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Quantitative Evaluation of Corrosion Resistance of Blast Furnace Trough
Slag Line Castable Utilizing Crucible Corrosion Method
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Abstract

To quantify the corrosion resistance of the blast furnace (BF) main trough slag line (SL) castable,

the castable crucible specimens, in which BF slag was put, were heated at various temperatures

and times followed by chemical analysis of the slag composition. The analyzed results were plotted

according to Fick's law to evaluate the mass transfer coefficients (k) of the castable at each

temperature. The obtained k, which has physically significant unit of ms™, indicates the corrosion

resistance of the specimen. Furthermore, the activation energy of k was also evaluated.
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1. Introduction

Refractories for the working lining react with
slag and dissolve into the slag. The dissolving
process is expressed as corrosion. Since there
are various methods for evaluating the corrosion
resistances of refcractories”?, a suitable
method was selected to reproduce the corrosion
phenomenon that occurs in practical operation.
In general, a set of refractory specimens are
subjected to the corrosion test and the corrosion
resistance is evaluated by the corrosion depth.

However, the measured values are not
applicable to the theoretical calculation since
the evaluated results didn't take the corrosion
width and change of slag saturation degree
during the test into the consideration. Hence, it
is necessary to evaluate the corrosion resistance
by a value with a physically significant unit.

Since many substances move simultaneously
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between refractory and slag, it is difficult to
explain refractory corrosion as a combination of
elementary reactions. In this study, the transfer
speed of the compositions from refractory to
slag was evaluated from the view point of the
overall mass transfer.

2. Experimental Method and Analysis

2. 1 Experimental method and selection of
specimen

The crucible method was selected for the
corrosion test. By heating the refractory crucible
that contains slag, the chemical composition of
the slag will be changed by refractory dissolution.
The corrosion quantity of the specimen can be
determined by before and after heating com-
position analysis. This method is applicable for
refactories which exhibit small slag penetration
properties. When a considerable amount of slag
penetrates into the refractory, both refractory
dissolution and slag penetration influence slag
composition. This makes the corrosion amount
determination impossible.

In this study, the slag line (hereinafter
referred to as SL) castable for the blast furnace
(hereinafter referred to as BF) main trough
was selected as a specimen since only a small
amount of slag penetrates it. Furthermore, in
a commercially operated blast furnace trough,
the major factor of SL corrosion is considered
to be chemical reaction®™ that are similar to
those occurring in the crucible method.

2. 2 Analysis procedure

Assuming that a refractory is corroded by
chemical reaction, the corrosion rate (J [ms™])
can be expressed as Egs. (1) and (2) according
to Fick’s law.

J=R(CH=C)  veeeereeenneeiee 1)
k= % .......................................... (2)

Where, k, C*, C, D, and ¢ represent the mass
transfer coefficient [ms™], saturation solute con-
centration [-], referent solute concentration [-],
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Table 1 Properties of the castable evaluated

Chemical composition / mass%
Al:Os 16
SiC 79
C 2
Grain size distribution/ mass%
+1mm 43
-0.075mm 35
Bulk density / -
110°C-24h (in Air) 2.65
800°C- 3h (in Coke breeze) 2.64
1400°C- 3h (in Coke breeze) 2.65
M.O.R. / MPa
110°C-24h (in Air) 2.1
800°C- 3h (in Coke breeze) 2.3
1400°C- 3h (in Coke breeze) 1.9

Table 2 Chemical composition of the slag

Compounds Mass %

SiO. 34.50
Al0Os 14.22
Fe:0s 0.29
TiO: 0.62
MnO 0.38
CaO 42.32
MgO 6.75
Na-O 0.15
K:0 0.32
C/S 1.23
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diffusion coefficient [m*s™], and thickness of the
diffusion film [m], respectively.

Assuming that the solute dissolves from the
surface area of A [m? to the uniform solvent
bath of volume V [m?], the corrosion rate (J)
can be given by changes in the solute fraction
in the solvent as a function of time (t [s]) as
indicated in Eq. (3).

dC _ KA i oy
Tal ——(C*-C) (3)
Integrating Eq. (3), we have Eq. (4).
C*-0O _ KA
lIl (Csat_co) - V t <4>

Where, C, represents the initial solute
concentration. Hypothesizing that saturation
solute concentration (C*) can be determined
by thermodynamic data base, it is possible
to determine the mass transfer coefficient (k)
since the initial solute concentration (Co), solvent
volume (V), dissolving surface area (A), heating
time (t), and solute concentration (C), determined
by chemical analysis, are already-known. Thus,
the corrosion amount can be expressed by a
value with physically significant unit, ie. the
mass transfer coefficient (k [ms™]).

3. Experiment

3. 1 Preparation of the specimens

A typical SL castable (Table 1) and BF slag
(Table 2) were selected for the specimen. The
SL castable was mixed with water for 3minutes
followed by casting into the mold, which is
shown in Fig. 1, on a vibrating table and the
samples were demolded the next day. The slag
paste, which was prepared by mixing slag
powder with 40mass% of water, was poured
into the cavities of the castable crucibles. The
slag containing crucibles were dried at 110C for
over 10hours followed by heating at 500C for
3hours in a coke breeze to volatilize the volatile
matter contained in carbonaceous material in
the SL castable.
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Fig. 1 Schematic illustration of the castable
crucible.
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Fig. 2 Cut surface of the specimen after the
test.

