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30+ year campaign of IJmuiden blast 
furnace No. 6
Tata Steel’s blast furnace No. 6 of in IJmuiden was blown-in in April 1986 after a full reline 
and improvements to the lining cooling and top charging systems. The hearth design from the 
1970s was only marginally changed and the air cooling of the bottom and spray cooling of the 
sidewall were retained. After 16 years, the hearth refractory was replaced, but the bosh and stack 
were not repaired. Currently, after more than 33 years since the original blow-in, the furnace 
is still performing very well in terms of productivity, efficiency and reliability, aided by good 
instrumentation, excellent process control and comprehensive asset management.

This paper discusses the long and ongoing campaign 
of more than 30 years of blast furnace No.6 (BF6) at 

Tata Steel’s IJmuiden site. Design aspects and operational 
conditions are described, explaining how this exceptionally 
long campaign was achieved. 

TATA STEEL IN IJMUIDEN
The site of Tata Steel Europe in IJmuiden celebrated its 
100 years of existence in September 2018. The primary 
end of the site consists of two coke plants, a sinter plant, 
a pellet plant, two blast furnaces and a BOF steel plant. 
6.2Mt of hot metal and 7.0Mt of liquid steel was produced 
in 2018, only slightly lower than the highest annual hot 
metal output of 6.4Mt achieved in 2007 at an average 
total coke rate of 270kg/tHM. 

An overview of the blast furnace characteristics is 
presented in Table 1. The configuration with both a sinter 
and pellet plant on site leads to a blast furnace burden 
with typically 40% sinter and 60% pellets. The site is self-
sufficient in coke, and on average, a net coke exporter.

HISTORY OF BF6 CAMPAIGNS
BF6 was first blown-in in November 1967 as part of 
the expansion of the steel capacity at Hoogovens, as 
the company was then called. It is currently operating 
in its third campaign. The three campaigns to date are 
summarised in Table 2 and include campaign extension 
repairs in 1971 and 2002.

BF6 was built as a column-supported furnace of 
1,843m3 working volume, with a hearth diameter of 
10.0m and two tapholes. The first campaign started in 
November 1967 and lasted until April 1975 and 8.1Mt 
of hot metal were produced. A repair to the bosh and 
lower stack was done after three years due to excessive 
wear in the lintel area (see Figure 1). 

A full reline was performed in 1975 when the furnace 
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Campaign Dates Days Hot metal produced
1A Nov 1967 to Feb 1971 1,162 ~ 8Mt
1B May 1971 to April 1975 1,437 
2 April 1976 to April 1985 3,216 ~ 14Mt
3A April 1986 to April 2002 5,856 ~ 76Mt
3B* June 2002 to April 2019 5,918 

  BF 6 BF 7
Hearth diameter m 11.00 13.83
No. of tuyeres – 28 38
No. of tapholes – 3 3
Working volume m³ 2,328 3,775
Inner volume m³ 2,678 4,435
Charging  skip+bell-less top
Max. top pressure bar(g) 1.7 2.3
Production rate tHM/day 8,500 11,700
Productivity (working volume) tHM/m3/day 3.65 3.10
Productivity (hearth) tHM/m3/day 89.5 77.9

r Table 1 Blast furnace main data

r Table 2 BF6 campaigns
* Campaign 3B is ongoing: the total production at the end of 
the third campaign in 2021 is expected to be more than 80Mt



PRIMARY PROCESSES

M
IL

LE
N

N
IU

M
 S

TE
EL

 2
02

0

47

a

design was changed from a lintel furnace to a free-standing 
one. A tower structure was established to carry the BF 
top and structures. The original double shell evaporative 
cooling in the bosh area had not performed very well and 
was replaced by plate coolers, with an improved plate 
cooler pattern in the stack.

The hearth diameter was increased from 10.0 to 11.0m, 
with the working volume increasing from 1,843 to 2,159m. 
The throat diameter did not change because the original 
double bell top was maintained. Due to this, the stack 
angle decreased from 83° to 80.7°. 

The general arrangement is shown in Figure 2, and more 
details can be found in [1]. The second campaign lasted 
nine years 

This campaign suffered from high heat losses in the 
belly and lower stack, high refractory wear, and cooler 
failures due to the unfavourable throat:belly diameter 
ratio. Hearth erosion was minimal due to the relatively low 
productivity and short campaign length. Total production 
was 14.0MtHM.

