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Abstract

The diferent applications of the Calcium Carbide in the steel plants are described in this papers, trying to give advantages in their use. 
Introduction
Steelmaking, either by Electric Arc or BOF furnace, generally requires an oxidising slag in the furnace and then, after tapping and de-oxidation of the melt, a reducing slag in the ladle.

During tapping, part of the furnace slag is inevitably carried over into the ladle containing a high proportion of iron and manganese oxides.

At this stage, the oxides in the slag are in equilibrium with the oxygen in the molten steel.

The molten steel is then de-oxidised to reduce its oxygen activity and hence the established equilibrium between the oxides/oxygen in the slag/molten steel is shifted such that the slag is now potentially a very potent source of oxygen during the refining period.

For this reason, the slag must also be de-oxidised and changed into a reducing slag for efficient refining and secondary metallurgy to continue.

Calcium carbide has become increasingly popular with steelmakers since the advent of ladle furnace technology as a slag conditioner and reducing agent with several extra additional benefits to commend it.

Calcium carbide is an acetylure which produces acetylene by hydrolysis. It is a potent reducing agent used in the production of acetylene gas, for the desulphurization of cast-iron and in slag treatment of steel (secundary metallurgy).

This paper focuses on the analysis of the use of calcium carbide in slag treatment, in order to understand the intervening reaction principles, as well as to offer steel producers a summary of the advantages of this powerful deoxidant which permits conversion of the oxidizing slag (from the ladle) into reducing slag, achieving improved steel quality and obtaining a decrease in alloy consumption.

Calcium Carbide Production
Calcium carbide is technically a chemical, which produces acetylene by hydrolysis. In fact its main use is in the production of acetylene gas. It is also used in the desulphurisation of Blast Furnace iron and more recently has become of use to ladle furnace operators as a potent and useful slag conditioner.
Calcium carbide is produced in submerged electric arc furnaces, heating a mixture of lime and carbon to temperature of approximately 3.000 ºC (5,432 ºF) corresponding to the following reaction:

CaO + 3C ↔  C2Ca + CO     -108 000 cal    
(1)

The process is endothermic and reversible. At elevated temperatures, the reaction favours taking place from left to right, whereas at lower temperatures, the balance tends to be from right to left.

The composition of technical grade calcium carbide is approximately 80% (CaC2) with the balance being mainly calcium oxide (CaO).

It is cast as ingots at a temperature of approximately 2,000º C. It is then cooled, crushed, classified and stored in silos. Finally it is packaged according to the technical specifications of clients. 
Due to its reactive nature, the finished product is delivered in specially designed metal drums, avoiding contact with water, snow or humidity.

The equilibrium diagram is shown in figure 1:
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The equilibrium diagram shows that there are two eutectic points. One corresponds to 70% calcium carbide (E1) and the other 36% (E2). 
It could be hypothesised from this that the most appropriate calcium carbide for slag de-oxidation would be that which corresponds to the eutectic point E1 (70%) because of its lower melting point. However, it is still above the melting point of steel and there are other considerations to be taken into account.

Calcium Carbide Reactions
1. De-oxidation
Calcium carbide when used as a slag conditioner is very effective at converting the oxidising slag into a reducing slag whilst also increasing its basisity and maintaining its fluidity. 

The addition of calcium carbide to the slag produces the following reaction:

CaC2  + 3 O=  →  CaO + 2 CO + Energy

The sources of oxygen needed for the reaction comes from the following:

-FeO present in the slag

-MnO present in the slag

-Oxygen in the atmosphere

-Oxygen in the steel

- SiO2 and Al2O3 (in smaller proportions)

The generation of carbon monoxide produces the foaming of the slag and this intense activity of the carbide in the slag also allows the freeing of the calcium oxide produced from each particle of carbide.
Due to its low density (2.3 g/cm3) compared to steel (7.6 g/cm3), calcium carbide does not sink into the molten steel but stays in the slag, which keeps it always in the reaction zone.

Calcium carbide is a powerful exothermic reducer of both iron and manganese oxides. The reaction for the reduction is as follows:

3 FeO + CaC2   →   CaO + 2CO + 3 Fe + heat
In accordance with this reaction, 1kg (2,20 lb) of pure CaC2 can reduce 3.3kg (7,28 lb) of FeO. 

However, commercial grade Calcium Carbide is produced with a purity of between 70 and 80% of the theoretical composition, the balance being mainly lime (CaO). Thus, the actual reduction in practice is less than the theoretical by this factor. Therefore, 1kg of commercial grade CaC2 (76%) can actually only reduce 2.55kg of FeO. 

Figure 2 shows the weight of CaC2 (stoichiometric) required to reduce the indicated percentage of FeO in 1MT of slag.
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Similarly, the reduction reaction for MnO is as follows:

3 MnO + CaC2   →  CaO + 2CO + 3 Mn
Steel deoxidation will also take place when an addition of calcium carbide is made during tapping of the furnace3.

The reaction is4:

CaC2   +   O   ↔   CaO   +   C
This reaction gives a basic product and the C then reacts later as follows:

C   +   O   ↔   CO
2. Desulphurisation
This important reaction occurs as a consequence of creating a reducing slag.

This reaction is summarized as:

S + CaC2   →  2C + CaS
The efficiency of this desulphurization reaction depends on the mixing of the steel, the slag and the unreacted CaC2 within the slag.

The highly oxidizing slag carried from the electric furnace or BOF furnace drastically diminishes the desulphurising efficiency of any calcium products added to the molten steel. Even though the calcium has a high affinity to the sulphur, as can be seen in the previous reaction, it has as even higher affinity to oxygen. This means that if the calcium is added to the molten steel at this stage in order to react with the sulphur, it would first react with any available oxygen in the slag or in the steel.

