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Abstract
This research was conducted for the purpose of studying the effect of CaF2 content in the composition of hot 
metal pretreatment flux, based on lime. It was followed in regards to the importance of fluorine amount decrease 
in hot metal pretreatment and steel making processes. For this purpose, lime based fluxes including 40, 30, 20 
and 10 percent calcium fluoride were prepared and hot metal pretreatment experiments were done in an induction 
furnace at the temperature range of 1350-1450°C. The obtained results indicated that by using the flux containing 
30 percent calcium fluoride, simultaneous removal of phosphorous and sulfurous are in the highest level which is 
known as a result of slag making with suitable liquid phase volume and adequate basicity. On the other hand, a flux 
with 20 percent CaF2 caused a small fall in the refining process results. In regards to the harmful effects of fluorine 
on refractory walls and considering environmental issues, a flux including 20 percent fluorine was introduced as a 
providing optimum condition. The results have been studied with respect to CaO-CaF2 equilibrium phase diagram, 
as well as the effect of CaF2 amount on phosphate capacity and lime efficiency of slag. 
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1. Introduction1

Calcium fluoride with the melting point of 
1386°C is known as a powerful reagent in hot metal 
pretreatment and steel making slag, which is based 
on lime. CaF2 decreases slag melting point and 
increases lime solubility and slag fluidity as well 
and improves hot metal refining process. Previous 
studies have illustrated CaF2 is the most effective 
composition to increase lime solubility in the slag1). 
In most previous studies performed on hot metal 
pretreatment fluxes, CaF2/CaO was in the high levels. 
Some researches2), by using 40 percent CaF2 in lime 
basis flux, have made slags with suitable fluidity. In 
recent years, steelmakers were advised to limit the 
fluorine consumption because of its harmful effects 
on refractory walls and environmental issues3,4). On 
the other hand, increase in calcium fluoride ratio to 
lime decreases the basic capacity of slag4). So, today, 
it is essential to make slags with optimum content of 
fluorine. The experiments of simultaneous removal 
of phosphorous and sulfurous from hot metal carried 
out by using lime based fluxes have included different 
amounts of CaF2 to obtain an optimum content of 
calcium fluoride in the flux composition.
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2. Methodology

In order to study the effect of different amounts 
of CaF2 on simultaneous removal of phosphorous 
and sulfurous from molten iron, primary materials 
needed to the experiments include of hot metal, lime, 
fluorine and oxide scale of iron were used in special 
chemical compositions and particle size distribution. 
The produced fluxes were dried at 100°C for 2 hours. 
The experiments were carried out in an induction 
furnace with magnesite refractory at the temperature 
range of 1350-1450°C in four stages by using fluxes 
including 40, 30, 20 and 10 percent CaF2, respectively. 
The temperature of experiment was controlled at 
1400°C by using a laser pyrometer. In each stage of 
experiments, the first sample was taken before flux 
addition to identify the exact chemical composition of 
molten iron. Dried fluxes were added to the surface of 
the melt during 20 minutes and further samples were 
taken after 5, 10, 15 and 20 minutes; then they were 
analyzed.

3. Results and Discussion

The results of different stages of simultaneous 
removal of phosphorous and sulfurous from molten 
iron, using 40, 30, 20 and 10 percent of CaF2 in the flux 
composition are shown in Tables 1 to 4 respectively. 
Also, phosphorous and sulfurous changes against time 
in different stages are plotted in Figures 1 to 4. 
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Table 1. chemical composition of hot metal samples in 
the first stage

CSPSi
   Element

Time
(min)

4.1550.0650.2610.3700
3.9570.0550.2620.2405
3.3370.0430.2540.16010
3.2290.0330.2210.08015
3.2510.0210.1730.00420

Table 2. chemical composition of hot metal samples in 
the second stage

CSPSi
   Element

Time
(min)

4.0550.0620.2670.3900
3.8750.0500.2650.2085
3.4200.0380.2520.19010
3.3470.0250.2150.08015
3.2120.0170.1660.00520

Table 3. chemical composition of hot metal samples in 
the third stage

CSPSi
   Element

Time
(min)

4.3510.0660.2680.3300
4.0120.0570.2640.2105
3.5970.0460.2560.14010
3.3130.0370.2290.05015
3.1550.0200.1710.00420

