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Abstract 

 

In steel industry, one of the most preferred furnace types 

is induction furnace because of  their high efficiency, low 

energy consumption,  easy control and good performance 

with various scrap types. Al2O3-MgO type in situ spinel 

formed neutral linings are most frequently used refractory 

materials in induction furnaces due to  their high melting 

point, high strength, high hardness and high wear 

resistance. To optimize lining properties in induction 

furnaces that used in steel industry it is important to 

improve understanding of high temperature chemistry, 

slag/lining and steel/lining interactions in steel making 

process. Research objective of this study was to determine 

wear and corrosion mechanisms of Al2O3-MgO linings 

via post mortem analysis. In order to achieve this 

objective, refractory and slag samples were collected from 

the same induction furnaces after shut down of furnace. 

Slag samples were analysed by x-ray fluorescence 

technique to understand their chemical characteristics. 

The collected lining samples were also characterized by x-

ray diffractometer, scanning electron microscope and their 

densities were measured by Archimedes’ technique. As a 

result of this study, corrosion and wear mechanisms of 

linings against to different type of slags were evaluated 

and hence understood. Consequently, the strategies to 

develop new lining materials with improved properties via 

controlling lining chemistry and properties for different 

type of slags were developed. 

1. Introduction 

 

2. Experimental Procedure 

Slag and used refractory samples were got from an 

induction furnace of Bilecik Demir Çelik Inc. which were 

lined with KÜMAŞ refractory lining. The area, where the 

refractory sample was taken, is shown at Fig 1. 

                 

Fig. 1. The zone of induction furnace the sample was taken 

After sample for post mortem analysis was taken, it was 

separated to different zones due to their physical view as 

it shown in Fig. 2. The representative samples were cut 

from each zone by rotating diamond disk. 

            

Fig. 2. Sample which was taken from induction furnace 



Samples were prepared for SEM and they were crushed 

and milled to obtain powder for XRD samples.  

Thickness of zones were measured to obtain slag 

penetration depth, density of samples were measured by 

Archimedes method. The SEM analysis of samples were 

operated by Zeiss EVO scanning electron microscope and 

phases of samples were find out by Rigaku Rint 2200 X-

ray diffractometer. The chemical composition of slag was 

determined by XRF Rigaku Primus ZSX. 

3. Results and Discussion  

To understand chemical characteristic of slag which 

occurs during steel melting in induction furnaces, 

chemical compositions of different slag samples were 

determined.  Table 1 shows chemical analysis results. 

 Table 1. Chemical compositions of slag 

 

The chemical compositions of slag shows that the main 

components of slag are SiO2 and CaO, the ratio between 

CaO and SiO2 shows slag is acidic but it is close to neutral 

characteristic. To understand the basic characteristic of 

slag the B3, B4 ratios and optical basicity of slag were 

calculated and results are shown in Fig. 3. It shows that the 

chemical characteristic of slag close to neutral. The 

alumina based dry vibrating mixes have neutral 

characteristic and it is important for compatibility of slag 

and lining material. 

  

Fig 3. Basic characteristic of slag samples 

The dimensions and densities of zones are shown in Table 

2.  The results show that the slag penetrate to the first and 

second zone and the depth of penetration is 12,55 mm.  

The first zone is highly damaged by slag because the 

density of first zone is lower than second however the 

operating temperature of first zone is higher than second 

zone and the encountered liquid phase amount is higher 

than second zone. The slag can be dissolve some parts of 

first zone and decreases density. 

 Table 2. Thickness and density of analysed zones 

 

The XRD pattern of first zone (PM1) is shown in Fig 4. It 

can be seen that the phases are not well crystalized because 

amorphous slag layer is splashed to this zone. PM1 zone 

contains phases as Magnesium Aluminum Iron Oxide, 

Calcium Aluminum Silicate and Calcium Aluminum Iron 

Oxide which occurs after interaction between slag and 

refractory. These phases are decreases refractoriness and 

increases dissolution rate of lining. 

