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Abstract

Taphole mix with coal tar is likely to raise some issues due to residual volatile matter. By
adjusting the grain size distribution and changing the binder, we have developed a taphole mix
with good volatility characteristics. This new taphole mix can harden in a shorter time and form
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a more closely packed structure.
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1. Introduction

Taphole mix functions as a plugging material
for the taphole as well as a refractory forming
part of the taphole during casting. Properties
required for taphole mix are plugging ability,
opening ability, drying ability and so on in addi-
tion to those of common refractories. Ordinary
taphole mixes include 10~20 % (mass fraction)
liquid coal tar or phenol resin binder. About
70 % of these binder’s constituents are volatile
matters. Coal tar and phenol resin have the
roles of bonding material and lubricant agent,
so plasticity during taphole plugging and quick
volatilization of volatile matters after plugging
are required properties.

In Japan, coal tar is popularly used as a binder
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of taphole mix. Because coal tar is a complex
substance having a wide range of boiling points
from low to high temperature, the volatilization
progresses more slowly comparing to a phenol
resin. Therefore, it is likely to cause problems
such as self opening and tapping with heavy
splashing due to residual volatile matter when
the tap to tap interval time is short as with the
single taphole tapping operation. Moreover, the
strength of taphole mix with coal tar is accom-
panied by the volatilization of volatile matter.
The delay of volatile matter volatilization causes
low strength of taphole mix and cracked taphole
face, which is a frequent cause of taphole mix
leakage during the following plugging. These
issues can be resolved by using a phenol resin.
However, phenol resin is expensive.

In this study, we introduce a taphole mix of
which various characteristics are the same as
conventional taphole mix but its volatile mat-
ter volatilizes more rapidly and hardens more

quickly.
2. Materials for Good Volatility Taphole Mix

In order to develop a taphole mix of which
the volatile matter volatilizes more rapidly and
hardens more quickly, we focused on the types
of binder and grain size distribution. As the
characteristics of binders directly influence the
volatile property of taphole mix, we evaluated
a new binder with a larger amount of volatile
matter which vaporize at a lower temperature.
As the volatility characteristics are thought to
be influenced by grain size distribution, we also
evaluated another mix with less fine powder
materials. We measured the volatility character-
istics of 3 types of mixes; conventional grain size
distribution with coal tar in Mix 1, conventional
grain size distribution with new binder in Mix

2, and a new grain size distribution of less fine
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Binder volatilization ratio and cold crushing strength of each taphole mix at 400°C.

powder with new binder in Mix 3. The Physical
properties and corrosion resistance were also
evaluated in Mix 1 and Mix 3.
2. 1 Volatile property

Each Mix was pressed into a circular cylin-
drical shape and heated at 400C in a constant
temperature oven. The binder volatilization
ratio was calculated from the change in sample
weight after heating. The heating temperature
was decided in consideration of the actual
temperature near the taphole face where the
temperature of taphole mix was not so high.
Fig. 1 shows the binder wvolatilization ratio
and cold crushing strength and Fig. 2 shows
cut surface after heating. Mix 3 shows a rapid
increase in strength and stable strength after
increasing with a rapid decrease in weight
compared to Mix 1. Observing the structure
after heating, Mix 2 had a void in the center
of the sample, however, Mix 3 showed a closely
packed structure. This is believed to be due to
the change of grain size distribution.
2. 2 Physical property

Table 1 shows the physical properties after
heating at 800C, 1350C, 1500C in a reduc-
ing atmosphere. The modulus of rupture and
cold crushing strength after heating of Mix 3
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Fig. 2 Cut surfaces of each taphole mix after heated at 400°C for certain times.

Table 1 Typical properties
Conventional Good volatility
taphole mix taphole mix
(Mix 1) (Mix 3)
Chemical composition / %
Al:Os 9 9
SiO: 22 22
SiC+C 29 29
Others 25 25
Particle size composition
+ 1.0mm 21 20
— 0.075mm 58 55
Modulus of rupture / MPa
800°C 5.6 5.0
1350°C 9.1 8.5
1500°C 8.9 6.3
Cold crushing strength / MPa
800°C 21.9 18.2
1350°C 32.0 30.8
1500°C 25.8 23.9
Apparent porosity / %
800°C 23.2 23.6
1350°C 22.2 22.6
1500°C 24.2 23.6




Vol. 56 2013

160
[}
Ne)
k=
C
RS
n
g 50
(@]
O

0 ; ;
Mix 1 Mix 3
Fig. 3 Comparison of corrosion index between
Mix 1 and Mix 3.
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were lower than Mix 1. A higher percentage of
volatile matter is considered to be the reason
for the bonding strength of the binder to be
weaker than that of Mix 1. The apparent poros-
ity of Mix 3 after heating at 1500C was a little
lower than Mix 1, although the difference was
small.
2. 3 Corrosion resistance

We evaluated the corrosion resistance of
taphole mix samples by the high-frequency
induction furnace method using pig iron and
blast furnace slag. The testing temperature was
1550C and time was 2 hours. The induction
furnace rotated eccentrically during the test so
that the surface of the samples was exposed to
both molten pig iron and slag. Fig. 3 shows the
corrosion index on the assumption that volume
loss of Mix 1 was 100. Corrosion resistance of
Mix 3 was better than Mix 1. It was considered
to be reason for Mix 3 having a good structure
without a void even after volatilization of binder
and lower apparent porosity after heating at

high temperature.

3. Characteristics of Good Volatility Taphole
Mix

Table 1 shows chemical composition, grain
size distribution and physical properties of Mix
1 and Mix 3. Mix 3 has the same chemical
composition as that of Mix 1 but has lower boil-
ing temperature volatile matter and less fine
powder so that it can harden in a shorter time
with no defects in the texture after heating.
Strength after heating is not so high but corro-
sion resistance is better. Therefore, even in the
operation with a short interval of time between
tappings, the same or better performance can
be expected from Mix 3 compared to conven-

tional mixes.
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ping with heavy splashing and cracked taphole
face due to residual volatile matter and delay in
hardening.





