sl IFEER 2014 Nob57 #&Ri

SHINAGAWA
TECHNICAL
REPORT

RNER S 754 YD

iy £ PE REAM 5 7 D B ad

Examination to Evaluate Corrosion Resistance
of Trough Castables for Blast Furnace

h B — Z R ¥
Kazuya NAKABO Kosuke Yasuo

flr W " & &t & E &
Takashi Ipa Masatsugu KiTaAMURA

6o Ml ¥ 3k

<€ &)V IS5H -tk a4t

SHINAGAWA REFRACTORIES CO.,LTD.




Vol. 57 2014 Shinagawa Technical Report
RPN A 7 75 4 VW Ok £k FHMG 5 3 o WET

Examination to Evaluate Corrosion Resistance of Trough Castables
for Blast Furnace

B - W 7 B o
Kazuya NAKABO Kosuke YAsuo
ik B " &Y A E g
Takashi I1bA Masatsugu KITAMURA
EZ B

EIREAEA T 7T A4 YR LIARMTET VI F - RALER - — R EHOFHPERTH Y,
RACEER R 1 — R ¥ 7 EOIRBALW ER 2 T oM LIk s (F5 LTwa, L, 2hb
DERIRILDOFEEZ ZTR TV E V) Lo THB Y, MHERIZIRILASE Z 2358 12138
AROFEME TS R WARELE D H b0 AWITETIIBILDOHEDFEL 5 FFHIZB W TR AR
217 2 EIZL o T, MEDITEMIINS 2 MRILDORZE 2R L, BIE % 3BT %2 MEt L7z
AERORER & FEIREHREOM R B 5 &, 7 — 7 IMAORMETEFORR LMH A —F L 72,
ZoZ LX), FEFHEHEOSMHBRILOZEIINS L, EHAT 7 T4 o iEERe L Tid
T =7 IS X B RERANE L TV %,

Abstract

Alumina-silicon carbide-carbon castable refractories are commonly used for the slag line of blast
furnace main troughs, and nonoxide raw materials such as silicon carbide and carbon greatly
contribute to durability improvement. However, these nonoxide materials are easily affected by
oxidation. So, there is a possibility that the castable refractories will not demonstrate the estimated
performance in an oxidizing atmosphere. Therefore in this study, we performed corrosion tests
under various oxidizing conditions in order to evaluate the effect of oxidation and found out
the proper method for estimating the corrosion resistance of materials. The results of the test
performed under electric arc heating conditions of which oxidation influence is the least showed
the same tendency with the actual use result. This result indicates that the influence of gas phase
oxidation in actual use is little, and the corrosion test with electric arc heating is suitable for
evaluating the durability of refractories for the slag line of the main trough.
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1. Introduction

Alumina-silicon carbide-carbon castable re-
fractories are commonly used for the slag
line (SL) of blast furnace main trough. These
materials are designed mainly to possess high
corrosion resistance for molten slag and gener-
ally contain large amounts of silicon carbide
and carbon. As for carbon, we have developed
materials containing large amounts of carbon
black and they have performed better in actual
use”?.

These nonoxide raw materials oxidize easily.
And the oxidation greatly influences corrosion
behavior. The oxidation of SL castable can be
considered to progress mainly by two processes;
(1) liquid phase oxidation at the part contacted
with the molten slag, (2) gas phase oxidation
at the part exposed to the atmosphere. Maeda®
conducted tests by dipping refractories into mol-
ten slag in controlled atmospheres, and reported
the following. Local SL wear progresses accord-
ing to the decomposition of silicon carbide
caused by the oxidation process (1). The wear
rate depends on the partial pressure of oxygen
and increases under high oxygen partial pres-
sure. Moreover, the wear rate is suppressible by
increasing the amount of carbon.

On the other hand, it is possible to assume
that SL refractories corrosion is increased by
the gas phase oxidation process (2). It is con-
ceivable that the surface of the refractories is
exposed to atmosphere when the level of metal
and slag lowers due to tap hole closing. At that
time the oxidized area is corroded quickly.
Especially in the case of refractories with a

large carbon black content, the deterioration of
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Table 1 Composition of sample mixture
Raw materials Contents / mass%
Silicon carbide aggregate 64
Silicon carbide fine powder 16
Alumina fine powder 18.7
Calcium aluminate cement 1.3
Carbon black (0-19)a

Table 3 Corrosion test conditions

Heating method P Influence of
; retreatment S
No. of corrosion oxidation
of samples
test of samples
1 Electric Arc Dried Low
2 0O:-Propane Dried Medium
3 Electric Arc Oxidized High
2. ABAE
2.1 HEOXRHK