  

 

 

 

 

 

 

 

 

Fig 4. XRD pattern of first zone  (PM1) 

The SEM image of first zone which was obtained by back 

scattered electron (BSE) method is shown in Fig. 5. It 

shows there are different phases due to contrast 

differences. The elemental analysis were operated for 

points which are shown on Fig 5 at zones that have 

different contrast. The elemental analysis shows that the 

zone around point “1” is Al2O3 aggregate. The point “2” is 

the grey phase around Al2O3 aggregate which occurs after 

interaction between slag and Al2O3 aggregate. 

Sample 

No 
%MnO %TiO2 %Cr2O3 %CaO %MgO %Fe2O3 %SiO2 %Al2O3 

12 13,45 1,21 3,86 24,09 6,13 5,31 28,48 15,48 

13 10,98 1,41 3,62 26,62 5,79 10,43 26,02 12,90 

19 10,53 1,33 6,02 23,11 4,56 15,05 25,92 10,95 

21 9,60 1,23 4,61 23,62 4,43 18,81 24,58 10,62 

24 11,30 0,86 5,97 21,92 4,49 17,56 24,65 11,17 

Average 11,17 1,21 4,82 23,87 5,08 13,43 25,93 12,22 

Zone Thickness(mm) Density(gr/cm3) 

PM1 5,92 3,05 

PM2 6,63 3,36 

PM3 12,12 3,15 

PM4 24,60 2,93 

PM5 30,33 3,00 
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The point “3” is the phase which occurs after interaction 

between slag and matrix of lining. These results shows that 

the slag react with matrix phase and new phases occurs 

and these new phases dissolve Al2O3 aggregates. It  shows 

that to control chemical interaction between matrix and 

slag important for obtaining chemically strong lining 

materials. 

 

Fig 5. SEM image of Zone PM 1 

The XRD pattern of second zone (PM2) is shown in Fig. 

6. In this zone phase are well crystalized and main phases 

are Spinel, Corundum, Periclase and Calcium Aluminum 

Silicate. Except calcium aluminum silicate, phases are 

lining material phases. Calcium Aluminum Silicate phase 

occurs due to interaction of refractory and slag. This phase 

causes liquid phase at working temperatures and it 

decreases the refractoriness of lining. 

 

Fig 6. XRD pattern of second zone (PM2) 

The SEM (BSE) image of second zone (PM2) is shown in 

Fig.7. As in first zone (PM1) there are different phases. 

For elemental analysis four different points were 

determined due to their contrast differences. According to 

elemental analysis the zone around point 1 is coarse MgO 

particle. 

 Zone around point “2” is spinel and Calcium Aluminum 

Silicate phases. Spinel occurs after interaction between 

MgO and Al2O3 at elevated temperatures. The point 3 is 

Al2O3 aggregate and the point 4 is spinel phase. These 

results shows that in this zone slag penetration is less than 

first zone (PM1) and slag lining interaction occurs at 

matrix doesn’t reach to the aggregates. The spinel phase 

occurs in matrix and Al2O3 aggregates retard the 

interaction of slag and aggregates. 

 

Fig 7. SEM image of Zone PM 2 

The XRD pattern of PM 3 is shown in Fig 8. The phases 

of this zone are phases of refractory lining and phases 

occurs due to impurities in raw materials. 

      

Fig 8. XRD pattern of third zone (PM3) 

For PM4 and PM5 phases are same only differences are 

intensities of phases due to differences in spinel 

conversion rates. 

Conclusion 

Al2O3 based induction furnace linings post mortem 

analysis were done in this study and as a conclusion the 

detailed slag chemistry and the phases  which occur during 

interaction between slag and refractotry linings and 
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decrease refractoriness are determined. According to SEM 

images and elemental analysis that is find out controlling 

of matrix phase chemical characteristic is more important 

than aggregates against chemical attacks and how spinel 

phase around aggregates improve chemical strength.This 

study can be a guide to design linings which have better 

chemical, thermal and mechanical properties. 

 


