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ABSTRACT: Turkey’s iron ores may be used to manufacture sponge iron, and the country’s coal resources, 
which are plentiful despite being of  poor quality, can be used as a reducing agent. With such a production, 
Electric Arc Furnace based on scrap imports, will be an alternative raw material for steel production, and this 
will create high value due to the usage of  domestic resources. In this study, sponge iron production was tried to 
be optimized by using local sources. For this purpose, the effects of  time, temperature and [CFix/FeTotal] weight 
ratio on the Reduction Degree (%) of  the important parameters effective in the production of  sponge iron by 
using Divriği Iron Pellets and Dodurga Lignite as a reductant were studied using a Box-Wilson experimental 
design. The optimum parameters were determined as 82.59 min, 996.73 °C and 0.49, and the highest Reduc-
tion Degree (%) value was calculated as 96.46%. The sponge iron obtained with a 71.91% Reduction Degree 
contains 97.12% Fe, of  which 7.12% is oxidized. It is evident that higher Fe contents may be attained with 
research carried out in optimum parameters.
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RESUMEN: Optimización de la producción de hierro esponja (hierro de reducción directa) con diseño experimen-
tal Box-Wilson utilizando pellets de hierro y lignito como reductor. Los minerales de hierro de Turquía pueden uti-
lizarse para fabricar hierro esponja, y los recursos de carbón del país, abundantes a pesar de ser de mala calidad, 
pueden utilizarse como agente reductor. Con una producción de este tipo, el horno de arco eléctrico basado en 
la importación de chatarra, será una materia prima alternativa para la producción de acero, y esto creará un alto 
valor debido a la utilización de los recursos nacionales. En este estudio, se intentó optimizar la producción de 
hierro esponja utilizando fuentes locales. Para ello, se estudiaron los efectos del tiempo, la temperatura y la rela-
ción de peso [CFix/FeTotal] sobre el Grado de Reducción (%) de los parámetros importantes que son eficaces en 
la producción de hierro esponja mediante el uso de Pellets de Hierro Divriği y Lignito Dodurga como reductor, 
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utilizando un diseño experimental Box-Wilson. Los parámetros óptimos determinados fueron: 82,59 min, 996,73 °C y 0,49, y 
el mayor valor de Grado de Reducción (%) se calculó como 96,46%. El hierro esponja obtenido con un Grado de Reducción 
del 71,91% contiene un 97,12% de Fe, del cual un 7,12% está oxidado. Es evidente que pueden alcanzarse contenidos de Fe más 
elevados con investigaciones realizadas con parámetros óptimos.

PALABRAS CLAVE: Diseño experimental Box-Wilson; Hierro esponja; Lignito; Optimización; Pellets de hierro 
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1. INTRODUCTION

Oxidized iron-containing ore, concentrate, or pel-
lets using solid or gas as a reducing agent without 
melting the metallic iron is obtained by the product 
is called sponge iron (Direct Reduced Iron, DRI). 
Sponge iron is utilized as an alternative raw materi-
al in electric arc furnaces and basic oxygen furnaces 
as charging materials because of its high degree of 
metallization, presence of certain oxide gangue, po-
rous structure, stable composition, and low trace el-
ement content (Mazurov et al., 1964; Leshchenko et 
al., 1973; Selan et al., 1996; Rose and Walden, 1988; 
Çamcı et al., 2002; Chukwuleke et al., 2009; Turgut, 
2010; Kumar and Khana, 2012; Sen et al., 2015; Dey 
et al., 2015). 

The majority of  metals within the scope of  met-
allurgy have been formed in oxides, sulfides, car-
bonates, silicates or complex compounds that form 
jointly. In addition to these natural raw materials, 
known as the primary metal source, secondary 
metal sources such as residues, slag, ash and flue 
dust, which had previously been physically, chemi-
cally or heat treated, have become increasingly im-
portant in this century, especially when ore grades 
are down (Khaki et al., 2018). In addition, the pro-
duction of  sponge iron will continue to gain im-
portance due to the decrease in the quantity and 
quality of  coals suitable for coke production, in-
crease in scrap prices, prolongation of  scrap return 
time and difficulty in supply (Narçin and Aydın, 
1991;Anameric and Kawatra, 2007; Zhang et al., 
2014; Khaki et al., 2018). 

