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1 Introduction

Repair materials which are the main products of
refractories is now indispensable for long service life and
the improvement of the flowablity and the high
performance is being required. Although arranging the
grain size distribution, changing the type of the aggregates
and re-examining the composition of the binder have been
conducted, there is no significant improvement effect.

In this report, we will show the hot gunning repair
materials, MIS (Mist Injection Shot), the thermite flame
gunning device and material in series, which are examples
of the significant improvement effect for arranging the

material or construction method in a fundamental way.

2 History of the hot gunning repair materials for BOF

The online hot repairing is conducted as one
method for prolonging the service life of the bottom of
BOF and the cost reduction. Especially for localized repair,
gunning repair is mainly conducted because of the good
workability.

Table 1 and Fig.1 show the appropriate repair
method, service life, and the average repair time. Though
the durability of the hot casting repair mix and flame
gunning materials is superior, the gunning refractories is
mainly used because of the short repair time, which leads

to the reduction of the loss of the operation time.

Table 1 Durability of the repairing material and repair time

. . . Optimal repair - .
Type Material Repair part Durability / ch temperature / °C Repair time / min
Th
, , MgO-CaO roat area 3~4 800~1100 15~20
Gunning material Around taphole
MgO-C(Resin) Trunion area 7~8 800~1100 20~30
Around taphole
Hot casting repair mix  |MgO-C / Powder pitch [Scrap impact area 7~10 21200 30~40
Bottom
Trom
Flame gunning material |[MgO-CaO-Slag Brut:mn area 15~20 21200 50~60
ottom
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Fig. 1 Applicable repair method for each repair site of BOF.
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Table 2 shows the history of the hot gunning repair
materials for BOF. That was introduced in the 1970s. At
that time, magnesite phosphate bond was used and that
switched to the MgO-CaO system for the purpose of
enhancing the corrosion resistance and hot strength.
Furthermore, non-phosphate bond (silicate bond) binder
was developed for inhibiting the P pick-up during the
treatment of SUS.

From around 1992, needs of the MgO-C resin

bond were increased because it has the high corrosion

Table 2 History of hot gunning repair material for BOF

1970~ 1980~

1990~

2000~ 2010~

MgO / Phosphate bond

MgO-CaO / Phosphate bond

MgO-CaO / Non-phosphate (Silicate bond) bond

MgO-C / Resin bolnd
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resistance and the same material with the initial brick.
Currently, MgO-C resin bond is mainly used.
In this report, we will summarize the hot gunning

repair materials for BOF.

2°1 Equipment characteristics of the hot gunning
repair materials for BOF

There are many high temperature executions which
is over 1300 °C in hot gunning repair for BOF. There is the
case of flowing down because of delaying the hardening or
detaching materials which is attached by vapor pressure.
For preventing this, it is necessary for developing the
strength for short time. Furthermore, it is necessary to
arrange the content of water and the hardenability of
materials is influenced drastically by the ability of the
operator. So, providing the adjusting wide content of the
water is key to get homogeneous execution body.

Table 3 shows the equipment characteristics of the

hot gunning repair materials.

2°2  Execution of the hot gunning repair materials for
BOF

Fig.2 shows the examples of the actual execution.
Although, currently the automatic repair by the self-
propelled gunning device (Krosaki shooter) as shown in
Fig.3 is mainly conducted, in some steel plants, the hand-
operated gunning is conducted because of the improper
layout, etc. Both method is basically same. Conveying
materials from the hose to the tip of the nozzle by air and
pouring and mixing water along the way or in the nozzle

and gunning to the execution body, this is the general

Table 3 Equipment characteristics of the hot gunning repairing materials for BOF

1. Good wettability with powder and djusting wide content of the water and good flowability

2. Good adherability for the target of hot wall , no rebound loss , no detaching , no flow down
3. Attachment material strong adheres for the target wall and good organization

4. After adhering, dehydration (hot casting) for short time , developing modulus of rupture well

5. High hot modulus of rupture and high corrosion resistance

Fig. 2 Example of the actual execution.
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Fig. 4 Equation of condensed sodium
hexametaphosphate and MgO.

method.

