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Abstract— The present work aims to minimize or eliminate 

Bursting on EN353 steel. Bursting is happening because of 

the presence of Aluminium (Al) in steel. When Al in steel 

combine with SiO2 in slag in copper mould then Aluminium 

oxide is formed. Aluminium oxide does not completely 

dissolve in slag due to high viscosity of the slag as a result 

they start precipitating and start causing depression on the 

solidifying shell. With increase in viscosity, diffusion of 

aluminium oxide in slag decreases which results chances of 

bursting in steel. These Aluminium oxide particles also help 

to increase the thickness of crystalline layer which results 

decrease in heat transfer. With decrease in heat transfer out of 

the mould unsteady condition exists which results decrease in 

solidification of the molten metal. The problem bursting is 

solved by making some changes in the powder to decreases 

the viscosity of the powder. TiO2 and Fe2O3 additional 

elements added. Na2O% and K2O% increased. These changes 

in the slag helps to decrease the viscosity of the slag as a result 

solubility of Al2O3 in molten slag increase and Bursting is 

eliminated. 
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I. INTRODUCTION 

Bursting is a problem that comes in continuous casting steel 

making and occurs due to the formation of Aluminium oxide 

in molten slag when aluminium in steel combine with the 

main constituent of slag that is silicon dioxide. 

 
Fig. 1: Bursting 

Element Weight% 

Carbon 0.172 

Manganese 0.86 

Sulphur 0.024 

Phosphorous 0.020 

Silicon 0.024 

Chromium 1.06 

Molybdenum 0.86 

Vanadium 0.004 

Aluminium 0.028 

Copper 0.10 

Tin 0.205 

Titanium 0.004 

Boron 0.0007 

Nickel 1.08 

Table 1: Composition of En353 Steel 

A. Possible Reasons for Bursting 

1) Less solubility of Aluminium Oxide 

It is seen from the Energy Dispersive Spectroscopy (EDS) 

test that at the position of crack there is presence of 

Aluminum which is the root cause of crack formation. 

Aluminum present in steel causes lot of problems to the 

mould powder which is present in copper mould during 

continuous casting. When molten metal containing aluminum 

is poured from tundish to mould box, this Aluminium reacts 

with the slag and form Aluminum oxide (Al2O3). Solubility 

of Aluminium oxide in slag decreases with increasing content 

of Aluminium in steel as a result depressions on solidifying 

shell happens which is not that hard yet and hence bursting 

happens . Also with increase in Aluminium oxide in slag, the 

Aluminium oxide particles starts colliding and starts 

increasing in numbers with small size in area. These increase 

in number of particles of Aluminium oxide start creating 

resistance to the motion of slag which result increase in 

viscosity of slag hence result poor lubrication to the steel. 

2) Decrease in Heat Transfer 

Mould powder helps in two ways to protect the steel in 

continuous casting by preventing the sticking of solidifying 

steel with the copper mould box and provide uniform heat 

transfer across the shell. If the heat transfer decreases then the 

solidification of the shell will not be good enough and may 

results sticking of steel from solidifying steel with mould box. 

And because mould also oscillate in vertical direction then 

this oscillation will results tearing of steel which is sticked 

with mould and hence bursting occur Heat transfer between 

solidifying steel shell and mould box depends upon some 

parameters like thermal conductivity of steel, thermal 

conductivity of solidifying shell. Thickness of solidifying 

shell, thickness of the copper mould, temperature gradient 

across the thickness of solidifying shell, slag and copper 

mould box. Heat transfer from solidifying shell to mould box 

also depends on the crystallization behavior of the mould 

flux. 

Aluminium oxide (Al2O3) helps to promote crystal 

behavior of slag. The temperature of the slag near the 

solidifying shell is high hence crystallization happens and 

forms crystalline layer there. The temperature of the slag 

which is in contact with the mould is low because of 

continuous cooling by water and forms glassy layer. Greater 

the aluminium present in slag higher the thickness of the 

crystalline layer hence lesser will be the heat transfer. 

The steel containing Aluminium combine with 

Silica present in slag to form Aluminium oxide. 