THIRD CAMPAIGN DESIGN
The throat diameter was increased at the last reline in 
1985. A bell-less top was installed and a third tap hole 
added. The stack angle was optimised to the ideal 83.3° 
by increasing the throat diameter and maintaining the 
belly diameter. As a result the working volume increased 
to 2,328m3. The hearth diameter was kept at 11.0m. The 
campaign started in April 1986. 

The bosh, belly and stack design included copper plate 
coolers, but a signifi cant improvement has been realised 
as the number of copper plate coolers was increased from 
1,872 to 2,268. Another important improvement included 
the application of graphite and silicon carbide refractory 
in the bosh, belly and stack. The use of the graphite and 
silicon carbide design had been demonstrated since the 
1970s at BF4, despite concerns that graphite oxidation, 
abrasion and erosion risks could cause havoc to its 
performance. 

Research models, experiments and test panels had 
demonstrated that the high thermal conductivity and 
elasticity of graphite prevent thermal cracking and 
oxidation. In its turn, silicon carbide has an outstanding 
resistance against abrasion and erosion. Combining these 
qualities with a high-density copper plate cooler design and 
an optimal stack angle has resulted in a near-indestructible 
system, facilitating a smooth furnace operation. This 
fact is demonstrated by the current on-going campaign 
performance since 1986 and by comparable designs at 
many other furnaces today. 

An overview of the design is shown in Figure 2 and more 
details can be found in [2].

The hearth shell was not replaced during the 1985 reline 

q Fig 1 General 
arrangement in 1971 
and 1975

r Fig 2 General arrangement BF6 in 1985
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as the hearth performance was not of concern in the 
previous campaigns. The previous campaigns also included 
bottom air cooling, which has neither been repaired nor 
upgraded ever since commissioning in 1967. This bottom 
air cooling system with a fl at bottom plate is unique in 
our industry today; modern BF designs commonly include 
bottom water cooling. 

Hearth shell spray cooling has been used throughout all 
the campaigns and the system has proven to be effective 
and economical, although regular inspections and 
maintenance are necessary. 

Since 1986 important improvements have been realised 
in the fi eld of blast furnace process control, enabling a 
smooth-running process. These process improvements 
resulted in low heat loads in the bosh, belly and stack 
areas, thus facilitating low wear in these regions. The 
improvements also secured a low coke rate and high 
productivity operations. This, however, created higher heat 
loads on the hearth refractory such that the original 1985 
hearth design could not cope with these conditions in the 
long term, making an intermediate hearth repair necessary 
in 2002.

During this repair the refractory design was optimised 
on heat transfer from hot face to the hearth cooling 
system including high-density graphite. New local jacket 
cooling systems were adopted at the tapholes during the 
2002 hearth repair including ammonia chillers to reduce 
and control the hearth cooling water temperatures 
(see Figure 3).

Fundamental constraints of the BF6 hearth design 
include its relatively small hearth diameter of 11.0m and 
sump depth of 2.4m, resulting in a small hearth volume. 
The relatively thick bottom with a top layer of silimanite, is 
in place to resist bottom erosion and protect the vulnerable 
air-cooled bottom plate. Due to this, and considering BF6’s 
high productivity and low coke rate operations, the heat 
loads are concentrated especially at the side walls of the 
hearth just above bottom level. Despite the improved 
refractory design this only contributes to a moderate 
lifetime expectancy, necessitating comprehensive hearth 
monitoring and asset management systems.

CAMPAIGN RESULTS
Hot metal production increased throughout campaign 
No.3. The average daily output at the start was 
about 5,500tHM/day and it gradually increased to 
7,800tHM/day in 2007. In the same period the coke rate 
was reduced from 370 to 262kg/tHM. BF6 was idled in 
December 2008 for seven months due to the economic crisis. 
After re-starting in 2009 the furnace could not restore its 
best performance (see Figure 4) primarily due to the limited 
availability of high-quality raw materials at this time. Later, 
hearth refractory issues hindered further improvement. r Fig 5 Campaign productivity and duration; after [4]

r Fig 3 Hearth arrangement in 2002

r Fig 4 HM production and coke rate 1986-2018
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These issues were caused by heat transfer problems: 
due to hearth shell deformation,  gaps between safety 
graphite and the shell caused high temperatures and 
erosion. A grouting programme solved this problem 
around 2013. These grouting activities were also reported 
in 2015 (see reference [3]). Since then the performance 
gradually increased again. In 2018 an average coke rate 
of 274kg/tHM was achieved at a daily production rate of 
7,300tHM.