There is one important point in case of using the
self-propelled gunning device. The temperature of water
poured into the material is sometimes more than 60°C
because the cooling cyclic water in the gunning lance and
water for pouring into material is jointed. For this, it is
occasionally necessary to use hot water in the case of

development of the material.

2°3 Bonding form and its characteristics of each
materials

Bonding form of the phosphate bond, the non-
phosphate bond (silicate bond) and the phenol resin bond
and its characteristics are explained as below. Fig.4 shows
the equation of condensed sodium hexametaphosphate
and MgO.

The strength of the execution body is developed by
the rapidly hardening by the reaction between the end
group and MgO as Shown in equation (1) and by the
chemical bonding by the replacement reaction of the Na in
the principal chain and MgO and gunning execution is
enabled.

The following equation (3) shows the reaction

between sodium silicate and calcium hydroxide

Na>O°nSiO; +Ca(OH)2 +mH,0 =
CaO-nSiO2*mH,0 +2NaOH (3)

Silicate soda is turned into a gel by the reaction
with alkaline-earth metal hydroxide or dicalcium silicate.

Gunning execution is enabled by this reaction.
Increasing the content of CaO is the effective method to
improve the life of the hot gunning materials of the
phosphate bond and the non-phosphate bond (silicate
bond). The characteristics in the case of increasing the
content of CaO are explained as below.

Fig.5 shows the relation between the content of
CaO in MgO-CaO gunning material and corrosion
resistance for converter slag. The more the content of CaO
is, the less slag penetration is. Also, Corrosion resistance
shows good when the content of CaO is from 25 wt% to
30 wt%.

Fig.6 shows the relation between the hot modulus
of rupture and the content of CaO in MgO-CaO gunning
materials. The more the content of CaO is, the more the
hot modulus of rupture is. This is because it is presumed
that Na;Cas(PO)sSiOs (m.p.1735 “C) is generated more

with increasing the content of CaO in the material and
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Fig. 5 Relation between CaO content and slag
corrosion index / penetration thickness®.
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Fig. 6 Relation between CaO content and
H.M.O.R.%.

This high melting minerals contribute enhancing the hot
strength.

MgO-C resin bond is gunning material which
utilizes the carbon bond by the thermosetting property of
the phenol resin and the coal-tar pitch. Fig.7 and Fig.8
show the hardening mechanism of the phenol resin.
Hardening mechanism is 3 type, combination of the
novolac resin and the hardening agent, combination of the
novolac resin and the resol resin or the thermal hardening
of the resol resin by itself. It is considered that each maker
has a different thought and different type of hardening
mechanism is selected.

Characteristics of the phenol resin are that
wettability for the initial brick which is target and the
adhesion strength is high because the velocity of the
thermal hardening of the phenol resin is higher than that
of the phosphate bond and the non-phosphate bond
(silicate bond) and the phenol resin is once softened by the
heat receiving.

Also, high strength execution body is generated
because the coal-tar pitch is softened and dispersed at
around 200 °C and after that, heating process is conducted
and the strong bonding is generated.

In this way, hot gunning repair materials for BOF
adopted in 1970s started as the MgO phosphate bond and
that switched to MgO-CaO and the non-phosphate bond
(silicate bond) is developed to inhibiting the P pick-up and
applied.
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conventional material even though the operation has
getting severe.

Currently, the pitch less gunning material is

A5, v FLARM B S, HAICERDT developed because of the needs of shortening the execution
HTwa, time and preventing smoking and it gets good results
steadily.
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material of MgO-CaO phosphate bond.
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Table 4 Comparison of physical properties between

MgO-CaO and MgO-C materials

at 1000 °C / MPa

MgO-CaO MgO-C
Phosphate bond| Resin bond
Chemical composition / %
MgO 66 83
CaO 25 1
SiO, 3
F.C —
Hot modulus of rupture 5 3
at 1400 °C / MPa
Hot adhesion strength
0.03 0.36

3 WEfHIHE (MIS TEDRRE)

F MR LT,

TH5bo

10 12 MIS Y AT A% 7R MIS VAT L DOFE#:
&, MR RMGR SR L 7 - it K A 2 E A — 1k

. Air
Dry gunning NS

* Cold and hot
condition

-----------------------------------------------------------------------------------------------------------------------------------------------------
. .
.

