
Furnace Tapping 2018, Edited by J.D. Steenkamp & A. Cowey, 
Southern African Institute of Mining and Metallurgy, Kruger National Park, 14–17 October 2018 

167 

 
 

Sintef Industry, Norway 
 

A 27.5 MW submerged arc furnace (SAF) at Glencore Manganese Norway, producing 
silicomanganese, was excavated during a shutdown for relining in May 2017. The furnace was 
shut down between two taps without any meltdown of materials and excavated over a period 
of two weeks. The appearance of the different zones in the furnace was studied. Most of the 
materials in the furnace comprised a loose mixture of fine-grained charge. Below each 
electrode, there were a coke bed consisting of a mixture of coke, slag, alloy, and silica. Between 
the coke beds there was loose charge. A thick layer of solid graphite mixed with TiC and slag 
had built up along the sidewalls of the furnace. The lining in the tapping area at the tap-hole 
level was very thin, while there was not much wear of lining in other parts of the furnace.  
The physical distribution of solid material in the lower part of the furnace affects the flow of 
slag and alloy, and hence the tapping. This is the main focus of the paper.   
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In 2014, global production of silicomanganese (SiMn) was 12.8 Mt (Metal Bulletin, 2015), 
with steel production as the primary user. Several different grades are produced; for 
standard SiMn, the analyses are in the range 65–68% Mn, 1.5–3% C, and 12.5–21% Si. The 
majority of SiMn is produced in submerged arc furnaces (SAFs) by carbothermic 
reduction of oxidic raw materials. Manganese ores and high-carbon ferromanganese 
(HCFeMn) slags are the main sources of Mn, and quartz the main source of Si. The 
percentage of HCFeMn slag varies between different producers from zero to more than 
80% of the Mn sources.  Fluxes such as dolomite and limestone are added to adjust the 
properties of the final slag. Carbon from several sources is used as reductant, coke being 
the most commonly used reductant and the only source used in Norway. The process 
and reactions were extensively studied and described by Olsen, Tangstad, and Lindstad 
(2007). 
 
Excavations of industrial furnaces form some of the basis for understanding SiMn 
production in SAFs and the distribution of different reaction zones and materials.  
During the production of SiMn alloys, the SAF can be divided into two main reaction 
zones (Olsen, 2004, 2007). In the upper part of the furnace, the prereduction zone, the 
raw materials are solid, and reduction take place by gas-solid reactions. In the lower part 
of the furnace, the coke bed, slag, and metal are liquid. Here the heat is generated mainly 
by ohmic resistance in the solid coke bed. Most of the supplied energy is consumed here, 
and the final reduction of MnO to Mn and of SiO2 to Si takes place in this zone by the 
following main reactions. 
 

        [1] 

        [2] 

       [3] 
 
At the top of the coke bed, the initial slag is formed by melting and reduction of the Mn 
sources and dissolution of the fluxes. When the viscosity of the slag is low enough, it 
will drain into the coke bed. The temperature at which this occurs defines the 

( ) ( )gMnO + C  Mn + CO⎯⎯→

( ) ( )2 gSiO + 2C  Si + 2CO⎯⎯→

( ) ( )22 MnO + Si  2Mn + SiO⎯⎯→
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temperature at the top of the coke bed and determines the temperature in the coke bed 
(Olsen, 2007). The types of Mn sources and their composition, as well as the types of 
fluxes and reductants, affects melting and reduction at the top of the coke bed 
(Ringdalen, 2015). 
 
