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Abstract—Reduction of El-Baharia iron briquettes was carried out in 

the temperature range 700 to 950oC. In reduction kinetic study the 

most satisfactory model was to take the slope of the initial linear 

region of fractional reduction vs. time curve as a measure of rate 

constant (k). In k vs. 1/T plots were straight line from which 

activation energy was calculated. 
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I. EXPERIMENTAL WORK  

Iron is believed to be the tenth most abundant element in the 

universe, and the fourth most abundant in the earth’s crust. 

Iron is the most used of all the metals, comprising 95% of all 

the metal tonnage produced worldwide. Iron is extracted from 

its ore, and is almost never found in the free elemental state. In 

order to obtain elemental iron, the impurities must be removed 

by chemical reduction [1, 2]. 

The Egyptian iron ores of El-Baharia Oasis is the main 

feedstock for the blast furnace of Egyptian iron and steel Co.  

Hydrogen is best reductant and/or fuel from the 

environmental and reduction kinetics points of view, but it is 

currently expensive. 

The reduction of iron ores by hydrogen is a gas-solid 

reaction which occurs in two or three stages. At temperatures 

higher 570°C, hematite is transformed into magnetite, then 

into wustite, and finally into metallic iron while at 

temperatures below 570°C, magnetite is directly transformed 

into iron since wustite is not thermodynamically stable 

(Bogdandy and Zngle 1971). 

Ezz and Wild [3] indicated that an increase in temperature 

exerts a major influence on increasing reduction rate, while 

ore characteristics, such as porosity, shape factor, and surface 

condition also affected reduction rate also the ore/gas ratio has 

a major influence on the reduction rate 

The reduction of iron ores by hydrogen is a gas-solid 

reaction which occurs in two or three stages. At temperatures 

higher 570°C, hematite is transformed into magnetite, then 

into wustite, and finally into metallic iron while at 

temperatures below 570°C, magnetite is directly transformed 

into iron since wustite is not thermodynamically stable (4). 

Damien et al. [5] concluded that the reduction of iron ores 

by hydrogen is a gas-solid reaction which occurs in two or 

three stages. For temperatures higher than 570°C, hematite 

(Fe
2
O

3
) is first transformed into magnetite (Fe3O4), then into 

wustite (Fe1-y
 
O), and finally into metallic iron whereas at 

temperatures below 570°C, magnetite is directly transformed 

into iron since wustite is not thermodynamically stable. 

Asima and Itishree [6] indicated that the blast furnace is 

used mainly for pig iron production all over the world. Thus 

because it has very high production rate and also greater 

degree of heat utilization to a remarkable extent as here 

counter current heat exchange principle is utilized]. 

Moo Eob Choi [7] and Haitao Wang [8] indicated that the 

kinetics feasibility tests showed that 90 - 99% reduction of 

iron ore concentrate by hydrogen was obtained within 1 - 7 

seconds at 1200 – 1400
o
C, depending on the amount of excess 

hydrogen supplied with iron oxide. This reduction rate is fast 

enough for a flash reduction process. The activation energy of 

hydrogen reduction of iron ore concentrate was determined to 

be 463kJ/mol, which demonstrates that this process has greater 

temperature effect on the reduction rate than most reactions. 

Also it was found that using pure hydrogen as reducing agent 

gave a higher extent of reduction than a mixture of CO-H2. 

Sulphur and phosphorus are partially removed in gaseous from 

the ore; within the temperature range examined, sulphur 

removal increased with increase in temperature, whereas 

phosphorus removal was favor at lower temperature [8].  

El-Husseiny et al. [9] indicated that: - 1- The reduction of 

El-Baharia iron ore briquette by hydrogen depends on the flow 

rate of hydrogen and temperature of the reduction pressure of 

the briquetting. 2- As the temperature increased the reduction 

increased. 3- As the flow rate of hydrogen increased the 

reduction rate increased 4- The reduction of the iron ore 

briquette is controlled by one of the following models:-a- Dif-

fusion through thin ash layer (Jander equation) b- Diffusion 

controlled c- Diffusion through ash layer (crank-cinslling-

Broushten equation.  

The aim of this work is study the reduction of The El-

Baharia Egypt iron ore briquette by hydrogen  + nitrogen. 

II. EXPERIMENTAL WORK  

2.1 Raw Materials  

Iron ore sample was obtained from the Egyptian Iron and 

Steel Company, The phase identification illustrated in figures 

1 was performed using Philips type 1373 x-ray diffractometer; 

it is clear that El-Baharia iron ore is rich in hematite and 

quartz. [10] 
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2.2. Preparation of the Briquetting and Its Physical Properties  

El-Bahaeia iron ore were grinding in vibrating mill to 

powder with size less than 75 micrometers. The fine of iron 

ore powder (10g) are mixed with 2.5% molasses and then 

pressed in the mould (12mm diameter and height 22mm using 

MEGA.KSC-10 hydraulic press) Fig. 1. under different 

pressure (the pressure range from 75 MPa up to 275 MPa). 

 

 
Fig. 1. MEGA.KSC-10 hydraulic press 

 

The briquette subjected to drop number test and crushing 

strength tests. The drop number indicates how often green 

briquette can be dropped from a height 46 cm before they 

show perceptible cracks or crumble. Ten green briquettes are 

individually dropped on to a steel plate. The number of drops 

is determined for each briquette. The arithmetical average 

values of the crumbing behavior of the ten briquettes yield the 

drop number .The average crushing strength is done by 

compressed 10 briquettes between parallel steel plates up to 

their breaking [11]. 

