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Improved EAF availability and  
refractory maintenance with  
shell change practice
Even with in-campaign gunning repairs, EAFs need refractory relines every one to four weeks 
depending on plant design and operating practices. Relines can either be done in-situ with the 
furnace unavailable for steelmaking during this time, or via a shell exchange system. With this 
latter approach two shells are available, one in use and one being relined, so minimising plant 
downtime. Off-line relines also provide better working conditions for personnel and can reduce 
gunning requirements.

With the constant need to improve operational 
efficiency and reduce costs, EAF refractory linings 

are not only required to last longer, but also to do so with 
minimal repairs and with rapid relines so as to minimise 
undesired production interruptions. EAF refractory linings 
need to be repaired/replaced periodically due to wear 
or damage caused by a number of different mechanisms 
during process operations: 
`  Stresses caused by the metal weight on the refractory 
`  Thermal stresses causing plastic and elastic 

deformations of the lining
`  Mechanical and chemical erosion caused by the scrap, 

liquid metal, slag, process gases, etc. 

Wear is usually greatest at the slag line, being more affected 
by erosion and chemical attack than the rest of the lining. 

REFRACTORY MAINTENANCE METHODS
Repairs  Typically, a lining can last between one and four 
weeks depending on local operating practices before it has 
to be replaced, however, intermediate, ‘local’ repairs are 
often carried out by gunning in order to maximise furnace 
availability. Classic gunning maintenance practice involves 
manual labour to manipulate a lance into the furnace, but 
more generally today, methods involving laser scanning 
and gunning robots have been introduced to overcome 
the safety concerns and poor operational effectiveness of 
manual gunning practices.

Relines There are essentially two basic methods for 
conducting a full EAF refractory reline or major refractory 
maintenance:
`  In-situ with a stationary EAF shell
`  Off-line using an interchangeable EAF shell
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In the case of in-situ maintenance the EAF has to stop 
production and cool down sufficiently before reline crews 
can start work. Typically this can take more than 24 hours. 

In the case of off-line maintenance, the steel plant has 
two interchangeable EAF shells, so that while one shell is 
in operation, the other is being relined. The cooling down 
time for shell exchange is typically only 20-100 minutes 
because the shell can be moved while it is hotter than an 
in-situ shell where bricklayers need to enter the shell. 

BENEFITS OF SHELL CHANGE VERSUS IN-SITU
Safety There are many operational benefits when it 
comes to doing a complete shell interchange rather than 
relining in-situ. With this approach the refractory relining 
operation is performed in a cold furnace, where people 
can work under better conditions, and with enough time 
to properly repair the damaged areas. 

Productivity One of the most interesting differences 
between plants adopting these two methods is the total 
time needed to keep the furnace off-line. In the case of 
the shell change, the time varies between about 1 and 4 
hours. In the case of the in-situ change, the furnace has to 
cool down completely to allow workers to do the necessary 
refractory change, which takes the furnace off-line for 
more than 24 hours. 

Refractory consumption Typically the amount of 
gunning consumption in plants that perform shell 
interchange is less than 50% of that in the other plants. 
This is because the quality of refractory relining in a spare 
shell can often be better than in-situ because  the pressure 
to minimise steelmaking operational downtime sometimes 
implies less accuracy in the reline, resulting in the need to 
perform more gunning.
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Capital cost The cost associated with shell change 
practice is the additional EAF shell and, if needed, an 
additional crane. This can be recouped less than one year 
if the plant is required to work at maximum capacity.

OPERATIONS PERFORMED DURING  
EAF SHELL CHANGE
The interchange of EAF shells is a structured and codified 
maintenance operation planned in detail by the plant 
maintenance manager under the following criteria:
`  Safety of all the personnel involved directly and 

indirectly in the operations
`  Efficient operation sequence in order to minimise the 

maintenance time and associated risks
`  Effective performance of the maintenance crew 

Tenova has designed and built a number of EAF plants 
where shell exchange is utilised to maximise operating 
time. To illustrate the benefits, four of these plants have 
been studied and are described below.

