


On completion of primary steel making (either in the Basic Oxygen 
Furnace or Electric Arc Furnace), the molten steel is 'tapped' into a ladle 
and transported to the casting facility.  
 

While in the ladle, the steel may be subjected to a number of 
different treatments, such as composition adjustments, stirring, 

degassing and reheating.  
 
The most important functions of secondary refining are final 
desulfurization, degassing of oxygen, nitrogen, hydrogen, etc., removal 
of inclusions, and final decarburization for ultra-low carbon steel. 
 

OPERAZIONI FUORI FORNO - SECONDARY STEEL MAKING



The final steel chemistry and casting temperature from a basic 
oxygen furnace (BOF) or electric arc furnace (EAF) is attained by 

secondary steel making or secondary metallurgy. 
 As the liquid steel is tapped from the furnace, tap-time additions and 
heat loss create a highly dynamic thermo-physical process in the liquid 
bath. During the subsequent holding period, the liquid layers in the 
ladle undergo thermal stratification resulting from natural convection. 
 
Thermal stratification is detrimental to quality casting. Tap temperature, 
holding time, ladle preheat and ladle life significantly influence the rate 
of stratification. Argon gas purging through the liquid steel bath 
helps to generate enough bath turbulence to cause rapid thermal 
homogenization. Stirring with argon also enhances the mixing rate 
for chemical additions. 

T. after 20 min holding of a 
130 ton steel ladle 

T .  a f t e r  3  m i n  o f 
homogenization by bottom 
purging of Ar through the 
steel ladle 



Deoxidation is one of the most important processes in secondary steel 
making 
 
Why deoxidize? The oxygen content of liquid steel in the ladle at the start 
of the secondary steel making process is 400-1000 ppm (0.04 - 0.1%). 
 
The solubility of oxygen in liquid steel is 0.16% but in solid steel it is only 
0.003% therefore, steps have to be taken to reduce the O2 content 
(deoxidize) of the steel before it solidifies in order to prevent blowhole 
formation during casting and a porous product being created or large 
quantities of FeO being precipitated. 
 
Sources of oxygen 
O2 enters the liquid steel  
in a number of different ways 
Which one is the most important? 

DEOXIDATION 



The addition of a strong oxide forming element is the most commonly 
used method of reducing the oxygen content of liquid steel. 
The use of the Ellingham diagram can help you decide which of the 
following may be suitable (cheapest) choices for this. 

REDUCING THE OXYGEN CONTENT 



There are a variety of sources of inclusions:  
indigenous (small):  

 » deoxidation product and MnS  
exogenous (large)  

  » reoxidation (reaction with air or slag)  
  » entrainment of slag  
  » eroded refractories  

Inclusions are formed by chemical reactions (deoxidation, reoxidation and 
precipitation) or by physical conditions (turbulance or wear). 

Steel cleanness 

Most inclusions have a detrimental effect on 
properties. Solid oxides (alumina or certain 
calcium aluminates) can cause nozzle 
blockage during continuous casting and 
disrupt the process and have to be burnt out. 
Some inclusions can cause cracking and 
defects, slivers and delamination in rolled 
products and also fracture during hot/cold 
forming and wire drawing. 



To understand the AOD process, it is necessary to examine the 
thermodynamics governing the reactions that occur in the refining of 
stainless steel, that is, the relationship among carbon, chromium, 
chromium oxide (Cr3O4), and carbon monoxide (CO).  
The overall reaction in the decarburization of chromium-containing steel 
can be written as:  
3/4Cr3O4  + C --- 3/4 Cr + CO(g) 
 
The equilibrium constant, K, is given by:  
 
At a given temperature, there is a fixed, limited amount of chromium that 
can exist in the molten bath that is in equilibrium with carbon.  
 
By reducing the partial pressure of CO, the quantity of chromium 
that can exist in the molten bath in equilibrium with carbon 
increases.  
. 



The partial pressure of CO can be 
reduced by injecting mixtures of 
oxygen and inert gas during the 
decarburization of stainless steel. 
 
