Blast furnace modern design —
modular construction

This article summarises the results of a comparison of two modern blast furnace designs.
These designs include similar hearth, upper stack and throat armour technologies, but differ
on the lining selection for bosh, belly and stack. The frst design includes copper plate coolers,
graphite and silicon carbide. The second design includes copper stave coolers.

Results of a partial reline modular construction case study are described for the frst design.
This demonstrates the feasibility of reducing the shut-down duration for a partial bosh, belly and
stack reline to 40 days. A complete reline can be realised within 70 days. This is comparable to
the shut-down duration for the second design using copper stave coolers.
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Modern blast furnace designs — using copper plate
coolers, graphite and silicon carbide or using copper

&) stave coolers — have been used by the industry since
the 1970s and 1980s, respectively. The main objectives
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[ Castiron st of these designs have been a longer campaign life and

higher availability. Currently 15-20 years are commonly

o required for new plants and at partial or full relines.
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of raw materials results in increases in the amount of

v Fig 1 Throat armour and upper stack cast iron stave cooler and fnes and slag volume, which reduces gas permeability

cooling system and increase the risk of liquids fooding. Burden and gas

distribution are fundamental and critical for low cost hot
metal operations.

Shut-down durations for (partial) relines are also more
critical today due to the fact that most plants are operating
fewer blast furnaces than in the past. Lost production
during these relines must be minimised and modular
construction reline technology has been demonstrated at
many plants using designs with copper and cast iron stave
coolers since the 1990s.

Catastrophic abrasion failures of copper stave coolers
have been reported by many plants in the past 10 years
= = and this compromises the availability, productivity and
r Fig 2 Bottom and hearth campaign life of these plants. The performance of copper

plate coolers, graphite and silicon carbide has been
outstanding at all plants using the original ‘Hoogovens'
design. Reline durations using this Hoogovens design
technology have always been longer due to the fact
that installation of refractory could only be realised after
installation of the shell, whereas copper stave coolers can
be pre-assembled to the shell. This relative disadvantage
has recently been eliminated by the development of
modular reline construction technology incorporating pre-
assembled Hoogovens technology. This can be realised
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about interdependency between process and reactor i i
lining for both blast furnace designs. Although this debate
is beyond the scope of this article, the authors have %
found no cases so far where operators were confronted by e
limitations imposed by the lining design based on copper o=
plate coolers and high conductivity refractories. fi
BLAST FURNACE MODULAR CONSTRUCTION : A 1
A particular advantage of copper and cast iron stave ;’Kz-.‘f‘_@,:
coolers is associated with the fact that they can be pre- e

assembled to the shell, reducing the reline duration using
modular construction technology. This technology has
been used since the 1990s after advanced heavy transport
and lifting technologies emerged in other industries in the
1970s. These technologies include self-propelled modular
transporters, skidding, jacking and strand-jack systems as
illustrated in Figure 7. The transport and lifting systems
are compact and can result in signifcant reductions in
reline shut-down time. Replacement of entire blast furnace
reactors have already been accomplished.

The duration of a traditional blast furnace reline is in v Fig 13 Reline modular construction
general more than 120 days, but can be reduced to less
than 70 days using modular construction technology. Pre-
requisites for modular construction include space at and
around the blast furnace and suffcient strength of the
tower and/or casthouse structure for temporary support
of blast furnace modules.

An auxiliary foldable and movable platform is required for
fexibility of activities inside the reactor. A foldable design
is illustrated in Figure 8: the diameter of the platform can
be modifed to suit the different diameters of the blast
furnace bosh, belly and stack.

Modular construction technology has been used frequently §
in our industry for (integral) relines using copper and cast 5
iron stave coolers, as these can be pre-assembled in the - §
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shell without risk of damage, for instance to the refractory
lining. Either the refractories are not installed or they are an
integrated part of the staves. A comparable technology has
now been developed for a (partial) reline using Hoogovens
technology within an engineering consultancy project.

The scope of this partial reline project is illustrated in Figure
9 and includes the replacement of the bosh, belly and stack
copper stave coolers and shell (left, red area) by a new shell,
copper plate coolers, graphite and silicon carbide (right,
green area). The copper stave coolers have been failing to
the point that shell deformation and cracking has been
occurring within less than fve years after commissioning.
The hearth and upper stack does not require relining and
hence a partial reline — replacing the copper staves by
copper plate coolers, graphite and silicon carbide — with a
minimum shut-down time has been explored.

