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Heat treatments are the most common method of
transforming or modifying the structure of white cast iron,
where cementite tapes can be decomposed at high
temperatures and over a long period of time, but these
thermal treatments require special furnaces and a long
period of time, as well as a high cost with major problems
associated with these techniques. In this study, a mechanical
thermal treatment is employed, which includes two basic
stages, the first being heating at a certain temperature
(1100°C) for a rather short period of time, then applying
sequential strokes (one stroke or group of strokes) for a
period not exceeding a few minutes. Samples are examined
by meticulous microscopic inspection as well as by x-ray
examination. The findings proved that heating for short or
long periods of time and at (1100°C) is not sufficient to get
rid of cementite tapes, as the structure remained white cast
iron. The important matter here is that the effect of the hot
impact on the transformation of white cast iron into grey is
related to the formation ratio. In this regard, the results
uncover that using hot impact and at the same temperature,
but at higher rates of forming (i.e. greater than 70%) the
structure is completely transformed into grey cast iron.

Keywords: Heat treatment, analysis, hot impact, white
cast iron, grey cast iron.

1.0 Introduction

Cast iron is a type of ferrous alloy which typically
contains carbon in a percentage greater than around
(2.14 wt % C). Casting is the only way to produce it,

which is why it is called cast iron [1]. In general, much of the
cast iron contains carbon (3-4.5 wt% C) in addition to other
casting elements [2]. Compared to steel, its ductility is often
poor and typically created by blacksmithing or hot forming.
In spite of this, cast iron has many benefits, including its low
cost, low melting degrees (1140-1200oC) relative to steel, high
fluidity in wide and complicated casting molds, high wear
resistance and high damping power in addition to high
compressive strength and other qualities [3].
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Cast iron has two basic types depending on the nature of
the relationship between carbon and iron. The first is white
cast iron, which is characterized by its hardness and high
wear resistance, but is inoperable, and the second type is gray
cast iron, which has better operational properties than white.
The metallurgical characteristics exhibited by white is what
has added certain qualities where carbon binds to iron
forming a dense network of cementite (Fe3C) and this
compound is distinguished by high ductility with lost
ductility. Therefore, this type of cast iron is inoperable and
its uses are very limited, such as those used for crushing and
grinding machines [4]. As far as gray is concerned, it has
stronger working properties than white, since carbon here is
free deposited in the form of thin flakes of graphite in pearlite,
ferrite or even cementite floors, depending on the cooling
factor associated with its deposition [5]. White cast iron,
despite its high mechanical properties, its lack of ductility
restricted its use [5].

Numerous studies have been conducted to study the
effect of thermal treatments (being the only method) in
modifying and changing the metallurgical structure of white
in order to improve its properties, especially ductility, and
convert it into cast iron malleable and ductile and at the same
time retain other mechanical properties in a very reasonable
manner. In this way, it is used in the automotive industry,
wheel huts, fitting parts for petrol, water or air, as well as for
the repairing of bicycle tires and parts of agricultural and
textile machinery [6,7,8]. Heat treatments are the only method
used to enhance the properties of steel. It requires heating
stages, elevated temperatures for long stretches of time, and
in special atmospheres for converting to cast iron paths.
These treatments are distinguished by long durations,
elevated temperatures, high costs, and the deficiencies and
complications that surround them [9.10].

Sil’man et al. [11] studied the influence of thermal
treatments on the structure and properties of white in the
presence of elements such as (Mn, V). Stan et al. [12]
employed the thermal analysis (cooling curve) to compare
hypoeutectic grey (lamellar graphite) and ductile (nodular
graphite) cast irons solidification patterns. In order to obtain
a better experimental condition and improve surface hardness,
García-León et al. [13] developed different thermal treatments
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on nodular grey cast iron. Using thermo-mechanical treatment
technology, Abdellah et al. [14] researched how enhance the
ductility and flow behaviour of cast iron without change in
the chemical composition.

Kante et al. [15] discussed the impact of low temperature
annealing of cast irons on the combined electron beam in
addition to nitriding treatments Jia et al [16] researched the
impact of tempering (with in-situ analysis in multiple cycles)
on resistance (wear, toughness and durability) by alternate
water quenching and air cooling. As far as thermo-electric
parameters are concerned, their effect has been observed,
which involves hot shock in the attempt to curl white and
transform it into red, thereby reducing the problems of
conventional thermal treatments. Yamada and Kobayashi [17]
investigated the thermomechanical treatment’s effect on the
hardness of rolled graphite cast iron and how the procedure’s
length values change.

