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Abstract

In order to satisfy higher quality steel requirements, No.3RH degasser was installed in
Kakogawa works in November 2004. After the start of No.3RH operation, heats per day of
existing No.1RH have been decreased and the ratio of high-quality steel, which requires long
treatment time, has increased. With such a considerable change in service conditions, the
campaign life of No.1RH lower vessel has sharply decreased to a low level due to heavy wear
of the bottom bricks and unusual wear of the throat bricks which results in the sudden shut
down of the vessel. In order to reduce the wear rate of the bottom bricks, repairing procedures
and bottom brick material have been improved. In addition, to preventing unusual wear of the
throat brick, expansion allowance of the bottom bricks has been improved by using refractory
cushion board while carefully managing bottom shell deformation. With these improvements,
wear rate of the lower vessel has markedly decreased and sudden shut downs caused by
refractory troubles have also been reduced. This paper describes these No.1RH refractory

improvements and gives a structural analysis of the vessel lining which is ongoing.
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1. Introduction

In order to meet requests for upgrading
steel quality, such as high tensile steel, new
No.3RH was installed in Kakogawa works in
November 2004. After the start of No.3RH
operation, the ladle refining processes
were matched with the continuous casting
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Fig. 1 Change in process flow with No.3RH
operation in Kakogawa Works.
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Fig. 2 Change in heats per day and treatment
time at No.1RH.

machines, and physical distribution im-
proved. (Fig.1)

Up to the start of No.3RH operation, most
plate steel for 4CC-2ST was treated at
No.1RH, and now, most of it is treated at
No.3RH, therefore, heats per day in existing
No.1RH have decreased and the main product
of No.1RH has been changed to steel wire
rod. Though, heats per day in No.1RH has
decreased, the ratio of high-quality steel
which requires long treatment time has
increased, so the average treatment time in
No.1RH has increased. (Fig.2)

2. Reduction in Campaign Life of
No.1RH

With such a great change in the service
conditions, the campaign life of the lower
vessel has decreased because of bottom brick
wear and unusual throat brick wear in
No.1RH. The change in campaign life of the
lower vessel of No.1RH i1s shown in Fig.3.

By improving the sidewall brick material
and controlling the amount of O, blowing
during heatup, the campaign life of No.1RH
was increased to 500heats. However, after the
start of No.3RH operation, it has started to
decrease, and in second half of '05, there
were some cases that end within 450heats.
Formerly, the most critical wear area of the
lower vessel was the sidewall, but now, is the
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Fig. 3 Change in campaign life of the lower
vessel in No.1RH.
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Fig. 4 Change in bottom brick thickness with
No.3RH operation.

bottom brick area and the throat brick area.
Therefore, the conditions and the reasons
were I1nvestigated, centering around the
change in service conditions."”?’

3. Wear Condition of Bricks and
Countermeasures

The reduction in the campaign life of the
lower vessel is due to the severe wear of the
bottom bricks or the throat bricks. So, the
wear condition of the bricks was investigated
in each case.

3. 1 Wear condition of the bottom bricks

The change in bottom brick thickness with
the number of heats is shown in Fig.4. Each
point on the graph shows the thickness of
the bottom bricks, which was measured
during the snorkel change. The data in Fig.4
consists of two types, data during the second
half of '04 before the start of No.3RH opera-
tion and data during the first half of "05
after start. The thickness of the bottom brick
1s required to be at least 100mm at the end of
lower vessel campaign for trouble free opera-
tion. Compared with the former level, the
wear rate of the bottom bricks in the first
half of '05 is quite rapid. There are some
cases where the thickness of the bottom
bricks falls below 100mm by the end of each
term. The frequency is higher than before.
Investigation of the wear rate of pressure
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Fig. 5 Change in bottom brick thickness at
No.1RH.
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Fig. 6 Appearance of damaged throat brick.

grouting refractory material and of bottom
bricks revealed that the wear rate after the
start of No.3RH operation is faster than that
before the start.
3. 2 Wear condition of the bottom bricks
and improvement

The reason for the increase in the wear
rate of the bottom bricks and pressure
grouting refractory material is thought to
be (D Increase in treatment time causes
severe wear of the bottom and throat leg,
@ Spalling as a result of temperature
changes caused by decrease in heats per day.
At first, as a temporary measure, the
grouting repair span was shortened. As
usual, grouting repair was carried out
during snorkel exchange, depending on the
snorkel life of almost 100heats. But now, the
condition of the grouting material is
observed after every treatment by the opera-
tors, and if the condition is bad, grouting
repair is carried out regardless of the snorkel
condition, in order to avoid trouble. As a
permanent measure, the material of the
bottom brick will be changed from magnesia-
chrome to magnesia-carbon, in the future to
decrease spalling damage. The change in
bottom brick thickness after the improve-
ments is shown in Fig.5. With these improve-
ments, the thickness of the bottom brick
remained over 100mm until the end of the
lower vessel life.
3. 3 Wear condition of the throat bricks

The appearance of the damaged throat
bricks, that caused the perforation of the
bottom shell, is shown in Fig.6. The perfo-
rated area was the part connecting the upleg
snorkel with the bottom shell of the lower



Vol. 51 2008

Fig. 7 Cross section of damaged throat brick.
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vessel. Furthermore, a crack extended half-
way around the throat bricks in the downleg
snorkel. They were also severely damaged.