The occurrence and distribution of physical zones in SiMn furnaces have been 
investigated in detail by excavation of a 16 MW furnace at Eramet Sauda (Olsen, 2004), 
a 30 MW furnace at Eramet Kvinesdal (Davidsen, 2010), and a 48 MVA furnace in South 
Africa (Steenkamp, 2015). The same main zones were observed in all these furnaces, 
although the distribution of materials differed, as shown in Figure 1. In both of the 
Eramet furnaces there were a coke bed beneath and between the electrode tips, where 
the final reduction to SiMn takes place. The coke bed contained slag, metal, and some 
quartz in addition to coke. Below the coke bed was a layer of metal. There was no 
separate layer of slag; all slag was found in the coke bed.  The furnace at Eramet Sauda 
had a very large coke bed that filled most of the furnace. At Eramet Kvinesdal the furnace 
was mostly filled with loose charge and the coke bed was smaller and lower down in the 
furnace. Both these furnaces were reported to be well operated before shutting down, 
and produced SiMn alloy containing more than 18% Si. The observed differences have 
been attributed to differences in size, depth (around 2.5 m versus 4 m), and a higher 
electrode position in the furnace at Sauda, but may also result from different charge 
mixtures and raw materials. The effects of the observed differences in material 
distribution on reactions and furnace operation are not clear.  
 

  
 

Figure 1. Material zones observed during excavation of two different SiMn furnaces, at Eramet Sauda (Olsen, 2004) 
and Eramet Kvinesdal (Davidsen, 2010). 

 
A shutdown for relining of a SiMn furnace at FerroGlobe (then owned by Glencore) in 2017 
presented an opportunity for a new excavation of a large SiMn furnace.  By the use of methods 
for fast excavation developed through a series of excavations of Si and FeSi furnaces (Ksiazek, 
2016) samples and observations were obtained without prolonging the time needed for emptying 
the furnace. The excavation was conducted over about 10 days. 

Furnace no. 2 at Glencore Manganese (now FerroGlobe Norway) has an inner diameter 
of 11 m and height of 4.2 m. It has one common slag/alloy tap-hole, with electrode A 
placed behind this. The design is shown in Figure 2. Details about lining materials, raw 
materials, charge mixture, operation, and operating history are confidential and thus not 
presented here. FerroGlobe has kindly allowed publishing of the average and overview 
data that is needed for the discussion of the reaction zones. 
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Figure 2. Design and electrode positions for furnace 2 at Ferroglobe Manganese. Cross-section on the left and top 
view on the right. 

 
Before the shutdown the furnace was operated at a power level of around 27.5 MW, 
producing   SiMn alloy containing around 16% Si. Typical analyses of tapped alloy and 
slag taken from the tapping spout for this period are shown in Table I. The off-gas 
temperature was around 500°C with the electrodes around the middle holder position.  
During the last days before the shutdown a slightly different charge mixture was used.  
There were no tapping problems during the last month of operation. A tap-hole repair 
was carried out some 6 months before the shutdown.  Around this time, FerroGlobe 
personnel observed some hot-spots on the furnace shell and a crack in the shell below 
the tap-hole. 
 

Table I. Typical analysis of tapped alloy from the tapping spout in the last 3 months before shutdown. 
 

Alloy (%) Slag (%) 

Mn Fe Si C MnO SiO2 Al2O3 Basicity Slag 
temperature 

70 12 16 2 10 39 18 0.8 1450° 
 
The furnace was shut down on 15 May 2017, between two taps. Normal tap-to-tap time 
is around 3 hours and the furnace was shut down around 1 hour after last tap. Just after 
the power was shut off, the electrodes were lowered to the bottom position from 
positions El A: 29.8 cm, El B: 47.9 cm, and El C: 60.6 cm.  After cooling for one day, the 
shell around the tap-hole was removed as shown in Figure 3.  
 

 
 

Figure 3. Opening area for excavation. 
 
The lining behind this opening and the material further into the furnace were removed 
through this opening by mechanical diggers of different sizes, in conjunction with 
blasting. The material around the electrode was removed until the electrode tip was free 
and could be examined. It was then blasted and removed for safety reasons. The 
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excavation took around 14 days, conducted 24/7. After 5 days the furnace was nearly 
emptied, and only material near the back wall and bottom remained. 
 
