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 Abstract  
The filler-sand is a barrier between the slide gate system and the liquid metal in the steel 

ladle. During the casting process, the sintered sand should brake due to the ferrostatic pressure 

from the molten metal to initiate the teaming. This procedure is called a spontaneous opening 

in the casting context. However, this is not always the case, as the filler-sand that protects the 

sliding gate, through which the metal passes, often blocks the exit hole. 

This study, taking place at Uddeholm in Hagfors, Sweden, investigates the preheating, the 

refining and the casting process by analyzing the ladle cleaning, sand additions, amount of 

sand, sintering times and stirring. The aim of the study is to contribute to a better 

understanding concerning the reasons for complications with the spontaneous opening of the 

tapping hole. The study finds that the pre-sintering time has a bearing on whether the free 

opening is successful or not, as the longest and shortest pre-sintering times proved to have a 

higher rate of non-spontaneous openings. The time from when stirring is stopped to when the 

sliding gate is opened also correlates well, where longer times lead to more non-spontaneous 

openings. However, there is no evidence of any correlation between how thoroughly the 

filler-sand covers the hole and the occurrence of non-spontaneous openings.  

 

Keywords: Filler-sand, Sintering time, Filler-sand placement, Filler-sand coverage, Strirring, 

Ladle free open 

 

 

 

 

 

 

 

 

 

 



 Sammanfattning 

Skivtärningssand agerar som en barriär mellan tappningshålet och stålsmältan i en skänk. Vid 

gjutning av metaller öppnas skivtärningen under skänken och skivtärningssanden som 

blockerar tappningshålet ska då falla till följd av stålsmältans tryck s.k. spontanöppning. Dock 

räcker inte alltid det ferrostatiska trycket från smältan för att ta sönder den sintrade sanden. 

I undersökningarna som utfördes under 5 dagar i Uddeholm i Hagfors ingick mätning av 

sintringstid, rengöring av varje skänk, placering och mängden skivtärningssand och 

omrörningen. Syftet med denna studie är att bidra till en bättre förståelse av orsakerna till icke 

spontanöppning vid gjutningsprocess. Studien visar att sinteringstiden under förvärmningen 

har den största påverkan på huruvida spontan öppningens presterande. Den längsta och 

kortaste sinteringstiden visade sig ha en högre grad av icke-spontana öppningar. Det finns 

emellertid inga tecken på något samband av hur noggrant fillersanden täcker hålet och 

förekomsten av icke-spontana öppningar. 

 
Nyckelord: Skivtärningssand, sintringstid, sandplacering, täckningsgrad, omrörning, spontan-
öppning 
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1. Introduction 
This report is done as a part of the bachelor’s degree in Material Science at The Royal 

Institute of Technology in Stockholm, Sweden. The report is compiled together with 

Uddeholm AB in Hagfors, Sweden.  

 

Uddeholm is a world leading producer of tool steel used in industrial tools. Their steel is used 

globally and together with Assab they are represented in Europe, North America and Asia. 

Their head office is located in Hagfors, Sweden. Uddeholm AB Hagfors uses scrap based 

steelmaking only. The company has about 3000 employees around the world. Uddeholm 

strives to achieve a sustainable manufacturing and constantly set goals for their products 

where social, environmental and economic aspects need to be balanced [1]. The operators at 

Uddeholm work 8-hour shift where they biweekly work night time. The work tasks are 

uniform and consist of sand throwing, ladle transport, cleaning the ladle, oxygen blowing and 

display controlling. Workers at Uddeholm are exposed to many risks daily, as most of the 

processes are not yet fully automated. At some steelworks there is, for example, a glass 

barrier between the ladle and operator during the oxygen blowing; but the operators in 

Uddeholm only wear silver suits which protect them against steel splatter [2]. Steelworks 

today are a male-dominated branch with a gender distribution of about 25 percent women. 

Over the past year, it has been a lot of disparity to increase gender equality in the steelworks 

by recruiting several women and trying to reduce discrimination that often appears in men-

dominated industries [3].  

 

 Ladle metallurgy is an important part of the steelmaking industry. The purpose of ladle 

metallurgy is desulphurization, deoxidation, alloying and inclusion shape control during the 

refining process [4]. The cleanliness of the steel is based on the number, size and distribution 

of inclusions [5]. 

In the ladle, filler-sand is applied on top of the tapping hole before the ladle is filled to protect 

the nozzle from the liquid metal during the refining process. When the sliding gate in the 

nozzle is opened, the goal is that the ladle freely opens, which means that the sand breaks due 

to the pressure of the liquid metal. If the ladle does not open, the nozzle needs to be opened 

through oxygen burning. The oxygen burning decreases the cleanliness of the product [6]. 
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Uddeholm experience this problem and wish to study how it can be decreased. The free 

opening rate varies in their production, but their ambition is to increase the free opening rate 

to the maximum extent possible [2]. 

 

The purpose of this report is to highlight and investigate stages in the ladle cycle which affect 

the free-opening. Data were collected for the cleaning and emptying of the ladle, the sand 

placement, the sand coverage, the sintering time and the time from stirring is stopped to 

teeming begins. 

The aim is to identify stages in their production which affects the free opening rate negatively 

and to find suggestions on how these stages can be improved in this regard.  
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2. Filler-sand in steel making 

2.1   Spontaneous Opening 

An important mechanism in steel making is the spontaneous opening of the ladle to initiate 

the teeming. The ladle has a tapping hole at the bottom, which is blocked by filler-sand. The 

sand is a barrier between the liquid metal and the sliding gate system which is controlled by 

the ladle operator. When the slide gate system under the nozzle is opened, the goal is that the 

sintered layer breaks due to the pressure of the liquid metal and the sand pours out of the 

nozzle [6,7]. However, this is not always the case, hence the sintered sand needs to be 

broken manually by oxygen burning. The oxygen burning is done through a steel pipe 

connected to an oxygen gas source. The oxygen gas jets out of the steel pipe and is set afire. 

While burning, the pipe is inserted from underneath into the nozzle. The tip of the lance 

gradually melts and sometimes more than one pipe are needed [8]. 

 

The oxygen burning can have a negative effect on the steels cleanliness, because of the high 

amount of oxygen used during the late stage of the production. 

There are three main mechanisms responsible for the non-spontaneous openings. The sintered 

layer gets too thick, the sand gets penetrated by the melt and clogs up the nozzle and too low 

ladle temperature which causes the steel bath to solidify along the lining of the ladle [8]. 

2.1.1   Filler-sand properties 

The perfect filler-sand has a good balance between particle size, porosity, density and correct 

chemical substance. Usually filler-sand is made of silicon dioxide and chromite [8].  

At Uddeholm only one type of sand is used as filler-sand. [2, 9] The slide gate sand used in 

Uddeholm is Tapex F 327, which are mainly consists of silicon dioxide, chromium oxide, iron 

oxide and aluminum oxide [A]. 

2.1.2   Filler-sand placement 

Each steel company uses different techniques for filler-sand applications.  At Uddeholm the 

operators throw the sand by hand into the ladle [2]. The filler-sand is parted in plastic bags 

weighing 4 kg; proximally three bags are thrown in every ladle. The goal for the operator is to 

throw all the sandbags in the middle of the tapping hole since the filler-sand is gradually worn 
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down. No equipment is required, although there are difficulties throwing the sand so that it 

covers the opening [9] [2].  

