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Effect of ferrochrome addition on the performance of MgO-C bricks
for steel secondary refining furnaces
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Abstract

The effect of ferrochrome addition on the performance of low-carbon MgO-C bricks for secondary
refining furnaces was investigated. Test bricks were prepared by adding 3 mass% of ferrochrome powder,
Cr20; powder, and chrome ore powder, and their properties were evaluated through slag corrosion test, FeO
corrosion test, and thermal shock test. The results showed that the addition of ferrochrome enhanced slag
corrosion resistance by 31%. Furthermore, when combined with 3 mass% graphite, the improvement
reached 64 %, nearly matching the corrosion resistance of conventional burnt magnesia—chrome brick. No
reduction in FeO resistance was observed with ferrochrome addition. However, a reduction in thermal
shock resistance was confirmed. Microstructural analysis and thermodynamic calculations suggested a
reaction mechanism in which chromium carbides formed from ferrochrome reacted with the slag, resulting
in chromium enrichment in the slag, the formation of spinel solid solutions, and the generation of CO gas.
These reactions contribute to the formation of a high-viscosity protective layer at the slag—refractory interface,
effectively suppressing slag corrosion. The developed material demonstrated excellent resistance to FeO and
slag corrosion. However, due to its lower thermal shock resistance, it is suitable for use in furnace environments
with low-basicity slag and high-oxygen blowing (OB) operations, where corrosion is the main cause of
refractory wear. These results show the potential for refractories for secondary refining furnaces that offer
both reduced CO; emissions during production and enhanced durability.
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1 Introduction

The growing demands for higher efficiency in
steelmaking processes and superior quality of steel
products have resulted in increasingly severe operating
conditions for secondary refining furnaces. In
particular, the formation of low-basicity slag with
high SiO: content during Si-addition refining, and
high temperature FeO splash during the oxygen
blowing from the top lance, causes significant erosion
of the refractories.

Conventionally, burnt  magnesia-chrome
bricks have been widely used as the refractories for
the inner side walls of secondary refining furnaces.
However, they present problems, including structural
spalling caused by slag infiltration, and high
environmental impact, such as CO; emissions due to
high temperature (1700 °C) and long-time firing for
the production of the brick.

Against this background, replacement with
magnesia-carbon (MgO-C) bricks processed at lower
temperatures has been advancing'??. Due to the
presence of graphite, MgO-C bricks exhibit low
wettability to molten slag, suppressing the occurrence
of structural spalling. The high thermal conductivity
shock

resistance”, with some reports indicating service life

of graphite provides excellent thermal

equivalent to or exceeding that of magnesia-chrome
bricks.

Although graphite offers several advantages,
the need to suppress carbon pickup in steel during
secondary refining has driven the demand for
refractories with reduced graphite content, leading to
the increased use of low-carbon MgO-C bricks.
With the decreasing contribution of graphite to
corrosion resistance, concerns arise over accelerated
refractory wearing due to the dissolution of MgO in
low-basicity slag, despite its excellent resistance to
high-basicity slag.

Asano et al”) reported that the addition of
ferrochrome (Fe—Cr alloy) to magnesia—chrome
directbonded  bricks
resistance, and that this effect is achieved through the

improves their corrosion
suppression of slag infiltration by MgCr,Os spinel
formed during the firing process, which fills the gaps
between MgO aggregate particles and contributes to
the formation of a dense microstructure. This work
investigates the effects of employing ferrochrome as a

chromium-based raw material in MgO-C bricks.
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2 Experimental procedures
2:1 Sample preparation

Test bricks were fabricated by mixing the raw
materials, followed by molding and drying at 250 °C
for 5 h. MgO-C bricks containing over 90 mass%
electro-fused MgO were employed as the base brick
(A). To this base brick, 3 mass% of each additive —
ferrochrome powder (Cr content > 60 mass%), Cr.Os
powder (purity 99.0 mass%), and chrome ore powder
(Cr20; content > 50 mass%)— was individually added
to produce specimens B, C, and D, respectively
(Table 1). Next, using only ferrochrome as the
chromium-based raw material, mixtures with
graphite additions of 0, 1, and 3 mass% (B-0, B-1,
and B-3) were prepared. In addition to these, burnt
semi-rebonded magnesia-chrome brick (SRB) used in
secondary refining furnaces was added as a reference
brick, totaling five types (Table 2).