4Al + 3SiO2sl   2Al2O3+ 3Si 

Element Weight% 

CaO 28.7 

SiO2 32.5 

Al2O3 3.3 

Na2O/K2O 6.8 
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F 5.5 

Cfree 17.4 

Melting Point 1072 

Viscosity at 1300 4.3 Poise 

Table 2: Initial Mould Powder Composition 

This mould powder initially used had problem of 

insolubility of Al2O3 in it because of higher value of viscosity 

and heat transfer which results bursting. SiO2 is the main 

element of slag. In order to stop the formation of Al2O3, lime 

(CaO) and Fluorine are added so that calcium fluoride can 

forms. 

2CaO 2Ca+O2 

Ca+F2 CaF2 

3CaF2+2Al2O3 3CaO+AlF3 

Calcium Fluoride helps in decreasing the viscosity 

which also helps in improving the lubrication. Carbon present 

in free form which helps to maintain viscosity. 

B. Results 

1) Results for sample 1 

 
Fig. 3: Sample 1 

 
Fig. 4: Microstructure of Sample 1 

Fig. 5: EDS results of Sample 1 

Elements Weight% Atomic% 

Carbon 35.53 49.07 

Oxygen 36.02 37.75 

Magnesium 0.45 0.31 

Aluminium 13.44 8.26 

Silicon 2.4 1.42 

Phosphorous 0.13 0.07 

Titanium 0.060 0.02 

Chromium 0.33 0.10 

Iron 11.25 3.34 

Molybdenum 0.32 0.06 

Tin 0.07 0.01 

Total 100 100 

Table 3: Element composition inside the crack 

2) Results for sample 2 

 
Fig. 6: Sample 2 

 
Fig. 7: Microstructure of crack of Sample2 

 
Fig. 8: EDS Results of Sample 2 

Element Weight% Atomic% 

Iron 48.78 23.58 

Oxygen 21.93 37.92 

Aluminium 17.84 13.48 

Carbon 9.37 22.84 

Chromium 0.84 0.43 

Magnesium 0.13 0.14 

Silicon 0.24 1.16 

Phosphorous 0.00 0.00 

Tin 0.03 0.01 

Sulphur 0.00 0.00 

Copper 0.29 0.14 

Zinc 0.00 0.00 

Nitrogen 0.00 0.00 

Titanium 0.06 0.03 

Manganese 0.49 0.26 

Total 100.00 100.00 

Table 4: Composition of Elements inside Crack of sample 2 

3) Results for sample 3 

 
Fig. 9: Sample 3 
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Fig. 10: Microstructure of Sample 

 
Fig. 11: EDS Results 

Element Weight% Atomic% 

Carbon 15.76 32.29 

Oxygen 24.44 37.5 

Aluminium 7.93 6.88 

Silicon 1.27 1.11 

Iron 50.36 22.09 

Chromium 0.24 0.13 

Total 100.00 100.00 

Table 5: Element composition Inside Crack 

4) Results for sample 4 

 
Fig. 12: Sample 4 

 
Fig. 13: Microstructure 

 
Fig. 14: EDS result 

Element Weight% Atomic% 

Carbon 18.25 37.21 

Oxygen 22.02 33.5 

Aluminium 7.24 5.89 

Silicon 0.37 0.50 

Iron 51.92 22.72 

Chromium 0.20 1.19 

Total 100.00 100.00 

Table 6: Element Composition inside Crack (from EDS) 

C. Discussion 

Sample Number Al% Crack Depth 

1 13.44 0.79 

2 17.84 2 

3 7.93 0.76 

4 7.24 0.72 

Table 6: Sample with crack depth size shown 

The sample having maximum aluminium has largest size of 

crack and minimum aluminium has lowest size of crack 

which indicates that size of the crack depends on the 

percentage of aluminium present inside the crack. Sample 2 

has highest aluminium 17.84% amongst the entire crack as a 

result it has highest depth of crack and sample 4 has minimum 

aluminium 7.24% in crack as a result it has minimum depth 

of crack. 

The problem Bursting in EN353 steel occurring due 

to the formation of aluminium oxide Al2O3 which form 

because of the presence of Al in steel and also because of 

decrease in heat transfer. aluminium present in steel combine 

with silicon dioxide (SiO2) and form Al2O3. 