In total 17 samples were taken, partly from already excavated material and partly by 
mechanical digger. The positions for samples and observations are given as height 
relative to the tap-hole level and horizontal distance from the outer wall. These were 
measured with a laser meter, Leica Disto X310, with an axiometer to give height 
differences. All samples were documented by macro- and microphotography and 
studied using a scanning electron microscope (SEM) (Haukali, 2017), and the most 
interesting samples were subsequently studied by electron probe microanalysis (EPMA). 
The small opening in the furnace gave a limited view that, combined with mist from 
water spraying, made observations difficult. In addition, access to the furnace was 
limited so as to not delay emptying of the furnace and for safety reasons. The 
measurements of the sampling positions are therefore much less accurate than is possible 
by the laser meter and are indicative only. Despite these constraints, the excavation 
yielded valuable information about the interior of the furnace. 

The main zones observed in the furnace are summarized in Figure 4. The upper part of 
the furnace, the prereduction zone, was filled with loose charge. This flowed easily out 
of the furnace and the position and distribution of materials could not be determined. 
 

 
 

Figure 4. Observed zones and position in a cross-section through electrode A and furnace centre. 
 
The tip of electrode A, as shown in Figure 5, was clearly visible during the excavation. 
There were some cracks in the electrodes near the tips, but not much wear was observed.  
The electrode tip position was high for all three electrodes. At shutdown, before they 
were lowered, electrode A was 2.7 m, El B: 1.9 m, and El C: 1.3 m above the tap-hole.  
Around each of the electrodes there was a ’sleeve’ of slag reaching up to above the charge 
level, as seen in Figure 6. This was not observed in the excavations at Kvinesdal 
(Davidsen, 2010) and Sauda (Olsen, 2004), where charge mixtures containing HCFeMn 
slag were also used. The slag sleeves might be remnants from boiling of slag during 
operation or a result of the lowering of the electrodes after shutdown forcing the slag 
level up. Both cases indicate a high content of slag in the furnace.   
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Figure 6. Electrode A as seen during the excavation. 
 

Figure 6. Electrode C with slag along sides and coke 
bed beneath. Position of sample 14 marked. 

 
Beneath each of the electrodes there were a coke bed consisting of coke, slag, and metal. 
The coke bed contained some undissolved quartz, both as a layer as shown in Figure 7 
and as pieces of quartz (sample 14, in Figure 8). Error! Reference source not found.Slag 
had intruded into the quartz particles and seemed to have begun to dissolve these, as 
illustrated by the micrograph in Figure 9. Based on EDS analysis, the slag in this case 
contained around 40% SiO2, 20% MnO, 14% Al2O3, and 20% CaO.  Details regarding the 
dissolution of quartz in slag will be published separately. Between the electrodes, the 
top of the coke bed was at a lower level. Its exact position was difficult to determine and 
is mostly estimated.   
 

Figure 7. Layers of quartz in coke bed. Figure 8. Pieces of quartz from coke bed, sample 14. 
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Figure 9.  Quartz  particle with slag intrusions. 

 
The most striking and surprising zones in the furnace were large banks around the outer 
wall and in the lower part of the centre of the furnace, as shown in Figure 10.  During 
the excavation, the material was classified as graphite. Closer examination showed that 
this zone also contained a considerable amount of slag and some metal, as illustrated in 
Figure 11.  SiMn containing around 16% Si will, at the actual operating conditions, be in 
equilibrium with graphite (Olsen, 2007), and this material was thus assumed to be the 
carbide phase.  The occurrence of titanium carbide (TiC) was indicated by SEM analysis 
and later confirmed by EPMA. A high amount of TiC was found mainly in the alloy, as 
illustrated in Figure 12. Chemical analysis of bulk samples by XRF and LECO, shown in 
Table II for sample 15 as an example, confirmed the high Ti content. The Ti content of 
the ore was around 0.2% Ti.  Titanium had thus accumulated in the carbide build-ups.  
Some parts of the coke bed also contained TiC and elevated levels of Ti. This indicates 
that build-up of TiC might affect the physical zones, material flow, and thus tapping 
conditions. The formation and accumulation of TiC will be further studied and 
published later in a separate paper. 
 

