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Effects of Ultra Fine Powder Addition on Taphole Mix
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Abstract

Taphole mix is a refractory with a high percentage of fine grains. Because the matrix of taphole

mix is composed of fine grain raw materials, the properties of the matrix influence taphole mix

quality. In this study we examined several ultra fine powders for taphole mixes and discovered

various effects of ultra fine powder addition.
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1. Introduction

Taphole mixes are unshaped refractories which
are used to plug the taphole and then are drilled to
form on opening. Taphole mix is an important
functional material for smooth blast furnace opera-
tion. Taphole mixes containing AlOs, SiC, C, SizNy,
and other raw materials are mixed with coal tar or
resin. In general the grain-size distribution of
aggregates is less than 3mm in diameter. Taphole
mixes are refractories with a high percentage of fine
grains. Fine grain raw materials of less than 45 ym
account for 50mass%. Because the matrix of taphole
mix 1s composed of fine grain raw materials, the
properties influence strength and corrosion resis-
tance. Moreover the properties of ultra fine powder
under 10 ¢ m, influence the extruding properties,
which is one of the important properties for taphole
mix." . So it is very important to study ultra fine
powder. In this study, we examined several ultra

fine powders for taphole mixes.

2. Test Method

The test items were Dbinder addition, @qualities

after heating, @ erosion resistance in high-
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Table 1 Chemical composition® and ultra fine powder
of tested samples

A Bl C1 D1 E1 F1 G

Chemical composition/mass%
AlLO; + SiO, 30
SiC + C + SisN, 60

Ultra fine powder/mass%

Clay 5

Carbon A 5

Carbon B 5

Silica 5

Alumina 5

SiC 5
Binder/mass% 18.0 19.56 17.0 21.9 15.7 18.1 19.0

B2 C2 D2 E2 F2 G2

Chemical composition/mass%
Al,O; + SiO, 30
SiC + C + SisN, 60

Ultra fine powder/mass%

Clay 10

Carbon A 10

Carbon B 10

Silica 10

Alumina 10

SiC 10
Binder/mass% 20.8 16.2 29.7 16.0 18.0 19.3

% Chemical composition is showed except for ultra fine powder
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frequency induction furnace, @extruding resistance
for secular change and dependence on temperature.
2. 1 Tested samples

Test samples were made from AlQOs;, SiO,, SiC,
Si:Ny, C, and a few other raw materials mixed with
coal tar. We were mixed at 60°C by mixer for 30min.
Binder addition was different for each sample
because each binder addition was adjusted so as to
obtain the same extruding resistance index in all
test samples. Table 1 shows the chemical composi-
tion and ultra fine powder used in tested samples.
The tested ultra fine powders were clay, carbon A,
carbon B, silica, alumina and SiC. These powders
consist of under 10mm grains. The DBP absorption
of carbon A is different from that of carbon B (DBP
absorption of carbon A < that of carbon B). The
tests were carried out with 5 mass% and 10 mass%
ultra fine powder additions.
2. 2 Binder addition

Each binder addition was adjusted so as to obtain
the same extruding resistance index in all test
samples. The extruding resistance index of taphole
mix was evaluated by measuring extruding load out
of mud-gun shape holder at constant speed and
fixed temperature.
2. 3 Quality after heating

The mixes were heated at 800°C, 1350°C and 1500
°C in a reduction atmosphere after being pressed at
OMPa and formed into 40 X 40 X 160mm bars. The
modulus of rupture, cold crushing strength and
apparent porosity were measured.
2. 4 FErosion test

Sample A without ultra fine powder and sample
B2~G2, which contained 10mass% ultra fine pow-
der, were evaluated for erosion resistance. The
tested samples were pre-heated at 800°C in a reduc-
tion atmosphere before the erosion test. Pig iron
and BF slag were used in the erosion test in a
high-frequency induction furnace at 1550~1600°C
for 5 hours and about 200g BF slag was replaced
every 1 hour.
2. 5 Extruding resistance for secular change and

dependence on temperature

Secular change of extruding resistance was evalu-

ated by measuring the extruding resistance of the

mixes, which were kept at room temperature for 4
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Fig. 1 Tar content of taphole mix.

days and 7 days after mixing. And also extruding
resistance depending on temperature was evaluated
by measuring the extruding resistance at 60°C,
80°C and 100°C.

3. Results and Discussion

3. 1 Tar addition

Fig.1 shows the binder addition used to obtain the
same extruding resistance index among test sam-
ples. The more clay, carbon B, and SiC addition
increased, the more tar addition increased. We think
that these ultra fine powders have the characteristic
of easily absorbing tar. On the other hand, the more
carbon A addition increased, the more tar addition
decreased. Tar addition was almost constant and
not related to ultra fine powder addition for the
silica and alumina powders.
3. 2 Quality after heating

Fig.2 to 7 show the test results for modulus of
rupture, cold crushing strength and apparent po-
rosity after heating at 800°C and 1500°C in a reduc-
tion atmosphere. The properties of taphole mix with
ultra fine powder addition are, @ the apparent
porosity decreased with increasing carbon A addi-
tion, @the strength declined with increasing carbon
B addition. We think that this sample had more
closed pores because there was little change in
apparent porosity with a great increase in tar
addition as shown in Fig.l. @ Taphole mix with
silica addition had low apparent porosity and high
strength after heating at 1500°C with increasing
silica addition. @The apparent porosity increased

and the strength decreased with increasing SiC
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Fig. 2 Modulus of rupture after heating at 800°C.
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Fig. 4 Cold crushing strength after heating at 800°C.
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Fig. 6 Apparent porosity after heating at 800°C.
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. 3 Modulus of rupture after heating at 1500°C.
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addition. These were the expected results for tar
addition.
3. 3 Erosion test

