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Development of Graphite-Free MgO-C Bricks
for Secondary Refining Processes of Steel
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Table 1 Composition of test bricks

1 Introduction

Magnesia carbon (MgO-C) bricks and magnesia
chromite bricks with high corrosion resistance are used
widely in the secondary refining processes of steel. The
development of chromium-free material is examined as a
countermeasure against the problem that magnesia
chromite bricks easily react with alkaline components and
produce harmful hexavalent chromium. Since the MgO-C
bricks contain flake graphite, there are concerns about heat
dissipation into the atmosphere due to increased thermal
conductivity and carbon leaching into the molten steel. In
future, the challenge for CO: reduction and carbon
neutrality will be required for industrial world.

Considering these situations, we also have
examined to develop an unburned magnesia (MgO) brick
containing neither chromium nor graphite for secondary
refining. In the present study, we have investigated
characteristics of the developed brick in conjunction with
the evolution of a controlling effect of heat loss using the

brick.

2 Test Method
2-1 Test Specimen

Table 1 shows the composition of test bricks. The
properties of unburned magnesia bricks without graphite
(No. 1) and MgO-C bricks with graphite contents of 1, 3
and 5mass% (No. 2,3,4) were compared. An appropriate
amount of antioxidant was added with a fixed amount.
These were mixed with a suitable amount of phenol resin,
molded to 230 x 100 x 110 mm by the vacuum hydraulic
press, and dried at 250 °C for 5 h to prepare testing

specimen.

(/mass%)
Specimen No. 1 2 3 4
Composition Graphite 0 1 3 5
(other than MgO) | Anti-oxidant A a a a a
Anti-oxidant B b b b b

a, b : constants
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22 Evaluation method
2°+2+1 Bulk density, porosity, elastic modulus

Bulk density and porosity were measured based on
JIS R 2205. The elastic modulus was determined by
ultrasonic pulse-echo method in unpressurized direction
of specimen with 20 x 20 x 80 mm shape. The measurements
were carried out for each specimen after drying and after
reduction firing at 1400 °C for 3 h.

2:2°+2 Thermal conductivity and high temperature
Fe-oxide corrosion test

The thermal conductivity was measured at 800 C
using the heat flow method in the specimen after the firing
at 1400 °C for 3 h. High temperature Fe-oxide corrosion
test was carried out by a method in which specimens,
which had been fired at 1400 °C for 3 h in reduced
atmosphere, were set in a rotary drum, and heated to 1750
°C and held for 30 min, oxygen was blown from a steel
lance, and the brick was corroded by the Fe-oxide formed
with heat generated by oxidation heat at the lance tip
under a high temperature (Fig. 1)*. The degree of corrosion
was evaluated by measuring the amount of erosion in a cut
surface of the specimen after the test and in addition to the
microstructure observation in the cross section of the
specimen at the vicinity of corroded surface after the test.
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Fig. 1 Schematic image of high temperature Fe-oxide test.
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Table 2 Physical properties of specimens after drying

Specimen No. 1 2 3 4
Bulk density /x103%kg + m 3.15 3.16 3.15 3.13
Apparent porosity /% 5.4 4.3 3.5 3.0
M.O.E. /GPa 66.2 82.7 75.7 70.1

Table 3 Physical properties of specimens after firing for 3h

Specimen No. 1 2 3 4
Bulk density /x103%g + m 3.14 3.14 3.12 3.08
Apparent porosity /% 9.0 8.3 8.2 8.3
M.O.E. /GPa 33.3 40.6 35.6 31.9
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3 Results and Discussion
3-1 Evaluation of bulk density and MOE

Table 2 shows the physical properties of specimens
(No. 1-4) after dried, and Table 3 shows the physical
properties of specimens after fired at 1400 °C for 3 h.

Figure 2 shows the variations of bulk density (a),
apparent porosity (b) and MOE (modulus of elasticity) (c)
with amount of graphite addition for both dried and fired
states.

First, the bulk density showed a tendency to
increase with increasing amount up to the highest value of
Imass% addition then, decrease with exceeding addition
to 5Smass% for both obtain dried at fired states. Next, the
porosity tended to decrease with increase in the graphite
addition for after dried state, and showed almost constant
value in the case of addition exceeding 1mass%, though it
decreased with the graphite addition for after fired state.
Finally, MOE for both after dried and fired states, showed
a tendency to increase with increasing addition to the
highest value of 1mass%, their decreasing with exceeding
addition of 1mass% similar by to that of bulk density.

