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ABSTRACT 

This bachelor degree project is about determining the impact that additional bottom stirring may have 

on the desulphurization process at SSAB Luleå. During one week of field work steel samples were 

collected from 39 different heats. 31 of the heats were samples with the bottom stirring function 

enabled and the remaining 8 heats without the bottom blowing function, which is the standard method 

today at SSAB Luleå and they can be referred as references. Data from 15 old reference heats were 

also used for analysis. 

Two different behaviors of bottom stirring appeared and they were therefore separated to type 1 and 

type 2 bottom stirring. Type 1 bottom stirring turned out to have highest possibility of all methods to 

reach dissolved sulfur content of maximum 0.001%. If the ingoing dissolved sulfur content is around 

0.03% has type 1 bottom stirring 33% chance to reach 0.001% dissolved sulfur content already after 

13.3 minutes of injection and that can save sulfur reagents. The method with highest reagent efficiency 

showed type 1 bottom stirring to have, on second place came type 2 bottom stirring and the references 

showed to have lowest reagent efficiency.  

 

SAMMANFATTNING 

Det här examensarbetet handlar om att avgöra eventuell effekt som adderad bottenspolning av kvävgas 

kan ha på svavelreningsprocessen hos SSAB i Luleå. Under en veckas fältarbete så samlades 

stålprover ihop från 39 stycken olika smältor. Där 31 av smältorna hade bottenspolningsfunktionen på 

och resterande 8 smältor utan bottenspolning som är standard metoden idag på SSAB i Luleå och det 

kan därför refereras till som referenser. Även data från 15 stycken serier med referens stålprover som 

insamlats vid ett annat tillfälle användes till analysen. 

Två olika beteenden från bottenspolningen noterades och de separerades därmed till bottenspolning av 

typ 1 och typ 2. Bottenspolning av typ 1 visade sig ha högst chans av alla metoder att nå ett slutvärde 

av inlöst svavelhalt på maximalt 0,001 %. Om ingående svavelhalt är omkring 0,03 % så har 

bottenspolning av typ 1 en sannolikhet på 33  % att nå svavelhalter på 0,001 % redan efter 13,3 

minuters injektion av svavelreagens och det kan spara åtgången av svavelreagens. Metoden med 

högsta reagenseffektivitet visade sig typ 1 bottenspolning ha, på andra plats kom bottenspolning av typ 

2 och referenserna visade sig ha lägst reagenseffektivitet.   
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1. INTRODUCTION 

1.1 General information 

Lately there has been a lot of researching and experiments about how to reduce the sulfur contents in 

steel, because the market today is asking for steel grades with better properties. There by lowering the 

contents of sulfur in the steel, will the steel get less nonmetallic sulfur inclusions, show better 

resistance to cracking and decrease the risk of fatigue failure. [1, 2, 3] In order to achieve a low sulfur 

content in the steel has there been added a separate additional desulphurization station in the ore based 

steel making process right after the blast furnace station. Most of the sulfur inside the hot metal comes 

from organic fuel, such as coke that has been used as a reducing agent to remove oxygen during the 

blast furnace process. When the hot metal is tapped out from the blast furnace is the dissolved sulfur 

content between 0.02%-0.06% and needs to be reduced to 0.001%-0.02% depending on the steel grade 

that will be produced. [4] To achieve steel grades with low dissolved sulfur content doesn’t come 

without disadvantages. Such as longer desulphurization time and that means that more sulfur reagents 

is necessary which means higher costs. Furthermore another thing that comes along with increased 

desulphurization time is higher temperature losses of the hot metal that results in higher energy costs 

to keep the melt at the right temperature. It is also well known that the lower the levels of dissolved 

sulfur content that needs to be reached to, also comes with higher iron losses. 

The purpose of this bachelor project is to determine if additional bottom stirring of nitrogen gas will 

affect the desulphurization process. This project will focus on if the bottom stirring will affect the 

efficiency of the reagents. The possibility to reach lower final sulfur content in the hot metal and if the 

bottom stirring may affect the desulphurization rate variations over time. All experiments will be 

compared to the standard method that’s used at SSAB in Luleå. 