To April 2019, 76.6MtHM have been produced in the 33 
years since the blow-in in 1986. Expressed in production 
per unit of volume, this translates into 32,885t/m3³WV 
or 28,590t/m3³IV. In a presentation on the ICSTI 2018 in 
Vienna, the campaign duration and productivity of different 
blast furnaces worldwide were graphically represented (see 
[4]). The graph from this publication is modifi ed to include 
the BF6 result and is shown in Figure 5.

PROCESS CONTROL
Since the start of the campaign, important improvements 
have been realised in the fi eld of blast furnace process 
control, with burden distribution becoming a more 
distinguished part of process development after the 
introduction of coal injection. 

Coal injection made it possible to increase blast furnace 
productivity, but the decrease in coke rate also caused 
challenges in the gas distribution. A too large gas volume 
in the centre hampers blast furnace effi ciency and 
productivity, but too much gas at the walls leads to lining 
wear and possible leakages of the copper plate coolers.

A desired gas distribution is defi ned based on the 
optimum between heat losses at the wall and top gas 
effi ciency. The gas distribution in the top of BF6 for both 
temperature and composition, is monitored by four above-
burden probes. To monitor the wall zone and drying zone 
in the upper part, four in-burden probes are installed. The 
probes measure the temperature and gas composition 
between 30 and 90cm into the burden.

The burden distribution philosophy at IJmuiden is based 
on several principles. Coke is charged in the centre to 
create a central coke chimney to ensure and control the 
central gas fl ow. The amount of coke can be varied by 
several standard charging programs depending on the 
blast furnace behaviour. An almost fl at burden profi le is 
charged to minimise the rolling of raw materials and so 
minimises the infl uence of material properties on burden 
distribution. The charged fi nes are distributed along the 
radius to prevent concentration at centre or walls. Under 
normal conditions the ore base is fi xed, however, the most 
important part is the repeatability and consistency of the 
burden distribution.

This philosophy is translated into a desired burden 
distribution. The charging programme is designed using 

r Fig 6 Burden distribution control scheme

r Fig 7 Output of radar profi le meter

r Fig 8 Status of ceramic rods in December 2018
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a burden distribution model which has been developed 
over a number of years and improved by using trajectory 
measurements which were mostly done with the furnace 
being off blast. A project is ongoing to do online trajectory 
measurements, to be able to follow the trajectories of the 
charged raw materials at any time.

To monitor the result of the desired and implemented 
burden distribution a radar profi le meter was installed 
in 2004. Based on the results of this profi le meter, 
several key performance indicators are calculated. The 
current implementation of a 2D acoustic temperature 
measurement in the furnace top will help in improving 
furnace effi ciency and controlling the gas fl ow at the wall.

Figure 6 shows how the different measurements and 
calculations are combined to arrive at the desired burden 
distribution, and Figure 7 shows typical output of the radar 
profi le meter measurements.

More detailed descriptions of the developments in 
process control and instrumentation can be found in 
references [5] and [6].

In recent years, the ironmaking community has faced 
challenges of both availability and quality of certain raw 
materials. Changes in raw materials can have a signifi cant 
impact on the burden distribution in a blast furnace so 
to minimise their impact a number of improvements have 
been implemented in the existing stock house. These had 
the objectives to increase the fl exibility to cope with the 
raw material variations and improve the mixing of different 
raw materials to optimise gas distribution in the furnace.

ASSET MANAGEMENT: BOSH AND STACK
Twice per year the refractory wear of bosh, belly and stack 
is measured during scheduled stops. For this purpose, 
ceramic rods are installed in the bosh, belly and stack 
refractory. Based on the principle that the rods will wear 
at the same rate as the lining, their length is a reliable 
indication of the residual thickness of the lining. 

Nine levels of ceramic rods are installed in the belly and 
stack. There are three rods per level, approximately 120° 
apart. Each rod is positioned in the middle of two plate 
coolers at the spot where the highest wear is expected. On 
the shell there is a nozzle with a gas-tight cap. 

The length of each rod is measured with an ultrasonic 
device, and physical measurements are done when a rod 
is broken and replaced, and during plate cooler changes. 
Based on the ultrasonic measurements, an actual wear line 
can be made, and a recent version is shown in Figure 8.