Depending on whether the reductant used is solid 
(C, coal) or gas (H2/CO), the production of sponge 
iron is divided into two categories (Komatina and 
Gudenau, 2004; Babich et al., 2008; Çamcı et al., 
2002; Kumar and Khana, 2012; Chatterjee, 2012; 
Sen et al., 2015). Compared to other reduction pro-
cesses, the gas-based shaft furnace method has the 
advantages of high efficiency, low energy consump-
tion, and low emission advantages. As a result, ap-
proximately 90% of the world’s sponge iron produc-
tion is done by gas-based direct reduction processes 
(Liu et al., 2004; Chukwuleke et al., 2009; Schenk, 
2011; Guo et al., 2016; WDRS, 2013; WDRS, 2015).

Numerous studies have been conducted on the 
direct reduction and kinetics of iron ore with coal. 
However, optimization of the DRI process requires 
detailed information on the thermal properties of 

coal-ore mixtures and the basic mechanism of com-
plex reduction reactions that are still not well under-
stood (Liu et al., 2004). The reactions occurring in 
the reduction of iron oxides with a CO-CO2 mixture 
are given as follows in various sources [Reaction (1-
10)] (Komatina and Gudenau, 2004; Liu et al., 2004; 
Babich et al., 2008; Chukwuleke et al., 2009; Schenk, 
2011; Guo et al., 2016; Mombelli et al., 2016; Chen 
et al., 2017).

 
  [1]

   [2]

   [3]

   [4]

Indirect reduction below 1000 °C; 

  [5]

  [6]

Indirect reduction in the range of 800-1000 °C;

   [7]

Direct reduction with Boudouard reaction above 
1000 °C; 

   [8]

   [9]
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   [10]

Some studies have been carried out on sponge 
iron production using domestic resources in our 
country (Çamcı et al., 2002; Geçim, 2006; Ersundu, 
2007; Turgut, 2010; Dilmaç et al., 2012). However, 
Dodurga Lignite has not been used in any previ-
ous studies. The aim of this study was to determine 
whether using Divriği Iron Pellets and Dodurga 
Lignite to produce sponge iron, and also to col-
lect data on the evaluation of low quality domestic 
coals, which are now unappraisable with available 
equipment. For this purpose, the effects of temper-
ature, [CFix/FeTotal] weight ratio and time which are 
important parameters in sponge iron production on 
Reduction Degree (%) were investigated. By using 
Box-Wilson experiment, design and optimum pa-
rameters were determined.

2. MATERIALS AND METHODS

2.1. Material

In this study, iron pellets taken from Divriği with 
a diameter of 10-16 mm, using 0.8% bentonite as 

a binder, sintered at 1250-1320 °C, with a compres-
sive strength of 280 kg/pellet were used. The chem-
ical analysis results of the iron pellets used in the 
experiments are given in Table 1. Also, Scanning 
Electron Microscopy (SEM) image analysis pictures 
are given in Fig. 1. The chemical analysis results of 
the lignite sample obtained from Dodurga Lignite 
Plant used as the reducing agent are given in Table 
2. The coal sample was crushed and screened to the 
-11.20+4.75 mm particle size range.

The SEM images of the iron pellets in Fig. 1, 
show the hard agglomerates that have completed the 
grain formation. Solidified liquid phases are also at 
the junctions of coarse and fine grains.

Reduction experiments were carried out in a cru-
cible with a lid using Protherm brand MoS-B 180/8 
Model (1800 °C) Muffle Furnace without atmos-
phere control in Hitit University Faculty of Engi-
neering Department of Metallurgical and Materials 

table 1. Average chemical analysis results of iron pellets

Component Weight (%)
Fe3O4 45.00
Fe2O3 40.00
FeO 10.00
MgO 5.00

FiguRe 1. SEM image analysis of  iron pellets.
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Engineering. Preheating was not used in the exper-
iments, and the furnace heating and cooling were 
done at 20 °C·min-1. Scanning Electron Microscopy 
(SEM) image analysis of iron pellets and obtained 
sponge irons were carried out by using FEI brand 
Quanta 450 FEG model scanning electron micro-
scope at Hitit University Scientific Technical Appli-
cation and Research Center (HÜBTUAM). X-Ray 
Diffraction (XRD) analysis were carried out by us-
ing Rigaku brand DMAX IIIC model XRD Device 
in Cumhuriyet University Faculty of Engineering 
Department of Geological Engineering Laborato-
ries.

