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Abstract  This paper presents the hydrogen reduction behaviour 
of industrial pellets designed for the efficient hydrogen based 
direct reduction. The pellets were provided with very low non 
ferrous oxides percentage (0.52 of basicity index) and with the 
absence on TiO2 oxides. The pellets measured diameters in the 
range 1.14-1.72 mm and were characterized in terms of porosity, 
pores size, tortuosity and compression strength. The pellets were 
reduced in hydrogen atmosphere in a laboratory shaft furnace in 
the temperature ranges of 600-

sed in terms of 
time to reduction, rate of reduction and kinetics constant. All the 
obtained results were analysed through the employment of a 
commercial multi-objective optimization tool (modeFrontier) in 
order to precisely define the effect of each single parameter on the 

reduction rate of the final metallization of the starting iron oxides. 

Keywords  Direct reduction; Hydrogen; Kinetics; Entropy; 
Processing parameters; Metallization degree. 

I. INTRODUCTION 

Many evolutions are going to be faced by the ironmaking 
and steelmaking industries at the present times and other 
important revolutions are expected to be faced in the very next 
future. These changes are due to the fundamental aspect that the 
traditional integrated route has always been accompanied with 
high levels of green house gases emissions. In 2021, the global 
steel production accounts for 1951 million tons (Mt) where the 
traditional blast furnace-basic oxygen furnace covers the 70% 
of the overall crude steel [1].  

Per each ton of crude steel, 1.8 ton of carbon dioxide is 
produced with the traditional integrated route. Now, given the 
continuous growing of the global steel production, the 
greenhouse gases emissions are destined to grow if only the 
integrated route is retained as production technologies. Given 
all this, the only way to reduce dangerous emissions is the deep 
application of the so-called best available techniques (BAT) [2]. 

Among BAT, direct reduction (DR) is considered the most 
advanced technology to reduce the emissions during the 
primary ironmaking production. Globally, the most employed 
technologies are based on shaft furnaces of the type Midrex and 
HYL [3, 4].  

Here, the processes were designed to employ syngas as the 
main reducing agent but remarkable differences in the plants 
configurations can be underlined [5]. This is driven by the 
aspect that many inconveniences must be managed for the 

optimal reduction kinetics of iron oxides in the CO-H2-CO2-
H2O atmosphere generated in the shaft furnace [6, 7]. This is 
because potential kinetics decelerations could lead to very high 
gas consumptions with consequent high energy needing for the 
overall oxides reduction [8, 9]. The precise understanding of 
the pellets reduction behaviour as a function of the gas 
composition and processing parameters is fundamental to 
increase the overall process efficiency accompanied with high 
quality of the produced material [10]. Depending on the 
reducing atmosphere and temperature, the performance of the 
technology, such as the reduction rate, metallisation degree, 
and behaviour of the iron ore, can be significantly modified 
[11]. 

All these variables conduce to important complications in 
the development of affordable models capable of providing 
robust previsions for the precise reduction of iron oxide pellets 
in various compositional, physical and processing conditions 
[12, 13]. 

Most of the models available in the scientific literature focus 
on the direct reduction through a gas mixture of hydrogen and 
carbon monoxide. This leads to a simplification of all the 
thermo-chemical and thermo-physical phenomena developing 
during the reduction stages [14-16]. 

During the direct reduction processes, the gases lead to the 
transformation of iron oxide pellets to elemental iron enriched 
with the metals of the previously incorporated oxides. The final 
reduced material is known as directly reduced iron (DRI). The 
reducing gases are typically hydrogen and natural gas leading 
to H2+CO reducing atmosphere. The generation of this gas 
occurs through methane reforming, which can be done in a 
reformer or inside the reduction shaft with the sponge iron as a 
catalyst [17]. By moving to the direct reduction based on only 
hydrogen atmosphere, this allows to have a carbon free process 
with only water vapor as by-product [18]. This allows for the 
total carbon free primary ironmaking process [19]. The 
hydrogen-based direct reduction process includes multiple 
types of chemical reactions, solid state and defect-mediated 
diffusion (of oxygen and hydrogen species), several phase 
transformations, as well as massive volume shrinkage and 
mechanical stress buildup [20]. By considering the physical 
modifications, during reduction the pellets volume increases 
and some crucial swelling phenomena could cause abnormal 
reduction leading to a decrease in the pellets permeability and 
in some cases to the collapse of the burden [21]. For these 
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reasons, the swelling behaviour of the starting pellets must be 
carefully characterized [22]. Now, swelling occurs during the 
transformation of wustite into iron. During this phenomenon, 
limited nucleation occurs, and these nuclei grow like needles 
causing a volume increase, which is seen as swelling This 
coincides with a low compression strength of this structure, 
with the opportunity to generate fines. Anyway, Pellets in H2 
rich atmosphere passed the wustite stage rapidly and swelling 
is consequently weakened. Hydrogen-based direct reduction 
reveals complex physical-chemical-mechanical interactions 
leading to very complex reduction mechanisms characterized 
by on-going steps with respect to mass transport and volume 
modifications [23]. The different oxides transformations are 
characterized by very different rates with kinetics behaviour of 
order of magnitudes in the reduction times all influencing the 
final pellets metallization [24].  

Many are the analytical models described in the literature on 
the kinetics behaviour during direct reduction processes taking 
into account the physical and processing parameters governing 
the overall process [25, 26]. So, the reduction process is 
influenced by the shaft furnace environment (gas composition, 
temperature and pressure) and by the pellets properties 
(composition, density, pores size, pores tortuosity) [27, 28]. All 
these very different parameters often falling in very broad 
ranges lead to the uncertainty of many presented results. For all 
these reasons, many models present a balance between simple 
development and acceptable accuracy that can give results 
comparable with the experimental evidences [29, 30]. 

The scientific attention on the direct reduction processes has 
continuously grown in the recent past. This was also due to the 
industrial needing for greenhouse gas reduction as well as to 
the prices peaks for the reforming of natural gas [31].  

So, the precise behaviour of the reactions kinetics of direct 
reduction of industrial pellets has immediate consequences on 
the process performances of high volume of treated oxides [32, 
33]. In addition, the starting pellets properties and the 
processing conditions influence the final product 
characteristics and the further melting operations in terms of 
melting temperatures and slag formation [34].  

Generally, hydrogen-based direct reduction allows for the 
fastest transformation of industrial pellets, the time to reduction 
results increased in the case of the employment of a carbon 
monoxide atmosphere with intermediate reduction times in the 
case of these two gases mixing; obviously the trend is not linear 
[35]. The employment of a given gas type leads to strong 
modifications in the overall energy consumption of the process 
[36]. This is deeply related to the molecular dimensions of the 
reducing gases and to their diffusion inside the pellets. This 
obviously at the same level of temperature whose increase leads 
to the acceleration of the reduction phenomena [37]. In the case 
of employment of gas mixtures, the kinetics increase as the 
temperature and the hydrogen content in the gas mixture 
increase [38]. 

As a matter of fact, the addition of hydrogen leads to the 
process acceleration. Even if, the hydrogen production is high 
energy expensive and it produces many variations in the 
thermodynamic behaviour of the reduction process because of 

the development of endothermic reactions. So, large volumes 
and high pressures are needed to overcome the heat losses [39, 
40]. In fact, hydrogen based direct reduction is endothermic, 
whereas with carbon monoxide the reduction is exothermic. 

namics are more favorable 
with hydrogen than with carbon monoxide, where the reduction 

 
Many papers are presented in the literature on the hydrogen 

direct reduction of iron ore fines with accepted general 
consensus on the main results [41]. On the contrary, in the case 
of industrial pellets, results are sometimes incoherent especially 
with respect to the precise kinetics behaviour for different type 
of pellets reduced in various temperature and pressure 
conditions. As a matter of fact, the starting pellets composition, 
the pellets density and the pores dimensions and shape have 
large influence on the reduction behaviour. So, a final 
agreement on the effect that all these aspects have on the 
process development has not been achieved yet. As a results, 
many discrepancies can be underlined in the available literature 
also because many experimental evidences are related to just 
one type of pellets in terms of composition and porosity [42].  

Another important industrial aspect is that sponge iron 
generally requires a carbon content in the range 1.5-4.5% that 
is fundamental for the further melting operations. Now, the 
pellets reduced via pure hydrogen are carbon free leading to an 
increase in the melting t
As a consequence, carburization is needed [43]. DR under CO 
atmosphere is often accompanied by carbon deposition due to 

 
The direct reduction reaction are chemically non-catalytic 

solid-gas reactions. During the process, as the chemical 
reactions between the gas and the different kind of metal oxides 
occur many structural modifications in the pellets take place 
[44]. Actually, as the structural changes take place, the further 
interaction with the unreduced structure changes leading to 
modifications in the gas solid reactions [45]. All this dynamic 
behaviour leads to complications in the precise analytical 
analyses of the overall reduction process. This aspect is 
described in the results and discussion section where we tried 
to correlate the different stages of the reduction process by 
analysing the numerical behaviour of the reducing indexes  at 
different stages of the reduction.  

For a global understanding of the reduction behaviour of the 
industrial pellets, the complexity results increased because of 
the variability of composition, pellets dimensions and porosity 
[46].  

In addition, many can be the rate limiting steps of the overall 
process. The nature of these limiting steps can be diffusive, 
chemical or both leading to different microscopic reduction 
phenomena. This depends on the pellets properties such as 
porosity and pores geometry, density, size, oxides composition 
and by the employed processing conditions in terms of gas 
mixing, gas pressure and temperature and flow rate [47].  

The hematite reduction in hydrogen atmosphere follows 
these steps: Fe2O3-Fe3O4-FeO-Fe. In the case of industrial 
pellets the chemical transformations of the oxides are not the 
only limiting steps of the process. For this reason, many 
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kinetics parameters are presented in literature as belonging to 
the Arrhenius type behaviour. This can lead to confusions in the 
industrial set-up of the shaft furnaces operations.  

During the direct reduction of porous industrial pellets 
through hydrogen the following main steps can be taken into 
account.  

-mass transfer of the hydrogen from the stream to the surface 
of the pellets, 

-diffusion of the approaching gas through the tick film 
surrounding the pellet, 

-diffusion inside the surface pores, 
-adsorption of hydrogen at the different oxides interphases, 
-consequent oxygen removal through phase boundary 

reactions, 
-formation of water vapour, iron oxides and ferrous iron, 
-desorption of all the gases belonging to the reactions, 
-solid state diffusion of the reacted products, 
-diffusion of gaseous products back toward the pellet surface, 
-mass transfer of the gaseous product toward the stream. 
They are all interconnected and so further steps can be 

largely influenced by the previous taking place ones.  
Given all these phenomena, the main factor influencing the 

process is the pellets porosity in terms of dimensions, tortuosity 
and pores distribution. This is related to the specific hydrogen 
volume reacting with the pellet internal surface. This is why, in 
the case of low porosity and low surface pores dimensions, the 
gas finds many obstacles to penetrate inside the pellet. In this 
case, the solid state diffusion from the surface starts to become 
more important but it results different orders of magnitude 
slower than the gas diffusion. So, all the chemical reactions are 
driven by the hydrogen adsorbed at the pellet surface [48].  

As well-known, the chemical reactions kinetics depend on 
the temperature levels. As the reduction temperature decreases, 
the chemical reactions start to be the overall rate limiting step. 
As the temperature increases, the dependence is exponentially 
dependent on the reduction rate and can be easily described by 
the Arrhenius equation (Eq.1): 

  (1) 

where k is the kinetic constant, A is the Arrhenius constant, 
Ea is the activation energy, R is the universal gas constant and 
T is the absolute temperature. 

So, as the temperature increases, the rate-limiting step is 
represented by the mass transfer. This is why the chemical 
reactions tend to be faster with respect to the transport of 
reactants and reactions by-products [49, 50]. 

Here, the effective diffusion coefficient is influenced by the 
gas physical properties and by the temperature. As both 
temperature and hydrogen content are increased, the diffusion 
coefficient increases. With respect to the carbon monoxide 
reduction, hydrogen-based reduction effective diffusion 
coefficient is higher because of the reduced molecular 
dimension. 

Another difference with respect to the carbon monoxide 
reduction is that in the case of hydrogen based direct reduction 
pressure is fundamental for the increase of the reduction rate. 

As a matter of fact, in the industrial shaft furnaces from HYL, 
the reactor pressure is close to 8 bar in order to reduce the 
volatility of the reducing gas [51].  

Another aspect resulting as fundamental for the direct 
reduction behaviour is the pellet composition in terms of iron 
oxides, different metals oxides, gangue and impurities. 
Obviously, the reduction rate is largely influenced on the oxides 
percentage and on their type [52]. The oxides present in the 
industrial pellets are typically CaO, TiO2, SiO2, Al2O3, MnO, 
MgO. Normally the content of alumina largely influences the 
reduction rate. The so-called basicity index (normally 
calculated as the rate CaO/SiO2) largely influences the 
reduction rate, the swelling behaviour and the pellets strength  
[53]. 

Another fundamental aspect is that porosity tends to increase 
as the reduction processes take place. This phenomenon tends 
to lead to an acceleration of the reaction kinetics as the 
reduction process advances. 

Given that the diffusion can be the rate-limiting step, 
porosity and pores dimensions have a remarkable influence on 
the reduction process. This is due to the fact that both porosity 
and pores size influence the specific area of the pellets then 
defining the available surface for the reactions development. 
This aspect is crucial and must be precisely defined in a model 
that would soundly describe the evolution of these systems. 

The tortuosity factor of the pores is another remarkable 
parameter. This influences the gas path and so the rate of the 
gas-oxides interaction. When the tortuosity factor increases, the 
gas flow is more and more turbulent, so, as the tortuosity 
increases, the reduction rate decreases [54]. Both porosity and 
tortuosity depend on the pelletizing procedure. Tortuosity can 
vary in the range 1-10 even if the main pelletizing procedures 
allow to obtain tortuosity in the range 2-6. 

The aim of the present paper is the description of the kinetics 
behaviour of industrial iron oxide pellets during the hydrogen 
based direct reduction. The experimental-numerical 
investigations are finalized to the definition of the effect that 
each single parameter (pellets properties and processing 
conditions) has on the overall reduction behaviour of each 
single pellet. In addition, an analyses of the intermediate 
reducing conditions on the further reduction behaviour was 
provided. 

II. EXPERIMENTAL PROCEDURE 

A. Mining and pelletizing procedure 

The studied pellets were provided by VALE (Brazil). The 
starting ores characteristics are listed in Table 1. 

 

TABLE I 
ORES PROPERTIES 

 
Size % 

retain
ed 

Fe SiO
2 

Al2
O3 

P Mn PP
C 

-
50+6

G
1 

24.49 48.9
6 

26.8
5 

0.44 0.05
4 

0.17 2.3
2 
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.3 
mm
-
6.3+
1 mm 

G
2 

11.78 55.4
4 

17.1
4 

0.63 0.05
7 

0.33
8 

2.2
4 

-
1+0.
15 
mm

G
3 

12.29 40.4
6 

39.4
2 

0.62 0.04
2 

0.19
8 

1.6
1 

-0.15 
mm

G
4 

51.46 36.1
7 

45.1
7 

1.15 0.03
9 

0.12
3 

1.5
6 

Total 100 42.1
0 

36.6
8 

0.86 0.04
5 

0.16
9 

1.8
3 

The pelletizing flow diagram is shown in figure 1. 

 

Fig. 1  Pellets production flow diagram. 

The specifications of the grinding procedure were: 70% solid, 
30~32% 
grinding balls. The capacity of the plant is 550t/h per Ball Mill 
(2 Ball Mills). The quality parameter was referred to Specific 

grinding, the material is vacuum filtered; the filters are 2,7m of 

subjected to HPGR  High Pressure Grinding Rolls with the 

with a total capacity of 1200 t/h and rolls 2,0m of diameter, 
1,5m of width. Then the material is sent to the pelletizing disks 
with the capacity of 90~160t/h per disc (11 discs) with disks 
and screen 7,5m of diameter / 2,2m and 1,7m of width (screens). 
Then the material is subjected to the endurance processing with 
the procedure schematized in figure 2. 

 
 

Fig. 2 Endurance procedure schematic with (in scale) the indication of the 
different stage temperatures. 

 
Finally, the pellets are filtered in order to eliminate fines (<5 

mm). 
 

B. Characterization procedure 

The composition of the pellets was measured through EDS 
in a Zeiss EVO 60 scanning electron microscope. The pellets 
density was measured by taking seven diameters of the pellets 
and after the average diameter calculation, this was used to 
calculate the density after weighing the pellets with a precision 
balance (resolution 0.0001 g). The surface microstructure of the 
pellets was analyzed with Scanning electron microscope in 
order to measure the surface pores.  

The compressive strength of the pellets was evaluated with a 
Zwick/Roell Z100 standard testing machine at the speed of 0.5 
mm/min. The pellets reduction experiments were performed in 
an in-house designed and developed shaft furnace shown in 
Figure 3. 
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Fig. 3 Customized shaft furnace. 

The direct reduction experiments were carried out in the 
temperature range The temperature of the furnace was in the 
range 600-
was 100% H2 hydrogen. The employed hydrogen pressures 
were 1 and 5 bar. The pellets starting diameter and the pellets 
mass were measured before and after the reduction. The pellets 
porosity was analysed by microtomography by employing a 
Phoenix v/tome/x s (General Electric). 

From the reduction curves (reduction percentage vs. time to 
reduction) they were calculated the kinetics constants and the 
rates of reduction.  

The kinetic constant was calculated through the three 
dimensional diffusion model (Eq.2): 

   (2) 

and through the three dimensional phase boundary 
controlled reaction (Eq.3): 

  (3) 

where  is the fraction reacted (0-1) and t is the time at which 
a given fraction of the material reacts [55]. 

The reduction rate is analysed through the definition of two 
indexes described in Equations 4 and 5: 

(4)

 

  (5) 

 
with t95, t80, t60 and t30 being the time required to reduce 

the pellets by 95, 80, 60 and 30%. This is schematized in Figure 
4. 

 

 
Fig. 4 Rates of reduction indexes calculation. 

 

C. Modelling procedure 

The data belonging to the reduction experiments in terms of 
pellets properties, processing parameters and results were 
analysed through the multi-objective software modeFrontier. It 

as the best trade-off between all the objective functions. 

solutions which lie on the trade-off Pareto Frontier. This allows 
for the identification of the best possible solutions that become 
the optimal solutions. The analyses performed through 
modeFrontier goes through the gradient methods where the 
algorithms search for either the minimum or the maximum of 
an objective function, depending on the goal. So, the first 
important result to be gained is the suitable weighted effect of 
each considered single input parameter on a given output. So, 
this immediately allows to determine which are the most 
effective parameters influencing the studied process.  

This allows also to separate the objectives in the case of the 
optimization step. Naturally, in the case of very complex 
analyses (many inputs and many outputs) the optimization will 
result a deep compromise among many potential optimal 
solutions. So, the final optimization algorithm will present 
many results lying on the trade-off Pareto Frontier. These 
solutions all have the characteristic that none of the objectives 
can be improved without prejudicing another [56, 57]. The 
software offers wide-ranging toolbox, allowing the user to 
perform sophisticated statistical analysis and data visualization. 
It provides a strong tool to design and to analyse experiments, 
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it eliminates redundant observations and reduces the time and 
the resources to make experiments. In our previous experiences, 
the software was very successfully applied to the analyses of 
ironmaking and steelmaking processes [58-60]. 

Starting from a database built with experimental results, 
computational models were developed (virtual n-dimensional 
surfaces) able to reproduce at best the actual process. The 
method used for the creation of meta-models to simulate the 
actual process through the use of physical laws with appropriate 
coefficients to be calibrated was that of the response surfaces 
(RS). This method consists of creating n-dimensional surfaces 

t. These 
surfaces trained on a large experimental data can give the 
output numbers that reflect the real process.  

The reduction process through the analysis performed by 
Mode FRONTIER is summarized in the Workflow of Fig. 5. 

 
Fig. 5 Description of the Workflow indicating the correlation between input 
and output. 

The workflow is divided into data flow (solid lines) and logic 
flow (dashed lines) that have the computer node as their 
common node. Here physical and mathematical functions 
representing the reduction process are introduced. In the data 
flow all input parameters optimized in the numerical 
simulations are included: 

-Reduction temperature, 
-Reduction pressure, 
-Pellet diameter, 
-Pores size, 
-Pellet density, 
-Tortuosity factor, 
and those outputs: 
-kinetic constant (k), 
-reduction rates (from equations 4 and 5), 
-Time to 95 % reduction. 
These were used to define the so-called scatter matrix where 

immediately the weight of each input on the variation of a given 

output is numerically defined between -1 and +1. If the 
correlation factor is -1 it means that the input and the output are 
perfectly inversely proportional. On the contrary, if the 
correlation factor is +1, the input and the output are perfectly 
directly proportional. 

 

III. RESULTS AND DISCUSSION 

By reducing iron oxides through hydrogen, the rate of 
chemical reactions and consequently the reduction speed 
increases with respect to the traditional natural gas-based 
processes. The employed pellets had a composition listed in 
Table 2. 

TABLE III 
PELLETS COMPOSITION 

TFe (%) CaO (%) Mn 
(%) 

Al2O3 
(%) 

SiO2 
(%) 

P (%) 

67.24 1.02 0.144 0.38 1.97 0.031 
 
Iron content is high revealing the good quality of the pellets. 

This will allow to produce more steel with the same raw 
materials volumes. In addition, the time for the direct reduction 
con be reduced by largely influencing the energy consumption 
of the overall process [61]. Binary basicity is also known as a 
factor leading to low reduction of the swelling index [62]  

The basicity index of the pellets resulted to be 0.52. The 
composition of the pellets largely influences the reduction 
behaviour. In particular, the basicity index is related to the time 
to reduction. In general, it tends to decrease as the basicity 
index decreases up to a minimum time to reduction for a 
basicity index close to 1, then the time to reduction tends to 
increase as the basicity index increases [61]. It is suggested that 
the basicity index should be retained at an appropriate level in 
order to reduce the time for the reduction of the pellets. In 
addition, in the case of basicity index close to 1, complex 
calcium ferrite compounds are detecting limiting the reduction 
behaviour [63]. This aspect is emphasised in the case of a huge 
quantity of CaO. The presence of this oxide is also related to 
the brittleness of the pellets that can lead to difficulties in the 
handling and in the optimal positioning of the pellets in the 
shaft furnaces [64]. In addition, an increase of the basicity index 
leads to a strong drop in the swelling behaviour that is 
eliminated for basicity indexes close to 0.6 [65]. This is 
consistent with previous studies indicating the basicity index 
between 0.4 and 0.6 as lowering the melting point slags formed 
and corresponded to the highest reduced swelling index [66]. 

The pellets dimensions ranged between 1.14 and 1.72 cm 
(Figure 6). 
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Fig. 6 Different pellets employed in the present study. 

The surface aspect of the pellets is shown in Figure 7. 

 

Fig. 7 Surface pellets aspect: a) 1.72 cm in diameter, b) 1.36 cm in diameter 
and c) 1.14 cm in diameter. 

As can be seen in figure 7, the pellets show a very different 
aspect in terms of granulometry and granules distribution with 
the finest aspect revealed for the medium size pellets (1.36 cm). 

The pellets density was 2.6, 3.5 and 3.4 for the pellets with 
1.14, 1.36 and 1.72 cm in diameter respectively. 

The pe
measure the medium size of the surface pores as shown in 
figure 8. 

 
 

Fig. 8 Surface pores measurements: a) 1.72 cm in diameter, b) 1.36 cm in 
diameter and c) 1.14 cm in diameter. 

The distribution of the pores size is shown in figure 9. 
 

 
 

Fig. 9 Statistical analyses of surfaces pores size. 

The pores dimensions tend to decrease from the larger pellet 
to the medium one to increase again for the pellet with the 
smallest diameter. It is believed that both density and porosity 
as well as the pellets strength is largely influenced by the 
starting particles to be pelletized [67]. This obviously has large 
influence on the further reduction behaviour.  

The compressive resistance of the pellets is shown in figure 
10. 
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Fig. 10 Maximum force exhibited during the compression tests of the pellets as 
a function of the pellet diameter. 

The strength of the pellet is maximum for the medium size 
ones (the pellets with the highest density) then it decreases with 
the density for the biggest size and decrease again for the 
smallest diameter ones. This difference with respect to the 
pellet density is due to the effect of the pores that embrittle the 
pellets behaviour especially in the case of the smallest 
diameters. The aspect of the pellets after tests is shown in figure 
11.

 
Fig. 11 Maximum force exhibited during the compression tests of the pellets as 
a function of the pellet diameter. 

In general, pellets with a basicity close to 0.6 are 
characterized by high strength but high levels of shattering. 
This is accompanied with a high reduction swelling behaviour 
and a large presence of surface cracks. This is consistent with 
previous studies indicating a basicity close to 0.6 as an optimal 
condition for high strength pellets [68]. 

Some examples of the reduction curves are shown in Figure 
12.

 
 

Fig. 12 Reduction percentage vs. reduction time in different conditions of 
temperature, pressure and pellets tortuosity. 

The aspect of the pellets after hydrogen reduction is shown 
in Figure 13. 

 

 
 

Fig. 13  

 
The dimensions evolution and the weight of the pellets after 

 
 

TABLE IIIII 
REDUCTION BEHAVIOUR 
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Tempera
 

Reduct
ion 
time 
(min) 

Initial 
diame
ter 
(cm) 

Final 
diame
ter 
(cm) 

Initi
al 
mas
s (g) 

Fin
al 
ma
ss 
(g) 

Mass 
variati
on 
(%) 

950 90 1,36 1,18 3,98 2,8
3 

29 

950 90 1,3 1,2 3,98 2,8
3 

28,9 

950 90 1,46 1,41 5,65 4 28,6 
950 90 1,5 1,41 5,9 4,2 28,9 
950 90 1,85 1,72 10,4

9 
7,4
3 

29,1 

950 90 1,8 1,74 10,1 7,2
3 

28,6 

1000 90 1,37 1,17 4,08 2,8
8 

29,36 

1000 90 1,74 1,6 9,32 6,5
3 

29,92 

1000 30 1,62 1,51 7,83 5,5
6 

29 

1000 30 1,4 1,3 4,3 3,0
6 

28,9 

1000 5 1,4 1,3 4,3 3,1 28,8 
1000 5 1,43 1,32 5 3,5

5 
28,8 

1000 20 1,29 1,15 3,68 2,6 28,95 
1000 20 1,55 1,41 6,1 4,3 28,9 
1000 20 2 1,87 13,7 9,7

6 
28,9 

As an example, figure 14 shows the aspect of the pellets with 
different size in the unreduced and reduced conditions. 

 

 

 
 

Fig. 14 Microtomography observation of the pellets before and after reduction 
cm in starting diameter unreduced , 

A3, A4 1,14 cm starting diameter reduced; B1, B2 1,36 cm in starting diameter 
unreduced , B3, B4 1,36 cm starting diameter reduced; C1, C2 1,72 cm in 
starting diameter unreduced , C3, C4 1,72 cm starting diameter reduced. 

The main observable results are that as the hydrogen 
reduction is performed, porosity increases and the pores 
dimensions increase.  

The porosity variation as a function of the initial pellets 
diameter is shown in figure 15. 
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Fig. 15 Porosity variation after reduction as a function of the starting 
diameter of the analysed pellets.

The biggest pores in the center of the pellets tend to increase 
more with respect to the smallest ones, as shown in figure 16. 

 

 

 

Fig. 16 Pores aspect for the pellet with starting diameter of 1,72 cm before A) 
and after B) reduction; 1,36 cm before C) and after D) reduction; 1,14 cm before 
E) and after F) reduction. 

The whole database is visible as supplementary material. 
Here all the studied conditions and the resulting data are 
available. 

The developed database was analysed through the multi 
objective optimization software (modeFrontier). First of all, it 
was underlined the weight that each single input parameter has 

on each corresponding output. This aspect can be viewed 
through the so called scatter matrix in Figure 17. 

 

 
 

Fig. 17 Scatter matrix of the hydrogen direct reduction of the VALE pellets. 

 
By considering the time to 95% of reduction it is clear how 

the main influencing factor is the pellet diameter, then the pellet 
density (all with a direct correlation) and the gas temperature 
and the pores size (with an inverse correlation), the less 
influencing factor is the pores tortuosity (with a direct 
correlation). 

As a general behaviour, as the pellets dimension varies the 
effect of density is different. If the pellet has a high density, the 

the case of large particles for which the effect of the density is 
reduced.  

 
The relationships between the time to 95% reduction and the 

input parameters are shown in figure 18. 
 

 
 

Fig. 18 Time to 95% reduction as a function of the different input parameters. 
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So, obviously, the time needed to reach 95% of reduction is 
first of all dependent on the surface pores size. The larger these 
pores are, the faster the pellets can reduce. This is obviously 
dependent on the pellet density describing the behaviour of 
pores in the pellets bulk, in fact, as the pellet density increases 
the time to reduction increases. For a single pore, also the pores 
tortuosity influences the time to reduction because at the same 
pores size the time to 95% reduction increases as the tortuosity 
increases. In the case of high pellets density the reactions of 
reduction are known to evolve stepwise that can be modelled 
through a shrinking core description. In this case the reduction 
time is higher and is directly proportional to the pellets 
dimensions. This aspect can be particularly underlined for the 
pellets of 1.72 and 1.36 mm in diameter that having a very 
similar density reduce with a direct proportion to their diameter. 
In the case of low density pellets, the gas diffuses very fast and 
the reduction times are significantly reduced. So, the time to 95% 
reduction is lower for all those pellets with low density that in 
this particular case are also characterized by an intermediate 
surface pores dimensions. 

Taking into account the tortuosity factor inside the pellets, 
the time to reduction increases as the tortuosity of the pores 
increases, as the porosity decreases (increased density) and the 
pores dimensions decrease. This is why from the energy point 
of view, these parameters largely lead to variations in the 
entropy generated during all the reduction phases [69]. Entropy 
starts to increase in the first stages of the direct reduction as a 
consequence of the heat transfer between the heated hydrogen 
and the pellets surface. The entropy tends to increase as the 
porosity and the gas ration decrease because of the reduction of 
the exchange surfaces. The entropy generation is then further 
increased as the pores tortuosity increases. This is due to the 
fact that tortuosity is an obstacle for the gas flowing and for its 
ideal path inside the pellet. Basically, this reduces the overall 
gas diffusion and, as a consequence, its reduction effect.  

Entropy generation has two main contributes from the 
chemical reactions and from the mass transfer. By considering 
the entropy generation contributions as separate, as the porosity 
in the pellet decreases the entropy generation due to heat 
transfer increases. Here, the entropy increases immediately 
during the first stage of reduction because of the temperature 
gradient between the pellet surface and the heated hydrogen. 
After this, entropy decreases up to a steady state and it remains 
constant because the thermal gradient tends to decrease as the 
reduction process proceeds.  

By considering pellets where the porosity increases, the 
resistance to the gas penetration inside the pellets decreases. As 
a consequence of the easy gas penetration, the entropy 
generation decreases. The second contribution is the entropy 
generation due to the chemical reactions. Here, the entropy 
generation tends to rapidly increase in the first reaction stages 
but in this case it decreases up to a zero value as the chemical 
reactions proceeds. Also in this case, as the porosity of the 
pellets increases, the entropy generation decreases. Obviously, 
the entropy generation leads to increased energy expenses for 
the overall reduction process [70]. 

The other contribution to the entropy generation comes from 
the mass transfer. This contribution shows a fast increase in the 
first stages of reduction and then it decreases up to a plateau 
value. In the case of high porous pellets, this contribution can 
approach the zero value after the peak increase because of the 
reduction to the gas penetration inside the pellets.  Anyway, the 
entropy is never null because of the compositional gradient 
between the pellet surface and the not already reduced bulk. To 
give an idea of the total contribution, we can say that the highest 
effect is due to the heat transfer, an intermediate effect is due to 
the chemical reactions while the lowest effect is due to the mass 
transfer [71, 72]. So, during the initial stages of reduction the 
process is controlled by both the chemical reaction and the gas 
diffusion while in the second stage of reduction the rate limiting 
step is the interfacial chemical reactions.   

hydrogen 
direct reduction. The first stage (rapid) of reduction is generally 
evaluated through the calculation of the dR/dt40 index. The 
dependence of the dR/dt40 parameter on the various inputs 
shows that it is mainly related to the gas temperature (direct 
proportionality), then to the pellet density and diameter (inverse 
proportionality), then to the pore size (direct proportionality) 
and finally to the tortuosity and gas pressure (inverse 
proportionality). 

The dependence of the dR/dt40 parameter with respect to the 
different processing parameters is shown in figure 19. 

 

 
 

Fig. 19 dR/dt40 as a function of the different input parameters. 

The dR/dt90 is largely related to the dR/dt40 parameter as it 
will be discussed later. 

By observing the kinetics parameters, it is clear how they are 
firstly influenced by pellets diameter and density (with inverse 
proportionality) then they are influenced by temperature and 
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pore size (with direct proportionality) and finally by tortuosity 
and gas pressure (with inverse proportionality).  

The first kinetic parameter behaviour as a function of the 
various inputs is shown in figure 20. 

 

Fig. 20 k three dimensional diffusion as a function of the different input 
parameters. 

By observing the behaviour of the pellets reduction in terms 
of the kinetic constant variations, in the case of hydrogen direct 
reduction a hierarchy of phenomena can be underlined all 
determining the overall reduction in the time and space 
domains [73]. The phenomena developed in an industrial shaft 
furnace, in fact, depend on the kinetics behaviour and on the 
heat and mass transfer from the macroscopic scale to the atomic 
one (in different times) involving catalytic processes, diffusion, 
dissociation up to transfer of charges [24]. In addition, these 
phenomena are characterized by a non-linear interplay among 
them. This needs the employment of very different 
characterization and modelling instruments to be addressed. So, 
the macroscopic gas transportation and diffusion plays different 
roles at different scales of the process that is strictly related to 
the pellets microstructure and chemical-physical properties 
[74].  Al microscale, the process kinetics are determined by 
both micro and atomic scale phenomena  because of the 
different oxides involved transformations, of the crystal defects 
and of the local compositions [75].  

Given a kinetic behaviour of the reduction process due to the 
processing conditions and pellets composition as well as 
density and porosity size, tortuosity largely influence the 
reduction. First of all, as toruosity increases, the kinetic 
constants decrease. This is due to the fact that in the same 
conditions of pressure and temperature and then of mass 
transfer, less hydrogen atoms interact with the material bulk as 
the tortuosity increases. So, the final effect is that for very 
tortuous pellets, the kinetics of the reactions are reduced (both 
again in the time and space domains).  

The tortuosity factor has also large implications of the 
overall entropy behaviour and then on the energy input during 
the direct reduction process [76]. In addition, the tortuosity is 
more influencing as the pellet diameter increases. As a matter 
of fact, the pellet diameter is the input that results most 
influencing the kinetic constants (Figure 21). 

 

 
 

Fig. 21 Scatter matrix relative to the dependence of the kinetic parameter (Eq. 
2) on the different input parameters. 

Here it is clear how as both the pellet diameter and the 
tortuosity increase (Figure 22a), the kinetic constant largely 
decreases. This phenomenon is much more pronounced in the 
case of high density pellets (Figure 22b) and is reduced in the 
case of large surface pores (Figure 22c). 

 

 
 

Fig. 22 Kinetic constant behaviour as a function of tortuosity and a) pellet 
diameter, b) pellet density and c) pore size. 

Generally, as the tortuosity increases, the entropy generation 
and then the energy consumption increase. In addition, the 
entropy generation tend to increase with a non-linear behaviour 
especially in the final stages of reduction as the tortuosity of the 
pellets is very pronounced.  

A particular discussion is needed for the dR/dt90 behaviour. 
Now, it is largely influenced by the dR/dt40 (that is referred to 
the first linear stage of the reduction curve) and obviously by 
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the pellets properties that vary during the reduction process as 
the oxides transformations take place. In this view it was 
defined a new scatter matrix taking into account also dR/dt40 
as input parameter by considering only dR/dt90 as output. The 
results are shown in figure 23. 

 

Fig. 23 Scatter matrix considering dR/dt90 as the only output parameter. 

It is immediately clear how the dr/dt90 ir related to the 
dR/dt40 with a direct proportionality so the time to reach the 
deep metallization decreases as the time of the first reduction 
stages decrease. Then dR/dt90 is mainly influenced by the 
pellet density and the pellet diameter (with inverse 
proportionality), then by the gas temperature and pores size 
(with direct proportionality), then by the tortuosity (with 
inverse proportionality) and finally by the gas pressure (with 
direct proportionality). This means that the final stage of the 
reduction is first of all influenced by the volume to be reduced 
and then by the gas path inside the pellet. The behaviour of the 
dR/dt90 with the various inputs is shown in figure 24.  

 

Fig. 24 dR/dt90 as a function of dr/dt40 and the other input parameters. 

Another factor influencing the ongoing reduction behaviour 
is the surface conditions; in the case of very small surface pores 
and then a denser surface, a very hard iron layer form on the 
surface. If this very hard dense iron layers develop during 
reduction this strongly tends to lower the reduction rate. This, 
in fact, limits the gas penetration inside the pellet by reducing 
the effect of the hydrogen. In the case of very hard layers 
rapidly formed on the surface the reactions tend to be governed 
by the solid-state diffusion. The gas penetration through the 
hard iron layers can be improved at higher levels of temperature. 
The inconvenience is due to the softening of the pellets as the 
temperature increases. This can reduce the pellets porosity by 
consequently reducing the reduction rates.  

So, the behaviour of the two indexes (referring to two 
different sections of the reduction curves) are completely 
different in terms of dependence on the processing parameters; 
even if the dR/dt90 index is strictly related to the dR/dt40 one. 
The different dependence on the pellets properties and on the 
processing parameter is due to the fundamental aspect that they 
refer to different transformations taking place at different 
reduction steps (different oxides reduction) and to the fact that 
the material composition and pellets shape tends to vary as the 
reduction process is carried out. So, the two indexes are 
indicative of how the reduction of the different iron oxides are 
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going to be reduced condition by condition. So, the dependence 
of the single index on the different processing parameters 
changes. The different stages of reduction indicate the 
behaviour of different reactions taking place in the pellet, so, 
the absolute values and the influence of the input parameters 
vary. As going from the dR/dt40 to the dR/dt90 index, the effect 
of all the processing parameters decreases while it increases the 
dependence of dR/dt90 on dR/dt40. As a matter of fact, the 
dependence of the dR/dt90 parameter on the dR/dt40, as shown 
in the scatter matrix in figure 21 is very high (0.758). So, by 
looking at the correlation matrix among the different 
parameters (Figure 25), it is clear how the correlation between 
each reduction index and each processing parameter varies. 

 

Fig. 25 Correlation matrix among the different parameters. 

That actually can be visualized through the 3D maps in 
Figure 26. 

 

Fig. 26 Relationship among the two reduction indexes and the different pellets 
and processing parameters.

Here it is clear how the temperature is fundamental in the 
final stage of the reduction in order to gain a complete 
metallization of the pellets. Tortuosity reduces the metallization 
behaviour when reaching high values. Pore size increase 
favours both the indexes, while pellet diameter leads to a 
reduction of the metallization rate.  This is mainly due to the 
effect of temperature whose increase leads to improvement of 
the driving force for diffusion in the inner layers of the pellets. 
Obviously, as already mentioned, the pore size is very 
influencing the dR/dt40 index and it has lower influence on the 
final stages of reduction. This is due to the not-negligible aspect 
that the pores dimension and pores geometry tend to modify as 
the reduction proceeds. So, in the final stages of reduction the 
pores from which the gas continues to penetrate the pellet are 
different from the beginning of the process. By considering the 
entropy generation and then the energy consumption, the peak 
is reached with inverse proportionality to porosity and pores 
size. After this, pores tend to increase in dimension and then the 
entropy generation decreases. So, also the energy consumption 
tend to decrease as the pores dimensions vary by going from 
dR/dt40 to dR/dt90. 

