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Abstract 

In this study, a simple method for assessing the microstructure of ductile cast iron by using a freeware digital image 
processing software is described. The method is applied to three different ductile iron grades to assess their ferrite, pearlite 
and graphite volume fractions as well as graphite nodularity, nodule count, nodule size. All specimens were found to show 
good nodularity (~ 88 % by area) with different graphite average size and perimeter morphology. The amount of graphite 
was also found to be similar (11±2 % by area) in all specimens. On the other hand, ferrite percentages were found as 85.8, 
57.1, and 52.5 % respectively for ASTM A536 grades 60-40-18, 65-45-12, and 80-55-06. It was also found that among these 
three grades, the higher the pearlite content, the higher the hardness. The agreement with the standards confirms that 
quantitative metallography through image processing is a powerful tool in order to estimate the mechanical properties of 
cast irons. 
Keywords: Spheroidal Graphite Cast Iron, Image Processing, ImageJ 

KÜRESEL GRAFİTLİ DÖKME DEMİRLERDE FAZLARIN HACİM ORANI, 
NODÜLARİTE VE NODÜL SAYISININ IMAGEJ YAZILIM PROGRAMI 

KULLANILARAK DEĞERLENDİRİLMESİ 

Özet 

Bu çalışmada, küresel grafitli dökme demirlerin mikro yapılarını nicel olarak tanımlamak için ücretsiz dijital görüntü 
işleme yazılımının kullanıldığı basit bir yöntem açıklanmıştır. Yöntem üç farklı küresel grafitli dökme demir türüne 
uygulanarak, bunların içyapılarındaki ferrit, perlit ve grafit faz oranları, grafit nodülerliği, nodül sayısı, nodül büyüklüğünü 
değerlendirilmiştir. Örneklerin iyi derecede nodülerlik (alana göre ~ % 88) gösterdiği, farklı grafit ortalama büyüklüğüne 
ve çevre morfolojisine sahip oldukları bulunmuştur. Tüm örneklerde grafit miktarının da benzer olduğu (alana göre % 11 
± 2) bulunmuştur. Öte yandan, ASTM A536 sınıfları 60-40-18, 65-45-12 ve 80-55-06 için ferrit yüzdeleri sırasıyla % 85.8, 
57.1 ve% 52.5 olarak hesaplanmıştır. Ayrıca, bu üç sınıf arasında, perlit içeriği arttıkça sertliğin arttığı gösterilmiştir. 
Sonuçların standartlar ile uyumlu olması, görüntü işleme yoluyla kantitatif metalografinin dökme demirlerin mekanik 
özelliklerini tahmin etmek için güçlü bir araç olduğunu göstermiştir. 
Anahtar Kelimeler: Küresel Grafitli Dökme Demir, Görüntü İşleme, ImageJ 
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1.  Introduction 

Ductile iron refers to a particular class of cast iron with 
spheroidal (or nodular) graphites in a ferritic/pearlitic 
matrix phase. This particular graphite shape, which is 
achieved by inoculating small amounts of magnesium 
and/or cerium, delivers the material standard 
advantages of gray cast iron (low melting point, good 
fluidity and castability, excellent machinability, and good 
wear resistance) with the engineering advantages of 
steel (high strength, toughness, ductility, hot workability 
and hardenability) [1]. Different grades of ductile iron 
can be produced by controlling the constituents of the 
matrix phases through the addition of other alloying 
elements [2, 3] and heat treatments [4]. The high ductility 
grades require a maximum of ferrite and a minimum of 
pearlite, whereas high strength grades require 
considerable pearlite [5]. In other words, the ductile iron 
could meet the desired mechanical properties only if the 
ferrite/pearlite ratio, the nodularity and the quantity of 
the graphite particles are proper and adequate. 
Therefore, quantitative analysis of the microstructure of 
ductile iron is of practical importance.  

 

Image acquisition, digital processing, segmentation 
(threshold operations), mathematical morphological 
operations and measurements comprise the essential 
steps of quantitative analysis through image processing 
of digital micrographs. The easiest method for image 
segmentation (locating image boundaries to isolate 
objects) is thresholding. The output of thresholding is a 
binary image with black pixels (i.e. pixel value = 0) 
belonging to a target feature in the white background 
(pixel value = 1) [6]. 