2.2. Methods

Studies that calculate the reduction degree differ-
ently are found in the literature. Eq. (11) was used 
in the studies of Geçim (2006), Ersundu (2007), 
Schenk (2011), Chatterjee (2012), Khaki et al. 
(2018), and Eq. (12) was used in the studies of Bab-
ich et al. (2008), Lee et al. (2012), Chen et al. (2017), 
and Turgut (2010). 

 Metallization Degree (%) =
Metallic Fe

Total Fe
* 100  [11]

 Reduction Degree (%) =
Removing Oxygen

Initial Oxygen
* 100  [12]

In this study; the Reduction Degree (%) values, 
which are a measure of how much of the total oxi-
dized iron is reduced, were calculated using Eq. (13) 
given below.

 
Reduction Degree (%) =
Amount of Reduced Oxide Iron in Sponge Iron

Amount of Oxide iron in Feed Pellets
* 100

 [13]

The reduction (sponge iron production) experi-
ments carried out within the scope of the study by 
using Box-Wilson experimental design. Proper op-
timization was made for the parameters effective in 
the reduction. In this context, independent parame-
ters in Box-Wilson experimental design method were 
used; time: 10-90 min, temperature: 900-1200 °C, 
and [CFix/FeTotal] weight ratio: 0.40-0.50 (Hughes et 
al., 1982; Lin et al., 2003; Piotrowski et al., 2005; 
Jozwiak et al., 2007; Turgut, 2010).

2.3. Box-Wilson experimental design

The Box-Wilson statistical experimental design 
method includes three types of combinations. These 
are the axial (A), factorial (F), and center (C) points. 
The independent variables are at five levels, which 
are determined based on the number and range of 
variables in the experiment. The details of the meth-
od can be found elsewhere (Davies, 1956; Crozier, 
1992). 

Three operating parameters i.e., time, tempera-
ture and the [CFix/FeTotal] weight ratio were chosen as 
the most important independent variables. The time 
(X1) was changed between 10 and 90 min, the tem-
perature (X2) between 900 and 1200 °C and the [CFix/
FeTotal] weight ratio (X3) between 0.40 and 0.50. The 
experimental design consisted of six axial (A), eight 
factorial (F) and three center (C) points. The center 
point was repeated three times to estimate experi-
mental error. The experimental conditions as coded 
values and real values used for the Box-Wilson sta-
tistical design are presented in Table 3.

The Reduction Degree (Y) was correlated with 
the other independent parameters (X1, X2, X3) using 
Eq. (14). Design Expert 8.0 computer program was 

table 2. Coal analysis results

Types of analysis Original coal Dry coal

Short Analysis

Humidity (wt%) 13.48 -

Ash (wt%) 9.55 11.4

Volatile Substance (wt%) 44.25 51.4

Fixed Carbon (wt%) 32.72 37.2

TOTAL (wt%) 100 100

Sulfurs

Burning Sulfur (wt%) 0.73 0.84

Sulfur in Ash (wt%) 0.10 0.12

Total Sulfur (wt%) 0.83 0.96

Coking
Coke (wt%) 42.27 48.6

Gas (wt%) 57.73 51.4

Thermal Values
(kcal/kg)

Lower Calories 4,361 5,132

Upper Calories 4,663 5,390
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used for the determination of the coefficients of Eq. 
(14) by regression analysis of the experimental data.

   [14]

3. RESULTS AND DISCUSSION

A comparison of the experimental and predicted 
values for the Reduction Degree (%) is summarized 
in Table 4. The observed Reduction Degree (%) var-
ied between 28.32% and 72.12%. The determination 
coefficient (R2 values) between the observed and 
predicted values was 0.9996 for Reduction Degree 
(%), indicating a good correlation between the ob-
served and predicted values. 

3.1. The effect of time and temperature

Variation of the Reduction Degree (%) in a con-
stant [CFix/FeTotal: 0.45] weight ratio depending on 
time and temperature is given in Fig. 2. In addition, 

table 3. Experimental conditions according to a Box-Wilson statistical design

Experiment
No.

