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Abstract

We investigated the influence of the addition of Fe-Si;N, on taphole mix focusing on change in
characteristics caused by long heating time. [ -SiC was generated from a decomposition reaction
of Fe-Si;N, in taphole mix after heating at 1500C for a long time. It was confirmed that this 4 -SiC
didn't reduce molten iron corrosion resistance of taphole mix better than SiC which was added as a
raw material beforehand. The reason is inferred to be that Silicon oxynitride is also generated with
B -SiC at the same time. Fe-Si;sN. has better molten iron resistance than SiC. The reason may be
that the Nitrogen released continuously by the decomposition reaction of Fe-Si;N,raises the pore
internal pressure of the hot face and reduces corrosion by molten iron in addition to generating
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Silicon oxynitride.
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1. Introduction

Taphole mix is one of the most important
materials for blast furnace operation. But we
can only imagine the mechanism of the charac-
teristic change of taphole mix heated in actual
use because we can't collect the sample after
use.

In late years, from the history of past
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improvement and the results in actual use, Al:O;-
Si0,-SiC-(Fe)Si;N,~C taphole mix has become
a mainstream material for blast furnaces. For
the purpose of improvement of slag corrosion
resistance, it is recognized that utilization of
SiC and Fe-Si;N, as non-oxide is effective from
the results in actual use, and these raw materi-
als occupy from 30 to 50mass% in taphole mix
composition.

When taphole mix containing Fe-Si;N, as one
of the main materials is heated at over 1300C,
the reaction of eq.(1) and (2) occur, and the Fe-
Si;N, in the taphole mix generates SiC accord-
ing to the reaction with neighboring Carbon.
Furthermore, it is said that Nitrogen generated
by a decomposition reaction of Si;N, raises the
stomatal internal pressure in the taphole mix
microstructure, and restrains molten iron and
slag penetration'™.

3Fe + Si;N, — 3FeSi + 2N,(g)
FeSi + C — SiC + Fe

However we don't yet know well what kind of
influence these raw materials have on taphole
mix properties, this area hasn't been researched
much. In this study, we investigated the influ-
ence of the addition of Fe-SizN, on taphole mix,
focusing on change in characteristics caused by
long heating time.

2. Experiment

When taphole mix containing Fe-SizN; is
heated at 1500C in a reducing atmosphere,
the decomposition reaction of Si;N, occurs, and
SiC is generated. Therefore, to investigate the
influence of the addition of Fe-Si;N, focusing on
long-time heating, we compared samples heated
at 1500C in a reducing atmosphere for 24 hours
with those heated for 3 hours as general condi-
tion of quality inspection.

2. 1 Samples for experiment

Table 1 shows the formulation of samples.
Si0,~(Fe)Si;N,~C taphole mix is basic formula-
tion sample A, the formulation that replaced
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Table 1 Composition of samples
A3 | A2 | B3 | B | c3 | c D E
SiOxrich (base) | ALO: addition SiC addition SiN: | SiC
Heating time / h 3 | 3 | 3 | 3 3
Sio, 56 46 46 — —
Fe-SisN. 30 95 -
S%rr;r;g;ition Carbon 14 5
ALOs — 10 — — —
sic — — 10 — 95
Coal tar / mass% 18 17 17 19.8 17.4
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3. EEBRER
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10mass% of SiO, with ALO; is sample B, and
the formulation that replaced 10mass% of SiO.
with SiC is sample C. In order to make the
difference in molten iron corrosion resistance
between Fe-Si;Ns and SiC clear, we prepared
95mass% Fe-Si;:N; samples and 95mass% SiC
samples (Samples D, E). Both samples contain
5mass% of carbon black in order to maintain
adequate plasticity. Coal tar was used as binder.
Each sample was mixed with coal tar at 60T
by a planetary mixer for 40min. The amount
of coal tar was adjusted so that each mix had
the same Marshal value (extruding pressure).
The mixes were put into molds in the shape
of 40x40x160mm and pressed at 5SMPa. Then
they were pre-heated at 300C for 24 hours.
The samples were heated at 1500C for 3 hours
or for 24 hours in a coke breeze in an electric
furnace. The Samples heated at 1500C for 3
hours were denoted as A-3, B-3 and C-3, and
those heated for 24 hours were denoted as A-
24, B-24 and C-24.
2. 2 Experimental method

