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Application of unburned magnesia bricks for steel secondary
refining processes
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Abstract

In the steel refining processes, magnesia carbon or magnesia chrome bricks have been widely used
conventionally as refractories for holding molten steel to be refined due mainly to satisfy the material
requirement for high corrosion resistant. However, magnesia carbon bricks and magnesia chrome bricks
have heat loss and hexavalent chromium formation problems, respectively. A novel unburned magnesia
brick have been developed for use in the steel secondary refining process that contains neither graphite nor
chromium, in light of future environmental issues. As a notifying point of the developed brick, the high
temperature corrosion resistance against iron oxide, FeO was superior to the conventional magnesia-carbon
and -chromite bricks. Thus, newly developed environmentally friendly unburned magnesia brick will be
contributing not only in the reduction of CO; and carbon neutrality but also in the elimination of chromium.

1 #®S 1 Introduction

2 I ONADE TR TH—K AT Magnesia carbon (MgO-C) bricks and magnesia
e At ’ chrome (MgO-Cr,O3) bricks with high corrosion
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resistance are used widely in the secondary refining

T AN AHINTIEH T DTV I3 g S processes of steel.
L, HER6MrarrEmLedve )i Magnesia chrome bricks easily react with

Bh)  CoEE LT ATY) OB AS alkaline components in the molten steel and produce

harmful hexavalent chromium compound The
BeEf shcwns 4, development of chromium-free material is examined

T/ AL R OB B as a countermeasure against the problem 9.
B RS Rb HILD S L AL HILD In future, the challenge for CO; reduction and
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carbon neutrality will be required more keenly for

FElZ, =7 7uADIE 1700 TLLETRER ST industrial world. MgO-Cr,Os bricks are fired at
BY, BEREICKEOTELREEFPEHL WA, temeratures higher than 1700 “C, and a large amount
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of carbon dioxide is emitted during production. An
unburned MgO-Cr,O; brick tempered at 200 °C for
the secondary refining was examined and reported to
have corrosion resistance equivalent to that of fired
MgO-Cr,0Os bricks > 9.

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. It was
reported that applying low graphite MgO-C bricks to
the converters, the heat loss could be reduced by 17
% with improved durability of the brick 7.

Considering these situations, we also have
examined to develop an unburned magnesia brick for
the secondary refining without containing neither
chromium nor graphite. In the present study, the
of the
investigated, together with the effect of heat loss

characteristics were

developed  bricks
control when used in an actual furnace.

2 Experimental Procedure
2 * 1 Test Materials

The unburned magnesia (MgO) bricks without
containing graphite and MgO-C bricks with the
graphite contents of 1, 3, and 5 % were named
materials A to D, respectively. They were chosen as
test materials together with material E of a direct
bonded MgO-Cr,Os brick for comparison, as shown
in Table 1. Raw materials powders for the test
materials A to D were mixed with both suitable
amounts of phenol resin as binder, and some
molded

230x100x110 mm shape bar using a vacuum

antioxidant  agent, and formed to

hydraulic press, then dried at 250 °C for 5 h to prepare

the test samples.

Table 1 Composition of test materials A-E

Material | A [B|C|D E
(Category) | MgO MgO-C MgO-Cr,04
MgO 100 | 99| 97 | 95 54
Composition |Cr,03 - -l -] - 31
Imass% |ALO, - - -] - 7
C(Graphite) - 113 |5 -
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Table 2 Bulk density and porosity of materials A- E

Materiasl A | B | ¢ | D E
Density/Porosity | MgO MgO-C MgO-Cr,0O4
Bulk density 314 | 3.14 | 3.12 | 3.08 3.07

/ x 10°kg-m™ |(3.15)|(3.16)|(3.15)|(3.10) '
Apparent porosity | 9.0 8.3 8.2 8.3 15.6
! % (5.4) | (4.3) | (3.5) | (3.0)