For this reason, successful desulphurization requires that these specific conditions be met1:

· Fully deoxidized steel

· Fully reduced slag (< 2% FeO + MnO)

· Lime saturated slag (high basicity)

· Liquid slag

· Strong mixing of the slag and metal

· Adequate slag volume

· Adequate mixing time

Comparison between CaC2 and Al as slag conditioners
Aluminum and calcium carbide are the most used slag conditioners used by steelmakers to produce a reducing slag. Both are powerful reducers of iron and manganese oxides. These reactions are represented by:

3 FeO   +   CaC2   (   CaO   +   2 CO   +   3 Fe

3 FeO   +   2 Al   (   Al2O3   +   3 Fe

Stoichiometrically:

1 g of CaC2 reduces 3.37 g of FeO.

1 g of Al reduces 4 g of FeO 

1 mol of CaC2 reduces 3 moles FeO

64 g/mol CaC2 reduces 215.55 g FeO

1 g of CaC2 reduces 3.37 g FeO

1 mol Al reduces 3/2 moles of FeO

27 g/mol Al reduces 107.78 g FeO

1 g Al reduces 3.99 g FeO

This shows that Al theoretically reduces a greater quantity of FeO than a similar weight of calcium carbide. 
Nevertheless, there are certain factors which show that this is not true in practice. 
1. Calcium Carbide is practically insoluble in steel. It does not melt at steelmaking temperatures and therefore, shows greater resistance to atmospheric oxidation. 

2. Aluminium is molten at steelmaking temperatures, is highly soluble and is easily oxidized in the atmosphere. 

3. Calcium carbide produces both solid and gaseous products in the slag, which are both advantageous. The CO generated allows good agitation and the production of a foamy slag. This results in greater homogeneity in the chemical composition of the slag and also protects the ladle refractories from the electric arc. It also insulates the surface of the melt preventing heat loss and re-oxidation of the steel2. The solid product is lime (CaO) which helps increase the slag basisity and fluidity.

4. Aluminium does not produce a gaseous deoxidation product and hence does not generate any agitation during the reaction. Thus any homogeneous deoxidation of the slag is difficult to achieve. As a consequence, when used alone, it can be only observed in the slag in places left untreated. 

Observations of the two different additives show that the calcium carbide appears to be much more active in the slag than the aluminium.

The cost of Aluminium per unit weight is also prohibitive these days compared with CaC2. Therefore value in use is heavily in favour of carbide at the moment, especially if you add in a value to all its additional process benefits.  

A brief comparative analysis of both reducers, concluded that the cost of deoxidation with calcium carbide can be less than half the cost using aluminium2.

The Importance of Security
Steelmakers have emphasized their fears of the use of calcium carbide since they believe that it can be ignited when it comes into contact with a flame or sparks. 

CALCIUM CARBIDE DOES NOT BURN! 

The only danger appears when it reacts with water in order to form acetylene gas, which is highly flammable.

Thus, steelmakers must take sufficient precautions in order to assure that the calcium carbide never comes into contact with water or humidity. As a preventative measure, the calcium carbide can be delivered in hermetically sealed metal drums. Inside is carbide packed in 5 or 10 kg plastic bags, depending on the grain size and requirements of client. The carbide is then used directly from the drums (still in the plastic bags) situated near the ladle in the tapping area of the furnace or at the ladle furnace in a confirmed dry place.

Packing can also be in small 14 or 21 kg sealed tins on pallets.

Other automatic dispensing systems are available utilizing screw feed equipment in conjunction with automatic weighing. Carbide is supplied in IBC’s.

Summary
This paper has briefly described the process for producing calcium carbide, its principle reactions in the steelmaking process, a comparison of its abilities as a slag conditioner with aluminium and also its security and safety in use implications.

Conclusions

The advantages of using calcium carbide as a slag conditioner are:

1. Reduces the slag oxides in the furnace.

2. More energetic reaction in less time.

3. Does not affect chemical composition of steel.

4. Produces a favourable “foam” in the slag.

5. Protects the “electric arc”.

6. Protects the refractory wear.

7. Thermal insulation (less energy loss).

8. Less oxygen (from air) is incorporated.

9. Reaction causes agitation which allows foam formation and greater homogeniety in the chemical composition of slag.

10. Desulphurises the steel. 

11. Calcium is insoluable in steel.

12. Produces a basic product from its reaction.

13. Contributes to the castability and cleanness of  the steel.

14. The addition can be carried out during the “tapping”  of the  furnace or in the ladle furnace.

15. It does not produce steel inclusions. 

References
1. M. L. Parker Jr. and W. Robinson, “EAF Slag Conditioning Using Calcium Carbide: A Cost Benefit Approach”, SMI – Texas, Carbide Industries LLC, 2005, pp. 25 – 31.
2. Carbide Industries LLC. Slag Conditioning Using Calcium Carbide, Principles & Practices.

3. R. J. Santiago and L. A. Mombello, “Determination of Optimum Calcium Carbide for Deoxidation of Steel”, Electrometalúrgica Andina S.A.I.C., 2005, pp. 1 – 6.

4. “Calcium Carbide – An Agent Used to Control Metallurgical Processes”.
CaO





20 %





80 %





CaC2





50 %





1750





2400





2200





2000





1800





1600





36,00 %





70,68 %





T [ºC]








 Fig. 1 – Diagram of Equilibrium CaC2 - CaO
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Fig. 2: Estequiometric consumption of CaC2 of 76 % purity in function of FeO in the slag of the ladle
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				3 FeO   +   CaC2   --->   CaO   +   2 CO   +   3 Fe

				Pesos Moleculares [g/mol]:

								Fe =		55.85

								O =		16

								Ca =		40
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