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Abstract

We have developed new high-performance repair mixes for BOF hot repairs. New carbon bonded

gunning mixes adhere much better than ordinary gunning mixes even when sprayed onto brick

surfaces hotter than 1300C, which is the typical temperature of a BOF side wall shortly after

slag discharging. The curing times of the new hot casting mixes are much shorter than those of

ordinary ones, which contributes shortening the repair time. These new repair mixes, gunning and

hot casting, are being used successfully in actual applications.
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1. Introduction

Many steel making plants require the
improved productivity in order to meet increas-
ing demands. There is a strong demand for
shortening BOF repair time, because the BOF
is one of the most important facilities in the steel
making process. Typical hot repair methods for
repairing specific locations in a BOF are shown

in Table 1 and Fig. 1. Recently, carbon bonded

Table 1 Typical hot repair methods for BOF

Repaired area Required properties

Material

(MCone Protection of wall

Phosphate bonded gunning mixes

Quick hardening

@Tap hole area High Durability

Hot casting repair mixes
(Water binder system or Carbon binder system)

High Durability

©Trunion sides High adhesive strength

Carbon bonded gunning mixes
Phosphate bonded gunning mixes

Quick hardening

@Charging side wall High Durability

Hot casting repair mixes
(Carbon binder system)
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Fig. 1 Schematic image of BOF hot repair.

Table 2 Comparison of carbon bonded and
phosphate bonded gunning mixes
characteristics

Carbon bonded Phosphate bonded
Temperature at 800°C < <1000°C
gunning
Durability 4 ~ 8 heats 2 ~ 4 heats
Remarks High Durability General purpose

+ High adhesive strength in hot conditions

- Little peeling damage occurs because of low shrinkage
value

 Low slag penetration and high corrosion resistance

+ Contain no phosphate

« Conventional gunning equipment can be used

FHIMAER S B BEfHTAM & —KRKRV B
WA HH 2 & B #5338 o B Wilis i T
& 5735, HERERNERI Lod 728 RS o0 40 | &
VW) Z—=ANRELIZEHE- TS, TIUTHL

LTI LR % KR L2 48 L 72w fE 7 i
REVEBERF O HF, BEEE % D1300C %8 2 5 mifik
THAET 2 EERGE TS S — R o R FIR
fHIM xRS LERATTH 5,

2. BEERBRIXMEED—KRYKRY FRATH

71— R R PRI DR % Table 21278

Vol. 55 2012

gunning mixes are applied to repair the side
wall such as trunnion sides and the area sur-
rounding the tap hole, while the upper cone is
typically repaired with conventional phosphate
bonded gunning mixes. Hot casting repair mixes
are used to repair the charging or tapping side
wall and the bottom. Trunnion side repaires
are done by gunning only because a hot casting
mix cannot be sprayed over the trunnion side.
Even though the use of these repair mixes is
effective in extending the BOF lining life, they
takes time to apply. Therefore, shortening the
repair time is strongly demanded in order to
improve BOF operation productivity. We have
developed new high-performance repair mixes
to satisfy these requirements. New carbon
bonded gunning mixes adhere much better
than conventional gunning mixes even when
they are sprayed over brick surfaces hotter
than 1300C. The curing time of the new hot
casting mixes are much shorter than those of
conventional ones.

2. New Carbon Bonded Gunning Mixes for
High Temperature Repair

General characteristics of carbon bonded gun-
ning mixes are compared to those of phosphate
gunning mixes in Table 2. By using a special
organic binder, much fewer low melting compo-
nents form than in phosphate bonded gunning
mixes. In addition, carbon restrains over-sinter-
ing of the body and the slag penetration. As a
result, carbon bonded gunning mixes have less
peeling off damages and show high durability.
Furthermore, phosphorus contamination of
liquid steel is not an issue, unlike phosphate
bonded gunning mixes.

A suitable temperature range for gunning
ordinary carbon bonded mixes is between 800
and 1200C.

The adhesion strength of the newly developed
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carbon bonded gunning mixes to the high
temperature brick surfaces is substantially
improved by using new adhesion aids (new
technology). New mixes can adhere to the brick
surfaces tightly even over 1300C. Thanks to
this improvement, operators can start gunning
repair soon after slag discharging, while the
brick surface temperature is still hot. Also,
because of the good adhesion, the durability
of new gunning mixes is better than ordinary
mixes. As a result, not only repairing time but
also repair frequency can be reduced.

The typical properties of the newly developed
carbon bonded gunning mixes for high tem-
perature repairs are shown in Table 3. As the
increase of carbon content, the peeling resistance
and the durability improve with the increase in
carbon content in the order corresponding to
JTM-M-168, JTM-M-207 and JTM-M-191. How-
ever, the combustive hardening time tended to
be longer due to the increase in the amount of
binder corresponding to the amount of carbon.
Overall, we think that JTM-M-207 has a good

Table 3 Properties of carbon bonded gunning mixies for high temperature face

Brand name JTM-M-168 JTM-M-207 JTM-M-191
Chemical composition (mass%)
MgO 84 78 77
C 7 9 13
Grain size distribution
Max. size (mm) 3 3 3
>1.0mm (%) 28 28 28
<0.075mm (%) 38 38 38
Physical properties (after 1000°C)
Apparent porosity (%) 30 31 32
Bulk density (-) 2.8 2.8 2.8

