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Abstract

We investigated the influence of Al,O, fine powder addition on taphole mix properties after long-
time heating. As a result of tests, it was confirmed that there was a small change of property and
chemical composition after long-time heating in the SiC type samples not containing Fe—-Si;N,. The
molten iron corrosion resistance and slag also changed depending on the Al.O; fine powder content
in the matrix. It was also confirmed, on the other hand, that the apparent porosity increased,
strength decreased and f-SiC and Si:N:O were markedly generated along with the decomposition
reaction of Si;N, after long-time heating in the Si;sN, type samples including Fe-Si;N,. The corrosion
test indicated that Siz2N.O generated from SisN. improved the molten iron corrosion resistance and
Al dissolution in Si:N-O caused by AlLO; fine powder addition contributed to both the molten iron
corrosion resistance and to the inhibition of the slag penetration of the matrix. It is presumed that
the addition of Al:O; fine powder to taphole mix is effective for improving the corrosion resistance
and the durability of the sedimentary deposit under the condition of prolonged high temperature
exposure in the furnace.
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Fig. 1 Image of taphole mix in the furnace.
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1. Introduction

Taphole mix is used as a blast furnace
taphole plugging material and is one of the
most important materials for the blast furnace
operation. The properties of stable plugging
for injection and easy drilling for opening are
indispensable for taphole mix. As shown in
Fig. 1, taphole mix also has a role of protect-
ing of the blast furnace hearth by forming a
sedimentary deposit called “mushroom” around

12 Taphole mix

the taphole inside the furnace
in the taphole is drilled several hours later after
plugging, whereas the mushroom deposited in
the furnace is exposed to high temperature for
a long time. While decreased strength and easy
drilling property are required for taphole mix
at the time of opening, superior corrosion resis-
tance and the prolonged stability are required
during the forming of a sedimentary deposit
in the furnace. However, taphole mix proper-
ties under the conditions of prolonged heat
exposure resulting in a sedimentary deposit in
the furnace remains unclear and unexplored.
Furthermore, it is known in general that use of
Al,Os results in superior performance in molten
iron corrosion resistance, but the effectiveness
of Al:O; addition to taphole mix is still unclear
in actual use. So, in this study, we focused on
the decomposition reaction of SizN; and the
additive amount of Al:O; fine powder in order
to investigate the influence of Al:O; fine powder
addition on taphole mix property after long-time
heating.

2. Experiment

In order to investigate the taphole mix prop-
erty after long-time heating, the properties of
taphole mix after heating at 1500 C for 3 hours
and for 24 hours were compared.

2. 1 Sample for experiment

It is known that the Fe-Si;N, in taphole mix
generates SiC by reacting with adjacent carbon
component when the heating temperature
exceeds 1300 C **. Therefore, in order to clarify
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Table 1 Composition of samples
(mass%)
SC-A0 | SC-A25 | SC-A5 | SC-A10 | SN-AD | SN-A25 | SN-A5 | SN-AT0
SiC type Si:Ns type
SiO; 30
SiO: fine powder 10 7.5 5 10 7.5 5
Al:Os fine powder 2.5 5 10 2.5 5 10
SiC 40
Fe-SisNs 40
Carbon 20
Tar addition 178 | 172 | 170 | 166 | 172 | 165 | 161 | 156
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the influence of long-time heating on taphole
mix properties, the SC-A0 to SC-A10 samples
based on the SiC type (SiO.-SiC-C), which did
not contain Fe-Si;N; but contained SiC fine
powder and the SN-AO to SN-AlQ samples,
based on the SizN, type (Si0,-Si;N,—C), which
contained Fe-Si;N, fine powder, were prepared
for the experiment. The fine SiO, powder of
the matrix of these SC-A0 to SC-A10 samples
was replaced with Al:O;. The additive amount
of AlLO; fine powder was set at Omass%,
2.5mass%, 5.0mass% and 10.0 mass%. Table 1
shows the mixtures of all of the samples.

Test samples were kneaded with coal tar by
planetary mixer for 20 minutes. The additive
amount of coal tar was adjusted to make the
Marshal value (extruding pressure) of each
mix the same. The mixes were shaped into
40%x40x160 mm samples and pressed at 5 MPa.
Then they were pre-heated at 300C for 12
hours. The samples were heated at 1500 C for 3
hours or 24 hours in a coke breeze in an electric
furnace.