The final aspect that was analysed was the degree of 
metallization of the pellets in different conditions. Here, the 
parameter absolutely most influencing the metallization 
behaviour is the reduction temperature (Figure 27). 

 

 
 

Fig. 27 Scatter matrix considering metallization degree as the only output 
parameter. 

The metallization degree as a function of the different input 
parameters is shown in figure 28. The metallization degree is 
dependent on temperature, then on tortuosity, then on gas 
temperature and pellet diameter and finally on density and pore 
size. 
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Fig. 28 Pellet diameter as a function of the different input parameters. 

Given the provided results of the present research, it can be 
stated that first of all the same pelletizing procedure leads to 
different shaped pellets with various densities and porosity 
geometry and distribution. This immediately has consequences 
on the strength behaviour of the pellets that results fundamental 
during the processing operations in the industrial direct 
reduction shaft furnaces. As a matter of fact, high compressive 
strength is required in order to avoid the collapse of the pellets 
in the shaft by retaining a high porosity for the gas penetration 
during the reduction. Obviously, all the physical and 
compositional properties of the starting pellets have severe 
influences on the reduction behaviour. Now, different 
processing parameters were taken into account to evaluate the 
reduction behaviour in different conditions. As a matter of fact, 
the time to 95% reduction is mainly influenced by the pellet 
diameter and density and then by the gas temperature. This 
behaviour is obviously very similar to that of the reduction rates 
even if the rate of reduction in the last stages of the process is 
largely influenced by the rate of reduction in the first stages. 
This is also confirmed by the kinetics behaviour analyses that 
remarks the aspect related to the porosity, pores size and 
distribution and tortuosity as fundamental aspect in governing 
the reduction behaviour of industrial pellets in hydrogen 
atmosphere. 

IV. CONCLUSIONS 

The paper presents the main results on the hydrogen direct 
reduction of industrial pellets performed by employing various 
processing conditions. The analysed pellets had an intermediate 
basicity index (0.52) and low different types of non-ferrous 
oxides. The pellets were selected in terms of their mean 
diameter. By considering different pellets, the surface 
morphology and the surface porosity resulted very different. 
This had a remarkable effect on the compressive strength that 

Obviously, this influenced the reduction behaviour under 
hydrogen atmosphere performed at various temperatures and 
different pressures. In particular, for all the temperatures and 
pressures, employed during the experiments, as the pellet 
diameter increases the reduction time increased. The analyses 
of the weights that each single parameter has on the time to 
reduction and on the rate and kinetics of the reduction allowed 
to conclude that, the time to 95% reduction is mainly influenced 
by the pellets diameter and density and then by the reduction 
temperature. The rate of reduction in the first stages is mainly 
influenced by the reduction temperature and then by the pellets 
physical properties. The kinetic constants show an intermediate 
behaviour.     
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Abstract  Medium Mn steels, whose importance has increased 
especially for the automotive industry in recent years, are also 
considered as new generation advanced high strength steels. The 
superior properties exhibited by these steels depend on the 
chemical composition, preforming method and thermal cycles. 
Conventional, intercritical and tempering heat treatments and 
combinations of these thermal processes have frequently been the 
subject of research for these steels. In this study, conventional 
heat treatment and tempering were applied together and their 
effects on the microstructure and mechanical properties of mid-
Mn steels were investigated. The effect of tempering heat 
treatment on medium Mn steels was investigated by correlating 
the data obtained from SEM, EDS and XRD analyses with the 
results of tensile and hardness tests. 

Keywords  AHSS, Medium-Mn, Heat treatment, Tempering, 
Retained austenite  

Not: Bu bildirinin tam metni makale olarak 
 (Journal of Steel Research and 
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Abstract  Photocatalysis is an important area of research and 
technology because of the transition to green energy (e.g., water 
splitting for hydrogen generation) and environmental protection 
(e.g., purification of drinking water). The key advantage of 
photocatalysis is the capacity to utilize solar energy, offering a 
good substitute for the energy-intensive conventional technologies. 
On the other hand, their main disadvantage is that currently used 
materials work in a relatively narrow wavelength range. For 
example, the bandgap of typical photocatalyst, the TiO2 is in the 
range of 3.02  -405 nm), depending on the 
crystallographic phases of titanium oxide. This part of sunlight 
corresponding to UV region, which cover only around 5% of sun 
spectrum. To increase utilization of applications based on 
photocatalysts, the range of wavelength of their photoactivity 
must be extend. 
Anodization is a relatively inexpensive, simple, and quick method 
to produce nanostructured oxide on a surface of valve metals and 
their alloys. Moreover, the anodizing conditions applied during 
process, influence the morphological features (i.e., geometry and 
arrangement of nanopores or nanostructures) and thus properties 
of the resulting nanostructured oxide. 
It was discovered that during electrochemical oxidation of FeAl 
intermetallic phase,  on the top of that alloy the mixed anodic 
aluminium-iron oxide is fabricated. Interestingly, that anodic 
oxide is one of the new promising materials which could find 
application in photocatalysis, including potential in environment 
applications. In that study, the morphology and photoactivity of 
anodic oxide fabricated on FeAl alloy will be demonstrated. 
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Abstract 
 

Researchers have continued to examine steel, while new metallic materials with better mechanical 
properties are being explored. However, global warming has necessitated the increase in the demand 
of lighter and stronger materials. Therefore, alloys of titanium, magnesium, and aluminum have been 
favoured in a variety of engineering applications. This study presents experimental findings on the 
competitiveness of creep-exhausted steel and low-density stainless steel against emerging high 
entropy alloys and other conventional metallic materials. The article makes the case that steel will 
remain the top metallic material for many years to come due to its accessibility, adaptability, and 
affordability. Additionally, it gives examples of how steel benefits the general health of the elderly 
population and environmental sustainability.  

20

6th International Iron and Steel Symposium



Increasing Energy Efficiency in 4th Blast Furnace 
 

Fikret FURTUN1, 1, Abdulrezzak ERDEM1, Fatih ARSLAN1 

 , 5. , 
   

Turkey 

fikretfurtun@kardemir.com, gdogantepe@kardemir.com, aerdem@kardemir.com, farslan@kardemir.com  

Abstract - It is an unavoidable fact that blast furnace of 
energy are needed in steel production, where preheating 
of blast furnace stoves for iron production is one of the 
most energy-intensive processes. It is possible to say the 
following about the working principles of stoves in blast 
furnaces. The system, which consists of at least three 
separate stoves, consists of ignition mechanism, gas 
injection line and refractory brick inside. Structurally 
completed stoves are systematically prepared 
individually. It is divided into 3 as heating and resting 
according to the furnace cycle. Due to the working 
principles of blast furnaces, it is necessary to make 
revisions in a period of 10 to 15 years. In this study, it is 
mentioned to increase energy efficiency by improving the 
functioning of stoves in order to increase energy 
efficiency. 

I. INTRODUCTION 

Before the No. 4 Blast Furnace reline, the stove domes 
were opened for inspection and a slag layer was observed 
on the stove checker brick. As a result, the stoves must be 
cooled into the reline and the structure on the checker 
brick must be cleaned. The aim of this study is to cool the 
stoves, clean the surfaces of the checker bricks, remove 
the clogged bricks and replace them with new ones, and 
reactivate the stoves by heating. 

II. EXPERIMENTAL STUDIES 

After the furnace was placed in the re-line stop position, 
the chimneys of the stoves were opened and allowed to 
cool by itself at 
were opened and cooling was continued. Manhole covers 
and hot air valves were closed and chimneys were started 
to be cooled with stove fan air. Measured dome 
temperatures for cooling are given in Table 1. 

Tablo 1. Dome temperature before and after cooling.  

 
It was observed that the checker bricks were completely 
covered with a slag-like structure as shown in Figure 1 in 
the stoves. The appearance of the checker brick after 
removing the slag structure is given in Figure 2. For the 
efficiency of the stoves, the slag layer and the refractory 
bricks were changed. 

Figure 1. Slag structure in the stoves 

Stove number Dome Temperature 
before cooling  

Dome Temperature 
after cooling  

41 NO. Stove 490 209 
42 NO. Stove 564 238 
43 NO. Stove 549 252 
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Figure 2. Brick appearance of the stoves after slag 
cleaning 

After the brick removal process, the masonry completed 
was with a new refractory brick and the picture is given in 
Figure 3. After these steps, the commissioning works were 
started and the drying process was applied in the stoves. 

 
Figure 3. The stove after refractery knitting. 

 
Drying graphs of the stoves are given in the chart below. 
The drying processes were completed by heating the 
stoves within the stipulated time. 

 
 
 
 
 
 
 
 
 

 
Figure 4. Stove Drying Curve No. 41 

Figure 5. Stove Drying Curve No. 42 
 

Figure 6. Stove Drying Curve No. 43 
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When the blast furnace was commissioned after each 
completed operation, the stove efficiency was reviewed 
and serious energy efficiency was determined after the 
revision. 

II. RESULT AND DISCUSSIONS 

In order to increase the efficiency of the stoves, the slag 
layer and refractory bricks were changed. 

After removing the brick, the masonry was completed 
with a new refractory bricks. 

After this revision, more (40-45%) blast furnace gas was 
burned to the 4th Blast Furnace stoves. In this way, the 
blowing temperature of 1000 degrees was increased to 
1150 degrees, allowing the stoves to heat more efficiently 
in a unit of time. When the blowing temperature was 
increased to 150 oC, 15 kg of coke was saved per ton of 
liquid iron in the 4th blast furnace. Thus, while the post-
reline capacity is 1600 tons/day, less than 8,520 tons of 
metallurgical coke will be used per year in the 4YF. In 
these days when the efficient use of energy resources is 
very important, an important energy item has been saved 
in blast furnaces where intense energy consumption is 
required. 

Annual consumption of 8520tons of Coke will be less 
than 15kg x1600tons for 24 tons/day and 24x355 days. 
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BLAST FURNACE NO. 1 RELINE

Fikret FURTUN1, Abdulrezzak ERDEM1,  

  5. ,   

Turkey 

fikretfurtun@kardemir.com, aerdem@kardemir.com,  

Abstract--- In this paper, a study was conducted to 
determine the level reduction process parameters of the 
Blast Furnace No 1, which was put into operation on 
April 14, 2011, after 10 years, by placing it in the re-
line,modernizations position. According to the monitored 
process parameters, the amount of air in the furnace was 
reduced and the sound level was measured and this value 
was measured as 15.60 m. On 17.11.2021 at 00:00, after 
the blowdown (snort) valve was opened 100%, the blast 
furnace no. 2 was commissioned. The furnace, which was 
separated from January 1, was stopped. As a result, a total 
of 4,083,816 tons of liquid raw iron was produced in the 
10 years from Blast Furnace No. 1 to lowering the level 
and purchasing salamanders. 

Key Words : Blast Furnace, Liquid Cast Iron, Top 
Pressure, Salamander 

I. INTRODUCTION 

A salamander refers to all the liquid and solidified 
materials found at the bottom of a blast furnace, casting 
hole. The salamander contains liquid raw iron and slag 
and solid iron, slag and coke/carbon mixtures. During the 
normal operation of the blast furnace, the bottom of the 
furnace is called the dead zone, namely the salamander. 

When the blast furnace was to be re-modernised in this 
study, all components of the furnace must be removed and 
completely emptied. Removal of the salamander was 
necessary during partial re-lining of the furnace or repairs 
to the spigot. Tha salamander casting was generally 
preferably done in the blast furnace at the lowest level that 
liquid iron could be expected. 

II. EXPERIMENTAL STUDIES 

 

The blast furnace no.1 was taken to a preliminary stop 
with the Operation Performed Before the Leveling 
Process. 4 NITROUS ( N2 ), 4 water ( H2O ) studs to cool 

the furnace body before the level reduction process starts. 
In addition, the furnace bunkers were emptied by 
reducing the minimum number before this stop. 

Moreover; 

chain to rope. 

ut. 

checked. 

 

 

 

After the preliminary stop, the furnace was started with 
14,000 Nm3 of air per hour. The amount of air has been 
increased to 30.000 Nm3 by making adjustments in the 
amount of air as the process conditions of the facility 
allow. By measuring the top temperature, it was seen that 
it was 406 C. Therefore, 20 tons of water was opened to 
the top by adjusting the valve at 30% opening. 

During the level drop, the levels and radar measurement 
system were checked with both measuring equipment. As 
the peak temperature increased as expected, the furnace 
was disconnected from the gas network and started 
working into the atmosphere. 

At partial time intervals, the amount of air in the furnace 
was reduced and the temperature was reduced from 

measurement for level control was 15.60 m. Since the 
furnace would be stopped at 00:00 on 17.11.2021, the 
blowdown valve has begun to open. 

After this time, the top water was turned off, the 
blowdown valve was opened 100%, the stove was 
disconnected and the furnace was stopped. The analysis 
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of the liquid mineral and slag of the first casting taken 
after the preliminary stop is given in Table 1.

Table 1. Mineral analysis of the No. 1 casting during 
level drop.  

Mineral Analysis 

Si Mn S C P               

2,31 1,23 0,05 4,48 0,096               

Slag Analysis 

SiO2 CaO Al2O3 MgO MnO S Fe K2O Na2O TiO2 KBAZ BBAZ 

38,09 34,08 13,45 7,31 1,59 0,83 0,27 0,5 0,22 0,59 0,895 0,803 

After the level started to decrease, No.1 casting was 
opened and the end of the casting was stopped. While 
performing the level lowering process, the amount of air 
and the amount of head water were increased or decreased 
at the desired setting so that the level does not fall. Data 
taken every 10 minutes was recorded. After the necessary 
preparations were made to take the salamander, the armor 
was started to be cut at 01:02 h in the day and after the 
armor was removed, the furnace armor was started to be 
cut with O2 (oxygen) at 05:15 h in the day after the 
machine maintenance unit was completed at the 
salamander channel mouths. In the Salamander hole, at 
06:30 h in the day, liquid mine came from a depth of 80 
cm and a total of 140 tons of liquid metal was taken.  

II. CONCLUSION 

-95% 
until the purchase of the salamander. 

and the furnace was stopped at 15,60 meters. 

of the furnace armor was reached at the target time and 
the expected mine was taken in the target time. 
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A Study on the Carbon Footprint Calculation 
in Fener Gear Production 
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Abstract  In the warming of the earth, water vapor, methane, carbon dioxide, nitrous oxide etc. increases in the amount 
of gases play an important role. The main factor in this increase is the activities of people. Human activities cause an 
increase in the emission of greenhouse gases, either directly or indirectly. The amount of equivalent carbon dioxide 
emitted into the atmosphere as a result of lighting, heating, transportation, animal husbandry activities and activities 
of industrial facilities is increasing day by day. The carbon footprint of the greenhouse gases released into the 
atmosphere by a person, an organization or a country's activities is called carbon footprint. CO2 is one of the important 
greenhouse gases accumulating in the atmosphere and causes important ecological problems such as the acidification 
of the oceans together with climate change, which is one of the most important environmental problems in human 
history. The sector with the largest share in carbon footprint is the electricity generation sector. In addition, different 
sectors such as manufacturing industry, construction, imports, transportation, non-electrical housing and services are 
also influential. In this study, it is aimed to determine the carbon footprint that occurs during the production of lantern 

-based carbon footprint that 
emerged at each stage of the production process was calculated and studies were put forward to reduce carbon 
emissions. 

Keywords  Carbon,carbon footprint, emissions,climate change,greenhouse 
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Continuous Casting Plant Revision Study 

1*, Recep Demir2, 3, 4, Murat Canbaz5, Recep 
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Abstract  The continuous casting process is used to produce construction steel, rail, profile, sheet, etc., in the 

subsequent rolling plants of the molten metal. It is the process in which semi-finished products are obtained by 

solidifying in the form of billet, bloom or slab in order to produce the products. It is the most commonly used method 

for casting not only steel but also aluminum and copper alloys. The method began to be used after the widespread use 

of steel from the middle of the twentieth century and is a method developed for higher yields, higher quality, higher 

ctory. Continuous casting 

facilities (SDM) are indispensable in the production flow of integrated iron and steel production facilities. Currently, 

there are four SDMs in the factory and their capacities are respectively SDM1 - 1.100.000 tons/year, SDM2 - 430.000 

tons/year, SDM3 - 1.250.000 tons/year and SDM4 - 1.200.000 tons/year. In order for the products produced in SDM2, 

which has completed its economic life, to be produced in SDM3, revision studies were started in 2021 and these studies 

were completed in 2022. Within the scope of the works, the casting paths with a radius of 10 m were increased to 12 

m, and as a result of the revisions, an increase of up to 40% was achieved in the production quantities of the profile 

draft BB 280x360x90 and bloom BL 260x360 products. 

Keywords  Continuous casting,stell,rail,profile,iron and stell. 
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The Effect of Gas Nitration Process on The Wear 
Behavior of Steel Casting Crankshaft 

 

krank mili 520

numunelerin 
-

larak 

  

Anahtar   

Abstract  In this study, the effect of the gas nitration process on 
the wear behavior of the crankshaft was investigated. For this 
purpose, 15 hours of gas nitration was applied to the crankshaft at 
a temperature of 520oC. As a result of the gas nitration, the 
hardness and microstructure images were taken separately from 
the nitrided and nitrided samples. In order to compare the 
abrasion behavior of nitrided and nitrided samples, back and 
forth abrasion test was applied. 20N and 60N were determined as 
the load and subjected to abrasive wear test. Test results vary 
depending on distance traveled and load applied. 100Cr6 balls are 
used as abrasive and nitrided and nitrided crankshaft is used as 
counter material. Compared to the wear resistance of nitrided 
crankshaft samples, an increase in wear resistance of about 20% 
was observed in nitrated samples. 

Keywords  Gas nitriding, abrasion wear, microstructure, 
hardness  

Not: 
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  C Si Mn Pmax Smax Cr  

38Si7 0,35-0,42 1,59-1,80 0,80-0,50 0,05 0,05    
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INVESTIGATION OF TAPHOLE CLAY 
APPLICATIONS AND PERFORMANCE IN 

BLAST FURNACES 
1, Abdulrezzak ERDEM1, Hayrettin AHLATCI1*, 

, Department of Metallurgy and Materials Engineering  
*Corresponding author: hahlatci@karabuk.edu.tr 

Abstract--- In this study, the performance of 3 different refractory 
materials used in Kardemir 5th blast furnace casting hole was 
examined and it was aimed to reduce their harmful effects. As the 
blast furnace data, the physical and chemical properties of the 
taphole clay were examined and the effect and specific 
consumption of the sludge on the casting time, flow state, taphole 
clay pumping ability, length of the taphole and specific 
consumption were investigated. 

I. INTRODUCTION 

The blast furnace process results in liquid iron and slag being 
produced. These two liquids drip down into the coke-filled 
hearth of the blast furnace where they wait to be tapped, or cast, 
from the furnace. The densities of the two liquids are quite 
different; with iron (7,2 t/m3), being three times that of slag (2,4 
t/m3). This difference leads to very good separation between the 
iron and the slag once it is outside the furnace, given the correct 
trough dimensions, but also means that separation will occur 
inside the hearth before the liquids are tapped, see Figure 1[1]. 

 

The main iron runner will contain liquid material from the 
previous casting. When the casting is started, the flowing iron 
will flow over the remaining material and pass through the 
siphon. Pig iron passing through the siphon will be poured into 
the torpedoes via the movable chute. The slag moves over the 
pig iron. For this reason, when it comes to the siphon section, 
the pig iron will move from below and the slag will be diverted 
to the slag runner and decomposed. After the slag separation is 
achieved, it will be directed to granulation or it will be 
discharged into the slag pot. In processes using slag 
granulation, no peak should be mixed in the slag. If mixed, it 
can cause explosions in the slag pool. The pouring hole is 
located below the hearth, so that the existing liquid material is 
taken as much as possible by casting. The lower part, known as 

the salamander , is only tapped at the end of a campaign, to 
allow for access to the pad for demolition and replacement. 

 

The regular removal of liquids from the hearth is done through 
the taphole, or tapholes. The number of tapholes can range from 
one to five, depending on the size and output of the furnace. 
The majoritiy of modern high productivity blast furnaces have 
been between 2 and 4 tapholes. In normal operation of a furnace 
with two or more tapholes, the tapholes will be used alternately, 
with one cast being on one taphole, and the next cast being on 
the other. This also applies to furnace with up to five tapholes. 
The reason for the extra tapholes is to ensure that there are 
always two tapholes in operation, even through times of 
casthouse repair, or emergency breakdown. 

  
The tapholes are openings in the Blast furnace shell with special 
refractory constructions built into the hearth sidewall. The 
tapholes are opened by either drilling through the refractory or 
by placing a bar in the refractory that is later removed. The 
holes are closed by forcing a plug of malleable refractory clay 
into the hole, which quickly hardens to securely seal the hole. 
In normal operation this taphole clay will extend into the 
hearth, forming a taphole mushroom that will protect the 
original refractory construction (see Figure 3). 

 

Figure 3 Over the taphole campaign, the original lining will gradually be 
worn away and replaced by taphole clay. 

Figure 2 The Blast Furnace Hearth 

Figure 1 Slag and iron separation in the iron runner, or trough. 
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The casting hole undergoes wear during casting. Especially 
when the slag starts to flow, the wear may be more. Despite a 
good pouring regime, variations in the level of the sump fluid 
can occur. The quality of the slurry mud is determined by its 
resistance to slag attack. The length of the spigot is determined 
by the amount of sludge injected. Generally, more sludge is 
injected than the required refractory sludge requirement. 
Excess sludge injection forces the inside, causing the formation 
of a mushroom. This fungus formation provides protection 
against corrosion in the spigot section. In large furnaces, the 
formation of fungus is greater and longer casting holes are 
formed. While it is expected to have a spigot length of 2.5 
meters in furnaces with a chamber diameter of 11 meters, 
furnaces with a chamber diameter of 14 meters may have a 
taphole length of 3 meters. 

A blast furnace will be cast between 8 and 14 times per day. 
These casts may last between 90 and 180 minutes, with the end 
of the cast indicated by a spraying of the liquids caused by gas 
from the raceway escaping out of the taphole. In this time the 
furnace processes a considerable part of its working volume. 

The material charged in the oven stays in the oven for 6-8 hours. 
It is understood that 1/3 of the material in the furnace turns into 
liquid iron and slag, if the casting is taken for 2 hours. Figure 4 
shows the regular casting of the furnace with two casting holes, 
respectively. 

 

When the tapholes are closed, or one is open but the stream of 
liquid exiting has a low flow rate, then the liquid level in the 
hearth will increase. That is to say, the production rate is higher 
than the tapping rate. If this continues for long enough, then the 
increased liquid level in the hearth can affect the blast furnace 
process in the following ways: 

1. The upward force on the submerged coke deadman is 
increased by the increased liquid level. This increase in the 
upward force will slow down the burden descent. 

2. If the slag level is so high that it reaches the tuyeres then the 
gas flow will be severely affected, with increased gas flow up 
the wall. This can result in poor reduction of the burden and 
therefore a chilling furnace. 

3. The slag can be blown high up in the active coke zone, 
impeding normal gas distribution. 

4. If the hot metal level is so high that it reached the tuyeres, 
then it is possible a cut tuyere will be the result, causing water 
leakage into the furnace. In the worst case scenario the tuyere 
will burn severely or a blow-pipe will fail. This will then lead 
to a blow-out of coke and a very critical emergency stop.  

To avoid these problems, the liquid level in the hearth should 
be kept under control. The process is carried out within this 
chassis by controlling the amount of hot metal and slag in 
modern furnaces [2]. 

The liquid level in the reservoir should always be kept as low 
as possible. The hearth should never be used as a buffer zone 
for the residues of the liquid material produced. For this reason, 
when the normal level is exceeded, the process is directly 
affected.  

The liquid level in the hearth will exert an upward force along 
with the blowing pressure in the blast furnace. Allowing this 
force to increase will slow down the downward movement of 
the material. Figure 5 shows the increase in the hopper level. 
 

 

As shown, an increase in the liquid level in the hearth will 
deflect the blown air and concentrate it towards the walls. The 

example, the bosh region will be exposed to a higher heat load 
than normal and the smell of the cohesive region will increase. 
But at the same time, the cohesive zone in the center of the 
furnace will fall. Because the amount of gas passing through 

Figure 4 Typical casting regimes with a two taphole furcane, showing iron 
run times with slag above them. 

Figure 5 Consequences of increased liquid level. 
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the center will decrease. The blowing pressure will also be high 
and the material movement will slow down. In these cases, the 
oven may hang. In the event of a subsequent slip, there may be 
a danger of slag filling the tuyeres. 

In addition to these, an increase in temperature will be observed 
in the wall regions of the body. The gas inside the furnace will 
move close to the wall areas. There will be an increase in 
temperature due to the increase in temperature in the coolers in 
these regions. This will increase the heat losses, and the furnace 
will be in danger of cooling down together with the losses in 
the furnace efficiency. In such a scenario, the casting must be 
opened without delay in order to stabilize the process again. 

Observing blowing in the spigot often leads to considering the 
furnace hearth as empty or not. Although it is a good indication, 
it should not be considered as a definitive observation. Blowing 
in the spigot may simply indicate that the area around the spigot 
is emptying. This does not inform us about other parts of the 
chamber. If the areas far away from the pouring hole are low, 
liquid material may come in low enough to allow blowing in 
the areas close to the casting hole. However, in this case, it may 
mislead about the fact that there is liquid material in other 
remote areas. In such a scenario the casting should still be 
closed. However, casting should be considered as incompletely 
drained casting. This is not always easy to detect. 

The symptoms of empty hearth can be summarized as follows; 

1. Observing blowing from the taphole 
2. Receiving sufficient liquid iron and slag in proportion to the 
production amount 
3. Control parameters indicate that the chamber is empty 
(charge rate and pressure are normal) 
4. The ability to close the oven without any problems. (Without 
splashing slag or liquid metal on the feathers) 

The last criterion mentioned above is often one of the most 
important reasons for the case when the furnace has to be turned 
off in a short pouring time. 

A good analysis of the spigot conditions and performance can 
be achieved through comprehensive information gathering. 
Some of the recorded information is as follows; 

 
 

 
Length of the taphole, 
Taphole diameter, 

 
 mud used to cover the taphole, 

 
taphole, 

 
hot metal temperature, 

slag basicity, slag volume, etc.) 

The control parameters mentioned above can be easily
interpreted by transferring to information. Graphs can be 
obtained by creating an information source. 

II. EXPERIMENTAL STUDIES 

 
During the experimental studies, the quality of the casting hole 
muds with different qualities; The effects on casting drilling 
performance, first opening moment, flow state, hole diameter 
enlargement, hole length, mud pumping ability and specific 
consumption were examined and performance comparison was 
made by following foundry applications. 
 
All of the experimental studies and performance comparisons 
of the data related to the studies were made in the Blast Furnace 

furnaces in Kardemir. There are 2 foundries in the blast furnace 
no. 5 depending on the production capacity. These are West 
Foundry (casthouse 1) and South Foundry (casthouse 2). Blast 
Furnace No. 5 casting hole has a total taphole length of 200 cm 
with 50 cm flange and 150 cm carbon refractory. With the 
prediction of 50 cm minimum mushroom (mushroom) 
formation, the taphole length target in Blast Furnace No. 5 is 
minimum 250 cm. 
 
In Blast Furnace No. 5, casting is generally opened with a 40 
mm bar. 50  64 mm bar+xbit is used in emergencies or for 
business purposes. There are 6 TCPs in both casting hole 
refractories and online temperature measurement is made 
around the casting hole. After starting the test samples in which, 
the experimental studies are carried out, if there is no problem 
caused by the casting hole mud, the use is continued until the 
trial tonnage is exhausted. In case the hole length is 2 meters or 
less, the trial is stopped as of that casting. In order to see the 
real performance, it should be able to be cast with the casting 
hole mud, where a minimum of 3 castings are tried in a row. If 
the casting has to be closed as a result of uncontrolled flow due 
to excessive expansion in the hole during casting, and if the 
splashing flow lasts more than 2 minutes after the casting is 
opened and / or if the splash starts again after the slag comes, 
the trial is stopped. If the casting opens by itself after the casting 
is closed, the attempt is not continued. If the casting hole mud 
hardens in the mud ball and cleaning due to this hardening is 
required and/or the mud cannot be pressed into the hole, the 
trial is stopped. 
 
The technical specifications of 3 different products (A-B-C 
quality) supplied from the company are given in Table 1. 
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Between 17 - 28 April 2019, a trial was carried out in the spigot 
with A-C quality clays. In total, 12 tons of taphole clays were 
used continuously. Between 18 - 24 June 2019, trials of A-B 
quality  taphole clays were carried out. In total, 10.5 tons of 
clays were used continuously. The days when the trial started; 
Since the clay character will not be fully reflected in the 
taphole, it has been excluded from the evaluation. 

 
 

Table 2 A- Quality Taphole Clay Performance. 

 
Table 3 B- Quality Taphole Clay Performance. 

 

Kategori A B C 

 

Temel malzemeler 

Bauxite - 
Silicon Carbide 

(Boksit-
Silisyum 

 

Brown fused 
alumina- Silicon 

Carbide 
(Kahverengi 

- 
 

Corundum 
Silicon 
Carbide 

(Korindon 
Silisyum 

 

Tane boyutu (mm) 3 3 3 
 2230 2430 2370 

        

  
 45 49 52 
 34 26 23 
 2,5 4,5 4,2 
 2 1,2 1,2 

SiC (%)  15 17 16 
 32 22 27 

        

Fiziksel   
 10 11 9,8 
 1900 2100 2050 

 29 30 28 
 5,5 5 6 
 220-260 180-220 180-220 

 

No./
Cast No.

Toplam 

Total Clay 
Weight (kg)

Toplam 

Total 
Casting 

Time (min)

Tonaj/
Tonnage Consumption

t/dk
Casting 
Velocity

Delik Boyu/
Length (cm)

Bazitesi/
Slag 

Basicity

Hacmi/
Slag 

Volume

11504 169 165 603 280 3,65 270 0,796 274

11509 169 140 429 394 3,06 270 0,731 274

11510 169 140 589 287 4,21 270 0,752 274

11512 169 115 433 390 3,77 250 0,835 274

11513 169 115 423 400 3,68 260 0,750 274

11518 169 95 410 412 4,32 300 0,758 274

11519 169 115 416 406 3,62 270 0,755 274

11520 169 105 407 415 3,88 300 0,72 271

11525 169 115 429 394 3,73 250 0,764 271

11529 169 130 434 389 3,34 300 0,755 269

11530 169 140 528 320 3,77 290 0,725 269

11531 169 110 434 389 3,95 270 0,711 269

11532 169 170 590 286 3,47 260 0,762 269

11535 169 160 580 291 3,63 240 0,773 269

11537 169 115 441 383 3,83 280 0,78 274

11538 169 110 425 398 3,86 240 0,762 274

11543 169 165 569 297 3,45 290 0,746 274

11544 169 160 533 317 3,33 270 0,713 274

11545 169 130 442 382 3,40 270 0,762 268

11551 169 125 587 288 4,70 300 0,744 268

ORT. 169 131 485 348 3,73 273 0,755 272

No./
Cast No.

Toplam 

Total Clay 
Weight (kg)

Toplam 

Total 
Casting 

Time  (min)

Tonaj/
Tonnage Consumption

t/dk
Casting 
Velocity

Delik Boyu/
Length (cm)

Bazitesi/
Slag 

Basicity

Hacmi/
Slag 

Volume

11611 225 125 378 595 3,02 260 0,828 243

11613 225 130 481 468 3,70 280 0,785 248

11614 225 175 523 430 2,99 280 0,788 248

11617 225 165 492 457 2,98 240 0,792 264

11618 225 90 268 840 2,98 250 0,813 264

11621 225 120 502 448 4,18 240 0,757 271

11623 225 150 377 597 2,51 250 0,782 275

11624 225 160 470 479 2,94 250 0,852 275

11626 225 120 522 431 4,35 240 0,854 274

11627 225 110 498 452 4,53 240 0,845 274

11628 225 115 463 486 4,03 260 0,884 275

11630 225 180 532 423 2,96 250 0,938 275

11631 275 155 542 507 3,50 180 0,891 275

11632 250 240 799 313 3,33 240 0,887 275

11633 225 155 525 429 3,39 250 0,878 273

11634 225 85 156 1442 1,84 250 0,853 273

11636 225 170 441 510 2,59 230 0,837 273

11638 225 125 365 616 2,92 250 0,824 273

11639 225 160 432 521 2,70 230 0,875 273

11641 225 85 295 763 3,47 220 0,835 273

ORT. 229 141 453 505 3,24 245 0,840 269

Table 1 Technical Properties of A-B-C Quality Taphole Clays. 
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Table 4 C- Quality Taphole Clay Performance. 

In Table 2, Table 3 and Table 4, all possible parameters known 
during the A-B-C quality taphole clay trials were examined and 
recorded. According to this; 

DRILLING: In terms of casting drilling, A quality casting hole 
mud showed the best performance. The good drilling 
performance has contributed to the flow quality in a positive 
way, not only that the drill, which is the drilling equipment, is 
not forced and the consumables do not increase, and more 
importantly, the cracks that may occur in the hole during 
drilling do not occur. Studs occurred during intermediate 
drilling in the C quality casting hole mud, increasing the 
material consumption. 

FIRST MOMENT OF OPENING: Dust emission and metal 
spatter that may occur during the first puncture can negatively 
affect the environment and more importantly, the refractory life 
used in the main duct due to spatter. 

With a few exceptions, the flow returned to normal within 2-3 
minutes in all 3 quality casting hole muds. It is within 
acceptable limits. 

 
FLOW: There was no flow-related problem in the A-B quality 
taphole clay during the trial. The flow is very smooth from the 
moment of the first puncture to the closing of the air coming in. 
In C quality taphole clay, flow disturbance was experienced due 
to 2-3 casting hole diameter enlargement. 

CLOSING (INJECTION WITH MUD GUN): No problems 
were encountered during or after pressing during the trial. 
However, a casting was opened spontaneously in the C quality 
taphole clay, thus jeopardizing the operational safety. 
 
TAPHOLE LENGTH: The taphole carbon block in the 5th 
Blast Furnace is 2000 mm. However, when defining the casting 
hole size, it is defined not only with the carbon block size but 
also with the cork that the casting hole mud should form inside 
the furnace. In the 5th Blast Furnace, the target hole length is 
minimum 2500 mm. Hole size is a very important parameter 
for the furnace operation, which is constantly emphasized and 
monitored, as it directly affects the furnace performance and 
the casting hole carbon block in the long run. A quality spigot 
mud showed the best performance with 2730 mm. For B quality 
casting hole mud, the length of the casting hole is min. the 
target is below the hole size. The trial average was 2445 mm. 
In C, the taphole lengths are generally good and the trial 
average was 2490 mm. 
 
TAPHOLE DIAMETER: In the 5th Blast Furnace, the 
casting hole is opened with 40 or 50mm tips. Depending on the 
quality of the casting hole mud, expansions occur in the hole 
after the casting is opened and especially when the slag starts 
to flow. However, the enlargement should remain within 
acceptable limits. Occasionally, hole enlargements were 
observed in the B grade slurry. Expansion is within acceptable 
limits. The C grade borehole clay performed poorly due to hole 
enlargement. 
 
SPECIFIC CONSUMPTION: The taphole clay consumption 
is tracked as how many grams are used per ton of liquid raw 
iron on a daily-monthly-yearly basis (gr/thm). In the 5. Blast 
Furnace, taphole clays of various companies have been used 
before and different performances have been obtained. While 
there is a general average of 475 gr/thm specific consumption, 
it is 348 gr/thm for A quality slurry and 505 gr/thm for B quality 
slurry. During the use of C quality taphole clay, it was 376 
gr/thm. However, it should be noted that specific consumption 
is not a parameter by itself. Evaluation should be made taking 
into account all the above-mentioned parameters. 

III. RESULT AND DISCUSSIONS 

 
In the 5th Blast Furnace casting hole of Kardemir's Blast 
Furnace Department, tests of 3 different quality casting hole 
muds were carried out and as a result of the comparison made 
within the scope of the obtained data, A quality taphole clay 
showed the best performance. The results obtained as a result 
of the comparison between A and B quality taphole clays are 
given below. 
 

clays in 
taphole length catching. However, when B quality 
taphole clay was used, it was below the target with an 
average of 245 cm. 

 

No./
Cast No.

Toplam 

Total Clay 
Weight (kg)

Toplam 

Total 
Casting 

Time (min)

Tonaj/
Tonnage Consumption

t/dk
Casting 
Velocity

Delik Boyu/
Length (cm)

Bazitesi/
Slag 

Basicity

Hacmi/
Slag 

Volume

11180 195 155 433 450 2,79 230 0,732 289

11181 195 165 249 783 1,51 260 0,735 293

11182 195 115 367 531 3,19 250 0,719 293

11183 195 100 373 523 3,73 230 0,718 293

11185 195 100 369 528 3,69 220 0,745 293

11187 195 175 563 346 3,22 260 0,736 293

11189 175 130 404 433 3,11 270 0,713 296

11190 175 120 412 425 3,43 250 0,711 296

11191 175 175 550 318 3,14 240 0,715 296

11192 175 190 570 307 3,00 230 0,739 296

11193 175 150 780 224 5,20 250 0,722 296

11194 175 150 478 366 3,19 200 0,730 292

11195 175 170 617 284 3,63 260 0,702 292

11197 175 90 415 422 4,61 230 0,744 290

11199 175 170 702 249 4,13 270 0,744 289

11200 175 155 550 318 3,55 260 0,709 289

11201 175 130 470 372 3,62 250 0,685 291

11202 175 130 371 472 2,85 260 0,650 291

11208 175 175 570 307 3,26 280 0,732 291

11209 175 115 377 464 3,28 270 0,731 291

ORT. 181 143 481 376 3,41 249 0,721 292
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clays in terms of taphole 
enlargement.

of 141 minutes. During the period used in B, the casting time 
was prolonged by an average of 10 minutes.

in both taphole clays.

taphole 
clays.

When we look at the specific consumption, it is 348 gr/ton for 
A quality clay and 505 gr/ton for B quality clay. In the period 
when B quality clay was used, 157 g more clay was consumed 
per 1 ton of liquid iron. Consumption was above the general 
average.

The results obtained as a result of the comparison between A 
and C quality taphole clays are given below.

catching. However, in the period when C quality mud was used, 
it was below the target with an average of 249 cm.

clay is better in terms of drilling 
performance. In C quality clay, stabbings occurred from time 
to time during drilling and increased material consumption.

acceptable limits in the use of C quality clay. There was no 
problem in terms of expansion in A quality clay.

average of 143 minutes. In the period when C quality mud was 
used, the casting time was extended by an average of 12 
minutes.

In the period when C quality taphole clay was used, a casting 
was opened by itself, jeopardizing the operational safety.

-3 castings performed poorly due to hole 
enlargement in C quality clay.

A quality clay and 376 gr/ton for C quality clay. In the period 
when C quality clay was used, 28 g more clay was consumed 
per 1 ton of liquid iron. However, the overall average 
performance is within acceptable limits.

Table 5 shows the performance averages of A-B and C quality
taphole clays.

Table 5 A-B-C- Quality Taphole Clays Performance Averages.

Specific consumption (gr/thm) of A-B and C quality taphole 
clay is given in Table 6, and taphole length performance is 
given in Table 7.