The weight change, modulus of rupture, cold
crushing strength and apparent porosity were
measured after heating at 1500C for 3 hours
and for 24 hours. A part of the samples was
crushed and the composition was identified by
chemical analysis and X-ray diffraction. The
corrosion test samples were prepared by being
assembled with castable refractory in order to
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Fig.1 Weight change of samples after heating at

1500°C for 3h and for 24h.
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Fig.3 Cold crushing strength of samples after
heating at 15600°C for 3h and for 24h.
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Fig.2 Modulus of rupture of samples after

heating at 15600°C for 3h and for 24h.
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Fig.4 Apparent porosity of samples after
heating at 1500°C for 3h and for 24h.

achieve specific shape for corrosion test. We
evaluated the corrosion resistance of taphole
mix samples by high-frequency induction fur-
nace method using molten pig iron and blast
furnace slag at the temperature range between
1500 and 1530C for 4 hours. Blast furnace slag
was replaced at 400g per hour during the test.

3. Experimental Results

Fig.1l shows the weight change after heating
at 1500C for 3 hours and for 24 hours. The
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Fig.b Corrosion index of samples after heating

at 1500°C for 3h and for 24h.
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Fig.6 Chemical analysis result of samples after
heating at 15600°C for 3h and for 24h.
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weight change of all samples after heating for
24 hours was markedly increased as compared
with that of 3 hours. In Fig.2 to 4 the results of
modulus of rupture, cold crushing strength and
apparent porosity are shown, respectively. The
modulus of rupture after heating for 24 hours
was almost same or slightly low. On the other
hand the cold crushing strength of all samples
was greatly decreased after heating for 24
hours and the apparent porosity was greatly
increased, too.

Fig.5 shows the results for molten iron cor-
rosion resistance. The corrosion index shows
the relative value normalized by the corrosion
volume of A-3. In this experiment, corrosion
amount of iron-contacting area was so large
that influence of corrosion of slag-contacting
area was negligible. Sample B-3 and B-24, with
AlO; fine powder added, had good corrosion
resistance in comparison with sample A-3 and
A-24. Corrosion resistance of sample C-3 and
C-24 which contained SiC fine powder was
considerably poor. In all samples, the corrosion
resistance showed a tendency to decrease after
heating for 24 hours in comparison with that of
3 hours.

Fig.6 shows the chemical analysis result of
SiC, Free C and Si;N, of the samples after heat-
ing at 1500C for 3 hours and for 24 hours. After
heating at 1500C for 24 hours, the amount of
SisN, and C were decreased, and SiC was gener-
ated and increased in A-24, B-24 and C-24. On
the other hand, it was confirmed that from the
results of A-3 and B-3 which didn't contain SiC
after heating at 1500C for 3 hours, not much
SiC was generated from the decomposition
reaction of SizN.. Fig.7 shows X-ray diffraction
pattern of A-3 and A-24 which are basic formu-
lation. The generation of SiC was not able to be
confirmed after heating at 1500C for 3 hours,
but the X-ray diffraction peak that supported
generation of [-SiC was confirmed after heat-
ing for 24 hours.