Fifteen main operations performed during the EAF shell 
change have been identified as follows:

1. Cooling down 
2.  Electrical power disconnection/opening circuit breaker
3.  Hydraulic power disconnection/switch off hydraulic 

station
4. Shut down main process gas valves  
5. Switch furnace controls to ‘shell change mode’
6. Disconnect all fluid and gas hoses 
7.  Mechanical disconnection of the shell from  

 the plaform
8. Attach shell to the overhead crane 
9.  Movement of the shell from the tilting platform to the 

ground or to a transfer car
10. Clean the tilting platform 
11.  Movement of the new EAF shell from ground/transfer 

car to the tilting platform
12. Reconnect shell to the platform 
13. Reconnect hoses
14. Power up hydraulic system
15.  Electrical power connection/closing the circuit breaker.

EAF SHELL CHANGE PROCESS DESCRIPTION 
Each of the four plants is slightly different and will be 
described in turn.

Plant no.1  This plant produces reinforcing bars and has 
annual sales of about 3Mt. A large portion of the steel 
is made with two conventional 90t Tenova AC EBT EAFs, 
each one producing about 600kt/yr of liquid steel. 

This plant requires a minimum time of 60 minutes after 
the last tap before maintenance can commence. Hose 

r Fig 1 Upper shell disconnected from bottom shell

r Fig 2 Positioning of a new EAF upper shell
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 Plant 1 Plant 2 Plant 3 Plant 4
Campaign duration 2 weeks 3-4 weeks 2 weeks 2 weeks
Shell interchange method Full shell Full shell Split shell Full shell
EAF tap size, tonnes 90 85 105 95

 Plant 1 Plant 2 Plant 3 Plant 4
Number of connection points 4 4 4 4 
between the shell and the lifting frame
Number of cranes needed to lift 1 2 2 1 
and move the EAF shell

Crew Plant 1 Plant 2 Plant 3 Plant 4
Mechanical personnel 7 6 4 2
Electrical personnel 2 1 2 2
General cleaning personnel 4 4 4 4
Crane operators 1 2 2 2
Total shell change crew 14 13 12 10

Hoses Plant 1 Plant 2 Plant 3 Plant 4
Water  2 26 5 4
Lime  0 0 2 6
Carbon  3 2 2 3
Oxygen  8 4 8 10
Natural gas  4 2 4 7
Hydraulic  5 4 2 2
Lubrication  0 0 0 0
Argon/Nitrogen 4 3 3 0
Total number of hoses 26 41 26 32

Operation time, minutes Plant 1 Plant 2 Plant 3 Plant 4
Minimum cooling down time  60 104 60 20
Electrical/hydraulic power disconnection  30 10 30 5
Hose disconnection  30 12 30 20
Mechanical disconnection of shell from the platform (hidden time)  0 0 0 0
Shell connection to overhead crane  10 9 5 2
Movement of EAF shell from platform to ground/transfer car 20 18 35 5
Tilting platform cleaning 30 30 40 10
Movement of EAF shell from ground/transfer car to platform 20 30 60 8
Connection of shell to platform  5 10 15 2
Hose reconnection 15 20 20 25
Minimum time required for powering up the electrical and hydraulics  5 5 5 5
Total time for maintenance sequence, minutes 225 248 300 102

r Table 1 Plant data summary

r Table 2 EAF shell change times

r Table 3 Minimum shell change crew numbers

r Table 4 Number of hoses to disconnect/connect

r Table 5 Cranes and connection points
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disconnection takes about 30 minutes, so during this 
time the EAF shell is also disconnected from the platform 
and some platform cleaning takes place. At that point the 
crane picks it up by four pickup points.  

While the shell is being moved from the platform to 
the maintenance bay, additional cleaning is done on the 
platform with pressurised water to remove slag, debris and 
scrap. The crane then picks up the newly relined shell and 
places it onto the tilting platform. At that point all the 
hoses are reconnected and the EAF restarts operations. 
The total time for the entire shell change operation, from 
power-off to power-on takes about 3hr 45min. 

