
SURFACE DEFECTS IN INGOTS 
 

Various types of surface defects are observed in ingots. The reasons for their occurrence and also the 
remedial measures cover varieties of factors which include mould design, teeming practice, teeming 
parameters etc. 
The common types of surface defects which are encountered are discussed below: 
 

1. Scab (Films):  
During direct pouring if the centering, cushioning is not done properly and the metal stream falls from a 
greater height than splashed are generated from the bottom stool which hit inside of the mould and chill 
quickly on it. It forms a crust of sintered droplets, which are always covered with a film of oxides. When 
metal rises in the mould, these droplets are remains on the surface of ingot that cannot be welded during 
rolling. Some small droplets are removed at soaking pit or while rolling with scale, but some large droplets 
remain on the surface of ingot. These droplets are called scab which remains at the surface of finished 
product if that portion is not cut. 

The scab can also be formed due to un-cleaned moulds. It can be minimized by cleaning and coating of 
inside of moulds. 

2. Surface Blow holes:  
This defect is developed near the surfaces of ingot and is termed as Subcutaneous; some are occasionally 
open to the surface. The main cause of their formation is thick and careless coating of the mould. This 
thick coating promotes excessive evolution of gas during contact with the liquid steel. The water vapours 
evolved oxidize the metal and the iron oxide reacts with carbon to form carbon mono- oxide. The carbon 
mono-oxide and hydrogen are unable to escape from the metal and become source of subcutaneous blow 
holes, which lead to the formation of cracks and flakes during rolling and forging. 

Blow holes may sometimes form on the surface of ingots due to oxidized scabs. 

3. Surface cracks:  
Surface cracks are considered to be a major defects in steel ingot. In most cases they are present in the 
ingot soon after solidification and finally develop during subsequent metal working. The basic reasons of 
such cracks are: 

i) Contraction of skin on cooling during solidification. 

ii) Expansion of ingot mould during teeming. 

iii) Ferro-static pressure of liquid steel held by the thin skin at the start of solidification. 

Longitudinal facial cracks which are less common result from the lateral contraction of skin, friction with 
the mould face and the internal Ferro-static pressure of liquid steel. 

Transverse facial cracks which are most common result from the vertical contraction of skin, the internal 
pressure and the friction with the mould surface. 

When steel is poured into a mould, a solid skin is quickly formed due to initial chilling. The thickness of 
this skin is depend on various factors like rate of cooling, mould dimensions, mould temperature, metal 
temperature etc. Immediately after the formation of skin, the same begins to contract because of 
solidification and also the mould begins to expand due to increase of temperature. Thus a gap is formed 
between the mould wall and the ingot. At this time the liquid steel held within by the solid thin wall box 
formed by the skin, exert pressure on the walls. Because of high temperature, the strength of the hot skin 



may not be sufficient to withstand this pressure if adequate thickness has not be attained. At this time there 
may be variation in thickness at various places of skin. Such condition may give rise to tearing/ rapture of 
the skin at some places. This in turn expands to form the various types cracks as mention above. 

Factors that enhance the formation of such cracks are high teeming temperature, high teeming rate, steel 
composition etc. 

So to reduce such defects it is necessary that teeming rate and speed be optimum. Mn, S ratio of the steel 
should be more than 10 to minimize the ill- effect of red shortness. Carbon content in the range of 0.17 to 
0.19 is very much prone to cracking because of volume change accompanying with the paratactic reaction 
(� + Liquid = �). Also moulds with rectangular cross section with a corrugated inside surface help in 
reducing such cracks because of faster cooling resulting from higher surface area. 

4. Double poured ingots (Fold):  
During top pouring of ingots, if for any reason, pouring gets interrupted for a longer period, the top surface 
of liquid metal oxidized and does not help in welding the metal which is subsequently poured. At the 
surfaces, this appears as a line which results in the separation/ braking of the ingot during subsequent 
rolling. Such ingot needs to be separated and rejected. Interruption in teeming may result from various 
reasons like- cold heat, slide gate failure etc. 

5. Laps:  
If the teeming temperature is very cold or teeming is done very slowly the thick crust of metal forms on its 
surface and adherence to the moulds, hampering free rise of metal, so laps are formed at various level of 
ingot. Deep cracks cause cracks in billets after rolling. 

Measures for improving surface quality of ingots: 

i) Proper and uniform coating of moulds 

ii) Teeming in a smooth stream without splashing 

iii) Teeming at a lowest possible height from mould 

iv)  Pouring without interruption 

v)  Proper teeming temperature 

vi)  Proper teeming speed 

vii) Proper Mn : s ratio 

viii) Proper dimension of mould. 

INTERNAL DEFECTS IN INGOTS 
 

Ingots which are the product of a steelmaking shop are supposed to be internally sound, so that, both 
the yield at areas stages of subsequent processing are within acceptable ranges and also the quality of final 
product are acceptable to the customers. Also for ensuring desired strength properties of final product, it is 
necessary that any kind of internal defect are kept at a minimum. 

An internal defect in an ingot may be considered to be an in- homogeneity within the volume of metal 
of the ingot. It is known that defects are inevitable in the ingot and as such requisite measures to keep them 
at a low level are important for the purpose of maintaining quality. 



