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Abstract

Basic refractories such as MgO-C and magnesia-chrome are widely used in secondary refining
facilities with a vacuum function such as RH and VOD. However, use of MgO-C results in MgO-C
reaction under reduced pressure and high temperature in the lower vessel of RH degasser. Damage
of MgO-C seems to be increased by the structural embrittlement associated with the MgO-C
reaction. As a result of various investigations, it was indicated that Spinel-C, which provides
superior resistance to MgO-C reaction, may have excellent durability for the lower vessel sidewall
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of RH degasser.
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1. Introduction

At present, in secondary refining especially
in the steelmaking process, many steelmakers
have introduced refining facilities with vacuum
and oxygen blowing functions such as RH-OTB
and VOD in order to degas and decarburize
molten steel efficiently. Basic material, espe-
cially MgO-C and magnesia-chrome bricks,
are mostly used for the work lining of these
facilities. Among these, it has been indicated
that MgO-C bricks cause the reaction between

their constituents, magnesia and graphite,
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Fig.1 Chemical composition of penetration layer of
MgO-Cr,0; bricks after use in RH degasser.
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called MgO-C reaction as expressed in equa-
tion (1), under high temperature and reduced
pressure'™”.

MgO(s) + C(s) = Mg(g) + CO(g) - 1)
In the investigations carried out for this report,
we focused on the MgO-C reaction in the
lower vessel of RH degasser. The investigation
results of the Spinel-C brick strongly suggest
that it has the possibility of suppressing the
MgO-C reaction in the lower vessel sidewall
of RH degassers which refine under reduced
pressure.

2. Estimation of Internal Condition of RH

Lower Vessel During Operation

Prior to this study, we tried to estimate the
conditions inside the lower vessel during opera-
tion. It is difficult to obtain internal conditions
of the RH lower vessel because of its structure,
especially during treatment. Suto et al.” investi-
gated the chemical composition of the penetra-
tion layer in magnesia-chrome bricks that had
been used in various RH lower vessels in order
to estimate the slag composition generated inside
the lower vessel. Fig. 1 shows the data that Suto
et al. gathered on magnesia-chrome bricks from
the sidewall of the lower vessel, and the results
from surveying other RH lower vessels has
been added. Infiltrated slag compositions vary
widely depending on the treatment carried out
in the RH. It has been shown that when only
oxygen blowing from the lance is carried out,
the basicity of infiltrated slag is around 1. On
the other hand, when flux injection is carried
out for the purpose of desulfurization, the basic-
ity of infiltrated slag is high.

The adjustment of steel composition by alloy
addition and temperature compensation by
burning metallic aluminum are important roles
of the RH today. In most cases, the tempera-
ture of molten steel is around 1600 C after RH
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treatment. However, it is indicated that the
temperature of the molten steel surface during
OTB operation becomes considerably high due
to the oxidation reaction heat of steel and com-
ponents in steel™?. Fig. 2 shows the relationship
between temperature and stability of Pco, P,
MgO(s) and C(s)”. Considering the treatment
conditions of RH-OTB, MgO-C reaction is
inevitable near the surface of the molten steel
where temperatures are estimated to be at least
1600 C or higher.

3. MgO-C Reaction Observed in Actual
Operation and Its Influence

As mentioned above, MgO-C reaction is an
interaction between the magnesia and carbon
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Fig. 2 Stability of MgO(s) and C(s) in relation to Pws, Pco and temperature?.
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Fig. 3 Microstructures and physical properties of MgO-C bricks used in RH degasser.
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constituting brick, and the gases which gener-
ated by MgO-C reaction are dispersed. Hence,
MgO-C reaction always accompanies structure
embrittlement. Therefore, the authors investi-
gated MgO-C bricks used in the sidewalls of
the RH-OTB lower vessel in order to confirm
the presence or absence of MgO-C reaction.
Fig.3 shows the physical properties of the
MgO-C bricks after use and photographs of the
microstructure near the hot face. In comparison
with the physical properties between the mild
and severe wear zone, the brick in the severe
wear zone had a higher porosity. In microscopic
observation, it was found that a thicker decar-
burized layer was formed near the hot face
sampled from severe wear zone. There is a high
possibility that structural embrittlement due to
decarburization is one of factors contributing
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Fig. 5 Surface condition of MgO grains collected from MgO-C brick after use.

