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Abstract:   

This investigation deals with the effect of replacing some amount of Baharia high 
barite iron ore concentrate by mill scale waste which was characterized by high iron oxide 
content on the parameters of the sintering process., and investigation the effect of different 
amount of coke breeze added on sintering process parameters when using  5% mill scale 
waste with 95% iron ore concentrate.  

The results of this work show that, replacement of iron ore concentrate with mill 
scale increases the amount of ready made sinter, sinter strength and productivity of the sinter 
machine and productivity  at blast furnace yard. Also, the increase of coke breeze leads to an 
increase the ready made sinter and productivity of the sintering machine at blast furnace 
yard. The productivity of the sintering machine after 5% decreased slightly due to the 
decrease of vertical velocity. 
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1. Introduction 
 

The recycling and utilization of iron-bearing by-products such as dust, scale and 
sludge have long been promoted in iron and steel-making industry due to their various 
benefits which are: (i) to reduce the depletion of the earth’s limited natural resources;(ii) to 
reduce pollution produced by discharging untreated waste; and (iii) to save energy indirectly.  

The recycling of wastes generated in integrated steel plants currently can be realized 
by using one or two of five methods, which include sintering, cold bonded agglomeration, 
injection, direct reduction (DR) and smelting reduction. The choice of one of  these methods 
depends on several important factors such as the environmental requirements, energy policy, 
company’s statues, company’s strategies in recycling, feasibility concerning economy and 
technology. [1-4] 

Mill scale ( 3-7% of the total steel rolling) is a valuable secondary material due to its 
high iron content, low impurities and stable chemical composition. The mill scale from the 
rolling process and all iron bearing wastes generated at the iron and steel  plant site are  
generally recycled into the sintering plant to produce high quality sinters.[5-6]  The use of 
such sinter ( low silica and gangue materials ) leads to an  decrease the blast-furnace fuel rate 
through reducing slag volume, permitting stable furnace operation as a result of improving 
high temperature properties, and reducing the cost of sub-raw materials [7-8]. 

The aim of this work is concerned with the following: 
1- Studying the replacing part of iron ore with different amount of mill scale wastes 

in the sintering process at constant amount of coke breeze used to improve the sintering 
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properties and quality. 
2- Studying the effect of different amount of coke breeze on the parameter of the 

sintering mixture  at optimum amount of mill scale replaced instead of iron ore. 
 
  
2. Materials and  methods 
 
2.1. Raw materials 
 

The raw materials used in this work are of iron ore  concentrate from El-Baharia High 
Barite ore, mill scale, limestone, and coke breeze. The chemical composition of Baharia iron 
ore concentrate are: 50.82%  of Fetotal , 9.14% of SiO2 , 1.9 % of CaO , 3.83% of MnO = and 
2.06% of Al2O3 . The main component of mill scale are: 68%of Fetotal, 10.14%of FeO, 85.7% 
of Fe2O3 and 1% of SiO2. The main components of coke breeze are, 2.24% of Fe total, 4.55% 
of SiO2, 0.73% of CaO, 2.2%of Al2O3 and 0.082%of MgO . The sieve analysis of raw 
materials is shown in Tab. I. 
 
Tab. I. Sieve analysis of the raw materials 
 

Size, mm Iron Ore Limestone Mill 
scale 

Coke breeze 

+8 0 0 0.36 0 
-8 + 6 0 0 0.56 0 
-6 + 4 0 0 3.8 0 
-4 + 2 4.14 31.35 25.8 34.54 

-2 + 0.5 43.64 20.94 31.18 22.9 
-0.5 52.3 46.9 38.47 41.1 

 
 

X- Ray analysis of iron ore and  mill scale are shown in Figs. 1 and 2,  from which it 
is clear that the components of the former are Hematite Fe2O3  and limonite, whereas the 
components of mill scale  are Hematite Fe2O3, Magnetite Fe3O4, Wustite FeO and  Silica 
SiO2. . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1. X-ray analysis of iron ore 
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Fig. 2: X-ray analysis of mill scale 
 

 
 

Fig. 2. X-ray analysis of mill scale 
 
 
2.2. Sintering Apparatus and Sintering Procedure 
 

Sintering experiments were conducted in a laboratory down draft sinter pot (its 
diameter and height were 125 and 340 mm respectively, with capacity 5 kg).  Air flow was 
provided by two fans in series which were capable of producing a suction pressure in excess 
of 12 kPa. The represented iron ore with mill scale, limestone, 30% of the charge sinter 
return, coke breeze(1-3mm)  6% , (the amount of coke breeze as reducing agent from the total 
dry charge used in sintering plant in Egyptian Iron and Steel Company) were blended together 
and then water (12% of the charge) was added through mixing the raw materials. The sinter 
charge basicity (CaO of the iron ore, mill scale, coke breeze and limestone / SiO2 of the iron 
ore, mill scale, coke breeze and limestone) = 1, was kept constant throughout all experiments 
of the influence of the replaced mill scale instead of iron ore . 