MIS

: % Cold and hot
i condition

CIIETE KRB ORI,
R RIKDREKESAT 5 THY, KL%
DB MEIZH 72 MIS (Mist Injection Shot) 1
CORKEERSFEL, KASHE LEER LY AT

Water —

MgO-CaO MgO-C
Phosphate bond Resin bond

1700 °C X 3 h,/BOF-Slag+SS400

c
K]
©
Q
w
(2]
(7]
o
O
Eo@my 2 5 o . L OGRIDT 2 s 4 -
[ ——— [ —
rrosion
Corrosio 100 45
index

Fig. 9 Comparison of corrosion resistance
between MgO-CaO and MgO-C
materials.

3 Gunning repair (Development of MIS)

In the dry gunning method, the water injection
mechanism has so far been insufficient in the mixing of
materials and added water, and the amount of water tends
to increase. MIS (Mist Injection Shot) is a system that
improves this water mixing and with low moisture
construction.

Fig.10 shows the MIS system. The equipment of

the MIS system is composed of a device body that integrates

1

I\

—O0—1

Material supply machine

Dry material

Air transportation

Primary mist nozzle Secondary mist nozzle

o

g .
-----------------------------------------------------------------------------------------------------------------------------------------------------

Fig. 10 Comparison of various construction methods.
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a material powder feeder, and an air / water control device,
with material hoses and two atomized water injection
nozzles inside the material transport line.

About the nozzle of the secondary side, the amount
of construction water is adjusted arbitrarily according to
the constructing situation by the gunning nozzle operator,
using injection valve.

The water injection nozzle of the MIS method is a
two-fluid nozzle that generates atomized water using air
and pressurized water. Fig.11 shows the average particle
size and distribution of water particles when water is
injected by each nozzle. This is a result of analyzing the
behavior of water particles under actual air supply
conditions for material conveyance using a phase Doppler
particle measuring apparatus.

The atomized water produced from the MIS water
injection nozzle has a sharp particle size distribution and
an average particle size of 11 ptm, which is about 1/3 or
less that of a dry water injection nozzle. By blowing this
atomized water at a high pressure, the water mixing with

the powder can be developed.

3°1 MIS material

As for the material, the effect of densifying the
construction body is demonstrated by combining it with
MIS construction equipment, but in order to further
improve the construction body characteristics, materials
suitable for the MIS construction conditions are also being
studied.

Specific methods include: Da composition that
reflects the low moisture content of castable, @ a highly
reactive binder to ensure high adhesion at low moisture,
and @the effect of steam pressure generated during hot
gunning. This is a construction body with excellent
dewatering properties for the purpose of relaxing and

improving the adhesion to the construction surface.

80
| Dry gunning
" Average diameter
| 35um

40 |
|

ol T1L
0 50 100

Mist diameter / um

Fig. 11 Mist diameter of water in nozzle for MIS and dry gunning.
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Fig.12 shows the gunning methods and
construction characteristics. This is a comparison of the
amount of construction water and construction body
structure in the MIS and dry gunning methods with
AlLO3-MgO material for ladle.

By combining the MIS equipment + MIS material,
a drastically low moisture construction is possible, and the
construction structure becomes dense.

Furthermore, by applying a highly reactive binder
to the low moisture construction conditions and making
the material composition aiming to ensure the air
permeability of the construction body in the hot area, high
dewaterability and sufficient adhesion on the surface is
ensured.

Fig.13 shows the appearance of the construction
and its close contact with the construction surface during
hot gunning at 900 °C with the MIS method. As a
comparative example, a close contact state of a construction
body in a dry method constructed under the same
temperature condition is also shown. The construction
body of the MIS construction method has a good adhesion
state, and prompt dewatering after the construction body
is formed, so that there is almost no void generation at the
adhesion interface and the adhesion to the repair surface is
improved.

