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Abstract— Longitudinal crack (LC) is a complex type of 

defect found in continuous casted steel and the 

consequences of longitudinal cracked product to go into 

service could be disastrous. Thus billets affected by 

longitudinal cracks are almost universally rejected and 

scraped, which affect the total yield of industry. The origin 

of longitudinal crack (LC) defect is not analysis evident 

from visual examination alone, since defect from different 

sources can appear essentially identical on the surface. This 

defect is primarily caused by nitride embrittlement which is 

caused by precipitation of nitrides of Aluminum, Boron or 

Niobium on the crack boundary. It may also cause by 

uneven cooling, both primary cooling and secondary 

cooling, and includes molten steel qualities, such as the 

chemical composition being out of specification, cleanliness 

of the material, and homogeneity. The nature of crack, 

severity of crack and causes of crack has investigated by 

different testing and characterization techniques such as 

magnetic particle inspection, optical microscopy, FESEM 

and EDS. Surface crack has been detected in magnetic 

particle inspection. In optical microscopy we found crack of 

varying depth in mm, decarburized zone and ferrite finger at 

the end of crack. Aluminum, Boron and nitrogen has been 

found at crack boundaries, which confirms the precipitation 

of nitride of aluminum or / and boron. Possible solution has 

been proposed to prevent the occurrence of longitudinal 

cracks in billet during Continuous casting. Addition of Ti, 

V, Zr or Mo, which has high affinity to nitrogen than 

aluminum prevent precipitation of aluminum nitride at grain 

boundaries. Longitudinal cracks can also be preventing by 

lowering nitrogen content in molten steel by vacuum 

degassing process. 
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I. INTRODUCTION 

Despite the advantage of the continuous-casting process, 

over two thirds of world steel production currently follows 

the conventional ingot casting route [1]. The quality of is a 

matter of great concern, particularly so because defect affect 

total yield of casting process. One serious problem that has 

been nagging steel industry is the formation of longitudinal 

cracks [1]. 

Longitudinal cracks also known as  center face 

crack, panel crack, pearlitic crack, cooling crack, thermal 

stress crack, reheating crack [3]. The defect is characterized 

by one or more irregular, intergranular cracks which 

generally run longitudinally down the face of the ingot. 

They extend to a considerable depth below the surface and 

travel along the grain boundaries. Their propagation and 

elongation is due to the action of thermal and mechanical 

stress. The chemical composition and purity of steel, the 

mould oscillation frequency and cooling, the secondary 

cooling intensity and the casting flux quality are also the 

most important factors of their formation. According to, 

there are four types of longitudinal cracks: Type I → several 

meters long, 10-30mm deep, propagated inter dendritically, 

formed during technical failures, Type II → more than 

100mm long, several mm deep, Type III → max 20-30mm 

long, more than 1mm deep, formed in the slab pulling 

direction, Type IV → formed in the slab pulling direction, 

large cracks cause break-out, small cracks are removed by 

scarfing. 

Slavomír peľák [2] concluded that the longitudinal 

cracks of type II are accompanied by local deformations on 

the surface of the continuous-casting local depression. The 

local depressions are due to mechanical press at great 

narrowing of the mould or due to peritectic crystallization. 

Steels with the carbon content of 0.09-0.15%, so called 

peritectic steels, are susceptible to the formation of 

longitudinal cracks.  

Several operational factors have been reported to 

increase the severity of longitudinal, cracks, Varying or 

increasing casting speed, Casting with a high pouring 

temperature, Casting wide slabs, Mould conditions - 

improper water cooling, loss of taper, irregular mold 

oscillation, improper mold powder, worn molds, 

Overcooling in the upper spray zones, Insufficient support 

below the mold, Poor alignment between mold and sub 

mold support system, Precipitation of nitrides (Al, B) at 

grain boundary. J. Konishi [8] concluded that, in order to 

generate a longitudinal crack on the solid shell surface, not 

only the tensile stress caused by rapid transformation (i.e., 

rapid cooling) but also the presence of hot spots is required. 

In longitudinal crack steel composition has a strong 

influence on the frequency and severity of cracking. Carbon 

levels in the vicinity of 0.12 % are particularly susceptible to 

crack formation while decreasing Mn/S and increasing 

sulfur contents also contribute to the cracking problem. 

Aluminum was found to exert little influence on crack 

formation except when present in low concentrations (0.004 

%) and in thin slabs. Niobium (columbium) appears to have 

a deleterious effect since niobium steels (0.02 to 0.04 %) 

had poorer surface quality than niobium-free steels [1]. 

Longitudinal cracks in a variety of low and medium killed 

steel, but mostly associated with aluminum-treated grades 

[1]. 

The aim of work is to investigate possible cause of 

cracks occurring in slab and mechanism by characterization 

techniques such as Energy Dispersive Spectroscopy (EDS) 

and optical microscope to detect element present at or near 

to crack. After investigate possible solution to eliminate 

cracks has been proposed. 

