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Abstract - The decarburization of steel and gray cast iron is studied under various temperatures and comparison between 
them is done by means of carrying out optical microscopy tests and chemical composition test in order to establish a 
database of the above mentioned two materials. Furthermore, this allowed the comparison of such values to experimentally 
measure depth of decarburization. Two analytical methods were used; a Fourier analysis and an error-function based solution 
to Fick’s second law for diffusion. The analysis revealed that the predicted depth of decarburization for both the alloys. 
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INTRODUCTION 
 
Decarburization is a well-known kinetic process 
involving the loss of near-surface carbon from iron 
during exposure in air at elevated temperatures. 
Because of its detrimental effects on the mechanical 
properties, corrosion resistance and wear resistance of 
steel, it is desirable to gain knowledge of the response 
of a particular alloy to a decarburizing environment 
and temperature[1]. The aim of the present study is to 
develop such database for grey cast iron and En8 
material by making comparison between the 
decarburization responses of these two types of 
materials in a heat treatment furnace environment. 
The primary difference between these two types of 
materials is the presence of carbon content and 
harness nature. Therefore, the samples of grey cast 
iron and En8 material were bought in the form of bar. 
The samples were cut in to the four equal parts of 
sizes are, length of 5cm and the thickness of 0.6 and 
0.5 cm. The sample pieces from each metal samples 
are taken and heated at the various temperature 
depends upon the carbon content. The temperature of 
the grey cast iron is 750˚C, 800˚C and 850˚C and for 
the En8 is 8500C, 950˚C and 10000C. The materials 
are heated in the muffle furnace at the target 
temperature for two hours and cooled in the 
atmospheric air temperature. The samples were cut 
into 1 inch2 (645mm2), and the metallographic 
analysis and the hardness tests are carried out in all 
the samples and calculations were carried out to 
obtain the theoretical value for the depth of 
decarburization. 
This facilitated the comparison of such values to 
experimentally measured depth of decarburization 
[2]. Two analytical methods were used; a Fourier 
analysis and an error-function based solution to 
Fick’s second law for diffusion. The analysis revealed 
that the depth of decarburization for both the 
materials. 
Decarburization remains a persistent problem during 
high-temperature heat treatments carried out in 
industrial operations, such as forging and rolling. The 

fatigue resistance and wear rate are also adversely 
affected by decarburization. Machining operations are 
often necessary following heat treatments to remove 
weakened near-surface material from the steel [3]. 
Therefore, it is important to understand the process of 
decarburization for different types of iron-alloys 
during heat treating and hot-working operations. It is 
well known that diffusion coefficient follows an 
Arrhenius relationship, and is exponentially 
dependent upon temperature [4]. Different alloying 
compositions can also greatly affect the 
decarburization response of particular type of steel. 
Therefore, it is valuable to study not only the effect of 
temperature on depth of decarburization, but also the 
effect, that additional elements have on the 
decarburization response of a particular alloy. 
Decarburization is the process opposite to 
carburization, namely the reduction of carbon 
content. The removal of carbon, removes hard 
carbide phases, resulting in a softening of the metal, 
primarily at the surfaces which are in contact with the 
decarburizing gas [5]. 
Decarburization can be either advantageous or 
detrimental, depending on the application for which 
the metal will be used. It is thus both something that 
can be done intentionally as a step in a manufacturing 
process, or something that happens as a side effect of 
a process (such as rolling) and must be either 
prevented or later reversed (such as via a 
carburization step). 
 
Chemical reactions during decarburization [6] 
 
C + ½O2 = CO; C + O2 = CO2; C + CO2 = 2CO; 
 
C + H2O = CO + H2; 
 
C + 2H2 = CH4; C + FeO = CO + Fe; 
 
As a secondary effect 
Incidental decarburization can be detrimental to 
surface properties in products (where carbon content 
is desirable) when done during heat treatment or after 
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rolling or forging, because the material is only 
affected to a certain depth according to the 
temperature and duration of heating [7].This can be 
prevented by using an inert or reduced-pressure 
atmosphere, applying resistiveheating for a short 
duration, by limiting the time that material is under 
high heat, as is done in a walking-beam furnace, or 
through restorative carburization, which uses a 
hydrocarbon atmosphere to transfer carbon into the 
surface of the material during annealing[7]. 
 