1.2 Desulphurization station 

At SSAB in Luleå is the molten iron tapped from torpedo wagons in to steel ladles that carries about 

130 tons of hot metal that will be transported to the desulphurization station. When the molten iron has 

arrived to the station will a lance be penetrated through the slag and down into the molten iron until it 

reaches its final position and that’s 44 cm above the bottom of the steel ladle. However the outlet holes 

from the lance is located 20 cm up on the lance, so the actual location where the reagents will be 

inserted is 64 cm above the bottom of the steel ladle. [4] When the lance is in its position will the 

insertion of reagents start, nitrogen gas is used as a carrier gas with the purpose to push out the 

reagents at a constant rate. See fig. 1 for a design of the steel ladle and fig. 2 for a picture of the 

ingoing lance.      
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Figure 1, showing the design of the steel ladle. 

 

Figure 2 illustrates an operating lance that’s injecting sulfur reagents at the desulphurization 

station at SSAB Luleå. 



6 
 

1.3 Desulfurizers 

The reagents are supposed to react with the dissolved sulfur in the hot metal by the following general 

reaction: 

S + MeO ↔ MeS + O  (1) 

As soon as the dissolved sulfur has reacted with the reagent will they float up on the top of the hot 

metal and form a slag. This is due to density differences.  

Traditionally has lime been used as a desulfurizer because of its low cost, but to achieve very low 

sulfur content is not lime especially effective. [3] Most of the steel grades that SSAB in Luleå is 

producing have dissolved sulfur content lower than 100 ppm and it’s not unusual that they’ve gone as 

low to 10 ppm of dissolved sulfur content when the desulphurization stops. In order to achieve so low 

sulfur content is more efficient desulfurizers needed then lime, therefor is SSAB in Luleå using 

calcium carbide, CaC2 and magnesium as desulfurizers. This project will only concern mono injections 

of CaC2 which is used for about 90% of the times in SSABs production in Luleå. SSAB wants to use 

CaC2 as often it’s possible, since it’s reducing the iron losses compared to use a combined injection of 

CaC2 and magnesium. However sometimes is not CaC2 good enough to reduce the sulfur content in 

the wanted time and therefore is a combined injection of CaC2 and magnesium inserted because of its 

higher desulphurization rate. 

SSAB in Luleå is using a calcium carbide mixture that contains 93.5% CaC2, 4.5% Carbon and 2% 

cryolite. Technical calcium carbide can also contains CaO and at SSAB the amount of CaO is 

calculated to 25%. Therefore two possible desulfurization reactions is possible.  

CaO(s) + S ↔ CaS(s) + O  (2) 

CaC2(s) + S ↔ CaS(s) + 2C  (3) 

The purpose of adding 4% carbon powder to the mixture is to make the reactions more exothermal, by 

doing this will approved stirring be achieved and also help the hot metal from losing temperature so 

fast. [4] 

Cryolite is a mineral that contains (Na/Al/Mg/F) and the purpose of adding 2% cryolite is to achieve 

lower viscosity to the slag. During the desulphurization process will hot metal droplets splash out and 

land on top of the slag. If the slag have lower viscosity it is more likely that more iron droplets will 

float back to the hot metal and that results in lower iron losses to the slag. [5, 6] 

The size of the powder is also an important factor, the smaller size gives bigger reaction area per 

weight. Therefore will reactions be more effective if small particles are used. At SSAB in Luleå is the 

diameter size 65 micron of the calcium carbide powder. [4, 7]  
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2. EXPERIMENTAL SECTION 

To compare if the desulphurization will be affected when bottom stirring of nitrogen gas were enabled 

or disabled it was necessary to take samples from both with the bottom stirring function on and 

without the bottom stirring function to get references. The bottom stirring function is the only 

parameter that was changed from the regular desulphurization process that’s used during mono-

injection at SSAB in Luleå. 

To this thesis work were 39 heats of different steel ladles sampled, 31 heats of steel samples with the 

bottom stirring function enabled and 8 heats with the bottom stirring function disabled. There were 

also 15 old heats used from M. Magnelöv and A. Carlsson-Dahlbergs earlier experiments. All 15 of 

them without the bottom stirring function and therefore should them be concerned as references. 

Two slag samples were also gathered after the desulphurization process. One slag sample when the 

bottom stirring was used and one sample without the bottom stirring function to be used as a reference. 

2.1 Steel sample preparation 

Before the desulphurization process can start, needs the operator manually to take a steel sample that 

will be sent immediately for analyzing the ingoing dissolved sulfur content. To receive a steel sample 

is a probe sent down to the hot metal and the sample gets sent for analyze. The location where all 

samples are collected is close to the center of the steel ladle at a deep of around 1.2 meter down in the 

melt. How the samples are collected is illustrated in fig. 3. 