 

Examples of digital image processing techniques applied 
to cast irons using several different software are 
available in the literature [7-12]. Furthermore, many 
metallography laboratory equipment vendors like 
Olympus [13] and Nikon Instruments [14, 15] provide 
software modules for quantitative analysis of cast irons. 
ImageJ [16, 17] on the other hand, provides a free 
alternative for digital image processing.  

 

The current work aims to describe a similar method 
performed on three different ductile iron grades using 
ImageJ [16, 17]. The nodularity of the graphites was 
evaluated in accordance with the ASTM E2567 standard 
[18] and their ferrite, pearlite and graphite volume 
fractions were determined. The related literature 
generally deal with the computation of nodularity only, 
and to best of our knowledge there exists no manuscript 
that computes both nodularity and phase fractions of the 
specified castings in comparison. 

2.  Material and Method 

The cast iron grades used in this contribution were ASTM 
A536 grades 60-40-18, 65-45-12, and 80-55-06 (the 

grade sequentially indicates the tensile strength (Ksi), 
yield strength (Ksi), and percent elongation at failure) 
with a fully ferritic and ferritic/pearlitic matrices. 

 

Preparation of metallographic specimens and evaluation 
of microstructures were performed according to ASTM 
standards [18, 19]. Ductile cast iron samples were 
encapsulated in a round bakelite (Metkon-Phenolic resin 
powder) mount with a diameter of 40 mm. The 
specimens were mechanically ground with 180 to 1200 
grit SiC paper then polished with 1µm monocrystalline 
diamond suspension to mirror finish (Metkon Forcipol 
1V Grinder-Polisher). Finally, the samples were etched 
with Nital reagent (2–4 mL nitric acid (HNO3) and 96–98 
mL ethanol). After the metallographic treatments, 
specimens were cleaned in an ultrasonic bath using 
ethanol for 10 min. and then dried. Micrographs of the 
specimens before and after etching were captured by 
using Nikon ECLIPSE LV150N. Microhardness 
measurements were taken by using Metkon DUROLINE-
M. SEM analyses were performed by FEI / Quanta 450 
FEG scanning electron microscope. 

 

The flowchart for computing the nodularity, nodule 
count and volume fractions of the phases using the image 
processing is given in Figure 1. For nodularity 
calculations, micrographs of polished surfaces were 
opened in ImageJ and converted to an 8-bit color by 
clicking Image/Type/8–bit tab. The micrographs were 
then scaled by drawing a straight line along the length of 
the scale bar using the line tool and entering the bar 
length as known distance in Analyze/Set Scale tab. 
Graphitic particles were distinguished using 
Image/Adjust/Threshold tab and using the eraser tool 
graphite particles that stuck together were deleted. 
Under Analyze/Set Measurements tab area, area fraction 
and Feret’s diameter options were selected and using 
Analyze/Analyze Particles tab measurements were 
taken. The micrographs of the same surfaces after 
etching were used to distinguish dark regions composed 
of graphite and pearlite from the white ferrite 
background. This information was used to determine the 
volume fractions of the phases. 
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Figure 1. Flowcharts for computing a) nodularity ratings 

and b) volume fractions of the phases. 

 

2. Results and Discussion 

Micrographs of the specimens before and after etching 
are presented in Figure 2. These digital images are 
converted to 8-bit and segmented through thresholding 
as shown in Figure 3. From the as polished condition, the 
shape of graphite particles was evaluated using the area 
of “reference circle” which is calculated by the “maximum 
ferret diameter (MFD)”. This parameter can be defined as 
the maximum distance between pairs of parallel tangents 
to the projected outline of the particle. The shape factor 
(SF) of graphite particles was then defined as the ratio of 
the area of graphite particles over the area of the 
reference circle [18]. For a perfect circle, the SF is 1, and 
it approaches zero when the particle shape becomes less 
round. A particle is considered as graphite if its MFD is at 
least 10 μm (size criteria). A graphite particle is qualified 
as “spheroidal graphite (nodular graphite) when its SF is 
at least 0.6 (SF criteria). Overall SF distributions of three 
different grades are given in Figure 4. 

 

 
Figure 2. Optical micrographs of the samples in as-

polished and etched conditions taken at 50x 
magnification.  