The present study represents an attempt to transform
white cast iron to gray with the help of mechanical thermal
treatment, in which white and heated cast iron samples are
exposed to (1100°C) and for a specific period of time, to direct
knocking for a time or several times. Also, the effect of per
cent formation percentages on the transformation process
was studied through microscopy and x-ray examination.

2.0 Experimental procedures
White cast iron alloy was prepared from high purity metals
and used induction furnaces for the smelting process and the
temperature was (1398°C) and then poured into cylindrical
sand molds with dimensions (30 mm in diameter and 70 mm in
thickness). Table 1 shows the chemical composition of white
cast iron used for this study.

Samples are heated up to (1000°C) for a period of (20)
minutes in thermal treatment furnaces using Argon gas to
prevent any subsequent oxidation and then divided into four
groups. Samples are prepared for accurate microscopic
examination, hardness measurement and x-ray examination.
Preparation processes included (cutting, smoothing,
polishing and exposure), the picral solution used consisting
of (4%) picral acid in ethanol and as specified (ASTM SE407).
Fig.1 shows the exact crystal structure and Fig.2 shows x-ray
examination of the base sample prior to treatment. The average
hardness is (470HB).

The stability of the samples is tested against carbonation,
the second group of samples is heated at (800, 950, 1000°C)
and for a time of between 15-240 min. All samples showed an
accurate crystalline structure very similar to the original
samples (without annealing), as there is no change in the exact

composition, which means that no change from white to grey
occurred completely or even localized. The only change that
occurred on the surface is the carbon removal process
because the heating process was not isolated from the normal
atmosphere as shown in Fig.3.

As for the third group, the samples are heated to
temperatures (1100°C) and for periods ranging from (60-120
min.). As well as, the exact composition is examined, which
also looked similar to what is in the original samples and is
also free from any transformation (Fig.4).

Experiments have shown that white cast iron is stable up
to (1100°C) and for the period indicated. As for the fourth
group, the samples are heated at the same temperature
(1100°C) for a period of (10) min, followed by taking the
sample out of the oven and knocking it directly for one or
more times using a hydraulic hammer, as shown in Fig.5;
hammer specifications, followed by measuring the percentage
for formation are as shown in Table 2.

TABLE 1: CHEMICAL COMPOSITION OF WHITE CAST IRON

Fe% C% Si% Mn% Cr% P% S% O2%

Rem. 4.2 0.61 0.8 – 0.008 0.014 0.002

Fig.1 The exact crystal structure

Fig.2 X-ray examination of the base sample before the heat agent
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By examining the crystalline structures of the fourth group
and the different forming ratios from (20%) to (60%), it is
observed that the synchronization of the annealing and
forming processes is accompanied by a deformation of the
fine composition of the sample without causing carbonation
(Fig.6). And that there is a change in the pattern of cementite
(Fe3C) distribution, where the lamellar shape turns into
something similar to the mass at (60%) as shown in Fig.7,
which represents a change in the pattern of cementite
distribution with an increase in the formation ratios in the
white cast iron and x-ray examinations.

When the percentage of formation increased by (greater
than 70%), a major shift occurred, as a complete and clear
transformation from white cast iron to grey is observed, the
graphite flakes appear to be completely clear as shown in Fig.8.

3.0 Results and discussion
The current research reflects a new approach for turning white
cast iron to grey and a process that can be described as

simple and quick compared to conventional heat treatment
methods. Also, this approach will shed light on the stages of
the carbonation mechanism, from the figures (1, 3, 4) it seems

TABLE 2: PERCENTAGE FOR FORMATION OF WHITE CAST IRON

Alloy Operation conditions
% Formation

Hammer Fallen hammer Maximum power Number of Horsepower
name weight in one stroke hammers/min k W

1 20
2 45
3 Pneumatic hammer 165 270 190 24.11 60
4 70>

Fig.3 The stability of samples after heating

Fig.4 The crystal structure of white cast iron after heating (1100°C)
and for a period of (60-120min)

Fig.5 Hammer used in white cast iron methods heated at 1100°C for
a period of 10 min.

Fig.6 Model of the structure of cast iron at low forming ratios
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obvious that white cast iron cannot turn grey at the
temperature (1100C°) and with the annealing times (60-120
min.). It is also assumed that the coordination of the annealing
and shaping processes is followed by a deformation of the
fine composition and does not induce any carbonation as
shown Figs. (7, 6). But when the formation percentages
increase larger than (70%), a sudden big change will occur
(Fig.9). Through Fig.7, important results can be reached:

The first is that there seems to be a complete and absolute
change from white cast iron to grey, and it happens when
some percentages of the composition are surpassed (more
than 70%). The second is that the factors influencing the
transformation process (carbonation) are very significant in
the understanding of the transformation system since it is not
possible to focus entirely on correct microscopic inspection.

