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 

 
ABSTRACT 
 

The purpose of this work is to investigate effect of the flame 
hardening process on hardness and wear rate of ferro casting 
ductile for permanent mold. The process of flame hardening 
was carried out by heating the edge of the specimen with an 
oxy-acetylene flame to temperature of 900 oC, and then 
followed by quenching process on the edge that was burned. 
The Vickers hardness testing was carried out on specimens 
with flame hardening and without flame hardening. The 
hardness was conducted at five points, namely at a distance of 
1 mm, 2 mm, 3 mm, 25 mm and 54 mm from the edge. Wear 
test was conducted by using Abrasive Wear Test. From the 
results of hardness and wear test, the hardness of specimens 
without flame hardening at a distance of 1 mm, 2 mm, 3 mm, 
25 mm and 54 mm from the edge were 137.3 HVN, 141.1 
HVN, 137.3 HVN, 130.1 HVN and 137.3 HVN, respectively. 
In the wear test, the weight loss for specimens without flame 
hardening process was 184.3 mg. While for the specimens 
that were processed by flame hardening, the hardness 
obtained at a distance of 1 mm, 2 mm, 3 mm, 25 mm and 54 
mm from the edge were 328.8 HVN, 249.7 HVN, 117.4 HVN, 
120.4 HVN and 117.4 HVN, respectively. The weight loss 
specimen with a flame hardening process was 136.3 mg. 
There were increasing hardness and wear resistance after 
flame hardening processes. 
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1. INTRODUCTION 
 
A machine has many components that work on movement 
with friction. In relative motion with compressive stress, 
friction always occurs in the contact plane. Then the abrasion 
will occur and reduce the accuracy of the components which 
subsequently develop continues to become more severe until 
the engine component loses its function and fails. To avoid 
this, it is needed a material that has suitable hardness and 
wear resistance properties on the surface. Ferro casting 
ductile is a type of cast iron that is often used. Because this 
cast iron has good ductility, corrosion resistance, wear 
resistance and heat resistance [1]-[3]. 
 
Cast iron widely used as a material for making cast objects, 
such as household furniture [4], pipings [5]-[7], wire rope 
drives [8] and automotive component [9]-[11]. Cast iron 
phases are graphite and matrix (except white cast iron). Based 
on the shape of graphite, cast iron is divided into: white cast 
iron, gray cast iron, nodular cast iron and malleable cast iron. 
The properties of cast iron are determined by its basic 
structure, the shape of graphite [12] and other elements 
contained therein [13], [14]. The mechanic and physic 
properties are playing important role in design processes 
[15]-[17] 
 
Ferro casting ductile has matrix phase similar to steel phase 
[18]. Therefore this cast iron micro structure can be 
transformed into a martensitic matrix with higher strength 
and hardness, by conducting surface hardening. Surface 
hardening is divided into flame/induction hardening [19] and 
thermo chemical hardening [20], [21]. Surface hardening 
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aims not only to increase surface hardness, but also to 
increase wear resistance, fatigue resistance and corrosion 
resistance. Overall, the material will not experience a 
significant decrease in ductility and toughness 
 
Surface treatment by flame hardening is a process of heating 
by high temperature flame on the surface of the material 
which is followed immediately by cooling which results in the 
transformation of the non equilibrium phase. Hardening 
occurs on the surface of material because of austenite 
transformation to martensite in steel, while the substrate 
property of the inner material does not change. [22]. 
 
Effect of surface temperature and cooling rate on residual 
stress and hardness by the flame hardening process in 12 Cr 
steel was investigated by Lee et al. [23]. The results showed 
that increasing cooling rate increased surface hardness and 
the depth of hardening. 
 
In this work, ferro casting ductile will be used as a material for 
permanent mold. Mechanical properties of the ferro casting 
ductile can be increased by heat treatment. One of the heat 
treatment processes is flame hardening. Therefore, this work 
aims to investigate effect of flame hardening process on 
physical and mechanical properties of nodular cast iron by 
analyzing hardness and wear rate. 
 
2. MATERIALS AND METHODS 
 
The material tested in this research was ferro casting ductile 
type 45 which was cast processed by using induction furnace. 
The size of the specimen is 25 mm in diameter and 55 mm in 
length. The composition of the ferro casting ductile can be 
seen in Table 1. 
 