In previous studies [9], different methods for the placement of filler-sand has been suggested. 

One technique is to place a tube of metal over the tapping hole, pour the sand so it covers the 

sliding gate system. This gives a quite accurate placement of the sand. However, the tube will 

be heated and difficult to handle. 

Another alternative is to place a sand patron when the ladle is down for cleaning. The patron 

is made of sheet metal and will melt when tapping the metal [9]. 

2.2   Sintering process 

When the sand is sintered, the conditions to form a thin sintered layer is extremely important. 

If the sintered layer is too thick a higher pressure is required for the ladle to spontaneously 

open. If its too thin, the sand can get penetrated which will clog the nozzle. 

The filler-sand needs a high refractoriness since the ladle temperature is about 1600 degrees 

[2]. When the sand is heated in the high temperature ladle, the chromite and 

silica will react to a liquid formation which is transformed to a high strength layer 

during the sintering process [8]. Also, longer holding time contribute to more liquid phase 

which leads to a more intensive sintering [12]. 

How long the filler-sand is in the ladle before the molten metal are poured into the ladle, is 

called pre-sintering time. The sintering varies on temperature, porosity demanded. Usually the 

sintering time depends on the physical and mechanical supplies the steel will have [8]. 

If the sintering time is short, high temperature is needed but if the sintering time is long the 

sand can get sintered at lower temperature [13]. 

Usually low temperature and holding time are preferred during the sintering process to 

increase the effectivity of the production and reduce environmental impact [8]. 

 

There are two different steps in the sintering process of filler-sand in steel ladle. The first step 

is the sintering by the high temperature air in the ladle at the preheating station. The second 

step is when the liquid steel is in contact with the filler-sand during the refining process. In 

previous studies, the influence of the holding time and sintering temperature has been 

examined regarding the to the sintering mechanism. The results show that the amount of 

liquid phase, at the same temperature, is much larger when the sand is in contact the molten 

metal compared to if it’s just sintered by the air [12]. 
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During the refining process in the ladle, the sintered layer is worn down gradually by erosion. 

This creates a dualism between the sintering thickness increasing and the outer layer being 

worn down. This ware rate is essential for the free opening rate, as the sintered layer would 

become too thick without it [9].  

2.3   Casting Process 

This method is used for casting metals that are inappropriate for continuous casting, because 

of the extremely differences in composition when solidifying. This means that when a metal 

is cooling the whole material will not solidify at the same time. Which will result in different 

microstructures and compositions. Therefore, it can be more suitable to ingot cast these 

metals; by uphill casting where the molten metal is poured into a permanent mould from the 

bottom, as shown in fig.1 [14]. Ingot casting can also be made by downhill casting; metal is 

poured from the top into the mold. Before tapping into the mould the liquid metal in bottle of 

the ladle is let out with the filler-sand in order to get a cleaner steel. The molds are filled up 

with metal after which they are left to chill before milling [15]. 

When the steel decrees in volume it can result in a shrinkage and if the shrinkage is huge the 

metal must be re-melted. By using isolating plates at the top of the mould this can be 

prevented [16]. 

 
 Fig 1: Sketch of uphill casting [15] 

2.4   Preparing the ladle 

Directly after the casting process is complete, the ladle needs to be prepared for the next 

round. The preparation includes emptying the ladle, cleaning the nozzle and if needed, 

changing or repairing the nozzle parts and the lining [2]. 

The last section of the steel bath in the previous heat is not used in the teeming and is poured 

out through the nozzle. When as much as possible has been poured out, the ladle is tilted 
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upside down, to let the remaining residue pour out. The goal with this procedure is to remove 

as much residue as possible, but inevitably some will remain in the ladle. The residue is 

poured into containers to be reused. At Uddeholm this is done twice, once before cleaning the 

nozzle and once after [2]. 

2.4   Cleaning the nozzle 

The nozzle is cleaned from residue between the heats. This is done by blowing oxygen into 

the nozzle from the bottom after the first tilting. This will remove the remaining residue but 

accelerates the wear rate of the nozzle [18]. 

2.5   Changing nozzle parts and lining 

The nozzle of the ladle is exposed to high temperatures, rapid changes in temperature, flow 

and chemical erosion. Therefore, the nozzle parts as seen in fig 2 needs to be changed 

regularly. At Uddeholm the outer nozzle and the sliding plates are change every fourth heat 

and every twelfth heat the inner nozzle is changed as well [19]. 

 

The lining of the ladle is worn down by corrosion. The refractory is consumed in the whole 

ladle, but the consumption is faster in the slag-zone than in the melt-zone [20]. Due to this 

wear, the lining needs to be changed or repaired to avoid the damaged. At Uddeholm the 

lifetime of a ladle is generally 24 heats, then it goes through a total repair where the lining and 

all the nozzle parts are changed [2]. 

 
Fig. 2: Nozzle parts of the sliding gate system [20] 

2.6   Preheating of ladle 

When the ladle is not used between the castings, preheating is essential in order to elude low 

temperatures. If the temperature gets to low the ladle wall can be damaged by thermal shock 
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of the refractory lining, when the molten metal is tapped in to the ladle.  The preheating 

process is also important because of the heat losses when pouring. [10] A preferable 

temperature is a few degrees lower than the molten metal [11]. 

2.7   Steel cleanliness  

2.7.1	  	  	  Inclusions	  
The steel needs to be deoxidized before the teeming begins. Inclusions in the melt are formed 

when oxygen reacts with the steel. During the refining process, primary inclusions are 

formed. These can be separated from the melt by being separated to the lining or slag during 

stirring. During the stirring process, inclusions tend to get stuck in one another, hence clusters 

of inclusions are formed and continuously increase in size. Combining Stoke’s law, shown in 

equation 1 [22], with the force acting downward on the particle, it can be stated that the 

floating capacity of the particle depends on the absolute particle size, the viscosity of the fluid 

and density difference the melt and the particle.  

 

𝑣 = # $%&$' ()'

*+
   (Equation 1) 

Where v equals the downward velocity of the particle, d1 the density of the particle, d2 the 

density of the liquid, g the gravitational force, r the radius of the particle and µ the viscosity 

of the liquid. If d2 is greater than d1 the velocity will be negative, meaning the particle will 

rise instead of sink. This equation assumes that the particle is a sphere, which is not correct in 

this case. Therefore, the exact velocity of the particle cannot be calculated, but the principals 

remain the same. 

This allows inclusions to rise through the steel bath to the top slag of the melt. If the density 

difference between the particle and the melt is small, the inclusions are separated from the 

steel bath only by stirring; Such as the case for the Al2O3 inclusions [16]. 

The solubility of oxygen in solid phase steel is close to non-existent. When the steel solidifies, 

the remaining oxygen in the steel will react to the surrounding and form oxides which results 

in secondary inclusions [16]. 

2.7.2	  	  	  Deoxidation	  
Deoxidation during the refining process can occur in the steel in several ways. Vacuum 

treatment can be used to decrease the partial pressure of CO to force the reaction C + O → 

CO(g) to the right. Vacuum treatment is seldom used as the only way of deoxidize the melt 

because of high risks of reoxidation more over it is considered time consuming in comparison 
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to other available methods. Another method is to add a deoxidant. Usually aluminum or silica 

is preferred because of its high affinity to oxygen. 