As soon the sulfur content has been established can the desulphurization process start. During the 

ongoing desulphurization process were series of four more samples gathered for each heat. A few 

exceptions were made with bigger series up to seven samples because of curiosity to receive more 

measuring points. When the desulphurization process were done, the operator starts to remove the slag 

that’s been built up during the process. After the removal of slag was a final sample taken for each 

heat to measure the final sulfur content. The accuracy from the final sulfur content has a deviation that 

SSAB are aware of. If the final sample shows a sulfur that is 0.0014% is it possibly that the sample in 

fact can be low as 0.0008% and of course it can also be higher than 0.0014%. However 0.0014% of a 

final sulfur content is enough for SSAB to call it a successful heat to reach 0.001%. [4] 
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Figure 3 illustrates how steel samples are collected. 

2.2 Bottom stirring 

At SSAB in Luleå have all steel ladles the option to insert nitrogen gas from two inlet holes in the 

bottom of the ladles. See fig. 4 for the location of the inlet holes. During standard desulphurization 

process at SSAB Luleå is bottom stirring disabled. However when the desulphurization process is 

done and it’s time to remove the slag, can the operator manually start the bottom stirring so the slag 

starts to skim more. The purpose of having a skimming slag is that it makes the slagging process easier 

for the operator and it can also have a positive outcome with lower iron losses. [6] 

During this experimental trial were the operator instructed to start the bottom stirring at the same time 

as the injection of the reagent started. The thermodynamics can only tell if reaction (2) and (3) will 

happen or not at a certain temperature. The idea of having the bottom stirring function on during the 

desulphurization process is to achieve better mixing inside the hot metal to improve the kinetics and 

push reaction (2) and (3) faster to the right side. “It’s like coffee and sugar. If sugar is put inside a cup 

of coffee, it will be dissolved after some time. But if a spoon is added and the spoon starts to stir, the 

reaction will go much faster.” – Professor P. Jönsson. [8]  
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Figure 4 is a drawing of the steel ladles bottom that’s showing the location of the inlet holes that’s 

used to insert the nitrogen gas. 

3. RESULTS 

3.1 Bottom stirring injection rate 

The injection speed of nitrogen gas varies between 55-295 l/min depending on the condition of the 

steel ladle. Two different behaviors of bottom stirring were noticed and therefore will they be 

discussed separately in case they show different results on the desulphurization process.  

3.1.1 Bottom stirring of type 1 

When the operator starts the bottom stirring function peaks the injection speed to a high value 

measured in l/min during the first minute. After the peak stabilizes the injection speed to a relative 

constant value for the rest of the process. The typical type 1 behavior is plotted in fig. 1. Note that 

injection speed may differ from different charges. 
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Figure 5 shows the typical behavior of type 1 bottom stirring. Data from charge J6915. 

3.1.2 Bottom stirring of type 2 

For type 2 bottom stirring is the same behavior from start that the injection speed of nitrogen gas 

shows a peak when the operator starts the process. After the peak decreases the injection speed and the 

injection speed starts to increase over time. The typical type 2 behavior is plotted in fig. 2. Note that 

injection speed may differ from different charges. 

 

 

Figure 6 shows the typical behavior of type 2 bottom stirring. Data from charge S8210. 
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3.2 Effect of bottom stirring 

The reagents efficiency were calculated from eq. (1). 

η =
(S𝑏𝑒𝑓𝑜𝑟𝑒−S𝑎𝑓𝑡𝑒𝑟)∗mℎ𝑚

m𝑟𝑒𝑎𝑔𝑒𝑛𝑡∗
M𝑆

M𝑟𝑒𝑎𝑔𝑒𝑛𝑡

  (1) 

Were Sbefore is the disolved sulfur content before injection fo reagents and Safter is the dissolved sulfur 

content after, mhm is the mass of hot metal, mreagent is the mass of added reagent, MS is the molar weight 

of sulfur and Mreagent is the molar weight of the reagent. 

The reagent efficiency is plotted in relationship to the ingoing sulfur content in Figs. 7 and 8 to the 

relationship of starting temperature.  

 

 

Figure 7 shows the plot of reagent efficiency vs the ingoing sulfur content. 
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Figure 8 showing the plot of reagent efficiency vs the ingoing temperature measured in C° 

Average values for the reagents efficiency for different methods with different ingoing sulfur content 

in the range of 0.025% - 0.050% is shown in Table. 1. 

