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“Backward Inclined Lining”, a New Design for BOF Cone Linings
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Abstract

When bricks drop off from the cone of BOFSs, repairing is necessary to continue the campaign.

Occasionally, the service life is influenced by the dropping off phenomena. In this study, the cone

linings were analyzed with structural analysis technology using F.E.M. to prevent cone bricks

from dropping off. Appropriate material data, analysis model and boundary conditions were

necessary to obtain highly precise calculation results. It was found that stresses produced in cone

bricks and cone brick movement depend on cone lining design. A new design for the cone lining

called “Backward Inclined Lining” is presented here which is based on the knowledge about how

large stresses and gaps between bricks are produced. In a practical test, the backward inclined

lining bricks didn't drop off. Sufficient results were obtained for the new design.
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1. Introduction

Bricks at the cone of BOFs easily drop off during
service and during removal of chilled steel.
Repairing is necessary each time and service life
often deteriorates. Drastic countermeasures have
been required. However, some previous countermea-
sures', which have been put to trial until now to
control dropping off, aren't always effective. In
recent years there has been a trend toward chang-
ing the horizontal cone lining to the forward in-
clined. This has reduced brick drop off”. However,
in some cases the forward inclined lining has also
been ineffective. Further countermeasures should be
taken.

We checked the previous countermeasures which

hitherto have been taken from experience. Then, we
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revealed how the cone lining could be related with
brick drop off through structural analysis technol-
ogy. A guiding principle for taking appropriate
countermeasures has been presented®"*’. Our studies
are based on material data of bricks and shell,
F.E.M. model and boundary conditions which were
obtained while taking operating conditions into
consideration”®’.

This report describes the backward inclined lining
which was newly obtained with structural analysis

based on the above factors and presents the results

Forward inclined lining

Backward inclined lining

Fig. 1 Axisymmetric model for calculation.
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of a practical test®.

2. Conditions of Analysis

2. 1 Model

Axisymmetric models for calculation are shown
in Fig.1. F.E.M.(finite element method) was applied
for those models. Linings in which bricks are laid at
the bottom, barrel and cone are the subjects for our
investigation. Three types of models, which had the
same lining at the barrel and bottom, but at the
cone a conventional lining - “horizontal”, an im-
proved one - “forward inclined” and a newly devel-
oped one - “backward inclined” were made for
comparison purposes.

The slope angle of the “forward inclined lining”
and the “backward inclined lining” was set at a 10
degree incline. The backward inclined lining was
also studied at a 5 degree incline. A 3-dimension
model for the backward inclined lining was made to
check for moving of barrel cone connecting bricks
which were used for connecting the horizontal
lining at the barrel to the inclined lining at the
cone.

2. 2 Material data

Mass density, thermal conductivity, specific heat,
elastic modulus, thermal expansion coefficient,
Poisson's ratio and so on of the bricks and shell
were necessary for computational analysis. The

thermal conductivity, elastic modulus and thermal

Time (min)

Fig. 2 Example of MgO-C brick data for calculation®.
(a),(b)and(c) show from RT to 5600°C, 1000°C and 1300°C.
@,@and®@show the thermal expansion behavior in the 1st, 2nd and 3rd cycles.
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Fig. 3 Example of operating temperature applied to
BOF.
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expansion coefficient of bricks were measured at
elevated temperatures for analysis and the specific
heat was estimated from the chemical composition
of the bricks and specific heat data from a
databook™ for single chemical composition materi-
als. Poisson's ratio was presumed data. Elastic-
plastic analysis was performed for the shell with
yield points depending on the elevated temperature.

Properties of unburned MgO-C bricks which were
applied to the BOF wear-lining changed with the
temperature and heat treatment cycles. Data de-
rived from those property changes were used in the
computational analysis.

An example of data is shown in Fig.2. According
to the area of the furnace lining, MgO-C bricks of
various blending ratios with different properties
were applied to actual furnace.

2. 3 Boundary conditions

An operating temperature graph is shown in

Fig.3.
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Fig. 4 Shell temperature (A) and temperature distribution (B) obtained by calculation.
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After construction, the furnace was preheated
from R.T. to 1200°C in 4 hours before starting the
operation. Operating temperature during the 40
minute cycle of putting pig iron, blowing, tapping
and waiting was repeated for calculation. In this
present study, computational analysis was per-
formed until 30 cycles after which the temperature
in the furnace is normaly balanced on the whole.

The mouth flange and the cone shell were cooled
by water and the trunnion side shell by air. The
results for heat transfer analysis which was firstly

performed were used for thermal stress analysis.
3. Results and Discussion

3. 1 Temperature

The results for heat transfer analysis are shown
in Fig.4.

The shell temperature rising rate near the 30th
heating cycle indicated that the temperature of the
furnace was in a roughly steady state. By using the
temperature results, thermal stress analysis was

performed to study the stress, displacement and

(B)

Fig. b Transition of higher stress (A), stress distribution and intensified deformation (B) for horizontal lining at
cone, just before the tapping of 30" heat —— safety lining is eliminated for easy viewing.
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deformation state during the 30th cycle. Shell
temperature was about 400°C, nearly equal to that
of an actual furnace.