A total of nine types of test bricks, as shown in
Tables 1 and 2, were prepared as described above.
However, since the composition of A in both tables,
and B in Table 1 and B-0 in Table 2, are completely
equivalent, the total number of test bricks for
evaluation comes to seven types.

Table 1 Composition of additives for base MgO-C brick A and test bricks B to D used in the

1st test
Testbrick | A B C D
Base MgO-C*
Composition Ferrochrome(Cr >60mass%) — 3 — —
/mass% Additives | Cr203(>99.0mass%) — - 3 -
Chrome ore (Cr203>50mass%) — - - 3

*Fused MgO > 90 mass%

Table 2 Composition of additives for the test bricks B-0, B-1, and B-3 used in the 2nd test,
showing also A and SRB as another brick

Test brick A B/B-0 | B-1 B-3 | SRB**
» Base MgO-C*
Composition
Ferrochrome *** - 3
/mass% Additives
C (Graphite) - - 1 3

*Fused MgO > 90 mass%, **MgO-Cr,03(MgO/Cr.03=63/24), ***same as that shown in Table1
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22 Testing methods

Initially, the effects of chromium-based raw
materials on bulk density and elastic modulus were
evaluated, followed by slag corrosion test. Based on
these results, ferrochrome was selected for further
study as the chromium-based additive. Subsequently,
the influence of graphite addition, both its presence
and quantity, on bulk density and elastic modulus
was examined. In addition, slag corrosion test, FeO
corrosion test, and thermal shock test were performed.
These properties were compared with those of
conventional burnt magnesia—chrome brick to assess
the potential of the test bricks as practical alternatives
for actual furnace applications.
221 Physical properties

Apparent porosity and bulk density of each
fabricated brick were measured after drying and heat
treatment at 1400 °C under carbothermal reduction,
using the Archimedes method according to JIS
R2205 on test pieces of 20x20x80 mm. The elastic
modulus was calculated from the propagation velocity
of ultrasonic waves.
222 Slag corrosion test

Using a rotary furnace lined on the inner wall
with test pieces, each has a trapezoidal cross-section.
The central part of the drum furnace was heated
using an oxygen-propane gas burner and maintained
at 1700-1750 °C while rotating the drum furnace.
Then, 1 kg of slag was charged and rotated for 30
min, the slag was discharged, and new slag was
recharged. A course of the operations was repeated 10
times for a total of 5 h. The composition of the slag
used was SiO»: 30 mass%, CaO: 30 mass%, ALOs:
20 mass%, FeO: 20 mass%, and the basicity (CaO/
SiO; ratio) was 1. After the test, the corrosion depth
was calculated by averaging six points where was
removed by worn-out on the cross-section of the test
piece. The corrosion index was calculated to
comparatively evaluate the corrosion resistance of the
test bricks, expressing the measured corrosion depth
of each brick as a ratio, with the corrosion depth of
the reference brick (A) being 100. The lower the
corrosion index, the higher the corrosion resistance.
2:2:3 FeO corrosion test

By using the same apparatus with the same
cross-section arranged in the center of the drum
furnace as the slag corrosion test, oxygen blowing
operation in the RH degasser was simulated, with
oxygen blowing from a steel lance into the center of a
rotary furnace. The oxygen blowing for about 2 min
30 s and FeO slag exchange were repeated 10 times,
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resulting in a total test time of about 25 min. After
the test, the evaluation method was the same as that
of the slag corrosion test. The corrosion depth was
measured, and a corrosion index was calculated for
comparison between the test bricks.
2+2+4 Thermal shock test

Test pieces (40 x 40 x 200 mm) were immersed
in molten iron maintained at 1600 °C for 90 s, then
removed and water-cooled at 20 °C for 30 s. This
sequence of operation was repeated three times.
Crack formation and the number of cycles until
spalling were visually evaluated.