Adverse effects of decarburization include[8]: 
 

 Reduced ductility 
 Reduced strength 
 Formation of cracks 
 Formation of a scaly surface texture 

 
When considered a defect, material testing can be 
useful to determine whether carbon loss levels are 
acceptable. If not, the steel or material will not be 
utilized for production. Carbon loss can result in 
unstable steel, which leads to reduced performance. 
This may also lead to various problems with 
machinery created from steel. In other settings where 
decarburization is deliberately performed, testing can 
be performed to identify the level of decarburization. 
The rate of decarburization is controllable. If it is not 
intended, protective coatings are beneficial to prevent 
corrosion of the steel. Another measure is to have the 
steel heated in an inert environment which lacks 
oxygen [9]. 
 
About EN8 material 
EN8 carbon steel is a common medium carbon steel 
with reasonable tensile strength over mild steel. EN8 
carbon steel is also readily machinable at any 
condition. 
EN8 steels are generally used in the as-supplied 
untreated condition. EN8 steels can be further 
surface-hardened by induction processes, producing 
components with enhanced wear resistance. EN8 
steel in its heat treated form; possess good 
homogenous metallurgical structures, giving 
consistent machining properties. 
Good heat treatment results on sections larger than 
65mm may still be achievable, but it should be noted 
that a fall-off in mechanical properties would be 
apparent approaching the center of the bar[10]. It is 
therefore recommended that larger sizes of EN8 steel 
materials are supplied in the untreated condition, and 
that any heat treatment is carried out after initial stock 
removal. This should achieve better mechanical 
properties towards the core. 
 
EN8 Carbon Steel Properties & Applications 
EN8 steel grade belongs to the standard of BS 970-
1955, which is a standard for wrought steel for 
mechanical and allied engineering purpose. In BS 970 
standards, there are some other common steel grades, 

like EN9, EN19, EN24, EN36 etc. And the most 
equivalent is grade 080M40 steel in BS 970-
1991[11]. 
 
EN8 steel material is suitable for the all general 
engineering applications requiring a higher strength 
than mild steel such as: 
 

 general-purpose axles 
 shafts, 
 gears, 
 bolts and studs. 
 spindles, 
 automotive and general engineering 

components, 
 other general engineering parts etc. 

 
EN8: unalloyed medium carbon Steel (BS 970 
080M40) has high strength levels compared to 
normal bright Mild Steel, due to thermomechanical 
rolling. EN8 is suitable for all round engineering 
purposes that may require a Steel of greater strength 
[11]. 
 
EXPERIMENTAL WORK 
 
In order to develop the decarburization database for 
En8 steel and gray cast iron, heat treatments were 
carried out on samples of grey cast iron and En8 
material at target temperatures. Tables A and B 
display the chemical composition of grey cast iron 
and En8 metal examined in this study. The cast iron 
and En8 samples (in the as received condition) were 
in the form of plates. The cast iron had a thickness of 
6.4mm, and the En8 had a thickness of 7.2mm. 
Samples are initially cut into the sizes of 50mm 
(length) and 4.5 mm (breadth). The temperatures for 
cast iron are chosen in such a way that it adheres to 
the below mentioned equation, where decarburization 
commences. 
 
Critical temperature[12], °C = 730 + 28 (%Si) -25 
(%Mn) 
 
In addition, silicon in iron decreases the carbon 
solubility in austenite and tends to dissociate iron 
carbide. Thus, the carbon content of pearlite in iron 
can be appreciably lower than in the plain carbon and 
low-alloy steels. Depending on the silicon content 
and the cooling rate, the carbon content of pearlite 
varies and can be as low as 0.50% with 2.5% Si [7]. 
 