Table 1. The composition test result of ferro casting ductile 

Element Composition 
(%) 

Fe 89.80 
Si 2.770 
V <0.001 
S 0.018 

Mg >0.038 
W <0.003 
C >4.584 
Ni 0.025 
Cr 0.067 
Ti 0.010 

Mn 0.615 
Mo 0.018 
Nb <0.004 
P 0.022 

Cu 0.014 
Al 0.024 

 
 

Then two specimens were made for microstructure and 
hardness test specimens, one for those for the specimen 
without flame hardening process and one was processed by 
the flame hardening. After that, six wear test specimens were 
prepared. Three specimens for wear test without flame 
hardening process and three specimens for wear test using 
flame hardening process. 
 
In this study, heat treatment was conducted by using the flame 
hardening process. This process is carried out by heating the 
test specimen surfaces to 900 oC with an oxy-acetylene flame. 
Then proceed by rapidly cooling the heated part by quenching 
the part in water. The flame hardening process was carried 
out on three wear test specimens and one microstructure and 
hardness test sample. 
 
The Vickers hardness test is conducted with 40 kgf indenter 
force for 15 seconds. This test is performed based on ASTM 
standard E92. 
 
The wear rate testing of the test specimen is carried out using 
an Abrasive Wear Test. The test was base on ASTM G99 
standard. The data taken is the difference in weight of the 
wear test specimen before being tested for wear and after the 
wear test. This test is carried out 3 times for each test 
specimen. 
 

 
Figure 1: The location of Vickers hardness testing 
 
3. RESULTS AND DISCUSSIONS 
 
Microstructure testing was conducted by optical microscope, 
while picture was taken by photo microscopic system in the 
middle and both edges of the test specimen. Figure 2 shows 
the same phase in cast iron without flame hardening process. 
The phase is black spheroid graphite with bright colored 
ferrite surrounding it. The matrix of this cast iron is pearlite. 
However, it appears that the size of the graphite at the edges is 
slightly smaller than the middle. 
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Figure 2:.The microstructure of raw material at (a) edge (b) middle (c) another edge 

 
Figure 3: The microstructure of flame hardened ferro casting ductile at (a) flame hardened edge (b) middle (c) non flame hardened edge 
 
In flame hardened specimens. The pearlite phase on the 
heated edge is transformed into austenite and in the 
quenching process the austenite is transformed into bainite. 
So as shown in Figure 3, bainite is formed at the edge of 

specimen which is flame hardened. While in the middle and 
other edges, the phase formed is spheroid graphite 
surrounded by ferrite and pearlite matrix. 
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Vickers hardness tester was carried out with a loading of 40 
kg. Tests performed as much as 5 times each hardness test 
specimen whether processed flame hardening at the end or 
not. The test is carried out at a point 1 mm, 2 mm, 3 mm, 25 
mm and 54 mm from the flame hardened edge (see again 
Figure 2). The hardness test for specimen without flame 
hardening process has the same location with the flame 
hardened specimen. The hardness carried out at five different 
points is found that the specimens before processing flame 

hardening have the same hardness. However hardness at the 
edge of specimen slightly increases because of decreasing size 
and amounts of graphite. While, the specimens processed in 
flame hardening obtained varying hardness values. The flame 
hardened edge has the highest hardness of 328.8 VHN. The 
hardness test results can be seen in Figure 4. The bainite 
phase and reduction in the amount of graphite caused 
increasing hardness at the edge of the specimen. 

 

 
Figure 4: Hardenability of ferro casting ductile due to flame hardening process. 

 

 
Figure 5: The effect of flame hardening process on wear. 

 
The data of the wear test results is shown in Figure 5. The 
wear test results are obtained, that the specimens without the 
flame hardening process had weight loss of 184.3 mg which is 
higher than the specimens that are processed by the flame 
hardening process which had weight loss of 136.3 mg. So that 
the specimens without the flame hardening process have 

higher wear rates and have lower wear resistance. This is 
because at the edge of the flame hardened specimen has a 
higher hardness. The increase in hardness was caused by the 
presence of the bainite phase and the reduced amount of 
graphite. 
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4. CONCLUSION 
From the test result, it can be concluded:  
1. The flame hardening process which was carried out caused 
increasing hardness at the edge of the specimen. The highest 
hardness was 328.8 VHN 
2. The flame hardening process carried out causes increased 
wear resistance of the specimen. The wear decreases from 
184.3 mg to 136.3 mg. 
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