3SiO2 + 4Al  3Si + 2Al2O3 

The solubility of aluminium oxide in slag is less 

because of high viscosity of slag. The viscosity of a fluid is a 

measure of its resistance to gradual deformation by shear 

stress or tensile stress. Higher the viscosity, higher the density 

and less will be the chances of diffusion. The mould powder 

initially used has viscosity of 4.3 Poise. Because of such high 

viscosity it is becoming impossible to dissolve complete 

Al2O3 into the molten slag as a result the Al2O3 particles get 

precipitate and create depression on the solidifying shell 

which result Bursting problem. To overcome this problem we 

create new powders In order to decrease the viscosity first we 

decrease the SiO2 weight% in two powders. In powder 1 we 

kept it 28.3% and in powder 2 we kept it 24.82%. Silica in 

group exists as tetrahedral structure. All bonds between 

oxygen and silicon are covalent bonds. Silica when exist in 

group, it exists as silicate ion (SiO4). 

 
Fig. 15: Structure of Silica ion in group 

 
Fig. 16: Chemical reaction of lime and silicate ion 

CaO is a basic oxide. It gives its oxygen and helps 

to break silica in group results in lowering the viscosity. In 

initial Powder we have Na2O 6.8%. We added Na2O 6.7 % 

and 9.82 % in powder 1 and powder 2 respectively. Na2O 
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added for two purposes. First is it gives its oxygen to silicate 

ion which is present in a group so that silicate ion breaks and 

viscosity of the slag decrease. 

 
Fig. 17: Chemical reaction between silicate ion and Sodium 

Oxide 

Second is after break it helps to form Sodium 

Silicate whose viscosity is less than Silicate .The other oxide 

that is added in new Powder 1 and Powder 2 by weight 1.4% 

and 2.05%. At temperature of about 1500 C, Fe2O3 break and 

form FeO. The melting temperature of CaO being 2570 and 

MgO being 2800 degree Celsius. Fe2O3 breaks to form FeO. 

FeO helps to decrease the melting point of CaO and MgO.In 

initial mould powder iron oxide was not there as a result CaO 

and MgO was unable to give it’s oxygen to silica . This was 

one of the main reason that initial powder has higher viscosity 

and bursting happened.. Heat transfer decrease due to 

crystalline layer near solidifying shell is also the other reason 

for bursting. With increase in Al2O3 the crystalline layer 

thickness increases and result decreases in heat transfer. 

This problem is solved by adding TiO2. In initial 

powder TiO2 was absent. Addition of TiO2 less than 10% 

helps to promote the formation of CaTiO3 (Perovskite). 

Aluminium xide crystal start nucleates when aluminium from 

steel combines with SiO2 in molten slag. These Al2O3 crystals 

in molten slag acts as barrier for heat transfer. Because of this, 

heat transfer during solidifiacation decreases with aluminium 

oxide crystallization. If we add TiO2 by replacing some part 

of SiO2 then CaTiO3 (Perovskite) forms whose crystallization 

temperature greater than aluminium oxide crystallization 

temperature. Also by replacing some part of SiO2 with TiO2, 

density of Al2O3 crystals decreases. As a result Al2O3 crystal 

formation in molten slag decreases which result decrease in 

heat transfer. In Powder 2 TiO2 is 0.18%. Also Ti-O bonds 

are weaker than Si-O bonds which can easily break at higher 

temperature under shear during oscillation of the mould 

hence decrease in viscosity happens. 

Element Weight% 

CaO 24.42 

SiO2 24.82 

MgO 4.89 

Al2O3 3.34 

Na2O 9.86 

K2O 0.40 

F 3.50 

Fe2O3 2.05 

Cfree 5.13 

Ctotal 8.64 

Viscosity 1.42 Poise 

Melting Point 1036 

Table 8: Showing Composition of new powder 1 

II. CONCLUSION 

The present study is carried out to minimize or eliminate the 

crack (Bursting) found in EN353 steel. 

Following Conclusions are made from Study, 

1) Viscosity of Slag decreases with increased magnitude 

addition of Na2O. 

2) Viscosity of Slag decreases with decreased magnitude 

addition of SiO2. 

3) Addition of MgO and Fe2O3 helps to decrease the 

viscosity of slag. 

4) Addition of TiO2 helps to increase the heat transfer from 

mould. 
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