Minimizing the defects is necessary as these defects act as stress raisers during service which in turn 
initiate cracks and finally failure of the product. Hence in the matrix of steel within of the ingot any kind 
of weak phase is not desirable. 
The internal defects can be broadly categorized as: 

1.0 Sub- surface defects 
2.0 Center zone defects 
 

1.0 Sub- Surface Defects: 
 

a) Blow Holes: 
This defect is observed in Rimming and Semi- Killed steel ingots where this is present as an elongated 
honeycomb blow holes. This arises because of highly oxidized steel combines with faster rate of 
teeming. Because of high Ferro- static pressure in the lower half of the ingot, such blow holes get 
entrapped and their presence in upper half comparatively low. If they are very close to the surface during 
subsequent reheating at blooming mill they may get exposed if soaking temperature is in higher side. 

 

b) Micro-porosity/  Micro- porosity/ Micro-cracks:  
This is mostly found in killed and semi- killed ingots. This results from the solidification of entrapped 
liquid metal rich in solute within the denderitic arms of the columnar zone in an ingot. This is called 
micro- segregation. Shrinkage occurs upon solidification which can not be fed by any liquid as this is 
enclosed by dendrites as such a pore is left behind within the enclosed space which is termed as micro- 
porosity. Micro- segregation causes variation in chemical and micro- porosity act as a stress raiser when 
cracks may be initiated from this point during subsequent rolling. Such cracks are also known as 
halfway crack. Higher the depth of the columnar zone, higher is the probability of the above defects. 
Hence measures to minimize the columnar zone depth like an optimum teeming temperature (not too 
high), use of nucleolus agents, help to reduce such defects. 

 

2.0 Center Zone Defects: 
 

a) Shrinkage Cavity (Primary Pipe):  
This defect is most pronounced in killed ingot and also present in semi- killed ingot. As a general rule, 
all liquid metal when solidifies goes through the process of volume contraction to the extent of 3 – 5%. 
In an ingot when the initial skin is formed there is contraction and the void created due to contraction is 
filled up by supply of liquid metal from top due to gravity. This in turn causes a depression on the top 
surface of metal in the ingot. As solidification proceeds, supply of liquid metal continues from top to fill 
the gap due to shrinkage. The last part to solidifies is the top portion of the ingot just below the top 
surface hence when this last part solidifies, there remains no liquid metal to fill the void due to shrinkage 
and finally a cavity is formed in that place over which a solid crust of top surface exists. This condition 
is observed in killed ingots where there is no evolution of gases during teeming. In case of rimming steel 
ingots there is vigorous boiling, existence of such cavity is not observed even there will be contraction. 
In this case, because of boiling, the contraction  cavity gets distributed as blow holes. However in semi- 
killed ingot where control boiling is observed, the existence of a small shrinkage cavity is also found. 
This defect is also called primary pipe and during rolling this part is discarded from the rolled product 
by cutting as a front crop. To optimize the yield at rolling stage, it is necessary that this pipe should be, 
as for as possible, present towards top of ingot. If it is depicted , the crop loss will be high hence to the 



lift the pipe upwards it is important to add exothermic compound on top in liquid condition till the last 
phase of solidification. 
 

b) Secondary Pipe:  
Beneath the primary pipe, this defect is observed in killed and semi- killed ingots which exists in the 
form of small pores. Along with this small gas cavities are also present. This defect is known as 
secondary pipe. Remedial measures for this are same as primary pipe. 
 

c) Segregation:  
This is a defect which results in variation in chemical composition along the height and cross section of 
ingot. There are positive and negative segregation which are present in the form of ‘V’ segregation 
below the shrinkage cavities and as ‘A’ segregation in the dendrite zone. In addition a zone of negative 
segregation exists at the center of ingot at one third of the height from the bottom. Measures to control 
all this defects are mainly proper teeming temperature, teeming rate, oxidation of steel etc. 
 

d) Molten Core:  
This defect is observed at the blooming mill when the rolled bloom is given a prompt crop. It is found 
that liquid material flows out from the center of the cross- section. On examination, this material is 
found to have about 80% FeO along with other oxides like SiO2, MnO, etc. to little extent. Hence this is 
believed to be caused by high residual O2 in steel at steel making stage which during solidification 
separates out and gets concentrated towards the central top portion of the ingot because of low solubility 
of FeO solid steel. Proper de-oxidation with optimum residual O2 helps to control this defect. 
 

e) Spongy Top:  
This defect is also caused by high residual O2 in steel making and improper de- oxidation in subsequent 
stage. Because of evolution of gases the top of the ingot swells up and also bleeds resulting in spongy 
top. Careful de-oxidation helps to control this. 

 

f) Non- Metallic Inclusions:  
These are non- metallic phases within the volume of steel which can be deducted under microscopic and 
occasionally with the naked eye. Present of these phases lowers the mechanical properties of steel as the 
act as point of weakness. Especially sharp edges associated with such inclusions are particularly harmful 
for steel. These are basically categorized as ‘Endogenous’ & ‘Exogenous’ defects. 
The inclusions formed by the reaction taking place in the liquid or solidifying metal are called 
endogenous inclusions. An inclusion occasionally trapped from refractory linings, slag, launder etc. is 
called exogenous inclusions. Endogenous inclusions may contan MnS, FeO, MnO, SiO2, Al2O3, TiN, 
VN etc. Exogenous inclusions are complex compound of various oxides, silicates, aluminates etc. 
Measures to control such inclusions include optimum tapping temperature, rinsing with inert gas after 
tapping, application of vacuum etc. 

 