Figure 10. Graphite banks along furnace walls and in the lower part of the furnace. 
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Table II. Content of selected elements (%) in sample 15 from the ’graphite bank’ analysed by XRF and 
LECO. The sample is a mixture of oxides, carbides, and metal. The balance to 100% is the sum of other 

elements, including oxygen. 
 

Mn Fe Si Ca Ti C 
16 4.6 12 11 12 24 

 

 
 
 
 

 

 

Figure 11. Sample from ’graphite’ bank. Green 
is slag, black is graphite. 

Figure 12. Slag with alloy and TiC from ’graphite’ 
bank. Phases confirmed by EPMA. 

 

The excavation started around the tap-hole. When the first layers of brick had been 
removed, metal leaked out through a hole around 40 cm above the tap-hole, as shown 
in Figure 13. Liquid metal must thus have been present at this level during operation.  
After last tap, not enough metal could have been produced to fill the whole furnace up 
to this level.  Either the tapping level and tapping channel were at a higher level than 
designed, or the metal was been forced up to a higher level by the electrode movements 
during shutdown  
 

Figure 13. Tap-hole area, just inside brick layer. Figure 14 Electrode pieces above the tap-
hole. 
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Several large pieces of electrode were found in the outer inactive zone of the furnace 
around 1.5 m above the tap-hole, as shown in Figure 14. The electrode pieces caused hot-
spots on the furnace shell but did not seem to affect the tapping in other ways. 
FerroGlobe believed the electrode pieces to be remnants from an incident around one 
year before the excavation. The limited wear of the electrode pieces after this long 
indicates that they had been involved in reactions to only a very limited extent, and that 
this is an inactive zone.  
 
The materials just inside the tap-hole are shown in Figure 15.  The refractory bricks on 
the sidewall were worn at the tap-hole level. The carbon bottom lining was eroded just 
inside the tap-hole. This is believed to result from a crack in the shell that led to oxidizing 
conditions in this area. Observation of this crack some time before the excavation was 
one of the main factors behind FerroGlobe’s decision to schedule the furnace reline. The 
tapping channel was filled with slag. Slag had also intruded the lining of carbon 
ramming paste above the tap-hole. As seen in Figure 16, there was a clear interface 
between the slag and carbon lining in the upper parts of the furnace  
 

 
Figure 15. Just inside the tap-hole. Bottom and side lining. 

 

 
 

Figure 16. Carbon ramming paste with some slag intrusions above the tap hole. Dimensions of the lining and 
distance to the electrode are illustrated to the right. 
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The flow of alloy and slag produced in the furnace depends on the physical distribution 
of solid materials in the lower part of the furnace. Tapping is thus affected by the 
distribution of different materials inside the furnace in addition to the conditions around 
the tap-hole. Since the excavation gave more information about the physical zones in the 
furnace than in the tap-hole area, the discussion focuses more on these. 
 
Compared with other SiMn furnace excavations, this furnace is most similar to the 
furnace at Kvinesdal.  In the furnace at Sauda (Olsen, 2004) which was small, there was 
a coke bed between the electrodes, filling up most of the furnace, and a rather thin loose 
layer of charge materials at the top. In both the furnace excavated at Kvinesdal 
(Davidsen, 2009) and the furnace in the present study, there were three distinct coke beds 
that each started directly beneath the electrode tips, becoming interconnected only low 
down in the furnace.   
 
A larger part of the furnace was thus filled with loose charge materials that had not been 
exposed to high enough temperatures to melt or sinter.  This is believed to be a result of 
the raw materials, operating strategy, and size and design of the furnace. It shows that 
the high-temperature zone, where the final metal production takes place, constitutes a 
small part of the total furnace volume. 
 
