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Abstract: Reduction of mill scale briquettes was carried out within the temperature range 700 to 1000 oC. 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.  

——————————      —————————— 

1-Introduction 

About 500 kg/ton of solid wastes of different nature are generated in several 

iron and steel making processes; one of these wastes is the mill scale which 

represents about 2% of produced  steel [1]. Mill scale is a very attractive waste 

because it  contains about 70 % Fe with traces of non- ferrous metals and 

alkaline compounds [2]. 

About 13.5 million tons of mill scales are generated annually in the 

whole world [3]. Mill scale is suitable for direct recycling to the blast 

furnace via sintering plant [4]. Approximately, 90% of mill scale is 

directly recycled within steel making industry and small amounts are 

used for ferroalloys, petrochemicals industry and in cement plants [5-

9]. 
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Mill scale is a steel making by-product from the rolling mill in the steel hot 

rolling process; contains both iron in elemental form and three types of iron 

oxides: Wustite (FeO), Hematite (α -Fe2O3) and Magnetite (Fe3O4). The 

chemical composition of mill scale varies according to the type of steel 

produced and the process used. The reduction of rolling mill scale to sponge 

iron powder is a new way to take advantage of a cheap by-product of the steel 

making industry, can be re-used in  the electric furnace as metallic charge for 

steel making to obtain a product with a lower residual content and improved 

properties [9-14]. 

 

The aim of this work is to study the reduction kinetic of iron briquetting mille 

scale waste in static bed by hydrogen. 

2-EXPERIMENTAL : 

    
In previous study the chemical analysis of mill scale was tested that shows 

contents of : Fe total 69.33 weight % in the form (Fe2O3 70 weight %, Fe3O4 

17.26 weight % and FeO 7.83 weight %). Sulphur 0.33 weight %, Phosphorus 

0.22 weight %, MnO 0.66 weight %, SiO2 1.92 weight % and carbon 0.04 

weight %.[14] 
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 The X- Ray analysis of mill scale   is illustrated in figure 1. From which it is 

clear that mill scale mainly consists of magnetite, wustite, iron, quartz and 

hematite [14] 

 

 

Fig. 1 . X-ray diffraction analysis of mill scale sample 

2.2. Preparation of the briquettes and its physical 

properties 

The fine mill scale particles (10 g) after grinding for different time in laboratory 

ball mill are mixed with 2% molasses and then pressed in the mould ;12 mm 

diameter and a height 22 mm using MEGA.KSC-10 hydraulic press; Fig2. and  
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under different pressure (75 MPa up to 250 MPa). The produced briquettes 

were subjected to drop damage resistance tests and compressive strength 

tests. The drop damage resistance indicates how often green briquettes 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 damage resistance for 

these briquettes, while the average compressive strength is done by compressing  10 

briquettes between parallel steel plates up to their breaking according to  (15-18).  

 

Fig.2. MEGA.KSC-10 hydraulic press 
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2.3. Reduction Procedures. 

The reduction of mill scale briquette with hydrogen was performed in thermo  

gravimetric apparatus similar to that present elsewhere (18) (Figure 3). It 

consisted of a vertical furnace, electronic balance for monitoring the weight 

change of reacting sample and temperature controller. The sample was placed 

in a nickel chrome crucible which was suspended under the electronic balance 

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

(650°C - 950°C) and maintained constant to ±5°C. Then samples were placed 

in hot zone.  

The nitrogen flow rate was 0.5 l/min pass through furnace in all the 

experiments at initial time where air should be removed before each experiment 

and also after the end of reduction. The weight of the sample was continuously 
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recorded at the end of the run; the samples were withdrawn from the furnace 

and put in the desiccators.  

The percentage of reduction was calculated according to equation [1]:  

Percentage of reduction = [(Wo –Wt) x100/ Oxygen mass] ------------------

-- [1] 

Where:  Wo: The initial weight of mill scale sample after removal of moisture.  

         Wt: Weight of sample after each time, t.  