In order to investigate the degree of
damage and cause, we carefully examined the
lower vessel after service. At first, the
bottom brick condition of the lower vessel
was observed and found not to be damaged at
all. As the bottom brick 1s demolished, the
finning was found between bottom shell and
bottom brick, from upleg to downleg. So,
damaged throat brick was examined in
detail. The cross section of a damaged throat
brick is shown in Fig.7.

In that brick, there are some cracks from
the hot face to the cold face. They are not
normal to the hot face, and they are not
parallel to each other. From these results, it
seems that, some stress occured in the throat
bricks causing the cracks, and then, steel
invaded the cracks and the shell was
perforated.

3. 4 Wear condition of throat bricks
and improvement

Two mechanisms of the throat brick stress
were considered, Mthe volume expansion of
the bottom brick causing the throat brick to
spall, @steel shell deformation of the lower
vessel causing the throat brick to spall. First,
the influence of the volume expansion of the
bottom brick was examined.

3. 4. 1 Improvement of expansion
allowance

In Kakogawa works, a ring type throat
lining is employed on the lower vessel. The
expansion allowances of the volume expan-
sion in the circumferential direction and the
other directions were estimated. Then, the
expansion amount of brick was calculated
using the expansion rate of the magnesia-
chrome, 1.37%. The expansion allowance is
considered to be the expansion of the steel
shell and the creep of the mortar joints.

expansion amount of bricks = bottom
brick installation diameter X expansion
rate (1.3796) +rrrrrrrrrrrrrrmmmreeeeaaaaaannns (D
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Fig. 8 Expansion allowance of bottom brick.

V= =\

Fig. 9 Measured deformation of the bottom
shell after steel shell replacement.
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shell and limit deformation level.

expansion allowance=steel shell diameter
% 1.08,/100000 X (360°C — 30°C) + (number

of joints X 2mm X mortar creep rate

(D096)) =veervermeerreereaeeinieieeieaeanes 2)
expansion allowance ratio(%) = (2)/(1)
XlOO ............................................. (3)

In the usual bottom brick lining, it was
revealed that the expansion allowance in the
circumferential direction is almost 50%, and
that in the other direction is only 37%.

Though there i1s no determined correct
amount for this expansion allowance, it
seems that low allowance causes the bottom
bricks to bulge up and the cold face of the
throat brick is pulled up causing tensile
stress. Therefore, in order to improve the
expansion allowance, a joint board was set
between the wear bricks and the safety lining
bricks of the sidewall in the bottom area as
shown in Fig.8. The expansion allowance
ratio of circumferential direction improved
to 63%.

3. 4. 2 Deformation of the bottom shell
and improvement

In the RH lower vessel, deformation of the
steel shell bottom takes place after long use,
and the two throat legs also expand. In order
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Fig.11 Measured deformation of the improved
bottom shell.
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to asses the deformation of the steel shell
bottom quantitatively, displacement of the
bottom shell after each campaign was meas-
ured. The procedure used for measuring the
deformation were the distance from the top
of the vessel to the shell bottom, in four
directions, for nine points, as shown in Fig.9.

An example of measured data is shown in
Fig.10. The axis of ordinate shows the
measured displacement from the dimensional
plane of the steel shell, the axis of abscissa
shows the measured point of the bottom. As
the deformation level differs among vessels,
there exists about 4omm deformation of the
bottom part of this steel shell after two
campaigns. As a temporary measure for this
deformation of the steel shell, a deformation
level limit of 60mm was set because, over the
past several years, there have been some
troubles of steel shell deforming over 60mm
which demanded steel shell renewal.

The best countermeasure is to control steel
shell deformation so the material of the shell
was checked. Usually, the material of the
shell was SS400, but in order to reduce the
creep deformation, we chose a material that
has creep resistance. The deformation behav-
ior of the new shell material is shown in
Fig.11. Compared with the former material,
the deformation after one campaign is small,
and there is little deformation progress after
several campaigns. Therefore, we decided to
use creep resistant steel in the case of shell
renewal.

4. Improved results and the subject of
future problems

As a result of above-mentioned actions, the
campaign life of the lower vessel returned to
the original level as shown in Fig.12, and the
wear of the problem parts was decreased and
sudden shut down by trouble has reduced.

However, these countermeasures are based
on the assumption that the wear of the
throat is caused by the stress on the throat
brick, therefore the stress mechanism of the
lower vessel must be analyzed quantitatively
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Fig.12 Change in campaign life of lower vessel
at No.1RH.
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to estimate the propriety of these measures
and to take adequete permanent actions.
Now, stress analysis of the lower vessel is in
progress around the throat bricks. The prop-
erties of both steel shell and bricks according
to temperature change were taken into
account for calculation. In this analysis,
large stress appeared on the cracked position
confirmed in an used brick, and the peak
stress was observed when the temperature in
the vessel was the lowest. Also the deforma-
tion behavior of the throat brick and the
bottom brick was confirmed. These results
suggest that displacement and deformation
of brick lining structure are strongly related
to stress. In order to take more effective
countermeasures, the stress mechanism must
be analyzed futher in the future.

5. Summary

After the start of No.3RH operation, the
service conditions have greatly changed, and
the campaign life of the lower vessel de-
creased in No.lRH. Countermeasures were
quickly taken to 1mprove the RH
refractories, repairing frequency, bottom
brick material and expansion allowances,
and the deformation of the bottom shell was
controlled. With these improvements, wear
of the problem parts decreased and sudden
shut down of the vessel by trouble has been
reduced.
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