2ozt L, BirkEh O ERIL 728 1 3R 5
WKio TACBN L) BRIRETH 572, FERE
TMgO-CRUG & #2 & L 7= MgOhL 1 0> 3% i 1 234
RELTEIEMLOWE"2H D, MgO-CHIL%
H2 L 7o MgOKLT- 10 (& & 1 I #2 [ Bk L ok
HIMRICHEE L TWAE 2 EDHRI N TV S,
NS OFERD S RBTHN TR S 72k 1%
MgO-CHIGDFERE L TAE U EHF SN D,

WE, & T TOMgO-CRIEAMgO-CILA DS
DTG 2 AHEERIZ L bho TRV, 72
72, RO X ) IZRHD & 9 ZidER 2 CHEH S
B A IZIEIMgO-CRIB & 33 5 2 & 13 L <,
MgOIZZ b ALY B % #H L, MgO-CHUG
L D 2B E S EET LT L TIHH%
XL REED B D L& 2 72,

to the increase in damage. In the decarburized
layer near the hot face, MgO grains also altered;
MgO fine grains disappeared and the edges of
MgO coarse grains were jagged. Typical MgO
damage in decarburized layer is shown in
Fig. 4.

Fig.5 shows electron probe microanalyzer
images of the surface of the MgO particles
taken from the decarburized layer near the hot
face. While the surface of the MgO particles
collected from the cold face was relatively
flat and smooth, the particles collected from
the decarburized layer were dented along the
grain boundary. Nagafune et al.” observed the
surface of the MgO particles where the MgO-C
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Table 1 Composition of samples
/ mass%

Sample A | Sample B Sample C

e | 025 | s | S
Fused MgO 95 - -
Fused Spinel - 95 90
Flake graphite 5 5 10
Aluminum a a a

Silicon

Table 2 Chemical composition of fused spinel

/ mass%
Theoretical composition
SiO. 0.37
Al,Os 73.38
Fe0s 0.17
MgO 25.10
CaO 0.33
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reaction occurred in the laboratory and it was
confirmed that the surface of the MgO particles
with the MgO-C reaction had dented grain
boundaries as with bricks after use. From these
results, it is considered that the decarburized
layer formed near the hot face was generated
as a result of the MgO-C reaction.

While the contribution ratio of MgO-C reac-
tion to the damage of MgO-C brick under
reduced pressure and high temperature is
unclear, it is natural to assume that inhibition of
the reaction improves the brick durability. As
mentioned above, it is difficult to suppress the
MgO-C reaction when MgO-C brick is used in
the facilities with reduced pressure such as RH.
However, we thought that the MgO-C reaction
could be suppressed by developing and applying
a different oxide aggregate as a substitute for
MgO and durability might be improved.

4. Evaluation Test

4. 1
Spinel was selected as the oxide aggregate

Test samples

substitute for MgO in this study. Test samples
were prepared by kneading the formulation
shown in Table 1 with an appropriate amount
of binder and pressed by uniaxial pressing
machine. As for the spinel aggregate, fused
material with the theoretical composition shown
in Table 2 was used. We decided that the carbon
content of the test samples should be 5%, the
same level as general MgO-C brick used in the
RH lower vessel. MgO-C and Spinel-C sample
were denoted as A and B. For Spinel-C brick,
a sample with a carbon content of 10 %, called
sample C, was also evaluated.
4. 2 Test method

The samples prepared in section 4.1 were
evaluated by corrosion test and high tempera-
ture heating test under a low Pco atmosphere.
And, in order to evaluate the thermal spalling
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Fig. 6 Experimental apparatus of MgO-C reaction
test.
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resistance, the measurement of thermal expan-
sion, the measurement of modulus of elasticity
after heat treatment and spalling test by hot
metal dipping were carried out.