Asaresult, even in hot repair of the actual machine,
it is possible to ensure a high adhesion that suppresses
peeling, which is a major cause of wear of the gunned
construction body, with a wide bonding area to the

repaired surface.

Before gunning(900°C)

Gunned body of MIS

@ Bad stuck example

(Dry gunning material)

Bonding field side
From the direction of A

Fig. 13 Dehydrated comparisons of MIS.
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Table 5 Physical characteristic and use results

Compositon Ai,03-MgO Al,O5-SiC
Chemical Analysis / mass%

Ai,O; 73 63

SiC - 25

MgO 15 -

Sio, 6 8
Apparent porosity / %

110 °Cx24 h 22.8 25.6

( )Cx3h 22.4(1500) 27.6(1450)
Bulk density

110 °Cx24 h 2.70 2.59

( )Cx3h 2.74(1500) 2.52(1450)
Crushing strength / Mpa

110 °Cx24 h 7.2 7.5

( )Cx3h 60.4(1500) 32.1(1450)
Permanent liner changes / %

( )Cx3h +0.15(1500) +0.53(1500)
Principal use Repair usage between heat of Steel Ladle |Repair usage between heat of Main Trough
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3°2 MIS material properties

Table 5 shows examples of MIS material quality. In
both cases, a dense and high-strength construction body is
formed, and ALO3;-MgO material is used for ladle and
RH under hot repair. Moreover, recently, there are cases
where it is appropriately added within the range where
there is no problem in workability from the viewpoint of
using recycled brick scraps.

Furthermore, for RH, the internal structure of the
dip tube is also applied to automatic gunning and the
gunning distance is limited, so the composition of the
aggregate and binder is partially changed compared to that
for ladle.

Al;O3-SiC material has a track record as a hot
repair application in blast furnaces, and MgO material is
currently used for RH hot gunning because of its low cost.
However, in the case of MgO material, the amount of
added water tends to increase by 2 to 3 % compared to
AlO3-MgO material.

3+3 Service life

Fig.14 and Fig.15 show examples of the service life
of ladle and blast furnace. Both are actual values under
online repair conditions.

The ladle has 16 years of general wall, 5 slag lines, 3
to 5 channels around the tuyere, and 1.6 to 2 times longer

than the conventional dry gunning repair.
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Wall:16¢ch

Slag Line:5ch

3~5ch

Fig. 14 Life of MIS gunned body in steel ladle (Online repair condition).
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14000

12000

10000

8000

6000

Life (pig iron / t)

4000

2000

Dry gunning MIS

Method

Fig. 15 Life of MIS gunned body in main trough
(Metal line on the upstream side).

Compared to dry gunning repairs, the main shaft
also has approximately twice the service life, greatly

contributing to the extension of the furnace life.

Hopper
v =\
[ - F Burner
El_ \
=] -
Propane /I\ Flame

Water

Flame Gunning

Powder(Si0, etc.)
+Metallic(Si)

|

Thermite welding

Fig. 16 Comparison of hot repairing systems.
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4 Thermite welding technology (Repair of Coke ovens)

In general, flame gunning and thermite welding
are available as high durability repairing techniques
applied at the coke oven, and the constructing methods are
selected according to each kiln environment, repair site,
and damage. Fig.16 shows the system overview of each
repair technology

Flame gunning is a technology in which material is
transported with oxygen through a propane and oxygen
combustion flame and gunned onto the repair surface. The
material adhering in the molten or semi-molten state
solidifies to form a strong construction body, and the bond
strength with the brick to be repaired is very high. The
existing hot repairs are among the most durable repairs.
However, on the other hand, the equipment cost is high
and the construction tends to be complicated, so there are
cases where it can’t be introduced even if technical
application is possible, and it tends to be used only with
limited methods controlled by driving machines etc. The
reason is that special burners and lances are required for
the equipment, and that the utilities are more used than
circulating water, propane, oxygen gas and other
technologies for heat-resistant protection of the burners.

