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Hot Casting Repair Mix for BOF Taphole Sleeve
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Abstract

Hot BOF taphole sleeve repair is usually performed with phosphate bond gunning mix

added excess water. But phosphate bond gunning mix has a short service life, and requires

gunning work in front of the hot furnace. On other the hand, pitch bond hot casting repair

mix has good service life, and requires only throwing the mix into a furnace. But it has the

drawback of long hardening time.

The hardening time of the newly developed rapid hardening pitch bond hot casting repair

mix was shorten by 40% compared to the conventional mix. So it hardens in 30 minutes. If 30

minutes hardening time can be realized and the developed rapid hardening hot casting repair

mix can be used for and shorten sleeve exchange, it is possible to improve service life,

construction workload, working efficiency, and shorten sleeve demolition working hours.
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1. Introduction

Steel plants in Japan have been in full
operation in order to satisfy the aggressive
demand for steel during the past a few years.
Therefore, improvement in the efficiency of
BOF's by raising their operating rates is
greatly required. Shortening repair time is
one of the important methods. Reduction of
work time such as exchanging bricks, hot
casting repair, hot gunning repair and
taphole sleeve exchange 1s required.
Meanwhile decreasing repair frequency con-
tributes to increasing production efficiency.
So both reducing the repair time and a high
performance repair mix are required. In
response to requests, we have developed
excellent performance repair materials such
as quick hardening hot casting repair mix
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Table 1 Repair mix binder system groups

Hot casting repair mixes Gunning mixes
Non water binder system Water binder
system
T - Phosphoric Carbon bond
Resin binder Pitch binder system .Phosphorlo binder system system
| system binder system
t
ems Wet type Wet type Dry type Dry type
Durability O © © X~/ X ~A O
Hardening time © A A © © @)
Workload X © © © A A
Storage stability X X © © © ©
Remarks Hi-cost
Good <~ ©>0O>A> X — No good
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which reduces hardening time by about 40%
compared to conventional material, high
performance carbon bond gunning mix"?
These materials were received well at a lot of
steel works.

This report explains about the application
of pitch bond quick hardening casting repair
mix for exchange and repair of the BOF
taphole sleeve.

2. Kinds of BOF Hot Repair

Table 1 show some kinds of hot repair
materials for the BOF. Materials are
grouped into several categories according to
repair methods and bond form. Repair meth-
ods are grouped into hot casting and hot
gunning. Hot casting repair materials are
grouped into resin bond, pitch bond, and
phosphate bond according to bond form. In
addition, hot casting materials are classified
by wet type and dry type. Hot gunning
materials are grouped into phosphate bond
and carbon bond according to bond form.

Among these repair materials, the highest
performing material is the pitch bond hot
casting repair mix. The phosphate bond hot
casting mix has a shorter service life than
pitch bond casting mix, but the hardening
time 1s shorter than the pitch bond. The
phosphate bond has the features to match
the user needs for short time repairs. The
wet type repair mixes containing pitch bond
and resin bond have the drawback of



Vol. 51 2008

Taphole sleeve Repair area @

Repair area D

Fig. 1 Repair area of Taphole sleeve.
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changing over time easily. Therefore a dry
type pitch bond hot casting repair mix is
typically used.

There are two types of gunning mixes,
carbon bond and the phosphate bond. The
carbon bond gunning mix has obviously
longer service life than the phosphate bond
gunning mix. But the carbon bond mix needs
high temperature conditions to harden, so
the phosphate bond mix is used under low
temperature conditions.

3. Repair Methods for BOF Taphole Sleeve

The first step of BOF taphole sleeve ex-
change work is to break down a used sleeve
and to drill a hole. If the last constructed
repair material has a loose structure, the
infiltrating metal obstructs break down and
quite a bit of time is required for work. So
the repair mix applied around sleeves needs
to have a good packing property.

At the second step, the new sleeve 1s in-
serted through an opened hole, and is fixed
to the outside edge with gunning or jig. Then
the repair mix is poured into the space (re-
pair area @O in Fig.l) between brick and
sleeve in the furnace and the sleeve is fixed.
In addition, the mix is packed into the mor-
tar-shaped wear part (repair area @ in
Fig.1). If the service life of the repair mix
1sn't sufficient at this part, the area around
the sleeve dents. So the service life of this
repaired part influences the sleeve service
life.

Table 2 shows some repair methods and
their features for sleeve exchange. Table 3
shows the quality of applied materials. The
phosphate gunning material is poured usu-
ally into the space between the taphole sleeve
and the brick with excess water. The phos-
phate gunning material to improve packing
property by delaying setting time is recom-
mended. A water casting phosphate bond
repair mix can be replaced with this phos-
phate gunning mix. This mix is in a dry
powder state at room temperature, but the
mix discharges water at high temperature,
and develops flowability. This dry type hot
casting phosphate bond repair mix is
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Table 2 Repair methods for BOF taphole sleeve exchange
Repair mixes and methods i
TP : Workload Hardening Durability
Repair area D ‘ Repair area @ time
1 Phosphoric bond gunning mix A © X
Phosphoric bond type Pitch bond type
I gunning mix hot casting mix (dry) & O+A &
Phosphoric bond type Pitch bond type
L hot casting mix (dry) hot casting mix (dry) & O+A &
Pitch bond type hot casting mix (dry)
v (conventional type) © & ©
. . . X
A% Resin bond type hot casting mix (wet) (job-site mixing) O O
Good <~ ©>0O>A> X — No good
Table 3 List of quality
Magnesia
Phosphate bond Phosphate bond Pitch bond
it Dry gunning mix Hot casting mix Hot casting mix
ems (dry type) (dry type)
Chemical MgO 89 58.5 78
composition (%) a0 ! 2 08
C - (LOI @ 20.6) 6.8
o Max. grain size (mm) 3 5 6
Grain size <0.3mm (%) - 28 25
After hot casting| Apparent porosity (%) 31 23.6 25.2
at 1000C Bulk specific gravity (-) 2.40 2.27 2.43
Hot flowability (mm) at 1000°C - 267 198
Adhesive strength (MPa) at 1000°C - 0.8 1.5
Hardening time (min) at 1000°C 2.5 3.5
Remarks Quick hardening type