The cast iron and En8 material samples were heat 
treated using muffle furnace at target temperature of 
750˚C, 800 0C, 850 ˚C for cast iron and the target 
temperature for En8 material is 850 0C, 950 ˚C, 1000 
0 C. After reaching the target temperature, the 
samples are soaked for two hours and subsequently 
air cooled after having taken out from the furnace. 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 7, Issue-1, Jan.-2019, http://iraj.in 

A Comparison Study on Decarburization of Grey Cast Iron and EN8 Steel 
 
3 

The above mentioned procedure is carried out for all 
the samples. 
 
After undergoing heat treatments, smaller samples 
were cut approximately 5mm from the end of treated 
metals and were molded in epoxy. After the epoxy 
curved samples were polished starting with 
1200,1000,800,600,400,360,0/1,0/2 and 0/3 grit Sic 
sandpaper, followed by a diamond powder coating 
polishing wheel, and finally a 0.3 µm alumina 
powder–coated polishing wheel. Following this steps 
the microstructure image has been for the 100X and 
200X magnifications. The microstructure and the 
decarburization patterns were analyzed using 
metallography and other mechanical test results. 
Based on the results obtained, comparisons were 
made between the decarburization patterns in all 
samples. 
 

Alloying Element Weight (%) 
Carbon 0.434 
Silicon 0.023 

Molybdenum 0.003 
Sulphur 0.023 

Manganese 0.788 
Phosphorous 0.031 

Table A.1: Chemical composition of EN8 specimen (BEFORE 
HEAT TREATMENT) 

 
Alloying element Weight (%) 

Carbon 3.83 
Manganese 0.381 

Silicon 2.34 
Sulphur 0.086 

Phosphorous 0.169 
Table A.2: Chemical composition for Grey cast iron (BEFORE 

HEAT TREATMENT) 
 

Sl.No. Trial 1 Trial 2 Trial 3 Average 
 (RHN) (RHN) ( RHN) (RHN) 

1 78 79 81 80 
Table -A.3 Rockwell Hardness values of initial En8 material, B-

scale at 100Kgf 
 

Sl.No. Trial 1 Trial 2 Trial 3 Average 
 (RHN) (RHN) (RHN) (RHN) 
1 75 74 74 74 

Table –A.4 Rockwell Hardness values of initial grey cast iron 
material, C-scale at 150Kgf 

 
ROCK WELL HARDNESS DATA RESULTS 
(for initial specimen) 
 
After undergoing the heat treatments, the samples 
were subjected to the Rockwell hardness testing of 
various scales. The Rockwell hardness for initial 
specimen, the hardness is very high. The surface of 
the specimen recorded a higher hardness due to the 
carbon presence in the surface of the metal. 

COMPRESSION TEST FOR GREY CAST 
IRON: (For initial specimen) 
 
HORIZONTAL TRANSVERSE TEST Maximum 
load withstand by this sample specimen Piece during 
Horizontal compression is 106 KN 

 

 
Fig-B.1 Compression Tested sample 

 
VERTICAL LONGITUDINAL TEST 
 
The maximum load withstand by the sample during 
vertical compression is 36 KN. 

 

 
Fig-B.2 Compression Tested sample 

 
MICROSCOPIC OBSERVATIONS FOR THE 
INITIAL SPECIMEN: 
 

 
Fig-B.3 GREY CAST IRON at 100X 
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Fig-B.4 GREY CAST IRON at 200X 

 
Fig-B.5 EN8 material at 100X 

 
Fig-B.6 EN8 material at 200X 

 
CHEMICAL COMPOSITION OF HEAT 
TREATED SPECIMEN: 
 

Alloying Element Weight (%) 
Carbon 3.83 

Manganese 0.352 
Silicon 2.30 
Sulphur 0.082 

Phosphorous 0.154 
Table-A.5 For heat treated cast iron at 750˚C 

 
Alloying Element Weight (%) 