Thermite welding is a technology in which mixed
powder of metallic Si and refractory aggregates are
transported with oxygen and gunned from the nozzle tip
to the brick wall. The metal Si in the gunned mixed powder
causes an oxidation (exothermic) reaction by the ignition
source (heat in the furnace or fire type), and the heat
generation melts the refractory aggregate to form a
construction body.

This technology is based on the principle of
transporting flammable metal Si with oxygen, so if an
ignition heat source is mixed in the powder transport line,
ignition occurs in the transport line, or the balance
between the material transport speed and the combustion
speed at the nozzle tip. This may cause a phenomenon
called backfire, in which the heat source flows back to the
device side (upstream side). Therefore, safety measures on
the device side are also important. At present, thermite
welding is impossible to discharge in a large volume like
dry gunning, but the construction itself is simple and has
a long service life, so it has been established as the main

repair method in coke ovens.

4°1 Thermite welding device
Table 6 shows a comparison between conventional
and developed thermite welding device.

The conventional apparatus uses a power source
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Table 6 Comparison with conventional device

Development Conventional

Device appearance

System

«—Temperature
P sensor

Oxygen

Powder supply / kg-h-1

50~120 50(Ability 100<)

Emergency replacement

Safty measure

Nitrogen None & filling in hopper
Power supply None Necessary
Hopper atmosphere Tank open Nitrogen
Set location Frot of the maintenance oven End space
. Short Long
Powder transfer distance (10-15m) ( hose inflection, many connections)
*No. metalic protrusion inside the ‘Temperature sensor
pipe. *Fill the hopper with nitorogen
- Diffusion inside the pipe when Pressure discharge falve inside the
ignition occur tank, explosion protective board

+Oxygen insulation foremergency |-Ground connection
@®atutomatic detecting system
@foot valve operatioin for oxygen

Safty concerms

insulation.
=>correspont to ignition at the head
tip.

+Ground connection

Weight / kg 65 600

Mobility o x
Safty O A
Metal connection by long distance

conveyance

Temperature sensor responds slowly

LL, COEBFBETIIR—AZEIZIEIZLD and is configured to cut out and convey the material with
EEEMEPEEEMTLZEThHIETA o TO a table feeder. In addition, assuming that abnormal

FERDHEL B — AP RSN,
COZEPSESEEBIZOVTIIEBEZFDOD DD

combustion occurs in the device when backfire or ignition
occurs, a thick or large size hopper, table feeder, mounting

flange, bolt is used, and the weight is about 600 kg.

ERREZZ TR, EANCEEE LY MFHILET, . : ,
The conventional thermite apparatus is remarkably

_ B SR S e B S HE B <7 v 4y
RAT BT ORI LY 20k, inferior in mobility and is not suitable for frequent
LR -7z, movement. Therefore, the apparatus is installed between
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Pressure relief plate

Ejector system Foot pedal

Fig. 17 Description of thermite welding device.
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TV MEGHE, MEEHON KL LETHY, B’
FR RN LT R R AR FE T RRREE LT & 7%
% B R R ET ETHKFEAE) AT ZRPE LT

42 >

oz

the furnace groups, and the material hose is connected and
extended.

However, in this device structure, there were rare
cases where ignition occurred in the powder line due to
direct contact between the material and the metal of the
connected hose.

Therefore, not only the safety function of the device
itself, but also the weight of the developed device was
reduced by setting the device in front of the kiln so that it
could be constructed with a short powder transport
distance without connecting the hose.

Although the development device will be described
later, the weight has been significantly reduced to 65 kg by
using a simple structure that cuts out the material using
the ejector method without using a power source.

Fig.17 is a schematic view of the thermite welding
apparatus.

After oxygen is discharged, the powder cutting
lever is pulled up, and the powder is discharged through
the ejector.