Table 6 Specific Consumption Performance of A-B and C-Quality Taphole 
Clays (gr/thm).

Table 7 A-B and C- Quality Taphole Clays Length of Taphole Performance.

When all the results obtained were compared, it was seen that 
better results were obtained in all performances and analyzes 
compared to B and C quality of A quality clay. The specific 
consumption and taphole length performance of A quality clay
compared to B-C quality clays were above expectations. In 
order to produce alternative suppliers, trial studies are currently 
ongoing within the scope of casting taphole clays.

The company to be tested must prove the performance of its 
products. Products that have not been tested are not technically 
suitable for operational safety reasons. A quality clay is 
currently being used in the 4th and 5th blast furnaces. The 
casting taphole clays used in blast furnaces are supplied from 
abroad. Despite many trials with domestic refractory 
companies, they could not show the expected performance.

Kalitesi

Toplam Toplam 

(dk.)

Tonaj 
(ton)

Spesifik 

(gr/tshd) (ton /dk)

Delik 
Boyu 
(cm)

A 169 131 485 348,38 3,73 273
B 229 141 453 504,91 3,24 245
C 181 143 481 376,30 3,39 249
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Some properties are sought in refractories that are resistant to 
high temperatures and are not easily subject to deformation. 
The properties expected to be in a good refractory; We can say 
that there is no structural change in the internal temperature of 
the furnace, resistant to abrasion, having a low expansion 
coefficient, resistant to slag and various gases that may occur 
in the furnace, good heat conduction, cost-effective and high 
quality. It is necessary to consider the chemical reactions that 
may occur in the furnace in the selection of suitable refractory 
materials. For this reason, it is highly important to know the 
content and physical properties of the refractory materials to be 
used. Considering our country in general, there are 3 integrated 
facilities producing iron and steel, and the importance of the 
subject is better understood when considering the iron and steel 
production of approximately 11.5 million tons/year and the 
diversity of refractory usage areas. 
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Abstract  The most important cause of air pollution is dust and gases released into the atmosphere uncontrollably. In industrial 
facilities, dust particles that occur during production or during operation, depending on production, threaten both the environment 
and employee (human) health. These dusts, which are invisible and spread especially in the working area, cause damage to human 
health. For the health of humans and the environment, dust collection is of great importance in the collection and removal of dust 
dispersed in the environment. With dust collection systems, dust, gas, smoke, etc. air pollutants in the air are absorbed and separated 
from the clean air. The air brought to the standards that will not harm the environment and human health is transferred to the outside 
environment. In the first stage of this study; The main parts and auxiliary systems of the Blast Furnace unit, which has the dust 
collection system to be revised in Kardemir, are explained. After the Blast Furnace is explained, the part about dust collection systems 
and types is explained. Then, the dust collection unit used for filtering the dust and gases generated during the transfer of the liquid 
raw iron produced in the Blast Furnace-1 facility to the torpedoes (casting) was examined. The online dust collection filter used in the 
dumping path in this facility is the online dust collection filter, and due to the working principle of the filter, in case of malfunction or 
maintenance, it causes the plant to stop or production in an unhealthy environment. In this study, the working principle of the online 

-1 facility and the malfunctions that may occur during 
operation are mentioned. In case of malfunction or maintenance in the dust collection unit, the unit must stop and this causes the 
production to continue in an unhealthy environment. The thing that needs to be done in order not to continue working in an unhealthy 
environment is to stop the facility in a planned manner and fix the malfunction. In this case, it causes loss of production. The online 
dust collection unit used in this part of the facility was converted into an offline dust collection unit by making the necessary revisions 
and modifications. As a result, malfunctions or maintenance that may occur in the unit due to the working principle of the offline dust 
collection system are eliminated by closing the compartments locally. As a result, the production loss and unhealthy working 
environment caused by the dust collection unit have been eliminated.  

Keywords  Dust collection systems, bag filter systems, pulse jet filter, online offline filter, filter equipment. 
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Abstract  In today's technology, the power of mechanization has emerged in places where manpower is insufficient to meet the 
increasing needs for many facilities. With the conveyor systems, the transportation of the material from one point to another in the 
facilities has become much easier in terms of time, distance and capacity. Since belt conveyors are a reliable and cost-effective system 
in material handling, the quality of the belt used should be carefully selected. It is important that wear and tear on the belt over time 
are repaired quickly and effectively so as not to prolong plant downtime, and prompt repair is essential so that a minor damage detected 
does not lead to more inconveniences. In this study, vulcanization time, which is one of the parameters affecting the belt strength in belt 
splicing made by vulcanized welding method, is discussed. By examining the effect of time on strength, it is aimed to extend the life of 
the belt splicing. In the study, general characteristics of belt conveyors, belt conveyor types, belt structure and properties, vulcanization 
definition, splicing process steps with vulcanized welding method and experimental studies to examine the effect of vulcanization applied 
at different times were examined. According to the test results, it has been observed that the vulcanization time has a positive effect on 
the belt strength and it has been observed that the welding machine used also saves time in terms of returning the belt to use faster in 
the facility. 

Keywords  Vulcanization, belt conveyor, strength, welding, belt structure. 
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Effect of Coefficient of Friction on Part Thickness Due to Stresses Occured in Forming 
Process 

ABSTRACT 

Cold forming is the process of forming using high speed and pressure without changing the 

internal structure of metals. The aim in cold forming is to give the material a uniform shape 

without creating cracks or tears on the sheet surface. Therefore, it is very important to make the 

needed analyzes before the material is cold formed. Local plastic deformation caused by 

excessive applied pressure or high rates causes the material not to be given the desired shape. 

For this purpose, Autoform is one of the most frequently used simulation programs in the 

analysis of stress zones to be formed by cold forming in the raw sheet. In this study, cold 

forming simulation of the 2mm thick low carbon HX420LAD sheet used in the shaping of the 

vehicle roof part was carried out with the Autoform program. Depending on the applied force, 

the areas where thinning and tearing may occur in the sheet metal section were determined. 

Then, in the Autoform program, the friction coefficient ratio was reduced in theory on this 

region and the stress regions were reduced. In practice, thinning has been tried to be prevented 
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by applying different lubricants on the expansion sheet and very successful results have been 

obtained. 

Keywords: Cold forming, sheet metal forming, low carbon steel, automotive steels 
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EFFECT OF TEMPERATURE ON WEAR BEHAVIOR 
OF 1.2344 and WP7V HOT WORK TOOL STEELS 

 

 
 

Abstract- As the focus of the industrial sector shifts towards the 
use of new, lightweight, high-strength materials, the requirements 
for tool properties are also changing. The demand for tools with 
high wear resistance is increasing. 

Tools and molds used in hot metal forming can be exposed to 
high contact pressures combined with high temperatures, causing 
different types of tool damage. The most critical damages are wear 
and fatigue damages. 

patented WP7V quality hot work tool steels, which are frequently 
used in tools and molds in the industry, were investigated. Samples 
were prepared from heat treated 1.2344 and WP7V hot work tool 
steels under the same conditions. Using 6 mm diameter 100Cr6 
steel balls, pin-on- - 
in a dry environment at 300rpm under 20 N force load. The wear 
test results of the examined materials were compared. 

Keywords  Behaviour, Heat Treatment, 
Hardness, Microstructure 
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Abstract  High nitrogen austenitic steels have excellent mechanical properties and corrosion resistance. Nitrogen is an 
austenite stabilizer element thereby it can reduce the formation of ferrite and martensite during solidification. The dissolution 
of nitrogen on the metal surface provides the formation of a thicker and more protective passive film by nitrate ions. Thus, 
nitrogen addition improves corrosion resistance. On the other hand, nitrogen has a strong solid solution strengthening effect, 
leading to obtaining higher mechanical properties. Despite the better properties of high nitrogen steels, their fabrication is 
challenging. The production of high nitrogen austenitic steels includes the implementation of two methods. The first is liquid 
state treatment, which involves melting the steel in an atmosphere of high-pressure nitrogen. The second method is solid state 
treatment, also known as high temperature solution nitriding, whereby the steel surface undergoes absorption of nitrogen gas. 
The pressurized melting process has high production costs and also causes poor workability. The solid state treatment is more 
suitable for the production of high nitrogen steels. In the solid state, high temperature treatment allows the dissolution of higher 
nitrogen contents in the austenite than in the liquid state. In this present study, Cr-Mn type high nitrogen austenitic steel is 
produced by high temperature solution nitriding method under different pressure values for different times. 
In order to conduct microstructural characterization, a variety of methods including light microscopy, scanning electron 
microscopy, LECO analysis, and the X-ray diffraction method were employed. 

 

 

Keywords  High nitrogen austenitic steels, high temperature solution nitriding, austenitic stainless steels, nitrogen alloying, 
microstructure 
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AISI 4140 grade medium carbon steels are frequently used in the automotive industry after 
being subjected to a fine blanking process. Medium carbon steels have a ferritic, pearlitic 
microstructure in the as-received and normalized condition, whereas the cementite in pearlite 
has a lamellar morphology. Such a lamellar morphology of cementite results in a rougher 
fracture surface after the parts are blanked, which may initiate a fatigue crack from the blanked 
edge. In order to obtain a smoother morphology at the blanked edges and thus diminish the 
possibility of fatigue crack initiation during use, spheroidizing annealing is mostly preferred, 
which makes the cementite globular. Spheriodizing annealing can be performed in several 
ways, including a single-stage spheroidizing and a cyclic spheroidizing, where the 
spheroidizing is successively performed between an upper and a lower temperature. 

Therefore, it was aimed in this study to optimize the parameters of cyclic spheroidizing and 
compare the results with those obtained after a single-stage spheroidizing. Before the cyclic 
spheroidizing annealing, Ac1 and Ac3 critical transformation temperatures were estimated 
using appropriate equations reported in the literature. As a result, cyclic spheroidizing annealing 
parameters were upper and lower temperatures, holding duration at each temperature, and a 
number of repetitions of the process, i.e. cyclic number. 

Following spheroidizing heat treatments, the microstructures were examined by optical and 
scanning electron microscopes. The globular cementite morphology was quantified by using 
Clemex image analysis software, and hardness was measured. The results revealed that ten 
successive spheroidizing cycles performed at 800 and 680 C with 10 min holding for each 
temperature give the best results regarding the number of globular cementite particles. These 
optimized parameters also resulted in a complete shear surface after being subjected to an 
industrial fine blanking process, which is preferred over conventional cutting surfaces with a 
rougher morphology. 

Keywords: AISI 4140 Steel; Cementite; Fine Blanking; Spheroidizing Annealing. 
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ASP 2012 and ASP 2005 are powder metallurgy tool steels used in plastic injection molding, 
forming, hot forming, and machining applications. Both steels exhibit good mechanical 
properties due to homogeneously dispersed carbides in their microstructures, providing wear 
resistance and tensile strength. The surface of tool steels is crucial as it interacts with the 
environment leading to failures such as corrosion, wear, fatigue, and oxidation. Various surface 
modification methods can effectively reduce the possibility of such failures. Among them, Hot 
Dip Aluminizing (HDA) is a very effective and economical surface coating method, which is 
frequently used in combination with a subsequent diffusion annealing (DA) heat treatment. 
HDA and subsequent DA processes, when applied to steels, an aluminum-rich and iron-rich 
intermetallics form on the surface, which protect the steels against wear, oxidation and 
corrosion. 

This study aims to investigate the feasibility of HDA and the subsequent DA processes on the 
microstructure of the coating as well as the wear and corrosion resistances of ASP 2005 and 
ASP 2012 grade PM tool steels. In this context, the HDA process was performed in a molten 
Al-12 wt.% Si bath at 700 C for 3 min, followed by diffusion annealing at 1100 C and 1070 
C for 1 h for AISI 2005 and ASP 2012 steels, respectively. The coating morphology and 

structure were examined by optical microscope, scanning electron microscope (SEM) equipped 
with energy dispersive spectroscope (EDS) and X-ray diffractometer (XRD). In addition, the 
wear behaviour of the samples was analysed by reciprocating wear tests using a pin-on-flat 
configuration, and the corrosion behaviour was evaluated by electrochemical corrosion tests 
performed in 3.5 wt.% NaCl solution. The experiments were repeated for as-received, 
quenched, and tempered (QT) samples, and the results were comparatively evaluated. 

The results showed that Fe3Al, FeAl and FeAl2 intermetallics formed on the surface of both 
steels regardless of the steel grade. However, a thicker coating layer was obtained in ASP 2005 
grade tool steel, having higher alloying elements than ASP 2012 grade steel. ASP 2005 grade 
steel in QT condition exhibited the best wear resistance due to its highest hardness. From the 
viewpoint of corrosion performance, HDA and the subsequent DA processes provided better 
corrosion resistance for both steels with respect to their as-received and QT counterparts. On 
the other hand, the corrosion resistance of ASP 2012 steel was better than that of ASP 2005 
steel after the HA and DA process. This was attributed to the wider FeAl2 layer in the coating 
of ASP 2012 steel. 

Keywords: Tool steels; Hot Dip Aluminizing (HDA); Diffusion Annealing (DA); Wear 
Behavior; Corrosion Resistance.  
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AISI 4140 steel is a medium carbon low alloy steel commonly used in automotive and aircraft 
industries due to its good mechanical properties and hardenability. The steel is often used in a 
quenched and tempered (QT) condition, providing the optimum combination of hardness, 
strength and toughness to perform well against static and dynamic loads during application 
without failure. However, tempering heat treatment may diminish the toughness of the steel 
when applied to certain temperature intervals. This mechanism is known as temper 
embrittlement and is divided into two sub-categories such as tempered martensite embrittlement 
and temper embrittlement, depending on the tempering temperature. Because AISI 4140 steel 
is mostly used after tempering and is also subjected to dynamic loading conditions during use, 
the steel is prone to temper embrittlement and fatigue failure. In this context, the effect of 
temper embrittlement on fatigue behaviour should be considered to avoid fatigue-related 
failures due to the insufficient toughness of the steel. 

Therefore, this study aimed to investigate the effect of temper embrittlement on the high cycle 
fatigue behaviour of an AISI 4140 steel. The samples were tempered in the 200 - 600 C range 
in 50 C intervals after being austenitized at 830 C for 30 min and quenched in oil. The 
microstructure was examined by an optical microscope, and Rockwell C hardness tests were 
performed. Charpy V-notched impact tests of the tempered samples were conducted at room 
temperature, and the variation of impact energy depending on the tempering temperature was 
determined. The results showed that the samples tempered at 300 C have the lowest impact 
energy, indicating that tempered martensite embrittlement occurs at this temperature. In order 
to evaluate the effect of temper embrittlement on fatigue behaviour, the samples tempered at 
300 C were subjected to rotating bending fatigue tests. The samples tempered at 200 C and 
400 C were also subjected to fatigue tests for comparison. The fatigue test results revealed that 
the samples tempered at 200 C had a significantly higher fatigue life than the others when all 
tested at the same stress amplitude. However, the difference in the fatigue lives of 300 C, and 
400 C tempered samples was close with the samples tested at 400 C has slightly lower fatigue 
lives. Finally, it was concluded that the fatigue lives of AISI 4140 steels in quenched and 
temperature conditions decrease with the increase in tempering temperature. The steel is 
subjected to tempered martensite embrittlement when tempered at 300 C. However, the 
tempered martensite embrittlement does not have a distinct effect on the fatigue of AISI 4140 
QT steel. 

Keywords: AISI 4140 Steel; Fatigue; Quenching; Tempering; Temper Embrittlement. 
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Abstract  When the tensile test of a material is requested, the 
results may be encountered when the tests of commonly used 
metallic materials are performed in accordance with the 
international tensile test standard. However, many different 
metallic material tensile tests are used in the world. Differences in 
sample geometry and size definitions of these standards affect the 
tensile test results. In this study, sample shape, geometry, and size 
differences are defined and their effects are presented. In the 
result, the reasons for the sample geometry and the gauge length 
differences of the people who interpret the tensile test results are 
explained. 

Keywords  Tensile test, sample geometry, gauge length, size effect 
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Abstract Seismic isolators can be used in buildings, bridges, 
nuclear power plants, and other structures to prevent damage 
during earthquakes. Seismic isolators used in buildings reduce 
damage to structures during earthquakes and protect people's 
lives.
In order to obtain accurate and reliable measurement results from 
force measuring devices, these devices must be calibrated to 
international force standards. In this study, information on the 
structure and calibration of seismic isolator test machines, which 
is one of the industrial application areas where force 
measurements are made, and the traceability required for
accurate force measurements at MN level will be discussed.

Keywords Seismic isolator, force measurement, calibration, 
traceability
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ABSTRACT 

The heat treatment process consists of 3 basic parts. These; 
heating, holding and cooling processes. The reason for heat 
treatment of the wire rod to be used in the production of bolts 
and nuts; to eliminate the defects that may occur by removing 
the thick lamellae pearlitic structures and the residues that 
may occur with sudden cooling by creating a new 
microstructure with a larger grain size, lower hardness value, 
higher toughness value, higher formability value, and higher % 
section elongation value. Otherwise, problems such as cracks 
in bolts caused by microstructure, problems experienced in 
threading during production and low fatigue strength rate due 
to high hardness value after production, etc. arise. The 
globalization process for the 23MnB4 and 30MnB4 quality 
wire rods used in the study was carried out by heating for 17 
hours at approximately 700-
8 hours of cooling as oscillating. 

Keywords; Spherodization Heat Treatment; 23MnB4 
mechanical properties ; 30MnB4 mechanical properties; 
Medium Carbon Steel, Machinability Microstructure 

I. INTRODUCTION 

1.1. What is Bolt?  

Bolts and nuts are soluble fasteners that are very widely 
used in industrial industry. In the construction and machinery 
industry, steel alloy bolts are mostly used. Bolts as fasteners 
consist of 3 separate parts. These; bolts, nuts and studs.  

 
Fig. 1  A-)Bolts  B-) Nuts  C-) Studs[1] 

1.2. Manufacturing Methods of Bolts 

Bolt and nut production is carried out with 3 processes. 
These are cold forging, hot forging and machining processes. 
In these processes, cold forging is more preferred. The reason 

is that compared to the machining process, there is less waste 
and energy consumption is lower. The surface quality is also 
quite good. The production speed in the cold forming method 
is quite high. 
 
1.2.1. Cold Forging 
 

It consists of 3 different parts. These parts are the 
propellant shaft, fixed main die and movable head mold. It is 
the process of forging and shaping the material with the 
moving head. 
 

 
Fig. 2  Cold Forging Method [2] 

Not every bolt and nut can be produced on the same 
machine. Machine molds and stations are produced according 
to the diameter of the bolt. For example; M18 and M8 bolts 
cannot be expected to be produced with the same machine 
mold and station. 
 
1.3. Globalization Annealing 
 

The biggest factor that increases the hardness of steel is the 
carbon element it has. The increase and decrease in the 
proportion of carbon in liquid steel affects the machinability 
and formability properties.  
 

In the microstructure of steel there are several phases. 
These phases affect the machinability of steel. The spherical 
pearlitic structure formed in the steel subjected to the 
globalization process gave better formability and 
machinability results than the lamellar pearlite that was not 
globalized. [3]. The machinability and formability of medium 
and high carbon steels is difficult and costly. Therefore, it is 
annealed and cooled for a long time around Ac1 temperatures 
and changes occur in cross-sectional narrowing, formability, 
toughness and hardness values. The mechanical properties of 
steels vary with changes in microstructure. [4] 
 

(cementite) particles have low free energy, and when 
annealing to these temperatures begins, the phases grow 
spherically. With these spherical phases, the yield and tensile 
strengths decrease slightly, the toughness increases and most 
importantly, the steel gains the ability to be shaped. [5]  
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In their experiment, Naylor and Bellot said that the lamellar 
pearlitic structure formed by the annealing process in medium 
carbon alloy and unalloyed steels has the best formability and 
machinability. Medium carbon steel, which has been 
globalized and reduced in strength value, has a better 
processing property than steel that has not undergone 
globalization process, which has a coarse-grained pearlitic 
structure. [6,7]. 

chip removal properties of AISI 414, steel, which has 
undergone a globalization process. It has been shown that the 
surface roughness of the steel subjected to the globalization 
process increases with the increase in globalization time. The 
temperature applied and the time applied are an important 
factor in globalization annealing. Although there was no 
significant effect on the chip removal property, good chip 
removal occurred at all cutting speeds suitable for the cutting 
process. [8].  

roughness of the commonly used steel 4140. In this 
experiment, he selected two different temperatures below and 

spherization process with a duration of 2, 4 and 8 hours 
respectively. Increasing temperatures and durations have all 
been observed to increase surface roughness. [9] 

applied for 2, 4, 8, 16, 24 hours respectively, and globalization 
began at the 2nd hour, and at the 4th hour the structure 
became completely spherical. In previously annealed samples, 
globalization in microstructure began with the 8th hour. [10]  
In their study, Zhang and Kelly examined the cementite 
morphology formed in the microstructure as a result of 
globalization annealing. They stated that the cementites in the 
structure as a result of globalization annealing were not 
spherical, but rather in the form of short rods and polygons, 
and some of them were not separated from each other at all. 
The same experiment was tried with tempered martensite and 
at 400-
structure were closer to the spherical shape. From here, he 
revealed that the microstructure formed as a result of 
globalization and tempering is different. [11] 

Karadeniz has conducted studies on cold forming after the 
globalization process and examined the microstructures 
formed. AISI 4140 steel was first annealed for a long time on 

Ac1 temperature for 4, 8, 12, 24, 48 hours. The obtained 
samples were cold forming. The hardness, cross-sectional 
narrowing values of each sample were taken into 
consideration and it was obtained that the sample subjected to 
12 hours of globalization annealing gave the best results. [12]  

II. RESEARCH DATA 

2.1. Chemical Composition of 23MnB4 and 30MnB4 
Qualities 
 

The chemical compositions of the 23MnB4 and 30Mnb4 
castings used in this study are shown in Fig. 3 As seen in the 
chemical composition of 2qualities, %Mn, %Al, %Cr, %Ti 
and %B values were studied in the same reference range. 
Between these two qualities will be the %C ratio, which 
changes the hardness value. 
 
 

 
Fig. 3  Chemical Composition of 23MnB4 and 30MnB4 Qualities 

 
2.2. Globalization Annealing 
 

The 23MnB4 and 30MnB4 grades, whose chemical 
composition is shown in Fig.3 were annealed for 17 hours at a 

Fig.4 This process is aimed at increasing the formability and 
machinability of these two grades used in the production of 
bolts and nuts. 
 

 
Fig. 4  Heating and Cooling Time 

 
2.3. Hardness Values of 23MnB4 and 30MnB4 Grades 
Before and After Globalization Annealing 
 

Fig.5 shows the hardness values before and after 
globalization annealing. The purpose of the globalization 
process; to reduce hardness and increase the machinability and 
formability of the material 
 

The grades 23MnB4 and 30MnB4 were annealed for 17 
Fig.4 

Coarse-grained perlite and cemetite phases have been shown 
to occur in short rods, spherical phases or polygonal phases 
with the globalization annealing. With the new phases, the 
hardness value is reduced. 
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Fig. 5  Hardness Value 

2.4. Changing Mechanical Values of 23MnB4 and 30MnB4 
Grades Before and After Globalization Annealing 

Samples taken from wire rods before and after 
globalization annealing were tensile tested. The values found 
as a result of this test are shown in Fig.6 and Fig.7.  

After globalization annealing, a decrease in the yield and 
tensile strength of the 23MnB4 and 30MnB4 quality wire rods 
cut after globalization annealing was observed, while the 
elongation and increase in %sectional contraction values was 
observed. The main reason for this is; With globalization 
annealing, the thick and coarse phases in the material are 
replaced by thinner and spherical phases. The main purpose of 
this new phase is; to reduce hardness and increase toughness. 
With this increased toughness, the machinability and 
formability of the material will increase. 

 
Fig. 6  Mechanical Properties of  Before Globalization Annealing 

 
Fig. 7  Mechanical Properties of  After  Globalization Annealing 

2.5. Microstructure of 23MnB4 and 30MnB4 Grades Before 
Globalization Annealing 

The 500X microstructure images of the samples taken 
from 23MnB4 and 30MnB4 quality wire rods before 
globalization annealing by means of optical microscope are 

shown in the figures below. The thick and coarse phases in the 
microstructure can be seen by looking at the blackness. Our 
aim in the annealing process will be to break down these 
coarse and thick phases and to obtain a new microstructure by 
forming thinner and spherical new phases instead. 
 

 
Fig. 8  500 X 23MnB4 Before Globalization Annealing 

 

 
Fig. 9 500 X 30MnB4 Before Globalization Annealing 

 
2.5. Microstructure of 23MnB4 and 30MnB4 Grades After 
Globalization Annealing 
 

Samples taken from 23MnB4 and 30MnB4 quality wire 
rods after globalization annealing are shown in the following 
figures with 500X microstructure images with the help of an 
optical microscope. By looking at the microstructure, instead 
of the coarse and thick phases being broken down, thinner and 
spherical new phases were obtained. With these new phases, 
the formability of the material is increased. 
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Fig. 10 500X 23MnB4 After  Globalization Annealing 

 
Fig. 11 500X 30MnB4 After  Globalization Annealing 

III. CONCLUSIONS 

As a result of the studies carried out, we can collect the 
results obtained with the globalization heat treatment of 
23MnB4 and 30MnB4 quality wire rods to be used in bolt and 
nut production under 3 headings.  

 
1-) Changes in mechanical properties have been observed 

after globalization heat treatment in wire rods. In both grades, 
a decrease in yield, tensile strength and hardness values was 
observed. With these decreasing values, an increase in the 
toughness and malleability values of the material was 
observed. 

2-) In the new microstructures formed after spheroidizing 
heat treatment, it was observed that the coarse and thick 
lamellar structure was replaced by spherical and thin lamellar 
structures. An increase in the grain size values in the 
microstructure was observed after spheroidizing heat 
treatment.  

 
3-) By looking at the chemical compositions of 23MnB4 

and 30MnB4 grades; it will be seen 
that %Mn, %Cr, %Ni, %Cu, %Ti, %Al and %B values are in 
the same reference range in both grades. However, it was 

observed that yield strength, tensile strength and hardness 
values increased with increasing %C value.. 
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Abstract  Forging, extrusion, die, and tooling materials play a crucial role in achieving the necessary mechanical requirements and 
qualifications in the metal forming industry. H13 is an important tool steel that is widely used as a die material in various sectors due to its 
durability against high levels of stresses and loads. However, under harsh abrasive conditions, improvement in mechanical properties is required 
to maintain the steel's working performance. According to studies on steel surface modification, it is well known that depositing metal carbide 
to produce a hard coating layer on a tool steel substrate can enhance its wear resistance and hardness. Among the surface modification techniques, 
the electro-spark deposition (ESD) technique stands out with its versatility and feasibility in forming a metal carbide layer on steel substrates. 
ESD utilizes short-duration, high-current electrical pulses to melt and transfer material from an electrode to a substrate surface, resulting in the 
production of a coating layer. In this study, the wear characteristics of tungsten carbide (WC) coating on H13 steel by ESD were studied. The 
presence of tungsten carbide phases on the surface was confirmed by XRD analysis. The coating structure was characterized by scanning 
electron microscopy (SEM) combined with energy-dispersive X-ray spectroscopy (EDS or EDX). It was detected that WC was successfully 
deposited onto the H13 steel surface. The deposition of WC onto the H13 tool steel using ESD resulted in a significant 85% decrease in friction 
coefficient during dry sliding wear tests. Moreover, based on microhardness measurements, the coating layer was found to be five times harder 
than the substrate material. The results revealed that the ESD technique can improve the wear resistance of the steel surface by depositing WC.  

Keywords  WC Coating, H13 steel, electro-spark deposition, dry sliding wear test, micro-hardness analysis.  
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ABSTRACT 
In this study, the effect of cryogenic treatment on the hardness and 
wear properties of HSLA quality commercial automotive sheet welded 
joints was investigated. Laser welding processes; It was applied as a 
solid state laser source with a laser beam power of 1 kW and a feed 
rate of 250 mm.s-1. This welding process was performed on both sides 
in the butt position and without filler metal. Cryogenic treatment has 
been applied to HSLA quality steels before and after welding and has 
been grouped as such. Cryogenic processes -
oC/min. cooling was applied at the heating rate. Abrasion tests were 
carried out on a linear back and forth abrasion test device under 10N 
and 20N loads at a total distance of 600 m. The steps were created as 
200 m and weight measurements and friction coefficients were 
determined for each step. In the experimental results, the laser welded 
sample showed the best wear performance under 10 N load, while the 
20 N decreased wear performance with increasing load. In addition, it 
was found that at increasing load, the cryogenic treatment also 
increased the wear resistance, and the DCT applied after laser welding 
showed good performance among welded specimens for wear. 
Keywords: Laser welding, wear, HSLA, cryogenic treatment,  

 
kriyo HSLA kalite ticari otomotiv sac 
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Abstract  The use and importance of the wire arc additive 
manufacturing (WAAM) method has been increasing in recent 
years. The advantages of the method have been a factor 
supporting this proceed. One of these advantages is that a metal 
part, which is not available in the market or cannot be supplied as 
a standard, can be produced by the method. In this study, as an 
example, a cylindrical part was produced with the WAAM 
technique. This part, which can be described as relatively 
medium-sized, had a diameter of approximately 100 mm and a 
height of 120 mm. Macrostructure, tensile test, bending test, 
microstructure and microhardness studies were carried out with 
the samples taken from the produced part. No defects were found 
in the part during the macrostructure examinations. The tensile 
strength of the part was calculated as 540-550 MPa and the 
elongation was 39%. In the microstructure studies, it was 
observed that the structure mainly consists of the austenite phase, 

manufactured part was measured as 212 HV on average. 

Keywords  additive manufacturing, , cylinder, steel, 
mechanical properties 
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Investigation of Manufacturability of a Bi-Material 
Cylindrical Part by Wire Arc Additive 

Manufacturing 
Yusuf Ayan 

Mechatronics Engineering, Karabuk University 
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Abstract  One of the most important advantages of the additive 
manufacturing (AM) is that it allows the production of parts that 
cannot be fabricated with traditional manufacturing methods. 
Wire arc additive manufacturing (WAAM), which is one of the 
metal AM techniques, has made it possible to create components 
with different material content. The technique also provides the 
opportunity to process many different types of materials thanks to 
its ease of application. This study focuses on the fabrication of a 
cylindrical part, the inner and outer sides of which are made of 
two different steel materials, using the WAAM. The inner surface 
of the part is made of stainless steel and the outer side is made of 
low alloy steel. Thus, instead of using the more costly material in 
the desired part, it is intended to use only as much of the costly 
material as required. The microstructure of the fabricated 
structure was characterized, and its hardness properties were 
investigated. Since two different materials are used in the part, the 
bonding interface is examined. In addition, the elemental content 
of the important regions on the cylindrical part was determined 
by EDS analysis. It was concluded that the cylindrical part, which 
consists of entirely costly material, can be produced with two less 
costly materials as an alternative. 

Keywords  additive manufacturing, WAAM, cylinder, steel, bi-
material. 
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ERD 6112-grade steel is suitable for deep drawing and has wide usage areas, especially in the 
automotive and white goods sector. Surface properties are very important in these products. The sheet 
surface should not only have a certain surface roughness, precise size, and flatness but also should not 
contain any surface defects such as stretcher strain marks caused by the discontinuous yielding 
phenomenon. For the ERD 6112-grade sheet, if it is used within 8 days from the date of shipment, the 
maximum yield strength value guaranteed by the manufacturer is 280 MPa, it is recommended to be 
used within 6 weeks, and the shelf life is given as 3 months in terms of aging time. In this study, it was 
investigated whether this is the case for 6112-grade materials. It should be known how these values 
change in terms of formability. When the material shows the minimum yield strength and has not yet 
reached its maximum hardness, it should be given its final shape for ease of shaping and to avoid 
stretcher strain marks on the material surface. 

During aging, the mechanical properties of the material change and it is necessary to know what kind 
of result these changes will have. To detect these changes, the samples were annealed at around 60
for 3 minutes and then subjected to a rolling process at room temperature with 5% and 10% reduction 
ratios. Then, the rolled samples were subjected to the microhardness and tensile tests at one-month 
intervals and the results obtained were compared.  

It was determined that with 5% and 10% thickness reduction, the hardness of the rolled material 
increased in the first two months; reached its maximum value at the end of the second month (170HV), 
and then decreased again. This means that ERD 6112-grade sheets should be given their final shape 
within two months after rolling for ease of shaping. In addition, no big difference was observed in the 
hardness change during aging in the rolled samples with 5% and 10% thickness reductions. 

It was observed that the yield strength of the rolled samples at a 10% reduction ratio increased 
gradually, starting from the initial hardness of 348 MPa and reaching 390 MPa in three months. In this 
case, the guaranteed maximum yield stress of 280 MPa could not be achieved. In addition, the material 
should be given its final shape as soon as possible before it hardens due to strain aging. Rolled samples 
with a 5% thickness reduction exhibited a slight decrease in yield strength during the first month rather 
than immediately after rolling, unlike those rolled with a 10% thickness reduction. At the end of the first 
month, it had reached a minimum value of 335 MPa, which could not meet the maximum yield strength 
requirement of 280 MPa. The yield strength started to increase after the first month and reached a 
maximum value of 370 MPa at the end of the third month. This shows that a reduction ratio of 10% is 
more suitable to give the desired mechanical properties to the ERD 6112-grade material. 
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microstructure and mechanical properties of AA 

5754 aluminum alloy 
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Abstract  Due to its low density and high corrosion resistance, 
aluminum and its alloys are of great interest in industries such as 
aircraft and automotive industry, which are the locomotive of the 
industry. However, welding of aluminum and its alloys is difficult 
due to its high thermal conductivity and oxide layer on its surface. 
Although many new welding methods have been developed to solve 
these problems, the problems of hot crack formation and pore 
formation have not been fully resolved yet. Therefore, carried out in 
this study, AA 5754 aluminum alloy, which is used in many fields, 
especially in the automotive industry, was joined at different laser 
welding powers and microstructures of the joints as well as hardness, 

tensile and bending behaviors were investigated. 

Keywords  Laser welding, AA 5754, Microstructure, Mechanical 
Properties 

I. INTRODUCTION 

The biggest problem of our age is environmental pollution 
and the environmental problems it causes. The biggest 
factor causing environmental pollution is carbon monoxide 
gas released by transportation vehicles. For this reason, 
companies producing transportation vehicles have sought 
lighter metals instead of steel in order to reduce both 
exhaust emission rates and costs [1]. head of these metals, 
aluminum and its alloys are at the forefront. Aluminum and 
its alloys are a candidate to replace steel in many areas in 
the production sector with their high thermal and electrical 
conductivity, excellent corrosion resistance and good 
strength properties [2]. Due to its high corrosion resistance 
and light weight, 5754 aluminum alloy is used in many 
areas such as the production of pressure vessels, fuel tanks, 
especially in the construction of marina vehicles [3]. 

The increase in the usage areas of aluminum and its alloys 
has brought with it the necessity of joining this metal. 
Aluminum and its alloys can be joined by fusion welding 
methods such as GMAW, GTAW, as well as by solid state 
welding methods such as friction stir welding [4,5]. Another 
method used in welding aluminum and its alloys is laser 
welding. Laser welding is one of the welding methods in 
which high-strength joints can be obtained due to less heat-
affected zones and less microstructure changes due to the 
low heat input [6,7]. Laser welding is used in many areas, 
especially in the automotive sector, with its superior 
features such as being fast, low heat input, etc. [8]. Laser 

source can be classified as carbon dioxide gas (CO2) laser, 
YAG laser, diode laser (LD), LD pumped solid laser, fiber 
laser and disc laser [9]. Among these laser welding methods, 
Fiber laser welding method is the most preferred in 
industrial production due to its low maintenance costs [5]. 

When we compare laser welding with other arc welding 
techniques, laser beam can be obtained in a small spot after 
being centered by a lens, determining the correct welding 
position, high processing speed, good quality welding, 
predictable distortion due to low heat input and low cost 
features. [10]. In recent years, laser welding has been used 
in many areas from the automotive industry to the aerospace 
industry for joining ferrous and non-ferrous metals. One of 
these usage areas is the welding of aluminum alloys. 
Aluminum alloys with laser welding are used in many areas 
such as the automotive industry, aircraft and space industry, 
and electronics industry [11]. 

Despite being such a new technology, laser welding, which 
has a wide range of uses, has attracted the attention of 
academic circles and has led to studies in this field. 
Examples of these practices are given here. Hussien et al. In 
their study where they welded AISI 304 stainless steels with 
laser welding, they reported that the weld penetration depth 

power from 800 W to 1000 W [12]. Ventrella et al. They 
combined laser welding with AISI 316L stainless steel and 
in their examination on the tensile strength of the joints, 
they stated that the tensile strength first increased with the 
increase of the impact energy and then decreased [13]. Yu 
et al. They joined the 5A06 aluminum alloy by fiber laser 
welding method and investigated the reasons for the 
formation of porosity in the joints. As a result of this study, 
they stated that the gas void formation is closely related to 
the keyhole stability and fluctuation in the weld pool [14]. 
Kawahito et al. In their study in which they joined AISI 304 
stainless steel and A 5052 aluminum alloy with fiber laser 
source, they reported that the maximum penetration depths 
reached on the steel and aluminum sides were 13.1 and 15 
mm, and the fusion zone on the A 5052 aluminum side was 
more than twice that of the AISI 304 stainless steel side [15].  
Borrisutthekul et al. They combined AZ31B magnesium 
alloy and A5052 aluminum alloy with laser welding and lap 
welding and reported that the molten metal could achieve 
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shallow penetration depth into the bottom plate, which 
could be effective to reduce the reaction between the two 
metals and the subsequent formation of intermetallic 
compounds [16]. Casalino et al. In the study where they 
joined AA6061 aluminum alloy and Ti6Al4V titanium 
alloy with fiber laser welding and examined the 
microstructure and mechanical properties of the joints, they 
stated that they found martensitic transformation in the weld 
zone of the Titanium side and hard compounds precipitated 
on the Al side [17]. Liu et al. They joined 1050 Al alloy 
with laser PET welding method and reported that the ratio 
of the depths to the widths of the grooves formed in the 
tissue affects the tensile strength [18]. Zhang et al. In their 
study investigating the optimization of a deep penetration 
laser source of thick stainless steel with a 10 kW fiber laser, 
they reported that the microstructures in the fusion region 
include columnar dendrites growing from the interface to 
the center and coaxial dendrites in the center [19]. Zulkiflee 
and Zakaria, in their study in which they combined 
neodymium yttrium with aluminum garnetti laser welding, 
stated that high welding strength in both welding 
combinations was affected by high welding energy due to 
penetration depth [20].

The aim of this study is to investigate the effects of laser 
welding parameters on the microstructure and mechanical 
properties of aluminum alloys, which are constantly in use, 
in order to contribute to environmental cleanliness. For this 
purpose, AA 5754 aluminum alloy was joined at different 
laser welding powers and the metallographic and 
mechanical properties of the joints were investigated. While 
macro and microstructure examinations were performed as 
metallographic examination, hardness, tensile and bending 
tests were applied to determine mechanical properties. Then, 
the obtained data were interpreted with the help of the 
literature.

II. EXPERIMENTAL STUDY

A. Material

In this study, AA 5754 aluminum alloy materials were made 
ready for welding after cutting with guillotine shears in 
200*100*2 mm dimensions and cleaning the foreign materials 
that may prevent welding on them by brushing and sanding. 
The chemical composition and mechanical properties of AA 
5754 aluminum alloy are given in Table 1. 