Carbon 3.23 
Manganese 0.385 

Silicon 2.14 
Sulphur 0.115 

Phosphorous 0.140 
Table-A.6 For heat treated cast iron at 800 ˚C 

Alloying Element Weight (%) 
Carbon 3.06 

Manganese 0.397 
Silicon 2.07 
Sulphur 0.179 

Phosphorous 0.129 
Table-A.7 For heat treated cast iron at 850 ˚C 

 
Alloying Element Weight (%) 

Carbon 0.421 
Silicon 0.278 

Molybdenum 0.004 
Sulphur 0.024 

Manganese 0.79 
Phosphorous 0.031 

Table-A.8 For heat treated En8 specimen at 850 OC 
 

Alloying Element Weight (%) 
Carbon 0.368 
Silicon 0.277 

Molybdenum 0.0048 
Sulphur 0.021 

Manganese 0.788 
Phosphorous 0.033 

Table-A.9 For heat treated En8 specimen at 950˚C 
 

Alloying Element Weight (%) 
Carbon 0.227 
Silicon 0.266 

Molybdenum 0.0047 
Sulphur 0.0232 

Manganese 0.758 
Phosphorous 0.031 

Table-A.10 For heat treated En8 specimen at 1000 0C 
 
CHEMICAL COMPOSITION OBSERVATIONS 
RESULT: 
 
When compared with the initial sample (both cast 
iron and En8 material), the carbon content has 
decreased, and other compositions also vary slightly. 
Hence, it is observed that the flakes in the cast iron 
samples also varied depending upon the heating 
temperature due to the decarburization effect 
 
Rockwell hardness for the heat treated samples: 
 

Temperature Tria Trial- Tria Rockwell 
(˚ C) l-1 2 -3 Hardness No 

    ( RHN) 
     

750 76 75 72 74 
800 72 70 73 71 
850 70 69 69 69 

 
Table: A.11 Grey cast iron specimen, Diamond indenter, 

150kgf load, C-scale 
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Temperature 
(˚ C) 

Trial 
-1 

Trial- 
2 

Trial- 
3 

Rockwell 
Hardness No 

    ( RHN) 
850 66 67 66 66 
950 61 59 58 59 
1000 55 57 54 55 

Table: A.12 En8 specimen, Ball indenter, 150kgf load, B- Scale 
 
HARDNESS TEST RESULT: 
 
Hence, the hardness has been decreased by observing 
the values of the hardness test. The hardness values 
are decreased by comparing with the initial metal due 
to the decarburization of metal. The decreasing of 
hardness values due to the decrease of carbon content 
in the due to the decarburization effect. Hence the 
decarburization is occurs during heating the metal. 

 
Fig B.7: Plot of Rockwell hardness number (RHN) vs. heat 

treatment temperatures for the grey cast iron. 

 
Fig B.8: Plot of Rockwell hardness vs. heat treatment 

temperature for the En8 material. 
  
COMPRESSION TEST OBSERVATIONS OF 
HEAT TREATED GREY CAST IRON 
SPECIMEN: 
 

Temperature(˚C) Compression 
Strength (KN) 

750 104 
800 100 
850 97 

Table A.13 Transverse Compression Test 

Temperature(˚C) Compression 
Strength (KN) 

750 33 
800 29 
850 26 

Table A.14 Longitudinal Compression Test 
 
MICROSTRUCTURES OF HEAT TREATED 
GRAY CAST IRON SPECIMEN: 

 

 
Fig-B.9 Soaking temperature:750OC at 100X 

 
Fig-B.10 Soaking temperature:750OC at 200X 

 
Fig-B.11 Soaking temperature:800OC at 100X 

 
Fig-B.12 Soaking temperature:800OC at 200X 
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Fig-B.13 Soaking temperature:850OC at 100X 

 
Fig-B.14 Soaking temperature:850OC at 200X 

 
MICROSTRUCTURES OF HEAT TREATED 
EN8 SPECIMEN: 