() : After drying

2-2 FHEAE
2:2-1 »EBE, JFE

W, RALEIL, JIS R 2205 1220 X flE L7z,
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0F 1400 CT 3 BfE TR R DIRETZ e
DB BN T o720 B LTRBRDO~T >
ORAD SR L 72,
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BUE R OMIEIL 1400 TC 3 FrE ok L
72 EHI BT, 800 TTEGLEAHWTITo72,
WIZ, F#H Feoxide REMERIE HO52LO
1400 CT 3 W eher L7zalkl %2, 1750 T
TomL72% 30 M RFELCHIEL T > A HIRFE
RREIRHKR, T LI TORALSEBIZ LY 564
L72Eim T I2BWT, AL 72 Fe-oxide 12X
AN RBRESELITECLN T2 %% TORER
O OS2 B 112”7

Rotation

2 *2 Test Method
221 Density and Porosity

Bulk density and porosity were measured based
on JIS R 2205. The measurements were carried out
for each sample for materials A to D after drying and
after firing at 1400 ‘C for 3 h under the reducing
atmosphere as shown in Table 2. As a comparision
the direct bonded magnesia chrome brick (E) after
fired was also evaluated.

2+ 2+ 2 Thermal Property and Corrosion

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.

Figure 1 shows a schematic of the apparatus
and method of high-temperature Fe-oxide corrosion
test. The test was carried out by a method in which a
specimen, which had been reduced and fired at 1400
°C for 3 h in advance, was 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 reaction in th the lance
tip under a high temperature ®. The degree of

actories
sample

a— a' section

Rotary drum

Y Rotation
10 rpm

Fig. 1 Schematic image of high temperature Fe-oxide test.
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corrosion was evaluated by measuring the amount of
errosion in a cut surface of the specimen after the
corrosion test and in addition to the microstructure
observation in the cross section of the specimen at the
vicinity of corroded surface after the high temperature
Fe-oxide test.

Assessment of the corrosion behavior was
performed by two methods; a direct measurement of
the amount of corrosion and an analysis of
microstructural observation of corroded surface. In
the former assessment, measured amount of corrosion
for each sample was converted to corrosion index to
compare the amount relatively by setting the amount
of corrosion for MgO-Cr,O; to 100. Microstructural
observation as an another assessment, was carried out
in the specimen obtained from the cross section of the
sample for each material at the vicinity of corroded
surface using scanning electron microscope (SEM)
including detail analysis using EPMA (Electron probe
micro-analyzer).

3 Experimental Results and Discussion
3 *1 Bulk Density and Apparent Porosity

Table 2 shows the physical properties of
materials (A-D) after dried and after fired at 1400 °C
for 3 h and material (E) after firing as a conpmarision.
Figure 2 shows the variations of bulk density (a),

apparent porosity (b) with amount of graphite
addition for both dried and fired states.
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10.0 . @ after fired
(b)
£ 80 @
=
g 60
(=]
3 \\
]
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0.0 . . . .
0 1 2 3 4 5

Amount of graphite / mass %

Fig. 2 Variations of bulk density (a) and apparent porosity (b) with amount of
graphite addition for both dried and fired states.
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First, the bulk density showed a tendency to
increase with the graphite addition for the amount up
to 1 % then, decrease with exceeding addition to 1 %
for both dried and fired states. Next, the apparent
porosity tended to decrease with increase in the
graphite addition for after dried states, and showed
almost constant value in the case of the addition
exceeding 1 %, though it slightly decreased with the
graphite addition for after fired states.

3 +2 Thermal Conductivity and High Temperature
Corrosion

The dependences of the graphite addition
amount on the thermal conductivity at 800°C and
the corrosion index in the high temperature Fe-oxide
test are shown in Fig. 3 (a) and (b), respectively.
Decreasing the graphite content, the thermal
conductivity lowers to the minimal value with 0 %
addition, resulting in the 50 % reduction from the
value with 5 % graphite. The thermal conductivity
value of the material without graphite is almost the
same value of the direct bonded MgO-Cr,Os brick.