A typical example of the historic development of the 
ceramic rod measurements since 1986 is shown in 
Figure 9, in this case for row 22 in the lower stack. Refractory 
wear is observed in the fi rst few years only, after which the 
lining thickness stabilises. For many years, no additional 
wear was seen, but recently some wear is observed. It 

r Fig 10 3D lining measurement upper stack

r Fig 11 Stack condition in 2009 after 51Mt

r Fig 9 History of ceramic rod measurements
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should be noted however, that the lining thickness is still 
considerable.

A recent development is that the wear in the upper stack 
and throat is checked by a 3D measurement device every 
scheduled stop, as shown in Figure 10.

Copper plate cooler management is essential to control 
refractory wear. Water leakage causes oxidation of 
refractory and harms skull stability due to steam formation. 
Management of leaking coolers is also important in 
regions exposed to high heat loads. Improper handling 
causes local severe refractory wear in those areas.

The BF department in IJmuiden formulated a golden rule: 
‘Water leakages are not accepted’. This means that during 
every shift, all copper plate coolers are checked and any 
found leaking are disconnected from the cooling system 
immediately. In the lower stack, belly and bosh area the 
leaking copper plate cooler is directly grouted to prevent 
loss of containment. Only the copper plate cooler rows 
situated directly above the tuyeres are not disconnected; 
in these cases the furnace is prepared for a stop within 24 
hours when the copper plate cooler will be replaced. At 
every scheduled stop all identifi ed leaking copper plate 
coolers are replaced. 

This refractory and copper plate cooler management has 
secured the integrity of the system for more than 30 years. 
In all those years no severe wear has taken place and at no 
time has external cooling of the bosh, belly or stack shell 
been necessary.

The excellent condition of the lining is also visible in the 
photographs taken during the seven month outage for the 
world fi nancial crisis (see Figures 11 and 12).

ASSET MANAGEMENT: BOTTOM AND HEARTH 
Due to the fundamental constraints of the BF6 hearth 
design and the high productivity and low coke rate 
operation, hearth integrity management is much more 
challenging than that for the bosh and stack.

This requires a comprehensive hearth monitoring system. 
Currently the hearth includes an extensive grid with 
more than 600 thermocouples. The state of the hearth 
is monitored continuously using automatically calculated 
alarm temperatures based on their location. The alarm 
temperatures, together with a standard set of measures, 
are in place to prevent wear of the safety graphite. 

Graphite and semi-graphite hearth refractory can only 
survive the hearth conditions when the system is able to 
create a skull that protects the graphite from dissolving 
into the hot metal, and excellent heat transfer from hot 
face to the hearth shell cooling system is required to 
establish this. There are many failure mechanisms that 
may compromise good heat transfer conditions, such as:
`  Calcium deposits on the hearth shell (fouling)
`  Gas leakage

r Fig 12 Bosh condition in 2009 after 51Mt

r Fig 13 Hearth design in 2013
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indicate better or worse contact between safety graphite 
and shell. If necessary, grouting is applied to restore 
contact.

Gap formation or degradation of the ramming layer is also 
detected. Heat flux calculations from the thermo¬couples 
in semi-graphite are compared with heat fluxes in the 
safety graphite. Correction in this case can also be via 
grouting. 

Assessment of contact between refractory and skull 
is under development. Tests were performed with a 
thermocouple in the skull, but to date, no valuable or 
reproducible data could be produced.

Deterioration of refractory by Zn or alkali is controlled 
by setting upper limits on the burden input. Use of high-
density graphite and gas leakage management also 
helps to slow down this degradation mechanism. In the 
IJmuiden situation, this degradation phenomenon is not 
of concern.

NEW DESIGN BF6
At this moment, the next reline of BF6 is scheduled for 
the end of 2021. By that time, the furnace stack will have 
produced over 80MtHM, and hearth production will be 
almost 50Mt. 

A project was started in 2013 to develop the scope 
of the reline. At that time, it was foreseen to further 
increase production capacity. The existing bosh, belly and 
stack design could facilitate this, but it was decided to 
improve the hearth design, eliminating the fundamental 
constraints such as the volume and sump depth. A 
complete hearth shell replacement would be necessary. 
The hearth shell cooling would be upgraded to modern 
techniques i.e. hearth shell shower cooling to be replaced 
by jacket cooling and the bottom air cooling would be 
replaced by a modern water cooling system.

It was decided to replace the semi-graphite refractory 
by super micropore carbon refractory to reduce the risk 
of dissolution in liquid hot metal and a ceramic cup was 
introduced to extend the hearth campaign. The design 
combines all the knowledge gained from the running third 
campaign. A target campaign life of 25+ years was set 
comparable to the lifetime performance of the stack. 