Fig.8 shows the erosion index results, which were
calculated by a value based on the amount of erosion
of sample A, which doesn't contain ultra fine pow-
der. The amount of erosion was measured for slag
erosion and metal one respectively. A low erosion
index means high erosion resistance. Taphole mix
with ultra fine oxide powder such as clay, silica and
alumina showed high erosion resistance for both
metal and slag erosion. On the other hand taphole
mixes with non-oxide additions such as carbon A
were almost equal to sample A, but the sample with
carbon B showed poor slag and metal erosion resis-
tance. This reason is the great amount of tar. The
erosion resistance of taphole mix with SiC ultra fine
powder to metal was a little low.

Fig.9 to 12 show these erosion test results after
heating at 1350°C and 1500°C. The amount of ero-
sion for slag and metal wasn't clear correlated with
apparent porosity after heating, but on the other
hand it was correlated with the modulus of rupture
after heating and high modulus of rupture taphole
mixes had a tendency for high erosion resistance.
This tendency was also seen for cold crushing
strength after heating.

In actual blast furnace tapholes, because iron
flows out together with slag, taphole mixes must
have high erosion resistance to both slag and metal.
We think that to obtain taphole mix durability
especially with long tapping times, improving slag
erosion resistance is Important while retaining
metal erosion resistance.

Fig.13 shows cut section photographs after the
erosion test.

3. 4 Extruding resistance for secular change and
dependence on temperature

We researched extruding resistance for secular
change and dependence on temperature for the
samples with clay, carbon A, silica and alumina,
which had high erosion resistance.

Fig.14 shows the results for extruding resistance
at 60°C 4 days and 7 days after mixing. All samples
showed almost the same extruding resistance 7 days

after mixing but 4 days after mixing, showed
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Fig. 11 Relation between modulus of rupture and
slag erosion.
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Fig. 10 Relation between apparent porosity and
iron erosion.
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Fig. 12 Relation between modulus of rupture and
iron erosion.

different extruding resistance respectively.

Fig.15 shows the results for extruding resistance
at 60°C, 80°C and 100°C. The taphole mix with silica
ultra fine powder showed small extruding resis-
tance dependence on temperature. In general the
extruding resistance of taphole mix using tar
binder decrease as the temperature rises. In actual
use, in the case of the extruding resistance of
taphole mix doesn't decrease as the temperature
rises, these taphole mixes may result in poor injec-
tion qualities when used. In this case, because the

required amount of taphole mix isn't injectable into
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Fig.13 Cut sections after erosion test.
3.0 1.2 r
25 | 10 F
N N
3 L % L
E 2.0 C -?é 0.8 -
S0 e
g 151 3 06
(o} o a L
g L =) C
Eel L = L
2 10 S o4l
a C —O—Clay X C —O—Clay
C —aA— Carbon A - | —A&—Carbon A
05 —o—Silica 02 F | —o—silica
- —>— Alumina - —>— Alumina
040- Il Il 0.0-|||||||||||||||||||
After mixed 4 days 7 days 40.0 60.0 80.0 100.0 120.0

Fig. 14 Extruding pressure index change after
mixing.
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Fig. 15 Relation between temperature and
extruding pressure index.

the blast furnace, taphole length is decreased and
protection of the hearth is prevented. So we are
apprehensive that these defects may results in
serious damage such as rising hearth temperature
or decreasing iron production. Therefore it is desir-
able that the extruding resistance decreases as the
temperature rises such as with carbon A or with

alumina ultra fine powder added.
4. Conclusion

We examined several ultra fine powders for
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taphole mixes, and obtained the follow results. The

tested powders were clay, carbon A, carbon B, silica,

alumina, and SiC.

1) The amount of tar added to obtain the same
extruding resistance index among test samples
was increased as ultra fine powder addition was
increased for clay, carbon B, and SiC. On the
other hand tar addition was decreased as the
amount of carbon A addition was increased.

2) Ultra fine powder addition influenced post
heating qualities. The apparent porosity of the
taphole mix with carbon A was low, that with
carbon B had low strength, that with silica had
low apparent porosity and high strength.

3) Taphole mix with oxide ultra fine powder such
as clay, silica and alumina showed high erosion
resistance for metal and slag. On the whole,
erosion resistance was good along with high
strength results.

4) Extruding resistance for secular change dif-
fered with the kind of ultra fine powder used, but
7 days after mixing, extruding resistance become
almost equal. And also the dependence of extrud-
ing resistance on temperature was decreased by
using silica ultra fine powder.

In this study we found various effects of ultra
fine powder addition on taphole mix. The tested
taphole mix compositions were simplified, so they
were different from actual product taphole mixes,
but they were convenient for making the ultra fine
powder effects clear. We expect that these test
results will be useful for material design in the
future. After this we will examine the taphole mixes
with these ultra fine powder combinations, and
promote the development of taphole mixes which

will suit customers' needs.
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