The activity of oxygen can be lowered by adding multiple deoxidant, which forms complex 

oxidation products resulting in a much lower oxygen activity. Fe-Mn-Si + 3O → MnO-SiO2 + 

Fe and Ca-Si + 3O → CaO-SiO2 are examples of reactions happening when complex 

deoxidants are used to create complex products [16]. 

2.7.3	  	  	  Reoxidation	  
When the steel bath is exposed to oxygen from an external source after the deoxidation, the 

melt will reoxidize. The dissolved oxygen content is low in the steel after the deoxidation, 

which makes the driving force to redeem oxygen high. If the melt is exposed to oxygen gas or 

the surrounding air, reoxidation will occur. If the melt was deoxidized with deoxidants with 

high affinity to oxygen, they can react with the lining and the filler-sand containing SiO2. 

Hence oxygen is reintroduced into the melt. The liquid steel can also react with the slag if it 

contains high content of MnO and FeO, deslagging is therefore necessary. Oxygen added 

after the deoxidation will increase the amount of secondary inclusions during the 

solidification [16] 
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3. Method 
 
The experimental part of this study took place at Uddeholm in Hagfors.  For four days and 

two nights, the operators were accompanied in order to get an overview of the process. The 

methods used were supervised by Karin Steneholm and performed according to her 

recommendations and information. Data for each heat was collected for comparison for the 

survey. All the results are from full scale production. 

3.1   Preparation 

First, the heat number and the ladle number were noticed. At the first step of the ladle 

cleaning, the remaining residue was poured out. The ladle was tilted 150° and the time was 

recorded, using a timer. Then, the nozzle was cleaned with a burning oxygen pipe.  

Any abnormalities were documented, such as the residue being difficult to blow out.  

After the cleaning the ladle was tilted again and the time for the second tilt was recorded. The 

ladle was then transported to either the preheating station or to the nozzle change station. If 

the ladle was transported to the nozzle change station it was the part changed and the event 

was documented. This data was taken to be able to investigate if the cleaning for each ladle 

was done properly and how much residue was removed by tilting the ladle. 

3.2    Sand throw and sintering 

When the ladle was positioned at the preheating station, sand was thrown onto the tapping 

hole. A drawing of the bottom of the ladle and the tapping hole was prepared for each heat as 

shown in fig. 3. The landing point of the sand throw was documented and the sand coverage 

of the tapping hole was estimated to 50%, 75% or 100%.    

 

 
 

 

 
 

 

 

 

   

Fig. 3 Example of documented sand throws and sand coverage 
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The pre-sintering time is the time before liquid metal is poured into the ladle. In order to 

calculate the pre-sintering time, the time sand was thrown onto the tapping hole was recorded 

using a clock. The time the electric arc furnace tapped metal into the ladle was registered by 

Uddeholm’s local computer system. The time between these two events is called the pre-

sintering time in this report. During this time the ladle was positioned at the preheating 

station. The time between tapping from the electric arc furnace to the teeming start was 

documented as well. The time from when stirring stopped to teeming began was also 

collected in retrospect. Both the time for when the teeming started and stirring was stopped 

was registered in Uddeholm’s local computer system and could be gathered directly from the 

operators or in retrospect.  

The sintering time has an impact on the free open. With this data, the influence of the pre-

sintering during the preheating and sintering during the refining process will be investigated.  

3.3   Spontaneous opening and the teeming stream 

The casting was investigated to observe the free opening process. When the opening was 

spontaneous the filler-sand fell out before the metal. If the opening was nonspontaneous the 

operators had to open it manually with oxygen burning. Documentation was made if the 

operators tried to break the sintered layer by poking it from underneath with the pipe. If this 

was unsuccessful the number of oxygen pipes needed to open the tapping hole was 

noted.  The stream of the metal flow was observed by sight and the stream directly after the 

opening was documented. The lumps were estimated on a scale from 1 to 3, where 3 

corresponds to lumpy stream, 1 not lumpy and 2 something in between. This was investigated 

to be able to analyze if chunks of the sintered filler-sand are blown into the steel bath when 

the opening was non-spontaneous.  
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4. Results 
The heats are sorted from A to S. In total during our visit there were 27 heats. Due to 
company policies the exact heat numbers cannot be provided. The heats are sorted in 
ascending order, but until G the heat rounds are not continuous. The number of rounds since 
heat A is shown in brackets in table 1, first column. This is due to the data not being gathered 
correctly and the night shifts not being covered. From H to S the data is continuous. Table 1 
shows the overall data for our results.  
 
Table 1. Overall data of the results. The lines with red text are the non-spontaneous openings. The heat numbers 

are ordered in time, but not continuous heats after one another.  

Heat nr. Ladle 

nr. 

Spontaneous/ 

Pipes used 

Nr. Of 

sand bags 

Sand 

coverage 

Pre-sintering 

time 

Sintering time Time: 

1st tilt 

Time: 

2nd tilt 

Nozzle 

change 

A (1) 16 S 3 75% 290 140 34 17  

B (3) 18 S 5 75% 472 208 28 20  

C (5) 18 Pipes: 1 5 50% 8 161 14 7 Outer 

D (8) 18 S 4 100% 379 241 15 10  

E (9) 16 S 4 100% 280 177 14 9  

F (11) 19 Pipes: 1 4 100% 464 297 18 5 Outer 

G (12) 17 S - 100% 326 176 New New Total 

H (14) 19 S 3 100% 426 214 20 13  

I (15) 17 S 4 100% 330 188 21 6  

J (16) 16 S 4 75% 288 148 15 8 Outer 

K (17) 17 S 4 100% 146 153 30 20  

L (18) 16 Pipes: 1 4 100% 116 299 - -  

M (19) 17 S 3 100% 197 257 34 26 Outer 

N (20) 16 Pipes: 2 3 100% 47 210 18 10  

O (21) 19 Pipes: 2 4 75% 1150 190 18 13  

P (22) 17 Pipes:1 4 75% 267 299 24 8  

Q (23) 16 Pipes: 1 4 100% 223 294 34 12 Outer 

R (24) 17 S 5 100% 112 204 17 5  

S (25) 19 Pipes: 1 3 100% 505 230 19 11 Outer 

 

Total 

Average 

  

11 S (58%) 

8 N-S (42%) 

 

3,9 

 

90% 

 

317 min 

 

215 min 

 

22 s 

 

11 s 

6 outer 

1 total 
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4.1   Comparison 

A comparison for the parameters investigated are shown in table 2. It shows the parameters as 

average per ladle for the spontaneous and nonspontaneous openings. The right column shows 

the difference between them, where nonspontaneous is defined as positive. All the parameters 

presented will be covered in this report.  

 
       Table 2. A comparison between heats with spontaneous and nonspontaneous opening for  
       the data investigated.  