Plant no.2  This plant specialises in hot rolled engineering 
steel grades including cold drawn and peeled bars, and 
operates a Tenova 85t Consteel® EAF, with an annual 
production of 700kt/yr.

After cooling down for a minimum of 1hr 40mins, shell 
change operations commence. Two cranes are required due 
to the weight of the shell, which is lifted onto a transfer 
car and transported to an adjacent building for relining. 
The total time for the entire shell change operation, from 
power-off to power-on, takes about 4 hours.

Plant no.3  This plant specialises in construction steels 
and uses a conventional Tenova 105t EBT AC EAF, 
producing more than 1Mt/yr.  

Due to the weight of the furnace, even two cranes 
cannot lift the entire weight of the furnace shell, so the 
upper and lower shell are split for the shell interchange 
process. Two cranes are still used simultaneously for the 
shell movements, and this adds more complexity and 

time to the operation. Figure 1 shows the upper shell 
disconnected from bottom shell and Figure 2 shows the 
upper shell being repositioned. 

The two shell halves are moved to a transfer car, which 
transports them to the maintenance position. After 
relining, the reverse operation takes place, but additional 
refractory work at the joint area is needed once the two 
halves are in place. Certain areas of the refractory lining 
in fact cannot be completed until panels are on top of the 
bottom shell. It takes about 1hr 40 mins to replace the 
used shell with the relined one. This is longer than in the 
other cases because of the additional refractory work to 
be done. In addition, the tilting platform undergoes a full 
cleaning procedure, which takes another 40 mins. The total 
time for the procedure of shell change is about 5 hours, so 
although being the longest time, the shell change practice 
is still shorter than in-situ relining. 

p Fig 4 Graphical 
representation of 
the shell change 
operational 
sequence

r Fig 3 Relined EAF being moved onto the platform
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Plant no.4  This plant produces special qualities such as 
those for carburising, austempering, surface tempering, 
boron steels and steels for springs. They operate a 95t OBT 
furnace producing about 700kt/yr. The EAF, ladle furnace 
and caster are all in the same bay and the EAF can be 
reached by the caster ladle crane.

The plant typically does the shell change in the morning 
shift, however, because it can be done only by the caster 
crane, it has to wait until the last ladle has been taken to 
the caster turret. In the mean time all the hoses except 
for one inlet and one outlet of the jumbo water hoses are 
disconnected and the furnace is cooled down and the slag 
pot area cleaned. 

The shell change operation is extremely efficient, averaging 
little more than 1 hour – even with some examples where 
the entire turnaround from power-off to power-on took less 
than 40 mins – the result of well-trained personnel and 
good plant logistics. It has to be remarked that not only 
does this plant have the quickest shell turnaround time, it 
also employs the smallest crew: only 10 people. Figure 3 
shows the reline furnace being moved into position.

Details of each plant are shown in Tables 1 to 5 and a 
graphical representation of the process steps is shown in 
Figure 4.

CONCLUSIONS  
Utilisation of an EAF plant with a shell  
exchange system rather than in-situ refractory 
maintenance can significantly reduce plant downtime,  
improve personnel working conditions and even reduce 
refractory consumption rates. The extra capital cost 
associated with such a system can be recouped less than 
one year if the plant is required to work at maximum 
capacity. MS
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Tenova Inc., Coraopolis, PA, USA. Marco Manzoni, 
Andrea Grasselli, Mauro Pozzer and Michele Pustorino 
are with Tenova S.p.A., Castellanza VA, Italy.

CONTACTS: tenova.usa@tenova.com  
tenova@tenova.com

edwardsvacuum.com/steelDEDICATED TO 
STEEL DEGASSING
Edwards is the smart choice if you’re looking for a complete module with proven 
performance, or if you want to replace any mechanical booster. 
The new Edwards GMB40K leads the pack in the large booster class thanks to: 
-          An extremely compact design
-          Unrivalled performance that results in faster pump down

-          Worry-free maintenance with spare parts that are readily available
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