Coded values Real values
X1 X2 X3 Time

(min)
Temperature

(°C)
[CFix/FeTotal]
weight ratio

A1 1.73 0 0 90 1,050 0.45
A2 –1.73 0 0 10 1,050 0.45
A3 0 1.73 0 50 1,200 0.45
A4 0 –1.73 0 50 900 0.45
A5 0 0 1.73 50 1,050 0.50
A6 0 0 –1.73 50 1,050 0.40
F1 1 1 1 73.09 1,136.6 0.48
F2 1 1 –1 73.09 1,136.6 0.42
F3 1 –1 1 73.09 963.4 0.48
F4 1 –1 –1 73.09 963.4 0.42
F5 –1 1 1 26.91 1,136.6 0.48
F6 –1 1 –1 26.91 1,136.6 0.42
F7 –1 –1 1 26.91 963.4 0.48
F8 –1 –1 –1 26.91 963.4 0.42
C1 0 0 0 50 1,050 0.45
C2 0 0 0 50 1,050 0.45
C3 0 0 0 50 1,050 0.45
C (Ave.) 0 0 0 50 1,050 0.45

table 4. Observed and predicted Reduction Degree (%) values

Experiment
No.

Reduction Degree (%)
Observed Predicted

A1 72.12 72.12
A2 67.47 67.47
A3 71.91 71.91
A4 34.21 34.21
A5 66.31 66.31
A6 68.31 68.31
F1 68.36 69.33
F2 28.32 27.73
F3 67.60 67.94
F4 59.38 59.40
F5 41.80 42.00
F6 41.10 41.28
F7 44.82 45.23
F8 33.10 33.06
C (Ave.) 60.58 60.58

SEM image analysis of sponge iron obtained from 
Experiment No.: C [Center] and Experiment No.: 
A1 is given in Fig. 3 and Fig. 4, respectively.
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As it can be seen from Fig. 2, as the temperature 
rises up to 1,000 °C, the Reduction Degree (%) rose 
steadily during the course of around 80 minutes. 
Especially at temperatures below 950 °C, the max-
imum Reduction Degree (%) values reached in 80 
minutes started to decrease again with increasing 
time. The Reduction Degree (%) values in the tem-
perature range 1000-1050 °C did not change much 

depending on the time. However, the Reduction De-
gree (%) values decreased rapidly both at low (less 
than 40 min) and high (over 60 min) times, especially 
at temperatures above 1100 °C. The Reduction De-
gree (%) reached its maximum value in about 50 min 
in this temperature range. 

The basic principles of chemical thermodynam-
ics and kinetics and the basic laws of diffusion pre-
dict that an increase in the reduction temperature or 
prolonged reaction time at low temperatures can im-
prove the degree of reduction of iron oxide (El-Ge-
assy, 1986; Pawlik et al., 2007). The temperature 
greatly affects the Reduction Degree (%). Since the 
main reduction reactions [reduction of magnetite to 
wustite] are endothermic and facilitated by high tem-
perature, the Reduction Degree (%) increases with 
increasing temperature. Thus, an increase in temper-
ature caused an increase in diffusion and reduction 
rates. This is described by Liu et al. (2004), Wang 
et al. (2012), Yi et al. (2012), Zhang et al. (2014), 
Guo et al. (2016), and Chen et al. (2017). The re-
duction reaction in the CO atmosphere [reduction 
of magnetite and wustite to iron] is exothermic, 
so dynamic conditions develop simultaneously, al-
though thermodynamic conditions deteriorate with 
rising temperature (Wang et al., 2012). The increase 
in the Reduction Degree (%) with increasing time 
can be attributed to a large contact area between the 

FiguRe 2. Effect of  time and temperature on Reduction De-
gree (%) [CFix/FeTotal: 0.45].

FiguRe 3. SEM image analysis of  the obtained sponge iron [Experiment No.: C].
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reducing gas and the pellets. The samples produced 
in this study were pellets with an approximate po-
rosity of 60%, giving rise to the contact of gas with 
more grains of iron oxide. The reducing gas readily 
reacted by diffusing into the pellets and the gases 
formed from the reactions were easily removed from 
the pellets. The reduction in the rate of increase of 
the Reduction Degree (%) as the time increases fur-
ther can be attributed to the coating of the outer 
surface of the pellets with an iron “shell” and the 
reduction of penetration of the reducing gas into 
the pellets as the reactions progress. Simultaneous-
ly, it is difficult for the gases formed as a result of 
reactions to escape out of the pellets. Additionally, 
unreacted pellet cores were continuously reduced. 
After 70 min, the increase in the Reduction Degree 
(%) slowed down and reached a constant level over 
longer periods. This shows that the reduction reac-
tions are almost completed, and a large proportion 
of Fe2O3s are reduced to Fe. These results are con-
sistent with the results of Guo et al. (2016).