Table 4. chemical composition of hot metal samples in 
the forth stage

CSPSi
   Element

Time
(min)

4.1100.0590.2590.4000
3.9120.0500.2610.3405
3.7840.0410.2510.27010
3.4200.0330.2310.19015
3.2270.0300.2100.11020

The results showed that in the first stage, 40 
percent CaF2 in flux composition, 34 percent 
dephosphorization and 68 percent desulfurization 
occurred. In the second stage, 30 percent CaF2 in flux 
composition, 38 percent removal of phosphorous and 
73 percent removal of sulfurous were obtained. The 
corresponding figures for third stage were 36 percent and 
70 percent, respectively. Finally, in the last stage with 10 
percent fluorine in the composition of flux, 19 percent 
removal of phosphorous and 49 percent of sulfurous 
was occurred. The study of results showed that when the 
amount of CaF2 decreased from 40 percent to 30 percent, 
phosphorous and sulfurous removal increased. On the 
other hand, in the third stage with 20 percent fluorine, 
desulfurization degree and dephosphorization degree 
went down slightly. Finally in the last stage, removal 
process decreased dramatically for both P and S which 
indicates a decrease in slag fluidity.
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Fig. 1. Phosphorus, sulfurous and silicon change vs. 
time in the first stage.

Step 2 - CaF2=30%

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4
0.45

0 5 10 15 20

Time (min)

W
t%

 P
 a

nd
 S

i

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

W
t%

 S

P Si S

Fig. 2. Phosphorus, sulfurous and silicon change vs. 
time in the second stage. 

Step 3 - CaF2=20%
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Fig. 3. Phosphorus, sulfurous and silicon change vs. 
time in the third stage.
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Step 4 - CaF2=10%
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Fig. 4. Phosphorus, sulfurous and silicon change vs. 
time in the fourth stage.

CaO-CaF2 equilibrium phase diagram is shown in 
Figure 5. According to this diagram, if the amount of 
CaF2 increases from 1 to 80 percent at 1400°C, CaO 
and liquid phase will be the stable phases. Liquid 
phase volume in the slag depends on CaF2 amount; the 
decrease in CaF2 amount reduces liquid phase volume. 
As a direct result of that, lime dissolution decreases 
steadily. The study of the first stage indicates that 
despite using 40 percent CaF2 in flux composition, 
refining process is less effective than the second stage. 

Fig. 5. CaO-CaF2 equilibrium phase diagram.

In order to deal with this matter, it is essential to 
consider Figure 6. This figure shows the effect of CaF2 
amount on phosphate capacity of slag. It is clear that 
increasing CaF2 amount in lime basis flux decreases 
phosphate capacity because of low basic capacity 
of CaF2 in comparison with CaO. So, hot metal 
pretreatment reaches its maximum degree by using 
30 percent CaF2 in the flux composition. But with 
respect to this important fact the increase of CaF2 to 
30 percent in the second stage has no particular effect 
on the refining results compared with third stage, and 
considering the environmental issues and refractory 
walls problems, the use of flux containing 20 percent 
CaF2 is identified as the optimum condition.

Fig. 6. Effect of CaF2 on phosphate capacity.

 Additional studies on lime efficiency in different 
stages using practical relations, illustrated by 
Kitamura4), has been done. 
ECaO = (27.1 × Δ [%P]) × 100 / WCaO                                         (1)
ECaO: lime efficiency (%)                                                                               
WCao: lime weight (Kg/ton)	

Figure 7 indicates lime efficiency in different 
stages. It is clear that the increase in CaF2 amount to 
more than 30 percent has no significant effect on lime 
efficiency because of decrease in the basic capacity 
of slag.
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Fig. 7. Lime efficiency in different stages.

4. Conclusions

1. Hot metal pretreatment results in the second stage, 
30 percent CaF2 in the flux composition, are in the 
maximum level, resulted by making the slag with 
suitable fluidity and basicity.
2. Refining process in the third stage, using a flux 
containing 20 percent of CaF2, is identified as the 
optimum condition.
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3. The increase in the amount of fluorine to more than 
30 percent due to decrease of slag basicity, has no any 
positive effect on lime efficiency.
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