2.3. Reduction Procedures  

The reduction of El-Baharia brequttte by hydrogen and 

nitrogen were done on thermo gravimetric apparatus (A 

schematic diagram of thermo gravimetric apparatus is shown 

in Fig 2. Which consisted of a vertical furnace, electronic 

balance for monitoring the weight change of reacting sample 

and temperature controller. The sample was placed in a Ni-Cr 

basket which was suspended under the electronic balance by 

Ni-Cr wire. The furnace temperature was raised to the 

required temperature (700-950 
o

C) and maintained constant to 

± 5 ºC. Then samples were placed in hot zone. The nitrogen 

flow rate was 0.5 l/min on all the experiments. At initial time 

and after the end of reduction only the weight of the sample 

was continuously recorded at the end of the run, the samples 

were withdrawn from the furnace and putted in the 

desiccators. The amount of removable oxygen was determined 

by the weight loss in the sample (Wo-W) during the 

experiment of reduction with H2 in the furnace. The 

percentage of reduction was calculated according to the 

following equations [10]:-  

Percentage of reduction = [(Wo-Wt) / Wo] *100 

Where Wo the initial mass of sample.  

Wt mass of sample after each time, t. 

 

 
Fig. 2. Schematic diagram of the apparatus 

III. RESULTS AND DISCUSSION  

3.1. Effect of Pressing Load on the Quality of the Produced 

Briquettes  

The drop damage resistance and compressive strength of 

the produced briquettes with respect to different pressing load 

and at constant amount of molasses (2%) are shown in Figures 

3-6. From these figures, it was found that as the pressing load 

increased from 87 to 241 MPa. The drop damage resistance 

and the compressive strength for both green and dried 

briquettes (drying time 3 days) increased and reached to its 

maximum values at 241 MPa. This could be attributed to the 

fact that increasing pressing load leads to increase the number 

of contact points between particles and subsequently the 

Vander Waals force increased [12-14].  

3.2 Effect of Change Amount of Nitrogen Gas Added to 

Hydrogen 

Fig. 7 illustrate the effect of change the amount of nitrogen 

added to hydrogen on the reduction of iron ore. From which it 

is clear that as the amount of nitrogen increase the reduction 

decreased. 

3.3 Effect of Temperature Change on the Reduction 

Percentage  

In order to examine the effect of temperature on the 

reduction of El-Baharia iron ore briquette by one L/min 
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hydrogen and one L /min nitrogen flow rate, experiments were 

carried out at 700 – 1000
o
C. Plots of the reduction percentage 

as function of time are shown in Fig. 8. From this figure it is 

observed that the reduction temperature influences 

significantly the reduction percentage. 

 

 
Fig. 3. Relation between drop number of the green briquette and pressing 

load. 

 

 
Fig. 4. Relation between the strength of the green briquette and pressing load 

 

 
Fig. 5. Relation between the drop number of the dry briquette after 3 day and 

pressing load 

 

 
Fig. 6. Relation between the strength of the dry briquette after 3 day and 

pressing load 

 

 
Fig. 7. Effect of added nitrogen gas to hydrogen on reduction of iron ore 

 

 
Fig. 9. Effect of reduction temperature on the reduction of El-Baharia iron ore 

briquette (one liter hydrogen and one liter nitrogen 

3.4. Kinetics Reduction of Briquette  

Kinetic studies for estimation the apparent activation 

energies were carried out for the briquettes at different 

temperatures range from 700˚C up to 950˚C for different time 

intervals in the range of 0 - 60 min.  

Using equation (R+(1-R)ln(1-R) 

Where R is fractional reduction, t is time of reduction, k is the 

rate constant.  

Fig. 10 illustrate the relation between (R+(1-R)ln(1-

R)against time of reduction for different reduction 

temperature. From which it is clear that the straight line was 

observed. 

 

 
Fig. 10. The relation between (R+(1-R)ln(1-R)and time of reduction for 

different reduction temperature. 

3.5 Calculation of the Reaction Activation Energy 

The natural logarithmic values of these reaction rate 

constants (k) were plotted against the reciprocal of the 

absolute reduction temperatures (T) according to Arrhenius 

equation as shown in Figure 11. The activation energy of the 
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reaction is calculated from the slope of the straight line and 

found to be 8.27 kJ. mol.
1

 (1.98 kCal/mol.). 

The results of activation energy indicated that, the reaction 

which carried between one liter hydrogen gas +one liter 

nitrogen gas and it is diffusion controlled 
 

 
Fig. 11. The relation between the reciprocal of absolute temperature 1/T and 

lnK 

IV. CONCLUSIONS  

1) The compressive strength and the drop damage resistances 

of briquettes increased with increasing the pressing pressure 

up to 241 MPa. at 2% molasses.  

2) The reduction rates increased with increasing temperature 

of the reduction from 700 up to 1000°C.  

3) The reduction rate decreased with increased nitrogen added 

to hydrogen flow at constant temperature.  

5) The diffusion processes through the produced briquettes is 

the reduction control step and the briquettes have activation 

energy = 8.27 kJ/ mole. 
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