 Spontaneous 
(average per ladle) 

Non-spontaneous 
(average per ladle) 

Difference ({+} non-

spontaneous) 

Number of sandbags used 3,7 bags 4,1 bags +0,4 bags 

Sand coverage (%) 93% 87,5% -5,5% 

Sandbags direct hit 1.7 bags 

(46%) 
1.6 (39%) -0,1 bags 

Sandbags misses 2.0 bags 

(54%) 
2.5 (61%) +0,5 bags 

 

Pre-sintering time 
Average: 295 min 
Longest: 472 min 
Shortest:112 min 

Average: 347 

min 
Longest: 1150 

min 
Shortest: 8 min 

Average: +52 min 
Longest: +678 min 
Shortest: -104 min 

 

Sintering time 

Average: 194 min 

Longest: 257 min 

Shortest: 140 min 

Average: 244 

min 

Longest: 299 min 

Shortest: 161 

min 

Average: +50 

Longest: +42 

Shortest: +21 

Tilting time before cleaning Average: 23 s 
Longest: 34 s 
Shortest: 14 s 

Average: 21s 
Longest: 34 
Shortest: 14 

Average: -2 s 
Longest: 0 s 
Shortest: 0 s 

Tilting time after cleaning Average: 13 s 
Longest: 26 s 
Shortest: 5 s 

9s 
Longest: 13 s 
Shortest: 5 s 

Average: -4 s 
Longest: -13 s 
Shortest: 0 s 

Free opening rate after nozzle 

change 
33% (2/6) 67% (4/6) +34% (+2) 
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4.2   General 

The total number of spontaneous and non-spontaneous openings were considered to calculate 

the free opening rate in total. The free opening rate was 11 out of 19, 58%, for the heats that 

were investigate from preparation to tapping and 18 out of 27 heats, 66%, were spontaneous 

in total during our visit. The operators tried to break the sand by poking it for all heats with 

non-spontaneous opening, but it never successfully broke the sintered layer. The non-

spontaneous openings tendency to pile up was investigated. Between heat L and heat S, only 

two out of eight ladles freely opened.  

4.3   Sand throws 

The amount of sand and the coverage of the nozzle is of importance for the free opening rate. 

For the non-spontaneous openings 0,4 more bags were thrown on average per ladle, but 0,1 

fewer bags hit the nozzle directly. The average coverage of the nozzle was 5,5% greater for 

the ladles that opened spontaneously. Shown in table 3. Bags directly hitting the nozzle was in 

total 43%.  

   
       Table 3. Results for the sand throws and sand coverage. 

 Spontaneous 
(average per ladle) 

Nonspontaneous 
(average per ladle) 

Difference (non-spontaneous) 

Number of sandbags thrown 3,7 bags 4,1 bags +0,4 bags 

Sand coverage of the nozzle (%) 93% 87,5% -5,5% 

Sandbags direct hit on the nozzle 1.7 bags (46%) 1.6 (39%) -0,1 bags 

Sandbags misses of the nozzle 2.0 bags (54%) 2.5 (61%) +0,5 bags 

 

4.4   Tilting time during preparation 

The first tilting did not vary noticeably between the spontaneous and nonspontaneous 

openings. The second tilt was on average 13 seconds for the spontaneous casting and 9 

seconds for the nonspontaneous casting, as shown in table 4. However, the tilting time is well 

below Uddeholms local guideline of 60 second for both tilts.  
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           Table 4. Results for the first and second tilt during preparation. 

 Spontaneous 
(average per ladle) 

Non-spontaneous 
(average per ladle) 

Difference (non-spontaneous) 

First tilting time,  

before nozzle cleaning 
 

Average: 23 s 
Longest: 34 s 
Shortest: 14 s 

Average: 21 s 
Longest: 34 s 
Shortest: 14 s 

Average: -2 s 
Longest: 0 s 
Shortest: 0 s 

Second tilting time,  

after nozzle cleaning 

Average: 13 s 
Longest: 26 s 
Shortest: 5 s 

Average: 9 s 
Longest: 13 s 
Shortest: 5 s 

Average: -4 s 
Longest: -13 s 
Shortest: 0 s 

4.5   Pre-sintering times 

This is the time from when sand was thrown into the ladle and melt tapped into it from the 

electric arc furnace. This was calculated to investigate whether the sintering during this time 

interval was of importance to the free opening rate. Between 280 and 426 minutes pre-

sintering time the spontaneous opening rate is 100%. Seven out of 19 of the ladles had a pre-

sintering time within this time range. Longer pre-sintering times had a spontaneous opening 

rate of 25% and shorter an opening rate of 37,5%, seen in figure 1. The results show a 

correlation between pre-sintering time and free-opening. The average pre-sintering time for 

the spontaneous openings was 295 minutes and for the nonspontaneous 347 minutes. The pre-

sintering time varies more for the nonspontaneous than for the spontaneous, even though the 

average times are similar, as can be seen in table 5. 

 
           Table 5. Results for the pre-sintering time. 

 Spontaneous 

(average per ladle) 

Non-spontaneous 

(average per ladle) 

Difference (non-spontaneous) 

Pre-sintering time Average: 295 min 

Longest: 472 min 

Shortest:112 min 

Average: 347 min 

Longest: 1150 min 

Shortest: 8 min 

Average: +52 min 

Longest: +678 min 

Shortest: -104 min 
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Graph 1. Shows the pre-sintering time in order from the shortest to longest for all heats. Red bars are 

non-spontaneous and blue bars are spontaneous.  

 

4.6   Heats between usage of a ladle 

There are three ladles in circulation. Every ladle is used every third time on average. Hence, 

two heats between since the last usage. However, this varies, as can be seen in table 7. The 

data is taken from table 6. The ladles used every third time has the highest spontaneous 

opening rate of 75%, whilst ladles used with 3 heats between has the lowest spontaneous 

opening rate of 33%. The average pre-sintering time for the ladles with 2 heats between is 310 

minutes and has the highest opening rate, which correlates to the results for the pre-sintering 

time.  
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Table 6. Number of heats since last usage of the ladle, among previously presented data. 
Heat nr. Ladle 

nr. 
Pre-sintering 

time 
Number of 

heats between 
Spontaneous/ 

Pipes used 
Nozzle 

change 

A 16 290 2 S  
B 18 472 3 S  
C 18 8 1 Pipes: 1 Outer 
D 18 379 2 S  
E 16 280 2 S  
F 19 464 3 Pipes: 1 Outer 
G 17 326 new S Total 
H 19 426 2 S  
I 17 330 2 S  
J 16 288 2 S Outer 
K 17 146 1 S  
L 16 116 1 Pipes: 1  
M 17 197 1 S Outer 
N 16 47 1 Pipes: 2  
O 19 1150 6 Pipes: 2  
P 17 267 2 Pipes:1  
Q 16 223 2 Pipes: 1 Outer 
R 17 112 1 S  
S 19 505 3 Pipes: 1 Outer 

 

Table 7. Free opening rate and average pre-sintering time for heats with different number of heats 

between since last usage of the ladle.  

 Total Spontaneous Non-

spontaneous 
Percentage 

spontaneous 
Average pre-

sintering time 
2 heats 

between 
 

8 
 

         6 
 

2 
 

75% 
 

310 min 
1 heat 

between 
 

6 
 

3 
 

3 
 

50% 
 

104 min 
3 heats 

between 
 

3 
 

2 
 

1 
 

33% 
 

480 min 
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4.7   Performance of each ladle 

The ladles are not used equally often, and their performance differ. The spontaneous opening 

rate, average sintering time and usage frequency of each ladle are shown in table 8. Ladle 16 

and 17 are used more frequent than every third heat and ladle 19 is used less than every third 

heat. A total repair of the lining and the nozzle is done on ladle 17 before going into 

production in heat G. It has the highest opening rate and is used most frequent. Ladle number 

19 is used much less frequent and is in the end of its life cycle. Heat S, the last heat 

investigated, ladle number 19 is on its nineteenth cycle since total repair of the lining and 7 

cycles since change of the inner nozzle.  