The SEM image analysis of the sponge iron ob-
tained in Experiment No.: C given in Fig. 3 shows 
that the sponge structure, which is highly reduced 
and clinging to the neck regions with the effect of 
temperature, can be seen. The structure is complete-
ly sintered and does not contain a different phase 
at the grain boundaries. It is seen that pore sizes 

are between 20-50 μm in agglomerates,  as seen by 
big red circles, and intergranular pores are between 
1-10 μm as illustrated by small yellow circles. It is 
observed that  the round-edged  particles close to 
the sphere are reduced and topo chemically FeO to 
Fe structures. The growth morphology of Fe in the 
body-centered cubic or face-centered cubic cage in 
the cubic crystal, as seen by big red circles and the 
presence of a small amount of Fe2O3 or FeO struc-
ture, were also determined by fractures. These fea-
tures are indicated by arrows caused by sharp crack 
propagation, as seen by small yellow circles between 
sinter grains. It is readily apparent the sintering and 
neck formation of reduced metal-like structures 
both in deformed form and as sharp ceramic cleav-
age fractures. Regional hard agglomerates have been 
identified, where fine-grained Fe structures reduced 
from coarse-grained Fe-O structures are the driv-
ing force for sintering by liquidifying surface metals 
which are shown as long bridge-like metallic horns 
or deformed buckled pieces.

It is seen in Fig. 4 that the SEM image analysis 
of the sponge iron obtained in Experiment No.: A1 
consists of sponge iron structures of metal character 
that are thought to contain mostly Fe, similar to the 
SEM image analysis of sponge iron obtained by Ex-
periment No.: C illustrated in Fig. 3. It has a more 
homogeneously distributed pore size, and the aver-

FiguRe 4. SEM image analysis of  the obtained sponge iron [Experiment No.: A1].
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age pore size, is identical across the entire structure 
in the range of 2-10 µm.

3.2. Effect of Time and [CFix/FeTotal] Weight Ratio

The variation of the Reduction Degree at a con-
stant temperature of 1050 °C, depending on the time 
and [CFix/FeTotal] weight ratio, is given in Fig. 5. Also, 
SEM image analysis of sponge iron obtained from 
Experiment No.: A5 is given in Fig. 6.

Figure 5 shows that with the increase in time, 
the Reduction Degree (%) increases and reaches its 
maximum values in the 40-60 min range. At higher 
times, the Reduction Degree (%) again decreased. In 
the 0.44-0.46 [CFix/FeTotal] weight ratio range, the Re-
duction Degree (%) did not change much depending 
on the time. Time’s effect caused the Reduction De-
gree (%) values to drop precipitously to their lowest 
points in terms of the higher value of [CFix/FeTotal] 
between 40 and 60 min, then rise precipitously to 
their highest points again after 60 min. The high-
est Reduction Degree (%) values were reached at 
the maximum time values and [CFix/FeTotal] weight 
ratio. In other words; The Reduction Degree (%) 
values increased due to the increase of the [CFix/Fe-
Total] weight ratio in low and high times, whereas the 
Reduction Degree (%) decreased as the [CFix/FeTotal] 
weight ratio increased in the medium periods (in the 
range of 40-60 min).

It is seen that the sponge iron obtained with Ex-
periment No.: A5 has a grain size as in SEM image 
analysis of the sponge iron obtained with Experi-
ment No.: C illustrated in Fig. 3 and Experiment 
No.: A3 illustrated in Fig. 8, and due to the simi-
larity of the reductant, the particles are partially at-
tached to each other, and the sintered structure is 
developed. The stratified growth pattern is similar 

FiguRe 5. Effect of  time and [CFix/FeTotal] weight ratio on the 
Reduction Degree (%) (Temperature: 1050 °C).

FiguRe 6. SEM image analysis of  the obtained sponge iron [Experiment No.: A5].
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to the body-centered cubic or face-centered cubic 
growth morphology of Fe. The amount of oxide 
is also understood from the electron charge. As it 
is very well known, since the electron charge takes 
place on the edges of ceramic-like materials even if  
it was gold-coated, the higher the amount of Fe2O3 
or FeO, the lighter the image. The sharp edges are 
also an indication of oxide  formation due to high 
stratigraphy of grown material. As it is seen from 
previous SEM images, the reduced Fe is elongated 
and deformed bars.

3.3. Effect of [CFix/FeTotal] Weight Ratio and Temper-
ature 

The change in the Reduction Degree (%) depend-
ing on [CFix/FeTotal] weight ratio and temperature 
at 50 min fixed time is given in Fig. 7. In addition, 
SEM image analysis of sponge iron obtained from 
Experiment No.: A3 is given in Fig. 8.