3 Results
3.1 Effect of Cr-based materials

As shown in Table 3, the test bricks with heat
treatment at 1400 °C resulted in more than twice the
apparent porosity compared to those dried at 250 °C.
However, the bulk density did not decrease
significantly, and this tendency was particularly
increased in samples with Cr-based materials (B, C,
and D). The elastic modulus increased after 1400 °C
treatment for samples B and D with Cr-based
materials. Among the Cr-based raw materials used,
sample C with Cr,O3 exhibited the most pronounced
increase in apparent porosity, showing an
enhancement of over 20 % relative to the base brick.

Figure 1 shows the appearance of the specimen
cut surface obtained after the slag corrosion test, with
the corrosion depth and index calculated using the
previously described method. Brick B, containing
ferrochrome, had the highest corrosion resistance,

exhibiting 31% improvement compared to the base

brick A.

Table 3 Porosity and modulus of elasticity (MOE) for test bricks (including A) heat-treated
at 250 ‘Cx5 h (I)and 1400 ‘Cx10 h (II) in both 1st and 2nd tests

Test brick A B/B-0 C D B-1 B-3 SRB
Condition I Il I Il I Il I Il I Il I Il -
Bulk density /g-cm~3 |3.23(3.21(3.26(3.27(3.25|3.20|3.28|3.23|3.25|3.24|3.22|3.24|3.22
Apparent porosity /% 35|77 (141|185 (42)101(29|89 (39793270142
MOE /MPa |85.6|71.8|85.2|88.5/80.8(76.4|95.1/76.8|75.7|75.5|76.5|68.4|48.3
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Fig. 1 Results of rotating drum slag corrosion test, showing appearance of the specimen cut surface
to measure the corrosion depth for the test bricks of A, B, C, and D.
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32 Effect of graphite content

The test bricks subjected to heat treatment at
1400 °C resulted in nearly double the apparent
porosity and increased bulk density compared to
those dried at 250 °C (Table 3). The elastic modulus
decreased progressively with increasing graphite
content in the ferrochrome-added system. This
phenomenon is attributed to the low elastic modulus
of graphite. Brick B-3 with 3% graphite showed the
lowest apparent porosity (7.0%) after 1400 °C
treatment, indicating enhanced densification.

Figure 2 shows the appearance of the specimen
cut surface obtained after the slag corrosion test, with
the corrosion depth and index calculated using the
previously described method. Test bricks with
ferrochrome addition exhibited marked improvement
in corrosion resistance with increasing graphite
content. Test brick B-3, containing 3 % graphite, had
64 % higher corrosion resistance compared to base
brick A. These results indicate that the combined use
of ferrochrome and an appropriate amount of graphite
in low-carbon MgO-C bricks can achieve corrosion
resistance against low-basicity slag approaching that
of burnt magnesia-chrome bricks (SRB).
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Fig. 2 Results of rotating drum slag corrosion test, showing appearance of the specimen cut surface
to measure the corrosion depth for the test bricks of A, B-0, B-1, B-3, and SRB.
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3°3 Microstructure and phase analysis by XRD
Figure 3 presents SEM-BEI (back-scattered
electron image) and EPMA element mapping of the
test bricks after the slag corrosion test shown in
Fig. 2. In test bricks B-0, B-1, and B-3 containing
ferrochrome, compounds enriched in Cr were
observed at the slag reaction surface. These
compounds are presumed to have formed through
reactions between the added ferrochrome and the
slag. Additionally, bright regions corresponding to
residual ferrochrome particles were also identified.
Table 4 shows the spot chemical analysis results of six
specific spots indicated in Fig. 3 as la—3a and 1b-3b.
According to the results in Table 4(a), the compounds
at spots la—3a are Fe-Cr carbides containing 20-25
mass% carbon, which are considered to have formed
via reactions with surrounding carbon under low
oxygen conditions. Furthermore, based on the
compositional analysis in Table 4(b), it is considered
that Cr was dissolved from the Fe—Cr compounds
into the slag, leading to the formation of (Mg, Fe)(Cr,
Al)>Ox spinel solid solutions surrounding the Fe-Cr
compounds. This interpretation is supported by the
elevated Cr concentrations observed in the elemental
maps. In addition, bubble formation was observed in
the reaction products between the slag and
ferrochrome in samples B-0, B-1, and B-3.