TABLE I
CHEMICAL COMPOSITION AND SOME MECHANICAL PROPERTIES OF AA 5754

MATERIAL,

EN 
AW

DIN
ANK

Si Fe Cu Mn Mg Cr Zn Ti Kalan

5754 
AlMg

AlMg
3 L-53

0,40 0,4 0,10 0,5 2,6-
3,6

0,3 0,20 0,15 Al

m 
Temp

er
Akma 

mukavemeti
(MPa) 

min-max

(Mpa)
min-max

Uzama
(%50)

min-max

Sertlik
(Brinel)

min-max

5754 
AlMg

0/H11
1

80 -100 190 -240 24 50 -55

B. Method

As in Figure 1, AA 5754 aluminum alloy was brought face-
to-face with a weld gap of 1 mm between them and joined by 
fiber laser welding method using the welding parameters given 
in table 2.

                      Fig 1. Preparation for welding

TABLE 2.
WELDING PARAMETERS.

After joining, metallographic and mechanical tests were 
performed on the samples. While macro and microstructure 
studies were performed on the samples as metallographic test, 
hardness, tensile and bending tests were applied on the samples 
as mechanical tests.

Test specimens were produced from the weld section 
perpendicular to the joining direction for macro and 
microstructure investigations from the specimens joined by 
fiber laser welding method. The test specimens produced were 
then polished with 220,380,600,800,1200,1500 and 2000 grit 
sandpapers and etched for 30 seconds with Keller etching 
reagent (2ml HF + 3ml HCl + 5ml HNO3 + 190ml Water). 
After etching, microstructure images were taken with a Metal 
Microscope and examined.

Test specimens were prepared perpendicular to the weld 
section from each welded specimen produced for the hardness 
tests, and as seen in Figure 2, 1 point from the weld metal, the 
center of the weld, and 2 points with 0.5 mm spacing on both 
sides, from both sides of the HAZ. Hardness measurements 
were made from 3 points with 0.5 mm intervals and 2 points 
from the main materials, a total of 13 points.

                                                                                                                             

                                                                                                                             

Fig 2. Hardness measurement method

Samples for the tensile test Tensile test samples were 
prepared as 3 pieces of each sample in the dimensions in Figure 

Numune No (W)
(Hz)

Frekans (Hz)

L1 750 150 1,5 5000
L2 900 150 1,5 5000
L3 1050 150 1,5 5000

Weld
MetalHAZ HAZBase Base 
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3. The average of these 3 samples was taken while plotting the 
tensile and elongation graphs. The obtained data were 
interpreted in the light of the literature.

Fig 3 Dimensions of the tensile test specimen

The bending test was carried out in two ways: root bending 
and cap bending. For this reason, 2 samples of 200*20*2 mm 
dimensions were prepared from each welded joint and they 
were subjected to 1800 bending tests.

III. RESULTS AND DISCUSSION

A. Microstructure Studies

Microstructure studies were carried out to examine the 
effects of laser welding power on the microstructure. Among 
the images obtained as a result of the microstructural studies, 
those of the base metal are given in Figure 4, while those of the 
welded joints are given in Figure 5.

Fig. 4 Base metal

When the microstructure of the parent material was 
examined, it was seen that it consisted of equiaxed grains and 
homogeneously distributed precipitates. Farzad et al., in their 
study where they joined 5000 series aluminum alloys with 
friction stir welding, stated that the base metal was composed 
of coaxial grains and precipitates [21]. When the 
microstructures of the welded joints produced with the base 
metal were compared, it was seen that the weld metal contains 
dendrites due to the effect of laser welding power on the 
microstructure. Likewise, Xiaobing et al., in their study in 
which they joined aluminum alloys with fiber laser welding, 
stated that the weld metal was composed of dentrics that were 

et al., 
it was stated that the weld metal contains columnar dendritics 
[23]. It was observed that the microstructure of ITAB exhibited 
a microstructure similar to the weld metal.

Fig 5. Microstructure images a) L1, b) L2, c) L3

When the effects of laser welding power on the 
microstructures of the joints were examined, it was observed 
that the grains in the microstructure became coarser and the 
dendritic structure decreased with increasing laser power.
Casalino et al., in their study in which they joined 5754 
aluminum alloy with laser hybrid welding, reported that 
dendritics became coarser with increasing laser power [24]. As 
it is known, in welded joints, the microstructure of the weld 
metal is shaped by the amount of heat entering the weld zone 
during the welding process and the cooling rate depending on 
the amount of heat input. For this reason, it is thought that this 
change in the microstructure is caused by increasing laser 
power and increasing heat input. Increasing laser power 
increased the heat input entering the weld zone. The cooling 
rate slowed down due to increased heat input. As a result, 
coarsening occurred in the microstructure of the weld metal. He 
et al., in their study in which they combined 2019 aluminum 
alloy with fiber laser welding method, stated that the increased 
laser power caused the grain structure to grow in the 
microstructure [25]. 

When the microstructure of ITAB was examined, it was 
determined that it showed a similar feature to the weld metal. It 
has been observed that the grain structure of ITAB has also 
become coarser due to the increased heat input with increasing 
laser welding power. Chu et al., in their study in which they 
combined 6061 aluminum alloy with laser welding method, 
stated that the increased heat input coarsened the grain structure 
of HAZ [26].  

B. Microhardness

Hardness measurement studies were carried out to 
investigate the effects of laser welding power on the hardness 
of the produced samples. The hardness graph drawn by using 
the data obtained as a result of the studies is given in Figure 6.

Transation Zone Transation ZoneWeld Metal

  100 100 m   100 m

100 m100 m 100 m

  100 m  100 m 100 m(a)

(b)

(c)
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Fig 6. Hardness measurement results

When the data obtained as a result of the hardness 
measurement were examined, ITAB was the hardest region in 
all three welded joints, followed by the weld metal and base 
metal. Xiaobing et al., in their study in which they joined 
aluminum alloy with fiber laser welding method, stated that the 
hardness of both the weld metal and HAZ was higher than the 
base metal [26]. While the highest hardness value obtained in 
HAZ was obtained in the L1 coded sample with 75.9 HV, the 
lowest hardness value was obtained in the L3 coded sample 
with 56.52 HV. While the highest hardness obtained in the weld 
metal was obtained in the L1 coded sample with 59.13 HV, the 
lowest hardness was obtained in the L3 coded sample with 
52.56 HV.

Another important result revealed by the hardness 
measurement chart is the decrease in hardness values as the 
laser welding power increases. The increase in laser power 
caused an increase in the heat input entering the weld zone.
Increasing heat input also caused a decrease in the cooling rate 
of the welded joints produced. The decreasing cooling rate also 
allowed the time required for the growth of the grains in the 
microstructure, and as a result, the grains became coarser. It 
caused a decrease in hardness in the coarsened grains. Akkurt 
et al., in their study where they joined 2024 aluminum alloy 
with laser welding, stated that the heat input increased with the 
increase in welding power and this increased heat input caused 
an increase in the heat-affected zone, increasing the volume of 
the coarse-grained zone of the heat-affected zone, and this 
caused a decrease in hardness [6].

C. Tensile Test Results

A tensile test was carried out to determine the effects of laser 
power on tensile strength. The tensile graph drawn by using the 
data obtained as a result of the experiment performed for this 
purpose is given in Figure 7.

When the tensile test results are examined, the highest tensile 
strength was obtained in the base material with 239.98 MPa, 
while the lowest tensile strength was obtained in the L3 coded 
sample with 231.59 MPa. In welded joints, it is desired that the 
tensile strength be close to the tensile strength of the base 
material. As a result of the tensile tests performed in this study, 
the lowest tensile strength was determined to be 96.5% of the 
tensile strength of the main material, while the highest tensile 
strength was determined to be 97.73% of the tensile strength of 
the main material. Shangren et al. reported that the tensile 
strengths of the welded joints were approximately 94% and 
71.8% of the tensile strength of the main material in the study 

where they joined 5083 aluminum alloy with laser welding and 
applied tensile test to the produced samples [27].

Fig 7. Tensile test results

When the effects of laser power on the tensile strength of 
welded joints were examined, it was observed that the tensile 
strength decreased with increasing laser power. This decrease 
in tensile strength was caused by increased laser power and 
increased heat input, resulting in increased grain structure.
Akkurt et al., in their study in which they joined laser welding 
and 2024 aluminum alloy, stated that the heat input increased 
with the increase in welding power and this negatively affected 
the tensile strength [6].

The images of the rupture regions of the samples after the 
tensile tests are given in Figure 8. When the rupture images 
were examined, it was seen that the samples broke from the 
source interface and ITAB. It is thought that the occurrence of 
ruptures at the weld interface is due to the not use of additional 
metal during the welding process and the micropores formed in 
the weld metal. SeungGu and Joonghan in their study in which 
they joined 5052 aluminum alloy with laser welding, stated that 
the ruptures occurred in the fusion region and that this was due 
to the formation of pores [28].                                                                                                

                                                                                        

Fig 8. Rupture images

When the performed hardness measurements and tensile 
tests were compared with each other, it was seen that the results 
of both tests were compatible with each other, and these results 
were also supported by the results of microstructure studies.
Changes in the microstructure due to heat input caused changes 
in both hardness values and tensile strength.

D. Bending Test Results

In order to observe the resistance of welded joints against 
bending, 1800 root and cap bending tests were applied to the 
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produced samples. The images obtained as a result of the tests 
are given in Figure 9. 

Fig 9. Bending test results a) cap bending b) root bending 

As a result of the root bending and cap bending tests applied 
to the samples, the welded joints were successfully bent by 1800 
without any cracking or breaking. 

IV. CONCLUSIONS 

Using different laser welding power, 5754 aluminum alloy 
was successfully joined and the following results were obtained 
as a result of microstructure studies and tests. 

microstructure because it affected the amount of heat entering 
the weld area. 

d that 
the hardest zone was ITAB in all three welded joints, while the 
hardness values of the increased laser power decreased. 

base material in the tensile test results, it was determined that 
the tensile strength decreased as the laser power increased due 
to the increased laser power in the hardness results, causing the 
grain structure to grow. 

0 cap 
and root bending tests. 
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Importance and Economic Analysis of Waste Heat 
Recovery in Combustion Gas in Iron and Steel 

Industry 
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Abstract  The rapidly increasing global population and rapidly 
developing industrialization are causing countries' energy needs 
to increase. Energy dependence is increasing day by day, and 
therefore, countries are trying to reduce rising energy costs. 

The iron and steel industry is one of the largest energy consumers 
in the world, with a significant portion of this energy being lost as 
waste heat. Waste heat recovery technologies have been developed 
to capture and use this waste heat, thereby reducing energy 
consumption and increasing efficiency. 

In this study, CFD analyses of standard industrial type burners 
and recuperative burners were examined using Siemens FLoEFD 
program. Their efficiencies were calculated and compared based 
on the temperature analysis results. In addition, the annual 
consumption costs of standard industrial burners and 
recuperative burners were calculated.   

Keywords  Waste Heat, CFD, Energy Efficiency, Recuperative, 
Waste Heat Recovery, Energy Costs. 

I. I  

In recent years, due to the rapid population growth and 
industrial developments in both the world and our country, 
energy consumption has been increasing day by day. The 
existing energy sources have become insufficient to meet the 
increasing energy demand. As a result, the concept of energy 
efficiency has emerged. Energy efficiency refers to reducing 
the amount of energy used to the minimum level without 
negatively affecting economic developments and social welfare, 
and without decreasing the quantity and quality of the products 
obtained. 

It is assumed that approximately one-fourth of the energy 
consumed by many industrial facilities around the world is lost 
through waste heat discharged into the atmosphere through flue 
gas [2].  

The increasing population and industrialization day by day 
also increase the demand for energy. According to research and 
evaluations, it is estimated that global energy consumption will 
increase by more than 50% by 2050 (KPMG, 2021). In Turkey, 
per capita electricity consumption has increased by 23% in the 

reported that the share of electricity generated from thermal 
power plants decreased by 9%, while the share of electricity 
generated from renewable and waste energy sources increased 

 

When the hot flue gases that occur as a result of combustion 
in industrial facilities are discharged into the atmosphere, a 
significant amount of energy is also wasted. Recovering a 
certain part of this energy economically will result in a gain that 
will affect the efficiency of the facility. The exhaust gas 
temperature resulting from combustion in a furnace is higher 
than the temperature of the heated product. Flue gases carry 30-
40% of the energy out of the chimney [3]. 

waste heat recovery systems were classified and examined. In 
addition, a case study was conducted to investigate the potential 
for flue gas heat recovery for a natural gas-fired boiler, and a 
heat recovery system (recuperator) was designed to utilize the 
heat in waste flue gas. Energy analyses, heat transfer analyses, 
and economic analyses were performed for the designed system, 
and the fuel savings that the system will provide throughout its 
15-year economic life were calculate [1]. 

efficiency studies were presented for a natural gas-fired boiler 
with a nominal steam production capacity of 4200 kg/h at 7 bar 

 [5]. 

study was conducted in an LNG (liquefied natural gas)-fired 
rolling mill furnace of an industrial establishment. In this 
context, temperature, pressure, velocity, and combustion gas 
measurements were taken while the furnace was operating 
under operating conditions, and mass and energy balances were 
established using the measurement data. In the calculations, the 
overall efficiency of the furnace was found to be 52.76%. The 
main efficiency losses were excessive air factor of the furnace, 
low radiation heat transfer coefficient, and heat loss from the 
furnace walls [4]. 
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II. MATERIAL AND METHOD

In this study, exhaust gas temperature flow analyses of a 
recuperative burner and a standard industrial burner were 
conducted using Siemens FloEFD software, which is a CFD 
program. 

III. FINDINGS AND DISCUSSION 

In the first analysis study, it was observed that the flue gas 
temperatures of a recuperative burner decreased from around 

sis. 

 
Fig3.1. Analysis of Recuperative Burner Temperature 

 
In the second analysis study, it was observed that the flue 

gas temperatures of a standard industrial type burner were 
 

 
 

 
Fig 3.2. Analysis of Industrial Burner Temperature 

 
If we consider that the flue gas temperatures decrease to 

concluded that there is a heat recovery advantage of 
approximately (800- C. 

The loss in combustion efficiency can be calculated using 
the following formula. 

Tfg: Flue Gas Temperature 
Tl: Feed Air Temperature 

Lambda Coefficient 
qA: Flue Gas Efficiency Loss 

qA: (f/CO2, max).((21%)/(21%-O2)].(tFG-tL)) 
qA=(0,46262/11,67)x(21/21-3)x(Tfg-Tl) 

-Tl)
 
Efficiency for standard industrial system; 
qA = 0,0462 x 1,17 x (750-15) = %42,43 
Combustion efficiency = 100  39,72 = %60,28 

 
Efficiency for recuperative system; 
qA = 0,0462 x 1,17 x (427,9-15) = %22,86  
Combustion efficiency = 100 - 22,86 = %77,14 
 

TABLE I. ANNUAL NATURAL GAS CONSUMPTION 
 

Product Capacity 
Natural Gas 

 

Daily 
Consumption 

 

Annual 
Consumption 

 

Standard 
Industrial 

Burner 
350kW 36,48 875,52 319565 

Recuperative 
Burner 

350kW 30,33 727,92 265691 

(Natural gas  
( gas unit price 95TL)  
(TCMB December 2022 1$:18,70TL) 
(The annual consumption amount is calculated by assuming 
that the burner undertakes 24 hours a day.) 

Compared to a standard industrial burner with the same 

natural gas per year. The annual profit is observed as $8,498.83. 

IV. CONCLUSIONS 

According to the calculated combustion efficiency values 
from the analysis studies, it has been observed that recuperative 
burners are more efficient compared to industrial burners. 
While the efficiency provided by a standard industrial burner is 
60.28%, the efficiency provided by a recuperative burner is 
77.14%. Therefore, a recuperative burner can perform the same 
job with 16.86% less fuel or can do more work with the same 
amount of fuel. 

Recuperative burners provide more efficient heat recovery 
than conventional industrial burners used in the iron and steel 
industry. Therefore, the use of recuperative burners saves 
energy in the iron and steel production process and reduces the 
energy consumption. Thus, it provides advantages such as 
benefiting from energy and being a sustainable production. 

In conclusion, the importance of recuperative combustors for 
the iron and steel industry is linked to energy savings, 
production advantages and sustainability. Therefore, the use of 
recuperative burners in the iron and steel industry reduces fuel 
consumption and energy costs. 
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Abstract  In this study, the effects of different drill bits and 
cutting parameters on cutting forces were investigated in holes 
drilled on inclined surfaces. AISI 1050 type manufacturing steel, 
which is also used in gear manufacturing, was used as workpiece 
material for experiments. The thickness and curve of the test 
sample were taken in equal measure with the thickness and curve 
of the 16-B sprocket. In the experiments, three different drills 
were used: a drill with a 
and a U-Drill. All the bits used are multilayer-coated 
(AlTiN/TiAlN) cemented carbide. Kistler 9272-A 4-component 
dynamometer and Kistler 5070-A multi-channel amplifier were 
utilized to measure the cutting forces. Experimental studies were 
made on the Johnford VMC-850 brand CNC vertical machining 
machine. Three different drill geometries, feeds, and cutting 
speeds were used as control factors. The effects of control factors 
on cutting forces and moment values were analysed, and the most 
suitable cutting parameters were determined using the obtained 
experimental data and Gray Relational Analysis (GRA). 
Optimum results were obtained from a test combination at which 
a 90m/min cutting speed and a 0.11mm/rev feed rate for the drill 

. 

Keywords  Drilling on curved surfaces, Cutting forces, CNC 
machining center, Drill Geometry, Gray Relational Analysis 

I. INTRODUCTION 

gelmektedir. 
Deney deseni matkap geome

olm

[2]. 

parametrelerini belirle

pa

e elde 

 
 

. 

II. METHOD 

A. Test Sample 
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TABLE I

 

-

e.g. Fig. 1), (e.g. Fig. 2). 

 
Fig. 1  16B  

 
Fig. 1   

B. Cutting Tools ve Cutting Parameters 

birisi de matkap 

-
 

TABLE III

 
 

s
 

TABLE IIIII 

 

C. Machining Tool 

850 marka CNC 
 

D. Measuring Cutting Forces 

Kesme kuvvetlerinin ve momentin deneysel olarak 

-
dinamometre, dinamometreden gelen sinyallerin veri okuma 

- -

istler 
Dynoware 2825A-02 e.g. Fig. 3). 

 

 
Fig. 2  Deney Seti 

% Karbon
% Silisyum 

(Max)
% Mangan

% Fosfor 
(Max) (Max)

0.45-0.55 0.40 0.6-0.9 0.035 0.035

Geometri Tipi

U-Drill
WDX140D2S20 

WDXT042004-G-ACP300 

MDF1400S2D
TiAlN

SDP1400U2H
TiAlN

Seviye 1 Seviye 2 Seviye 3

Orta

0,11 0,13 0,15

Matkap Geometrisi U-Drill
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TABLE IV 

 

E. Gray Relational Analysis (GRA) 

RA 

. 
 

yi ( )=max xi ( )/max xi ( ) (1) 
Burada yi (

(
ise min xi (  

GRA 
 

i ( ) = max yi ( )  yi ( )   (2) 
Burada i (

 

i ( )=min i ( )+ max i ( )/ i ( )+ max i ( ) (3)
Burada i ( i (

i ( i (
GRA 

 
GRA 

 
i = 1/n k  i ( )    (4) 

GRA 
bi

 

III. GRAY RELATIONAL ANALYSIS RESULTS AND DISCUSSIONS  

edilen 

GRA 

 
 

TABLE V 

 
 

F (N) M (N.cm) F (N) M (N.cm) F (N) M (N.cm) F (N) M (N.cm)

1 U-Drill 1340 7432 0,4063 0,5581 0,5937 0,4419 0,4572 0,5308 0,4940 20

2 U-Drill 1611 8125 0,0000 0,4419 1,0000 0,5581 0,3333 0,4726 0,4029 24

3 U-Drill 1608 10605 0,0045 0,0263 0,9955 0,9737 0,3343 0,3393 0,3368 27

4 U-Drill 1229 7969 0,5727 0,4681 0,4273 0,5319 0,5392 0,4845 0,5119 18

5 U-Drill 1409 8984 0,3028 0,2980 0,6972 0,7020 0,4177 0,4160 0,4168 23

6 U-Drill 1501 8984 0,1649 0,2980 0,8351 0,7020 0,3745 0,4160 0,3952 26

7 U-Drill 1204 7666 0,6102 0,5189 0,3898 0,4811 0,5619 0,5096 0,5358 16

8 U-Drill 1349 8799 0,3928 0,3290 0,6072 0,6710 0,4516 0,4270 0,4393 22

9 U-Drill 1454 9121 0,2354 0,2750 0,7646 0,7250 0,3954 0,4082 0,4018 25

10 967 8857 0,9655 0,3193 0,0345 0,6807 0,9355 0,4235 0,6795 11

11 1047 9961 0,8456 0,1342 0,1544 0,8658 0,7640 0,3661 0,5651 14

12 1146 10762 0,6972 0,0000 0,3028 1,0000 0,6228 0,3333 0,4781 21

13 972 8555 0,9580 0,3699 0,0420 0,6301 0,9225 0,4424 0,6825 10

14 1016 9453 0,8921 0,2194 0,1079 0,7806 0,8224 0,3904 0,6064 13

15 1119 10605 0,7376 0,0263 0,2624 0,9737 0,6559 0,3393 0,4976 19

16 1123 8203 0,7316 0,4289 0,2684 0,5711 0,6507 0,4668 0,5588 15

17 1029 8604 0,8726 0,3617 0,1274 0,6383 0,7969 0,4392 0,6181 12

18 1125 9707 0,7286 0,1768 0,2714 0,8232 0,6482 0,3779 0,5130 17

19 987 5381 0,9355 0,9018 0,0645 0,0982 0,8858 0,8358 0,8608 2

20 1107 5576 0,7556 0,8691 0,2444 0,1309 0,6717 0,7925 0,7321 7

21 1120 5723 0,7361 0,8445 0,2639 0,1555 0,6546 0,7628 0,7087 8

22 944 4795 1,0000 1,0000 0,0000 0,0000 1,0000 1,0000 1,0000 1

23 1042 5703 0,8531 0,8478 0,1469 0,1522 0,7729 0,7667 0,7698 5

24 1083 5605 0,7916 0,8643 0,2084 0,1357 0,7058 0,7865 0,7461 6

25 1028 5098 0,8741 0,9492 0,1259 0,0508 0,7988 0,9078 0,8533 3

26 1090 5322 0,7811 0,9117 0,2189 0,0883 0,6955 0,8499 0,7727 4

27 1148 5615 0,6942 0,8626 0,3058 0,1374 0,6205 0,7844 0,7024 9

Derecesi
Deney 

No

NormalizasyonGeometri 
Tipi

81

6th International Iron and Steel Symposium



-
etmektedir

f=0,11mm/dev, Vc=90m/da

-
  

 

IV. CONCLUSIONS 

etkilerinin  
; 
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Abstract  Metal-based additive manufacturing (AM), which 
enables the production of structural and functional parts by 
adding material layer by layer, is a potentially disruptive 
technology in many industries such as defence, medical and 
automotive. Comparison between Tungsten Inert Gas (TIG) 
welding of selective laser melted (SLMed) plates with different 
welding wires was performed in this paper. The welding defects, 
morphology, microstructure, and mechanical properties were 
studied. Pores are the main defect in welding SLMed AlSi10Mg. 
The high susceptibility of hydrogen pores is one of the most 
important problems encountered in the fusion welding process of 
SLM AlSi10Mg alloys. The effect of welding wire alloy on joint 
strength and pore defect was observed. 

Keywords  TIG welding, SLM, AlSi10Mg, AA 7075 T6, AA 
5754 H111, 

I. INTRODUCTION 

Selective laser melting (SLM) is an additive manufacturing 
technique which can directly fabricate parts using laser beam 
melting metal powder [1 3]. 

In recent years, SLMed Al-Si alloy has received increasing 
attention due to its high corrosion resistance, high specific 
strength, and good flowability properties. There are many 
studies in the literature focusing on optimization of processing 
parameters [4,5], dimensional accuracy and surface roughness 
[6], microstructure and mechanical properties [7-12]. However, 
only a few studies have been conducted so far on the 
weldability of parts printed by SLM technology. 

TIG welding is the main welding process for aluminium alloy.  
TIG welding can be used in various positions of parts and is 
easy to operate in different situations. In this study, the 
weldability, microstructure and mechanical properties of TIG 
welding of SLMed and cast AlSi10Mg using different 
additional metal wires were investigated. 

II. MATERIAL AND METHODS 

 
The chemical composition of the powder in Table1, and the 

mechanical properties of SLMed plates are seen in Table2. 
 

solutions 280 2.0 machine. The spot size of the laser was about 
80 
the concentration of O2 controlled below 100 ppm. All plates 
were fabricated under the same processing condition and the 
porosity was controlled below 0.2%. The production was done 

 
 

TABLE I 
CHEMICAL COMPOSITION OF THE SLM POWDER 

 
 

TABLE IIIII 
MECHANICAL PROPERTIES OF SLMED PLATES 

 
 
 
Several rectangular specimens with a dimension of 

remove the oxides and contaminants, prior to welding, 0.2 mm 
of the material was removed from welding surfaces of the plates 
by hand grinding. Then the plates were cleaned by acetone to 
remove the impurities and blow-dried. 

 
For TIG welding, the experiments were conducted on 

LINCOLN-275 AC/DC pulsed TIG welding machine. The 
filler wires was Sample (A) AA4043 and Sample (B) AA5356, 
the wires diameter was 1 mm, the welding current was 62 A, 
66A respectively. The tungsten electrode diameter was 2 mm, 
and the torch nozzle inner diameter was 10 mm. The argon gas 
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flow rate of the upper nozzle was 30 min. The chemical
compositions of the wires are presented in Table 3.

TABLE IVVVI
CHEMICAL COMPOSITION OF THE OF TIG WIRES

The image of the TIG welding machines and screens during 
the production of the samples is given in Fig.1. Images of the 
plates after welding are shared in Fig.2.

Fig. 1 Image of the TIG welding machine during samples welding operation.

Fig. 2 Image of the TIG welded samples, (a) AA4043 and (b) AA5356.

III. RESULTS AND DISCUSSION

A. Macro and Microstructures analysis and results

Specimens were mechanically polished first with 600, 800, 
1200 grit and 2500 grit SiC paper and then with 3 mm and 1 
mm diamond paste. The final polishing of these specimens was 
accomplished using colloidal silica. After polishing, specimens 

HNO3, 6 ml HF) at 273 K. After these treatments, they were 
prepared for optical microscopic observation.  Sample surfaces 
were examined with a Nikon Epiphot 200 Inverted model 
optical microscope and macro-micro images were taken. A 
typical optical  cross-sections have seen for all samples with 

Fig. 7 Sample B weld metal weld metal, heat affected zone 
(HAZ) and base material (BM). Macro-section examinations 
and pore measurements are shown in Figures 3 and 4.

Fig. 3 Macro view section of B sample joints and porosity measurement.

Fig. 4 Macro view section of B sample joints and porosity measurement.

Fig. 5 Sample A macro weld metal and HAZ optic images.

Fig.6 Sample B weld metal optic images.

Wire Type Si Cr Mg Mn Al

4043 5.00 - - 0.05 94.95

5356 - 0.10 4.75 - 95.15

Welding Root

Welding Cap

Welding Root

Welding Cap

A B

(a)

(b)
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Fig. 7 Sample B macro and HAZ optic images.  

The microstructures seen above present typical welded 
aluminium alloy equiaxed grains structures. 

It is known from the literature that the surface of aluminium 
alloy powder is porous. It is easy to oxidize and the metal 
powder has a larger specific surface area than solid plate.  Its 
effect on weld porosity formation is thought to be greater than 
that of Alsi10Mg base metal micro voids. 

B. Hardness Test  and Results 

HV5 hardness measurements were carried out with the QNESS 
brand Q01450812 model hardness device. The hardness traces 
taken in Fig.7 are numbered. Hardness measurement results of 
Weld metal, HAZ, and BM are given in Fig.3. 

Fig. 8 Sample A weld metal and HAZ. 

 

C. Tensile Test  and Results 

The test results of TIG welded tensile specimens are shown 
in Figure 8. Tensile tests were performed on Shimadzu AG-IS 
50kN universal tensile device at 2mm/min tensile test speed in 
accordance with TS EN ISO 6892-1 standard. 

 
 
 
 
 
 
Fig. 9 Samples before tensile test 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10 Sample A during tensile test. 
 
The elongations of specimens A and B are low, averaging 

1.35% and 1.33%. This can be attributed to the pores in the 
weld. Pores are thought to reduce effective elongation. The 
presence of HAZ pores may have caused susceptibility to 
plastic deformation and accelerated crack propagation with 
local stress concentration. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11 a) and b) of specimen A, c) and d) Triple tensile graphs of B coded 
specimens. 

 
 
Figure 9 shows the welded test specimens before welding, 10 

shows the specimens during tensile test and 12 shows the 
specimens after tensile test. In Fig.12, it is seen that both specimens 
fractured in the HAZ. Figure 11 shows the offset (a, c) and 
overlapped (b, d) tensile test result graphs of specimens A and B. 
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Fig. 12 Rupture images of welded specimens after tensile test a) specimens 
coded A and b) specimens coded B. 

D. Conclusions 

- Pores are the main defect in welding SLMed AlSi10Mg. 
The biggest difficulty of welding SLMed AlSi10Mg is porosity. 
Although the welding processing parameters have been 
optimized there are still a large number of pores in the weld. 

- For SLMed to SLMed welded samples by TIG welding, the 
large pores are distributed on the weld boundary. 

- Compared with the AA4043 filler metal, AA5356 filler 
metal has very high porosity susceptibility. The total pore 
diameter value for specimen A with AA4043 filler metal is 1.56 
mm, while this value is 2.6 mm for specimen B with AA5356 
filler metal. 

- At the weld metal, the TIG weld presents coarse equiaxed 
grains. 

- While a similar hardness decrease was observed in the HAZ 
of the specimens produced with both different filler metals. In 
specimen A, the weld metal hardness increased converging to 
the base material. However, in sample B, the weld metal 
hardness exhibited a decrease of approximately 30% compared 
to the base material. 

- It was found that the average tensile strength values and 
elongation values of the specimens produced with both 
different filler metals were very close. 
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DEVELOPMENT OF ULTRA HIGH STRENGTH STEEL FOR HOT STAMPING PROCESS 
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Weight reduction studies are crucial for the automotive industry to reduced CO2 emissions in a certain level. 25% 
of the factors that cause vehicle fuel consumption due to the vehicle weight. According to the light weight targets, 
vehicle manufacturers carry out intensive R&D studies on new designs, different production methods and new 
generation materials. Hot stamping process (also called press hardening) is an innovative way to manufacture 
complex-shaped components of ultra-high strength steel (UHSS) sheet with a minimum of spring back during 
forming. The energy absorption capacity of the formed parts can be also improved by hot stamping. Especially for 
suspension parts; fatigue life against dynamic loads is required as well as deformation without breaking in sudden 
crashes. Conventional hot-stamped materials (boron steels) have a limited elongation values after hot forming 
operations. Therefore, it has been necessary to develop a new material that can meet these requirements.  In this 
study, comparison of a newly developed hot stamping steel to commercial hot stamping alloy is presented. This 
included the determination of the S-N curves as well as the buckling performance. The mechanical behavior of 
newly developed press hardened steels was characterized. In addition, detailed microstructural investigation was 
performed. 
 
Keywords: hot stamping steels, hot stamping, martensite, newly developed material, light-weighting. 
 
 

 
Figure 1. Schematic illustration of the rapid heating flash hot stamping process. 
 
 

 
 
Figure 2. Comparison of the fatigue behavior on the press hardened control arm for the different materials.  
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The Potential of TBF Steel Cycle for the 
Production of High-Strength Automotive 

Components by Hot Stamping Process 

Mustafa UZUNBOY*,+, +, + 
* Mustafa Uzunboy, mustafauzunboy07@gmail.com 

+ Kocaeli University, Department of Metallurgy and Materials Engineering, Kocaeli, Turkey 

Hot stamping is a popular process for the manufacturing of high-strength automotive components. In this study, an application of the 
transformation induced plasticity aided bainitic ferrite (TBF) steel cycle to the hot stamping process is investigated. The TBF approach is a 
relatively new technique that has shown great potential to produce advanced high-strength steels with excellent combinations of strength and 
ductility. The TBF process involves a two-step heat treatment, where the steel is first heated to an austenitic temperature and then quenched to 
a temperature above Ms temperature. The steel is then hold isothermally at the same temperature to form a mixture of retained austenite and 
bainite, which provides an additional source of ductility and toughness. During the cooling to the isothermal holding temperature, some ferrite 
can also be formed. In this study, we use a hot stamping simulator to produce prototypes of a C-Mn-Si-Nb TBF steel with a thickness of 2 mm. 
The prototypes are processed using different TBF routes, including isothermal holding temperature and cooling rate. Microstructural 
investigations are performed using scanning electron microscopy (SEM). The SEM images show that the TBF process produces a bainitic 
microstructure with retained austenite, martensite, and polygonal/quasi-polygonal ferrite. The tensile test results reveal that the TBF process 
results in a significant improvement in both strength and ductility, with a similar tensile strength between 1340-1459 MPa and higher total 
elongation of % 10-13 compared to the conventional hot stamping process. 

Keywords  TBF steels, hot stamping, phase transformations, microstructure, mechanical properties 
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Austenitic Transformation in Duplex Stainless 
Steel using High Temperature Solution Nitriding  

*,+, +, +, 
* , mutlucagriyigit@gmail.com 

+ Kocaeli University, Department of Metallurgy and Materials Engineering, Kocaeli, Turkey 

In this study, High Temperature Solution Nitriding (HTSN) process was applied on a duplex stainless steel to obtain an 
austenitic microstructure. Duplex stainless steel containing high chromium and manganese was produced by vacuum 

followed by hot and cold rolling. The HTSN process of cold rolled duplex steel was carried out in a furnace at 2.5 bar N2 

complete transformation of the original duplex microstructure to an austenitic microstructure. The thermodynamical 
calculations using ThermoCalc and diffusion calculations using DICTRA were performed to predict the phases formed 
during the HTSN process and the diffusion behaviour of nitrogen. The ThermoCalc calculations predicted the phase 
transformations and formation of nitrides. The DICTRA calculations revealed that the diffusion of nitrogen is relatively 
fast in the half thickness of cold rolled duplex steel sheet. The Vickers hardness of the austenitic steel was found to be 
significantly higher than the original duplex stainless steel.  

Keywords  duplex stainless steels, solution nitriding, phase transformations, microstructure 
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Abstract  In this work, the synthesis of a novel economic and 
green anticorrosive composite material, based on cobalt (III) 
oxyhydroxide and a poisonous mushroom phenol. The composite 
material formed may be thereby partly oxidized or overoxidized. 
The correspondent mathematical model analysis confirms the 
efficiency of the electro synthetical process, despite the high 
probability of the oscillatory behavior. 
Keywords  corrosion protection; circular economy; Agaricus 
Xanthodermus; conducting polymer; cobalt(III) oxyhydroxide; 
stable steady-state 

I. INTRODUCTION 

Agaricus is one of Europe's most cultivated 
mushroom genus [1 4]. Two of them (Agaricus bisporus and 
Agaricus campestris), correspondent to button and field 
mushrooms, are edible and are known by the common name 
champignon. There are so popular that in some languages, the 

 
Nevertheless, one of the Agaricus species is a toxic 

mushroom Agaricus xanthodermus, popularly known as a 
yellow stainer. It is toxic when consumed, and it may be 
readily grown among the edible Agaricus mushrooms sharing 
the same mycelium. Its toxicity and color are caused by the 
presence of the phenolic compounds (Fig. 1), including 4- -
dihydroxyazobenzene, a unique endogenous natural azo dye 
[5 10]. In the mushroom pulp, the phenols act as antioxidants.  

 
OH

OH

OH

OH

OH

OH

OH

N
N

 
Figure 1. Agaricus xanthodermus phenols. 

Considering the toxicity of the mushroom and its 
component, it cannot be eaten cooked. Nevertheless, the 
phenolic compounds from Agaricus xanthodermus may be 
interesting as monomers for conducting polymers, and the 
proper mushroom  as an economic and green renewable 
natural source for the conducting materials [11 14], which 
needs a theoretical a priori investigation. The resulting 
composite material may be efficiently used for corrosion 
protection of iron, steel and other metallic pieces. 

Generally, the conducting polymers are obtained 
from purely synthetic monomers, which may be 
environmentally unfriendly. Also, the synthetic monomers 
preparation and electropolymerization may be expensive for a 
different reason, and the mushroom solves both problems. The 
mushroom provides a rapidly renewed green source for the 
polyfunctional composite material, in which the organic phase 
is deposited over an inorganic oxide, augmenting its 
conductivity [15 21].  

Therefore, the goal of this work is the theoretical 
description for 4- -dihydroxyazobenzene electrochemical 
polymerization over cobalt (III)-oxyhydroxide modified 
electrode. This leads to the economic and environmentally 
friendly composite, capable of being used in sensors, energy 
storage, and material science. Also, this synthesis is compared 
with similar systems [22 28]. 

 

II. SYSTEM AND ITS MODELING 

The electrochemical oxidation of 4- -
dihydroxyazobenzene over CoO(OH)/CoO2 redox pair is 
interesting from both electroanalytical and electrosynthetical 
point of view, and its electroanalytical function has already 
been investigated in [20,21].  
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The complete schematic description for this process, 
including the micro- and macromolecular monomer oxidation, 
like also quinone-hydroquinonic polymer oxidation, is 
depicted in the Fig. 2. Taking into account that the quinone-
hydroquinonic oxidation may be reversible, poly(4- -
dihydroxyazobenzene) and its polyquinone may be proton and 
electron transfer mediators for either cathodic or anodic 
processes, which permits their wide use in electroanalytics 
and electrocatalysis. This polymer may also form a matrix for 
heavy metal ions recuperation and removal, like also for the 
MOF and other hybrid materials.  

Both direct and indirect electropolymerization may 
be used to polymerize 4- -dihydroxyazobenzene. Indirect 
electropolymerization, in this case, is initiated by in situ 
formed cobalt dioxide, a product of cobalt (III) oxyhydroxide 
electrooxidation (1 - 2):  

 
CoO(OH) + OH- -e-  CoO2 + H2O                                  (1) 

or
CoO(OH) -e-  CoO2 + H+                                   (2) 

OH

N N

OH

O

N N

O

N N

OH

OH

*

*

n
 

CoO2

CoO(OH)

N N

O

O

*

*

n
 

4-4´-dihydroxyazobenzene
            (hydroquinonic)

          4-4´-azoquinone
            (quinonic)

poly(4-4´-dihydroxyazobenzene)
            (hydroquinonic, 
            more conductive)

poly(4-4´azoquinone)
       (quinonic, 
    less conductive)

cobalt dioxide

cobalt oxyhydroxide

 
Figure 2. Schematical description for CoO(OH)/CoO2  

assisted 4- -dihydroxyazobenzene and its polymer 
electrooxidation. 

 
The resulting material will be CoO(OH)-based 

hybrid polymer composite, which may tend to either 
reversible (quinone-hydroquinonic) and irreversible 
(overoxidation) electrochemical oxidation, depending on the 
potential, reason why in the present model, the resulting 
composite material will be considered.  