 
 
  Table 8. Free opening rate, average pre-sintering time and average heats between usage for each ladle. 

Ladle 
nr. 

Spontaneous 
opening rate 

Percentage 
spontaneous 

Average pre-
sintering time (min) 

Average heats 
between usage 

16 3/6 50% 207 min 1,66 < 2 
17 5/6 83% 229 min 1,4 < 2 
18 2/3 67% 286 min 2 
19 1/4 25% 636 min 3,66 > 2 

 

4.8   The outer nozzle change 

Only 33% of the heats right after an outer nozzle change had a spontaneous opening, as 

shown in table 9. 

The pre-sintering time while the heats between the last usage of the ladle are consider, Tb, can 

be calculated using equation 2.  

 

𝑇. =
/01
2	  

4

5
        (Equation 2) 

 

Where Tb is the pre-sintering time where heats between are taken into account, TPs the pre-

sintering time for a specific heat, H number of heats since last usage of the ladle for a specific 

heat and n the total amount of heats in each calculation. The time was calculated for the 

spontaneous and the non-spontaneous heats separately and the results can be seen in table 9. 
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          Table 9. The pre-sintering time calculated with equation 2.  

 Nozzle change No nozzle change Difference 

Pre-sintering time / 

heats between 

(average) 

114 min /heat 

228 min/ 2 heats 

146 min / heat 

292 min / 2 heats 

32 min / heat 

64 min/ 2 heats 

 

The average pre-sintering time, when taking heats between into consideration, is 64 min 

shorter for the ladles after a nozzle change. The time to perform a nozzle change is estimated 

to 10-15 minutes, which leaves a difference of 50-55 minutes.  

4.9   Sintering time 

The time for sintering time during the refining process is shown in table 10. The refining 

process takes place between tapping from EAF to teeming start. The average sintering time is 

55 minutes higher for the heats with non-spontaneous openings is compared to heats with 

spontaneous openings. The four heats with the longest sintering times are non-spontaneous as 

can be seen in graph 2. 

 
   Table 10. Results for the sintering time during refining process.  

 
 Spontaneous 

(average per ladle) 

Non-spontaneous 

(average per ladle) 

Difference (non-spontaneous) 

Sintering 

time 

Average: 194 min 

Longest: 257 min 

Shortest:140 min 

Average: 244 min 

Longest: 299 min 

Shortest: 161 min 

Average: +50 min 

Longest: +42 min 

Shortest: +21 min 
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Graph 2. Shows the sintering time in order from shortest to longest for all heats. Red bars are non-spontaneous 

and blue bars are spontaneous 

 
 

Additional data for 155 heats was gathered in retrospect. For these heats the average sintering 

time for the non-spontaneous openings was 236 minutes and for the spontaneous openings it 

was 225 minutes. Thus, the time difference was only 11 minutes, compared with 50 minutes 

for the heats investigated in this survey. 

4.10 Stirring  

The time from when the stirring in the ladle is stopped to when the teeming starts is shown in 

table 11. The average time is 14 minutes for the non-spontaneous openings and 8 minutes for 

the spontaneous openings. Longer times from stirring end to teeming start correspond to a 

lower free-opening rate as seen in table 11. 

 
Table 11. Results for the time from when the stirring is stopped to when the sliding gate is opened 

 Spontaneous 

(average per ladle) 

Non-spontaneous 

(average per ladle) 

Difference (non-

spontaneous) 

Time 

(min) 

Average: 8 min 

Longest: 16 min 

Shortest: 2 min 

Average: 14 min 

Longest: 22 min 

Shortest: 1 min 

Average: + 6 min 

 Longest: + 6 min 

Shortest:  + 1 min 
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Graph 3. Shows the time from when the stirring is stopped and to when the teeming begins for 19 heats.  

Red bars are non-spontaneous and blue bars are spontaneous.  

 
 
Additional data for 155 heats was gathered in retrospect. These heats showed similar results 

as the data for this survey. The average time was 9,5 minutes for the spontaneous heats and 13 

minutes for the non-spontaneous heats. Previous results showed that heats with a time longer 

than 15 minutes were non-spontaneous. For the additional data, the opening rate for heats 

with a time of 15 minutes or longer was 18 out of 36, 50%, and the opening rate for heats with 

a time shorter than 15 minutes was 96 out of 119, 81%. The results are displayed in table 12 
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Table 12. Results for additional data gathered for the time when stirring stopped to when the sliding gate was    

opened. 

 Spontaneous Non-spontaneous 

Average time from when 

stirring is stopped to when the 

sliding gate was opened (min) 

 
9,5 min 

 
13 min 

Number of spontaneous 

openings, when the time was 

15 min or longer 

 
18 (50% of 36) 

 
18 (50% of 36) 

Number of spontaneous 

openings, when the time was 

shorter than 15 min 

 
96 (81% of 119) 

 
23 (19% of 119) 

 

Total number of heats 

 
114 (73% of 155) 

 
41 (27% of 155) 

 

4.11   Tapping stream 

The teeming stream was rated from 1-3 as seen in table 13. The average rate was 1,25 for the 
spontaneous openings and 2.0 for the non-spontaneous openings. 
 
Table 13. Average stream rate for spontaneous openings is 1.25 and for non-spontaneous openings is 2.  

Heat nr. C G F H I K L N O P 
Spontaneou
s/Pipes used 

P, R:1 S P, R:1 S S S P, R:1 P, R:2 P, R:2 P, R:1 

Teeming 
stream 

1 1 3 2 1 1 2 2 3 1 

 

  



 
22 

5. Discussion 

5.1   General 

The reason for a non-free opening varies and the reason cannot always be determined with 

high accuracy. In this report, trends have been investigated to give possible explanations to 

what might have caused the nonspontaneous opening, through observations made and based 

on earlier studies. This study doesn’t take any consideration to different alloys used in each 

heat. However, the composition of the alloy may influence the free opening rate. One 

example is Ti-alloyed steels, where TiO2 together with the SiO2 in the filler-sand can 

form	  𝑇𝑖𝑂# ∙ 𝑆𝑖𝑂#, a high strength phase on top of the sintered layer, which influence the 

spontaneous opening negatively [9]. 

 

The non-spontaneous openings seem to pile up in general. Between heat number L to S only 

two out of eight heats opened freely, as seen table 1. This can be explained by sand batches 

delivered being heterogeneous or simply by less optimal additions by operators. The sand 

may vary in particle size or composition from batch to batch. Smaller particle size leads to a 

less porous sand and hence the sand is easier sintered. The composition in the sand can vary, 

but depending on which components vary, the outcome might differ. Not optimal preparations 

may result in the nozzle not being cleaned properly, the sand not thrown correctly and the 

tilting of the ladle not being long enough. The non-spontaneous openings piling up for one of 

the ladles in circulation indicates that the oxygen burning has a negative effect on the 

following heat. In heat number L, N and Q, ladle 16 does not freely open three times in a row, 

as seen in table 1. The outer nozzle is changed before heat Q, but the inner nozzle could still 

be damaged in a way that is negative for the free opening rate. If the nozzle is worn thus the 

diameter is increased, more sand can be fitted into the nozzle. Hence, more sand may be 

needed to fill the nozzle for this heat.  