2. 2 Experimental method

The weight change ratio, modulus of rupture,
cold crushing strength and apparent porosity
were measured after heating at 1500 C for 3
hours and 24 hours. The corrosion test was
conducted by high-frequency induction furnace
method and by arc heating rotary drum method.
The heated samples were formed with castable
refractories to meet the shape specifications of
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Fig. 2 Weight change of samples after heating
at 1600 °C for 3h and for 24 h.
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the corrosion test. The molten iron corrosion
resistance was evaluated from the corrosion
volume by using 20 kg molten pig iron at 1500 C
to 1540 C for 4 hours in a high-frequency induc-
tion furnace. The slag corrosion resistance was
evaluated from the corrosion depth and the slag
penetration depth by using blast furnace slag
at 1600 C for 5 hours in a rotary drum. Blast
furnace slag was replaced at 1 kg per hour dur-
ing the test. Each corrosion test was separately
conducted using the samples heated at 1500 C
for 3 hours and 24 hours.

Some of the heated samples were crushed
and the compositions were identified by chemi-
cal analysis and powder X-ray diffraction. Fur-
thermore, the hot face compositions of SN-A0
without Al.O; fine powder addition and SN-A10
with 10.0mass% Al:O; fine powder addition,
after the corrosion test conducted by high-
frequency induction furnace were identified by
powder X-ray diffraction.

3. Experimental Results

3. 1 Quality test results
Fig. 2 shows the weight change after heating
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Fig. 3 Modulus of rupture of samples after heating
at 1600 °C for 3h and for 24 h.
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Fig. 4 Cold crushing strength of samples after
heating at 1600 °C for 3h and for 24 h.
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Fig.b Apparent porosity of samples after heating

at 1500 °C for 3h and for 24 h.

at 1500 C for 3 hours and for 24 hours. Regard-
ing all the samples of both the SiC type and
the Si;N, type, the more Al:O; fine powder was
added, the less weight changes after heating.
Furthermore, while there was little difference
in weight change after heating for 3 hours and
for 24 hours in the SIC type samples, there
was marked weight decrease in the Si;N,
type samples. Fig.3 to 5 show the results for
modulus of rupture, cold crushing strength and
apparent porosity. In the SiC type samples, the
more Al,O; fine powder was added, the more
strength after heating at 1500 C for 24 hours
increased. On the other hand, in the Si;N, type
samples, the apparent porosity after heating for
24 hours largely increased and the cold crush-
ing strength largely decreased, too.
3. 2 Corrosion test results

Fig. 6 and 7 show the corrosion test results
for the high-frequency induction furnace. The
corrosion index shows the relative value nor-
malized by the corrosion volume of SC-A0.
A smaller numerical value indicates that the
corrosion resistance (to molten iron) is more
superior. Regardless of the heating time, the
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Fig. 6 Relationship between additive amount of
Al;O; and iron corrosion index of samples
after heating at 1500 °C for 3 h.
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Fig. 8 Relationship between additive amount of
Al,O; and slag corrosion index of samples
after heating at 1500 °C for 3 h.
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Fig.7 Relationship between additive amount of
Al,O; and iron corrosion index of samples
after heating at 1500 °C for 24 h.
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Fig. 9 Relationship between additive amount of
Al;O; and slag corrosion index of samples
after heating at 1500 °C for 24 h.

molten iron corrosion resistance was improved
as the amount of ALO; fine powder addition
was increased for both the SiC type and the
SisN, type.

Fig.8 and 9 show the rotary drum corro-
sion test results. The corrosion index shows
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Fig. 10 Relationship between additive amount of
Al,O; and slag-penetration layer depth of
samples after rotary drum test.
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Fig. 12 XRD patterns of samples SC-A0~SC-A10
after heating at 1500 °C for 3 h.
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Fig. 11 Relationship between additive amount of

Al,O; and slag-penetration layer depth of
samples after rotary drum test.
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Fig. 13 XRD patterns of samples SC-A0~SC-A10
after heating at 1500 °C for 24 h.

the relative value normalized by the corrosion
depth of SC-A0. The smaller numerical value
indicates the better corrosion resistance (to
slag). Regardless of the heating time, in terms
of corrosion resistance (to slag) the SiC type
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Fig. 14 Chemical analysis result of samples
SC-A0~SC-A10 after heating at
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Fig. 15 XRD patterns of samples SN-A0~SN-A10
after heating at 1500 °C for 3 h.
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samples were superior to the Si;N, type samples.
Furthermore, regardless of the heating time,
the slag corrosion resistance of the SiC type
samples was improved by adding even a small
amount of Al:O; fine powder. On the other hand,
the slag corrosion resistance of the Si;Ny type
samples after heating for 3 hours was improved
as the additive amount of Al:O; fine powder
increased, however, the samples after heating
for 24 hours showed little difference in slag
corrosion resistance regardless of the additive
amount of Al:O; fine powder. Fig. 10 and 11 show
the relationship between the additive amount
of Al:O; fine powder and the slag penetration
layer depth in the SizN; type samples. After
heating for 3 hours, the slag penetration layer
depth was almost the same regardless of the
additive amount of Al,O; fine powder, whereas
after heating for 24 hours, the slag penetration
layer depth became smaller by increasing the
additive amount of Al:O; fine powder. In the
SiC type samples, the slag penetration layer
wasn't observed regardless of the heating time
or additive amount of Al:O; fine powder.
3. 3 XRD and Chemical analysis results

