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Abstract

We studied some different softening point pitches as binders for Carbon bonded gunning

materials and additive amount of another molar weight phenolic resin.

As a result we found a good composition which gives high adhesion strength, high adhesion

rate and hardening time.

Based on the result. We used the developed item in a BOF and confirmed high adhesion

ability and good durability.
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1. Introduction

Gunning repair mixes and hot casting
mixes are the main materials for BOF hot
repair (Fig.1). Hot gunning repair, phosphate
bonded structures and carbon bonded struc-
tures, are used mainly for areas that can't be
repaired with hot casting mixes (Table 1,
Fig.2). Especially, The carbon bonded gun-
ning mixes are generally applied to the
trunnion sides, the slag attacked areas and
area surrounding the tap hole. So carbon
bonded gunning mixes of high durability and
high adhesion have been developed.

2. Characteristics and Concept of Carbon
Bonded Gunning Mixes

Carbon bonded gunning mixes consist of

magnesia raw materials with adjusted grain
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Fig. 1 Gunning on inner wall of BOF in hot

condition.

Table 1

Vol. 51 2008

Fig. 2 Diagram of repaired area.

Repaired area of BOF

Repaired part 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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size and carbon binder. Carbon bonded gun-
ning mixes contain less low melting point
components. Consequently carbon bonding
restrains over-sintering and slag penetra-
tion. As a result, carbon bonded gunning
mixes have the qualities of low peeling dam-
age and high durability. The special features
of our carbon bonded gunning mixes which
are not found in conventional phosphate
bonded gunning materials are as follows ;
(DHigh adhesive strength in hot conditions.
@Peeling damage occurs little because of low
shrinkage value.
@ Low slag penetration and high corrosion
resistance.

@Contain no phosphate.
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Table 2 Properties of magnesia clinker

Chemical composition
MgO (mass%) 95

Grain size distribution
Max. size (mm) 3
>1.0mm (%) 28
<0.076mm (%) 38

Table 3 Properties of pitch powder

Softening point Fixed carbon (mass%)
A High 80
B Middle 70
C Low 60
Sample

(800g) Hot flowability(mm)

Fig. 4 Measurement of hot flowability.
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at 1000°C
Temperature 1 1000°C
Weight of sample 1 800g

Size of castable plate : 400X 350X 40mm

Fig. 3 Diagram of small examination furnace.

®Conventional gunning equipment can be
used.

The wet gunning mix stays on the wall
because 1t 1s in a plastic state. Next, water
vaporization occurs, followed by the melting
and gelation of binder, after which carbon
bonding occurs causing the gunned mix to
adhere strongly to the hot wall. Therefore
the carbon binder is the most important for
element of carbon bonded gunning mixes.

In this study, as a carbon binder we re-
searched kinds and contents of pitches and

phenolic resins.
3. Study of Pitch

3. 1 Sample

Samples were prepared with pitch of three
types from a ~4 a added to the magnesia
grains. Table 2 shows the characteristics of
magnesia. Table 3 shows the characteristics
of the pitch powders. 800g samples were used
for measuring hot flowability and 150g sam-
ples were used for measuring hardening time

and adhesion intensity.
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’Sample(mog)
g-@_@

hardening time (min)
Hot adhesive strength(MPa)

Steel r|ng(¢70

Fig. b Measurement of hardening time and
adhesion intensity.
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3. 2 Measurement of hot flowability

The hot flowability was measured in a
small furnace at 1000°C as shown in Fig.3.

The repair mixes were placed on a castable
board in the furnace until the end of combus-
tion. The diameter and thickness of each
sample was measured after combustion.
(Fig.4)

3. 3 Measurement of adhesion intensity

An iron ring was placed on a magnesia
brick (114 X112 X 30mm) and heated at 1000
°C. 150g of the repair mix was supplied in a
ring (¢ 70 X 40mm). The time in which the
flame disappeared was the hardening time.
(Fig.5) Adhesion intensity was measured
with the equipment shown in Fig.6 after
hardening.

3. 4 Examination results

Fig.7 shows the hot characteristics, and
Fig.8 shows the adhesion intensity, and Fig.9
shows the hardening time.

The lower flexibility point pitch possess
high flowability in hot conditions. (Fig.7)

A high flow ability pitch is unsuitable for
gunning mix because if the gunning material
doesn't remain on the gunned surface it has a
bad influence on construction.

Lower softening point pitch shows higher

adhesion intensity (Fig.8).
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Fig. 6 Testing apparatus for adhesive strength.
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Fig. 7 Relation between pitch content and
flowability at 1000°C.

Hardening time (min.)