Therefore, to describe the behavior of this system, 
considering some assumptions taken in [15 21], we 
investigate the bivariant equation-set (3):  

                           (3) 

In which p is the phenolic compound concentration 
in the pre-surface layer; p0 its bulk concentration, P is its 
diffusion coefficient,  the pre-surface layer thickness, c is the 
composite material surface coverage degree, C is the 
composite maximal surface concentration and the parameters r 
are the correspondent reaction rates, capable of being 
calculated as (4  7):  

 
                                  (4) 
                                  (5) 

                                          (6) 

                                          (7) 

 
Herein, the parameters k are the correspondent 

reaction rate constants, x, and y are polymerization reaction 
orders, n is the polymer average chain length, w is the number 
of electrons transferred during the composite overoxidation, F 
is the Faraday number,  is the zero-charge-related potential 
slope in the double electric layer (DEL), R is the universal gas 
constant, and T is the absolute temperature.  

Considering that all four reactions composing the 
process affect the DEL, the oscillatory and monotonic 
instability will be highly probable. Nevertheless, the electro 
synthetical system will be efficient, as shown below. 

 

III.  RESULTS AND DISCUSSION 

We describe the electrochemical syntesis of poly(4-
-dihydroxyazobenzene)/CoO(OH) composite applying the 

linear stability theory to the equation set (4). The steady-state 
Jacobian matrix may be described as:  

                                                  (8), 

 
In which:  
 

       (9) 

 (10) 

  (11) 

      (12) 

 
 
 

The main singular point conditions for the bivariant 
systems may be joined in Table 1:  

Table 1. The main singular point conditions for bivariant 
equation-sets. 
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Singular point Condition Effect
Hopf bifurcation Tr J = 0, Det 

J>0 
Oscillatory behavior

Saddle-node 
bifurcation 

Tr J < 0, Det 
J=0 

Steady-state stability 
margin 

Steady-state 
stability 

Tr J < 0, Det 
J>0 

Rapid steady-state 
formation 

 
To simplify the determinant, we introduce new 

variables, rewriting the determinant as (13):  
 

                                  (13) 

 
Observing the main-diagonal elements (9) and (12), 

we may confirm that the oscillatory behavior in this system is 
possible. Moreover, it is of high probability.  

if the main diagonal contains the positive addendums, 
corresponding to the positive callback. These addendums are 

, 

, if a>0 and , if j>0 

correspondent to DEL capacitance and conductivity influences 
of chemical and electrochemical reactions. The oscillation 
amplitude depends on the background electrolyte 
composition, including pH. Mathematically, the oscillatory 
behavior conditions will be described as (14):  

                                    (14) 

To obtain the steady-state stability requirement, we 
apply the general condition Tr J<0, Det J>0. For this system, 
it will be exposed as (15):  

                                    (15) 

As the parameters  and P may only have positive 
values, the condition (15) is readily satisfied if the parameters 

 and  are also positive. It occurs if the DEL capacitance 
 

Really, if >0 and >0, the left side of the first 
inequity will be shifted to more negative values, and the 
second expression will remain more positive, describing a 
diffusion-controlled electroanalytical system with a vast 
parameter region, correspondent to the easy formation and 
maintenance of the steady-state, providing the well-developed 
polymer composite surface formation. The resulting polymer 
composite may be an efficient electrode modifier for 
electroanalytical and electro synthetical processes.  

The monotonic instability, correspondent to the N-
shaped part of the voltammogram, delimits the margin 
between the stable steady-states and unstable states. Its 
condition for the bivariant systems is Tr J <0, Det J = 0.  

                                    (16) 

As for the composite synthesis in galvanostatic and 
potentiodynamic modes, it foresees a somehow more dynamic 
behavior. In this case, the trivariant equation set, including the 
electrode charge balance, has to be analyzed. This set will be 
described in one of our next works. 

 

IV. CONCLUSIONS 

From the theoretical analysis of CoO(OH)/CoO2-
assisted 4- -dihydroxyazobenzene electrochemical 
polymerization, it was possible to conclude that either the 
polymerization or the resulting polymer reversible and 
irreversible oxidation may be responsible for the oscillatory 
behavior in this system. The oscillation frequency and 
amplitude depend strongly on the background electrolyte 
composition, including pH. Nevertheless, the polymer 
synthesis may be efficient, yielding a well-developed 
composite material used in electroanalysis and 
electrocatalytical processes and in heavy metal removal. 
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Abstract  Companies have two conflicting goals, both to produce 
a wide variety of products and to reduce machine downtime 
during the transition between products. Since the first goal will 
not be abandoned, solutions have been seeking to achieve the 
second goal. At this point, the concept of Single Minute Exchange 
of Dies (SMED), one of the lean manufacturing techniques, comes 
to the fore. SMED is a method aimed at minimizing die change 
times. In this study, die change times in the friction machine were 
analyzed. In the current situation, the die change process has been 
analyzed, and the entire job takes 118 minutes. Work on the future 
situation has been planned, and with the improvements made in 
the mould change process, the mould change time has been 
reduced to 108 minutes. This period is thought to be further 
reduced with the new changes noticed during the study. 

Keywords  Lean, SMED, Exchange of Dies, Kaizen, Productivity 

I. INTRODUCTION 

The aim of the lean production philosophy is to identify the 
wastes that occur while producing products or services. Then, 
the detected wastes should be eliminated as much as possible. 
The word production should not come to mind only the 
process in which the products are changed. Lean philosophy 
considers this process by starting this process from the 
moment the customer order arrives until the product is 
delivered to the customer. It even examines the process until 
the launch of the product that is not on the market. In all of 
these processes, lean production philosophy, material, 
operator, machine etc. It reveals waste by examining 
production resources such as Waste in lean production; 
anything that does not benefit the person using the product or 
service. Waste is divided into seven. These; errors, 
overproduction, inventories, waiting, unnecessary work, 
unnecessary movements, unnecessary transportation. Opposite 
the concept of waste is the concept of value. Adding value to 
the material; is to make the changes requested by the customer 
on the material. Therefore, the lean philosophy aims that all 
the time spent for production is time that adds value, and that 
waste does not exist in the production environment. Within 
the scope of lean manufacturing, there are some techniques to 
detect and eliminate waste. For example, continuous 
improvement of processes by eliminating waste is called 
Kaizen, examining the flow of material, Value Stream 
Mapping, carrying out maintenance activities in a planned 
manner, Total Productive Maintenance, regular and clean 
working environment 5S, reducing mould change times in 
machines are called Single Minute Exchange of Dies 
(SMED). Within the scope of lean production, many 

techniques have been applied in many companies in the world 
for about fifty years.  

In this study, the die change times of a friction press 
machine in the metal sector are examined, that is, an SMED 
application is presented. In the following sections, first the 
SMED method will be explained theoretically and examples 
from the literature will be given. The next section will 
describe in detail what is done in practice. In the last part, the 
results obtained at the end of the study will be shared. 

 

II. METHOD 

 
The idea of reducing mould change times was first conceived 

by Shigeo Shingo in 1950 during the mould change of 350, 750 
and 800 ton presses at the Mazda Hiroshima plant [1]. After 19 
years, Shingo worked at Toyota Motor Company to reduce the 
mould change time from 4 hours to 3 minutes. Later, Toyota 
implemented the reduction of mould change times as a policy 
under the name SMED in all its factories. 

SMED aims to increase the usage time of the machines, to 
reduce the in-production times, to reduce the stocks, to reduce 
the idle time of the machine. 

The stages of SMED application are as follows: 
1.Establishment of business activity level and working area 
2.Analysis of the current state of the machines 
3.Determination of internal and external adjustment sections 
4.Ensuring the conversion of the activities determined as 

internal setting to external setting 
5.Measuring effectiveness 
 
The process of setting the machine for production, that is, 

making it ready for production, is examined within the scope of 
SMED. These operations are called adjustment operations. 
Adjustment operations; are the operations carried out before or 
after the start of production of each batch or product group in 
order to make the product ready for production.  

Adjustment operations are divided into two. These are 
internal and external settings. Internal tuning; when the 
machine is turned off, the external setting; It is carried out while 
the machine is running. In production, most of the adjustment 
work can be performed while the machine is running. 

In order to realize this, all processes should be examined and 
internal-external distinction should be made.  

After that, the goal is to ensure that all the work can be done 
as an external setting. 
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Filiz explained lean manufacturing techniques and SMED 
technique. SMED was applied in a paper food packaging 
company and the results were presented [2]  applied 
SMED in the cold drawing line of a bright steel factory and 
shared the results [3]
with SMED in the steel pipe business in the heavy industry 
sector [4]. Demir applied SMED in a company producing white 
goods and explained the improvements achieved in issues such 
as efficiency, cost and delivery [5]. Basri et al. have 
demonstrated how to reduce the installation process by 
applying SMED in an automotive stamping press line [6]. 
Murugan reduced machine setup time with SMED at an 
aluminum die casting company [7]. Ani et al. conducted a study 
to increase productivity in CNC machines with the SMED 
technique. SMED studies are widely studied in the metal 
production sector [8].  

In this study, it was carried out with its own solutions, 
inspired by the studies in the literature. 

III. APPLICATION 

In this section, first of all, the part where the problem is 
handled, and the machine will be mentioned. Afterwards, the 
proposed solution to this problem will be presented in detail. 

A. Forging Section 

It is the deformation process in which the forging material is 
compressed and shaped between two dies. In the workshop 
where the application is made, the forging process takes place 
in automatic and manual presses. The hot forging process is 
applied to reduce the strength of the part sample and increase 
its ductility, which requires deformation. In automatic pressing 
forging process; core moulds are used. Before forging, the size 
of the core and the position of the mould are adjusted. After the 
position of the mould and cores is adjusted, the lead material, 
called lead printing, is hammered and the printing process takes 
place in order to see the final shape of the product. The selection 
of the appropriate method depends on the material to be forged, 
the mould design and the product shape. Forging in automatic 
presses is done by two methods. These methods are; 
Continuous and Discontinuous are printing methods. In these 
presses, there are apparatuses that affect the suitable method for 
the placement of dies and forging. These; Dovetail, vertical 
pressure and drum apparatus. With the help of these 
apparatuses, the mould and the fixed or movable cores in the 
mould function properly as a result of the adjustment. 

B. SMED on Dovetail, Drum and Large Moulds 

The SMED study was carried out on the Friction Press 
workbench in the forging section of the factory. Changes made 
will be presented with photographs. 

 

Fig. 1  Improvements to the plate 

 
Two extra slides and shoe gaps were opened on the front and 

sides of the plate used to place the mould, and the slides were 
placed. Thus, the work of the workers became easier and the 
time was shortened while placing the moulds on the workbench. 

 

 

Fig. 2 Improvements for transportation 

 
Slides were mounted on the moulds, springs and balls were 

attached. In this way, the transport time of the moulds from the 
mould carrying stand to the workbench was reduced. Bars have 
been added to the front to prevent the moulds from tipping over 
during transport. A similar method was used in other transport 
stands. 
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Fig. 3 Improvements for the plate 

For the dovetail apparatus connected to the friction bench to 
be placed on the workbench and removed from the workbench, 
ball stands will be ready behind the workbench. In the previous 
case, when the apparatus was to be kept in another place and 
used, it was carried to the workbench. Since the migration was 
cancelled, the migration time was eliminated and contributed to 
the reduction of the total time. In the last case, the apparatus is 
placed on the stand. 

Fig. 4 5S study for moulds 

Within the scope of the project, a 5S study was carried out 
in the area where the moulds are located. The moulds of friction 
and eccentric presses prepared in the moulding room were 
placed on the ground and given ready for production. Moulds 
placed on the ground caused an irregular appearance. It took a 
certain amount of time to find the pattern to be used. This 
increased the changeover time. Shelves were made for all 
moulds and the moulds were placed on the shelves in an order. 
In addition, shelf definitions were made, enabling operators to 
find the moulds in a short time. With the 5S study, space gain 
was achieved on the right and left of the shelves. 

 
 
Fig. 5 Improvement in heating of moulds 
 
In the previous case, the moulds were heated on the bench. 

As a result of the experiments, it was observed that the heating 
time was reduced by half when the moulds were heated on the 
trays by using upside-down bandages with the help of 
thermoregulators before entering the workbench. Accordingly, 
the revision of the bandages was initiated. When these revision 
processes are completely finished, the mould heating time will 
be reduced and it will have a positive effect on reducing the 
total mould change time. 

 
 

IV. CONCLUSIONS 

At the end of the changes, the time change in the mould 
change is shared in Table 1. 

 

TABLE I 
CURRENT SITUATION 

INFORMATIONS 
ABOUT MOULD 

CHANGE 

PAST 
SITUATION 

NEW 
SITUATION 

Annual Friction Presses 
Setting Average Time 

118 
Minutes 

108 
Minutes 

Friction Presses Labor 
+ Workbench Cost 

2 
Euro/Minutes 

2 
Euro/Minutes 

FR2001 Average 
Number of Setups/Year 

240 
Setup/Year 

240 
Setup/Year 

Annual Cost 
56640 

Euro/Year 
51840 

Euro/Year 
 
 
With the changes made in the mold change time of the 

friction press bench, ten minutes of savings were achieved. In 
Table 1, cost information is also given. Considering the amount 
of investments made, recycling will be provided in 
approximately twenty months. In addition, when the molds are 
started to be heated in series with the thermoregulator, the setup 
time will continue to decrease further. 
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Abstract Magnesium oxide stabilized thermal barrier coatings 
are used in the aerospace industry to protect heat-resistant 
materials. Magnesium oxide is a durable material at high 
temperatures and when added to the coating material, it increases 
the temperature resistance. These coatings protect the interior of 
the material and extend the life of components by forming a 
thermal barrier when exposed to high temperatures. They are 
ideal for aircraft and spacecraft engines, exhaust systems, 
combustion chambers, and other high-temperature components. 
The development of thermal barrier coatings stabilized with 
magnesium oxide helps make aircraft and spacecraft safer, more 
durable, and longer lasting. In this study, metallic bond coatings 
containing CoNiCrAlY were produced by the high-velocity oxy-
fuel (HVOF) coating method on nickel-based Inconel 718 
substrate, which is frequently used in the aerospace industry. 
Zirconia-based ceramic top coatings stabilized with magnesium 
oxide on the bond coatings produced by thermal spray coating 
methods were deposited by the atmospheric plasma spray (APS) 
method. Thermal Barrier Coating (TBC) systems, whose bond 
coatings and top coatings are produced, were subjected to 
isothermal oxidation tests at 750  C temperatures for 25, 50, and 
75 hours. The obtained results were characterized and evaluated 
by Scanning electron microscopy (SEM), X-ray Diffraction 
(XRD), and Energy Dispersion Spectrometer (EDS) analyses. 

Keywords  Thermal spray coatings, Oxidation, MgO-ZrO2, High 
velocity oxy fuel (HVOF), Atmospheric Plasma Spray (APS) 

Magnezyum oksit stabilize termal bariyer kaplamalar, 

idealdirler. Magnezyum oksit ile 

-

magnezyum oksit ile stabilize edilen zirko

Termal Bariyer Kaplama (TBC) sistemleri 750  
50 ve 75 saat izotermal oksidasyon testlerine tabi tutu

-

 

 
Anahtar Kelimeler Termal sprey kaplamalar, Oksidasyon, MgO-
ZrO2 , Atmosferik Plazma Sprey 
(APS) 

I.  

 [1-3]. 

plamalar 

 [4-7].  

u
 [8, 9]. 

m
malzemelerdir. Nadir toprak elementlerinden olan yitria 
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MgO ile stabilize 

MgO-ZrO2 
 [10-12]. 

MgO-ZrO2 

testler

 

II. MALZEME VE  Y  

kesilerek -2,5

 biri 

 
 

-ZrO2 

 
 

TABLE I 

 
 Malzemeler Yanma 

  
Toz 

gaz 

Tabanca 
 

Toz 
besleme 

 
HVOF CoNiCrAlY 

 

C3H8 (80 
slpm) 

O2 (250 
slpm) 

Air (700 
slpm) 

15- 20 
slpm 

N2 (6,5 
slpm) 

20 mm/s 20 g/min 

 Malzemeler Ark 
 

Elektrik 
 

Argon 
 

Hidrojen 
 

Toz 
besleme 

 
APS MgO-ZrO2 

kaplama 
 

600 A 40 kW 65 slpm 14 slpm 30 g/min 

A. Oksidasyon Testleri 

malzemesini HVOF 

-ZrO2 

ektrikli 

25, 50 ve 75 saat boyunca izotermal oksidasyon testlerine tabi 

XRD (Rigaku Dmax 2200 PC, Cu Ka radyasyon, Rigaku, 
Japonya), 

 

III. DENEYSEL BULGULAR VE T  

A. MgO-ZrO2 
 

 MgO-ZrO2 

 [10-12]. MgO-ZrO2 
 

HVOF tekni

-ZrO2 
TBC sistemine ait kesit  
 

 
 1 MgO-ZrO2  kesit 

 

 Kaplama 
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ementel 

 kaplamada ise, Co, 
Ni, Cr, Al ve Y ele  

 
2 MgO-ZrO2 

elementel haritalama analizi  

B. MgO-ZrO2 C Sistemlerinde Oksidasyon 
Etkisi 

meydana gelm

 

 
3 MgO-ZrO2  TBC sisteminin 25, 50 ve 75 saat izotermal 

 

75 saat izotermal oksidasyon testine maruz 

kaplamaya sahip TBC sisteminin elementel haritalama analizi 

 

 
 

 
4  

analizi 

TBC sistemlerinin oksidasyon testleri sonucunda elde edilen 

tetragonal zirkonya ve monoklinik zirkonya 

 [13-
15]. 
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abil hale 
getirilmesi gerekmektedir. MgO ile stabil hale getirilen 

 

 

 
5 

z analizleri   

IV. CONCLUSIONS 

25, 50 ve 75 saat boyunca izotermal oksidasyon testlerine 

sistemlerinde 

e 75 saatlik 
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Abstract The high velocity oxy fuel (HVOF) method is a new-
generation thermal spray coating method that provides oxide and 
porosity free coating production in many industries, especially in 
the aerospace industry. With this method, high-quality, hard, and 
durable coatings are obtained on the surfaces. WC-Co-Cr is a 
coating material composed of tungsten carbide, cobalt, and 
chromium, providing high temperature and wear resistance. This 
material is an ideal option for coatings applied to surfaces used in 
industrial applications. WC-Co-Cr materials coated with the 
HVOF method are generally used for the protection of surfaces 
used in high-temperature and corrosive environments. For 
example, they are widely used in applications such as aircraft 
engines, oil fields, and mining equipment. WC-Co-Cr coatings 
applied with the HVOF method provide high-density, 
homogeneous, and high-temperature-resistant coatings. In 
addition, coatings applied with this method provide excellent 
bonding to surfaces and provide long-term durability. In this 
study, the coating material containing WC-Co-Cr was coated on 
316L stainless steel substrate with the HVOF technique. 
Isothermal oxidation tests of the coated samples were carried out 

tests, the test samples were analyzed using scanning electron 
microscopy (SEM), X-ray diffractometry (XRD), and elemental 
mapping analysis methods and contributed to the literature. 

Keywords  Thermal spray coatings, Oxidation, WC-Co-Cr, High 
velocity oxy fuel (HVOF) 
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-Co-Cr malzemeleri 

uygulanan WC-Co-

-Co-

SEM), X-ray 

 

 
Anahtar Kelimeler Termal sprey kaplamalar, Oksidasyon, WC-
Co-  

I.  

 [1-3].  

atmosferik plazma sprey (APS), vakum plazma sprey (VPS), 

-

 [4-6]. 

malzemeler yer  [7]. WC-Co-Cr malzemesi, termal 

103

6th International Iron and Steel Symposium



 [8, 9]. 

-Co-
Bu 

-Co-Cr, 
 

 [7-10]. 
  yeni nesil termal sprey 

birisi 
-Co-Cr kaplama 

. 

II. MALZEME VE  Y  
3 

ki kir ve oksit 

- 2O3 toz 

-10- -Co-
edi

 HVOF kaplama 

 

TABLE I 

PARAMETRELER 
Malzemeler 

 
gazlar 

Malzeme 
besleme 

 

Kaplama 
mesafesi 

WC-Co-Cr 
 

O2 (235-245 
slpm) 

CH4 (90-95 
slpm) 

N2 (4-5 
slpm) 

13-14 
g/min. 

245-265 
mm 

 
WC-Co-

-J 
-310 (Japonya) 

 
 
 

TABLE II
-CO-CR KAPLAMA 

 
 Sertlik (Hv) Porozite(%)  (Ra 

 

WC-Co-Cr 

malzeme 

1570-1580 0  2.17-3.15  

A. Oksidasyon Testleri 

-Co-Cr k

radyasyon, Rigaku, Japonya), SEM (Tescan, MAIA3 XMU, 
 ve 

 

III. DENEYSEL BULGULAR VE T  

A. WC-Co-Cr 
Karakterizasyonu 

WC-Co- malzemenin 

 

 
 1 -Co-

malzem  

WC-Co-

Fe, C, Cr ve Co 

olarak bulunur. 
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2 -Co-

elementel haritalama analizi 

B. WC-Co-Cr Kaplamalarda Oksidasyon Etkisi 

-Co-Cr kaplama sisteminin kesitsel SEM 
 

asyon testinin 

ini 

2O3, Fe3O4 

 an 
malzeme 

elementler, ka
bulunur.  

-Co-

kaplama malzemesinde WC-W2

 

 
3 -Co-

malzemenin oksidasyon  

-Co-Cr kaplama sisteminin izotermal 

Testler sonucunda 

ne dahil olan oksijen elementinin 

 

u renkli 

]. 
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4 -Co-

malzemenin oksidasyon 
analizleri  

Oksidasyon testleri sonucunda elde edilen faz analizlerinin 

 

2O3 ve 
Fe3O4 faz 

 

 
5 -Co-

malzemenin oksidasyon  

IV. CONCLUSIONS

-Co-

 WC-Co-Cr 

oksidasyon 
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This review paper provides an overview of recent advancements in the crystallisation of lime-
alumina based mould powders for continuous casting of high-aluminium steels. Mould powders based 
on lime-alumina have been developed to prevent molten steel/slag interaction, which affects the surface 
quality of cast slabs. However, the mould slag crystallises easily, causing the mould lubrication and 
casting process to deteriorate. Several efforts have been made to improve the crystallization behaviour 
of CaO-Al2O3 based mould powders, including changing the lime/alumina ratio, adding MnO or B2O3, 
and introducing Li2O and Na2O as fluxing agents. The review also emphasizes the shortfall of research 
on the crystallization behaviour of lime-alumina based mould powders. The paper concludes that 
appropriate amounts of fluidiser should be added to adjust the lubrication and crystallisation properties 
of the mould powder, and that Li2O and Na2O may play an important role in crystallisation inhibition. 
The purpose of this paper is to provide recommendations for designing and optimizing lime-alumina 
based mould powders for casting high-aluminium steels. 
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The demand for advanced high-strength steels (AHSS) with improved mechanical properties for 
automobile manufacturing has led to the development of new grades of steel. High-Aluminium steels are a 
significant class of AHSS that exhibit excellent strength, formability and ductility. However, conventional mould 
powders cannot be used for the casting of high-Al steels due to the reactions between reducible oxides and 
aluminium that change the physicochemical properties of the mould powders, leading to insufficient lubrication 
and non-uniform heat transfer. 

Various approaches have been proposed to produce new mould powders for high-aluminium steels, 
including low basicity, low viscosity lime-silica based mould powders, and non-reactive lime-alumina based 
mould powders. Strategies for minimizing alumina pick-up in mould powders have also been investigated. In this 
paper, we review the chemical compositions and properties of various mould powders designed for casting high-
aluminium steels. Furthermore, the viscosity, crystalinity and heat transfer behaviour of lime-alumina based 
mould powders are discussed. This review provides insights into the challenges and opportunities of developing 
mould powders for casting high-aluminium steels, which can help guide future research and development efforts 
in this area. 
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Abstract  This study aims to determine the analytically 
Hertzian contact pressure on the wear test. Tool steel has been 
chosen as the substrate material. The modulus of elasticity and 
Poisson ratio are averaged according to the cold work tool 
steels. A WC sphere with a diameter of 3 mm was chosen as 
the abrasive counter body. Modulus of elasticity and Poisson 
ratio were chosen for WC material. The analytical solution 
through the Hertz contact theory shows the critical stress that 
occurs in the wear tests. 

Keywords  Hertz Contact Pressure, Wear Test, ASTM G99, Elastic 
Contacts, Cold Work Tool Steel 
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Abstract  This study aims to determine the micro-mechanical 
properties of cold work tool steel surfaces modified by the 
direct plasma energy deposition technique. Microstructure, 
microhardness, and micro-indentation tests were performed for 
two different powder content and lean heat input conditions. As 
a result of the tests, microhardness, contact depth, and 
indentation modules of all samples were calculated. The results 
showed that harder and more rigid structures were obtained in 
the powder content coating samples compared to the lean heat 
input condition. The feasibility of the method was tested by 
experimental analysis. 

Keywords  Cold Work Tool Steel, Oliver-Pharr Technique, Micro 
indentation, Microstructure, Microhardness 

I. INTRODUCTION 

Cold work tool steels are one of the most widely used materials 
in manufacturing different metallic-based machine parts. 
Operations such as pressing, punching, drilling, and cutting, 
used in sheet metal forming, are among the most common use 
areas [1]. For this reason, extreme wear resistance, high 
hardness, and dimensional stability needs are mainly expected 
in cold work tool steels. Machine parts are mostly exposed to 
severe wear due to the high pressure and minimal contact area 
during manufacturing. Workpieces made of cold work tool 
steel groups can easily endure these operations loads up to 

 [2]. Since they are not produced at high temperatures, 
their practical use becomes very narrow when the process 

 For this reason, the selection 
of feasible materials, the heat treatment process, and the 
development of steel surface properties directly affect the life 
span of the cold work tool steel molds and dies [3]. The 
structures that provide high strength in cold work tool steels are 
due to the microstructure's high carbon content and other 
carbide former elements [4]. The tribological properties of tool 
steels can be improved considerably according to the 
microstructure's eutectic carbide content and morphology [5]. 
Therefore, it is vital to represent secondary and tertiary alloying 
elements that provide superior hardness in the microstructure.  
The primary cause of damage to tool steel surfaces is wear. 
Wear directly limits the life span of the tool steels. Also, the 
wear resistance directly depends on the microstructural 

properties of the carbides in the structure of tool steels. Among 
these properties are morphology, hardness, and chemical 
composition. [1]. Wear types on tool steels can be of different 
mechanisms. The most common wear types are those with 
abrasive and adhesive characteristics. Solutions are available to 
prevent or reduce wear. Among them is to use additives to 
increase surface hardness with different coatings [3-6]. Tool 
steel surfaces can be coated with different techniques. These 
include different applications such as HVOF, plasma, and laser. 
Apart from these applications, there are also innovative 
methods for improving cost-oriented surface properties known 
as cladding. In this method, surfaces are alloyed by the welding 
method. Surfaces are formed as eutectic structures due to rapid 
solidification. These eutectic structures formed are in dendritic 
form. These formed dendrite formations increase the surface 
hardness of the material. Also, carbide or boride powders could 
be added to the molten surfaces during the welding process. 
Between these formed dendrite, reinforcement phases are can 
be found in the semi-melt form. In this way, a metal matrix 
composite structure is formed on the cold work tool steel 
surfaces. The surface properties of tool steel are improved. 
 
This study aimed to characterize the micromechanical 
properties of cold work tool steels whose surfaces were 
modified by direct energy deposition technique using boron-
containing powders. This study analyzed the microstructure, 
microhardness and micromechanical properties of the surfaces 
with different tests. Appropriate coating material has been 
suggested. 
 

II. MATERIAL AND METHODS 

90MnCrV8 cold work tool steel was used in the study. This 
material is an oil-hardening cold work tool steel. 10x20x100 
mm3 samples were produced for welding operation. TiB2 and 
B4C powders were used for steel samples. The average powder 
size is , respectively. All welding processes 
were performed on the Fronius plasma transfer arc welder. Arc 
current is 100 A, arc voltage is 18-22V, shielding gas flow rate 
is 10 l/min, plasma gas flow rate is 0.5 l/min, welding traveling 
speed is 40 mm/s, and welding distance is 2.5 mm. 
Microstructure analyses of the samples were made under Nikon 
Clemex optical microscope. Hardness tests were carried out on 
a Future Tech FM 700 microhardness measuring device with a 
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load of 100 gf) in a 10-second dwell time. Micro-indentation 
tests of the samples were performed on the Bruker UMT 
device applied load selected as 5N. Vickers type indenter was 
used. The indentation loading speed was chosen as 0.005 
mm/sec. The Oliver-Pharr technique was used in the 
calculations. The samples' contact depth, hardness, and 
Indentation modules were calculated. 

III. RESULTS AND DISCUSSION 

Figure 1 shows the microstructure photographs of the 
coating samples. As can be seen, the internal microstructures 
are homogeneous and have no inclusions, void, or porosity. The 
microstructures are in dendritic form and contain eutectic 
formations. 

 
Fig. 1 Microstructural analysis of the coatings 

Figure 2 shows the microhardness distribution of the 
coatings from the surface to the precise depth. As can be seen 
from the figure, there is a striking increase in hardness 
compared to lean heat input samples. The increase in hardness 
is thought to be due to the carbides and borides formed between 
the eutectic structure. 

 
Fig. 2 Microhardness analysis of the coatings 

The indentation modules of the samples were calculated 
using the Oliver-Pharr technique. The equations related to the 

calculation technique are given below. hc is the calculated 
contact depth after the applied load. A is the actual contact area 
that occurs due to the indentation experiment. Pmax is the 
maximum applied load, H is the indentation hardness, S is the 
slope of the unloading curve that read from the P-h curves, and 
Er is the modulus of elasticity of the contact point. With the 
calculation made, the indentation modulus of the sample (Es) is 
calculated. 
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Figure 3 shows the P-h curves of the samples. As can be seen, 
the contact depth decreases in powder-content alloyed samples. 
The maximum load was obtained at shallower depths in 
powder-content alloyed samples. That is, it has been observed 
that higher loads are required at the same deformation rate. This 
situation shows that the powder content improves the strength 
of the samples. In addition, it is seen that the slope of the 
unloading curve in the lean heat input sample is respectively 
low. By examining the visual, it can be said that the curve with 
a low slope may also have low strength. 

 
Fig. 3 The P-h curve of the coating samples 

Table 1 shows the results obtained in the micro indentation 
tests. As can be seen, the contact depths, hardness, and 
calculated indentation modulus of the samples with alloyed 
surfaces with carbide and boride powders are higher. 
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Table 1. The calculated results of the coatings

Sample
Contact 

d  

Indentation 
Hardness 

(GPa) 

Indentation 
Modulus 

(GPa) 
B4C 11.203465 1.625618 249.763800 
TiB2 10.168077 1.973551 233.835400  
As Plasma 19.003609 0.565200 123.983759 

Figure 4 shows the contact depths of the coatings under an 
applied load of 5 N. As can be seen, the lowest contact depth 
was obtained in the TiB2 alloy sample. The B4C coated sample 
has the second highest value with a low difference. The highest 
contact depth is seen in the lean heat input sample. This result 
also shows that this sample has the lowest stiffness. 

 
Fig. 4 The contact depths of the coating samples 

Figure 5 shows the indentation hardness values of the 
samples. As can be seen, the alloying technique was successful. 
Compared to the sample with lean heat input, the hardness 
value depends on the contact depth inversely. The highest value 
was measured in the TiB2 content sample as 1,973 GPa. This 
value is approximately 3 times the average steel hardness. For 
samples containing B4C, the indentation hardness was 
calculated as 1.625 GPa. The average hardness value was 
calculated as 0.565 GPa in the lean heat input sample. All 
samples showed an increase in hardness compared to the as-
received steel sample. In alloyed samples, the hardness 
improvement rate varies between 2.9 and 3.5 times. 

 
Fig. 5 The indentation hardness of the coating samples 

Figure 6 shows the calculated indentation modulus of the 
samples. The highest stiffness value of 249.763 GPa was 
observed in the B4C sample. The indentation modulus value 
was calculated as 233.835 GPa in the TiB2 alloy sample. As can 
be seen, these two values are close to each other. It can be said 
that the stiffness values of these two coatings are close to each 
other. The indentation modulus was calculated as 123,983 GPa 
in the lean heat input sample. It is seen that the rigidity is 
increased more than 2 times for powder-content surface 
alloying. 

  

Fig. 6 The indentation modulus of the coating samples 

IV. CONCLUSIONS 

 
With the study, cold work tool steel surfaces were 

successfully alloyed. The following results were obtained from 
the experimental analyzes. 

 
 Eutectic carbides and borides were formed between 

the dendrites in the alloyed samples with powder 
additives. 

 In the microhardness measurements, it was 
determined that the hardness depth was higher in 
powder content samples. 

 As a result of micro indentation analysis, powder-
content samples were more rigid.  

 The indentation module has been increased by 2 to 
3 times with alloying. 
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Abstract  Titanium metal injection molding (Ti-MEK) has been 
practiced since the late 1980s. Although Ti-MEK is a favorite 
research topic today, designers still have a problem with the 
rheology (the so-called kitchen part) part before the Ti injection 
phase. The most important reason for this is the limited 
information disclosed about connectors. In this case, it prevents 
their adoption by engineering designs. In this study, the 
determination of the optimum mixture value for different binder 
mixtures is provided by the use of the Taguchi method. In this 
paper, titanium powder was used with binder consisting of 
naphthalene, polyethylene (PE) and SA (Stearic Acid). 
Accordingly, it can be estimated that the best melt flow index can 
be obtained under parameter conditions where the melt flow index 

 48%. 

Keywords  Metal injection molding, Binder system, Rheology 
properties, Taguchi approach, Optimization 
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Tablo 1. Taguchi parametreleri 

 
Seviyeler 

1 2 3 4 

(oC) 
230 240 250 260 

 
48 50 51 - 

 
. Reometre  

12  

 
Besleme stoku 

Deney 
 

 
 

oC) 
 

Mixing 
rate (%) 

 
 
 
 
 

Naftalin/PE/SA 
 

1 230 48 
2 230 50 
3 230 51 
4 240 48 
5 240 50 
6 240 51 
7 250 48 
8 250 50 
9 250 51 
10 260 48 
11 260 50 
12 260 51 

3. BULGULAR 

3.1. Varyans analizi 

ortalama 

 

].  

 

Kaynak DF Adj SS Adj MS 
F- 

 
P-

 
% 

 
oC) 3 88433 29478 14,95 0,003 28,30155 

(%) 2 212200 106100 53,79 0 67,91117 
Hata 6 11834 1972 - - 3,78728 

Toplam 11 312467 - - - 100 
R- - -sq(pred)=89,22% 
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oC) 3 445283 148428 2,83 0,129 23,91985 

 2 1101174 550587 10,48 0,011 59,1532 
Hata 6 315106 52518 - - 16,92696 

Toplam 11 1861563 - - - 100 
R- - -sq(pred)=43,36% 

 

 F-

 

 

 
(3) 

 

tavsiye edilmeyebilir. 

3.2. Taguchi analizi 

derecesinin belirlenmesi ve optimal test parametrelerinin 

[17

-

istenen 

 

-

Seviye oC)  
1 47,81 54,70 
2 49,71 49,96 
3 52,36 47,50 
4 53,00  

Delta 5,19 7,20 
Rank 2 1 

 

 
.  

edilebilir. 

Tablo 6. Viskozite sinyal-  

Seviye oC)  
1 -61,43 -57,06 
2 -60,52 -59,08 
3 -58,91 -62,76 
4 -57,69 - 

Delta 3,74 5,70 
Rank 2 1 

 

 
. Taguchi analizi: Viskozite (Pa.s) 

viskozite elde edilebilir. 
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Abstract  Stainless steel materials are preferred in many 
different application areas because they have significant 
properties such as high tensile and fracture resistance, 
production diversity, electrical conductivity, and corrosion 
resistance. To improve the mechanical and chemical properties 
of the stainless-steel various metal, ceramic, and carbon-based 
reinforcements have been used. In this study, graphite at three 
different rates (0.25, 0.50, and 1.00 wt.%) was added into 
stainless steel and the samples were obtained by powder 
metallurgy method. The mixed powders were compressed in the 
form of a tensile sample in the mold produced at a pressing 
pressure of 750 MPa in one direction and turned into blocks. The 
sintering process started with heating the samples to the 

temperature reached the sintering temperature of 1260 , the 
samples were kept at this temperature for 3 hours and then 
cooled to room temperature at a rate of 5  The density, 
porosity, microstructure, and ferrite-perlite ratio of the samples, 
which were ground, polished, and etched, were calculated and 
thus the structural properties of the samples were characterized. 
It was observed that the amount of perlite increased with the 
increasing graphite content, and the grain size decreased 
gradually. However, it was observed that agglomerated carbons 
were formed with the addition of 1.00 wt.% graphite. The 
mechanical properties of the samples were characterized by 
tensile tests. It was determined that the ultimate tensile strength 
value of the stainless-steel sample, which was 211 MPa, reached 
389 and 412 Mpa, adding 0.25 and 0.50 wt.% graphite 
respectively, and the amount of elongation gradually decreased. 
In the SEM-EDX analysis, it was determined that CrC, MnC, 
and NiC solid precipitates formed at the matrix and grain 
boundaries. This mechanism, known as precipitation and 
dispersion hardening, with the increase in the amount of perlite 
and the decrease in the grain size, improved the mechanical 
properties of the samples. But, with the addition of 1.00 wt.% 
graphite, it was determined that the homogeneous load 
distribution did not occur due to agglomeration, and therefore 
the ultimate tensile strength value was as 302 Mpa restricted. 

Keywords  Powder metallurgy, stainless-stell, graphite, 
mechanical properties. 
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Abstract  Ensuring the quality of test results is important for the 
progress of the process to take place. Test results should fall within 
the specified value range in the standard. Therefore, to ensure the 
validity of test results, they should be evaluated by taking into 
account the measured value, calibration values, repeatability, 
reproducibility, and measurement uncertainty. However, due to 
the result-oriented approach in Passed/Failed testing, many 
parameters are neglected. In this study, a sample scoring table 
that can be used for the fatigue test specified in the product 
standard TS EN 13674 for rail steels has been created. With the 
help of this table, the role of all mechanical measurements and 
results obtained throughout the test in the validity of the test has 
been determined.  

Keywords  Measurement Uncertainty, Rail Steels, TS EN 
ISO13674, Fatigue Test 

I. INTRODUCTION 

In evaluating the accuracy of test results, measurement 
uncertainty plays an important role. In repeatable tests like 
fatigue testing, evaluating factors such as the repeatability and 
measurement uncertainty of the results can increase the 
reliability of the obtained results. Measurement uncertainty is a 
measure of the closeness of the measured value to the true value, 
and determining this measure allows for calculating how close 
the measured value is to the true value. Therefore, determining 
the measurement uncertainty in critical applications like fatigue 
testing is an important step in evaluating the accuracy of the 
results. 

Compliance with the standard gains importance especially in 
the production of products with high added value such as rail 
steels. It is very important to ensure the quality of the products 
produced and the accuracy of the mechanical tests. Performing 
the tests correctly, measuring the measured values correctly, 
and calculating the calculated results directly affect the quality 
class of the product. Incorrect performance of a test in the 
product standard or incorrect evaluation of some parameters 
can have great negative effects. 

II. EXPERIMENTAL 

For rail steels, the fatigue test specified in TS EN ISO 13674 
standard refers to ISO 1099 standard. A strain-controlled 

5 mm/mm strain is performed. When 

examining test dynamics, it can be seen that many different 
parameters have a significant impact on the test. Therefore, 
even in tests where only a pass/fail value is given, uncertainties 
are important in determining test parameters during the test 
itself. 

A. Determination of Uncertainty Parameters 

When performing a strain-controlled fatigue test, the 
calibration certificate of the extensometer used should be 
reviewed first. The uncertainty from the calibration certificate 
should be included in the uncertainty calculations. 