5.2   Sand additions and sand coverage 

The total percentage of direct hits was 43% seen in table 3. Our results show that the number 

of direct hits do not influence the free opening rate. But it can be correlate to the result that 

the sand bags with indirect hits were many more in the non-spontaneous opening.  
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The difference in sand coverage between the spontaneous and non-spontaneous openings was 

only 5,5% which is too small to make a conclusion about its impact on the free opening 

performance. 

 

The average direct hit with the sandbags seems very low. This aspect could be greatly 

increased by the sand being applied in some other way, either automatically by a machine or 

by the operators using a tool. The nozzle being on the opposite side of the ladle from where 

the operator is throwing the bags probably makes hitting the nozzle more difficult as well. If 

the misses were close to the nozzle, some of the sand ended up in the nozzle. Some ladle 

operators suggested that not making direct hits on the nozzle had a positive effect on the free 

opening rate, because it would pack the sand less densely. This may have influenced these 

results.  

 

The amount of sand bags used was on average 3,9 bags per ladle, as seen in table 1. The 

recommended amount to use is 3 bags. However, the operators determine number of bags 

added in the ladle. The number of bags used is higher for the heats with non-spontaneous 

openings because of the lower number of direct hits.  

 

The sand coverage is 90 % on average, table 1 there is slightly more for the spontaneous and 

slightly less for the non-spontaneous openings. Our measuring method was not precise 

enough, considering the limitation in looking from different angles to estimate precisely, to 

draw clear conclusions based on these results.  

 

Over all the parameters of the sand throws are similar for all heats. A small difference can be 

seen between the non-spontaneous and spontaneous openings, but not cleared enough to draw 

any conclusions from it. The fact that the sand throws and the sand coverage are similar 

allows a more accurate comparison of other parameters. 

5.3   Tilting during preparation 

The average tilting time of 23 seconds for the first tilt and 13 seconds for the second tilt, 

shown in table 4, was greatly below Uddeholm’s guidelines of 60 seconds. This allowed 

residue to remain in the ladle, which has consequences both for the pre-sintering rate and 

when sand is thrown too late into the ladle after it has been put in an upright position. Thus, 

one observes Uddeholm’s guidelines should be followed. 
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5.4   Pre-sintering time 

The pre-sintering time, the time from when the sand is thrown into the ladle to when the 

electric arc furnace is tapped, seems to be correlated to the free-opening rate, where both too 

long and too short pre-sintering times have a negative effect on the spontaneous opening 

degree. The pre-sintering times showing the highest spontaneous opening rate were between 

270-450 minutes, 4.5-7.5 h. Specially, the spontaneous opening rate is 100%, as seen in 

diagram 1. However, since several factors affect the free opening, it cannot be determined 

whether the non-spontaneous opening was caused by the pre-sintering time being shorter or 

longer than this, only that within this range the pre-sintering time caused no non-spontaneous 

openings.  

 

There are three main mechanisms responsible for the non-spontaneous openings. The sintered 

layer gets too thick; the sand gets penetrated by the melt and clogs up the nozzle and too low 

ladle temperatures which cause the melt to solidify along the edges of the ladle [8]. 

 

For the heats with long pre-sintering times, a possible explanation it that the sintered layer got 

too thick during the pre-sintering, since the sintering accelerates with time up to a certain 

depth. When the sintered layer is too thick the hydrostatic pressure is not enough to break the 

sintered layer. If the pre-sintering process is far progressed when melt from the electric arc 

furnace and the filler-sand comes in contact, the increased temperature will allow the sintering 

layer to thicken much faster. Whilst if the sintering is not far progressed, the acceleration is 

still low, and the sintered layer will not be able to grow as thick.  

 

The sintering is also affected by the sand being in contact with melt or not. Hence, the 

progress of the sintering layer is determined not only by the time, but the temperature of its 

surrounding and what is in direct contact with the filler-sand. If liquid residue remains in the 

ladle when it is rotated, the residue will flow to the bottom of the ladle and cover the sand. 

This increases the sintering speed/growth. Only comparing the pre-sintering times does not 

give a full explanation of the growth of the sintered layer during the preheating [12]. 

 

Because of the heat distribution of a lining, the coldest spots are along the bottom and the 

walls of the ladle when it is filled. A solid-state residue will form if the temperature of the 

ladle is too low. At the preheating station, the ladle temperature is 1300 ºC, but the 
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temperature of the residue should be tested. Depending on the way the temperature is 

measured inside the ladle at the preheating station, the temperature of the residue might be 

higher. If the solid residue is melted to a liquid residue at the preheating, the removing of 

liquid residue from tilting will make less of a difference for the pre-sintering, since the sand 

will be covered in melted residue.  

 

For heats with short pre-sintering times, below 270 min, three out of eight, 37,5%, freely 

opened, as seen in diagram 1. There are two possible explanations for this; The sintered layer 

was too thin when the filler-sand came in contact with the melt or the preheating time was too 

short, which may result in a colder ladle.  

 

The pre-sintering time is measured from when the sand is thrown into the ladle. If the sand is 

thrown too late into the ladle after the ladle has been put in an upright position, it will result in 

a shorter pre-sintering time. The nonspontaneous opening in this case may not be because by 

short sintering time, but because of residue left in the ladle has filled up and clogged the 

nozzle before sand was thrown into it to stop this from happening. 

 

Another possible explanation is that a thin sintered layer of the sand keeps the sand in place 

and prevents the filler-sand from being washed away from the flow created in the bottom of 

the ladle by the melt being tapped into the ladle and from stirring. 

5.5   Heats between usage of a ladle 

There are always three different ladles in circulation at the same time. Hence, every ladle is 

used every third heat in general. But this varies which can be seen in table 10. For all the 

heats with longer pre-sintering times than 450 min, the ladle in question has been skipped at 

least once. One example of this is ladle number 19 which is used in heat number H, but then 

not again until heat number O. This resulted in the pre-sintering time being 1150 minutes and 

a nonspontaneous opening where two pipes were required to open the ladle. For heats where 

the ladles where used with 3 heats between since last usage the spontaneous opening rate was 

33% shown in table 10.  

 

Three out of six, 50%, heats where the ladle was used more frequent than each third heat 

opened spontaneous, as shown in table 10. Heats number C, L and N were non-spontaneous. 

For heats number C and N the ladle had been in an upright position for a significant time at 



 
26 

the preheat station before sand was thrown into it. In these cases, the operator forgot to throw 

the sand, once after a nozzle change and once for an unknown reason. Our theory is that this 

allowed residue to enter and clog the nozzle. The preparation time was also short in both 

cases, allowing more residue to remain in the ladle.  

 

For the ladles used each third time with the highest spontaneous opening rate the average pre-

sintering time of 310 minutes, shown in table 10, correlates with the positive time span 

between 270 and 450 min, shown in graph 1. By using each ladle equally much, each third 

heat, the pre-sintering time will be self-regulated to end up being within the positive pre-

sintering time range. Thus, this is the easiest way to regulate the pre-sintering time.  