Krosaki Harima Technical Report No.173 (2026)



Image EPMA element mapping
BEI

Test brick Cr Si

B/B-0

B-3

200pum
—
Fig. 3 SEM-BEI (back-scattered electron image) and EPMA element mapping of the test bricks A,
B-0, B-1, and B-3 after the rotating drum slag corrosion test, showing slag contact surface in

the upper side of each BEI. The arrows in the images also indicate the reaction surface and
the positions of spot analysis.

Table 4 Results of spot chemical analysis of the bricks B-0, B-1, and B-3 after slag corrosion
test, showing chemical composition of spots 1a to 3a of carbide phase in (a) and phase
composition of spots 1b to 3b of oxide phase in (b), both in the BEIs shown in Fig.3

(@) (mol%)  (b) (mol%)
Element omponent
> Fe Cr C ) MgO A|203 F9203 CI’203
Spot/Brick Spot/Brick
1a/B-0 18.9 | 61.1 | 20.0 1b/B-0 39.8 | 9.1 9.6 41.5
2a/B-1 17.8 | 574 | 24.9 2b/B-1 424 | 51 7.2 45.3
3a/B-3 15.5 | 59.7 | 24.9 3b/B-3 40.7 | 3.4 9.9 46.0
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Figure 4 shows the XRD patterns of the test
bricks at a distance of 20 mm from the contact
surface with slag in the rotating drum slag corrosion
test. In all specimens with ferrochrome, diffraction
peaks corresponding to chromium carbides Cr;C,
and (Fe, Cr);C; were detected. The intensity of the
graphite peaks increased with the amount of added
graphite (B-1 and B-3), whereas the peak intensity of
the carbides remained nearly constant regardless of
the graphite addition amount. These results suggest
that the original graphite content in the MgO-C
bricks was sufficient for carbide formation, and that
the added graphite primarily contributed to the
increase in free graphite.

<> C: Graphite

O MgO: Periclase
V¥ Cr,C,

% (Cr, Fe);C,

Test brick :
B-3
B-1

Intensity /a.u.

% <«

25 30 35

40 45 50

20 / degree

Fig. 4 XRD patterns of the test bricks A, B-0, B-1, and B-3 in a position 20mm apart from the
contact surface with slag in the rotating drum slag corrosion test.
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3°4 Corrosion resistance against FeO

Figure 5 shows the appearance of the specimen
cut surface obtained after the FeO corrosion test,
with the corrosion depth and index calculated using
the previously described method. All test bricks had
superior FeO resistance compared to the burnt MgO-
Cr,0; brick SRB. In general, the addition of graphite
or other raw materials to MgO-C bricks raise
concerns about reduced FeO resistance due to
oxidation or the formation of low-melting phases.
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However, no deterioration in FeO resistance was
observed with the addition of ferrochrome and
graphite. On the contrary, a slight improvement was
noted. It is presumed that the oxidation and the
formation of low-melting phases were suppressed due
to the small amounts of added ferrochrome and
graphite.