As it can be seen from Fig. 7; at temperatures be-
low about 1050 °C, the Reduction Degree (%) values 
tend to decrease due to the increase in the [CFix/Fe-
Total] weight ratio. The Reduction Degree (%) values 
did not change much due to the increase in [CFix/
FeTotal] weight ratio at the temperatures above this 
value, but the maximum Reduction Degree (%) was 
reached at the highest temperature and [CFix/FeTotal] 

weight ratio values. In other words, the Reduction 
Degree (%) values increased due to the increase in 
temperature. This increase in the Reduction Degree 
(%) values was faster up to a temperature of about 
1050 °C, especially at high [CFix/FeTotal] weight ratio 
values. The rate of increase of the Reduction De-
gree (%) values decreased due to the temperature 
increase above about 1050 °C.

The increase in the Reduction Degree (%) due 
to the increase in temperature is consistent with the 

FiguRe 8. SEM image analysis of  the obtained sponge iron [Experiment No.: A3].

FiguRe 7. The effect of  [CFix/FeTotal] weight ratio and tempera-
ture on the Reduction Degree (%) (Time: 50 min).
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results obtained by Ersundu (2007) and Lee et al. 
(2012). Furthermore, it can be said that the effect 
of [CFix/FeTotal] weight ratio on the Reduction Degree 
(%) at constant temperature and time remains weak 
among other parameters. Similar results are ex-
pressed by Ersundu (2007) and Khaki et al. (2018).

In Fig. 8, Fe-grains reduced by topochemical reac-
tion and fast-growing fully concentrated sinter structure 
can be seen. Sintering may have occurred during the Fe 
reduction process, since the resulting hard agglomerates 
had a compact structure devoid of pores. This proce-
dure continues up to all surfaces are grown in the cer-
tain directions of maximum packing density and again 
produces surface oxides. Fe crystals grow towards the 
surface as a result of a reduction that develops from the 
outside to the inside. During this process, the crystals 
encounter surface oxides and are reduced once more. 
The most important proof of this situation is the brit-
tle crack advances on the surface. In certain regions, the 
crack is stopped, which can be thought to be due to the 
energy absorption of the metallized regions.

3.4. Optimization

The sponge iron obtained by Experiment No.: A3 
with a Reduction Degree (%) of 71.91% contains a 
total of 97.12% Fe, of which 7.12% is oxidized. Op-
timum time (X1; 10-90 min), temperature (X2; 900-
1200 °C), and [CFix/FeTotal] weight ratio (X3; 0.40-
0.50) provided that selected parameters are the most 
important independent variables in the production 
of sponge iron, respectively, 82.59 min, 996.73 °C 
and 0.49 were determined, and the highest Reduc-
tion Degree (%) value was calculated as 96.46%.

4. CONCLUSIONS 

 – The Box-Wilson statistical experimental design 
procedure was found to be applicable to mode-
ling the effects of important variables on the Re-
duction Degree (%) of iron ore pellets. The re-
gression analysis’s predicted response functions 
were consistent with the experiments’ findings.

 – The effects of time, temperature, and [CFix/Fe-
Total] weight ratio on the Reduction Degree (%), 
which are among the most important parame-
ters effective in sponge iron production, were 
investigated and the optimum parameters were 
determined as 82.59 min, 996.73 °C and 0.49, 
respectively, and the highest Reduction Degree 
(%) value was calculated as 96.46%.

 – The sponge iron obtained with 71.91% Reduc-
tion Degree (%) contains a total of 97.12% Fe, 
of which 7.12% is oxidized. It is seen that higher 
Fe contents can be achieved with a study to be 
performed in optimum parameters.

 – The sponge iron thus obtained may be an alter-
native to pig iron in steel production. This study 

determined the suitability of domestic resources 
such as Divriği Iron Pellets and Dodurga Lig-
nite for sponge iron production, and data related 
to the evaluation of low-quality domestic coals 
were produced. However, additional research is 
needed to determine, based on complicated re-
action processes and transformation reactions 
of other compounds, whether or not low-quali-
ty iron ores and other coal sources in our nation 
are suitable for the manufacture of sponge iron. 
In addition, undesirable impurities such as S, Si, 
and P in steel production should be examined in 
detail and controlled in sponge iron production.
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