Fig. 12 and 13 show the XRD results of the
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Fig. 16 XRD patterns of samples SN-A0~SN-A10
after heating at 1500 °C for 24 h.
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SN-A0~SN-A10 after heating at
1500 °C for 3h and for 24 h.
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SiC type samples (SC-A0~SC-A10) after heat-
ing at 1500 C for 3 hours and for 24 hours. In
the SiC type samples, a large peak of Mullite
appeared clearly after heating for 24 hours,
and the tendency became clear as the additive
amount of ALLO; fine powder increased. Fig. 14
shows the results of the chemical analysis of
the SiC type samples after heating at 1500 C
for 3 hours and for 24 hours.

Fig. 15 and 16 show the XRD results of the
SisN, type samples (SN-AO0~SN-A10) after
heating at 1500 C for 3 hours and for 24 hours.
In the Si;N, type samples, the peak of f-Si;N,
became small after heating for 24 hours, and
the clear peak of Si-N.O, which wasn't observed
after heating for 3 hours, was identified. Fig. 17
shows the results of chemical analysis of the
SizN, type samples. By long-time heating, the
amount of Si;N, and carbon decreased and the
amount of SiC was generated.

Fig. 18 compares the XRD results before
the corrosion test with the hot face of the
SN-AO without ALO; addition and SN-A10
with 10.0mass% Al:O; addition samples after
the corrosion test by high-frequency induction
furnace. Si;N,O at hot face on SN-AQ disap-
peared, whereas Si;N.O at hot face remained
on SN-A10.

4. Discussion

4. 1 Property changes of the SiC type
samples

In the SiC type samples, the more Al;O; fine
powder added, the more strength after heating
at 1500 C for 24 hours increased. It is consid-
ered that Mullite was generated in the SiC type
samples by long-time heating according to the
additive amount of Al,O; fine powder, which
contributed to the increase of strength (eq. (1)).

3ALO; + 2510, — 3AL,0;-2S510, <-eeeeee (1)
4. 2 Property change of the Si;N, type

samples
It is known that the reaction of eq.(2) and
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Fig. 18 XRD patterns of hot face of SN-AQ0 and
SN-A10 after corrosion test comparison
with samples after heating at 1500 °C for
24 h.
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eq. (3) occur, and the Fe-Si;N, in the taphole
mix generates SiC by reacting with the adjacent
carbon component in cases where the heating
temperature of the Fe-Si;N, in the taphole mix
exceeds 1300 C. Therefore it is presumed that
in the Si;N; type samples, the decomposition
reaction of Si;N, by long-time heating caused the
large weight loss, the large increase in apparent
porosity and the large decrease in cold crush-
ing strength. Also in the Si;N, type samples,
the peak of Mullite didn't appear clearly in the
XRD results of the samples after heating for
24 hours and it is considered that Mullite was
hardly generated.

3Fe + Si;Ny — 3FeSi + 2Nx(g) oo (2)
FeSi + C = SiC + Fe «-ooverervrremaneeennnn. (3)

4. 3 Influence on corrosion resistance

As shown in Fig. 6, the molten iron corro-
sion resistance of the Si;N, type samples after
heating for 3 hours was drastically improved by
Al,O; fine powder addition. Also as shown in
Fig. 7, the influence of Al:O; fine powder addi-
tion tended to be smaller than that of the SiC
type samples in the samples after heating for
24 hours. And in the range of up to 10.0 mass%
addition of ALO; fine powder the molten iron
corrosion resistance was superior to the SiC
type samples. From the XRD results, it was
determined that SizN.O is generated after heat-
ing for 24 hours in the Si;:N; type samples and
it was presumed that the generation of oxyni-
trides contributed to improving the molten iron
corrosion resistance (eq. (4)).