As described above, although the bulk density,
porosity and MOE generally decrease with increasing the
addition of graphite both after dried and fired states, the
bulk density and MOE without graphite are lower than
those with 1mass% addition as shown in Fig. 2. It was
considered to occur caused by the difference in the packing
density forming the raw material powder into the mold
using hydraulic press. Since the packing density must be
higher in the graphite containing powder due to sliding
effect to the powder originated form the lubricating action
of the graphite, bulk density and MOE of the specimen
without graphite become lower than those of specimen
graphite 1mass% addition.
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Fig. 2 Variations of bulk density (a), apparent porosity (b) and MOE (c) with amount of
graphite addition for both dried and fired states.
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3+2 Thermal conductivity and high temperature Fe-
oxide test

The dependence of the graphite addition amount
on the thermal conductivity at 800°C (a) and corrosion
index in the high temperature Fe-oxide test (b) is shown in
Fig. 3. Decreasing the graphite content, the thermal
conductivity lowers to the minimal value with Omass%
addition, resulting in the 50% reduction from the value
with 5mass% graphite.

Supposing the corrosion index of the specimen
with Smass% graphite as 100, the index lowered with
decreasing the graphite indicating the improvement in the
corrosion resistance.

The corrosion resistance of MgO-C bricks after
firing has been reported to be affected by the porosity in
the manner in which the corrosion resistance became
higher with lowering the porosity. As shown in Fig. 3 (b),
the corrosion resistance against Fe-oxide at high
temperature was improved in the bricks without graphite,
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Fig. 3 Variation of thermal conductivity (a), and corrosion index (b) obtained by the
high temperature Fe-oxide test with amount of graphite addition.
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although the porosity after firing was higher than in the
other bricks. To investigate reason why this occurred, we
have carefully observed the microstructure at the vicinity
of corroded test surface of the specimen after high
temperature Fe-oxide corrosion test.

3+3 Evaluation of microstructure on test surface after
high temperature Fe-oxide corrosion test

Figure 4 shows the microstructures at the vicinity
of corroded test surface of the cross after high temperature
Fe-oxide corrosion test for both specimens with (a) Smass%
and (b) Omass% graphite. Although formation of MgO
layer on the corroded test surface is observed in both
specimens, poor continuity by intervening the MgO and
large pore formed by corrosion with MgO-C reaction are
observed in case of (a). In the case of (b) on the other hand,
no large pore in the layer of MgO is observed on the
corroded test surface, and there is durable connecting layer
was reserved. The formation of pores due to MgO-C
reaction in the specimen inside of the MgO layer was also
significantly suppressed in the case of (b) compared with
that of (a). Thus, it was apparent that the specimen without
graphite showed higher corrosion resistance than those
with graphite by generating the dense MgO layer formed
near the corroded surface which decreases the penetration
of Fe-oxide and the dispersion of Mg gas produced by
MgO-C reaction, protecting the specimen inside of the
layer.
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Fig. 4 Microstructure of the cross section of the specimen at the vicinity of corroded test
surface after high temperature Fe-oxide test for both specimens (a) No.4 with 5
mass% graphite and (b) No.1 with Omass% graphite.

3-4 EWR\ARINCELZEMEINFIZIR

LIRLMHAMELZ, TNETN5ITRT
RH EZe2 i 77 A et T RN g EE (7 =7 AD
ELC) CTHALLEGEEEEL, MK () fERTHIC
BWTHMCTHAZT 5% (b) DL, bbb x
TIADOREE E TOHEBES 1000 mm, &I2°
2500 mm DM fENE G L 72 ET IV E LTER 24
LB EEZITo720 BIEICH-TIE, BEHOERK
BEENENDOESBIOBREREL L4 ITRTL)
REBMEEFIESEMGE L B, 22T, viTh
ATS 4 EDBAREZR (L, K 3(a) TR L7zHIEM %
V7,

