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Abstract

Considering the adhesion behavior in tapholes of commercially operated blast furnaces, adhesive
strength of taphole mixes involved a slag in bonding plane were evaluated. As a result of the
evaluation, it was suggested that pitch-added alumina rich taphole mixes are suitable from the
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view point of the adhesion behavior between the old body and new injected taphole mixes.
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1. Introduction

Taphole mixes, which are used for plugging
blast furnace tapholes, become deposited in the
furnace and form a taphole with the furnace
wall bricks. Taphole mixes are required to have
stable plugging properties for injection, easily
drillable bodies for opening, and high corrosion
resistance for obtaining long and stable tapping
time. In order to satisfy these various demands,
high quality raw materials such as AlOs;, SiC,
C and Si;N, are selected for the components of
taphole mixes and liquid coal tar or resin are
used as binders, in general.

Since a good adhesion property is required
for achieving the optimum taphole depth with-
out cracks, many studies on adhesion properties
of taphole mixes have been reported.

For example, Kageyama et al. investigated the
effectiveness of adding high softening point pitch
on the adhesion properties between old body

and newly injected taphole mixes'. Matsunaga
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tion into blast furnace and filling up at the
free space proposed by Maeda et al®.

Fig. 1
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et al. reported that the use of excessive amount
of silica, which showed high thermal expansion,
causes the taphole mix structure to collapse
in the furnace, resulting in the increase of
cracks®.

Considering the adhesion behaviors between
new and old bodies of taphole mixes, it is also
necessary to pay attention to the condition of
the boundary surfaces. Yamanaka et al. found
certain layers which contained many voids
between the old body and the newly injected
body of taphole mixes, when observing a bored
taphole core samples from an actual furnace.
Those voids were thought to be caused by the
volatile materials in mixes and slag infiltrated
into such voids® .

Maeda et al
properties of taphole mixes and hypothesized

investigated the rheological

the injection process saying that taphole mixes
are extruded in the furnace like strings. The
strings accumulate in the coke free spaces by
folding together with solidified iron and/or slag
(Fig. 1).

Based on these studies, we thought it reason-

around the mixes®

able to simulate actual furnace conditions by
introducing a slag and/or slag reaction layer
between the new and old bodies of taphole
mixes in a laboratory test.

In this study, the influences of taphole mix
compositions and heat treatment temperature
on adhesive strengths of mixes introduced a slag
and/or slag reaction layer between the new and
old bodies of taphole mixes were evaluated in
order to obtain primary knowledge of adhesion
properties.

2. Experimental Method

First, we considered how to prepare speci-
mens bonding with a slag and/or slag reaction
layer for measuring the adhesive strengths. If
slag contacted to the surface of taphole mixes
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injected into the furnace, slag would penetrate

Y% Tn order to simulate this situ-

into the voids
ation, test specimens were prepared by molding
taphole mixes together with slag under a cer-
tain pressure, then, they were heated at certain
temperatures.

Slag used in this study was prepared by
crushing the blast furnace slag shown in Table
1 into grains smaller than 1lmm. In order to
evaluate the influence of taphole mix composi-
tions, 4 kinds of mixes were prepared as follows;
A: Alumina rich, B: Silica rich, C: Silicon carbide
rich, D: same composition as A but with pitch
addition. Table 2 shows the chemical composi-
tions of the tested mixes.

Adhesive strengths were measured both
in cold and hot conditions. The hot adhesive
strength is useful for evaluating the adhe-
sion properties of taphole mixes injected into
furnace tapholes. On the other hand, the cold
adhesive strength is useful for evaluating adhe-
sion properties when taphole mix is cooled by
mist during the drilling.

Table 1 Chemical composition of blast
furnace slag [mass%]
SiO; 34
CaO 42
Al,Os 15
MgO 6

Table 2 Chemical composition of taphole mix samples [mass%]

A B C D

Pitch addition

Alumina rich Silica rich SiC rich (Alumina rich

with pitch)

Al:Os 30 12 10 30
SiO; 6 24 4 6
SiC 10 10 32 10
others 37 37 37 39
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Fig. 2 Temperature change in taphole mix at each
depth in blast furnace tap hole measured
by lida et al®.
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Fig. 3 Schematic illustration of blast furnace wall
and temperature change at each depth
shown by Matsunaga et al®.