 

Since two of the non-spontaneous openings were caused by individual mistakes by the 

operators, for the heats with one heat between since last usage, one could argue that the 

spontaneous opening rate is higher (five out of six, 83%) for the ladles used each second heat. 

Despite this, using a ladle more frequent than each third time is still not positive if there are 

three ladles in circulation, since this causes another ladle to be used less frequent than each 

third time. This in return, has a strictly negative effect. Using the ladles so that each ladle in 

circulation is used equally often is desired in this regard.  

5.6   Nozzle change consequences 

Only two out of six, 33%, of the heats after a nozzle change free opened spontaneously, as 

shown in table 2. The difference in pre-sintering time is too large between heats with and 

without a nozzle change, as shown in table 11, for the difference to only be explained by the 

time it takes changing an outer nozzle. The estimated time for performing a nozzle change is 

10-15 minutes. The rest of the time is consumed by something else.  

When the ladle is transported to the nozzle changing station instead of to preheating station, it 

causes an interruption of the regular work flow for both the ladle operator and the overhead 

crane operator. When there is no nozzle change, the ladle is moved directly from the 

preparation station to the preheating station, which allows the ladle operator to throw the sand 

directly after the cleaning of the nozzle and after the ladle has been placed at the preheating 

station in an upright position.  

 

When a nozzle change is performed, the overhead crane operator leaves the ladle at the nozzle 

change station to do other tasks. When the ladle operator is done, the overhead crane operator 
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needs to take the ladle from the nozzle changing station to the preheating station. This is 

where the interruption in work flow is shown. Often the overhead crane operator would be 

occupied and the ladle operator is required to wait with the sand throw until the ladle is placed 

at the preheating station. The time between the nozzle change being completed and sand is 

thrown is what explains the remaining time difference of 50-55 minutes between heats with 

and without a nozzle change. Unfortunately, no data for this time was registered. However, 

this correlates with the estimated time perceived during our visit. (though the variation in time 

was big between different occasions. This time difference is likely due to the heats that did 

not free open, making it even longer for these specific heats) 

Three scenarios are the outcome of this finding: 

 

1.   The ladle remains in a tilted position at the nozzle change station for the entire duration 

and is later transported to the preheating station. The overhead crane operator communicates 

with the ladle operator, who then throws the sandbags as soon as the ladle arrives. 

2.   As soon as the ladle operator is done the ladle is moved, but this is not communicated to 

the ladle operator. Another reason can be that the ladle operator does not walk directly to the 

preheating station to throw the sand. This results in the sand being thrown too late into the 

ladle. 

3.   A combination of the above. 

 

In all scenarios, the ladle lining is likely to decrease in temperature. A decrease in temperature 

increase the risk of non-spontaneous openings by causing the melt to solidify along the 

bottom and walls of the ladle. If the ladle is moved directly after the nozzle change is 

completed and is left at the preheating station in an upright position for too long before the 

filler-sand is thrown, there is a risk that liquid residue in the ladle enters and clogs the nozzle. 

If the bottom of the ladle is covered by liquid residue, the nozzle is difficult or even 

impossible to see through the residue. In these cases, sand was thrown on top of the residue, at 

the location of the nozzle. 

 

These issues could be avoided through better communication between the overhead crane 

operator and ladle operator. The aim should be to throw the sand as soon as possible after the 

ladle has been put in an upright position. Also, removing residue more effectively would 

decrease the risk.  
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5.7   Sintering time 

The sintering time during the refining process is shown in diagram 2 and the results in table 

10. This diagram shows that the spontaneous opening rate is lower for longer than for shorter 

sintering times. The average sintering time for the heats with non-spontaneous opening was 

50 min longer. For the additional data the time difference was only 11 minutes. This implies 

that the sintering time is of less importance to the free opening rate. However, the refining 

process time cannot be altered in this regard, since every allow requires a certain amount of 

time to achieve the right composition. Methods to counteract the negative effects long 

sintering times may have should be considered in future reports.  

 

5.8   Stirring  

The time from when the stirring ends to when the sliding gate is opened seems to have a 

strong correlation to the free opening rate. The average time is 8 minutes for the spontaneous 

openings and 14 minutes for the non-spontaneous, table 11. The spontaneous opening rate for 

heats with a time of 15 minutes or longer was 0%, graph 3. Longer time interval decreases the 

free opening rate. The additional data shows similar correlation, table 12, which proves these 

results. The average time was 9,5 minutes for the spontaneous and 13 minutes for the non-

spontaneous heats. The spontaneous opening rate for heat with a time of 15 minutes or longer 

had a spontaneous opening rate of 50 %, whilst heat with a time shorter than 15 minutes had a 

spontaneous opening rate of 81%. When the stirring of the steel bath ends, the forced 

convection is removed, and the natural convection is dominating the temperature distribution. 

This will result in a temperature gradient throughout the ladle, where the temperature at the 

bottom is lower than at the top. This will increase the risk of the steel bath to solidify along 

the bottom of the ladle, hence blocking the nozzle. By continuing the stirring, the risk of the 

composition in the melt being heterogeneous will also decrease.  

 

By decreasing the time from when the stirring is stopped to when the sliding gate is opened, 

the spontaneous opening rate can be improved. There are three stages which affects this time, 

the time the stirring is continued, the transportation time and the preparation at the teeming 

location: 

1. The stirring should continue as long as possible, while the ladle is placed at the vacuum 

station. 
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2. The transportation of the ladle to the teeming locations needs to be fast. 

3. The ladle operators need to be prepared at the teeming location, to open the sliding gate as 

soon as possible after the ladle arrives.  

5.9   Tapping stream 

The result shows that a high score corresponds to a lumpy stream and a low, to almost no 

lumps.  

In order to further support the conclusion of this study more data would be preferred as well 

as thorough notes of the steel flow. The conclusions drawn did not have support of previous 

studies since this is one of the first of its kind. The study lacked documentation during the two 

first nights because the shifts were not covered. The human errors should also be noted, since 

the process was monitored by sight and by different people. 

5.10 Effect of free opening on the productivity 

The focus of this study is to decrease the non-spontaneous openings, which also results in 

higher productivity in the steel production because of better time management. The total tap-

to-tap time is decrease if the opening is spontaneous. The steel ladles need to be preheated for 

a shorter time if a higher productivity is reached. This is an advantage both from an economic 

and environmental context since it contributes to less energy losses. A higher productivity 

contributes to a higher availability of the product, which may increase the consumption. In 

return, this has negative environmental effects in the long term.  

5.11 Social and ethical aspects 

Uddeholm put a lot of effort into making the working environment as safe as possible for the 

operators. Safety equipment is mandatory for all operators and visitors. However, the strict 

safety policies are not always followed by the operators. The production process at Uddeholm 

can be automatized for a more secure work environment. For example, the sand throws and 

the ladle preparation. Significantly fewer women work at Uddeholm today, which can be 

improved by more marketing at the universities and new aims.  