Table 4 Performance results of carbon bonded gunning mixes

Repaired area Trunion sides
Temperature 1000~1200C | 1300 | 15000
Mix consumption 200~1000kg/time
Conventional product 2 ~ b heats 2 ~ 3 heats 0 heats
Durability | Newly developed mix 5 ~10heats 5 ~ 7 heats 1 ~ 2 heats
Applied product JTM-M-207 JTM-M-207 JTM-M-191
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Table 5 Categorization of hot casting repair mixes

Non water binder system ‘
Phenolic resin Pitch binder system Wastjgt?r?qder
binder system Wet type Dry type
Flow ability © © © ©
Adhesion A © © A
Hardening time O O O ©
Durability A @) O A~X
Remarks Hi-cost Storage X perfT)(?;f;nce

Good ©---O--/A--X Bad

Tilting
Hot casting
repair mix

400~800ke

Sl

Schematic procedure of the hot casting
mix repair.
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More popular

balance of short combustive hardening time and
high durability.

The actual application results of the new
carbon bonded gunning mixes are shown in
Table 4. The newly developed products showed
good adhesion at various temperatures (1000~
1500C). The high-temperature areas (1300~
1500C) could be repaired with the new mixes,
where it was difficult to be repaired by ordi-
nary carbon bonded gunning mixes. Durability
of the new products was 2 to 2.5 times better
than those of ordinary carbon bonded gunning

mixes.

3. Quick Hardening Hot Casting Repair
Mixes

Hot casting repair mixes are characterized
into three types according to the binder systems,
such as water binder, resin binder and pitch
binder system. Table 5 shows the characteristics
of hot casting repair mixes corresponding to the
binder systems. In general, the performance
of a water binder or the resin binder System
is worse than that of a pitch binder system
because adhesion strength is low. There are
both dry and wet types of pitch binder systems.
The dry pitch system and the wet pitch system
have almost the same properties. However, the
dry pitch system is more popular because the
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Improved

o
&

Quick hardening series

Conventional

Low<— Hot flowability index (-) = High

Quick <= Hardening time index (-) — Slow

Fig. 3 Flowability and hardening time of
improved repair mixes.
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storage time is longer than that of the wet pitch
system. The method for hot casting repair is
shown in Fig. 2. Hot casting mixes are charged
into the vessel with a scrap shooter after slag
discharging. The mix in the vessel flows over
the target area by tilting the vessel while the
pitch melts and burn. Therefore, in order to
shorten repair time, the mix needs to flow well
and harden quickly. In Fig. 3, hardening time
and hot flowablity of newly developed mixes are
compared to those of ordinary and conventional
ones. In general, the flowability tends to be low
as the hardening time becomes short. However,
as shown in Fig.3, we could create the newly
developed products with good balance between
short hardening time and high flowability
by modifying the kind and quantity of pitch,
flammable agents and grain size distribution.
The hardening times of the new mixes were
approximately 30% shorter than those of the
conventional ones with very similar fluidities.
The typical properties of the new quick hard-
ening hot casting mixes called are shown in
Table 6.

The performance results of the new mixes
are shown in Table 7 with a comparison to
conventional mixes. The hardening times of the
new mixes were about 30% to 60% shorter than
those of the conventional ones in actual applica-
tions. Application of the new quick hardening
hot casting mixes is successfully contributing to
the extension of BOF life with high appraisals
by customers.

4. Future Direction

As described in above, the efficiency of BOF
hot repairs is substantially improved by the
use of the new quick hardening hot casting
repair mixes and the new carbon bonded gun-
ning mixes for super high-temperature repairs.
Meanwhile, the demands for recycling used
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Table 6 Typical properties of new quick hardening hot casting repair mixes

Newly developed mix Quick hardening
Brand name
FRX-M90-D104 FRX-M90-D110 FRX-M90-D5b8

Chemical MgO 77 75 77
composition CaO 0.8 0.7 0.8
(mass%) C 7.6 7.2 7.6
Cast at 1000°C

Apparent porosity (%) 25.5 25.3 25.7

Bluk density (-) 2.46 2.47 2.42
Adhesion strength (MPa) 2.6 2.3 2.5
Hot flowability index (-) 100 98 100
Hardening time index (-) 88 70 100

Table 7 Performance results of new quick hardening hot casting repair mixes

Vol. 55 2012

Customer's plant Plant A Plant B Plant C-a Plant C-b
Repaired part of . Charging pad Charging pad
converter Charging pad Bottom Tapping pad Bottom
fepa'”“g 1300°C 1200°C 1400°C 1100°C

emperature
Amount used 700kg 900kg 700kg 500kg
Curing time

Conventional 40min 45min 20min 35min
| | J } }
Improved (D104) 20min 30min 10min 25min
| | \ } }
Improved (D110) 10min 20min 5min 15min
Durability 7 ~ 8 heats 5 ~ 6 heats 5 ~ 6 heats 7 ~10heats
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refractories are increasing strongly in order
to reduce not only refractory cost but also to
conserve natural resources. We have already
started to utilize used MgO-C bricks in some
of these new repair mixes in cooperation with
our customers. We believe that the use of these
recycled products will steadily expanding.