Starting dissolved 

sulfur (%) 

0,025-0,030 

Number of heats 

0,03-0,04 0,04-0,05 Average 

0,025-0,050 

 

Reference 

 

7,14% 

2 heats 

9,09% 

10 heats 

10,02% 

3 heats 

8,75% 

 

Type 1 

 

8,08% 

3 heats 

9,52% 

7 heats 

9,70% 

3 heats 

9,10% 

 

Type 2 

 

7,75% 

4 heats 

9,28% 

6 heats 

9,61% 

1 heat 

8,88% 

 

Table 1, shows reagents efficiency for different methods.  

Highest reagent efficiency has type 1 bottom stirring followed by type 2 bottom stirring and last comes 

references.  

3.3 Desulphurization rate 

The ratio between the dissolved sulfur content and time are plotted separately for type 1 bottom 

stirring, type 2 bottom stirring and references in Figs. 9 to 11. The vertical axes shows the dissolved 

sulfur content when the process starts and how it varies over time on the horizontal axis. 
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Figure 9 showing how the sulfur content varies over time for type 1 bottom stirring. 

 

Figure 10 showing how the sulfur content varies over time for type 2 bottom stirring. 
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Figure 11 showing how the sulfur content varies over time for type reference.. 

All figs. 9 to 11 shows that over time will the slope be decreasing from point to point. The slope from 

point to point can be calculated by eq. (2), which is also called the equation for desulphurization rate. 

K=
S𝑎𝑓𝑡𝑒𝑟−S𝑏𝑒𝑓𝑜𝑟𝑒

𝑡𝑎𝑓𝑡𝑒𝑟−𝑡𝑏𝑒𝑓𝑜𝑟𝑒
  (2) 

Since several series from the reference charges have one sample less per heat than the new heats were 

also the K value calculated between sample 4 and the sample that’s showing the final sulfur content. 

Calculated slope values for different period is shown in Tables. 2 to 4. The samples were collected in 

intervals of 200 kg added sulfur reagent and that corresponds to 3.3 minutes because of the constant 

injection rate of the sulfur reagents. 
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Ingoing 

sulfur (%) 

Slope 

Sample 

1-2 

Slope 

Sample 

2-3 

Slope 

Sample 

3-4 

Slope 

Sample 

4-5 

Slope 

Sample 

5-6 

Slope 

Sample 

4-final 

Slope 

Sample 

1-final 

0,05-0,06 -0,00439 -0,00508 -0,00240 N/A N/A -0,00108 -0,00284 

0,04-0,05 -0,00296 -0,00470 -0,00278 -0,00112 -0,00046 -0,00081 -0,00242 

0,03-0,04 -0,00346 -0,00354 -0,00186 -0,00061 -0,00025 -0,00047 -0,00214 

0,018-

0,03 

-0,00358 -0,00240 -0,00025 -0,0005 -0,00031 -0,00041 -0,00165 

Average 

value 

-0,00360 -0,00394 -0,00183 -0,00075 -0,00034 -0,00070 -0,00226 

Deviation 

+/- 

0,00790 0,001531 0,00157 0,000375 0,00012 0,00039 0,00062 

Table 2. Shows the slope for references.  

 

Ingoing 

sulfur (%) 

Slope 

Sample 

1-2 

Slope 

Sample 

2-3 

Slope 

Sample 

3-4 

Slope 

Sample 

4-5 

Slope 

Sample 

5-6 

Slope 

Sample 

4-final 

Slope 

Sample 

1-final 

0,05-0,06 -0,00282 -0,00529 N/A -0,00560 -0,00063 N/A -0,00265 

0,04-0,05 -0,00371 -0,00459 -0,00155 -0,00106 -0,00052 -0,0008 -0,00235 

0,03-0,04 -0,00421 -0,00427 -0,00173 -0,00049 -0,00025 -0,00041 -0,00231 

0,02-0,03 -0,00327 -0,00303 

 

-0,00104 

 

-0,00049 

 

-0,00021 

 

-0,00023 

 

-0,00202 

 

Average 

value 

-0,0035 

 

-0,0043 

 

-0,00144 

 

-0,00191 

 

-0,0004 

 

 

-0,00048 

 

-0,00233 

 

 

Deviation 

+/- 

0,00071 

 

0,00100 

 

0,0004 

 

0,00369 

 

0,00023 

 

0,00032 

 

0,00031 

 

Table 3. Shows the slope for type 1 bottom stirring.  
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Ingoing 

sulfur (%) 