3. 2 Features of horizontal lining

The stress distribution for the horizontal lining
at the cone is shown in Fig.b

The stress at the lower part of the cone near the
barrel was higher. The stress increased with each
operating cycle and attained a constant level after
about 10 cycles. Peak stress during each cycle
occurred just before tapping when the temperature
in the furnace was highest. In other words, when
the thermal expansion of the bricks was highest, the
peak stress was produced.

An intensified deformation diagram is also shown
in Fig.5(B). Bricks in which the higher stress was
produced were warped with the middle bowing up.
This warp was generated by force pushing up from
the bottom and barrel and down from the upper
part of the cone”. That is to say, this deformation
produced the higher stress. If bricks at the lower

part of the cone were damaged, those above them

Fig. 6 Stress distribution and intensified deformation for forward inclined lining (A) and backward inclined lining (B)
at cone, just before the tapping of 30" heat —— safety lining is eliminated for easy viewing.
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would drop off.

In addition, a gap between the bricks near the
mouth was produced. Metal can easily penetrate
into such a large gap causing mouth bricks to drop
off during the removal of chilled steel, so generation
of these gaps should be avoided.

3. 3 Features of forward and backward inclined
lining

In the previous section, the results of analysis for
the horizontal suggest that all bricks at the cone
and mouth fall in when dropping off occurs at the
lower part of the cone. The “forward inclined
lining” and the “new backward inclined lining” by
which it was possible to relax bending in the cone
section were analyzed for stresses and so on. The
results are shown in Fig.6.

Neither lining had the high stresses which were
produced in the cone of the horizontal lining. On the
other hand, the gap between bricks at the mouth
was not improved by the forward inclined lining.

But the backward inclined lining eliminated the gap

Backward
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Fig. 7 Mechanism of stress relaxation and bricks movement for the forward inclined lining and the backward

inclined lining at cone.
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Bricks between barrel
and cone bricks

Fig. 8 3D-model to check movement of two brick layers between barrel and cone bricks and displacement in the
radius direction for backward inclined lining at cone —— safety lining is eliminated for easy viewing.

(B) 10 degree incline
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Stress (MPa)

Fig. 9 Stress distribution and intensified deformation
for backward inclined lining, just before the
tapping of 30" heat —— safety lining is elimi-
nated for easy viewing.
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because brick movement caused by thermal expan-
sion was smooth.

The mechanism for stress relaxation and relative
movement direction of bricks for the forward and
backward inclined linings is shown in Fig.7.

For both linings, the load on bricks laid at an
angle was distributed, relaxing the stress. For the
forward inclined lining, the hot face of the brick
moves downwards and the cold face moves upwards.
However, for the backward inclined lining, the
opposite movement 1s realized. As the mouth shell
opens like a flower blooming because of the lining
movement shown in Fig.6, the forward inclined
lining produces gaps between bricks.

3. 4 Subjects of backward inclined lining

Results in the previous section predict that the
backward inclined lining is better than the horizon-
tal and the forward inclined. In this section, some
problems of the backward inclined lining are pre-
sented.

Barrel cone connecting bricks must be used to
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Fig.10 Stress distribution and intensified deformation
in last lining profile for forward inclined lining
(A) and backward inclined lining (B) at cone,
just before tapping. —— safety lining is elimi-
nated for easy viewing.
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connect the horizontal lining at the barrel to the
backward inclined lining at the cone. They might be
pushed out of the working side because the height of
the hot face of the bricks is larger than the cold
face. The shape expands like a trumpet on the hot
face side. A 3D model which could take the influence
of bricks in the circumference direction into consid-
eration was made to solve the problem. The results
are shown in Fig.8. When the hot face position of a
barrel cone connecting brick was compared with
that of a contacting barrel brick, the brick was
pushed out only by 2.6mm in the direction of the
furnace inside which can be ignored. Accordingly,
barrel cone connecting bricks will not drop off from
the hot face during campaign.

Next, the angle for the backward inclined lining
was studied as shown in Fig.9. When the backward
inclined lining was angled at 5 degrees from the
horizontal, a little higher stress was produced near
the hot face. In order to obtain the positive effects
of the backward inclined lining, a 10 degree back-
ward facing grade is appropriate.

A wear profile of the lining with a residual thick-
ness of 300mm was used to study the forward and
backward inclined linings at the middle of the
campaign, as shown in Fig.10. The results were
almost the same as at the beginning of the cam-
paign. The backward inclined lining shows good

stable results all during the campaign.
4. Test in Actual Furnace

An actual test for the backward inclined lining
was performed at Kashima Steelworks of Sumitomo
metal industries, Ltd. Photographs of construction
and inside just after used are shown in Fig.11.

This furnace shows a typical damage pattern for
a conventional lining such that the drop off of
bricks starts from the mouth and spreads out over
the upper and lower parts at the cone in sequence.
However, the backward inclined lining shown in
Fig.1 contributed to realizing a stable campaign
because the cone bricks didn't drop off at all, and
only 3 levels of the mouth fell in. So the backward

inclined lining is predicted to be extremely effective.
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Fig.11 Photographs of backward inclined bricks being laid near tap hole in BOF (A) and the appearance

of the cone just after use (B).
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5. Conclusion

By performing structural analysis on the BOF
cone lining, the relationship between the cone lining
and brick drop off was made clear. On the basis of
that knowledge, we newly presented “the backward
inclined lining”. The backward inclined lining bricks
in the actual test didn't drop off, although the
conventional lining bricks at the cone dropped off.

Sufficient results were obtained for the new design.
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