RE I ORD O IR v K OIKRBES T
MAEMHT 2L bREETH D, TN, WIRT
I RSADOMETH 25, BWEITRAKIEH S 1
HEhd 5 54 7O Tt E oME T
H5Ys LL, HEER Y FIREAM I, #EER
Y RBEE AT I MM D3 b SRRICHRE L 7B
L CTOMABATRIEIGEDH 5 1, —HoH]
AT TIE R ) — 7 ORI 3R R ~ K OIR X )
IMKRREEE UM ERES b L, T08K
TRICHRG L 78 (RB#EIPH@) 1cid ey 7 5288
UM AERE 2 E AR HIZT LS IR
LTWwW3, LL, TOHERIMEZ 2T
5 Eh OIEERAN SRS N2 & &, HiE
HIFHOW IR A » FIRE T 2R 5 & FHRE
DIV — TS O HIGHHEAT S5 T E0d DIRD X

Shinagawa's original binder repair mix?” .
But phosphate gunning mix and casting mix
sometimes don't have sufficient service life
around the sleeve area (repair area @ in
Fig.1). So some steel makers cover around
the sleeve area with pitch bond hot casting
repair mix, after phosphate bond gunning or
casting mix was packed into space between
sleeve and brick. But this repair method has
two problems. First, this method involves
some problems such a heavier workload and
longer work time, as two methods are used
together. Second, as the construction of
phosphate bond hot repair material has a
loose structure and the metal infiltrates, it
takes the worker a long time to break down
the used sleeve.

A repair method for filling up both repair
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Fig. 2 Flowability and hardening time of
improved repair mixes.
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sections O and @ with pitch bond hot repair
casting mix at the same time, has good re-
sults for service life and metal filtration. But
conventional pitch bond repair mix has the
problem of taking more than 50 minutes to
harden as thickness of the mortar-shaped
wear part is thick.

The resin bond wet type casting repair mix
has good features such as shorter hardening
time than pitch bond mix and longer service
life than phosphate bond mix. But this mate-
rial must be mixed on site as the storage
stability after mixing is poor. This material
has the problems such as heavy workload
and high price.

The above all repair method has both
merits and demerits, so suitable methods
should be used.

4. The Application of Rapid Hardening
Type Pitch Bond Hot Casting Repair
Mix

The pitch bond hot casting repair mix has
the smallest workload and the longest service
life among the repair methods explained
above. So shortening the hardening time for
actual furnace application of the pitch bond
repair mix was studied.

The setting time of the newly developed
rapid hardening hot casting repair mix with
pitch bond is about 60% that of conventional
mix. As the construction time can be short-
ened drastically, this material shows excel-
lent properties for sleeve exchange repairing.

Some BOF repair methods used for hot
casting repair mix as are found in patents.
For example, patent number JP-P2005-
200704A" introduces a low workload repair
method to repair both areas @ and @ in
Fig.1 at once. The hot repair mix is thrown
in the BOF and is distributed from charging
side to tapping side by rotating the steel
converter.

When rapid hardening type hot casting
repair mix was used for the sleeve exchange
of an actual furnace, the hardening time was
shortened from 50 minutes to 30 minutes in
comparison with conventional pitch bond hot
casting repair mix, and the rapid hardening
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effect was confirmed. And when the rapid
hardening type hot casting repair mix was
applied in the taphole sleeve exchange of
other steel converters to cast usually phos-
phate bond gunning mix with excess water,
(D the decreasing of metal infiltration into
the repair material makes demolition work
smoother, so demolition work time can be
shortened, @ the worker must work in front
of a hot furnace in the case of gunning repair
method. On the other hand, the worker can
perform the other work after throwing the
mix into the furnace in the case of the repair
method using the rapid hardening type
hot casting repair mix. So the workload
decreases and the working efficiency in front
of the furnace increases.

5. Conclusion

The repair mixes for BOF taphole sleeve
exchange are required in the futures to
decreasing workload, shorten construction
time, and lengthen service life. The conven-
tional pitch bond hot casting repair mix has
low workload and good service life, but has
the problem of long hardening time.
Application of the developed rapid hardening
type hot casting repair mix shortened hard-
ening time from 50 minutes to 30 minutes. So
the pitch bond casting repair mix was appli-
cable to actual furnaces.

The next generation hot casting repair mix
was developed recently. This new mix has
higher flowability and the same hardening
time in comparison with the conventional
rapid hardening hot casting repair mix ex-
plained above. As the new mix can be applied
to various construction conditions, we will
apply it to the steel converters of various
works.
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