Slope 

Sample 

1-2 

Slope 

Sample 

2-3 

Slope 

Sample 

3-4 

Slope 

Sample 

4-5 

Slope 

Sample 

5-6 

Slope 

Sample 

4-final 

Slope 

Sample 

1-final 

0,05-0,06 N/A N/A N/A N/A N/A N/A N/A 

0,04-0,05 -0,00257 -0,00501 -0,00259 -0,0011 -0,000370 -0,00069 -0,00222 

0,03-0,04 -0,00327 -0,004 -0,00211 -0,00082 -0,000295 -0,00058 -0,00217 

0,02-0,03 -0,00262 -0,0031 -0,00175 -0,00062 -0,000235 -0,00048 -0,0018 

 

Average 

value 

-0,00282 

 

-0,00404 

 

-0,00215 

 

-0,00085 

 

-0,0003 -0,00058 

 

-0,00206 

 

Deviation 

+/- 

0,000452 

 

0,000977 

 

0,000443 

 

0,000257 

 

0,00007 0,000105 0,00026 

Table 4. Shows the slope for type 2 bottom stirring.  

The stage with highest desulphurization rate for all types appears between sample 2 and 3 and that 

corresponds to the time range between 3.3 minutes to 6.7 minutes. See table 5 for the general range of 

remaining sulfur after 6.7 minutes. 

Type 

 

Starting sulfur  

0,014%-0,03% 

Starting sulfur 

0,03%-0,04% 

Starting sulfur 

0,04%-0,06% 

Reference 

After 7 minutes 

Remaining sulfur 

0,0011%-0,0065 

Remaining sulfur 

0,009%-0,014% 

Remaining sulfur 

0,017%-0,026% 

Type 1 

After 7 minutes 

Remaining sulfur 

0,0032%-0,0085% 

Remaining sulfur 

0,0064%-0,013% 

Remaining sulfur 

0,012%-0,023% 

Type 2 

After 7 minutes 

Remaining sulfur 

0,0018%-0,0124% 

Remaining sulfur 

0,0095%-0,0145% 

Remaining sulfur 

0,010%-0,015% 

Table 5, shows the remaining sulfur content after 7 minutes. 

After about 6.7 minutes injection of the calcium carbide mixture starts the desulphurization rate to 

decrease over time, this is true for all types according to Tables 2 to 4. 

3.4 Possibility to reach different levels of dissolved sulfur content. 

References charges has been compared towards type 1 and type 2 bottom stirring how big the 

possibility is to reach a final sulfur content that’s less than 0.0015% and 0.0010%. The results are 

listed in Tables. 6 to 8. 
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Ingoing 

sulfur (%) 

Remaining 

sulfur (%)  

After ≈ 

10min 

Remaining 

sulfur (%)  

After ≈ 

13,3min 

Remaining 

sulfur (%)  

Finnish 

Possibility 

to reach  sulfur 

levels ≤ 0,0015% 

Possibility to 

reach  sulfur 

levels ≤ 0,0010% 

0,05-0,06 0,011 N/A 0,001608 @13,3min=0% 

@Finnish=25% 

@13,3min=0% 

@Finnish=25% 

0,04-0,05 0,0078 0,00365 0,001857 @13,3min=0% 

@Finnish=0% 

@13,3min=0% 

@Finnish=0% 

0,03-0,04 0,0041 0,00222 0,001422 @13,3min=10% 

@Finnish=60% 

@13,3min=0% 

@Finnish=20% 

0,025-0,03 0,0030 0,00134 0,00075 @13,3min=50% 

@Finnish=100% 

@13,3min=0% 

@Finnish=50% 

>0,025 0,0022 0,00076 0,00050 @13,3min=75% 

@Finnish=100% 

@13,3min=75% 

@Finnish=100% 

Table 6, shows the possibilities for references to reach different sulfur levels. 