B OBLA % Table 112789 FHESLA % 8
ELIERACEZREOMETHY, H—Kr T
7w 7 OFRMEEZZSE TR ZER L 72,
BLOVERUT, TRBR L 72808 2 B g D20 Lk A,
24h Dl E3EA %, 110T T24h#ziEd 5 2 & TfT -
720 BARBIIEEE NI 23T, RBREEIX
1600C, REFIIEF AT 715kgx H\>, 1hiE
WL ANEER oo RARERI Bk OFRALLE
FABE OB TR AR S PMILEE S I E 5
LXIOFEEL, 25h& Lizo BEKIOA T K%
Table 212" F o ERFTHELLZAT 752
TEY, HEHEEIXC/S=12TH > 72,

Dllbasigke LTl o&E* 2 2, BILo
BRI D 3MOZEMT (Table 3) TRAR
Bra S0 L 720
2.2 7—UmEk CRAER*ED

7= 7 MBI & B BR o2 EME % Fig. 1(a)

Shinagawa Technical Report

Table 2 Slag composition

Components Contents / mass%
SiO; 34.6
Al,Os 14.3
Ca0 42.7
Fe:0s 0.56
MgO 4.63

corrosion resistance by decarbonizing can be
more significant?.

Based on the above, we carried out examina-
tions to investigate the influence of oxidation,
especially oxidation of carbon in this study, in
order to evaluate corrosion resistance by the
method of which closely matches actual use

conditions.
2. Examination Method

2.1

The raw material percentages for the exami-

Common conditions

nation samples are shown in Table 1. They are
mixtures having high silicon carbide content as
would be used for the SL of main trough. The
amount of carbon black was changed in each
sample. These raw materials were mixed with
water, cast into molds, cured over 24 hours, and
dried for 24 hours at 110C. The corrosion tests
were carried out by rotary drum method with
1.5kg of blast furnace slag at 1600C. The slag
was replaced once every hour. The testing time
was fixed at 2.5 hours so that the corrosion
depth did not exceed the oxidized layer depth
of the oxidized sample of which the preparation
is described below. The slag composition for the
corrosion test is shown in Table 2. The basicity
(C/S) of the slag was 1.2.
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Fig. 1 Schematics of corrosion test systems.

(a) Electric arc. (b) O,-propane.
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Table 4 Compositions of gas in the rotary drum
during corrosion test

. Contents / mol%
Heating method
0z N: CO CO:
O2-Propane 5.2 56.4 0.1 38.2
Electric Arc 0.7 76.5 7.9 14.6

On the basis of the above, the corrosion tests
were carried out under the three different oxi-
dation conditions (Table 3).

2. 2 Arc heating method
(with dried samples)

A schematic view of the corrosion test sys-
tem utilizing electric arc heating is shown In
Fig. 1(a). In this test method, heating is carried
out by arc discharge between the carbon elec-
trodes. An example of the composition of the
atmosphere in this system is shown in Table 4.
When heating is carried out by electric arc, the
atmosphere contains little oxygen but contains
carbon monoxide which suggests that the influ-
ence of oxidation is little.

2. 3 Oxygen-propane heating method
(with dried samples)

A schematic view of the corrosion test sys-
tem utilizing oxygen-propane heating is shown
in Fig. 1(b). In this case, the system is heated
by oxygen-propane mixed gas burner, and
the burning is accompanied by inlet of air. As
shown in Table 4, the atmosphere with oxygen-
propane heating contains 5% of oxygen, so the
influence of oxidation in this method is greater
than the influence in the electric arc heating
method.
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Fig. 2 Cross sections of oxidized samples.
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Fig. 3 Result of corrosion tests.

2. 4 Arc heating method
(with oxidized samples)

As a test in which the oxidation influence
would be much larger, a corrosion test with the
specimens heated in an oxidizing atmosphere
was carried out in advance. The specimens
were heated for 3 hours in the air at 1200C
twice. Fig. 2 shows the cross sections of another
specimen of each sample heated in the same
condition to check the thickness of decarbonized
layer. The thickness of the decarbonized layer
on the surface was 20mm or more, however, the
layer did not become friable. The corrosion time
was determined so that the corrosion depths
did not exceed the decarbonized layer depth.
The corrosion tests were operated with electric

arc heating.
3. Results

Fig. 3 shows the wear rates in relation to
the amount of carbon black for each testing
method.

3. 1 Arc heating (with dried samples)

The result of the corrosion test utilizing
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Fig. 4 Cross sections of samples after corrosion
test utilizing electric arc heating.
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Fig. b Cross sections of samples after corrosion
test utilizing O-propane heating.

electric arc heating with dried samples showed
a tendency for the wear rate to be suppressed
as the carbon black amount was increased
(Fig. 3). The post corrosion test cross sections
of the samples are shown in Fig. 4. There is a
slag penetrated layer in the specimens contain-
ing 3a% or less carbon black.