Fig.8 shows the result of corrosion resistance
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Fig.7 XRD patterns of sample A-3 and A-24.
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Fig.8 Corrosion index of sample D and E.
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kinds of samples after heating for 24 hours. In
addition, from the corrosion test result, after
heating 24 hours the corrosion resistance of
all samples decreased in comparison with
that of the samples after heating for 3 hours.
Fig.9 shows the relationship between apparent
porosity and corrosion index. The influence on
corrosion resistance caused by the difference
in apparent porosity is relatively small, and it
may be said that the influence of the difference
in materials is large. These results reflect the
characteristic of Al,O; being superior in molten
iron corrosion resistance and SiC being inferior
in molten iron corrosion resistance.
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Fig.9 Relationship of apparent porosity and
corrosion index.

p-SiC was generated in all samples after
heating for 24 hours and increased significantly
in comparison with that in those heating for
3 hours. Fig.10 shows the relationship between
SiC content and corrosion index of the samples
after heating. Sample A-24 and B-24 contained
a large quantity of f-SiC formed by heating for
24 hours shows superior in molten iron corro-
sion resistance in comparison with sample C-3
which contained SiC which was added as a raw
material beforehand.

This result shows that the f-SiC formed by
a decomposition reaction of the Fe-SizN, in the
taphole mix doesn't reduce molten iron corrosion
resistance of taphole mix more than SiC which
was added as a raw material beforehand.

Fig.8 shows the SiC is markedly inferior to
Fe-Si;N, in molten iron corrosion resistance. It
was predicted that the molten iron corrosion
resistance of samples A-24 and B-24, with
increased SiC content and decreased Si;N, con-
tent by heating at 1500C for 24 hours would
significantly decay. As the molten iron corrosion
resistance is not markedly decreased consider-
ing the SiC content, it was confirmed that this
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Fig.12 Chemical analysis results of hot face and

inside of specimen after corrosion test.
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Fig.11 Cross section of specimen after corrosion

test.

f-SiC was generated from a decomposition
reaction of the Fe-Si;Ny in taphole mix. It didn't
reduce molten iron corrosion resistance of the
taphole mix better than SiC which was added as
raw material beforehand. The reason is unclear,
but XRD (Fig.7) shows the diffraction peak of
Si;ON; after heating for 24 hours, and suggest
that Silicon oxynitride is generated around f-
SiC at the same time. That is to say, f-SiC
is generated from a decomposition reaction of
the Fe-Si;N, in the taphole mix and Silicon
oxynitride is also generated around [S-SiC at
the same time. So the molten iron resistance of
Fe-Si;N, is better than that of SiC.

In addition, we inspected the reaction behav-
ior of taphole mix containing Fe-Si;N, when it
contacts with pig iron as follows. Fig.11 shows
a cut section photograph of a sample after the
corrosion test of the taphole mix containing Fe-
SisNy by a high frequency induction furnace for
4 hours at 1500-1530C. A several millimeters
thick discolored layer in the hot face contacting
the molten iron was recognized.

Fig.12 shows the chemical analysis result of
the discolored region and the non-discolored



Vol. 61 2018

Hot face

Shinagawa Technical Report

Fig.13 EPMA image of N analysis near hot face after corrosion test.
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region that is tens of millimeters inside from
the hot face. A decomposition reaction of Fe-
Si;:N, was inferred as follows; the amount of
Fe-Si;:Nsand Free C decreased in the hot face
and a large quantity of SiC was formed. Fig.13
shows the EPMA area analysis of Nitrogen
distribution from the
non-discolored region. The disappearance of
Nitrogen in the discolored region of the hot face
was reconfirmed. These results suggest that a
decomposition reaction of Fe-Si;N, occurs only
in the several millimeters from the hot face con-
tacting with heat of molten iron. Nitrogen exists
more than 5 mm inside from the hot face after
corrosion test and decomposition reaction of
Fe-SisN, does not occur after heating at 1500C
for 3 hours and Si;N, remains after heating at
1500C for 24 hours from results of chemical
analysis (Fig.6) and an X-ray diffraction data
pattern (Fig.7). According to above results, it is
inferred that the decomposition of Fe-Si;N, pro-
ceeds slowly. That is to say, we can consider the
possibility that the Nitrogen released continu-
ously by the decomposition reaction of Fe-Si;N,
raises the pore internal pressure of the hot face
and reduces corrosion by molten iron.

discolored region to

5. Conclusion

We gained new insight as follows from the
results of our study on the effect of Fe-Si;N,
addition on the property of taphole mix, focus-
ing on the change in characteristics by long
heating time.
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