 

Ingoing 

sulfur (%) 

Remaining 

sulfur (%)  

After ≈ 

10min 

Remaining 

sulfur (%)  

After ≈ 

13,3min 

Remaining 

sulfur (%)  

Finnish 

Possibility 

to reach  sulfur 

levels ≤ 0,0015% 

Possibility to 

reach  sulfur 

levels ≤ 0,0010% 

0,05-0,06 0,0244 0,00526 0,00234 @13,3min=0% 

@Finnish=0% 

@13,3min=0% 

@Finnish=0% 

0,04-0,05 0,00729 0,00351 0,00166 @13,3min=0% 

@Finnish=50% 

@13,3min=0% 

@Finnish=25% 

0,03-0,04 0,00351 0,00165 0,001046 @13,3min=43% 

@Finnish=86% 

@13,3min=0% 

@Finnish=71% 

0,025-0,03 0,0022 0,00133 0,001127 @13,3min=33% 

@Finnish=67% 

@13,3min=33% 

@Finnish=67% 

>0,025 N/A N/A N/A @13,3min=N/A 

@Finnish=N/A 

@13,3min=N/A 

@Finnish=N/A 

Table 7, shows the possibilities for type 1 bottom stirring to reach different sulfur levels. 

One charge with type 1 bottom stirring with ingoing sulfur content of 0.0261% managed to reach 

0.001% already after 10.18 minutes. 
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Ingoing 

sulfur 

(%) 

Remaining 

sulfur (%)  

After ≈ 

10min 

Remaining 

sulfur (%)  

After ≈ 

13,3min 

Remaining 

sulfur (%)  

Finnish 

Possibility 

to reach  sulfur 

levels ≤ 0,0015% 

Possibility to reach  

sulfur levels ≤ 

0,0010% 

0,05-

0,06 

N/A N/A N/A @13,3min=N/A 

@Finnish=N/A 

@13,3min=N/A 

@Finnish=N/A 

0,04-

0,05 

0,00823 0,00269 0,001305 @13,3min=0% 

@Finnish=100% 

@13,3min=0% 

@Finnish=0% 

0,03-

0,04 

0,005142 0,00241 0,001496 @13,3min=17% 

@Finnish=50% 

@13,3min=0% 

@Finnish=0% 

0,025-

0,03 

0,003638 0,001477 0,001328 @13,3min=50% 

@Finnish=100% 

@13,3min=0% 

@Finnish=0% 

0,014 0,00088 N/A 0,00088 @13,3min=100% 

@Finnish=100% 

@13,3min=100% 

@Finnish=100% 

Table 8, shows the possibilities for type 2 bottom stirring to reach different sulfur levels. 

In Table. 9 is the total possibility listed to reach dissolved sulfur content ≤ 0.001% for all ingoing 

sulfur contents if the ingoing sulfur content is higher than 0.025%. 

Ingoing sulfur (%) Reference Type 1 Type 2 

All levels 8/23 = 35% 8/16 = 50% 1/15 = 7% 

0,025< 4/19 = 21% 8/16 = 50% 0/14 = 0% 

Table 9, compares possibilities for different methods to reach sulfur content ≥ 0,001%. 

The results from Tables. 6 to 8 are plotted in figs. 12 and 13. 

 

Figure 12, showing the possibility to reach sulfur levels ≤ 0.0015% for different methods. 
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Figure 13, showing the possibility to reach sulfur levels ≤ 0.0010% for different methods. 

In order to reach 0.0015% of final sulfur content shows type 2 bottom stirring the best results, next 

comes type 1 bottom stirring and lowest chance has references. 

However by instead looking for the possibility to reach 0.0010% of final dissolved sulfur content 

shows type 1 bottom stirring the best results, followed by the references and type 2 bottom stirring has 

the lowest chance to reach 0.0010%. 

3.5 Slag samples 

Two slag samples were totally collected. One from a reference, heat S8234. And one from heat S8235 

with type 2 bottom stirring applied. The slag compounds are listed in Tables. 10 and 11.  

Heat 

S8234 

FE 

54.6% 

CAO 

32.91% 

SIO2 

3.23% 

MNO 

0.42% 

P2O5 

0.06% 

AL2O3 

0.74% 

MGO 

0.09% 

NA2O 

0.00% 

K2O 

0.02% 

V2O5 

0.49% 

TIO2 

1.20% 

CR2O3 

0.05% 

GLF 

17.4% 

C_LECO 

8.89% 

S_LECO 

1.89% 

Table 10, showing the contents of different compounds in the slag of a reference. 

Heat 

S8235 

FE 

56.21% 

CAO 

28.81% 

SIO2 

3.40% 

MNO 

0.52% 

P2O5 

0.06% 

AL2O3 

0.64% 

MGO 

0.05% 

NA2O 

0.01% 

K2O 

0.02% 

V2O5 

0.74% 

TIO2 

3.31% 

CR2O3 

0.06% 

GLF 

18.1% 

C_LECO 

8.66% 

S_LECO 

1.65% 

Table 11, showing the contents of different compounds in the slag of a type 2 bottom stirring. 