3. 2 Oxygen-propane heating

(with dried samples)

The corrosion test results utilizing oxygen-
propane heating showed hardly any variation of
wear rate with varied amount of carbon black
(Fig. 3). There is a slag penetrated layer in post
corrosion test specimens (Fig. 5) containing
3a% or less carbon black as with the specimens
tested by arc heating method.

3. 3 Arc heating (with oxidized samples)

In this method, the wear rate increased as
the carbon black amount increased. And the
wear rate showed the largest value among the
three methods (Fig. 3). The post test cross sec-
tions of the specimens are shown in Fig. 6. The

surface layer of every specimen was penetrated
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Fig. 6 Cross sections of oxidized samples after
corrosion test utilizing electric arc heating.
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Fig. 7 Apparent porosities of heated samples.

by slag.

From the results of the three test methods, it
was confirmed that if the influence of oxidation
is little, the wear rate is low and suppressible
by increasing the carbon black content. On the
other hand, if the influence of oxidation is large,
the wear rate is high and increasing the carbon

black content makes the rate even higher.
4. Discussion

According to the comparison of the results
of examinations in two conditions with different
oxygen partial pressures, namely with electric
arc heating and oxygen-propane heating, the
wear rate of the specimens with low carbon
black content did not depend on oxygen partial
pressure in this study. This information does
not match past reports®. It is thought to be a
factor of the oxidation process being different
from that in past reports. In the case of the
sample dipping corrosion test, the level of molten
slag was constant, so the formation of the slag
film affected corrosion clearly. In contrast to

that, the corrosion behavior in the rotary drum
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corrosion test carried out in this study seems
to correspond to the corrosion in the slag bath,
because the bulk slag passed through over the
specimens constantly. Moreover, while tempera-
ture is rising before corrosion, the specimens
are exposed to the atmosphere because there
is no molten slag, so gas phase oxidation (1)
seems to progress. If oxidation progresses by
this process, silicon carbide forms a glass phase
by oxidation which coats the silicon carbide
grains and suppresses further oxidation. On
the other hand, carbon becomes carbon dioxide
by oxidation and diffuses, therefore, oxidation
progresses continuously, so carbon is oxidized
preferentially.

The apparent porosity of the oxidized samples
and samples heated in the reducing atmosphere
is shown in Fig. 7. Every sample showed higher
apparent porosity when oxidized. And the
degree of increase in apparent porosity is larger
in the samples with large carbon contents.
Therefore the samples were decarbonized and
deteriorated by gas phase oxidation. Moreover,
it seems that silicon carbide was also oxidized
and decomposed because the apparent porosity
of the samples containing no carbon black also
became higher.

From the above, the following things are able
to be considered. In the arc heating corrosion
test, little gas phase oxidation occurred, so car-
bon black effectively improved slag resistance.
In the oxygen propane heating test, gas phase
oxidation and decarbonizing progressed in the
samples while the temperature was rising, so
the effect of carbon black was suppressed. In
the test with the oxidized samples, not only

decarbonization but also silicon carbide oxidation
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Fig. 8 Actual BF trough application results.
(a) Measured data. (b) Averaged data.
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progressed, so that the corrosion resistance

decreased even more.
5. Comparison with Actual Use Results

The results of use in actual main troughs of
blast furnaces are shown in Fig. 8. The wear
rates were measured at 4m from the tap holes
at the first inspection (after in operation about
7 days, 30,000t to 40,000t of pig iron passed).
Two kinds of products with different carbon
black contents were used and each product was
used more than 10 times. No clear hot metal
temperature dependence was seen in the wear
rates of the results. The averaged wear rate of
each product is shown in Fig. 8(b). The prod-
uct containing a large amount of carbon black
shows a low wear rate, so carbon black seems
to improve durability.

This actual use result shows the same ten-
dency with the result of the corrosion test by
electric arc heating with dried samples in this
study. Therefore, gas phase oxidation, which
seems to occur in the corrosion tests in this
study, does not significantly affect corrosion in
actual use. It is assumed that because the work-
ing surface of refractories is coated by slag and
not exposed to an atmosphere, the gas phase
oxidation which was expected to occur during
lower liquid level period of time, does not occur.
Furthermore, the corrosion test utilizing the
electric arc heating method is suitable for evalu-
ating the corrosion resistance of refractories for

the SL of the blast furnace main trough.
6. Conclusion

Corrosion tests for castable refractories for

the SL of the blast furnace main trough were
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carried out under several conditions differing in
oxidation influence. It was found that if influence
of oxidation is little, carbon black addition sup-
presses the wear rate; while if the influence is
large, the wear rate is enlarged as the amount
of carbon black is increased. The results of the
test utilizing electric arc heating shows same
tendency with the actual use results. The cor-
rosion test utilizing electric arc heating is more
suitable as an examination method to evaluate
the durability by reproducing the actual use
conditions. It is thought that gas phase oxida-
tion does not affect corrosion significantly in

actual use.
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