II. EXPERIMENT PROCEDURE 

First of all we receive as rolled product from rolling mill. 

Then these products has brought for Magnetic Particle 

Inspection (MPI) Test. For MPI testing Water base 

magnaflux (MG2410) is used. A DC current of 850 ampere 

per inch has been passed through rolled product. Due to 
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magnetic flux leakage MG2410 (magnaflux) get 

accumulated at crack which can be seen in ultraviolet light. 

The crack seen in Ultraviolet light is marked with chalk. 

All chalk marked product had been dressed with 

hand grinder to see the severity of the crack or surface 

defects. Some cracks which were very shallow got removed 

during dressing, other cracks which had much depth than 

usual were kept aside for further investigation. Few pieces 

of samples were cut from each cracked products. These 

samples were cleaned and polished properly for their 

microscopic examination. During microscopic examination 

few samples were found with deep crack with several mm 

depths. 

These samples with deep cracks were again cleaned 

properly and polished for FESEM testing and EdS testing, 

which helps to investigate the elements present near the 

crack boundaries. 

There were three different material samples taken 

of longitudinal crack. Which were SAE 1547, EN14B and 

20MnCr. The chemical compositions of all these samples 

are given below: 

Element Fe Mn C S P 

% 
97.75 – 

98.22 

1.35 -

1.65 

0.430 – 

0.510 

Max 

0.050 

Max 

0.040 

Table 1: Steel Grade: Sae 1547 

Element Fe C Mn P S Cr 

% 
96.62-

97.73 

0.17-

0.22 

1.10-

1.40 
0.025 0.035 

1.00-

1.30 

Various experimental techniques that are being 

used for different testing and procedure are discussed. The 

implemented technologies that are used are as follows 

magnetic particle inspection, Optical Microscopy, Energy-

dispersive X-ray spectroscopy. 

III. RESULT AND DISCUSSION 

A. Magnetic particle inspection 

In the detection and correction of surface crack i.e. 

longitudinal crack, the first step was MPI examination of 

complete stock, to find the locations and length of crack. 

After the completion of MPI examination, suspected 

products were brought for dressing by hand grinding 

machine. After the dressing, few minor cracks which were 

shallow got eliminated and few cracks remain on the surface 

with longer crack length. Few surface cracks which have 

been detected after dressing has been shown below 

 
Fig. 1: Magnetic particle inspection result 

B. Optical Microscopy 

These samples are prepared by sectioning the cross section 

of steel billet in transverse direction, so that severity of 

crack / depth of crack can be analyzed using different testing 

methods. 

 

 

 
Fig. 2: Optical micrograph of unetched sample at 50x of 

steel grade (a) EN14B (b) SAE 1547 (c) 20MnCr5 

 

 
a 

 

 
b 
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In microscopic examination of longitudinal crack 

we focus about following things: 

1) Depth of crack 

2) Decarburized zone and ferrite finger. 

In longitudinal crack the depth of cracks were 

usually found deep enough so that it didn’t go away during 

dressing (by hand grinding).  These are usually varied from 

few millimeters to few centimeters. 

 

 

 
Fig. 3: Optical micrograph of etched sample at 50x of steel 

grade (a) EN14B (b) SAE 1547 (c) 20MnCr5 

These billets are reheated above 700°c around 

1100ºc before the rolling process, which makes the carbon 

present on the surface to react with gasses like oxygen and 

hydrogen. The removal of carbon removes hard carbide 

phases resulting in a softening of the metal, primarily at the 

surface which is in contact with the decarburizing gas. 

 

 
Fig. 4: Optical micrograph of etched sample of steel grade 

(a) EN14B (b) 20MnCr5 at 50x magnification, showing 

ferrite finger 

These decarburized zones indicate that, these 

cracks were open before reheating for rolling process. As 

the cracks deepen to the surface its width goes on 

decreasing. The crack terminal end with forming ferrite 

network which is nothing but a very narrow decarburize 

zone. When such cracks form early in the steel 

manufacturing process, the surfaces of such breaks can 

become completely decarburized, forming what is known as 

a ferrite finger.  

The problem with ferrite finger is even if the 

original crack about which they formed is then removed by 

conditioning, the remaining ferrite is extremely low in 

tensile strength and often splits during the metal movement 

necessary during cold forming. 

 
Fig. 5: FESEM image of ferrite fingers at 7500x 

Fig. 5 shows FESEM image of sample which  help 

to identify that ferrite finger is a micro crack which is on 

reheating before rolling operation get decarburized and form 

a ferrite network having poor tensile strenth and ductility. 

Due to poor physical property, this will be the critical and 

most probable region of failure of product after metal 

working 
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C. Energy-Dispersive X-Ray Spectroscopy 

EDS is carried out to find the elemental composition on 

different location on crack boundaries of the sample. 