For all specimens, the highest fraction of graphite 
particles have an SF of ~ 0.8. The 65-45-12 specimen has 
more fraction of graphite particles with SF less than 0.6 
(non-nodular particles).  
 
The area and number fractions of the particles that 
satisfy the size and SF criterion is calculated and given in 
Figure 5a. This figure shows that all the specimens have 
similar nodularity by area value of ~ 88 %. Although the 
65-45-12 sample has the highest total nodular graphite 
area, the number of nodular graphite particles is smaller 
than that of other specimens, which suggests that the 65-
45-12 sample contains bigger graphite particles. This is 
best illustrated in Figure 5b and supported by the SEM 
micrographs given in Figure 6.  
 
The SEM micrographs given show that the perimeter 
morphology of graphites is different in each sample. 
Especially, 65-45-12 sample composed of imperfect 
graphite spherulites with separated sectors. Advanced 
segmentation methods like active contour method [20] 
and shape factors that are sensitive to surface 
irregularities [21] can be utilized in order to quantify the 
effect of perimeter morphology. 
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Figure 3. Optical micrographs of 80-55-06 sample 

converted to 8-bits and segmented in a, c) as polished 
and b, d) etched conditions.  

Figure 7a compares graphite, pearlite and ferrite 
percentages in all samples. 60-40-18 has a ferritic 
structure with 85.83 % ferrite where the other two 
specimens have ferritic + pearlitic structures. These 
fractions are calculated using the micrographs before 
and after etching as described in the methods section. 
First, the area of graphite, and then the area of graphite 

plus pearlite phases are determined together. 
Subtracting the latter from the total area, the area of 
ferrite and subtracting the area of graphite particles from 
the latter, the area of pearlite is determined. 80-55-06 
specimen has the highest pearlite content (38.4 %).  
 

 

 
 
Figure 4. The shape factor distributions of the graphite 

particles in each sample.

 
 

Figure 5. a) calculated percent nodularity values by area and by number, b) calculated average particle sizes. 
 

In order to assess the effect of volume fractions of the 
phases to mechanical properties, Vickers hardness was 
measured on the surfaces of the specimens with 4.913 N 
load. Six points near graphite, ferrite, and pearlite were 
sampled. According to the results given in Table 1, the 
hardness of the specimens are 138.46, 184.21 and 220.20 
HV respectively for ASTM A536 grades 60-40-18, 65-45-
12, and 80-55-06. 
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Figure 6. Scanning electron micrographs of the etched 
specimens taken at a) 1500x and b) higher 

magnifications. In the SEM micrographs, the 
microstructural features are indicated as graphite (g), 

ferrite (f) and pearlite (p). 
 
In Figure 7 the hardness values are plotted in connection 
with volume fractions of the phases. It is observed that 
the sample with the highest pearlite content (80-55-06) 

has the highest hardness value of  220.20 HV. All 
measured hardness values are within the intervals as 
prescribed by the ASTM standard and a summary of 
measured and calculated data is given in Table 2.  
 
Table 1. Measured hardness values for each sample. The 
diagonals d1, d2 are in μm and six points near graphite, 

ferrite, and pearlite were sampled. 
 

 
 

Table 2. Calculated nodularity, graphite quantity per 
mm2, volume fractions of the phases of graphite, 

pearlite, ferrite and measured and expected hardness 
values for each sample. 

 

 
 

 
Figure 7. a) calculated graphite, pearlite and ferrite percentages, and b) measured hardness values in  

Vickers scale (HV). 
 

3. Conclusion 

In this study, a method for quantitatively describing the 
microstructure of ductile cast irons, which may easily be 
adapted to foundry quality control practice to inhibit low 
nodularity ratings and to ensure proper volume fractions 
of the phases for high strength or high ductility without 
any cost, is described. All specimens were found to show 

good nodularity (~ 88 % by area) with similar amounts 
(11±2 % by area). On the other hand, ferrite percentages 
were found as 85.8, 57.1, and 52.5 % respectively for 
ASTM A536 grades 60-40-18, 65-45-12, and 80-55-06. 
Among these 80-55-06 found to show a higher hardness 
value of 220.2 HV due to its higher pearlite content. The 
present work confirms that quantitative metallography 
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through image processing is a powerful tool in order to 
estimate the mechanical properties of cast irons.  
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