Before the start of the test, gain settings for dynamic servo-
hydraulic testing machines should be adjusted. For this purpose, 
a specimen with the same composition and dimensions as the 
test specimen should be used. The wave type and amplitude to 
be used for the test should be selected. Since the traverse 
motion is important here, the traverse motion calibration must 
have been performed. 

The location where the specimen will be taken on the rail is 
determined (Fig. 1). Therefore, if there are any uncertainties 
arising from not taking the specimen into account, they should 
be considered. The accuracy of the location where the specimen 
is taken should be confirmed. 

 

 
Fig. 1  Specimen for determining fatigue initiation life 
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The specimen dimensions being used are specified in the TS 
EN ISO 13674 standard. The measuring instrument used to 
control the specimen dimensions should have been calibrated. 

The compliance with the instructions and procedures 
required for laboratory accreditation should be ensured. This 
can be achieved through internal audits and external inspections. 
The competence of personnel and quality practices should be 
controlled in accordance with the TS EN ISO 17025 standard. 

TABLE I 
DETERMINATION OF UNCERTAINTY PARAMETERS 

Parameter Passed Failed Ratio 
Extansometer 

Calibration 
  5% 

Gain Settings   5% 
Material Sampling   5% 

Preparation of 
Standard Test Pieces  

  5% 

Caliper Calibraion   5% 
Repeatability   5% 

Reproductibility   5% 
Validation   5% 

Interlaboratory 
Comparison 
Participation 

  5% 

Compliance with 
Instruction 

  5% 

Current Standard 
Usage 

  5% 

Compliance with the 
Procedure 

  5% 

Environmental 
Monitoring 

  5% 

Cleaning   5% 
Device Maintenance   5% 
Control of Records   5% 
Laboratory Safety   5% 

Personnel Competence   5% 
Internal Audit Studies   5% 

Device Calibration   5% 
Grand total 100% 

When the TS EN ISO 13674 standard is examined, we see 
that it refers to the ISO 1099 standard for fatigue testing. For 

6 cycles. There should 
be no errors or defects on the sample. In this way, the test can 
be considered valid. However; A checklist can be made as in 
Table I for the reliability of the test's working process and 
quality. With the scoring made on this list, it can be checked 
whether the test will be valid or not. 

When Table 1 is examined, it is seen that the determined 
parameters are not independent from each other. It allows us to 
check whether we can get the same result from the same 
standard test performed on the same type of sample with 
interlaboratory comparison tests. 

Reproducibility and reproducibility studies ensure the 
correct performance and quality of the test device and the test 
personnel. 

It is ensured that the device maintenance is carried out within 
the specified period. The results obtained and the calibration of 
the equipment used give us quality assurance. 

 

III. CONCLUSIONS 

Using control tables in interpreted tests such as fatigue tests 
on rail steels provides information about uncertainty budget and 
demonstrates that all parameters, not just machine values, are 
influential for the validity of the test. The validity of the tests 
carried out in this way is determined by the device to be tested, 
device adequacy, personnel performing the test, personnel 
competence, control of the records, cleanliness of the test 
environment, provision of the necessary air conditioning 
conditions for the test, calibration values, quality studies, etc. It 
will not be sufficient to control the sample only as a result of 
the test, as it will affect the test result. All parameters should be 
considered as a whole. Even though the fatigue test is generally 
used for life determination, the accuracy of strain, force and 
displacement values used during the test requires control. 

When the control parameters are examined, it is seen that 
these are the parameters that affect the measurement 
uncertainty. The parameters that affect the measurement results 
show whether the test is done correctly or not. 

By giving a ratio to each of the influencing parameters, their 
effects in performing the test and calculating the values can be 
examined. In this way, it is checked whether the test is 
comparatively measured or not. 
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Abstract  In this study, the microstructure and mechanical 
properties of 32CrB4 steel were examined after spheroidization 
heat treatment. The spheroidization annealing was carried out at 
700  for 10 h, followed by cooling in the furnace. For 
microstructure characterization, optical microscopy, SEM and 
EDS analyzes were performed. Hardness and tensile tests were 
carried out to determine the mechanical properties. 
Microstructure characterization showed that spheroidal carbides 
are present in the structure after spheroidization. For 
spheroidized steel,  tensile strength and hardness values decreased 

by 12% and 9%, respectively. Fracture surface investigations 
showed that the dominant failure mechanism was brittle fracture 
due to the presence of cleavage facets. 
 
Keywords  32CrB4 steel, microstructure, mechanical properties, 
spheroidization. 
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Beneficial Use Options for Steel Slag as an 

Aggregate in the Construction Sector 
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Abstract  Steel slags are the primary by-products of the processes 
carried out in basic oxygen and electric arc furnaces. In literature, 
numerous research papers investigating different utilization 
techniques for steel slag over a large spectrum of categories can be 
found, namely, current and novel uses as a carbon dioxide 
sequestration medium, a cement binder, a raw material in ceramic 
manufacturing, an adsorbent in water treatment, an aggregate in 
concrete and asphalt production and road filling. However, 
considering the enormous amount of steel slag generated by the 
steelmaking industry worldwide, the only meaningful option to 
sustainably manage this type of waste is to reuse steel slag in the 
construction sector. Although the mechanical properties of steel 
slag are usually satisfactory at first glance, its inherent chemical 
properties render its use challenging as a replacement for natural 
granular materials. The volumetric expansion, high alkalinity 
generation, and leaching of heavy metals from slag upon its 
contact with water are the major problems. All these are 
predominantly due to ste
magnesium oxide contents. Approaches (i.e., prior aging with 
passive leachate treatment, utilization in asphalt concrete 
production, and amending with alum-based water treatment 
residual) that circumvent these problems and alleviate associated 
environmental concerns were discussed in this study.  

Keywords  Steel slag, alkalinity, heavy metal leaching, volumetric 
expansion, sustainable waste management 

I. INTRODUCTION 

Steel, a key ingredient of our modern civilization, is one of 
the most abundantly produced man-made materials, along with 
cement, plastics, and synthetic fertilizers [1]. In 2021, the 
global steel output was 1.95 billion metric tons [2]. Highly 
energy-intensive steelmaking industries depend heavily on 
fossil fuels and emit between 7% to 9% of global anthropogenic 
CO2 emissions [3]. In addition to its extensive energy use and 
CO2 and process gas emissions, the other major environmental 
impact is generating slags as solid by-products in vast 
quantities. Worldwide annual slag generation was estimated to 
be 493 645 million tons based on 2018 data [4]. Other types of 
solid by-products are generated in steelmaking processes, such 
as dusts and sludges that predominantly come from air 
pollution abatement and wastewater treatment units, but slags 
account for %90 (by weight) of the total solids [5]. Sustainable 
management of slags through finding added value is important 
for reducing the environmental impact of the steelmaking 
industry and advancing toward a circular economy that aims to 
create zero waste to landfill. 

Two main categories of slags compose the majority of slags 
generated during steelmaking; iron slag and steel slag. Iron slag 
is formed in blast furnaces (BF) from the fluxing agents 
(limestone or dolomite) added to the molten iron ore to remove 
silica and other impurities during the first step of primary steel 
production. In the next step, steel slag is formed in basic oxygen 
furnaces (BOF) through the fusion of charged fluxing agents 
and impurities in the molten pig iron transferred from blast 
furnaces. Steel slag is also co-produced in electric arc furnaces 
(EAF) during secondary steel production from scraps. On 
average, 275 kilograms of iron slag in BFs, 126 kilograms of 
steel slag in BOFs, and 169 kilograms in EAFs are produced 
per metric ton of crude steel output [5]. Both slag types are rich 
in calcium oxides with vastly different chemistries. The high 
silica content of the ore is retained in iron slag, and hence 
calcium oxides in iron slag are in the form of Ca-silicates, 
whereas steel slag has a lower silica content, and some of its 
calcium is in the form of uncomplexed free lime [6].  

Utilization routes for iron slag, also referred to as BF slag, 
are straightforward, without any significant technical or 
commercial impediments, and utilization rates are close to 
100% around the world [7]. Air-cooled BF slag is used as a 
synthetic aggregate to substitute natural aggregates. When hot 
BF slag is rapidly quenched using large volumes of high-
pressure water, it solidifies as a sand-like material called 
granulated BF slag with good pozzolanic properties [8].  It is 
sold as a substitute for Portland cement in concrete mixes or 
raw material for clinker commanding much higher prices [4]. 

Steel slag is a durable and dense material due to its 
significant iron content; it has a high bearing capacity, good 
abrasion resistance, and excellent frictional properties [9]. 
Although steel slag bears physical features, its use as an 
aggregate is hampered mainly by free lime content [7]. 
Hydration of very reactive free lime content of steel slag in the 
presence of air moisture or water causes pristine steel slag mass 
to volumetrically expand [6]. Additionally, the products of the 
hydration reactions cause generation of hyperalkaline leachates 
(pH<12) and mobilization of toxic trace elements in the 
composition of steel slag [10]. The common practice applied by 
the industry to alleviate expansive behavior, often called 

to atmospheric conditions over months to hydrate and expand 
the steel slag prior to utilization in construction [11]. However, 
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this means harmful alkaline seepage formation is guaranteed 
after the rainwater flows through exposed slag piles. 

Despite these challenges, the primary conventional method 
of beneficial use for it is utilized in civil engineering 
applications as an aggregate [4]. Steel slag has a low silica 
content, and its use in the cement industry is limited [12]. There 
are many other methods to utilize steel slag, such as soil 
stabilization; ceramics and slag wool production; neutralization 
of acid mine drainages; and removal of heavy metals and P 
from wastewater [13] [16]. Nevertheless, none of these niche 
applications are very common and can compete with slag used 
as a natural aggregate substitude, considering that constructing 
a single kilometer of a new road requires 30,000 tons of 
aggregates [17]. Lately, atmospheric CO2 sequestration 
utilizing the rich CaO content of steel slag has attracted 
attention [18]. Unfortunately, to reach high-efficiency rates, the 
slag has to be ground into a powder, enclosed tanks fed with 
pure CO2 gas must be operated at high temperatures and 
pressures, and there is no existing commercial application. 

This review first discusses the environmental impact of steel 
slag use in the construction sector. Next, selected approaches 
that mitigate environmental risks and enable more steel slag 
utilization as aggregates were presented. 

II. ASSOCIATED ENVIRONMENTAL IMPACT 

Calcium 
are found in different mineral phases; free calcium oxide, 
calcium silicates, and calcium aluminoferrites [19]. These Ca-
bearing compounds have the potential to hydrate to generate 
Ca(OH)2 in the presence of water or moisture at varying 
reaction rates. Free lime reacts rapidly, but some of it can be 
present as small pockets buried in slag particles and can not 
hydrate until fractures form and water reaches them [6]. The 
free lime content of steel slags can be over 10% by weight in 
some cases [20]. Subsequent disassociation of Ca(OH)2 
releases great amounts of hydroxide alkalinity to the 
environment, and hydration rate of steel slag is stimulated at 
high pH [21]. Also, free MgO can be present in steel slag, and 
it hydrates over months and years [6]. The weathering products 
of Ca-silicates, such as rankinite, can also provide a source of 
Ca(OH)2 in the long term [22]. 

Overall, the gradual weathering of its constituents provides 
steel slag an immense capacity to produce highly alkaline 
leachates (pH<12), creating a major potential environmental 
risk [23]. Uncontrolled seepage from steel slag was reported to 
impair the quality of receiving surface waters and aquifers for 
decades during its permanent or interim stockpiling in large 
quantities [10], [24]. Additionally, extreme alkaline conditions 
stimulate toxic trace element leaching from steel slags, which 
contain heavy metals (antimony, arsenic, barium, beryllium, 
cadmium, chromium, cobalt, copper, lead, mercury, nickel, 
selenium, thallium, vanadium) at concentrations higher than 
those in background soils, especially Cr and V in the form of 
oxyanions, which are more mobilized under alkaline conditions 
[25]. 

The potential environmental impact that may be caused by 
releasing extreme alkalinity and pollutants and the volumetric 

instability can impede the beneficial use of steel slag as an 
aggregate in large quantities. However, the experiences from 
real-life applications suggest that steel slag is safe to use in road 
construction when steel slag is appropriately aged and 
precautions are taken to avoid water contact [8], [26]. The 
chemical composition of the samples from the 10-year-old road 
base showed no significant difference compared to the original 
steel slag that was used; hydration and carbonation effects were 
minimal, and the leachate pH of the aged slag was 11.6 (initial 
pH value was 12.2  prior to application) [27]. It should be noted 
that all roads are designed and built with elements diverting 
rainwater and groundwater away to sustain 
longevity. It can be concluded that stockpiling the steel slag and 
not utilizing it in construction is the worst case in terms of 
creating an adverse environmental impact. 

III. METHODS TO MITIGATE ENVIRONMENTAL RISKS 

A. Aging with Leachate Control 

Volumetric instability is the primary limitation of steel slag 
utilization. Aging allows open-air stockpiled steel slag to 
weather through adequate exposure to atmospheric conditions 
over a period of months to partially hydrate and expand the steel 
slag prior to utilization in construction. During the aging period, 
piles of steel slag are gradually weathered, and labile CaO and 
MgO in steel slag are reacted through hydration, carbonation, 
and oxidation reactions [11]. Although carbonation and 
oxidation reactions in steel slag are expansive, their impact on 
swelling is negligible compared to hydration reactions [11]. 
Proper aging ensures that a significant portion of the hydration 
reactions occurs before using steel slag. The duration of aging 
varies considerably depending on the content of free lime and 
can extend up to 18 months for optimal results [26]. 

The aging process can be accelerated through techniques 
such as steam application, high-pressure water jets, or agitation 
of the slag, but it is crucial to minimize the cost of the aging 
process to ensure the competitiveness of slag as a road 
construction material compared to natural aggregates from an 
economic standpoint [28]. Due to their relatively low unit 
values, steel slags generally only compete with natural 
aggregates in market regions near operational iron and steel 
furnaces or slag banks, and the required hauling distances are 
lower than natural aggregates [4]. 

While aging is a widespread practice, the chemical changes 
during this process are often insufficiently considered, with the 
primary focus being mitigating swelling. However, extended 
weathering can give rise to circumstances that lead to 
heightened leaching of toxic elements. Suer et al. [27] 
conducted accelerated aging experiments on steel slag samples 
and observed reduced leaching of Ca, Cu, Ba, Fe, Mn, and Pb, 
but increased leaching of V, Si, and Al. Therefore, the leachates 
produced during aging should be carefully collected and treated. 
Lining the ground with impervious materials, installing a 
drainage system on the site, and treating the leachates will 
create additional capital and operational costs. Nevertheless, 
the alternative is not to control the leachates or not to utilize the 
slag; both routes will adversely affect the environment through 
contamination. When treatment is involved, using steel slag 
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may require subsidies from local governments to achieve cost 
neutrality. 

Gomes et al. [29] proposed a treatment passive treatment 
configuration where slag leachates flow (by a pump or gravity-
driven) through a cascade into a settling tank connected to a 
constructed wetland; and calculated that this method would 
have the lowest environmental impact compared to other 
methods. Others were active treatment methods involving 
H2SO4, CaCl2, or pressurized CO2 gas dosing. The Ca ions in 
the alkaline slag leachate would be aerated/carbonated in the 
cascade, and then they would precipitate in the settling tank in 
the form of calcite (CaCO3). The metals in the buffered leachate 
will have less pH and alkalinity, and the leachate may become 
harmless to surrounding waters after it passes through the 
constructed wetland system. In a previous study, Mayes et al. 
[10] showed that natural wetlands could provide buffering for 
the steel slag leachate and metal sequestration. It should be 
noted that there is a potential to capture some CO2 from the air 
through CaCO3 generation in the settling tank [30]. Calcite may 
be recovered from the settling tank and reused elsewhere. 

B. Utilization in Asphalt Concrete Production 

Asphalt concrete containing steel slags have reported having 
improved resistance to cracking at low temperatures, moisture 
susceptibility, high-temperature stability, deformation 
resistance, and antiskid function compared to ordinary asphalt 
mixtures [31]. Steel slag particles bond with bitumen (asphalt 
binder) more tightly due to their porous, rough surface texture 
and lime content compared to natural aggregates [31], [32]. 
Shen et al. [32] recommended 100% coarse aggregate 
substitution with coarse BOF slags in porous asphalt mixtures. 
After nearly 1.5 years of service, -Piloneta et al. [28] 
reported that surface pavement built by replacing 15% of the 
coarse aggregates with BOF slag showed excellent 
performance without rutting, cracking, or spalling. 

When used as an asphalt aggregate, bitumen coating formed 
on aged slag particles limits the hydration of the calcium and 
magnesium oxides due to reduced water contact [23]; and 
suppresses the volumetric expansion of steel slag in asphalt 
mixture [33]. Sel slags have highly porous surfaces and can 
absorb slightly more bitumen than natural aggregates [28]. As 
expected, bitumen coating also reduces elemental leaching 
from the steel slag particles. Bitumen coating significantly 
alleviates the leaching of calcium from steel slag and decreases 
pH and alkalinity of the contacting water by creating a partial 
seal around slag particles. Batch-type leach test results from 

[23] demonstrated that mixing BOF slag aged for 
six months with bitumen (4 to 6% by mass) resulted in ~75% 
reduction in Ca release; ~50% reduction in alkalinity of the 
leachate. Sorlini et al. [34] investigated metal leaching from 
bitumen/aged steel slag mixtures. They found that releases of 
all measured pollutants were generally lower than that of steel 
slag alone, but dissolved organic carbon (DOC) concentrations 
were very close to limits set by the Italian code, and V leaching 
seemed not to be affected by the presence of bitumen binder 
around slag particles. Sorlini et al. [34] claimed that EAF slag 

should be aged 2-3 months to decrease swelling to an 
acceptable level (0.5%). 

C. Amending with Alum-based Water Treatment Residual 

Aluminum sulfate (alum) is a widely used coagulant in 
drinking water treatment to remove suspended solids, and 
alum-based water treatment residual (WTR) is the by-product. 

[23], [35] observed that 10% (dry wt.) WTR-
addition to steel slag (aged for six months) resulted in a ~80% 
reduction in Ca release and ~70% in leachate alkalinity in 
batch-type and column water leach tests. Ca(OH)2 solubility-
governed alkalinity production in hydrated steel slag was 
altered by WTR-modification, shifting the control of Ca(II) and 
hydroxide release to calcium sulfoaluminate phases formed as 
secondary mineral phases [35]. Additionally, WTR addition to 
aged slag alleviated the overall volumetric expansion rate 
compared to the original material [33]. The reduced alkalinity 
of the leachate was more easily neutralized by the receiving 
natural soils in the subgrade, and dissolved Al from WTR and 
other trace elements in the leachates diminished due to 
precipitation once the pH was neutralized [36]. Overall, 
amending WTR to steel slag provides a simple method 
involving only mixing two solid wastes in locations where 
WTR is readily available, and the effect lasts long without 
requiring WTR replenishment. 

IV. CONCLUSIONS 

In addition to increasing the annual generation rate, large 
amounts of steel slag stockpiled near the operational and closed 
steel mills are still waiting to be handled for final disposal. With 
the current technology, using aged steel slag in road 
construction appears to be the most viable option to increase 
the beneficial use of steel slag. Using steel slag instead of 
natural aggregates will preserve natural resources, reduce CO2 
emissions and contribute to the circular economy through better 
waste management. 

Adequately aging the steel slag alleviates the problem of 
volumetric instability. However, the hyper-alkaline leachate 
loaded with dissolved Ca and trace metals produced during 
aging must be treated to reduce the environmental impact. 
Nonetheless, aging does not entirely solve the alkaline leachate 
production problem after slag is applied, so the methods 
presented here can be used. Also, using a subgrade soil below 
the slag layer with a large alkalinity neutralizing capacity or 
replacing a small portion of the natural aggregates can give 
satisfactory outcomes. 
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Abstract  Developments in the automotive and space industry, 
especially in recent years, have increased the need for special alloy 
fasteners in the industry. This need has also made it important to 
clean the steel in the semi-finished products where the fasteners 
are produced. In this study, the effect of the surface quality of the 
semi-finished billets used in the production of wire rods required 
for the quality of fasteners containing Mn and B on the properties 
of the final products was investigated. The microstructure and 
macrostructure of wire rods produced from semi-finished and 
non-ground semi-finished products were examined and a 
comparison was made between them by applying the compression 
test. As a result of this study, it was found that cracks up to 15 mm 
occurred in the samples that were not grinded, and that they 
withstand higher loads in the samples that were grinded. 

Keywords  Billet, billet grinding, fasteners, wire rod 

I. G  

tesislerinde tilen , 
haddehanelere  
ve   

  
 

edilmese de 
haddeleme 

 standartta   
, (I) termal gerilimler, (II) 

-

 
 

 

zelliklerini 

u

ekipmanla
makineleridir. 

II. DENEYSEL  

li leri 

 5]. 
 

126

6th International Iron and Steel Symposium



 
 

M  t
reti -

 basma deneylerine 

yla 

umuneler Zwick/Roell Z600 model 

, ikinci test ile de 

belirlenmektedir. estte p
ikinci testte 

 mm ve 5 mm  

III. DENEYSEL S  

 
c

 c

, 

haddeleme 

 

   
(a)                                        (b) 

T
  

  

len 
, 

 

. 
 

    
(a)                 (b) 

 

 
 

 
 

IV. GENEL S  

sonucunda 

 ve servis 
  

T  

-23-YL-010) 
. 

REFERENCES 
[1] Muhammad A.B. Elsaiedy, Mohamed A. Abou Omar, A Review on 

Causes of Internal Defects in Continuous Casting, 
https://www.academia.edu/40796202/A_REVIEW_ON_CAUSES_OF
_INNTERNAL_DEFECTS_IN_CONTINUOUS_CASTING/Posted by 
Mohamed Abou Omar. 

127

6th International Iron and Steel Symposium



[2] -
Hole and Blow-Hole Formation, Prevention and Evolution Technical 

Internacional, part of the 
ABM Week, August 17th -21st, 2015, Rio de Janeiro, RJ, Brazil. 

[3] Cristian Genzano, Luis Pablo. Reda, Jorge Madias, Minimization of 
Surface Defects on Bars and Wire Rod Originated in Billet Casting, 

 

[4]
[5] Tyrolit (2008) Introduction to Grinding Processes, Companies Brochure.

 
 

128

6th International Iron and Steel Symposium



 
1, Hayrettin Ahlatc 1, 2  
1   

hahlatci@karabuk.edu.tr 
2  

INVESTIGATION OF WEAR PROPERTIES OF 
DIN 20MnCr5 STEEL BARS AS A RESULT OF 

BOX BORING  
 

 

 

 DIN 20MnCr5, kutu borlama, sertlik, 
 

Abstract  
diameter DIN 20MnCr5 cementation steel bar used in chain 
elements such as links and rings and fasteners such as bolts, at 
950oC boronizing temperature, at different boriding times of 2.5 
and 7.5 hours. Depending on the boriding time on the boronized 
surface, the formation of the boride layer and the metallographic 
structure of the formed boride layer, microhardness values from 
the surface to the center and adhesive wear properties were 
investigated. As a result of box boriding, boride coating thickness 

boronizing. In the hardness values, 1780 HV0.3 hardness was 
measured on the surface after 2.5 hours of boronizing and 2272 
HV0.3 hardness was measured on the surface after 7.5 hours of 
boronizing. According to the adhesive wear test, 5.256 g weight 

 20MnCr5 
steel bar sample, 0.0071 g after 2.5 hours boronizing, and 0.0047 g 
after 7.5 hours boriding. 

 
Keywords  DIN 20MnCr5, box boriding, hardness, adhesive wear 
and microstructure 
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Abstract  The advent of 6G technology can potentially transform 
how we communicate and access information. However, the 
deployment of 6G networks is facing many challenges, including 
the impact of metal bulks on signal transmission. Metal bulks, 
such as buildings, bridges, and tunnels, can cause signal 
attenuation, reflection, and interference, leading to reduced signal 
coverage, increased noise, and degraded signal quality. In this 
paper, we discuss the challenges posed by metal bulks on 6G signal 
transmission and propose potential solutions that can be employed 
to mitigate these challenges. These solutions include using 
intelligent reflecting surfaces, deploying small cells, optimizing 
antenna placement, and using beamforming techniques. We 
present the results of experimental studies conducted to evaluate 
the effectiveness of these solutions, and we conclude that 
combining these techniques can significantly improve 6G signal 
transmission in metal-rich environments. 
 
Keywords  6G technology, metal bulks, signal transmission, 
challenges, potential solutions. 
 

I. INTRODUCTION 

In the past few decades, wireless communication 
technologies have experienced rapid advancements, with each 
generation (G) delivering enhanced capabilities to meet the 
growing demands of the modern world. The journey began with 
1G in the 1980s, which introduced the era of analog cellular 
communication, followed by 2G in the 1990s, facilitating 
digital voice transmission and text messaging. The turn of the 
century brought 3G, enabling mobile internet access, while 4G, 
introduced in the 2010s, revolutionized the landscape with 
high-speed mobile data transmission and LTE networks. As 5G 
networks are being deployed worldwide, researchers are 
already investigating the requirements and possibilities of 6G 
communication systems, aiming to enhance data rates, reduce 
latency, and enable novel applications. One critical aspect of 
these advanced networks is signal propagation in urban 
environments, particularly when considering the interaction 
between signals and large iron and steel structures. This paper 
delves into the impact of iron and steel structures on 6G signal 
propagation in urban settings to provide valuable insights to 
optimize network design, improve coverage, and enhance 
overall performance. [1, 2] 

As shown in figure 1, Terahertz (THz) and millimeter - wave 
bands, which have higher frequencies, are becoming more 
prevalent in communication systems. 

 

 
 
Fig.1. Spectrum for mobile phones ranges from 1G (1980s) 

to 6G (anticipated for 2030). 
 
This paper aims to investigate the effect of metal bulks on 

transmitting 6G signals, delving into the various factors 
contributing to signal degradation in such obstacles. We 
provide a comprehensive overview of 6G technology, its key 
features, and its potential applications, setting the stage for 
understanding the importance of optimizing signal 
transmission in various contexts. Next, we discuss the 
fundamental principles of signal propagation in wireless 
communication systems, highlighting the challenges posed by 
the higher frequency bands utilized in 6G networks. 

Finally, we summarize our findings and outline future 
research directions that can further enhance the performance of 
6G communication systems in the presence of metal bulks. By 
shedding light on the complex interplay between 6G signals 
and metallic obstacles, this paper aims to provide valuable 
insights and guidance for researchers, engineers, and 
policymakers working on developing and deploying next-
generation wireless communication networks. 
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II. 6G ANTENNAS AND TOPOLOGY 

6G communication systems are expected to operate at higher 
frequencies and incorporate advanced technologies, 
necessitating novel antenna designs and network topologies to 
ensure optimal performance. In urban environments, large 
metal bulks, such as iron and steel structures, can significantly 
affect signal propagation and overall network efficiency. This 
paper investigates the impact of metal bulks on 6G antennas 
and topology, focusing on understanding the challenges and 
opportunities for signal transmission and reception.[3] 

 
The paper evaluates various antenna designs, including 

Intelligent Reflecting Surfaces, Signal repeaters, hybrid 
beamforming techniques, MIMO techniques, Smart antennas, 
and free space optics, to determine their effectiveness in 
overcoming signal degradation caused by metal bulks. 
Additionally, it examines network topologies that consider the 
complex urban landscape, incorporating technologies such as 
small cell deployment, intelligent reflecting surfaces, and 
heterogeneous networks to enhance signal coverage and 
minimize interference. 

By analyzing the interplay between 6G antennas, network 
topology, and metal bulks, this paper aims to provide valuable 
insights into developing innovative solutions for overcoming 
signal propagation challenges in urban environments. The 
findings will contribute to designing robust 6G communication 
systems capable of delivering ultra-fast connectivity, low 
latency, and seamless user experiences in the face of complex 
structural interference. 

A. Effect of metal bulks on 6G signal transmission   

The emergence of 6G technology promises to transform 
communication networks with its ultra-high frequency 
spectrum and extremely low latency. However, the impact of 
metal bulks on 6G antenna performance presents a critical 
obstacle in deploying these advanced networks. Metal bulks, 
commonly found in urban settings and large constructions, can 
cause significant signal degradation due to their inherent 
electromagnetic properties.[4] 

When a 6G antenna is close to metal bulks, the high-
frequency signals can be attenuated and distorted through three 
primary mechanisms: reflection, scattering, and absorption. 
Reflection of the signal occurs when it encounters a metal 
surface, causing a portion of the signal to bounce back and 
create interference. Scattering results from irregularities in the 
metal surfaces, which can disperse the signal energy in multiple 
directions and reduce the antenna's effective gain. On the other 
hand, absorption is the conversion of signal energy into heat 
within the metal bulk, leading to further signal loss. 

These mechanisms can severely impact the performance of 
6G antennas, resulting in poor connectivity, reduced data rates, 
and increased latency. To fully harness the potential of 6G 
technology, finding a solution that mitigates the negative 
impact of metal bulks on antenna performance is essential. This 
paper explores using metamaterials as a promising approach to 
address this challenge.[5] 

B. Determinations and proposed approaches   

1) Material properties: Metal bulks' electrical conductivity 
and permeability impact their interaction with 
electromagnetic waves, affecting signal attenuation and 
reflection.[6] 

2) Geometry and size: The dimensions and shape of metal 
structures influence the degree of signal obstruction, 
scattering, and multipath propagation.[7] 

3) Antenna positioning and orientation: The relative 
location and direction of antennas concerning metal 
bulks can affect signal reception and transmission 
quality.[8] 

4) Operating frequency: Higher frequency signals used in 
6G systems are more prone to attenuation and reflection 
when interacting with metal structures.[9] 

5) Environmental factors: The presence of other 
obstructions, such as buildings or vegetation, can 
exacerbate the effects of metal bulks on signal 
propagation.[10] 

C. Proposed approaches to mitigate metal bulk effect: 

1)  Several potential solutions can be employed to mitigate 
the impact of metal bulks on 6G signal transmission. These 
solutions included the following: 

2)  Intelligent Reflecting Surfaces (IRS): Intelligent 
Reflecting Surfaces (IRS) have emerged as a potential solution 
to address the challenges faced by 6G antenna systems, 
particularly regarding signal propagation, coverage, and 
interference management. By leveraging the capabilities of 
reconfigurable and programmable metasurfaces, IRS can 
adaptively modify the electromagnetic properties of incident 
signals, resulting in improved signal quality and 
performance.[11]  

 
As shown in the architecture of the IRS in Figure 2 

 
 
Fig. 2. The architecture of  the IRS 
 

3)  Using Signal repeaters:  can amplify the signal and 
bypass metal bulks. Signal repeaters can be installed in areas 
with weak signal coverage to improve signal strength and 
reduce the interference caused by metal bulks.[12] 
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As shown network-controlled repeater (NCR) in figure 3  

 
 

Fig.3. a network-controlled repeater (NCR).  is the angular 
separation of the two panels 

4)    Utilizing millimeter-wave frequencies: Millimeter-wave 
frequencies can penetrate metal bulks better than lower 
frequencies, making them ideal for 6G signal transmission in 
metal-rich environments. The signal can bypass the metal bulk 
by using higher frequencies, reducing signal attenuation and 
reflection.[13] 

 
As shown Millimeter-Wave and Terahertz Spectrum for 6G 

Wireless in figure 4  
 

 
 

Fig 4. Millimeter-Wave and Terahertz Spectrum for 6G 
Wireless concerning frequencies in the band 10GHz-
1000THz 

5)  Using hybrid beamforming techniques: Hybrid 
beamforming involves combining analog and digital 
beamforming to focus the signal toward the desired direction. 
Using hybrid beamforming, the signal can be directed toward 
the receiver, bypassing the metal bulk and reducing 
interference and signal degradation.[14] 

 
As shown hybrid beamforming techniques in figure 5  

 
 
Fig.5. Block diagram of hybrid precoder and combiner-

based transmitter and receiver 

6)  MIMO (Multiple-Input Multiple-Output) technology: 
MIMO technology uses multiple antennas to transmit and 
receive signals, which can help to improve signal quality and 
reduce the impact of metal bulks. This approach involves using 
multiple antennas to transmit and receive signals 
simultaneously, which can avoid interference from metal bulks 
and improve signal quality.[1] 

 
As shown in MIMO technology in figure 6   
 

 
 

         Fig.6. MIMO technology used multiple antennas to 
transmit and receive signals. 

 

7)  Smart antennas Smart antennas can automatically adjust 
their direction and shape to optimize signal quality. This 
approach involves using antennas that can adapt to the 
environment and adjust their direction and shape to avoid 
interference from metal bulks and improve signal quality.[14] 

 

8)  smart antennas: Smart antennas can automatically 
adjust their direction and shape to optimize signal quality. This 
approach involves using antennas that can adapt to the 
environment and adjust their direction and shape to avoid 
interference from metal bulks and improve signal quality.[15] 

 

9)  Use of free space optics: Free space optics (FSO) is a 
wireless communication technology that uses light to transmit 
data through the air. FSO can transmit data through areas 
where metal bulks may interfere with traditional wireless 
signals. FSO can provide high-speed data transmission over 
short distances, making it ideal for use in urban environments 
where metal bulks are common.[16] 

 
As shown, Free space optics (FSO) in figure 7  

 

 
 
                Fig.7. Wireless optical communications 
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The following table compares these strategies, shedding 
light on their benefits and limitations and serving as a basis for 
informed decision-making in network design and deployment. 

 
TABLE I. advantages and disadvantages of potential 

solutions to mitigate the impact of metal bulks on 6G signal 
transmission 

 
 

Element Advantages  Disadvantages 
Intelligent 
Reflecting 
Surfaces  

Redirects & shapes 
signals, custom 

propagation paths  

Requires precise 
control, complex 

configuration 

Signal 
Repeaters  

Extends coverage, 
cost-effective  

Limited capacity, 
increased 

interference 

Heterogeneous 
Networks  

Improved coverage, 
capacity & 

performance  

Complex network 
management, 
increased cost 

Millimeter-
wave 

Frequencies
  

Higher data rates, 
larger bandwidth  

Susceptible to 
attenuation, shorter 

range 

Hybrid 
Beamforming 
Techniques
  

Combines analog & 
digital 

beamforming, cost-
effective  

Implementation 
complexity, 
hardware 
limitations 

MIMO 
Technology
  

Increased capacity, 
improved signal 

quality  

Requires multiple 
antennas, increased 

complexity 

Smart 
Antenna 

Systems  

Adaptive 
beamforming, 
interference 

reduction.Alphabetic 
numbering 

Complex 
algorithms, 

increased cost 

Free Space 
Optics  

High data rates, 
secure transmission  

Weather 
dependency, line-

of-sight 
requirement 

 
 

III. CONCLUSION  

In conclusion, deploying 6G networks faces significant 
challenges due to metal bulks, which can adversely impact 
signal transmission. To overcome these obstacles, this paper 
has presented various potential solutions to mitigate signal 
attenuation, reflection, and interference caused by metal bulks. 
These strategies include intelligent reflecting surfaces, signal 
repeaters, millimeter-wave frequencies, hybrid beamforming 
techniques, MIMO technology, smart antenna systems, and the 
utilization of free space optics. By leveraging these innovative 
techniques, experimental studies have demonstrated 
considerable improvements in 6G signal transmission within 
metal-rich environments. This research paves the way for the 
successful implementation of 6G networks, ensuring robust and 
reliable connectivity even in challenging scenarios. 
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Abstract  The management of lot sizing with lack of homogeneity 
in the foundry sector is a critical issue for improving production 
efficiency and product quality. This paper proposes a scenario 
analysis using fuzzy logic approach to address this problem. Fuzzy 
logic can effectively capture the uncertainty and imprecision in 
production processes and provide a more flexible decision-making 
framework. The proposed approach enables the foundry 
managers to evaluate different scenarios for lot-sizing with 
homogeneity level and identify the optimal production plan 
considering various factors such as cost, production capacity, and 
scrap usage. The results indicate that the fuzzy logic approach can 
provide valuable insights and guidance for the foundry industry 
to improve their production operations and competitiveness. 

Keywords  Production Planning, Lot sizing, Lack of 
Homogeneity, Fuzzy Logic, Casting  

I. INTRODUCTION 

In the casting industry in our country, high levels of fossil 
fuels are used to generate the energy required for production. 
Due to the high melting temperatures of metals in the casting 
process, a significant amount of energy is consumed, resulting 
in high carbon emissions. Efficient planning and production are 
necessary to minimize harmful gas emissions. Effective use of 
raw materials without compromising quality standards in 
production will reduce both energy use and emissions. 

The nature of the raw materials used in casting varies, 
making it difficult to maintain product homogeneity during the 
production process. In particular, the use of scrap material and 
production excess in casting can disrupt homogeneity. The 
production process in casting also leads to a lack of 
homogeneity. The molten metal is transferred from the furnace 
to the pots on the production line. A certain amount of the 
molten mixture used in production remains in the furnace and 
pots due to cooling. To prevent cooling, a certain amount of the 
mixture needs to remain in a molten state in the furnace and 
pots. This situation prevents the fulfillment of product 
specifications and leads to a lack of homogeneity. 

In this study, the aim was to minimize energy and production 
costs and address lack of homogeneity caused by uncertainty in 

the production process and product when determining the 
production lot size in the casting industry. 

A. Literature Review 

Lack of homogeneity in production refers to the uncertainty 
that arises from the nature of raw materials and production 
processes in the manufacturing industry. Even if the inputs used 
are homogeneous, the operations involved can introduce 
heterogeneity into the characteristics of the outputs [1]. In this 
context, the concept of lack of homogeneity has been studied in 
different sectors. It has been categorized based on product, 
process, and lot size in the literature. 

The concept of lack of homogeneity in production has been 
mainly studied in the ceramics and food industries. In the 
ceramics industry, where raw materials are variable, it is 
desired for the produced products to be homogeneous and for 
the products in batch size to be similar in shape and pattern [2
4]. In the food industry, products are inherently not 
homogeneous [5]. 

In the casting industry, Sakalli et al. were pioneers in 
expressing the lack of homogeneity in production as stochastic 
due to the raw material of the produced product [6]. In the food 
industry, a study that stochastically expressed the lack of 
homogeneity in the process and batch size was among the first 
to define the lack of homogeneity brought about by the 
uncertainty in the process in yogurt production [7]. 

Lack of homogeneity in production also appears in areas 
other than the batch size determination problem. Campana et al. 
examined how the mechanical characteristics of AlSi7 alloy as 
metallic foam varied due to the lack of homogeneity in the foam 
[8]. Marsico et al. examined the lack of homogeneity in the 
production of bovine embryos in a laboratory environment and 
its effect on production [9]. Proveda showed how the lack of 
homogeneity caused by biogenic amines and free amino acids 
in beer production fluctuated in supply and affected the process 
using multivariate statistical analyses [10]. 

Different methods have been used in the literature to 
determine lack of homogeneity. While Alemany et al. 
expressed the uncertainty as fuzzy, Sel et al. approached it 
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stochastically [2,7]. Studies that use both fuzzy logic and 
stochastic methods together also exist in the literature [11]. 

Studies determining the production lot size in 
remanufacturing generally aim to minimize the total production 
cost, except for various purposes. In the literature, reusable 
products and excess demand returns were discussed. There is 
still a need to study the raw materials that will be reused. The 
uncertainty caused by lack of homogeneity in the production of 
reused raw materials creates uncertainty. This uncertainty has 
been studied in this study according to the cases chosen by the 
decision-maker in terms of product, process, and lot size in the 
total cost. 