The device is also equipped with a safety
mechanism. DBy making the powder transport route
non-metallic (suppressing collision sparks due to friction
with the powder) and conductive material, it suppresses
the ignition of powder in the powder transport route
(desorption of the hose is not in contact with metal)
(@Dissipation outside the system at the time of ignition
(suppressing upward blowing, raising the pressure release
plate in front of the powder tank), 3Stopping oxygen
(pressure) The limit switch automatically operates when
the punching plate is raised, and the manual operation
with the foot pedal). Especially for 3), if the oxygen does
not stop due to some influence, there is a concern that the
hose may be burned out. Also, foot pedals are frequently
used even during regular use because they can easily stop
and re-discharge powder. The device can be easily carried

by tilting.

4°2 Thermite welding material

Thermite welding also requires material measures,
and the risk of ignition is reduced by designing the material
so that the material discharge rate is below the lower
explosion limit concentration with respect to the oxygen
flow rate. In order to increase the lower explosion limit
concentration, it is necessary to reduce the amount of
metallic Si in the material, but this reduces the amount of
heat generated by the oxidation reaction of Si, leading to a
decrease in the durability of the construction body. This

problem could be solved by adding MgO, which causes an
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Fig. 18 Effect of MgO addition.

Table 7 Typical characteristics of materials

MgO addition Conventional
Chemical composition / %

SiO, 74 81
MgO 10 -
Bulk density 2.21 1.30
Apparent porosity / % 8.7 41.3

Hot adhesive strength

3.1 0.3
at 900 °C/ MPa X
Crushing strength / MPa 3% 124 40
Cross section of gunned body

2 Surface temperature of silica brick,

Bo JRFET G IR Z S <A RITIIME T O &R
SiEZVRTEIEDPLETH LD, THIESIO
FRALBUGIZ X B 5B G 2 /N ST 5 2 8 TH ) i LIk
OB IZD% 055,

CORMBEIXERL 72 Si02 & F B PUS & ke 2§
MgO ZiRiNd 52 ETHHTAHZENTE72, X118
12 MgO (2 X B I B UCBE R 2 7R 9

TERDFUETIL St DRBFAD AT EM 2 H S
Tz ZAUSK L MgO JERZ L 72 & DIZREE
L7z& )@ Si 23— SiO2 &7 1), HiZ MgO EMUGL
T MgO - SiO2 2T D, ZORIIHFUREANPAED
bo ZOZEITED, WHRELERGER XD BRMEZA L
SEDLIENTREE 250

Krosaki Harima Technical Report No.167 (2019)

when welding was done

exothermic reaction with molten SiO.. Fig.18 shows an
outline of the exothermic reaction with MgO.

In the conventional reaction, the aggregate is
melted only by the reaction heat of Si. On the other hand,
when the MgO raw material is added, the burned metal Si
once becomes SiO», and further reacts with MgO to
produce MgO - SiO». At this time, heat is generated again.
As a result, the meltability can be greatly improved as
compared with the conventional case.

Table 7 shows quality examples with and without
MgO. Conventionally, thermite welding construction
bodies are porous and contain many unmelted grains, and
many of them are contained in the construction bodies.
However, the addition of MgO has improved the

meltability to obtain a dense construction body. As a
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result, the adhesive strength and compressive strength are

greatly increased.

5 Summary

As mentioned in this report, monolithic repair
technology have improved their progress over the past 30
years, and some have become twice as durable as
conventional methods and materials.

Furthermore, even though it is not reported this
time, in the hot repair of BOF, the development of hot
casting material with short curing time by addition of
special flow agent and the development of HQMI (quick
mixing & mist injection system) in hot gunning equipment
the technology of materials, construction methods, and
equipment is advancing according to needs.

In addition, the wet gunning technology was
introduced from around 1996, and it has been applied not
only to the lining of heat treating furnaces but also to the
lining repair of torpedo ladle, and the effect of extending
the life has been demonstrated.

Recently, automation of repair work has started,
such as unmanned repair technology combined with
automatic diagnosis technology. In the future, development
is expected to proceed with a focus on labor saving and

optimization of repairs.
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