3. 2 Heating

The crucibles were heated at 1350, 1375, 1425,
and 1500C for 1, 2, 4, and 8h followed by forced
air cooling. The heated crucibles were core
bored to obtain the slag samples. The cored slag
samples were crushed and chemically analyzed
by fluorescent X-rays analyzer.

4. Results and Discussion

Fig. 2 shows the cut surface of a specimen
after the test. The outer surface of the speci-
men shows white color due to carbon oxidiza-
tion. Corrosion occurred at the localized area,
l.e. the wall just above the slag-air interface
beyond the slag film that lifted up due to the
wettability. The shape of the corrosion shows
that the experiment reproduced the actual BF
trough SL corrosion®™.

The analyzed slag compositions were plotted
on the phase diagram of the system Al;O;-SiO.-
CaO by open circles as shown in Fig. 3. The
castable composition, which is indicated by a
closed circle in Fig. 3, was plotted on the line
between SiO; and ALO; at the point of a certain
Si0./AlO; ratio by assuming that the SiC in the
castable was completely oxidized to form SiO..
In this paper, the plotted castable composition
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Fig. 3 Variation of slag composition after the test.
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is expressed as “the assumed castable composi-
tion”. The analyzed slag compositions were
distributed between the initial slag composition
and the assumed castable composition. Though
all values were plotted by the same symbol in
Fig. 3 for convenience sake, the compositions
of the slags with heating conditions of higher
temperatures and longer times were plotted
closer to the assumed castable composition.
Based on the results, the hypothesis that
the slag composition in the castable crucible
changes to the assumed castable composition
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Fig. 4 Changes in liquid fraction at each
temperature as a function of solute
(Al,03+Si0,) concentration.

Time / h
0 2 4 6 8 10
00 T T T T
T ——_ 1350C
onfp T o-a P00 .
N~ E\\\
= L02F e, ® T~o
5) \\‘8\\:\ T~- 7375oc
) \@ ~ - \\\\ O
§ _03}F ~o .\\ 4 ~~
@ ~o \\250 |
O So S~
= -04F ]5\ ~
\\\
05
(@)
-0.6

Fig. 6 Changes of In{(C**-C)/(C**-C,)} at each
temperature as a function of time.
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Fig. 5 Change in saturated solute (Al,0;+SiO,)
concentration as a function of tempera-
ture.

i1s considered to be acceptable. Therefore, the
changes in liquid phase fraction on the line
between the initial slag composition and the
assumed castable composition at varied tem-
peratures were calculated by Factsage® ther-
modynamic calculation software to determine
the saturation solute concentration (C*). Fig. 4
shows the change in liquid fraction along the
line as a function of SiO,+Al:Os;. A saturation
solute concentration (C*) defined as SiO,+AlLO;
fraction at the point that the liquid fraction is
99mass%, C* as a function of temperature (TC)
is shown in Fig. 5 and Eq. (5).
Csat — 00139T + 58298 .................. (5)

Hence, the left side of the Eq. (4) can be
calculated. Fig. 6 shows variations of the left
side of Eq. 4) as a function of time. Since the
slope of Fig. 4 is kA/V of Eq. (4), mass transfer
coefficient (k) can be calculated by the corrosion
surface area (A) and the volume of slag bath (V)
measured from the cut surface (Fig. 2).

Fig. 7 shows the change in k, which was cal-
culated under the assumption that A and V are
constant, as a function of temperature. The slope
of k-temperature plot changed around 1375C



Vol. 54 2011

k=0.0225T - 30.156
k=0 k=0.0033T - 3.7341

— —1375°C— —

0.8 |-

0.6 -

k/107ms™

0.4

0.2

—— ——— — — —— — — —1340C—

0.0 | |
1300 1400 1500 1600

Temperature / C

Fig. 7 Experimentally determined overall mass
transfer coefficient.
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Fig. 8 Arrhenius plot of overall mass transfer
coefficient (k).

since k at 1350C showed a smaller value than
the value expected from the line extrapolated
by the other plots. Accordingly, a change in the
rate determining process of the reaction was
considered. For instance, the rate determining
process of the reaction above 1375C is the
oxygen supply through slag film®” while the
process below 1375C is the movement of slag
film. However, it is impossible to clarify the rate
determining process only by the experimental
results.

Fig. 8 shows the Arrhenius plot of Fig. 7.
As in Fig. 8, the activation energy of k at the
range between 1375 to 1500C was evaluated
as 82.6kJ/mol.

In this experiment, the slag corrosion prop-
erty of a refractory was evaluated by mass
transfer coefficient k which has the physically
significant unit ms™. So, the value can be used
for the model calculation. The accuracy of the
assumed refractory corrosion mechanism is
considered to be increased by comparisons of
the measured value and calculated value. As
described in this paper, evaluation by a value
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with a physically significant unit is considered
to be important to clarify the refractory corro-
sion mechanism.

5. Conclusion

The corrosion resistance of a blast furnace
slag line castable was evaluated by the crucible
method at various temperatures and times
followed by chemical analysis of the slag
composition after the test. Analyzing the slag
composition variation according to Fick's law,
the corrosion resistance was expressed by mass
transfer coefficient. Since the mass transfer
coefficient of the castable changed around
1375C, the changes in the rate determining
process of the corrosion was predicted. The
activation energy of the mass transfer coefficient
above 1375C was evaluated as 82.6k]J/mol by
Arrhenius plot of the experimental results.
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