Test brick A B/B-0

B-1 B-3 SRB

Longitudinal
cross section

20mm i

index

—_—

Corrosion

depth /mm 14.6 14.6 14.1 13.6 18.3
Corrosion 100 100 96 o3 138

Fig. 5 Results of FeO corrosion test, showing appearance of the specimen cut surface to measure
the corrosion depth for test bricks of A, B-0, B-1, B-3, and SRB
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3+5 Thermal shock resistance

As a result of the thermal shock resistance test,
the appearance of the test pieces after the test and the
number of cycles to spall are shown in Fig. 6. Spalling
occurred during the second cycle in test brick B-0,
which contained ferrochrome, as well as in B-1 and
B-3, where graphite had been added to reduce the
elastic modulus. In contrast, the test brick A exhibited
no significant cracking even after the third cycle.
This behavior is attributed to the formation of
chromium carbides and iron—chromium composite
carbides generated through the reaction of chrome-
ferroalloy. Although the overall elastic modulus of
the bricks was reduced by the addition of graphite,
the locally formed carbide phases with high elastic
modulus acted as stress concentrators, thereby
promoting embrittlement and decreasing thermal
shock resistance.
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Fig. 6 Results of thermal shock test, showing the appearance of test pieces after test and number of
cycles to spall for the test bricks of A, B-0, B-1, B-3, and SRB.
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4 Discussion
4°1 Mechanism of improved corrosion resistance
Figure 7 presents the results of thermodynamic
calculations that determine the stable phase fractions
formed during the reaction of slag and chromium
carbide within the temperature range of 1400-
1700 °C. The reaction system was modeled using
simplified composition, in which the slag consisted of
Si02-ALO3-CaO-FeO with dissolved MgO, and
chromium carbide was regarded as a single-phase
Cr;Cs. According to the figure, in addition to the
slag, spinel solid solution, and CO gas are predicted
to exist as stable phases during corrosion testing at
temperatures exceeding 1700 °C. Based on the
aforementioned reaction between Cr;Cs and the slag
components, it is considered that spinel solid solution
with the composition (Fe, Mg)(Cr, Al),Oys is formed.
During this reaction process, the oxidation of carbon
in the carbide is expected to generate CO gas. The
bubbles observed within the Fe-Cr residue at the slag
interface following the corrosion test, as shown in
Fig. 3, can be attributed to the generation of CO gas,
as predicted by the thermodynamic analysis.
Furthermore, a portion of the chromium carbide was
found to dissolve into the slag as CrOx, leading to an
increase in the Cr level within the slag as the
temperature increased.
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Fig. 7 Composition formed from 1400 to 1700 °C in the reaction of chromium carbide (Cr;Cs) with
$i0:-Ca0-AlL0;-FeO system slag of C/S=1, based on the thermodynamic calculation.

WICAG T L7207 0 ADFBORE & KGR %
BRI 8 1R 37 IR FE SR AT CTOZELT,
Zxar uaAZETTEMOKREERXIGLT
(FeCr):Cs AR T 5o KIZ, ZORILYDAT
ZERIGL, AR L72L£912 Cr ®—#iX CrOx &
LCHEML, A% CrigEsr bR S, —
JiCHRAF L7 5AEIE, FeO, MgO BLU ALOs
ERUS L TR RVIEE R RS2 £ 512 CO
HARFET D, ZORRLELT, AT 7ML
5121, Cr i bWikiE 4 e LCRMEZ A 2L
7 AR AT ECY) B & FE B 2 B ST R S B
(K8 L),

AZ 7O CrigEo FAE, Cr &AM LY iE
ORI LV KEE ER S8 VA H DL,
ZLUTHER L7 AR IVEBERIE AT 7 IR
ELTBTAZEICL), REMEZEAKSES
MBEFTAHEEZOLON D, E6IZ, CO HAKIE
DL, R X5 R E oK E D
7251, ATTHNOMRE LW ERBE I S
No, 2%, HWRFH MgO-CNAVDAT Y
PN 12138 Cr AT 7, AYRVEER, BLO