 
The operators are exposed to risks when they open the ladle manually. Fewer non-

spontaneous openings increases the safety since the operators do not need to stand as close to 

the ladle and break the sintered sand by oxygen blowing.  
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If the stream hits the edge of a container, small particles of liquid steel squirts out several 

meters. Hence standing closer will increase the risk of being hit by these particles. By 

increase the free open rate, the risks for the operators will decrease. 
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6. Conclusion 
The aim of this study was to highlight the stages in the ladle cycle that affects the spontaneous 

opening rate negatively. Several stages were investigated and the pre-sintering time, the 

sintering time during the refining process and the time from when the stirring is stopped to 

when the sliding gate was opened seem correlated to the spontaneous opening rate. For other 

stages, investigation of more heats with similar circumstances are required to draw any 

conclusions.  

 

Our method of gathering data was successful and gave comparable results, although more 

data was needed in general. The observation of the teeming stream could be improved, to 

allow a more accurate analysis of the reason for a non-spontaneous opening for a specific 

heat.  

 
This study shows that the pre-sintering time is correlated to the free opening rate. Both too 

long and too short pre-sintering times seem to have a negative influence on the free opening 

rate. If each ladle is used equally much, every third heat, the average pre-sintering time of 310 

min corresponds to the time interval, 270-450 min, with the highest free opening rate. Hence 

using each ladle each third heat would be the easiest way to regulate the pre-sintering to be 

within a good time range for every heat in this regard. Also, there is a strong correlation 

between the time from when the stirring is stopped to when the teeming begins. Longer times 

have a lower opening rate compared to shorter times. The stirring should be continued as long 

as possible before the teeming begins, to elude solidification at the bottom of the ladle. The 

sintering time during the refining process cannot be changed, since different alloys require 

different refining times.  

 

The tilting time is short, allowing more residue to remain in the ladle. It should be 

investigated if solid residues are melted to liquid residues at the preheating station, to 

determine the importance of removing the residue through tilting. If solid residue cannot be 

melted at the preheating station, removing residue has a larger influence on the pre-sintering 

time.  

 

The sand placement can be improved in terms of direct hits of the nozzle. Despite the landing 

points of the sand throws having a low direct hitting rate, the coverage of the nozzle holds a 

high and even level. The coverage is more important to the free opening but missed throws 
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may influence the cleanliness of the product. The time the filler-sand is thrown is also of 

importance. The sand should always be thrown as soon as possible after the ladles has been 

put in an upright position to prevent remaining residue from entering and clogging the nozzle.  

 

The workflow after a nozzle change can be improved. It should be stated which work should 

be prioritized by the overhead crane operator in these situations. The optimal workflow in this 

regard would be to move the ladle to the preheating station as soon as the nozzle change is 

complete, so that the ladle operator can walk directly to the preheating station to throw the 

sand. This will prevent the temperature in the ladle lining to decrease.  

 

The total free opening rate should be able to improve by using our suggested methods. Some 

of them are caused by human errors, which will inevitably occur. However, if the free 

opening rate is a prioritized mechanism when deciding the workflow, many problems can be 

avoided, and the free opening rate can be increased.  
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7. Recommendation 

7.1   Application of sand 

The hit rate could greatly be increased by using an alternative way of adding the sand. Our 

suggestion is to use some sort of pipe that the sand can be poured through directly into the 

nozzle. Earlier studies have suggested using a steel pipe. The problem with this is that the 

metal gets very hot and hard to handle, making it hard for the ladle operators to use. An 

alternative is to use ceramic or cardboard pipes. Ceramics might be hard to produce and 

fragile to use. If a cardboard material is found that can withstand the heat, this should be the 

preferred material as it would be cheaper to produce. Furthermore, if parts of it end up in the 

ladle they will eventually burn up.  

The sand should always be applied as soon as possible after that the ladle has been put in an 

upright position.  

7.2   Switching between ladles 

Regularly switching between the ladles in circulation should be sought for to increase the free 

opening rate. 

7.3   Stirring 

The inductive stirring should be continued as long as possible before the teeming begins, to 

increase the free opening rate. 

7.4   Tilting time 

Two suggestions to make sure residue is removed properly.  

 

1.   The ladle operator turns of gases and walks to the operator hub to leave the controller for 

the sliding gate system after the cleaning of the nozzle instead of after the second tilt. This 

way the duration of the second tilt can be increased, because the overhead crane operator 

will not earn any time by shortening the second tilt, since the ladle operator needs to be 

present to remove the chains from the ladle. The overhead crane operator might as well 

hold the ladle upside down while he is gone. This will at least result in a tilting time 

longer than 11 second. After removing the chains, the ladle operator can walk directly to 

the preheating station to throw the sand. It might be hard to implement a workflow that is 
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slower and maybe not as logical, but it might also feel more natural for the overhead crane 

operator to increase the tilting time. 

 

2.   Another way to make sure that the residue is removed from the ladle is adding a ladle 

holder that is tilted so that residue can flow out of the top of the ladle. This holder will be 

placed at the nozzle change station. If this was implemented, the ladle should be left at the 

ladle holder after every heat, with or without a nozzle change. Then, the residue would be 

removed properly after each heat. Also, the workflow would always be the same and the 

overhead crane operator and ladle operator will always communicate when the ladle is 

moved from the nozzle change station to the preheating station. If this is the standard 

procedure, the communication among them would improve. 

 

This should only be implemented if you can make sure that the temperature of the ladle is not 

decreased to dangerously low levels and that solid phase residue cannot be melted to a liquid 

phase at the preheating station.  

 
Fig. 4. The current ladle holder at the nozzle change station 

 

 

 

 
Fig. 5. Suggestion of ladle holder 
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The floor at the nozzle change station is raised and a ladle holder that keeps the ladle tilted is 

added so that the residue can flow out of the top of the ladle.  

 

 
 

 

 

 

 

 

                  Fig.6. Example of a ladle station with a beam 

 

The support beam at the nozzle side of the ladle can be raised and lowered, as illustrated in 

figure 6. This allows the operator to perform a nozzle change while the beam is lowered and 

then the beam can be raised when the operator is done.  
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8. Future work 
A more profound study, where more data is collected to confirmed or disconfirmed our results 

is suggested.  

Investigate if the following decrease the cleanliness of the product? 

•   Using more sand bags in general 

•   Sandbags that miss the nozzle 

 

Investigations that should be done after a nozzle change: 

•   Is the temperature decreased in a way that is negative for the next heat? What is the 

temperature when the ladles come to and when it leaves the preheating station in 

comparison to heats without nozzle change? 

•   When is the filler-sand thrown after a nozzle change? For how long is the ladle in an 

upright position at the preheating station, before sand is added after a nozzle change? 

•   Is it possible to throw sand on top of the residue? Will the sand fall out when the nozzle 

opened? If not, what should be done by the operator if the nozzle is covered in residue 

when the sand is supposed to be added? 

 

Residue on top of the sand should be investigated with frequent time intervals, when the ladle 

is positioned at the preheating station to investigate the importance of removing residue 

through tilting.  

 

Sand and stream: 

The data from the stream when the nozzle was opened was not enough for this study to draw 

any conclusions. If another study is to be made, this should be looked at more closely. The 

documentation was mainly based on the observation of the stream and the focus should have 

been to determine whether the sand came out of the nozzle or not. This lead to misses in the 

documentation. It is important to draw conclusions with a higher accuracy of what caused the 

opening to be non-spontaneous, so that reliable actions may be taken to improve the 

spontaneous opening degrees.  
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