 

 
Fig-B.15 Soaking temperature:850OC at 100X 

 
Fig-B.16 Soaking temperature:850OC at 200X 

 
Fig-B.17 Soaking temperature:950OC at 100X 

 
Fig-B.18 Soaking temperature:950OC at 200X 

 
Fig-B.19 Soaking temperature:1000OC at 200X 

 
Calculations for predicted Depths of 
decarburization: 
A general form of a Fourier series used to predict 
decarburization is shown below[13]: 

 
Temperature 

(0C) Do (m2/s) Q (kJ/mol) D (m2/s) 

750 2.3x10-5 148 3.1x10-13 
800   1.8x10-12 
850   2.4x10-12 
950   5.8x10-12 
1000   1.9x10-11 

Table: A.15 Diffusion coefficient and activation energy for 
carbon diffusion in austenite [14] 
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This approximation can be used to estimate the depth 
at which any fraction of the original carbon content is 
reached. The thickness of the sample is represented 
by h, x represents a particular depth within the 
sample, and t is the heat treating time. The value of x 
corresponding to C(x, t)/C0=0.98, was chosen as the 
predicted depth of decarburization for each of the 
testing temperatures [15]. 
 
By using a Fourier series method, 
 

Temperature (0C) Depth of decarburization 
(mm) 

750 0.0 
800 0.03 
850 0.33 

Table-A.16 Predicted Decarburization level for the Grey cast 
iron 

 

Temperature (0C) Depth of decarburization 
(mm) 

850 0.082 
950 0.44 
1000 1.21 

Table-A.17 Predicted Decarburization level for the En8 
specimen 

 
Fick’s Second law prediction: 
 
(Cx – C0)/(Cs-C0) = 1-erf(x/(2(Dt)1/2) 
 
By using Fick’s Second law prediction: 
 
The C(x, t)/Co= 0.98, to solve for the depth at which 
98% of the original carbon content is reached.[15] 
 

Temperature (0C) Depth of decarburization 
(mm) 

750 0 
800 0.02 
850 0.34 

Table-A.18 Predicted Decarburization level for the Grey cast 
iron specimen 

 

Temperature (0C) Depth of decarburization 
(mm) 

850 0.08 
950 0.47 
1000 1.27 

Table-A.19 Predicted Decarburization level for the EN8 
specimen 

 
CONCLUSION 
 
It is evident from the various results that the 
temperature plays the major role in decarburization 
phenomenon. However, the decarburization is much 
pronounced when the working temperature exceeds 
the critical temperature of the above mentioned 
materials. Decarburization of steel parts is a serious 

problem as the weaker surface layer reduces wear 
resistance and enables fatigue failure to occur. If the 
surface hardness is below some predetermined limit, 
which varies with grade, then a microstructural 
examination is required [16]. Chemical analysis of 
carbon on incremental turnings (or millings) can be 
performed, although this is more applicable to 
research than production. Decarburization of steel 
parts is limited which suggests the possibility of 
Silicon and Manganese controlling the 
decarburization phenomenon. Decarburization in gray 
cast iron specimen is evident from the changes in 
morphology of flakes. Fick’s second law applied to a 
semi-infinite slab does not take into account sample 
dimensions or the composition of the particular alloy 
steel, and therefore its predictions are quite inaccurate 
for thin samples. The Fourier analysis takes into 
account the thickness of the sample. It is therefore 
important that heat treatments are carried out and 
databases are developed to experimentally determine 
anticipated depths of decarburization for different 
types of steel. 
 
FUTURE SCOPE 
 
With the obtained results of this study in mind, it 
would be interesting to study the effects of additional 
alloying elements on decarburization in various 
alloyed steel and alloyed cast iron, with one or more 
additional alloying elements present in relatively high 
concentrations. There is a possibility of alloying 
element which could form stable carbide forming 
element and gives a scope for predicting the 
decarburization controlling factor. 
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