Supposing the corrosion index of the magnesia
chromite specimen as 100, the index of MgO-C
bricks was much lower than that of the magnesia
chromite brick and the index lowered with decreasing
the graphite indicating the improvement in the
corrosion resistance.
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Fig. 3 Variation of thermal conductivity (a) and corrosion index obtained by the

high temperature Fe-oxide test (b) with amount of graphite addition.
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The corrosion resistance of the 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 the Fig. 3 (b), the corrosion resistance
against Fe-oxide at high temperature was improved in
the bricks without graphite, although the porosity
after firing was higher than in the other bricks. To
investigate the 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 test.

3 *3 Microstructure of Corroded Surface of Bricks
Figure 4 shows the microstructures at the

Fig. 4 Microstructure of the cross section of the specimen at the vicinity of surface after high

temperature Fe-oxide corrosion test for materials A, D and E for (a), (b) and (c), respectively.
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vicinity of corroded test surface of the cross section
after high temperature Fe-oxide test for materials with
(a) 5 %, (b) 0 % graphite and (c) the direct bonded
MgO-Cr,Os brick.

Although formation of MgO clinker on the
corroded test surface is observed, in both materials
with graphite of 5 %(a) and 0 %(b) the clinker has
poor continuity by intervening the pores. In the case
of (a) large pore formed by corrosion with MgO-C
reaction. On the other hand, in the case of (b), no
large pore in the layer of MgO clinker is observed on
the corroded test surface, and there is durable
connecting layer was reserved. The formation of the
pores due to MgO-C reaction in the specimen inside
under the clinker layer was also significantly
suppressed in the case of (b) compared with that of
(a). Thus, it was apparent that the material without
graphite showed higher corrosion resistance than
those with graphite by preventing the clinker layer
formed in the corroded surface from the penetration
of Fe-oxide and the dispersion of Mg with MgO-C
reaction, protecting the inside under the layer.

In the case of (c), which had the worst corrosion
resistance test results, no large pore was observed on
the corroded test surface like as the case of (b). On the
other hand, the shape of the aggregate in the material
E (c) was observed to be indistinct, unlike both the
materials A (b) and D (a).

To investigate the difference in erosion between
the materials A (b) and E (c), EPMA was used to
analyze the microstructure. Figure 5 shows the state
of the hot surface of for both materials A (b) and E (c)
after the Fe-oxide test. Focusing on the elemental
distribution of iron, it was observed that in the A (b),
the iron remained on the hot surface, while in the E
(c), the iron infiltrated into the interior of the
structure. Thus, the material A (a) was considered to
have improved corrosion resistance where the
infiltration of iron was more controlled than in the
material E (b) .

3 * 4 Possible Improvement of Heat Dissipation
The heat conduction in the steady state was
calculated on the assumption that four materials
shown in the Table 1 were applied respectively to the
vessel wall (wear brick) in the lower vessel of the
typical RH degasser. Figure 6 shows the cross sectional
view of the lower vessel of the RH degasser (a) and the
part of area surrounded by the broken line was
simplified to a model cylinder with (b), showing also
layer composition of the vessel wall. 2500 mm height



(a) lmm (b)

Fig. 5 EPMA analysis of the materials A (a) and the E (b) after the Fe-oxide test.

(a) (b)

2500mm

Simplified modeling |

Layer composition of vessel wall

Fig. 6 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 3. (*RH: Ruhrstahl Heraeus degassing process)
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Table 3 Condition for calculation of heat conduction in vessel wall

e Thickness | Thermal conductivity, A
Layer composition of wall PR
/mm /W=m"-K
(1) Wear brick (inner) 450 4.0~9.5
(2) Permanent brick 50 3.0
(3) Insulating brick 30 0.1
(4)| Steel shell (outer most) 30 40.0

(=25 C) ELEMRLC, AREABERSSTH0DL
L, COB, #kEOa=e % 085 £ LTRIE L 720
7T IR AME R RS EOSRIRE KD
B RO AR EZ R LTS, 3, MA5H
%L, BEBRMESLRVIIE, SER
FESERS, BERERIMOMEE AV, Ei2kD,
SRR 5 mass¥% DILADSE IATH 16 Tl
b e o720 WIZ, B D BESTRINE
PO IZEEG SN, BERERAmoORE, &
TSI 5 mass% DILADE _TH) 13 % K% 9
HIEWHOLN RS2,