The compound that differ most from the two different charges is the TiO2 content that’s 2.8 times 

higher in the slag were bottom stirring type 2 was applied.  
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4. DISCUSSION 

4.1 Bottom stirring differences between type 1 and type 2 

From start of this project it were never intended to appear two different appearance of bottom stirring. 

This was first established after the analysis of the injection rate of nitrogen gas. In the result they seem 

to appear randomly and out of control for the operator to predict if the bottom stirring will show type 1 

tendencies that’s plotted in fig. 5 or type 2 tendencies that’s plotted in fig. 6. The reason they divides 

in two different behaviors may be the variation of the condition of the inlet holes for different steel 

ladles. 

4.2  Reagents efficiency for different methods 

The reagent efficiency was calculated with eq. (1) and plotted against the ingoing dissolved sulfur 

content. That shows if the ingoing sulfur content is high will also the reagents efficiency be high as 

well and decrease with lower ingoing sulfur content. This is true for all methods and match up with 

previous work. [2, 9, 10] See fig. 14 for tendencies of different methods. The plot shows also different 

tendencies depending if bottom stirring is enabled or disabled. The data from the references without 

bottom stirring is much more scattered than for bottom stirring type 1 and type 2. If bottom stirring is 

enabled seems the plot almost to follow a strict line that shows how the reagents efficiency differ 

depending on different ingoing dissolved sulfur contents. The results shows that the reagent efficiency 

is highest for type 1 bottom stirring, then comes type 2 bottom stirring and lowest reagent efficiency 

has the references. This tells us that the extra mixing helps to increase the reagents efficiency. Fig. 14 

shows that type 1 bottom stirring shows the straightest line and with a slightly improved reagents 

efficiency compared to type 2 bottom stirring. These strong tendencies that both type 1 and type 2 

bottom stirring is showing can help to predict a more accurate amount of desulphurization agent that’s 

needed to reach wanted levels. 
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Figure 14, showing tendencies of reagent efficiency for different methods. 

The reason that references show a more scattered result compared to the bottom stirring may have 

something to do with gradients inside the hot metal. It’s possible that the extra stirring that’s added 

from the bottom stirring helps the hot metal to mixture the dissolved sulfur content faster and that 

results in a more homogenous distribution of the sulfur content. The grey marked zone in fig. 15A 

shows an estimated volume that may have lower dissolved sulfur content compared to the surrounding 

“dead spots”. The addition of bottom stirring may help the reagents to be transported to these “dead 

spots” and that would result in lower gradient differences of dissolved sulfur content inside the steel 

ladle. Fig. 15B suggest that the hot metal should appear in a more consistent distribution of dissolved 

sulfur content when bottom stirring is used. 
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Figure 15, illustrates predicted differences with references (left ladle) distribution of sulfur content 

compared to the distribution if bottom stirring (right ladle) is used.   

By overlooking fig. 8 again that shows the reagent efficiency plotted towards the starting temperature 

is it hard to find a pattern for different methods. It could be so that the temperature variations are too 

low to find differences. Furthermore the behavior of temperature losses during the desulphurization 

process doesn’t either shows any clear pattern that indicates that some of the methods would lose more 

temperature than another by comparison of the starting and ending temperature for different charges 

temperature data. 

4.3 Comparison of desulphurization rate for different methods 

Just by looking on the slope of the desulphurization rate plots or the ratio listed in Tables. 2 to 4 for 

the different methods is it hard to find a pattern that separates them in different rates at different time 

ranges. They all show the same pattern to peak in desulphurization rate after around 6.7 minutes were 

sample 3 is collected and as time passes the rate just slows down. Higher starting levels of dissolved 

sulfur content results in higher desulphurization rate and that’s also true for all methods and both these 

results confirm M. Magnelöv et.al previous results.[2, 10] The desulphurization rate doesn’t follow 

any particular pattern that varies over time. It seems to go up and down randomly for different periods 

and methods. By making the range of the ingoing dissolved sulfur content smaller would it give a 

more accurate estimation of the desulphurization rate for different periods and that could show 

stronger tendencies of the different methods. In order to do that is more heats needed with variation of 

different ingoing dissolved sulfur content for all methods.  