The hearth design as it was developed in 2013 is shown 
in Figure 13.

The reline strategy, however, changed in 2017 due to the 
possible future effects of CO2 emission reductions, as it is 
not clear if blast furnace hot metal production in Europe will 
still be viable after 2030. For this reason, it was decided to 
limit the target campaign to 15 years instead of 25+ years. 

It was therefore decided to re-use the existing hearth shell 
with only localised repairs to eliminate shell deformation. 
The principle is shown in Figure 14. 

This means that the fundamental constraints of the 

`  Water leakage
`  Gap formation between shell and hot face
`  Zinc and alkali deposition

Each of these failure mechanisms is managed to prevent 
hearth wear, and for this purpose, a control plan was 
developed.

Water quality of the spray cooling system is controlled 
by a continuous monitoring system to prevent deposition 
of calcium. The hearth shell is regularly cleaned with high 
pressure water to secure heat transfer from the shell to the 
cooling water.

‘Gas leakage is not accepted’ is another golden rule. 
Gas leakage can cause carbon deposition in the lining, 
in particular in areas where Fe is present to catalyse this 
process. Gas leakage via the hearth shell facilitates gas 
transfer via the refractory, thus causing carbon deposition 
between skull and graphite or, even worse, in the graphite 
itself. To prevent this, a monitoring system is established.

This means that every month, all thermocouples 
mounted on the hearth shell are checked for gas leakage. 
All identified leaks are rectified directly. If necessary, the 
blast furnace is stopped for repair.

Gas leakage of the bottom plate is continuously checked. 
Gas monitors are installed on the ducts of the four fans 
of the cooling of the bottom plate. Gas leakage via the 
taphole face is controlled by tap hole management with 
plugging, grouting and tap hole face construction used to 
minimise the gas leakage.

Water leakage causes steam or hydrogen formation in 
the blast furnace. Steam formation is destabilising to skull 
preservation, and at high temperatures, water ingress can 
also cause graphite refractory oxidation.

Water leakage management in IJmuiden is therefore very 
strict. Copper plate cooler leakages have been discussed 
above, but tuyere leakages are also not accepted. If a tuyere 
nose circuit is leaking, it is immediately disconnected from 
the cooling circuit, but the tuyere will remain with cooling 
on the body circuit only. For an identified leaking tuyere 
body circuit, the BF is shut down within a maximum of 
eight hours to replace it.

Gap formation is an important issue for BF6. This is 
mainly due to hearth shell deformation. The current 
hearth shell of BF6 was erected in 1975 and deformation 
at elephant foot level has developed over the years and is 
now more than 100mm at certain spots. Since 2002 some 
spots deformed more than 60mm. The reason for this is the 
relatively thin hearth shell (40mm), in combination with 
the hearth design and operation mode. For this reason, a 
shell deformation monitoring programme is established.

Gap formation between the hearth shell and the safety 
graphite is detected by flux thermocouples installed 
in the shell and safety graphite. Changes in flux ratio 
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hearth will remain during the next campaign. The refractory 
design is, however, further optimised and includes super-
micropore carbon and a ceramic cup.

Figure 15  shows the hearth design as  planned for  the 
next reline. 

CONCLUSIONS
BF6 has been operating 33 years at a low coke rate and 
high productivity since blow-in in 1986. The low coke 
rate was aided by an effective process instrumentation 
and process control approach. 

The long campaign life has been possible by the bosh, 
belly and stack design with copper plate coolers, graphite 
and silicon carbide, supported by effective process control 
procedures, as these made sure the gas distribution and 
heat loads were optimised at all times.

The high productivity and original design constraints 
caused erosion of the hearth throughout the fi rst 16 
years of the campaign which necessitated a hearth 
repair in 2002 after 34.3Mt. Effective asset management 
is critical for a long campaign life and at IJmuiden this 
includes a comprehensive monitoring program and 
‘golden rules’ that must be adhered to.

The next reline is currently scheduled for 2021. The 
original design for bosh, belly and stack will be used. 
A new design will be implemented for the bottom and 
hearth to deal with some of the constraints currently in 
the design. MS
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r Fig 14 Scheduled local hearth shell replacement

r Fig 15 General hearth design arrangement for campaign No. 4

r Fig 14 Scheduled local hearth shell replacement

r Fig 15 General hearth design arrangement for campaign No. 4