Last plugged tap

Fig. 4 Schematic illustration of blast furnace
wall and taphole.

2. 1 Testing temperature

There are several reports about the tem-
perature distribution of taphole mixes injected
into furnace tapholes. For example, Iida et al.
reported that the maximum temperature of
taphole mixes in taphole elevated to a range
between 1000 and 1100TC * (Fig. 2). Matsunaga
et al. also suggested that temperatures of
taphole mixes in a taphole were between 730
and 1100C 1 hour after injection® (Fig. 3).

Based on these studies, temperature distribu-
tion of taphole mixes injected in the furnace
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is assumed to be below 1000C in the area
between the outlet and the end of the wall brick
lining, between 1000C and 1300C in a deeper
zone surrounded by the accumulated mass (old
bodies of taphole mixes), and then, over 1300C
in the deeper zone where the newly injected
mixes are contacting with the molten pig iron
and slag (Fig. 4).

In this study, evaluations were carried out
at 800C, 1350C, and 1500C, each of which
corresponds to the range surrounded by the
wall bricks, the range surrounded by the mass,
and the range just beyond the inner surface,
respectively.

2. 2 Experimental procedure

The experimental procedure is shown in
Fig. 5.

Each mix was mixed at 60C by a planetary
mixer for 20 min. The amount of binder was
adjusted so that each mix had the same extrud-
ing pressure. The mix and slag were put into
a mold, and then, pressed into the shape of
40x40x160mm under the 32kN pressure. The
pressed samples were heated at 1500C for 3
hours in a coke breeze in an electric furnace.
Specimens obtained in this way were used as
old bodies of taphole mixes. In this study, 2
kinds of old body specimens were prepared as
follows; Case 1: Only the slag reaction layer was
made by grinding off the slag on the surface
after the heat treatment. Case 2: Both the slag
and slag reaction layer are existed.

The same mixes as used in the old body
specimens were pressed in the mold onto the
surface of old body specimens under 32kN
pressure. Specimens were heated in a coke
breeze for 3 hours at 800C, 1350C and 1500C
respectively. Specimens for measuring the
adhesive strengths were prepared by cutting
the heated specimens as shown in Fig. 5. In
this study, the modulus of rupture measured
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by three point bending method was defined as
“adhesive strength”.

Adhesive strengths in hot conditions were
measured in a N, atmosphere at the same tem-
perature as that of the heat treatment of each
specimen after the adhesion.

3. Experimental Results

3. 1 Cold adhesive strengths

Fig. 6 shows the cold adhesive strengths as a
function of heat treatment temperatures.

In Case 1, after heating at 800C the cold
adhesive strengths of all samples were around
1 MPa. Though after heating at 1350C the cold
adhesive strengths of A (Alumina rich) and C
(Silicon carbide rich) were approximately 2 MPa,
those of B (Silica rich) and D (Pitch addition)
were 1 MPa, which is almost the same as those
after heating at 800C. Specimens heated at
1500C showed higher adhesive strength rang-
ing from 2.5 MPa to a little higher than 3 MPa
except B (Silica rich).

In Case 2, after heating at 1350C or 1500C
the cold adhesive strengths were slightly lower
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heating at 1350°C.
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than those in Case 1. However, the dependency
on the heat treatment temperature was similar
to that in Case 1, that is, A (Alumina rich) and
D (Pitch addition) showed high values after
heating at 1500, while the adhesive strength
of B (Silica rich) after heating at 1500C was
low.

3. 2 Hot adhesive strengths

Fig. 7 shows the cold and hot adhesive
strengths after heating at 1350C.

The adhesive strength of D (Pitch addition)
was the highest, with, A (Alumina rich), C (Sili-
con carbide rich) and B (Silica rich) following in
a descending order.

The hot adhesive strengths at 1500C were
0 MPa for all samples. After the test, all samples
showed clear separation at the boundary.