F i g u r e 1 i l l u s t r a t e s t h e 
relationship among C, Cr, and 
temperature for a partial pressure 
of CO equal to 1 and 0.10 atm 
(1000 and 100 mbar, or 760 and 
76 torr).  
The data shown in Fig. 1 indicate 
that diluting the partial pressure of 
CO allows lower carbon levels to 
be obtained at higher chromium 
contents with lower temperatures 













The RH equipment injects 
Ar into one (suction tube) of 
the two tubes (snorkels) 
immersed in the molten 
steel in the ladle, and the 
molten steel in the ladle is 
drawn through the suction 
tube into the vacuum vessel 
by the operation of air-lift 
p u m p i n g . A f t e r b e i n g 
exposed to the vacuum in 
the vessel, the molten steel 
flows back into the ladle 
through the down snorkel. 
Since the recirculation rate 
is relatively high, the RH 
process is suitable for rapid 
degass ing o f a l a rge 
amount of molten steel.  





The LF equipment offers strong heating functions, permits the addition of a 
large amount of alloys, and enables precise temperature control. It also 
provides outstanding desulfurization by high-temperature treatment with 
reducing fluxes and the removal of deoxidation products.  









CLEAN AND ULTRACLEAN  
STEELS 



The production of liquid metal under vacuum in an induction-heated 
crucible is a tried and tested process (VIM) 
 
Vacuum induction melting can be used to advantage in many applications, 
particularly in the case of the complex alloys employed in aerospace 
engineering.  
 
The following advantages have a decisive influence on the rapid increase 
of metal production by vacuum induction melting:  
•  Flexibility due to small batch sizes  
•  Fast change of program for different types of steels and alloys  
•  Easy operation  
•  Low losses of alloying elements by oxidation  
•  Achievement of very close compositional tolerances  
•  Precise temperature control  
•  Low level of environmental pollution from dust output  
•  Removal of undesired trace elements with high vapor pressures  
•  Removal of dissolved gases, for example, hydrogen and nitrogen  



INDUCTION FURNACES 



The VAR process was the 
first commercial remelting 
process for superalloys. It 
was used in the late 1950s 
to manufacture materials 
for the aircraft industry. The 
primary feature of vacuum 
a r c r e m e l t i n g i s t h e 
continuous melting of a 
consumable electrode by 
means of a dc arc under 
v a c u u m . T h e m o l t e n 
material solidifies in a 
water-cooled copper mold.  



The primary benefits of melting a consumable electrode under vacuum 
are:  

• Removal of dissolved gases, such as H2  and N2  

• Minimizing the content of undesirable trace elements having high vapor 
pressures  

• Improvement of cleanliness by removal of oxides  

• Achievement of directional solidification of the ingot from bottom to top in 
order to avoid macrosegregation and to minimize microsegregation  

 

Oxide inclusion removal is optimized because of the relatively short 
reaction paths during melting of the hot electrode end and because of a 
good drop dispersion in the plasma arc. 

However, in superalloys and in high-alloy steels, the nonmetallic 
inclusions (for example, alumina and titanium carbonitride) are very 
stable. The removal of these inclusions during remelting takes place by 
flotation.  



In contrast to vacuum arc 
remelting (VAR), the remelting in 
the ESR process does not occur 
by striking an arc under vacuum. 
In electroslag remelting the ingot 
is built up in a water-cooled mold 
by me l t ing a consumab le 
e l e c t r o d e i m m e r s e d i n a 
superheated slag. 
 
The intensive reactions between 
metal and slag result in a 
significant reduction in S and 
nonmetall ic inclusions. The 
remaining inclusions are very 
small and are evenly distributed 
in the remelted ingot.  



ELECTRON BEAM MELTING

In electron beam melting, the feedstock is melted by impinging high-
energy electrons. 
 Electron beam refining takes place in vacuum in the pool of a water-
cooled copper crucible, ladle, trough, or hearth.  
In electron beam refining, the material solidifies in a water-cooled 
continuous casting copper crucible or in an investment ceramic or 
graphite mold. 

• Large power (0 to 1200 kW ) 
• Long free beam path of 250 
to 1500 mm  
• adjustable beam power 
distribution  
• Usable vacuum pressure 
range between 1 and 0.0001 
Pa (10-2 and 10-6 mbar) 




