These findings are consistent with previous research in
which a rapid and complete transition from white to grey

happens at a development rate of more than (72%) [11,15].
The research discussed the most important factors
concerning the carbonation function. It is known that this
mechanism goes through (4) stages, which are: the time of
the melting of cementite in Kama iron, the time of the
movement of carbon atoms through iron and the
crystallization of graphite, and finally the distribution of iron
and silicon atoms away from graphite. It was assumed that
the diffusivity regulates the mechanism of transformation, that
the diffusivity of iron and silicon and all other elements
present cannot be the control factor in the process, as the
activation energies of these elements in austenite have the
same number, whereas the activation energy for carbon
diffusion is the lowest. When measuring the diffusion
distance [L] for (Fe, C) from the equation:

At a temperature (1100 C°), where (D) is the coefficient of
diffusion, as is shown in Table 3 (11).

Through these values, it can be inferred that the
carbonation process is at (1100°C) and takes place within a
few minutes and is finished within (30 min.). While we did not
note any phase of its carbonation in the above-mentioned
temperature range over any period of time (15-240 min.) the
volume of cementite had increased. It can be inferred from this
that the diffusivity element of carbon or iron is not the
primary factor in the carbonation process.

As for the crystallization of graphite, this can also be
omitted as a limiting element in the process of transformation.
This finding is consistent with previous studies [16, 17] that
the growth rate is steady and continuous and moves from the
point of origin, i.e. when the annealing time is zero (Zero time)

TABLE 3: DIFFUSION DISTANCE AT (1000CO) [11]

Elements DoCm2s–1 Q. Kcal mol–1

5s 5min. 3hr

C 0.01 27.0 510–3 3.910–2 2.310–1

Fe 58 74.2 6.610–5 5.110–3 3.110–3

Fig.7 Model of the structure of white cast iron at the
forming ratio (60%)

Fig.8 X-ray analysis of the white cast iron structure model at the
forming ratio 60%

Fig.9 The white cast iron was largely grayed after high
forming rates
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it is considered to be the beginning of the transition (Zero
time is considered to be the beginning of the reaction), but in
the functional application, it did not find any change. Indeed,
no procedure was conducted in this study when heated at
(1100°C) either for long or short periods of time.

The melting stage of cementite in austenite is known to
regulate the mechanism of carbonation. Melting happens
(immediately) at some percentages by hot impact formation
(high forming ratio). The explanation is attributed, first of all,
to the crystal composition of cementite and to the existence
of the bonding between the atoms in the cementite crystal
itself. Numerous experiments have shown [18] that the crystal
structure of cementite is distinguished by the presence of two
forms of bonds. The first is the bond between (Fe-C) which
is covalent and the second between (Fe-Fe) which is metallic
in nature. It is understood that the covalent bond is double
the strength of the mineral bond, in addition to the fact that
the crystal structure of cementite contains a group of prisms;
the internal bond in it is covalent, while the prisms are linked
by the mineral spur [19]. The metal band enables the plastic
shaping mechanism so that the prisms can move through the
creation while maintaining the covalence intact within them
(thus the prisms do not break). The forming can take place if
the sliding is at (010) levels.

This can be derived from the existence of the structure of
the layers of atoms inside the prisms. This ability is
consistent with what other researchers have recorded [20,21]
and thus, due to the low rate of forming of cementite crystals
due to hot shocks, there could be a mutual movement of
prisms at levels (010) while the interconnection between these
prisms remains intact. But when the deformation ratios reach
a certain limit, the covalent bond (within the prisms) would
not be able to tolerate and break down. This describes the
quick and wide breakdown of cementite and the abrupt
introduction of carbonation.

4.0 Conclusions
Presented study conclusions can be drawn as follows:

i. Temperature annealing (1100°C) for a 60 min does not
induce any total or even localized carbonation phase.

ii. The formation resulting from hot impact and even at
low forming concentrations does not induce any total
or even localized carbonation.

iii. When the shape resulting from the hot impact reaches
those limits (greater than 70%) in significant
quantities; a rapid and complete transition phase takes
place from white cast iron to grey.

iv. The main element in the transition process is the
solubility of cementite in the Kamairon.

v. The cause of the abrupt transition can be traced to the
breaking of the covalent bond, which is no longer
capable of preventing the creation of hot impacts so

that these covalent bonds are broken, leading to a high
solubility of carbon and its migration.
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