        Oxygen mass: is the total weight of oxygen percent in mill scale in form 

FeO& Fe2O3 
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Fig. 3.Schematic diagramof the reduction apparatus 

3.Results and Discussions 

3.1Drop damage resistance and pressing pressure  
Drop damage resistance at the same day of production and after 3day present 

in Fig.4, from which it is  clear that as pressing pressure increase the drop 

number increase. 
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Fig. 4.Schematic diagram of drop damage resistance and pressing pressure 

 

3.2.The strength of the wet and dry briquette  

Fig . 5 shows increasing strength of the wet and dry bruquites where as 

pressure press increase the strength of the briquette in  wet and dry form 
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Fig. 5.Schematic diagram of Pressing pressure  and strength of wet and dry 

briquette.  

3.3. Compressive strength  and pressing pressure for fired briquette 

 

Fig.6 demonstrates the effect of compressive strength  and pressing pressure 

for fired briquette at different temperatures. It is clear that as pressing pressure  

increased the compressive strength increased 
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s  

Fig. 6.Schematic diagram of compressive strength  and pressing pressure  

  

3.4. Reduction percentage at different pressing  pressure present 

Reduction percentage at different pressing  pressure present is illustrated in Fig.7.; from 

which it is clear that as pressing pressure increase the reduction percentage decreased.  
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Fig. 7.Schematic diagram of reduction percentage at different pressing pressure   

3.5. Reduction percentage at 0.5, 1, 1.5, 2 litre hydrogen 

Fig.8 illustrates the relation between reduction percentage and hydrogen flow 

rate .and  it is clear that as flow rate of hydrogen increase the reduction 

percentage increase. 
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Fig. 8.Schematic diagram ofreduction percentage at 0.5, 1, 1.5, 2 litre hydrogen 

 

3.6.Reduction percentage at 700, 800, 900, 1000 °C 

The reduction was carried out at different temperatures ranging from 700˚C to 

1000˚C, where the briquettes weight are constant and the hydrogen flow rate 

was 2 liter/min. The results of the investigation are shown on Figure 9 , from 

which it is clear that the increase of temperature favors the reduction rate this is 

may be due to oxygen removal increase with increasing temperature. Also  the 

increase of reduction percentage with temperature could be due to increase of 

number of reacting moles having excess energy which leads to the increase 
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rate of reaction . Also increasing temperature leads to increase the rate of mass 

transfer of the diffusion and rate of chemical reaction [19-20]. 

 

 

 

Fig. 9.Schematic diagram of reduction percentage at 700, 800, 900, 1000 °C 

3.7. Kinetic of reduction of mill scale briquette   

Figure 10  illustrates the relation between (1-(1-R)
1/3  

  against time of reduction for different 
reduction temperature(700 -1000CO). From which it is clear that the relationship is represented 
by straight line. The natural logarithms were used according to the Arrhenius equation to 
calculate the activation energies of reduction reaction. The results were illustrated on Figures 11 
from which it is clear that briquette has activation energy = 30.96 kJ/ mole. 

  

0
10
20
30
40
50
60
70
80
90

100
110

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

RE
DU

CT
IO

N
 P

ER
CE

N
TA

G
E 

(R
%

)

TIME (MIN)

R%AT 700 °C

R% AT 800 °C

R% AT 900°C

R% AT 1000 °C

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 10, October-2017                                                                1298 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

 

Fig. 10.Schematic diagram of the relationship between 1-(1-R)^1/3  

Versus reduction time (min.) at 700, 800, 900, 1000 °C 

 

 
Fig. 11. Schematic diagram of the Arrhenius plot for the reduction process of briquettes 
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3.8-Conclusions:  

From the obtained results, the following can be concluded: 

1. Increase the pressing pressure leads to an increase both the drop number and 

compression strength of the green, dried and fired briquette. 

2. Reduction of the briquettes formed increased applying a higher hydrogen flow rate. 

3.  The activation energies calculated for this process for the briquettes formed using 

equation   kt=1-(1-R)^1/3 was = 30.96kJ/ mole 
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