 

 

 

 

 

 
Fig. 6: EDS result of various samples at cracked area (a) 

SAE1547 (b) EN14B (c) 20MnCr5 

In Fig. 6(a) we can observe the presence of 

aluminum is 0.15%  by weight%, and presence of nitrogen 

is also monitored, 1.23%  by weight% which ensures the 

formation of Aluminum nitride (AlN) on the crack 

boundary. 

In Fig. 6(b) we can observe the presence of 

aluminum is 0.05%  by weight%, and presence of nitrogen 

is also monitored, 2.49%  by weight%, which ensures the 

formation of Aluminum nitride (AlN) on the crack 

boundary. 

In Fig. 6(c) we can observe the presence of 

aluminum is 0.06% by weight%, and presence of nitrogen is 

also monitored, 0.18% by weight%, which ensures the 

formation of Aluminum nitride (AlN) on the crack 

boundary. 

From the above results it is evident that these 

longitudinal cracks are due to the precipitation of Nitrides of 

aluminum at grain boundaries during solidification which 

cause reduce ductility of steel. 

IV. PROPOSED SOLUTIONS 

In an effort to eliminate longitudinal crack, various solution 

have proposed and attempted a no. of different solutions, 

meeting with varied success. Since only a small percentage 

of steel production suffers from longitudinal cracks (about 1 

%). The first natural solution is to simply remove the crack 

from affected billets by grinding or scarfing them 

afterwards. Unfortunately, this has proven unsuccessful. 

Grinding is expensive and the lower, “closed” portion of the 

crack still opens up during rolling. Scarfing with an oxy 

acetylene torch itself opens up the cracks and forces them 
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deeper. Finally, the detection of all remnants of cracks in an 

affected billet is virtually impossible and the consequences 

of longitudinal cracked product to go into service could be 

disastrous. Thus billets affected by longitudinal cracks are 

almost universally rejected and scraped. 

Another solution proposed for longitudinal crack, is 

to change steel composition for nitride precipitation at grain 

boundary (a.k.a. Nitrogen embrittlement. There is few 

proposed solution as follows: 

 To lower the N content of the steel: Nitrogen enters the 

steel mainly by absorption and entrainment from the 

atmosphere so its content can be lowered along with 

oxygen by limiting exposure to air. Vacuum degassing 

is used to lower the extent of various gasses present in it 

through argon purging, still getting nitrogen level as 

lower as required is very tough and very expensive 

process. Specially rough spraying streams should be 

avoided and well-designed shroud and nozzle system 

should be used. Slag type is also important as acid slags 

result in more N than basic slag [3]. 

 To lower the Al content in steel: Aluminum acts as 

deoxidizer in steel making. Si can be used as deoxidizer 

which is called Si-killed steel. In low-carbon steels, 

silicon is generally detrimental to surface quality. 

Lowering aluminum content is a very much 

compromise between obtaining effective grain size and 

the avoidance of longitudinal cracking as Al is 

beneficial for grain refinement and recrystallization 

retarding effects of nitride precipitates. Lowering Al 

content also lowers the notch toughness value of steel. 

 Use of other less detrimental nitride former: The other 

less detrimental nitride formers are Ti, V, Zr, or Mo. 

However aluminum is generally considered to be least 

critical grain growth inhibitor with respect to 

introduction of undesirable non-metallic inclusion. Ti 

produces undesirable carbo nitrides, resulting in 

increased non-metallic and reduced machinability. Zr is 

a strong deoxidizer which results in lower recoveries 

and increased non-metallic. Besides being very 

expensive it is also less effective than titanium and 

again reduces machinability and notch toughness.  

 Conclusion 

 Different steel sample of different steel grades are 

observed for longitudinal crack, the following common 

conclusion can be drawn. 

 When sample of cracked steel is observed under optical 

microscope longitudinal crack of varying length up to 

20mm had been observed. 

 Along with varying length, decarburized crack 

boundary is observed. Longitudinal cracks occur during 

casting process. These billets are reheated above 700°c 

before the rolling process, which makes the carbon 

present on the surface to react with gasses like oxygen 

and hydrogen. The removal of carbon removes hard 

carbide phases resulting in a softening of the metal, 

primarily at the surface which is in contact with the 

decarburizing gas. At the end of crack, ferrite network 

is observed which is due to very fine micro crack. This 

micro crack is decarburized during rolling which is 

called ferrite finger. 

 EDS report shows the presence of Al, B, N present on 

the crack boundary. Which confirms the precipitation of 

nitride of aluminum or / and boron.  Precipitate of 

nitride of aluminum or / and boron caused grain 

boundary nitride embrittlement. 

 Addition of Ti, V, Zr or Mo, which has high affinity to 

nitrogen than aluminum prevent precipitation of 

aluminum nitride at grain boundaries. Longitudinal 

cracks can also be preventing by lowering nitrogen 

content in molten steel by vacuum degassing process. 
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