Pitch content index (-)

Fig. 9 Relation between pitch content and
hardening time at 1000°C.

WBEEEZOND, EHIRINER 2a B SHE
SEOEALEN NS >T0WE T & &, Wb
MeE=ZmLEy FBE 2a %R E#E L TLIL
DR ET - 720

4. 7z 7 —IitiEDRE

4.1 H #®

7 =/ = VRSN G A 2SI W TR &
Tote "M vy —E1LT7 =/ — VEEZTRIN
5 ik, YIOBSEMENIEE LSS
W ET 5 EEZONB, WETLc7 =/ — Ul

Shinagawa Technical Report

Hot adhesive strength (MPa)

Pitch content index (-)

Fig. 8 Relation between pitch content and
hot adhesive strength at 1000°C.

Table 4 Properties of phenolic resin

Molecular weight
High
Middle
Low

— T

This tendency shows that the difference in
viscosity under hot conditions influences the
boundary surface.

Pitch B is suitable for gunning materials
because it shows low flow ability in hot
conditions and high adhesion intensity.

2a % of Pitch B was added to the test
sample because the hardening time was short
and the adhesion strength was high. It was

examined thereafter.
4. Study of Phenolic Resin

4. 1 Sample

A relationship with phenolic resin was
studied about adhesion intensity.

It was though that adhesion ability was
advanced by adding phenolic resin. Phenolic
resin with three different kinds of molar

welghts was studied. The characteristics are
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Table 5 Mix composition of sample
Sample No.1 No.2 No.3 No.4 No.b No.6 No.7 No.8 No.9
Magnesia material 100 100 100 100 100 100 100 100 100
Pitch powder B 2a 2a 2a 2a 2a 20 2a 2a 20
Phenolic resin H B 2B 38
Phenolic resin M B 28 38
Phenolic resin L B 28 38

-

Fig.10 Diagram of large-sized examination
furnace.

Fig.12 Gunning examination photograph.
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Fig.11

Gunning examination set up.

shown in Table 4. The sample was made with
pitch B which is shown in Table 5 and
phenolic resin.

4. 2 Gunning test method

The gunning test was examined at 1100°C
by using a big gunning test furnace which is
shown Fig.10 (Fig.11, 12).

The specific of gunning equipment and
conditions are shown in Table 6.

After the gunning test the panel was taken
out of the furnace. We calculated the adhe-
sion rate based on adhesion amounts.

4. 3 Experimental result
additive

amount and adhesion intensity are shown in

The kind of phenolic resin,

Fig.13. Results show that adhesion intensi-
ties are proportionate to additive amount for
any kind of phenolic resin.

Among them, phenolic resin M (middle

amount of molar weight) had the best
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Table 6 Condition for gunning
Capacity Air pressure | Hose length | Nozzle length
ROTEKTOR 0.2m° 0.2MPa 10m 5m
100

\

Adhesion rate (%)

C:

N
o
<

o

B 28 38

Phenolic resin content index (-)

Fig.13 Relation between adhesion rate and
phenolic resin content (type).

Table 8 Performance results for carbon bonded
gunning mixes

Repaired area Trunion sides Slag line

Temperature (°C) 1000~1200 | 1000~1200| 1000~1200
Mix consumption (kg/time) 500 1000 1000
Hardening time (min) 10 10 15
Durability (heats) 10 7 3~4
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Table 7 Properties of carbon bonded gunning

mix
Newly developed mix
Chemical composition (mass%)
MgO 78
C 9
Grain size distribution
Max. size (mm) 3
>1.0mm (%) 28
<0.076mm (%) 38
Physical properties (after 1000°C)
Apparent porosity (%) 316
Bulk density (-) 2.79

results.

But all of the three kinds of phenolic resins
has a tendency for 3 8 % additive to cause
large warpage to the gunned body. We stud-
ied the amounts of phenolic resin M addition
which give the highest adhesion rates of
better than 25 %.

5. Quality and Real Furnace Experimental
Results

The quality of sample 5 which was selected
from the experimental results i1s shown
Table 7.

The results of application to carbon bonded
gunning materials which we developed for
BOF are shown in Table 8.

New products have good durability, high
adhesion ability and render long BOF service
life.

We still continue actual furnace experi-

ments at various places.
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6. Conclusion

We studied some different softening point
pitches as binders for carbon bonded
gunning materials and additive amount of
another molar weight phenolic resin.

As a result we found a good composition
which gives high adhesion strength, high
adhesion rate and hardening time.

Based on the result. We used the developed
item in a BOF and confirmed high adhesion
ability and good durability.

It contributes to long BOF service life.

We continue actual furnace experiments on

adhesion ability and durability.