However by instead looking for the possibilities to reach different dissolved sulfur contents at 

specified times are some interesting result established that separates the different methods apart. Only 

one sample with starting condition of sulfur content higher than 0.05% managed to reach final 
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dissolved content at an acceptable level of 0.001% dissolved sulfur and that came from one of the 

reference tests. Furthermore were the average value for all methods with ingoing sulfur content of 

0.05% higher than 0.0016%. It’s hard to compare that category with bottom stirring type 1 and 2 

because the lack of data from heats that has a starting condition of dissolved sulfur content higher than 

0.05%. 

By instead looking for samples with starting dissolved sulfur content lower than 0.05% increases the 

possibilities to reach the acceptable level for references and type 1 bottom stirring. Type 1 bottom 

stirring shows higher possibilities to reach acceptable levels than references. 33% of the heats with 

starting condition around 0.03% dissolved sulfur content managed to reach acceptable levels already 

after 13.3 minutes of injection which neither references nor type 2 bottom stirring managed to 

accomplish.  

In an overall comparison in Table. 9 managed 35% of the references to reach a final sulfur content ≤ 

0.001% and type 1 bottom blowing had an accuracy of 50% and for type 2 bottom blowing only 7% of 

the charges reached the acceptable level. 

It has been established that with lower starting condition of dissolved sulfur content increases the 

possibilities to reach lower sulfur content. Since type 1 bottom stirring lack heats that has a starting 

condition of lower than 0.025% dissolved sulfur content is it more fair to compare heats with higher 

starting levels of dissolved sulfur content then 0.025%. That results that only 21% of the references 

manage to reach the acceptable level and 0% of type 2 bottom stirring managed to reach the 

acceptable level which is 0.001%. From this comparison has type 1 bottom stirring 29% higher chance 

then the references to reach 0.001% of final sulfur content.  

So how comes that bottom stirring type 2 appears to be the worst option if type 1 bottom stirring can 

show better results than the references? One explanation could be that type 2 bottom stirring don’t 

have any big effect until the end of the process when it reaches higher injection rate and by that time 

has already the injection of calcium carbide ended, but the mixing continues since the bottom stirring 

function were still on during this trials until the slag had been removed. So if these gradients with 

different dissolved sulfur content exists inside the steel ladle may they been mixed more completely 

after the end of the desulphurization process. Since the last sample are collected after the slag has been 

removed could this be a disadvantage for type 2 bottom stirring compared to the other methods. It 

would have been more accurate if samples could be collected from different positions to measure an 

average value. Take another look at fig. 15 and look for the orange spot. The spot illustrates the 

location were all samples are collected. It could be so that the references have an advantage that all 

samples are collected close to the center if the sulfur content is lower there than the average dissolved 

content of the surrounding hot metal.  

   



24 
 

 

5. CONCLUSIONS 

 By applying bottom stirring type 1 or bottom stirring type 2 increases the efficiency of the 

reagents compared to the references and the accuracy to predict the reagents efficiency 

increases also by applying bottom stirring.  

 

 

 If the ingoing sulfur content is higher than 0.04% is the chance to reach a final sulfur 

content ≤ 0.001% very small and that’s true for all methods. However by instead looking 

for the possibility to reach a final sulfur content of ≤ 0.0015% for the same heats is it 

much more likely to succeed by adding additional bottom stirring. 

 

 In order of highest possibility to reach a final dissolved sulfur content ≤ 0.001% is it most 

likely that type 1 bottom stirring will succeed, then comes the reference method without 

bottom stirring and type 2 bottom stirring appears to have the smallest chance.  

 

 

 If the ingoing sulfur content is around 0.03% is the possibility 33% to reach 0.001% 

dissolved sulfur content already after 13.3 minutes if bottom stirring type 1 is applied. 

One type 1 bottom stirring heat managed to reach 0.001% dissolved sulfur content after 

only 10.18 minutes. 

 

 

 The desulphurization rate for the different methods doesn’t show any strong tendencies to 

have different desulphurization rate that varies over time.  
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6. FUTURE WORK 

Some suggestions of future work in this area are listed here. 

1. Calculate how much the extra costs of nitrogen gas would be if the use of additional bottom stirring 

of nitrogen gas were supposed be used as a standard method at SSAB Luleå. 

2. It would be interesting if more bottom stirring data from more heats were collected. That could give 

a more accurate desulphurization rate. 

3. Determine why two different types of bottom stirring appears. 

4. It could be interesting to analyze the steel samples further to see if the extra nitrogen gas has any 

effect on the titanium compounds in the hot metal, since the slag from the bottom stirring heat contains 

almost 3 times higher amount of TiO2.     
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