Undissolved quartz in the coke bed was reported from the furnace excavated in 
Kvinesdal, but a significant amount of quartz, as found in the furnace at Glencore, had 
not been reported earlier. The existence of undissolved quartz might (Ostrovski, 2013) 
affect the conditions for silica reduction in the furnace. From pilot experiments 
(Ringdalen, 2018) it has also been reported that a build-up of quartz in the coke bed, will 
affect the resistance and distribution of electrical currents in the furnace, giving rise to 
low temperatures in the reaction zone. Low temperatures in the coke bed will also cause 
difficulties in melting and dissolving the quartz 
 
The large build-up of graphite and TiC around the sidewalls in the lower part of the 
furnace was not seen in the earlier excavations. These zones will, depending on the 
conditions during the excavation, not always be easy to discover and might have also 
existed in other furnaces without being identified.  Such build-ups will have an impact 
on both the furnace performance and the tapping. They will reduce the volume in the 
furnace available for reduction and might thus reduce the production capacity. To what 
extent this will take place depends on the volume of the coke bed relative to the total 
volume of the furnace. Build-ups will also affect the gas flow in the furnace and might 
result in higher off-gas temperatures. 
 
The large graphite/TiC banks might disturb the flow of slag and alloy from the coke 
beds to the tap-hole and thus affect tapping. The graphite build-ups close to the tap-hole 
might also have an effect on the flow of slag and alloy through the tapping channel. The 
formation and effect of the graphite/TiC build-up is not clear and is currently being 
further investigated based on the results of the excavation.  
 
The results of the excavation represent the interior of the furnace at a given point in time 
under one particular set of condition. How representative this is of the operation of the 
investigated furnace, and the operation of SiMn furnaces in general, is not obvious. 
Specific aspects must be investigated more in detail to clarify this. The main questions 
regarding tapping raised from this excavation are:  

• How do banks of graphite and TiC in the furnace form, how can they be removed, 
and will they affect tapping and furnace performance? 
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• How does slag and metal flow from the coke bed in the back of the furnace to the 
tapping channel? Will the build-ups in the furnace affect the flow? How are the 
tapping conditions affected by furnace design, width, height, and electrode 
spacing as well as relationship between the electrode positions and the tapping 
channel? To what extent have the wear of lining around the tap-hole and the 
remnant electrode pieces affected tapping? Slag and alloy composition and 
temperature will, of course, be of major importance. 

 
 

CONCLUSIONS 
 
A 27.5 MW SiMn furnace at FerroGlobe (previously Glencore) was excavated. The 
furnace was mainly filled with loose charge. Along the sidewalls and in the inactive 
zones there were large banks consisting of graphite and TiC mixed with slag and alloy. 
These might have affected the flows of alloy and slag in the furnace. The electrode tips 
were 1.3 to 2.3 m above the tap-hole level when the furnace was shut down, with highest 
position for the tapping electrode. The electrodes were covered with a relatively thin 
slag layer reaching up to the top of charge level. Three coke beds were found, below and 
around each electrode. Between the electrodes the coke bed was either low down or non-
existent.  Pieces of quartz and slag were found in the coke beds.  
 
The bottom lining below the tap-hole had been eroded due to a crack in the furnace shell. 
Otherwise, the carbon lining was mostly intact, but with slag intrusions around the tap-
hole level. There was much wear of the refractory brick lining around the tap-hole.   In 
the inactive zone above the tap-hole there were old piece of broken electrode. These 
caused hot-spots but did not seem to give rise to tapping problems.   
 
Based on the samples and observations from the excavation, the reactions in the furnace 
are currently being investigated in more detail, with the focus on the graphite/TiC 
banks, their formation, and removal 
 
 

This work was done as a part of project Control Tapping funded by FFF and Research 
Council of Norway and in addition supported by SFI Metal Production and FerroGlobe 
Norway.  
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