4. Discussions

4. 1 Cold adhesive strengths

In Case 1, according to the results that the
adhesive strengths of specimens other than B
(Silica rich) increased as the heating temperature
was raised, sintering between two bodies was
promoted by the diffusion of slag components
from the slag reaction layer of the old body to
the new one. The exception (B) is attributable to
thermal expansion mismatches between the old
body and the new body induced by the phase
transformation of silica grains, where silica
grains contained in the old body had already
been transformed during the previous heat
treatment.

Since the pitch addition was considered
to inhibit sintering, slightly lower adhesive
strengths recognized for D (pitch addition) com-
pared to A (Alumina rich) was reasonable.

Though it seems acceptable to assume that
the same phenomenon occurred in both Case
1 and Case 2, after heating at 1350C the cold
adhesive strengths were lower than those after
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heating at 800C, and differences between the
mixes were smaller. In addition, the increase in
the adhesive strength after heating at 1500C
was not as large as that in Case 1. This can
be explained as follows; after heating at 800C
and 1350C the evaluated adhesive strengths
were the fracture strength of slag layer since
the materials were connected through a thick
slag layer. Because the higher diffusion rates of
slag components were expected at high tem-
peratures, a similar tendency as in Case 1 was
recognized for specimens after a 1500C heat
treatment. The small increase in cold adhesive
strength of C (Silicon carbide rich) after 1500C
heating was explained by the assumption that
a thicker slag layer remained at the boundary
since the quick slag diffusion into the mix was
inhibited by the silicon carbide contained in the
mix, which exhibits a low wettability to molten
slag.

Adhesive strengths of taphole mixes involved
a slag in bonding plane is considered to be
influenced by the sintering of mixes under the
presence of the slag. Images of the bonding
planes are shown schematically in Fig. 8.

4. 2 Hot adhesive strengths

The hot adhesive strengths were lower
than the cold adhesive strengths except for D
(Pitch addition). This was attributable to the
liquid phase formation at high temperature in
a slag and/or slag reaction layer. Assuming
that a thicker slag layer could have remained
in C (Silicon carbide rich) as described in the
previous subsection, the larger decrease in the
hot adhesive strength compared to the cold
adhesive strengths was recognized.

By the comparing the cold and hot adhesive
strengths of A (Alumina rich) and D (Pitch
addition), opposite influences of pitch addition
on the hot adhesive strength and cold adhesive
strength were observed. We think pitch acted
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as a promoter of carbon bond formation in the
hot condition while it acted as liquid sintering
inhibitor during the solidification from liquid
phases. The reason for the hot adhesive strength
of D (pitch addition) being higher than that of
the cold strength was not explained well in this
study.

4. 3 Future field applications

In actual blast furnace tapholes, slag was
observed existing in the boundaries between
newly injected taphole mixes and the old bodies
to a certain level of depth, moreover, lumps of
taphole mix containing slag and molten pig iron
were found in a deeper zone”.

It is reasonable to assume that a consider-
able amount of slag and molten iron would not
stay between the newly injected mixes and old
mixes because, in general, slag and molten iron
penetrating into the taphole must be pushed
back into the furnace by the injected taphole
mixes. Therefore, we think Case 1 should be
a better way to simulate the actual situation
in the furnace. Accordingly, the mix which
showed the higher adhesion strength in Case
1 evaluation adhere better in actual blast fur-
nace tapholes. As a result of this study so far,
alumina rich taphole mixes with pitch addition
should be suitable for obtaining strong adhesion
1n tapholes.

5. Conclusion

Adhesive strengths of taphole mixes intro-
duced a slag and/or slag reaction layer between
the new and old bodies of taphole mixes were
evaluated and following results were obtained;

- Adhesive strengths of taphole mixes intro-
duced a slag and/or slag reaction layer
between the new and old bodies of taphole
mixes were influenced by the composition of
taphole mixes, heat treatment temperatures,
and the amount of slag in the boundary.
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- In most cases, hot adhesive strengths were

lower than cold adhesive strengths. The hot
adhesive strengths measured at 1500C were
Z€ro.

- Assuming the presence of a thin slag layer

between newly injected taphole mixes and old
bodies, the application of alumina rich taphole
mixes with a pitch addition seems suitable in
terms of taphole adhesion behavior.
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