FREOFERIE, TTNADDEE) 450 mm
T—EELTRELLD, EBEOHEIZBNTI,
T NANIIEIERL, EREEbICHELTsIE
EHELZITINE ROV, 22T, Tz T7IAD
4 MEIZBNT, NADIEEA 450 mm 75 100

and 1000 mm distance from the center to the surface
of the wear brick for the calculation. In addition,
Table 3 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 the Table 3 (1).

Assuming steady heat conduction, heat release
from the steel shell of the outermost layer in the vessel
wall shown in Fig. 6 (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.

For 4 materials in the Table 1, the estimated
both temperature of external steel shell and heat flux
are shown in Fig. 7 as a function of graphite amount
in the materials. As shown in the Fig. 7, the
temperature of steel shell lowered with the graphite
content, and the temperature for the material without
graphite was lower than that for the 5 % graphite
content by about 16 °C. Heat flux reduced also with

290 4100
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g 275 3500 T
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|_

270 1 1 L 1 3300

0 1 2 3 4 5
Amount of graphite / mass%

Fig.7 Variations of temperature of exteranal steel shell, and heat flux with amount

of graphite addition
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Fig. 8 Variations of temperature of exteranal steel shell (a), and heat flux (b) with

thickness of wear brick for 4-kind of MgO-C system materials.
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the graphite content as shown in Fig. 7, and the heat
flux for the material without graphite decreased by
about 13 % compared with that for the 5 % graphite
content.

In the estimation performed so far, the heat
release was calculated with the constant thickness of
wear brick as 450 mm. In actual operation, however,
the wear brick must be thinned with time due to
erosion of molten steel. Thus, assuming that the brick
is thinned to 100 mm at a constant rate, the
temperature of both external shell and heat flux are
calculated for the 4 materials with taking account of
thinning of the wear brick during operation, as shown
in Fig. 8(a) and (b). As apparent in the figure, when
the wear brick becomes 100 mm thickness, the
temperature of external shell and heat flux increased
from those for the original thickness of 450 mm by
about 30 % and about 75 %, respectively.

Next, the accumulated heat radiation from
the lower vessel of the RH degasser, Heat transfer
amount Q was calculated using the equation (1) as

Krosaki Harima Technical Report No.171 (2023)
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Fig. 9 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.

Q=hc-s-(TS—Ta)+a-s-s-(T;*—T;) (1)
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shown in Fig. 9, when the 4 materials are applied to
the wear brick of the vessel wall. As the assumption,
total life of the lower vessel is considered as 350 ch
with 30 min each.

Q:hC-S-(Ts—Ta)+c-s-S-(TS4—T,;‘) (1)

Where,

hc is convective heat transfer coefficient of external
surface: 1.16x10° W/mm2 -K'!,

S is area of heat transfer,

I5 and 7z are temperatures of surface of the wear
bricks and outside air, respectively,

o is Stefan Boltzmann constant:5.67x107% W/
mm2 - K*and

¢ is emissivity of the steel shell: 0.85.

The accumulated heat radiation decreased with
decreasing graphite content, and the heat radiation of
the brick without containing the graphite was about
10 % lower than that with 5 % graphite content as
shown in Fig. 9.

4 Summary

The characteristics of unburned graphite-free
magnesia bricks were confirmed to be lower bulk
density, higher porosity, thermal

conductivity in comparison with the bricks containing

and lower

graphite. In addition to the expected suppression of
the heat loss, due to low thermal conductivity, the
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unburned graphite-free magnesia brick showed higher
corrosion resistance against Fe-oxide at high
temperature than the MgO-C (graphite) bricks. Thus,
in the practical use of the unburned graphite-free
magnesia brick, the steel making process is expected
to be improved by increasing durability of refractories
for the secondary refining, by decreasing the
environmental loading through 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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