Krosaki Harima Technical Report No.173 (2026)

_86_

Figure 8 schematically illustrates the reaction
sequence during the reaction between slag and

When heated

ferrochrome

ferrochrome. in a low-oxygen

atmosphere, initially ~reacts with
surrounding carbon to form (Fe, Cr);Cs. This carbide
then reacts with the slag, and as previously described,
part of the chromium dissolves as CrOx, enriching
the Cr level in the slag. At the same time, the
remaining carbide reacts with FeO, MgO, and ALLO;
to produce spinel solid solution and generate CO gas.
As a result, distinctive microstructures are formed in
the vicinity of the slag contact surface, in which
residual Cr-carbide particles serve as cores surrounded
by spinel solid solution, as shown in the lower right of
Fig. 8.

An increase in the Cr content within the slag
tends to increase its viscosity® due to the enhanced
formation of Cr-containing oxides. The spinel solid
solution formed under these conditions is considered
to increase the apparent viscosity by dispersing
throughout the slag as fine solid particles suspended
in the molten phase. Furthermore, the dispersion of
CO gas bubbles forms a gas—liquid mixture system
within the slag, which further increasing the apparent
viscosity and suppressing convection and mass
transport. Consequently, a high-viscosity interfacial

layer composed of Cr-enriched slag, spinel solid
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Ferrochrome

solution, and CO gas bubbles is formed at the slag
contact surface of the low-carbon MgO-C brick.
This layer is believed to act as an effective protective
barrier, inhibiting further dissolution of the
refractories. The test bricks in which graphite was
additionally used to a ferrochrome-containing brick
(test brick B-3) exhibited corrosion resistance
approaching that of the burnt magnesia—chrome
brick SRB. This enhanced corrosion resistance is
attributed to reduced wettability at the slag—solid
interface, increased CO gas generation through
reactions with MgO, and viscosity-increasing effects.

Dried state

@ Contact with slag at 1700 — 1750°C

under low O, atmosphere

Formation of spinel solid solution ) o )
(Fe,Mg)(Cr,AI)zo‘ Slaq High Cr and high viscosity slag

(Fe,Cr)?Cs Cr,0 / .

\ NCO /gas

Layer
composed of
high viscosity
N - - - slag, spinel
1st stage (formation of 2nd stage (reaction of formed Final stage (Formation of| ;ndbubble as
(Fe,Cr);Cs during heating carbides, (Fe,Cr)_C_ with slag) barrier for slag infiltration to( the parrier
under low O2 atmosphere) e suppress corrosion)

Fig. 8 Proposed mechanism to form a protection layer composed of high viscosity slag, spinel, and

bubble, which is effective to reduce corrosion of refractories by suppressing slag infiltration.
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42 Application for actual furnaces

Figure 9 presents the results of Cr® elution
tests conducted on MgO-C bricks containing
ferrochrome (B(B-0)), in accordance with notification
No.46 issued by the Ministry of the Environment.
After drying at 250 °C for 5 h, the elution amount
remained below the permissible limit of 0.05 mg/L,
suggesting a sufficiently low risk of Cr®* contamination
during the construction and wet cutting process of
bricks. When the bricks were heated at 1000 °C in a
CO atmosphere, the amount of Cr® elution was
below the permissible limit. In contrast, under an air
atmosphere, it increased to 0.76 mg/L, which is
slightly higher than the level of burnt magnesia—

- 87 — Krosaki Harima Technical Report No.173 (2026)