A typical module design for the lower stack is illustrated
in Figure 10 and includes pre-assembled copper plate
coolers, graphite and silicon carbide refractory, external
interconnecting piping and temporary re-enforcement
structures.

Deformations of the module are less than 2.5mm during
transport, lifting and installation as has been demonstrated
by stress-strain models (see Figure 11). This can only be
r Fig 15 Piping and cooling system realised by modern heavy construction systems with digital

control of cylinders to ensure equal distribution of forces
introduced by the transport equipment.
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These modules with a pre-assembled lining are
comparable to ‘conventional’ modules with copper or cast
iron stave coolers. The interface between two modules
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Capping & Venting using pre-assembled refractory lining is critical, but in-situ
Piping & Cooling System . .
Top Fixing installation has already been demonstrated frequently

Remove Bustle Main
Modular Dismantling
Modular Installation

during conventional relines whereas installation is
accomplished simultaneously at different levels. Typical

Ezi;ﬁf%';’e'r";‘g:fes examples are illustrated in Figure 12.

Re-Install Bustle Main A detailed dismantling and installation procedure is

Blow-in Preparations . . .

Blow-in illustrated in Figure 13. Refer to the sequence below the
fgures to determine sequence of operations. Pre-reline

v Fig 16 Shut-down schedule activities include casthouse activities to provide suffcient

space for transport of the modules and also installation
of skidding, jacking and strand-jack systems. Pre-assembly
of the modules should be realised close to the plant to
minimise transport movements. Temporary and local
re-enforcement of the tower structure may be required.
Furthermore, provisions for modifcations to the cooling
system can already be installed.

Salamander tapping is necessary after blow-down to
secure safe working conditions during the (partial) reline.
Additionally, salamander tapping will enhance cooling
down and blow-in of the furnace. Remote drilling (see

S Figure 14) secures safe working conditions. A capping
= layer using slag sand is deposited on top of the remaining
3 burden after removal of the tuyere stocks, or gunning
2
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could be used. This capping layer effectively seals the
hearth to eliminate oxygen entrance and risk of carbon
oxidation. Furthermore, it eliminates the risk of CO gas in
the blast furnace, although an additional venting systems

Preparation Technologies
is al ired.
Iszcﬂs;;?:;]etnng can be executed after installation of fOI' Metal I urgv

the movable platform and installation of the top suspension
system. Due to space constraints for this specifc plant, three
dismantling modules are required. Two large new modules
and one small adaptor ring are installed after dismantling
has been realised. The maximum weight of each of the
large new modules is ~600 tonnes. Before lifting into
fnal position, the frst and second large modules are
partially welded together to secure fast-track installation of
the third module. Marry-up of the refractory interfaces is
accomplished after welding has been completed.

The external cooling system can be revised in parallel
with the modular construction approach. An independent
cooling system could be installed, but it is normally more
economical to tie-in the new cooling system to the existing
system (see Figure 15).

Total shut-down for this partial reline for a large blast
furnace can be realised within 40 days. The main activities
are summarised in the shut-down schedule of Figure 16.
Within this time schedule it is also possible to replace
the tapholes with a conventional external taphole repair
procedure. Blow-in is accelerated using oxy-fuel recovery
lances, which are most effective if a controlled blow-down
has been realised. A comparable schedule for an integral
reline — including replacement of the entire reactor —
would amount to less than 70 days.

Tailor-made solutions for:

CONCLUSIONS

~ Modern blast furnace designs include; state-of-the-art W Preparation of pellets and micropellets

bottom and hearth refractory grades, including high B Sinter mix preparation

conductive micropore semi-graphite (ultra micropore

carbon), external hearth shell jacket cooling and B Recycling of valuable residues

bottom water cooling like dusts, ashes, sludges, slurries
~ Bosh, belly and stack designs including machined copper

plate coolers, graphite and silicon carbide refractory, have B Fine grinding

demonstrated long campaign life and high availability .
~ Modular  construction  technology has been W Preparation of carbon paste

demonstrated frequently during blast furnace relines for graphite electrodes, anodes, cathodes
using copper and cast iron stave coolers and has been .

recently developed for Hoogovens technology W Coal preparation
The technology secures a shut-down time for a
partial reline of 40 days and a complete reline of

70 days. ms =
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