The green charge was loaded over the sinter bed layer (0.5 Kg sinter + 10 mm). The 
green raw mix was ignited with a gas flame for a period 1.5 min. The ignition was done under 
suction pressure of 5.88 KPa, while the sintering process was done under suction pressure 
11.76 KPa. The sintering time was determined by the time elapsed from the start of ignition 
until the exhaust gas temperature reached the maximum value. At the end of the sintering 
experiment, the produced sinter was dropped on to a steel plate laid on concrete and then the 
sinter cake was screened over a +7 mm sieve, to determine the productivity of the sintering 
machine (P), as shown in eq. 1. 

 
P = 14.4 K ρ V ton/m2day                              (1) 

Where: 
K is the percentage of ready made sinter from the charge. 
ρ is bulk density of the charge, ton/m3. 
V is vertical velocity of sintering machine (V = H/T) m/min.  
H is the height of the charge in sinter pot. 
T is the time of sintering, min. 

 
After that sinter cake above 7 mm was dropped four times from a height of 2 m 

(shatter test, (sinter strength) and screened over a 7 mm sieve. Sinter strength (Ss) as 

20 30 40 5 0 6 0 7 0 8 0

b a

d

b

a

a + b

c

c

b

a a

b

c
b

a
c

c

a - F e 2O 3

b - F e 3O 4

c - F e O

d - S iO 2

1 0



 N. A. El-Hussiny  et al. /Science of Sintering, 43 (2011) 21-31 
___________________________________________________________________________ 

 

24  
 

illustrated in eq. 2, was calculated as the percentage of sinter (above 7 mm) after shatter test, 
related to the ready made sinter strength [9].  

Ss % =  W1/W2 * 100                                          (2) 
Where Ss%  is the sinter strength, W1, W2 represent the weight of sinter (above 7 mm) after 
and before shatter test respectively.  

The productivity of the sinter machine at blast furnace yard (PB.F) was calculated 
according to the following equation [9]:  

PB.F = p * Ss                                                   (3) 
Where  PB.F is the productivity of the sinter machine at blast furnace yard, expressed in ton/m2 
per day, P is the productivity of sintering machine, also expressed in ton/m2 per day and  Ss% 
is  shatter index (sinter strength ) above 7 mm.  

The reducibility of the produced sinter was done by hydrogen under the following 
conditions (temperature 800 oC, flow rate of H2 = 1.5 l/min and time of reduction 90 min). 
The reducibility degree was calculated by measuring the weight loss of the produced sinter as 
shown in equation number 4. 

% weight loss = [(WS - WF) / WS] * 100                               (4) 
Where   WS is starting weight of the sinter sample and WF is final weight of the sinter sample 
after reducing for 90 min. 
 
 
3. Results and discussion 
 
3.1. Influence of Mill Scale Replacement instead of part of iron ore on the 

Sintering Properties 
 

In this work the amount of coke breeze (6%), sinter return (30%), basicity 
(CaO/SiO2=1) and the amount of water added to the charge(125 of dry charge ) were kept 
constant .The amount of mill scale replacement instead of iron ore were changed to 5%. 

Fig. 3, illustrates the relationship between the vertical velocity of sintering process 
and the amount of mill scale replacement. It is clear that as the amount of mill scale wastes 
replacement increases, the vertical velocity of sintering process increases until it reaches the 
maximum value at 5% mill scale replacement. This may be due to the improving the sinter 
charge permeability [10]. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 3. Effect of amount of mill scale 
replacement on the vertical velocity of the 
sintering process 
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Figs. 4-5 show the effect of different amount of mill scale replacement on the amount 
of ready made sinter (+7 mm) and the strength of the produced sinter. It is clear that with the 
increase of the amount of mill scale replacement, the amount of ready made sinter and the 
sinter strength increased. This behavior could be attributed to the fact with the increase of the 
amount of mill scale replacement, instead of iron ore in the sinter charge, the amount of melt 
formation increased [11].  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. Effect of amount of mill scale 
replaced on the amount of ready made 
sinter 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

  
 

Fig. 5. Effect of amount of mill 
scale replaced on sinter strength  
 

 
Fig. 6 illustrates the relationship between the amount of mill scale replacement and 

both the productivity of sintering machine and the productivity of sintering machine at blast 
furnace yard. It is evident that both productivity of sintering machine and productivity at blast 
furnace yard increased with an increase of the replacement  mill scale instead of the same 
percentage of iron ore. This may be due to the fact that an increase of the amount of mill scale 
replacement increases  all the other technological parameters such as the sinter strength, the 
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Fig. 6. Effect of amount of mill scale replaced on the productivity of the sintering machine 
and productivity of sintering machine at blast furnace yard 

 
 
 

3.2. The effect of the amount of mill scale replacement instead of iron ore on the 
reducibility degree of the produced sinter. 
 