70 NERIINADHO Cr 57 Ca & KB LT
I LEHIV L (CaCrOy) FA TSI &Ik
KL, BBE12900 2251000 THOREE THE
RS ST WD Y fESTHIER L 72 1000 C
KREPHMIZOE R BERKENEETS
CEDWHEBTHLEEZLN L, HHBREENLA
MIZBWTE, FICEMMOMRALREIZ BV TRER
<77 ONADERIEEL OV DK 2 1 2 o]
REMEDSHH T LD, BEFEREOBRE - & TO
Bk E, B~ 7 7 O AN D ZF NI H#ERT L
ZENEBEHMTEN D,

chrome bricks (SRB). Cr® elution is generally
attributed to the reaction between Cr components
and Ca in the brick, resulting in the formation of
calcium chromate (CaCrQ4). This reaction is known”
to become more enhanced within the temperature
range of approximately 900-1000 °C. Therefore, the
elution amount observed after heating at 1000 °C in
air can be regarded as a reasonable estimate of the
maximum potential elution amount. For used and
wasted bricks, particularly in the oxidized layer on
the back side of bricks, Cr®* elution may occur at
levels comparable to those of burnt magnesia—chrome
bricks. Therefore, the disposal of such bricks should
be conducted in accordance with the environmental
and safety standards applied to burnt magnesia—
chrome bricks.
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Fig. 9 Comparison of Cr® elution in the test bricks B-0 after drying at 250 ‘Cx5 h, heated at
1000 °Cx5 h in air and CO gas, and MgO-Cr,O; brick (SRB).
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Table 5 summarizes the relative evaluation
results for corrosion resistance and thermal shock
resistance of base brick A, the developed material B-3
with the highest corrosion resistance and burnt
magnesia—chrome bricks (SRB). Due to their high
MgO content, low-carbon MgO-C bricks generally
exhibit inferior corrosion resistance against low-
basicity slag compared to burnt magnesia—chrome
bricks, while demonstrating superior resistance to
FeO. The developed material B-3 showed slag
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corrosion resistance approaching that of burnt
bricks and FeO

equivalent to that of base brick A. However, a

magnesia—chrome resistance
decreased thermal shock resistance was observed,
likely due to the formation of chromium carbides.
Based on these results, test brick B-3 is
regarded as a suitable alternative for the burnt
magnesia—chrome bricks in furnace areas where
refractory corrosion is the main damage mechanism
with low-basicity slag and high oxygen blowing (OB)

operating conditions.

Table 5 Comparison of relative performance* of test brick B-3 with the comparative bricks of
SRB and the base MgO-C, by assessing resistance to both corrosion and thermal shock

Test brick SRB A B-3
Resistance to; MgO-Cr203 MgO-C (A)+ ferrochrome**+C***
Slag**** © A O
Corrosion against
FeO A O O
Thermal shock - O A

©: excellent, O: good, A: insufficient, **3 mass%, ***Graphite (3 mass%), ****C/S=1

5 &8
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5 Conclusion

In this study, to enhance the performance of
low-carbon MgO-C bricks for secondary refining
furnaces, various chromium-based additives were
incorporated, and their effects were evaluated.
Comparative analysis of ferrochrome powder, Cr.O;
powder, and chrome ore powder revealed that the
addition of 3 mass% ferrochrome powder improved
slag corrosion resistance by 31 %. When combined
with 3 mass% graphite, the improvement reached 64
%, coming close to the performance of conventional
burnt magnesia—chrome bricks. Microstructural
observations and thermodynamic calculations
suggest that, under low-oxygen conditions, chromium
carbides formed from ferrochrome react with slag to
form spinel solid solutions and CO gas. This reaction
contributes to the formation of a high-viscosity
protective layer at the slag—refractory interface,
effectively suppressing corrosion. The developed
material exhibited excellent resistance to FeO and
high slag corrosion resistance, although its thermal
shock resistance was decreased. Therefore, its optimal
application is regarded as the condition with low-
basicity slag and high oxygen blowing (OB). The
incorporation of ferrochrome and graphite into low-

carbon MgO—-C bricks demonstrate strong potential
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as an advanced refractory brick for secondary refining
furnaces, offering both reduced CO, emissions
during production and enhanced durability compared
to conventional magnesia—chrome bricks.
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