II. PROBLEM DEFINITION 

In the casting process, the raw materials and scrap to be used 
in production should be gathered from inventory to prepare for 
the melting operation. Then, the scrap obtained from external 
sources and the scrap generated from production are loaded into 
the induction furnace for melting. The mixture that melts in the 
furnace is mixed with ore to meet the desired standards of the 
products. After the obtained melt is checked, it is transferred to 
the pots on the production line. The melt is poured into molds 
that come to the production line. The products removed from 
the mold are packaged and delivered to the customer after 
passing the final quality control. 

A. Mathematical Model 

The objective is to minimize the total costs of energy 
consumption, holding, production, purchasing, order delay, and 
casting preparation in the given order. The energy cost for 
producing a product is calculated based on the average energy 
consumption of the induction furnaces. The holding, 
production, and purchasing costs are calculated based on the 
average selling price of the product. The order delay cost is 
assumed to be 5 times the holding cost. The casting preparation 
cost is calculated based on the energy cost of the induction 
furnace during idle time. 

To balance inventory, the scrap generated during 
production is transferred to the next period's inventory after 
satisfying the demand from produced items, inventory carried 
forward from the previous period, and orders delayed from the 
previous period. To keep track the inventory of scrap bought 
and scrap from production, we use two different inventory 
balance formulation in the mathematical model. The amount of 
produced product based on the externally purchased scrap, the 
amount of scrap reused in production, and the alloy used to 
meet specific product specifications. The scrap/ore ratio is 
greater than or equal to the amount of ore required to meet the 
product's specifications, taking into account the total amount of 
scrap reused in production and externally purchased. The total 
production quantity in each period does not exceed the 
production capacity. Due to the continuous production, the 
molten mixture in the furnace must be ready at a certain 
temperature and specification. Therefore, the quantity of 
product in the furnace should not be above the maximum 
loading threshold or below the minimum loading threshold if 

the furnace is to be charged. The furnaces are charged at certain 
intervals during each shift. 

B. Fuzzy Approach 

In the fuzzy numbers problem, the scrap/ore ratio is 
represented by fuzzy numbers. Jimenez et al. and Peidro et al. 

-
parametric linear programming model using equivalent crisp 
equations [12,13]. The scrap/ore ratio is treated as fuzzy in the 

-parametric linear programming model using the following 
equivalent crisp equation. 

The membership function determines the fuzziness in a 
fuzzy set and affects the performance of the fuzzy 
representation. The membership function should be formulated 
in a way that represents the problem data and the desired degree 
of membership. Therefore, the shapes of the membership 
function vary in the problem. Various membership functions 
can be formulated using a triangular, trapezoidal, generalized 
bell, or sigmoid function. Trapezoidal membership functions 

-parametric 
linear programming formulation. In this study, the trapezoidal 
membership function is used to ensure that the alloy ratio used 
in the foundry sector remains within certain intervals. The 
application of trapezoidal shapes is simple and fast for 
computation. The membership function includes values or 
degrees of membership that range from 0 to 1 and are used to 
break the crisp modelling. The trapezoidal membership 
function reflects low, medium, and high fuzziness using 
straight lines. Four-degree and linear membership functions 
have the advantage of simplicity. Trapezoidal shapes are one of 
the most encountered membership functions in practice. 
Therefore, we assume that the fuzziness can be represented by 
parameters and Fuzzy numbers denoted by  
( ) and expected range are calculated. 

III. SCENARIO ANALYSIS 

Changes in the decision maker's tendency to use low or high 
scrap levels create differences in terms of total costs. In the low 
scrap usage scenario, the decision maker prioritizes the product 
specifications and production quality rather than the impact of 
costs. In the high scrap usage scenario, the decision maker 
chooses an economically viable production method while 
meeting the specifications. 

TABLE I 
REUSED SCRAP AMOUNTS AND ENERGY COSTS WERE ANALYSED FOR THE  

VALUES (0.2 AND 0.8) SELECTED IN THE BASIC CASE ANALYSIS WITH A 

CAPACITY UTILIZATION RATE OF 75% 

 
Total 

Production 
Quantity 

Total 
Quantity of 

Scrap 
Usage from 
Production 

Total 
Quantity 
of Scrap 

Usage 
Bought 

Total 
Energy 

Cost 

Total 
Cost 

0,2 1,052 tons 0.33 tons 175 tons  
13,613 

 

0,8 1,052 tons 0 117 tons  
15,710 

 
*Level of homogeneity 
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The amount of scrap generated during production is 
incorporated into production at low values. This is because 
the decision-maker prefers to use high scrap in production. In 
the low scrap usage scenario, although the cost of purchasing 
scrap from outside and the inventory costs of these scraps are 
high, these scraps are preferred in production. However, when 
the scrap generated during production is reintroduced into 
production, it increases the energy costs that need to be incurred 
again. The effect of the selected  values (0.2 and 0.8) on the 
amount of scrap used in re-production and energy costs has 
been examined in the basic case analysis where the capacity 
utilization rate is 75%. In the low scrap usage scenario, no scrap 
generated during production was used in re-production. In the 
high scrap usage scenario, 0.33 tons of scrap generated during 
production is included in re-production. The ratio of energy 
costs to total costs is 9.83% in the low scrap usage scenario and 
11.35% in the high scrap usage scenario. It is observed that re-
production increases energy costs. The results obtained are 
presented in Table I. 

The cases where energy costs increase day by day and the 
supply of purchased scrap decreases due to disruptions in the 
global supply chain have been examined. The impact of the 
amount of remanufacturing on total costs has been investigated. 
The results obtained are presented in Table II. 

TABLE II 
SCENARIO WHERE ENERGY COSTS ARE HIGH AND PURCHASED SCRAP IS LOW 

 
Total 

Production 
Quantity 

Total 
Quantity of 

Scrap 
Usage from 
Production 

Total 
Quantity 
of Scrap 

Usage 
Bought 

Total 
Energy 

Cost 

Total 
Cost 

0,2 1,052 tons 75.33 tons 100 tons  
11,563 

 

0,8 1,052 tons 16.88 tons 100 tons  
12,400 

 
*Level of homogeneity 

In addition to the above scenarios, scenarios were examined 
based on the selected  values (0.2 and 0.8) in the basic case 
analysis where the capacity utilization rate is 75%. A scenario 
was studied where energy costs increased by 80% and the 
amount of purchased scrap decreased by 50%. As a result, in 
the low scrap usage scenario, it was observed that a total of 
16.88 tons of scrap generated from production was reused in 
the production process. The energy cost has increased by 15% 
compared to the basic case analysis. In the high scrap usage 
scenario, a total of 75.33 tons of scrap generated from 
production was reused in the production process. The ratio of 
energy cost to total cost has increased by 11% compared to the 
basic case analysis. 

IV. CONCLUSIONS 

In the casting industry, the nature of the raw material used 
and its ability to be reused make it difficult to meet the required 
specifications for production. The use of scrap metal needs to 
be determined. Utilizing the knowledge of experts to determine 
this ratio is important for cost and homogeneity. The benefit of 
using scrap metal for cost can turn into a loss in product quality. 
Therefore, the percentage of scrap metal in the composition is 

very important. The experts' knowledge needs to be 
mathematically expressed and applied to production to provide 
the decision-maker with the desired quality at the desired cost. 
These criteria can be explained most easily and understandably 
through fuzzy logic. 

Scrap metal can be economically sourced externally. Raw 
ore and alloys, on the other hand, are more valuable and costlier 
than scrap metal. Therefore, in scenarios where capacity 
utilization is variable, high use of scrap metal becomes 
advantageous in reducing total costs. Increasing energy usage 
and difficult external sourcing of scrap metal can lead to the use 
of scrap metal generated from production. In this case, the 
decision-maker should prefer low scrap metal usage to avoid 
the high energy costs associated with reproduction. The reuse 
of scrap metal generated from production contributes to melt 
homogeneity as it is a purer material compared to externally 
sourced scrap metal, making it easier to meet product 
specifications. While the ratio of energy costs to total costs 
increases in cases where reproduction occurs, homogeneity is 
ensured in production, and total costs decrease. 

Increasing costs in the manufacturing sector require different 
production strategies to be pursued. These strategies can vary 
depending on time and conditions. When the availability of 
previously used products decreases, and supply becomes 
difficult, utilizing available resources to continue production is 
necessary. Recycling and reproduction are important for 
sustainability and the environment. Reducing the energy spent 
on extracting raw materials used in the world through efficient 
production will make what is available more valuable and 
contribute to the living conditions of future generations. 

In this study, the aim was to minimize energy and production 
costs and address lack of homogeneity caused by uncertainty in 
the production process and product when determining the 
production lot size in the casting industry. In line with this goal, 
studies in the literature were examined. Studies determining the 
production lot size in remanufacturing generally aim to 
minimize the total production cost, except for various purposes. 
In the literature, reusable products and excess demand returns 
were discussed. There is still a need to study the raw materials 
that will be reused. The uncertainty caused by lack of 
homogeneity in the production of reused raw materials creates 
uncertainty. This uncertainty has been studied in this study 
according to the cases chosen by the decision-maker in terms 
of product, process, and lot size in the total cost. 

In the future research areas in the casting industry include 
the investigation of new techniques to improve the 
homogeneity of reused raw materials, exploring the effects of 
different decision variables on the total cost in various 
production scenarios, and considering the environmental 
impact of production processes. Additionally, further research 
could be conducted to examine the integration of production lot 
size and scheduling problems, and to analyze the impact of 
uncertainty on production planning and decision-making. 
Overall, these research areas have the potential to contribute to 
the development of more efficient and sustainable production 
processes in the casting industry. 
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Joining HX420LAD+Z100 Sheet Steel by Spot Resistance Welding and Effects of 
Welding Parameters on Microstructure and Hardness 

Abstract 

In this presented study; HX420+Z100 sheet steel, which is widely used in the automotive 
industry; using variable welding current and electrode pressure;  resistance spot welded joints 
were performed and the effects of electrode pressure and current on microstructure and hardness 
were investigated. Welding current is set as 5, 7 and 9 kA from welding parameters, electrode 
pressure force is respectively for each welding current; It was applied as 1 and 2 kN and 
experimental studies were carried out. After the welding process was completed, Vickers 
hardness test was carried out on the cross-sectional surface of the metallographically prepared 
samples and the base metal, heat affected zone and weld zones were examined comparatively. 
In addition, the cross-sectional surfaces of the samples; The areas etched with 3% nital solution 
and welded in the bright field image contrast of the light microscope were examined. As a result 
of the investigations; It was determined that the mechanical and microstructure properties of 
the samples changed with increasing welding current and electrode pressure. Depending on the 
increased heat input, it was determined that both the hardness of the material increased and the 
phase change took place, and the results were presented. 

Keywords: Resistance Spot Welding, Electrode Pressure, HX420+Z100 Steel, Welding 
Current, Automotive 
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Case Studies on the Role of Inclusions in the Failure of Engineering 
Components Made of Steels 

Mertcan Kaba*, Huseyin Cimenoglu** 

Department of Metallurgy and Materials Engineering, Istanbul Technical University 

34469 Maslak-  
*mertcankaba@itu.edu.tr, ** cimenogluh@itu.edu.tr 

 

Inclusions, which are originated from steel making process, can be basically classified into two 
groups as oxide and sulphide type inclusions. While the oxide type inclusions having globular 
morphology are formed due to the addition of deoxidizing agents such as Al, Si and Ca in order 
to remove excess oxygen from steel melt, the reaction between S and Mn or Fe caused the 
formation of sulphide type inclusions. Apart from the oxide and sulphide type inclusions, 
addition of a small amount of Ti to prevent grain growth during thermomechanical processes 
and formation of boron nitride, which impedes hardenability of steels, also resulted in the 
formation of TiN, TiC and TiCN type inclusions. Since inclusions play a crucial role on the 
mechanical properties and fracture of steels, their volume fraction, size and distribution in the 
microstructure should be precisely controlled.   

This work focused on the failure analysis of engineering components made of steels. Two 
different case studies revealed the role of inclusions on the failure of steel components.  

 

Keywords: Failure analysis; Inclusion; Steel 
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Impact-Sliding Wear Behaviour of the Low Temperature Nitrided                 
M2 Tool Steel 

*, Mertcan Kaba+, Erdem Atar* + 
* Department of Materials Science and Engineering, Gebze Technical University 

  

tgumuslu@gtu.edu.tr, atar@gtu.edu.tr 
+ Department of Metallurgy and Materials Engineering, Istanbul Technical University  

 

mertcankaba@itu.edu.tr, cimenogluh@itu.edu.tr 

 

In the present work impact-sliding wear behaviour of the low temperature nitrided AISI M2 
grade tool steel under dynamic loading conditions was investigated. The aim was to simulate 
complex and harsh tribological contact conditions, which many engineering components are 
exposed during their service life. Examined steels were nitrided in an atmosphere of 60 % NH3 
and 40 % N2 in a fluidized bed reactor. Two consecutive stages were utilized for the nitriding 

for the second stage. The duration for each stage was 6 hours. X-ray diffractometer (XRD) was 
used for the structural characterization of the samples. Dynamic loading condition was 
simulated with a cyclic impact-sliding wear test rig against 10 mm diameter SAE 52100 grade 
bearing steel balls. The wear tests were carried out using two distinct combinations of impact 
and sliding loadings, specifically 20/120 N and 40/240 N. 500 impact and sliding loading cycles 
were applied to the samples. Wear tracks were examined by a 2-D contact profilometer and a 
scanning electron microscope (SEM) to evaluate wear rate and wear mechanism. 

 

Keywords: Low temperature nitriding; AISI M2 tool steel; Impact-sliding wear  
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II. DENEYSEL 

1.  

.  

TABLO 1 
KILIF MALZEMESI KIMYASAL KOMPOZISYONLARI 
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TABLO 2 
DOLUM TOZU   TABLOSU  
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Investigation of the Effect of Alloying Elements on 
the Mechanical Properties of AZ91 Magnesium 
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Abstract  The aim of this study is to investigate the effect of the 
addition of silicon metal powders to AZ91 alloy metal powders on 
the mechanical properties of the material. For this purpose, first 
of all, AZ91, silicon and antimony powders in 325 mesh size were 
obtained from Nanografi company. Firstly, pure AZ91 sample was 
prepared, then, by adding 0.1, 0.2, 0.3, 0.4 and 0.5 mass% silicon 
respectively, new samples were ready for hot pressing process. The 
relative densities of the samples produced by the hot press method 
were calculated, and then microimages and SEM images were 
taken, and finally they were subjected to Micro Vickers and 
Brinell hardness tests. In addition, XRD and XRF analyses were 
applied to control the contents after the process. As a result of the 
hardness tests, the relative density and hardness values between 
the Si added samples and the optimum value were taken from the 
0.3% Si added sample. In addition, when microimages and SEM 
images were examined, it was determined that the formation and 
distribution of Mg2Si interphases formed by the added Si element 

-
Mg17Al12 phases had a direct effect on the mechanical properties 
of the material. 

Keywords  Powder metallurgy, AZ91, Si powder, Mechanical 
Properties, Alloy Element 
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Abstract  In this study, the effects of hot pressing parameters on 
the hot pressability of the most commercially used AZ91 
magnesium alloy powder (-325 mesh) and the mechanical and 
microstructure of the produced materials were investigated. For 
this purpose, commercially available AZ91 powder was hot 
pressed at temperatures between 500-
of 25-45 MPa. After hot pressing, the relative densities of the 
samples were calculated and their microstructures were examined 
by X-Ray Diffractometry (XRD) and X-Ray Fluorescence (XRF). 
In order to determine the mechanical properties of the produced 
samples, micro and macro hardness values were taken from the 
surfaces of the samples, and in order to determine the friction-
wear properties, all samples were under loads of 10-25-40 N at a 
sliding speed of 0.5-11.5 m/s, respectively. Wear characteristics 
were investigated with pin-on-disc wear device at distances of 500-
1500-3000 meters and 500-1500-3000 meters. In addition, SEM 
images of the wear products resulting from friction were taken 
and particle size analyzes of these products were performed. 

Keywords  Powder metallurgy, AZ91, Gas Atomization Method, 
Mechanical Properties, Wear 
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Abstract  Powder metallurgy (PM) production method is one of 
the widely used production methods. With the PM method, it has 
many features such as less material loss, easy production of 
complex parts, and secondary processing is generally not 
required. Stainless steels are the development of low-alloyed or 
unalloyed steels. Stainless steels are widely used in industry and 
biomaterial fields due to their advanced properties such as 
superior mechanical properties, resistance to corrosion, and use 
as a biomaterial. Graphite, iron, titanium, vanadium and tungsten 
carbide were used in this study. By PM method, 0.05 wt% and 
0.1% V and WC were added into graphite, iron and titanium 
powders. The powders were subjected to mechanical alloying 
process with a mechanical alloying device at 400 rpm for 30 
minutes. Samples of each composition were formed by cold 
pressing the mixed powders with a one-way press device under 600 
MPa pressure in the mold produced in ASTM E8M standards. 

atmosphere gas environment. Production process, tensile test of 
finished samples, microstructure analyzes were done. 

Keywords  Powder metallurgy, V Particles, WC Particles, 
Mechanical Properties, Alloy Element 
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Investigation of Crack Damage on Pallet Side Walls 
of Integrated Iron and Steel Sinter Facilities 
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Abstract  In this study, used and damaged AISI 4140, 17CrMo5.5 
quality pallet sidewall parts and unused AISI 4140 quality pallet 
sidewall parts were examined by damage analysis methods. 
Experimentally; Tensile, impact and microstructure image 
analysis studies were carried out. In the microstructure 
examination, the excess density of the amount of perlite structure 
present in the microstructure was observed. As a result, it is 
evaluated that the volume ratio of the perlite structure is higher 
than that of ferrite causing an increase in the amount of thermal 
stress by disrupting the thermal conductivity. 

 
Keywords  Sinter Pallet Wall, Thermal Stress, Crack, Thermal 
Conductivity, AISI 4140 
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HEAT TREATMENT AND 
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HIGH MANGANESE STEELS  
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ccarboga@nevsehir.edu.tr 
+  ,  

Abstract  High manganese steels are used safely in the industry, 
especially in harsh working conditions such as crushers used in the 
mining and cement industry due to their high toughness, high 
impact and wear resistance. However, the need for metals that can 
work in heavy working conditions is increasing day by day. For 
this reason alloy design and heat treatment optimization of high 
manganese steels come to the force. 
Boron is added to steels as an alloying element as microcarriers. 
Boron element increases the hardenability capacity of steels, 
especially in steels that can be heat treated. When boron is added 
to steels, it increases the hardenability of steels, especially in steels 
that can be heat treated. However the addition of boron to steels 
increases the high temperature and wear resistance of the steels. 
The aim of this study is to examine the effects of different heat 
treatment temperatures on microstructure and mechanical 
properties of boron doped (11ppm, 53 ppm) high manganese 
steels. 
Firstly, 11ppm, 53ppm boron doped high manganese steel alloys 
obtained as billet by casting process were cut into 15 x 20 mm 
dimensions. Optical microscope and SEM (scanning electron 
microscope) images of these samples were examined. The data 
obtained by XRD analysis were compared with the literature by 
correlating with SEM results, optical microscope images and 
hardness changes. 

Keywords  High manganese steel, heat treatment, boron doped, 
XRD, SEM 
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 Numune Kodu 

%Element  S1 S2 

% C 
1,266 

 
1,253 

% Si 0,608 
 

0,599 

% Mn 14,33 13,97 

%P 0,03 0,032 

% S 0,014 
 

0,014 
 

% Ni 0,151 0,142 

%Mo 0,015 0,014 

%Cu 0,258 0,254 

% Al 0,161 0,165 

%Ti 0,03 0,033 

%N 0,018 0,021 

%B 0,0011 0,0053 

    

    

numunelerinin a) Optik leri 

S1 ve S2 numunelerinin 900 oC ve1100o

900o

dendritik 
[Ref 1]. 

her iki numunenin faz 
  

 
 

     
 

   
 

 
o

 
 

N%28,91 oldu
AlN birlikte BN 

nu  [Ref 2]. 
  

(Fe,Mn)3C 
 

 
-1100o

numunelerinin X-
X 

,  
 martenzit hacim merkezli tetragonal (bct) ve 

1100o

 fcc 
 

 
 
 
 
 
 
 
 
 
 
 
 

S1 900oC S2 900 oC 

S1 1100oC S2 1100oC 

S1 

S2  

  S1 S2  

b)

a)
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1.nokta 

 
2.Nokta  

 
3.Nokta 

 

 

 
 
 
 

      

 
 

   
 

 XRD analizi 
 

ir. 
900oC de 

sertlik 
o

S2 numunesinde sertlik a
1100o

hemen 
Ref 9,10]. Ancak 

 
 

 
 
 

1100oC 

900oC 

0oC 
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Tablo.3 S1 ve S2 numunelerine ait Rockwell-C sertlik 
  

 
 
 

I.  

1. dendritik 
 

 
2. 900o

morfolojisinin  
dendritik 

 
 

3. Optik mi  
numunelere 1100o  

. 

4. 
EDS anal

(Fe,Mn)3C tipi 
 

5. 
faz ,  martenzit  

  

6. 
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ABSTRACT 
 

Turkey's iron and steel production is at the top of the world's iron and steel production. Most 
of Turkey's iron and steel production is based on steel obtained by electric arc furnaces. The 
scrap used as raw material in these facilities cannot be supplied at full capacity from domestic 

 Considering the current 
economic indicators of Turkey, it is seen that this situation complicates the iron and steel 
industry in terms of competition, since it is a country with a current account deficiency. For this 
reason, any source that can be used in steel production should be considered in detail. 

 
 
In this study, the production of sponge iron by direct reduction method from sludge raw 
materials stored as the waste of industrial facilities producing copper and fertilizer was 
investigated. In this study, 44.8% metallic iron grade flotation waste with fayalite structure from 
the copper smelting plant and 71.23% metallic iron grade leaching sludge with hematite 
structure from the fertilizer production process were used as raw materials. Composite pellets 
were produced by blending the raw materials used in the studies with limestone and coke dust. 
First, the pelleting ability of the produced samples was investigated using the drop test. The 
drop number of wet pellets dropped on a granite floor from a distance of 45 cm varies between 
8-12. 
 
 
Direct reduction studies were carried out in a gas furnace and rotary kiln and their ability to 
form sponge iron was determined by measuring their metallization degree. The results 
obtained from the reduction studies carried out at 3 different temperatures, 1100, 1200 and 

C, indicate that the degree of reduction increases in direct proportion with the increase 
in temperature. 89% metallization degree was reached at 1100 C in hematite composite 
pellets, metallization degree was recorded as 80% in fayalite composite pellets. 
87% metallization degree was obtained with the breakup of the fayalite structure. On the other 
hand, hematite composite pellets increased at smaller rates and reached a metallization 
degree of 92%. 
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S355 JR ve S355J0 kalitesinde HEA 120 ve/veya HEB 120 

 

I.  

-
 

-beynit 

 

deprem felaketinin ard

 mukavemetleriyle akma 

elde edilir. B

 

-
-

 

 

-
beklenmektedir. 

  

 

 
 

S355J2 kalite HEB120 tipi profillerin 

 . 

yeni tip , 8 bar 

 

-
uygulanacak profillerin kesiti boyunca profillerin optimum 
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1. Bir profilin 

III. DENEYSEL S

Tablo . 

ZAMAN MESAFE
WEB WEB+FLANSH FLANSH

HEB120
8 BAR

10 SN 2 KAT
9 5 5

12 BAR 12 8 5

(a)

(b)
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Suda sogutulan hadfield 

 

 

Anahtar kelimeler , , X120Mn12
Sertlik 

Abstract  In this study, X120Mn12 (Hadfield) steels were 
produced in sand mould and permanent mould and then kept at 

Hadfield steels 
cooled in water, and then microstructure and SEM studies were 
carried out. The effect of two different moulds on alloy properties 
was compared. The grain size of the alloy, which is produced with 
a permanent mould and then cooled in water, is finer. In addition, 
it has been observed that the structure of the carbides formed in 
the grain boundaries and matrix is smaller in size. 

Keywords Steel, Carbide, X120Mn12, Microstructure, Hardness 

I. G  

 
dislokasyon 

 

  [1].  
Sir Robert Hadfield ortalama 1.2% karbon ve 12% 

[2]. 
 

-Ni-
 me 

kabiliyeti 
[3].   

 
 

 

 
 

 [1], [4]. 
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likle tam 

,  

[4]. Referans [5] 

 [5]. 

C'de 2 saat bekletilip su verildikten sonra elde 
edilebilmektedir [4]  
Referans  [6] suda sogutma C 

 [6].  

ile elde edilen X120Mn12 

  

II.   D  

 Gerekli elementler eklenerek 

 

Tablo 1. Kimyasal kompozisyon 
 

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

1,22 12,15 0,443 0,056 0,010 0,164 0,040 Balance 

200 x 160 x 30 mm boyutunda kokil ve  
. . I

olarak um ve kokil 
i 

 . 

 bakalite 
a 400, 600, 800, 1000, 1200, 2000 mesh 

(Hacimce 2% HNO3, 98% etil alkol) sol syonu ile 10 dakika 

 [7], [8]. 

Brinell sertlik testi 5 mm ap, 850 gr  10 sn  
Her numune i   

ortalamas  temel al nm t r. 

III. EXPERIMENTAL RESULT AND DISCUSSION 

A.  

 
 

. 1  
resimleri  

 
 

  
 

[7]. 

 boyutunda 

 [4]     ve 
SEM resimleri 
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mojenlik 
ve tane 

ancak

B. K

. 2  
resimleri 

K umuneler 1100 

. Hadfield 

den
[4].  

. Burada 

C. Sertlik

3 teki ok fazla bir 

. 3  Brinell sertlik

IV.  S

K suda 
lerin 

ince 

ki 

Kokil k ptaki 
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Anahta kelimeler  
 

Abstract In this study, X120Mn12 (Hadfield) steel was melted 
and poured into a sand mould, then heat treated and then cooled 
in oil. The oil cooling process was also applied on the permanent 
moulded Hadfield steel samples. Then, the relationship between 
the microstructures and mechanical properties of these steels 
produced in sand mould and permanent mould and cooled in oil 
were compared. After cooling in oil in both permanent and sand 
moulds, the grain sizes are homogeneous, and the carbides at the 
grain boundaries are quite thin. It was observed that the grain size 
and the amount of carbide in the grain were less in the permanent 
mould. 

Keywords  Carbide, Microstructure, Hadfield steel, Cooling in 
oil, hardness 
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Abstract  In this study, Sn-2Ag-0.5Cu-1(Bi,In) (SAC-1(Bi,In)) 
quaternary lead-free solder alloy by adding 0.3%Al and 
SAC(Bi,In)-0.3Al new quinary lead-free solder alloy is produced. 
The spreading properties and melting temperatures of 
SAC(Bi,In)-0.3Al solder alloys on Cu substrate at 275, 300 and 

contact angle -0.3Al solder alloy. It has 
been reported that the addition of 0.3%Al in microalloying 
improves the spreading and lowers the melting temperature in the 
indium-containing solder alloy. It has been observed that the 
bismuth-containing solder alloy, on the other hand, impairs 
wetting and increases the melting temperature compared to the 
indium-containing solder alloy. 

Keywords  Contact angle, DSC analysis, wettability test, lead-
free solder alloy, sessile drop method. 

I. INTRODUCTION 

Soldering operations are used to connect semiconductors to 
the components of their enclosures. Electronic devices' 
production efficiency and reliability depend on the quality of 
solderability and wettability [1]. Wettability (contact angle) is 
an important property of solder alloys. Traditional Sn-Pb 
solders were the most used for electronic equipment in the past. 
However, since lead is a toxic substance harmful to human 
health, manufacturers had to use other alternatives for soldering 
materials [2 5]. The electronics industry in Europe is facing an 
impending change; A European Community Memorandum of 
Understanding has been published and requires the use of Pb-
free soldering materials instead of conventional Sn-Pb solders 
throughout the Community after 1 July 2006 [6]. Among the 
candidates to replace Sn Pb solders, two Sn families of eutectic 
alloys are noteworthy: Sn Ag Cu and Sn Bi  (Ag, Cu) alloys. 
Sn Ag Cu alloys have advantages such as good wettability, 
superior interfacial properties, high creep resistance, and low 
coarsening rate [7]. Solders based on Sn-Bi in electronic 
packaging showed good joint strength, high creep resistance, 
and low coefficient of thermal expansion [8,9]. For this reason, 
necessary studies are carried out to develop alternative alloys 
instead of Sn-Pb lead solder alloys used as soldering material 
in the electronics industry. In sensitive studies, SAC300, 
SAC305, and SAC0307 Pb-free solder alloys have been 
considered since their melting temperature is reported at a point 
close to the eutectic Sn-Pb alloy (183 , and they are low-cost 

[10]. By adding the element Bi to these alloys, quaternary lead-
free alloy systems were obtained (Sn-(3-x)Ag-0.5Cu-x(Bi,In), 
x=0.5, 1 and 2%). Among them, Sn-2Ag-0.5Cu-1Bi (SAC-
1(Bi,In)) lead-free soldering has been chosen as an alternative 
as it has the best wetting and mechanical growth [11,12]. 
Wettability metrics, changes in surface tension (interfacial 
tension) and contact angle were based on coating. [13]. 
However, newly produced lead-free vapor alloys will require 
higher solder temperatures than the Sn-Pb eutectic (183 ) for 
long-lasting applications [14]. 

In this work, the new quinary lead-free solder alloys 
produced by adding trace amounts of Al to SAC-1Bi and SAC-
1In alloys. The spreading properties of the quinary lead-free 
solder alloy on the Cu substrate in an argon atmosphere (Ar) 
and the mechanical properties related to the melting 
temperatures were investigated. 

 

II. EXPERIMENTAL 

New quinary lead-free solder alloys 96Sn-2Ag-0.5Cu-1Bi-
0.3Al (SACBi-0.3Al) and 96Sn-2Ag-0.5Cu-1In-0.3Al 
(SACIn-0.3Al) were produced. It was homogenized for 48 
hours. The chemical ratios of the newly produced quintuple 
lead-free solder alloys were controlled by X-ray fluorescence 
(XRF) analysis. Wetting properties of solder alloys on Cu 
substrate in Ar atmosphere were investigated by the sessile 
drop method. Solder alloys were melted at 275, 300, and 325  
temperatures, and Cu was allowed to drip onto the substrate. 
Three different positive wetting tests were performed for each 
alloy (SAC1(Bi,In)-0.5Al) and each temperature (275, 300, and 
325 ). The video was taken with the Casio-Pro Ex-F1600 FPS 
model camera during the drip. In the video, contact angles were 
measured by looking at the screenshots at the 5th, 10th, 15th, 30th, 
60th, 90th, 120th, 150th, 300th, and 600th seconds of the drops (Fig. 
2). The melting temperatures of quinary lead-free solder alloys 
were determined by Differential Scanning Calorimetry (DSC) 
analysis. 

 
Table 1. Melting temperatures of SAC(Bi,In) lead-free solder 
alloys according to DSC analysis. 

Lead-free Solder Alloys  
SACBi-0.3Al 221.0 
SACIn-0.3Al 214.3 
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Fig. 1. Contact angle change graph of SACBi-0.3Al and 
SACIn-0.3Al solder alloys according to temperatures. 

III. RESULTS AND DISCUSION 

The melting temperatures of SACBi-0.3Al and SACIn-0.3Al 
lead-free solder alloys were determined with the help of DSC 
analysis (Table 1). 

Three positive experiments were carried out for three 
-

0.3Al and SACIn-0.3Al lead-free solder alloys. Wetting graphs 
were drawn over the average value for each temperature value 

(Fig. 1). The lowest wetting angle value was 39.88 for SACIn-
0.3Al solder alloy and 76.12 for SACBi-0.3Al solder alloy.

 

    
 

Fig. 2. Contact angle view of SAC(Bi,In)-0.3Al solder alloy on 
Cu substrate. 

IV. CONCLUSIONS 

Wetting properties of new quinary lead-free solder alloys 
produced by adding 0.3Al were investigated on Cu substrate. 
Adding 0.3Al to the indium-containing solder alloy improves 
the wetting properties compared to the bismuth-containing 
solder alloy. When the melting temperatures of SACIn-0.3Al 
and SACBi-0.3Al solder alloys were compared, it was observed 
that the melting temperature of the indium-containing solder 
alloy was lower. It has also been reported that there is a 
correlation between the melting temperatures and contact 
angles of SACIn-0.3Al and SACBi-0.3Al solder alloys. It has 
been observed that the lower the melting temperatures, the 
lower the contact angles. Adding 0.3% Al element to the Sn-
Ag-Bi-Cu-containing solder alloys adversely affected the 
wetting properties of the solder alloy. Adding 0.3% Al weight 
of Al element to Sn-Ag-Cu-In solder alloys positively affected 
the solder alloy's wetting properties. 
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 1. 75.   Anadolu lise  genel bilgileri. 

 
1     Anadolu Lisesi 

2   1984 

3     

4  Hacim 16065 m3 

6   5141 m2 

7 Kontenjan 580 

10  Sistemi Merkezi sistem  

11  Sistemi Split Klima 

12  Durumu  

13  Saatleri Hafta  8:30- 15:55 

 
A blok, 850 m2 

2 taban 
oturum alan ile B Blok 19

ve depolar, zemin ve normal katlar ise ortalama 50 m2 

 ve lavabolardan 
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vermektedir.  

 

 

 

2 de verilen 

 

 

 2.    duvar verisi 

 
  

ve betonarme duvar  

 3.  

  

III. DENEYSEL  

 

2
2K 

2

 

 

1,827 W/m2 2K, 
2

2K 

 

 

2

 

2 2

 
W/m2 2
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2K olan U 
2

2K olan U 
2

2

2

0,262 W/m2 uygunluk 
 

 

2

 48,25 ton CO2

 

IV. GENEL  

 

 

istenen teklifler sonucunda ortalama 243.660,00 TL 

 

2
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TABLO 1  

N E BOYUTLARI 
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Hat Borusu 30 ppm T.O 
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belirlenir[13].  

 de, r. Bu 
dolumu 

 gibi 
konularda katk [14]. 

hidrodinamik fiziksel ve matematiksel hesaplamalarla birlikte 

 

 
1. Konvansiyonel arpma havuzu 

 
2

  

II. DENEYSEL  

uygulanabilirlik 

incelenmektedir[15]-[16]. Bu noktada 

 

bilinmektedir. Bunun sebebi, 20
, 1600

mleyen 
turbostop sistemi) 

modellemesi ile izlenmektedir. 

 
Bununla birlikte,  t

metalik olmayan 
 e

 arz etmektedir[19].  
 

da, 150 x 
150 ve 170 x 170 5 yollu ve 9 mt. 
Radius  4 No lu S ekli D M

 

 
MnB 

Haddehanesinde kangal olarak 
D lerinin 

 
E-  . Bu 

 

A.  

3 t  
 

 
3  

 

A B

havuzuna  (turbostop) 
fiziksel su modellemesi 

haddelenmesi 

Optimizasyonu

havuzuna fiziksel su 
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B.

matematiksel ve/veya fiziksel mod

esna .

Fiziksel su modellemelerinde; su, 
takriben 20 12]. Fiziksel 

su 

Navier Stokes denklemi ile . 

1].

C.

n

mini
izlenebilmektedir. Fiziksel su modellemelerinde

12]

Vesuvius
Kardemir

Turbostop 

su 
modellemesi ile edinilen Modellemede 

(turbostop)

7 turbostop

1)  nde :
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olabilmektir.
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8.

9

.

de
2]. Bu 

2

Devam eden 

-12 e

10. 1-

11. 3. ri

12. 2-4. Yollar

prosesinde,

- 3. Yol minimum dinlenme 

-

- nme 
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1)  Kimyasal Analizi

, Spektrolab marka optik emisyon spektrometre 
tamamlanan kimyasal analizleri 

 

TABLO 2  

SIVI K  

Kimyasal Analiz (%) C Mn Si S 

Konvansiyonel 

 
0.22 1.01 0.041 0.006 

Turbostop K
 

0.21 1.00 0.074 0.006 

2)   

havuzu ile numuneleri 
ve -  

 
 16. 

numunesi 

 
Turbostop  

3)   

l sebep; demir mineral cevherlerini 

kompleks 

oksijen enjekte edilmesi gerekir ve afinitesi demirden daha 
aktif olan belirli elementler deoksidant 

 
ompleks 

 
reaksiyona girer ve 

3].  
 
M  

mevcudiyetinin; [24] [25], 
[26],  

li 
7]. 

 
ostop 

, uygun olarak 
20MnB4, 23MnB4, 27MnB4  

, ASTM E45 metoduna uygun olarak 

  
 
20MnB4, 23MnB4, 27MnB4 kalite  5,5-12-16-

 
 

TABLO 3 

 5,5 20MNB4 K KANGAL SAYIM SONUCU 

Durumu 

  Silikat C  

Fine Thick Fine Thick Fine Thick Fine Thick 

Konvansiyonel 

Havuzu 
0,5 0,0 2,0 0,0 0,0 0,0 4,0 0,5 

Turbostop 0,0 0,0 0,5 0,0 0,0 0,0 1,5 0,5 

 
TABLO 4 

 12 23MNB4 K KANGAL SAYIM SONUCU 

Durumu 

  Silikat C  

Fine Thick Fine Thick Fine Thick Fine Thick 

Konvansiyonel 

Havuzu 
0,0 1,5 1,0 0,0 0,0 0,0 3,0 0,0 

Turbostop 0,0 0,5 0,0 0,0 0,0 0,0 1,5 0,5 
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TABLO 5

16 27MNB4 K KANGAL SAYIM SONUCU

Durumu 

  Silikat C  

Fine Thick Fine Thick Fine Thick Fine Thick 

Konvansiyonel 

Havuzu 
0,0 0,0 1,5 2,5 2,0 1,5 2,0 0,5 

Turbostop 0,0 0,0 1,5 0,0 0,0 0,0 1,5 0,5 

 

TABLO 6 

 20 27MNB4 K KANGAL SAYIM SONUCU 

Durumu 

  Silikat C  

Fine Thick Fine Thick Fine Thick Fine Thick 

Konvansiyonel 

Havuzu 
0,5 0,0 1,5 0,0 0,0 0,0 1,5 0,0 

Turbostop 0,5 0,0 0,0 0,5 0,0 0,0 1,5 0,5 

III. S  

 

 

incelemeler neticesinde makro numunelerde; kronik kusur 

 

32 Ton nominal seviyesi k

  

.  ile 
birlikte yola 

 

senaryosunda
 

 

k
kalitelerdir. 

20MnB4, 23MnB4, 27MnB4 kalite  5,5-12-16-

 
-  5,5 20MnB4 

 
 
-  12 23MnB4 

 
 

-  16 27MnB4 

 
 

-  20 27MnB4 
 

tiplerinde belirgin 
 

T  

 

sel su 
modelle
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Abstract  Within the scope of this paper, especially after the 
earthquake event known as 17 August, ribbed steels have been 
started to be used in Turkey, whose chemical content has been 
adjusted and mechanical properties have been defined. Over time, 
parallel developments with Europe have been achieved both in the 
quality of the materials used and in the production processes. At 
this point, steels with low carbon and tempcore process applied in 
the cooling stage are used. Therefore, it is important to properly 
understand and manage the characteristic material content and 
especially the effect of the tempcore treatment on the properties of 
these steel bars. In this study, the comparison of the hardness 
values of B420C low carbon concrete steel, which has been legally 
allowed to be used as a single quality since 2019 in Turkey, and 
S420 high carbon steel used before 2019 was evaluated. 