The reducibility degree was calculated by measuring the weight loss of the produced 
sinter (Fig. 7). It is clear that, as the amount of mill scale increased, the sinter reducibility 
slightly decreased. This may be due to the increase in the amount of divalent iron in the 
produced sinter, as shown in Fig. 8 [12]. 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
Fig. 7 Effect of amount of mill scale 
replaced on the percentage of sinter 
weight loss 
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 (A)                                              (B)                                        (C) 
 
Fig. 8. The microscopic structure of iron ore sinter sample (A) without replacement, sample 
(B) replacement of 3% mill scale (C) replacement 5 % mill sca.le  (black = pore, white and 
gray = magnetite and wüstite embedded in silicate matrix)  
 
 
3.3. Influence of coke breeze amount on the sintering process ( when 5%mill 
scale replaced instead of the same percentage of iron ore)  
  

In this work the effect of the amount of coke breeze added to the sintering charge was 
changed, while the mixture of mill scale (5%) and 95% of high barite iron ore concentrate, 
limestone, sinter return and 12% water were fixed.  

 
3.3.1. Effect of different amount of coke breeze on the sintering parameters  
 

Fig. 9, illustrates the relationship between the vertical velocity of sintering process 
and the amount of coke breeze added. It shows that, as the amount of coke breeze increased, 
the vertical velocity of sintering process decreased. This may be due to more melting 
produced during the sintering process. 

 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

Fig.9. Effect of amount of coke 
breeze added on the vertical 
velocity of the sintering process 
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Figs. 10-11, show the effect of different amount of coke breeze added on the amount 
of ready made sinter (+7 mm) and the strength of the produced sinter. It is clear that with 
increasing the amount of coke breeze, both the amount of ready made sinter and the sinter 
strength increased. This behavior could be attributed to the fact that  increasing the amount of 
coke breeze the amount of  melt formation increase subsequently the sinter strength and the 
amount of the ready made sinter increased [11]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.10. Effect of amount of coke breeze 
added on the amount of ready made 
sinter. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.11. Effect of amount of coke 
breeze added on the sinter strength 

 
 

Fig. 12, illustrates the relationship between the amount of coke breeze added and both 
the productivity of sintering machine and the productivity at blast furnace yard. From these 
Figs., it is evident that both productivity of sintering machine and productivity at blast furnace 
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yard increased with an increase of the coke breeze up to 5%. This may be due to the fact that 
an increase of the amount of coke breeze improves all the other technological parameters such 
as the sinter strength and the amount of ready made sinter. This directly leads to an increase 
of the productivity of the sintering machine and the productivity at blast furnace yard. The 
decrease of the productivity of sintering machine slightly after 5% of coke breeze used is due 
to the decrease of vertical velocity, while the increase of the productivity of the sintering 
machine at blast furnace yard is due to the increase of sinter strength. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 12  Effect of amount of coke breeze 
added on both of the productivity of 
sintering machine and the productivity at 
blast furnace yard 
 

 
3.2.2. The Effect of the amount of coke breeze on the reducibility degree of the 
produced sinter  
  

Fig. 13. illustrates the weight losses percentage during the reduction by hydrogen. It 
is clear that as the amount of coke added increased, the sinter reducibility slightly decreased. 
This is due to the increase of the melt formation during the sintering process, which 
subsequently decreases the porosity of the produced sinter, as shown in Fig. 14. 
 
  
 
 
 
 
 
  
 
 
 
 

 
 
 
Fig. 13. Effect of amount of coke 
added on the percentage of sinter 
weight loss 
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 (D)                                               (E)                                     (F) 
 
Fig. 14 The microscopic structure of iron ore sinter sample (D)  sample of the sinter used 3% 
coke breeze  (E)  Sample of the sinter used 6% coke breeze (F) Sample of sinter used 7% 
coke breeze  (black = pore, white and gray = magnetite and wüstite embedded in silicate 
matrix.) 
 
 
4. Conclusion 
 
1. Replacement of iron ore concentrate by 5% mill scale increases the amount of ready made 
sinter, sinter strength and productivity of both sinter machine and blast furnace yard, while the 
reducibility by hydrogen at 800 oC, is slightly decreased. 
 
2. Sintering  of 95%  iron ore concentrate with 5% mill scale, with different amount of coke 
breeze, shows that the vertical velocity of the sintering process decreased, while the amount 
of ready made sinter, sinter strength  and productivity of  sinter machine at blast furnace  yard 
increased as the amount of coke breeze increased. 
 
3. Increasing the coke breeze leads to a slight decrease of the reducibility of sinter by 
hydrogen at 800 oC. 
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Cадржај: Истраживања у овом раду базирају се на ефекту замене извесне 
концентрације руде гвожђа отпадом после млевења, што се огледа у утицају велике 
концентрације оксида гвожђа на параметре синтеровања, и испитивањима утицаја  
различите количине кокса на параметре синтеровања при односу 5% концентрације 
отпада од млевења и 95% концентрације руде гвожђа.  
Резултати ових истраживања показују да промена концентрације руде гвожђа утиче 
на повећање брзине синтеровања, чврстоћу и продуктивност пећи за синтеровање и 
њеног приноса. Такође, и повећање концентрације кокса води ка повећању брзине и 
продуктивности пећи. Продуктивност пећи за синтеровање при додатку више од 5% 
опада услед смањења вертикалне брзине. 
Кључне речи: Синтеровање, отпад након млевења, кокс, концентрација руде гвожђа 
 