Simplified
modelling

3+4 Suppression of heat dissipation in the graphite-
free magnesia brick

The heat conduction in the steady state was
calculated on the assumption that four materials shown in
the Table 1 were respectively applied to the wall (as wear
brick) of lower vessel of the typical RH degasser. Fig. 5
shows the cross sectional view of the lower vessel of the RH
degasser (a) and the part of area surrounded by the broken
line and simplified to a model cylinder with (b), showing
also layer composition of the vessel wall. 2500 mm height
and 1000 mm distance from the center to the surface of
the wear brick for the calculation. In addition, Table 4
shows thickness and thermal conductivity for 4-layer
materials composing the wall as a calculation condition.
The measured values shown in Fig.3 (a) were used as the
thermal conductivity of 4 materials in Table 4 (1).
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Fig. 5 Cross sectional view of the lower vessel of the typical RH* degasser(a) and the part of area
surrounded by the broken line was simplified to a model cylinder(b) with wall composed
by 4-layer materials shown in Table 4. (*RH: Ruhrstahl Heraeus degassing process)
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Table 4 Condition for calculation of heat conduction in vessel wall

Layer composition of wall Thickness /mm Thermal conductivity, V\W-m1- K-
(1) | Wear brick(inner) 450 4.0~9.5(MgO-C brick, see Fig.3(a))
(2) | Permanent brick 50 3.0
(3) | Insulating brick 30 0.1
(4) | Steel shell (outer most) 30 40.0

ERBURELEL, TEERIE Ok R H)
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BRRZRLTWS, £3 MWL LI,
BB ENDHVITE, SRR IEL, B
WMOMEZHVAZ LX), BEFELA = Smass%
DNABERTH 16 TR 2B 2D H 572, K
2, B B A E P eI S RE S, B
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13 %S5 Z E DS D E R 572,

FROERIL TTNADRDEEN 450 mm T
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Assuming steady heat conduction, heat release
from the steel shell of the outermost layer in the vessel wall
shown in Fig.5 (b), is estimated for the case that the inner
and outer surface sides are contacting with 1600 “C molten
steel and 25 °C air, respectively, and the emissivity of the
steel shell as 0.85.

As a result, Fig.6 shows the temperature of external
steel shell (@) and heat flux (b) with the four materials.
From Fig.6 (a), it was found that the lower the graphite
content, the lower the temperature of steel shell, and the
material without graphite was about 16 °C lower than the
brick with 5mass% graphite content. Next, it was clarified
that the heat flux was also reduced as the graphite
compounding quantity was smaller, and that the material
without graphite was reduced by about 13% compared
with the brick with graphite compounding quantity of
5mass%.

In the above calculation, the thickness of wear
brick is 450 mm and is constant, but in actual operation, it

must be assumed that the corroded wear brick and becomes
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Fig. 6 Variation of temperature of external steel shell (a), and heat flux (b) with amount of

graphite addition.
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Fig. 7 Variation of temperature of external shell (a), and heat flux (b) with thickness of
wear brick using 4-kind of MgO-C system materials.
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thinner with time. Figs.7 (a) and (b) show the calculation
results of the temperature of external shell and heat flux,
respectively, assuming that the thickness of the bricks is
reduced from 450 mm to 100 mm at constant speed. In
the case of the thickness of 100 mm, the temperature of
external shell and heat flux increased about 30% and about
75%, respectively.

Next, the calculation result of the accumulated
heat radiation is shown in Fig. 8, where the furnace life of
the lower vessel of the RH degasser applied with 4 materials
as wear brick is 350 ch, and the accumulated heat radiation
from the start to the end of operation is 30 min for 1 time.
The accumulated heat radiation decreased with decreasing
graphite content, and the heat radiation of the brick
without graphite was about 10% lower than that of the
brick with 5mass% graphite content.

4 Summary

The characteristics of unburned graphite-free
magnesia bricks were confirmed to be lower bulk density,
higher porosity, lower elastic modulus, and lower thermal
conductivity in comparison with the bricks containing
graphite. In addition to the expected suppression of the
heat loss, due to low thermal conductivity, the unburned
graphite-free magnesia brick showed higher corrosion
resistance against high temperature Fe-oxide than the
MgO-C bricks containing the graphite. Thus, in the
practical use of the unburned graphite-free magnesia brick,
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Fig. 8 Accumulated heat radiation of the lower vessel of RH degasser estimated for the
cases of 4 MgO-C materials used as the wear brick of the furnace.
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the steel making process is expected to be improved by
increasing durability of refractories for the secondary
refining, by decreasing the environmental loading though
both CO: reduction and chromium eliminations from the
refractories, and by minimizing the opportunity of the
steel to pick-up carbon from the refractories.
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