2Si;N, + 2CO(g) —
2Si,N,0 + 2SiC + 2Ny(g) -+eeeeeeeee (4)

Iida et al.”’ reported that the SizN, in taphole
mix reacts with the oxides and diffuses into
the matrix. In this report it is mentioned that
a Si-Al-O-N type glassy connective structure
is formed when Al exists and molten iron cor-
rosion resistance is improved. That is, from
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the results of this study, the Si:N.O generated
from Si;zN, by long-time heating improved the
molten iron corrosion resistance and Al.O; fine
powder addition generated solid solution of Al
in Si:N,O and caused on Si-Al-O-N type glassy
connective structure to form and contributed
to the further improvement of the molten iron
corrosion resistance of the matrix. And f-SiC
is also considered to be generated from the
decomposition reaction of SizNy but this f-SiC
didn't influenced to the molten iron corrosion
resistance much.

As shown in Fig.8 and 9, the slag corro-
sion resistance of the Si;N, type samples after
heating for 3 hours was slightly improved by
Al,O; fine powder addition, but the slag corro-
sion resistance after heating for 24 hours was
hardly changed regardless of the Al:O; fine
powder addition. The reason is presumed to be
as follows. In the Si;N, type samples the slag
penetration layer was confirmed in the samples
after the rotary drum corrosion test. That is,
after heating for 24 hours the slag corrosion
resistance was hardly changed regardless of
the AlLQO; fine powder addition, but it is con-
sidered that Si:N;O or solid solution of Al and
SizN:,O generated from Si;N,; by long-time heat-
ing reinforced the matrix organization in the
penetration layer.

According to this study, AlLO; fine powder
addition to taphole mix is effective for improv-
ing the corrosion resistance and it was found
that the same effect can be obtained even
in the long-time heated samples. In the Si;N,
type taphole mixes, Si:N.O generated from
SizNy, which along with the solid solution of Al,
contributes to improving the molten iron corro-
sion resistance of the matrix and inhibits slag
penetration. Therefore the addition of Al.O; fine
powder is considered to be an effective method
for improving the durability of the sedimentary
deposit in furnaces exposed to high tempera-
tures for a long time.
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5. Conclusion

For the purpose of investigating the influence
of ALO; fine powder addition on taphole mix
properties after long-time heating, we focused
on the decomposition reaction of Si;N, and
the additive amount of Al:O; fine powder and
obtained the following findings.

1) Little change in physical properties and
chemical composition among the Fe-Si;N,
free SiC type samples observed between
those heated at 1500 C for 3 hours and
those heated at 1500 C for 24 hours. The
more the additive amount of ALO; fine
powder increased, the more strength after
heating at 1500 °C for 24 hours increased.
The reason was presumed to be related to
Mullite generation. Furthermore the molten
iron corrosion resistance was improved as
the additive amount of Al,O; fine powder
addition increased, and the slag corrosion
resistance was also slightly improved.

2) In the Si;N, type samples, weight loss, de-
crease in cold crushing strength, increase in
apparent porosity and generation of f-SiC
and Si;N,O were observed according to the
decomposition reaction of Si;N, after heat-
ing at 1500 C for 24 hours. Furthermore,
the molten iron corrosion resistance was
improved as the additive amount of Al:O;
fine powder increased. It was assumed that
Si:N»O, generated from SisN,, improved the
molten iron corrosion resistance and the
addition of ALO; fine powder generated
solid solution of Al into Si:N.O, thereby
further improving the molten iron corro-
sion resistance of the matrix. After heating
for 24 hours, the amount of f-SiC genera-
tion was almost the same in each sample
regardless of the additive amount of Al:O;
fine powder, and the slag corrosion resis-
tance was almost the same as well.

It was found that Al:Os fine powder addi-

tion to taphole mix is effective for improv-

ing the corrosion resistance and the same

3)
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effect was confirmed even in the long-time
heated samples. The addition of Al:O; fine
powder is considered effective for improv-
ing the durability of the sedimentary
deposit under the condition of prolonged
high temperature exposure in the furnace.

1) The Technical Association of Refractories, Japan (TAR]) : Taikabutsu Techou (Kaitei 12 han), TAR]J (2015)

pp.227-232.

2) T.Kageyama, K. Maruyama, M. Kitamura and D. Tanaka : Taikabutsu 56 [3] 108 (2004).
3) K. Ilizuka, K. Kometani and T. Kaga : Taikabutsu 48 [11] 577 (1996).

4) K. Kometani, K. lizuka and T. Kaga : Taikabutsu 50 [6] 326-330 (1998).

5) M. Iida, K. Ogura and T. Hakone : Taikabutsu 61 [2] 66-75 (2009).