Keywords  Rolling, Tempcore Process, Reinforced Reinforced 
Steel, Hardness, Strength 

I. INTRODUCTION 

For weldable reinforced concrete steels produced in large 
quantities in recent years, quenching and self-tempering of the 
steel bar has become a very popular solution. The Tempcore 
process is a high-strength steel production method registered 
with the Belgian patent number 790.867, dated 30.10.1972. [1] 

The biggest advantage of this material; It is hard on the 
outside, soft on the inside and has high yield strength. Since its 
elastic region is wide, it does not lose its elasticity up to 550 
N/mm2 and increases its tensile strength up to 650 N/mm2. 
This technology has been used in Turkey since the beginning 
of the 1990s. The construction iron produced with the tempcor 
method is exported to all countries of the world. [2] 

The most important mechanical property sought in 
reinforced concrete steel bars is high yield strength. The most 
important alloying element that provides high yield strength in 
steel is carbon. The higher the amount of carbon in the steel, 
the higher the yield strength. However, the amount of carbon 
used is important to obtain high yield strength. Because the 
high amount of carbon affects the weldability and elasticity of 
the steel negatively. Therefore, it is another important element 

that is desired to produce with low C amount in reinforced 
concrete steel bars. However, low carbon content also causes 
low yield strength. It is very difficult and costly to obtain high 
yield strength by processing low carbon raw materials with 
traditional production methods. Low carbon reinforced 
concrete steel bars produced by conventional production 
require additional processing after rolling. This means loss of 
both time and cost. When producing reinforced concrete steel 
bars, a system that can be made in the production phase is 
required. This system is the Tempcore system. 

In the tempcore system, after the hot rolled ribbed steel bars 
take the shape of ribs from the last rolling bench, they enter a 
water-cooled machine called tempcore, and then the outer 
surface of the ribbed steel bar is cooled and a martensite layer 
is formed by making a very short-term instant cooling. After 
the ribbed steel bar comes out of the tempcore system, its outer 
surface is martensite, and the core is in the form of ferrite-
perlite or ferrite-pertlite and bainite. Since the martensite 
formed on the outer surface is very hard, tempering is required. 
In order to achieve this, it is necessary to apply a heat treatment 
to the ribbed steel bars again after production. But doing this is 
very difficult and very costly. However, the core part of the 
reinforced concrete ribbed steel bars coming out of the 
tempcore system is still hot. When this temperature is combined 
with the heat of the other ribbed steel bars next to each other on 
the cooling platform, the martensite will be tempered without 
the need for any additional processing, since it will reach the 
tempering temperature of the martensite. 

In this way, the outer surface of the reinforced concrete 
ribbed steel bar is tempered martensite, and the core is in the 
form of ferrite-perlite or ferrite-perlite and bainite. Reinforced 
concrete steel bars in this structure meet the expectations of 
ductility, toughness, bendability and weldability as well as the 
required strength. 

Because reinforced concrete ribbed steel bars are subjected 
to very complex and repetitive loads, they can break under 
short-lived fatigue. Therefore, they should have longer life 
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fatigue strength. Although it is important, detailed studies on 
B420C concrete steel, which has low carbon content directly in 
Turkey and in the world, are not available in the open literature. 
In addition, there is no study on S420, which is the old version 
of this steel, with high carbon content, and there is no 
comparative study with B420C. In order to meet the gap in the 
literature and to create a sectoral knowledge besides academic 
knowledge; In this study, the working principle of the tempcore 
system used in the production of reinforced concrete steel bars, 
the effect of its parameters and the mechanical, microstructure 
and chemical properties of the produced products were 
investigated. Essentially, it is important to properly understand 
and manage the characteristic material content and especially 
the effect of the tempcore treatment on the properties of these 
steel bars. In this study, the effect of tempcore production 
system and parameters on the microstructure and mechanical 
properties of B420C low carbon concrete steel, which has been 
legally allowed to be used as a single grade in Turkey since 
2019, was evaluated. In order to compare, S420 high carbon 
concrete steel material was also used as a second group. 

 
Figure 1.1 Final Rolling Stand and Tempcore System [3] 

As a matter of fact, in many modern country and 
international concrete steel standards, the defined grades are 
taken with a symbol containing the yield strength value. For 
example: 

Standard 
Standard 

Code 
Yield          

Strength 

TSE 708/2010 S420 min 420 MPa 
TBDY/2018 B420C min 420 MPa 

DIN 488 BSt 500S min 500 MPa 
BS 4449 Gr 460B min 460 MPa 
AS 1302 400Y min 500 MPa 

ENV10080 B500B min 500 MPa 
NEN 6008 FeB500 min 500 MPa 
NS 3570 K500TE min 500 MPa 

 
Table1.1. Reinforced Concrete Steel Production Standards 

of Countries 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.2. Mechanical properties of ribbed construction 
steel production standard according to TBDY [4] 

 
Hardness; It is the resistance of steel to plastic deformation. 

As the hardness of the steel increases, its strength also increases. 
The basis of the tempering process is based on the principle of 
hardening of the steel surface by quenching. Before entering 
the accelerated quenching unit, the microstructure of the steel 

austenite. During quenching, the surface portion of the bar that 
falls below the martensite initial temperature transforms from 
the austenite phase to the martensite phase. The slowly cooling 
center transforms from the austenite phase into a ferritic-
pearlitic microstructure. Martensite is the hardest phase of steel. 
When steel is desired to harden: 

1. It is desirable that the hardness value of the martensite be 
as high as possible. Assuming that the microstructure consists 
of 100% martensite, the hardness of the microstructure formed 
after quenching is dependent only on the %C content of the 
steel. 

2. It is necessary to have a high percentage of martensite in 
the microstructure. The rate of austenite to martensite 
transformation depends on the composition of the steel, the 
austenite grain size, the cooling rate and thus the size of the part. 

 
When the macro structure of the reinforced concrete steels 

produced with the Tempcore system is examined, the parts of 
the radius of the material between 10% and 20% and close to 
the outer diameter have a martensite structure with a high 
strength value. This part is directly related to the increase and 
decrease of the contact time of reinforced concrete steel with 
water. When the contact time of reinforced concrete steel with 
water increases while passing through the tempcore cooling 
system, its thickness increases and, accordingly, its yield 
strength increases. However, if the material stays in contact 
with water for a long time, it should stay in contact with water 
for a very short time as its brittleness will increase. The exit 
speed from the finishing bench determines the contact time of 
the final product with water. Increasing the contact time of 
reinforced concrete steels with water increases the martensite 
thickness. Martensite gives strength to reinforced concrete 
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steels. However, the increase in martensite thickness also 
makes the steel brittle. As a result, the ductility property 
expected from reinforced concrete steels is adversely affected. 
Therefore, the contact time of reinforced concrete steels with 
water is within a certain limitation. Likewise, since the 
martensite thickness formed in reinforced concrete steels with 
less than necessary water contact times is low, a reinforced 
concrete steel with high ductility but lower than the desired 

2021) [11]. Of course, as the diameter of the reinforced 
concrete steel increases, the contact time with water increases. 
The part whose thickness covers 80% to 90% of its radius is the 
ferrite-perlite structure with a low strength value. The strength 
value of this part is almost half of the high strength strength 
value. However, it is in this part of the structure that provides 
excellent ductility and toughness to the reinforced concrete 
steel. In Figure 1.3, structures with high strength values and low 
strength values are shown. 

 

Figure 1.3. Internal Structure of Reinforced Concrete Steel 
Produced with Tempcore [5] 

 

 

Figure 1.4. Profile temperatures and microstructural 
changes at different stages of reinforced concrete steel 

produced with Tempcore [6] 
 

II- WORKING METHOD 
 
Today, the most common method used in the production of 

high-strength reinforced concrete steels is the tempcore method. 
The tempcore process is basically a heat treatment applied to 
hot drawn concrete steel bars to increase strength. This heat 
treatment is applied to the hot rolled and still 
shown in figure 2.1 by quenching in an accelerated manner after 
leaving the finishing bench. 

 

 
 

Figure 2.1. Input of Reinforced Concrete Steel Out of the 
Finishing Rolling Mill into the Tempcore System [3] 

 
We can examine the controlled water cooling method in 

three stages; 
1. Quenching (within the special quenching unit) 
2. Self-temperature (between cooling unit and cooling 

platform) 
3. The final shape of the internal structure (cooling platform 

and later) [7]. 

 
Figure 2.2. Temperature Change and Internal Structure of 

Reinforced Concrete Steel Between Final Rolling Bench and 
Cooling Platform [7] 
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The bar subjected to the tempcore method has to go through 
three stages in this special heat treatment cycle. The content of 
the reinforced concrete steel shown in Figure 2.2 and Figure 2.3 
in the stages after the finishing rolling stand; 

1 stage; Cooling operation with accelerated quenching is 
applied to the bar leaving the last rolling stand. 

2nd stage; The material leaving the rapid cooling zone is 
exposed to the ambient air in this stage up to the cooling 
platform. During this stage, the heat inside causes the cooling 
surface to heat up. 

3rd stage; involves the cooling of the bar resting on the 
cooling platform to ambient temperature. 

 

Figure 2.3. Change of Microstructure of Reinforced 
Concrete Steel Produced by Tempcore System with 

Temperature [8] 

The Tempcore cooling system is formed by the combination 
of many interconnected equipment. These; 

1. Quenching line 
es 

 
 

2. Cooling Water Equipment 
 

 
 
 

 
 
 

Figure 2.1. Tempcore Cooling System [3] 
 

 
Figure 2.1. Tempcore Cooling Machine [3] 

 
III- EXPERIMENTAL STUDIES 

 
The chemical composition of high carbon S420 quality 

ribbed reinforced concrete steel and low carbon B420C quality 
ribbed reinforced concrete steel compared in the experiments 
are given in the table below. 
 

Quality %C % Mn %Si %Cr %Cu %S 

S420 0,45 1,15 0,15 0,05 0,06 0,025 

B420 0,18 0,55 0,15 0,05 0,06 0,025 
Table 3.1. Chemical Composition of High Carbon and Low 

Carbon Reinforced Concrete Steel 
 

The steel billets used in the experiments were produced by 
liquid raw iron production-liquid steel production and 
continuous casting stages from ore. The regions on the 
specimens for hardness testing are shown in Figure 3.1 and 
Figure 3.2. For the hardness test, the hardness test was carried 
out under a load of 10 N for 15 seconds specified in the 
standards. 
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When the macro structure of the reinforced concrete steels 
produced with the Tempcore system is examined, the parts of 
the radius of the material between 10% and 20% and close to 
the outer diameter have a martensite structure with a high 
strength value. This part is directly related to the increase and 
decrease of the contact time of reinforced concrete steel with 
water. When the contact time of reinforced concrete steel with 
water increases while passing through the tempcore cooling 
system, its thickness increases and, accordingly, its yield 
strength increases. However, if the material stays in contact 
with water for a long time, it should stay in contact with water 
for a very short time as its brittleness will increase. Of course, 
as the diameter of the reinforced concrete steel increases, the 
contact time with water increases. The part whose thickness 
covers 80% to 90% of its radius is the ferrite-perlite structure 
with a low strength value. The strength value of this part is 
almost half of the high strength strength value. However, it is 
in this part of the structure that provides excellent ductility and 
toughness to the reinforced concrete steel. In Figure 1.3, 
structures with high strength values and low strength values are 
shown. 
When the results of the hardness test are compared, the results 
of the test performed by taking a distance of 0.8 mm from the 
center region of the ribbed reinforced concrete steel in S420 
standard with high carbon content, which was produced by 
traditional methods before the tempcore system was used, to 
the surface, were very close to each other in each region. It has 
been observed that the hardness value of the ribbed reinforced 
concrete steel in the B420C standard with low carbon content 
produced with the Tempcore system increases as it approaches 
the surface at 0.8 mm distance intervals from the center to the 
surface. The difference in hardness value between the center 
region and the surface is 100 HV. The reason for this is the 
hardness given by the martensite layer on the surface resulting 
from the cooling process in the tempcore system. While this 
hardness given by the martensite should give a brittle structure 
to the reinforced concrete steel, it is tempered by reaching the 
martensite tempering temperature thanks to the temperature in 
the center of the ribbed reinforced concrete steel coming out of 
the tempcore system and the heat of the other reinforced 
concrete bars in the cooling platform. It also provides ductility. 
Hardness test results are shown in Table 3.2 and Figure 3.3. 

Hardness 
Tested Point 

Distance (Center 
to Surface) mm 

 
B420C 
Quality 

 
S420     

Quality 

1 0 140 HV 200 HV 

2 0,8 157 HV 195 HV 

3 1,6 158 HV 192 HV 

4 2,4 170 HV 194 HV 

5 3,2 220 HV 197 HV 

6 4 235 HV 200 HV 

Table 3.2. Hardness Test Results of Tempcore Treated B420C 
and Non Tempcore Treated S420 Quality Steels 

 
Figure 3.1. Points where hardness test is taken from B420C 

ribbed reinforced concrete steel. 
concrete 

steel in B420C standard produced with the tempcore system 
prepared for the hardness test shown in Figure 3.1 is given. In 
this image, the difference between the internal structure and the 
external structure of reinforced concrete steel is clearly seen. In 
the hardness test results, the reason for the difference in the 
image changing from the center to the surface, seen in Figure 
3.1, is that the surface part is the quenched region, which proves 
that the harder structure is martensite, and the central region is 
the more ductile ferrite and pearlite structure. In tool steels, 
hardness values can be obtained at a high level by quenching 
and then can be adjusted to the desired value by repeated 
tempering processes.[10] 

Looking at the tempered martensite region near the surface 
of the ribbed bar, the low hardness values correspond to the 
regions where ferrite and pearlite structures are found near the 
center.[9] 

 

 
Figure 3.2. Points where the hardness test is taken from 

S420 ribbed reinforced concrete steel. 
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The points where the hardness test of the ribbed reinforced 
concrete steel in the S420 standard, which has a high carbon 
content produced by traditional methods prepared for the 
hardness test, is shown in Figure 3.2. Compared to the B420C 
ribbed reinforced concrete steel shown in Figure 3.1, the 
appearance of the S420 ribbed reinforced concrete steel is the 
same at every point. Although there are different points in the 
hardness test results, values close to each other were obtained.

Figure 3.3. Hardness Test Results Graph of Concrete Steel 
Produced with Low Carbon B420C Tempcore and Without 

High Carbon S420 Tempcore
IV. GENERAL EVALUATION

In this study, the hardness values of high carbon ribbed 
reinforced concrete steel produced by the traditional rolling 
method and the hardness values of low carbon ribbed 
reinforced concrete steel after applying the tempcore process 
were made. As a result of the experiments, the hardness values 
of the low carbon ribbed reinforced concrete steel produced 
with the tempcore system increase from the center to the 
surface, and higher values were obtained from the carbon 
ribbed reinforced concrete steel with high hardness on the outer 
surface of the reinforced concrete steel. It has been observed 
that this value provides high strength and strength for low 
carbon ribbed reinforced concrete steel. It has also been 
observed that low hardness value in the center gives a good 
ductility property compared to high carbon reinforced concrete 
steel. Considering these results, with the tempcore system; It 
has been understood that it is more advantageous to produce 
low carbon, high strength and ductile ribbed reinforced 
concrete steel.
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Anahtar Kelimeler  
pelet
ABSTRACT  In this study, the reduction of iron oxides was 
investigated by using low grade hematite ore, rolling scale and lignite 
coal obtained from the Soma region as a reducer. In the first step of 
the study, the pellet was produced by adding lignite at different rates 
to the hematite ore and processed at 1100 C for 120 minutes. It was 
concluded that the reduction degree increased with the increase of 
lignite amount, and the optimum lignite amount was 40%. In the 
next step, scale, an iron-based waste, was added to the lignite-
hematite mixture at different rates, and the produced pellets were 
subjected to reduction process at different times and temperatures. 
While the reduction degree of the pellets with 25% scale addition, 
which was processed at 1200 C for 180 minutes, was 64.12%, the 
reduction degree obtained as a result of processing the pellets with 
75% scale addition was 71.16%. 
Keywords  Scale, hematite, lignite, sponge iron, composite pellet 

I.  

getirilmesidir [1]. 

elde edilebilir [4].  

 
-

beslenen peletleri
 

-300 N/Pelet) 

 

[5]. 

nedeni ile demir ile oksijenin reaksiyona girmesi sonucu 

 

 
o  
o 

 
 

 da isimlendirilen linyit 
-

k bilinir [7]. 
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II. MATERYAL METOT

sal analizi ise Tablo 

-Soma 

TABLO I
DENEYLERDE 

Miktar(%) Miktar(%)
S 0,003 TiO2 0,13
C 0,09 MgO 0,65

Cr2O3 <0,1 NiO 0,02
SiO2 18,54 Al2O3 4,63
CaO 0,74 Nem 0,16
Fe2O3 74,14 0,00087

Fe 51,9 -- --

TABLO III
D

Miktar(%) Miktar(%)
S 0,003 TiO2 <0,001
C 0,02 MgO 0,26

Cr2O3 <0,1 NiO 0,02
SiO2 0,99 Al2O3 0,12
CaO 0,01 Nem 0,15
Fe2O3 97,15 0,0127

TABLO IIIII
D

C (%) S (%)
62,8 0,945 5937

linyit 

hematit-
toplam malzemenin %25 

HL-2: %20Linyit + %80 Hematit
HL-4: %40Linyit + %60 Hematit
HL-6: %60Linyit + %40 Hematit

Hematit Cevheri

Tufal Peletleme Diski

III. VE

e kuru pelet basma 

TABLO IVV
P

DAYANIMLARI

Numune 
(N/Pelet)

HL-2 22 357
HL-4 18 262
HL-6 12 219
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eciklerin suyun etkisiyle bir araya 

 
- 

t

[2, 8, 9] 
                                                                             (1) 

hematit   

l

 
 Tufal ilaveli peletlerin isimlendirilmesi: 

T2HL-4: %60(%25Tufal+%75Hematit)+%40Linyit 
T5HL-4: %60(%50Tufal+%50Hematit)+%40 Linyit 
T7HL-4: %60(%75Tufal+%25Hematit)+ %40 Linyit 

 

 
 

. 

 

TABLO V 
D

 

 HL-2 HL-4 HL-6 

 

   

 

   
 51,02 61,50 62,86 

TABLO VI 
TUFAL LAVEL  

BASMA DAYANIMLARI 

Numune 
  

T2HL-4 30 461
T5HL-4 22 301 
T7HL-4 17 275 

- 

 

-300 N/Pelet). 
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Anahtar Kelimeler  
performans 
 
Abstract In-  iron and steel industry, the use of spare 
consumables required for maintenance and production costs are 
increasing day by day. In order to reduce these costs, it is 
possible to work in many areas. Especially, the issue of 
lubrication has a very high level of importance in all fields. 
Improving the properties of the grease used will play an 
important role in increasing the life of grease-lubricated 
equipment. In this study, it is aimed to reduce the grease 
consumption by increasing the quality of the grease used in the 
roller bearings, which are a part of the rolling process, and to 
increase the life of the equipment, especially the roller bearings, 
which are lubricated by the grease. In this direction, calcium 
sulfonate grease was used instead of the currently used lithium 
complex grease, and performance and results were monitored. 
 

Keywords  Grease, lubrication, roller bearings, performance  

I.  

 
 

 
 

  
  
 

 
 

ve ortamdaki toz, kir, su gibi istenmeyen materyalleri 
 

 
 

 
  
 

vermesi, 
 

 
 

engelleyerek tampon vaz  
 

-
 

 
 

 

II.  HADDEHANELER 

A.  
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-

Quenching Tempering Bar-QTB (tempcore

malzemeler makaslarda 

. 
 
 

 
 

 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

B. Hadde  

zamanda merdaneleri yatay ve dikey eksende belirli bir 

 
 

212

6th International Iron and Steel Symposium



 

 
 

 
 
 
 

III. E GRESLER 

A. Lityum Basit Sabun Gresler 

 

edilmemektedir.  
 

 
 

 

 

 

 
 
Metal sabun gresleri basit ve kompleks sabun gresleri 

 
 

SABUN 

 
 
 

B.  

 

ve 

213

6th International Iron and Steel Symposium



-

 

 

 
 
 

reaksiyondan dolay

 
asitlerin, stokiyometrik hesaplamalarla kalsiyum oksit ve 

 
 

roksit ilavesi ve 
-hidroksistearik asit ile 

 
 

 

IV. YAPILAN  

 

A.  

 

 
 

 
 

015-  
 

 Standart 
Mevcut 

Gres 
QUAKERTEK  
CS 4015-EPR 

Sabun Tipi   
Lityum 
Basit 

Sabunu 

 
Kompleks 

NLGI (National Lubricating 
Greases Institue) 

  1 1-2 

 ASTM D217 310-340 280-310 

 ASTM D445 100-220 400 

 
ASTM 
D2509 

min. 40 23 

4-  
ASTM 
D2266 

max. 0,5 0,36 

4- -f 
ASTM 
D2596 

min. 250 428 

 
ASTM 
D2265 

min. 180 min 280 
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n

dir. 
 

 
       
 
 
 
 

 
 

 
 

 

-

 
 
 

                                                           
 
 
 
 
 
 
 
 
 
 
 
 

  durumu          
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-EPR gres  
     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Durum 
Basma 

Periyodu 
[Saat]  

 
 [cc] 

1 2 6 21.600 

2 3 12 28.800 

3 4 5 9.000 

4 4 1 600 

Toplam  24 60.000 
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B.  

 

mukayese tablosu Tablo  
 

 
 
 
 
 

 
 

 

 Standart 
Mevcut 

Gres 
CERAN 
XM 460 

Sabun Tipi   
Lityum 
Basit 

Sabunu 

 
Kompleks 

NLGI (National Lubricating 
Greases Institue) 

  1 1-2 

 ASTM D217 310-340 280-310 

 ASTM D445 100-220 460 

4-  
ASTM 
D2266 

max. 0,5 0,43 

4- -f 
ASTM 
D2596 

min. 250 500 

Damlama  
ASTM 
D2265 

min. 180 min 300 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-
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.                 

    
periyot  

 

 

 
 

Durum 
Basma 

Periyodu 
[Dakika] 

   

1 30 8 134 147.490 

2 45 5 134 62.310 

3 45 6 52 29.055 

4 45 5 108 17.730 

Toplam  24  256.585 
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V. S  

 

denenen QUAKERTEK CS 4015-

 
 

 lityum 

 
 

-

konusu olan lityum basit sabun ve kalsiy

 
 

 
 
 
 

 
 

  Avantaj Dezavantaj 

Lityum basit sabun 

 
 

 
iyidir. 

  
  
  

 

  
 

 
 

 

  
 

 

 
 
 
 

 

 
 Metallerin Haddelenmesi 

3. Efsun Acar- 
 Makale 

https://lubricant-world.com/demir-ve-celik-endustrisinde-
kalsiyum-sulfonat-kompleks-gresler/ 

4. Efsun Acar - 
- Makale https://lubricant-world.com/greslerin-

kimyasal-yapisina-kisa-bir-bakis/ 
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Anahtar Kelimeler  
leme sistemi 

Abstract The reheating furnace with the CCTV application is 

German OFU company with a capacity of 80 tph. Since 2005, 
due to the producing of 150x150 mm billet from Continuous 
Casting Machine, the design of the rolling pass has been 
modernized and the slit system has been made production. This 
modernization obtained the rolling mill to reach production 
capacity of up to 100 tph. In fact, in the reheating furnace, which 
has a capacity of 80 tph, the heat transmission surface increases 
due to the design of the gas flue channel and it allows the 
production requirement of max. 110 tons per hour. Because of 
this situation, there is a production opportunity of 650,000 tons 
per year instead of 450,000 tons. 

Keywords  Reheating furnace, pusher type, CCTV  
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III.   

 

dahilindeki PLC-Programmable Logic Controller 

  
 

 
 

 

Sondatec-
 

 
Sondatec-  [5] 

 

ir. 
Camtec-Kamera Sistemi  

 
Camtec-Kamera Sistemi [5] 

 

 

Cabtec-Koruma 
Kabini  

 
Cabtec-Koruma Kabini [5] 

 

e  

IV. 

 

sistem mevcuttur.  
 

A.  
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rinde 

kontrol eden otomasyon sistemine sahiptir.

ve

B.

V.

espit edilebilmektedir. 

k 

[1] The Energy Technology Support Unit (ETSU) Harwell Oxfordshire, 
Continuous Steel  Reheating Furnaces Specification, Design and 
Equipment p.30,31,32

[2]

[3]

[4]

[5] www.tuanamuhendislik.com/telea-tecnovision-demir-celik/

[6] www.calderys.com/refractory-by-industry/reheat-furnaces/
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Anahtar Kelimeler  

 

Abstract  In this study, the brake pipes produced from copper-
coated steel sheets were reduced at 3 different speeds (3.5 m/min, 
4.7 m/min and 5.8 m/min) and the microstructure and mechanical 
properties of the non-reduced brake pipe were investigated 
comparatively. In order to reveal microstructural differences, 
microstructural analysis was performed under optical microscope 
and scanning electron microscope. In order to determine the 
mechanical properties, tensile test, microhardness test and blast 
test were applied. According to the results obtained, it was 
observed that a microstructural differentiation did not occur 
depending on the reduction rate. According to the tensile test 
results, in the reduction process applied at speeds of 3.5 m/min, 4.7 
m/min, the reduction applied at a higher rate (33.1% in yield 
strength, 13.0% in tensile strength), 5.8 m/min. In the process, a 
lower increase in strength (27.9% in yield strength and 11.1% in 
tensile strength) was detected. - The results of the blasting test also 
showed a behavior parallel to the variation in the strength values 
obtained in the tensile test. The opposite of the yield strength and 
tensile strength variations, and parallel to these, the change in 
elongation at break values was observed (30.8% in the reduction 
process applied at speeds of 3.5 m/min, 4.7 m/min, and in the 
reduction process applied at 5.8 m/min). whereas a decrease in 
ductility of 16.7% was detected). In the hardness values, it was 
determined that the hardness increase (5.2%) occurred for all 
speeds, but no significant difference was observed depending on 
the reduction speed. It is predicted that all these results are caused 
by the increase in dislocation density due to reduction-induced 
strain hardening. 
Keywords  Brake pipes, tube sinking, dislocation density. 

 
Not: Bu bildirinin tam metni makale olarak 
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Additives Used in Biogas Production: Availability of 
Iron and Steel Slags 

*,  
*Karabuk University, Engineering Faculty,   

 
rahmancalhan@karabuk.edu.tr 

Abstract  The aim of this study is to evaluate the usability of iron 
and steel slags in biogas production by examining the additives 
that are effective on the anaerobic digestion process in biogas 
production.For this purpose, a research was conducted on carbon 
and iron-based additives, nanoparticles and semi-steel slag, which 
are frequently used in the anaerobic digestion process. In addition, 
the usability of iron and steel slag as an additive in biogas 
production has been investigated with studies in the literature. 

Keywords Biogas, anaerobic digestion, iron and steel slag, 
additive 

I. INTRODUCTION 

In a constantly developing and changing world, new and 
renewable energy sources are being sought due to the use of 
fossil energy sources for energy production, the gradual 
depletion of sources and the environmental pollution caused by 
the use of fossil energy sources [1]. Energy should be cheap, 
clean and continuously available from various sources. It is 
very important for a sustainable world that organic wastes, 
which occur in large quantities, are converted into energy 
sources and brought into the economy [2]. At this point, biogas, 
where organic wastes are used as an energy source and which 
enables sustainability in terms of both waste management and 
energy, emerges as one of the most important energy sources. 
Biogas is formed by the anaerobic digestion of organic-based 
residues in oxygen-free environments, is colourless, odourless, 
lighter than air, burning with a bright blue flame and depending 
on the composition of organic substances in its composition; It 
is a gas mixture with 50-70% CH4, 30-50% CO2, 0-3% H2S and 
very little nitrogen and hydrogen [3].  

The production efficiency of biogas, which emerges as a by-
product after the anaerobic digestion process, varies depending 
on the anaerobic digestion performance. The efficiency of the 
anaerobic reactor varies depending on many parameters such as 
temperature, pH, retention time, and organic loading rate [4]. 
In order to operate biogas plants more economically, the 
amount of biogas produced per unit reactor volume should be 
increased. For this purpose, it is tried to provide more suitable 
working conditions for microorganisms by co-fermentation of 
wastes, changing reactor operating conditions and adding 
different additives [5]. 

Slag is a by-product of iron and steel production, rich in 
calcium and iron oxides. The slag occurs in iron and steel 
production processes from both ore and scrap, and its amount 
varies depending on the production process [6]. While the 

production of iron slag in the world is estimated to be between 
320 million tons and 380 million tons in 2019, this value is 
estimated to vary between 340 million tons and 410 million 
tons in 2021 [7]. Slags generated as a by-product are classified 
as waste and need to be managed environmentally. Due to the 
danger of the chemicals in its composition being released into 
the environment, slags should be disposed of appropriately, or 
they should be used beneficially by creating reuse areas. The 
slags that come out during iron and steel production can be used 
in railway flooring, road stabilization works, as filling material, 
concrete production, asphalt production and parquet-curb 
production. Different substances in their composition allow 
slags to be used as additives in biogas production. 

In this study, the effects of additives used in biogas 
production on biogas production and the usability of different 
slags resulting from iron-steel production in biogas production 
were investigated. 

 

II. ADDITIVES USED IN BIOGAS PRODUCTION 

A. Carbon-based materials 

Carbon-based materials such as graphene, carbon nanotubes, 
biochar, magnetite, and activated carbon can be used as 
additives in the anaerobic digestion process due to their 
excellent chemical stability, good electrical conductivity and 
porous structure [8].  

Carbon-based materials, which have a good electrical 
conduction capacity, accelerate the direct interspecies electron 
transfer (DIET) by increasing the interaction between 
microorganisms in the anaerobic digestion process [9]. In some 
studies, it has been reported that adding carbon-based 
conductive materials such as magnetite, granular activated 
carbon and biochar to the anaerobic digestion process to 
increase DIET performance increases methane production [10], 
[11]. In addition, researchers claimed that carbon-based 
materials provide the necessary nutrient needs for 
microorganisms, accelerate enzyme activity, and increase the 
pH buffering capacity which enhances VFA production and 
utilization resulting in higher H2 and CH4 production. Carbon-
based materials that have high surface area like activated 
carbon, can also aid in microbial immobilization by improving 
habitation, allowing for bioelectrical interactions among cells, 
and providing certain critical ingredients for anaerobic 
microorganisms. Wang et al. used vermicompost derived 
biochar as an additive in anaerobic digestion of kitchen waste 
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and reported that adding vermicompost derived biochar 
improved digestion performance and showed better buffering 
capacity [12].  Yun et al. investigated the effects of different 
bio-based activated carbons (derived from corn cob, sawdust, 
walnut shell, and waste carton) with high BET-specific surface 
area on the anaerobic digestion process. They stated that carbon 
materials with high BET improved the efficiency of the AD 
system. Furthermore, they attributed this improvement to the 
conductivity property of carbon materials, which facilitate the 
DIET between fermenting bacteria and methanogens [13]. In 
another study, Peng et al. used magnetite and granular activated 
carbon (GAC) to improve the anaerobic digestion of 
wastewater sludge. They found adding both magnetite and 
GAC enhanced methane production by 7.3% and 13.1%, 
respectively [14]. These results demonstrated that carbon-based 
substances could enhance biogas production by improving 
methanogenic activity in the anaerobic digestion process.  

B. Iron-based materials 

Because of its conductive qualities and inexpensive cost, 
iron is one of the most prominent additions to boost anaerobic 
digestion efficiency. Different iron-based additives have been 
used, including iron powder, iron powder nanoparticle, iron III 
oxide-hydroxide, hematite, magnetite, iron II chloride, iron II 
chloride, zero-valent iron powder, etc. Adding iron to an 
anaerobic process can gain some advantages:  

 It can influence methanogenic microorganisms by 
promoting enzyme synthesis [15] 

 It can reduce sulphide inhibition [16] 
 It can reduce the oxidative-reductive potential (ORP) of 

the anaerobic digestion environment and hence provide a 
more suitable environment for anaerobic digesting [17].  
 

Many researchers used iron-based additives in the anaerobic 
digestion process. Wang et al. compared the effects of using 
nano-zero valent (NZVI)  and zero-valent iron (ZVI) as 
additives in the anaerobic digestion system. They elucidated 
NZVI could enhance hydrolysis acidification of waste 
anaerobic sludge by destroying the integrity of microbial cells. 
They also determined that ZVI also increased methane 
production with hydrolysis and acidogenesis, but the increase 
was lower than NZVI [18]. Zhang et al. investigated the effects 
of using magnetite as an additive on the anaerobic digestion of 
swine manure. They reported that using magnetite improved 
methane production by 16.1%. Also, they claimed that 
magnetite could enhance the acetoclastic methanogenesis, not 
hydrogenotrophic methanogenesis, reflected by the functional 
gene quantification and microbial community analysis [19].  
Because of its conductive properties, iron could improve DIET 
between the microorganisms. Viggi et al. noted that magnetite 
could trigger DIET in a methanogenic sludge, and accordingly, 
propionate could support a faster and more robust conversion 
pathway to methane [20]. In another study, Zhao et al. revealed 
that magnetite could promote hydrolysis and asidogenesis 
without enhancement of DIET [21]. Based on the results of the 
studies in which iron was used as an additive, it can be said that 

iron and iron-based additives can be used successfully as 
additives in the anaerobic digestion system. 

C. Nanoparticles 

Nanomaterial additions can have either a beneficial or 
adverse effect on anaerobic digestion [22]. Nanomaterials' 
physicochemical properties, including as surface structure, size, 
specific surface area, solubility, and catalytic nature, make 
them useful in anaerobic digestion. Nanomaterial mobility in 
an anaerobic environment impacts DIET and hence increases 
biogas production. Nanomaterials have the ability to pass 
through cell membranes, making them helpful in a variety of 
biological applications [23]. Recent research has demonstrated 
that nano-additives have a greater influence on digesters in 
terms of biogas generation and methane content than 
micrometric-size additives under the same dose [24]. Zhang et 
al. showed that adding multi-wall carbon nanotubes enhanced 
methanogenic activity by 50% at a concentration of 5 g/L [25].  

However, some studies have also shown that nanoparticles 
have adverse effects on the biological environment. Mu et al. 
discovered that adding three metal oxide nanoparticles to AD 
(nano-TiO2, nano-Al2O3, and nano-SiO2) did not decrease CH4 
production, however nano-ZnO was inhibitory at 
concentrations more than 6 mg/gTSS [26]. Mu and Chen 
highlighted the influence of ZnO NPs concentration on waste 
activated sludge AD. It has been discovered that as the ZnO 
concentration rises (30 mg to 150 mg), more Zn ions are 
released, inhibiting the hydrolysis and methanation stages in 
AD [27].  

D. Iron and steel slags 

Slag is a waste that occurs in large amounts in the iron and 
steel production process and contains predominantly oxidized 
compounds of calcium, iron, silicon, aluminium etc. in its 
composition. The composition of the slag basically varies 
depending on the technology of the facility where the product 
is made, the type of product to be produced and the raw material 
mixture ratios used in production. Table I shows the chemical 
composition of steel slags. It has been used in many 
engineering applications due to the chemical composition and 
surface properties of the slag. Table II shows the possible usage 
areas of steel slag.  

TABLE I 
CHEMICAL COMPOSITIONS OF SLAGS [28], [29] 

Compound Concentration 

Al2O3 (wt%) 1.6-11.9 

CaO (wt%) 18.12-51.53 

MgO (wt%) 4.87-9.76 

MnO (wt%) 1.06-4.41 

SiO2 (wt%) 10.84-37.54 

Fe2O3 (wt%) 11.16-54.87 

P2O5 (wt%) 0.1-1.30 

K2O (wt%) 0.05-0.73 

Na2O (wt%) 0.04-0.14 

TiO2 (wt%) 0.32-1.53 
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TABLE III
APPLICATIONS OF SLAGS [30]

Characteristics Applications 
Porous, alkaline Waste water treatment 
C3S, C2S, C4AF Cement and concrete production 
CaO, MgO CO2 capture and flue gas desulfurization 
FeO, CaO, SiO2 Raw material for cement clinker 
Fertilizer components Fertilizer and soil improvement 
FeOx, Fe components Iron reclamation 
Hard, wear-resistant, 
adhesive, rough 

Aggregates for road and hydraulic 
construction 

CaO,MgO,FeO,MgO,MnO 
componets 

Fluxing agent 

Apart from the usage areas indicated in Table II, the usability 
of the slag in biological applications has been started to be 
investigated due to its ability to leak compounds in the aquatic 
environment. In recent studies, it has been seen that the 
compounds in the slag contribute to biogas production by 
improving the environment of microorganisms in the anaerobic 
digestion process. Canan et al. used blast furnace slag, steel-
making converter slag and steel-making ladle slag as an 
additive in an anaerobic digestion system. They found that 
adding slag as an additive improved biogas yield, and the 
highest biogas yield was 399.5 mL/g VS and the highest 
methane yield was 238.2 mL CH4/g VS in the reactor to which 
1%BFS was added. They also investigated the COD removals 
and in all the slag-added reactors COD removal rates were 
higher than the control reactor [28]. Han et al. investigated the 
effects on biogas production by using slags from three different 
iron and steel production plants in the anaerobic digestion 
system. They noted that the highest biogas yield, methane yield 
and COD removal rate were 507.29 mL/g VS, 274.70 mL/g VS 
and 58.62%, respectively. Furthermore, they analyzed the 
digestate to investigate its potential use as a soil fertilizer. They 
concluded the use of steel slag accelerant in the AD system is 
an effective strategy not only for realizing resource utilization 
but also for achieving hazard-free treatment of waste [31]. 

investigated the potential use of an electric arc furnace 
slag as an additive. Results showed that using electric arc 
furnace slag as an additive in an anaerobic digestion system 
enhanced both biogas and methane production. The highest 
cumulative biogas production was achieved in a 5% electric arc 
furnace slag-added reactor with 6021.90 mL [32]. When the 
studies on the use of iron and steel slag as an additive in 
anaerobic systems and its effects are examined, it is seen that 
there is very limited information in the literature. The slags 
from different iron and steel production facilities should be 
investigated in anaerobic systems and how they affect 
anaerobic systems together with their effects on microbial 
communities should be investigated in detail. 

III. CONCLUSIONS 

In biogas production, different additives can be used to 
increase the efficiency of the anaerobic digestion process, to 
provide a suitable working environment for microorganisms 
and to increase the methane content in the produced biogas. n 
this study, the most commonly used carbon and iron based 

additives and nanoparticles in biogas production were 
examined. In addition, the usability of the slags produced as a 
result of iron and steel production in biogas production was 
evaluated. Carbon and iron-based additives are the most 
common additives used in biogas production since ancient 
times. In the studies, it is stated that additives with high 
conductivity properties such as carbon and iron contribute to 
biogas production by accelerating the DIET and also increase 
methane production. Nanoparticles, on the other hand, increase 
the metabolic rate of microorganisms due to their high surface 
area and their ability to penetrate into the cell thanks to their 
relatively small size. In addition to these, it is also known that 
they enhance DIET when they are produced from materials 
with high conductivity properties such as carbon and iron. Iron 
and steel production slags are substances with a high potential 
to be used as additives in biogas production thanks to the 
compounds they contain. Studies indicate that compounds such 
as Fe2O3, MnO, MgO in the slag are beneficial for 
microorganisms. When the results of the studies are examined, 
iron and steel slags have the potential to be used as an additive 
in biogas production. however, there is a lack of information on 
how slag has an effect on microorganisms and the use of slag, 
which is a solid product, in large-scale reactors. Therefore, it 
would be beneficial to conduct further experimental studies 
before using them in large-scale plants. 
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