered rapidly by quenching method 

with bath salt media until the temperature becomes 300 oC. The holding time of austempering varied 

from 30 minutes, 60 minutes, and 90 minutes. After that, it was cooled at room temperature in free air. 

After the cold specimens were subjected to metallographic tests with Scanning Electron Microscopy 

(SEM), and Impact tests. 

3.  Results And Discussions 

Figure 1a shows the microstructure of the raw material of nodular cast iron. The visible 

microstructure consists of a black spherical graphite phase surrounded by a white ferrite phase. Pearlite 

is seen as an alternating light and dark lamellar phase [32, 33]. 

  
(a) (b) 

  
(c) (d) 

Figure 1. Microstructure of nodular cast iron metallographic test results with SEM (a) raw material (b) 

austempering holding time 30 minutes (c) austempering holding time 60 minutes (d) austempering 

holding time 90 minutes. 

Figure 1b shows only the graphite and pearlite phases. There is no visible ferrite phase in the figure. 

This ferrite phase combines with free carbon to form the cementite phase. The cementite phase mixes 

with the ferrite phase to form the perlite phase. Figures 1c and 1d show that the graphite size increases 

with the longer austempering holding time. This means that the pearlite matrix size will decrease. 

The effect of the austempering holding time is shown in Figure 2. The impact energy on the raw 

material is 5.1 joules. The austempering holding time of 30 minutes resulted in a decrease in impact 
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energy by 17.6% to 4.2 Joules. The presence of more cementite phase results in an increase in the 

brittleness of the material which reduces the impact energy [34]. This means lowering the toughness of 

nodular cast iron. The austempering holding time of 60 minutes resulted in an increase in impact energy 

to 10 Joules. An increase in austempering holding time results in an increase in ferrite size and a decrease 

in pearlite so that the toughness becomes higher. The same trend is seen when the austempering holding 

time is increased to 90 minutes. 

 

 

Figure 2. Effect of austempering holding time on impact energy. 

 

 

Figure 3. Fracture surface morphology of nodular cast iron due to impact testing (a) raw material (b) 

austempering holding time 30 minutes (c) austempering holding time 60 minutes (d) austempering 

holding time 90 minutes. 

 

Figure 3 shows the fracture surface morphology of nodular cast iron due to impact testing. The 

fractured surface of the raw material (see Figure 3a) shows a mixture of flat and shiny surfaces and 

gloomy and fibrous surfaces. This indicates a mixed type of fracture between ductile fracture and brittle 

fracture. A flat and shiny fracture surface was seen in almost all surfaces of nodular cast iron which was 

austempered with a holding time of 30 minutes (see Figure 3b). The fracture surface of austempered 

nodular cast iron with a holding time of 60 minutes (see Figure 3c) showed a flat and glossy surface as 

well as a gloomy and fibrous surface, an increase in the area of gloomy and fibrous cast iron compared 
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to the raw material and austempered nodular cast iron with a holding time of 30 minutes. Figure 3d 

shows the fracture surface of austempered nodular cast iron with a holding time of 90 minutes. It can be 

seen that there are more gloomy and fibrous areas than in other specimens. This indicates that longer 

austempering holding time will increase the toughness of nodular cast iron [35]. 

4.  Conclusion 

From the results and discussions, it can be concluded that the austempering process will make the 

ferrite phase combine with carbon to form cementite and thus more pearlite. The increase in 

austempering holding time will cause the ferrite to increase and the pearlite to decrease. As a result, an 

increase in austempering holding time will result in an increase in the toughness of nodular cast iron. 
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