A corrosion test was performed with a high-
frequency induction furnace by using a synthetic
corrosive agent with C/S=1.0, ALO;=30%,
FeO=20%. The chemical composition of the
agent was assumed from the slag generated
in a lower vessel under OTB operation. And
in order to accelerate the MgO-C reaction, the
temperature was held at 1800 C for an hour. In
order to evaluate MgO-C reaction resistance,
high temperature heating test under low Pco
atmosphere was conducted by using an atmo-
sphere baking furnace as shown in Fig. 6. The
samples were pre-heated at 1000 C for 3 hours
in a coke breeze-filled sagger. And the samples
were placed on a graphite board and heated at
10 C per minute up to the predefined tempera-
ture, then maintained for 30 minutes followed
by natural cooling. The test was conducted at
1700C and 1800C. The atmosphere in the
furnace was displaced with argon gas supplied
at a rate of 2¢ per minute during heating. The
mass change rate during heating was evaluated
and it was regarded as the effect of the MgO-C
reaction. The thermal expansion rate was mea-
sured in an N. atmosphere under the condition
of heating at 7 C per minute. A spalling test by
hot metal dipping was conducted in which the
samples were immersed in molten 1650 C pig
iron for a minute followed by water cooling for
15 seconds. Specimens for the spalling test were
prepared as follows, the samples were cut into
L230xH40xW40 mm, then were pre-heated at
1000 C for 3 hours or 1500 C for 10 hours in
coke breeze-filled sagger. In addition, the modu-
lus of elasticity after heating under the same
conditions were measured for the samples in
the shape of L150xH35X W35 mm.
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Sample A Sample B Sample C
Material MgO-C Spinel-C Spinel-C
Carbon content
/ mass% 5 5 10
Cut section

Corrosion depth
/ mm

6.9

7.5

Qal "‘;‘ﬁ A i

MgO-C brick - Sample A

JsAe| pazingieseq

(b) Spinel-C brick - Sample B

Fig. 8 Microstructures of bricks after corrosion test.
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/ mass%
AlQOs | 77.58
MgO | 22.42

Fig. 9 Chemical analysis of spinel grain near
the hot face by EDS.
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Fig. 10 Thermal expansion rate of each sample.

h. Test Result

Fig. 7 shows the results of the corrosion test.
Compared to the MgO-C brick, all the Spinel-C
samples were excellent in corrosion resistance.
The photographs of the microstructure near
the hot face of sample A and B after the corro-
sion test are shown in Fig. 8. Many voids can
be observed in the structure of the MgO-C
and a decarburized layer is formed in part of it.
By observing of the decarburized layer, it was
confirmed that the edges of MgO grains were
changed to jagged shape. Although sample B
had no significant voids or decarburized layer,
sintering and neck growing were observed
among the aggregates. Fig. 9 shows the chemi-
cal composition of an aggregate included in
sample B analyzed by EDS quantitatively. The
Spinel grains near the hot face turned out to
be changing from the theoretical composition
to an alumina-rich composition. The measure-
ment results for the thermal expansion rate are
shown in Fig. 10. The expansion of Spinel-C
was about 40 % smaller than MgO-C at 1500 C.
Fig. 11 shows the results of the thermal spalling
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Fig. 13 Results of MgO-C reaction test.
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Results of spalling test.

test. When the preheat treatment temperature
was 1000 C, all the Spinel-C samples had minor
cracks and were better than MgO-C. However,
when the preheat treatment temperature was
1500 C, in comparison between sample A and
B, sample B had many cracks and was poorer
in thermal spalling resistance than sample A.
On the other hand, the cracks of sample C were
minor and sample C was evaluated as a good
result. Fig. 12 shows the modulus of elasticity
of each material after 1000°C for 3 hours and
1500 C for 10 hours heating. The modulus of
elasticity of sample B significantly increased
after 1500 C heating. While the modulus of
elasticity of sample C after heating was low
and the same level as that of sample A. Fig. 13
shows the results of the MgO-C reaction test.
Spinel-C was obviously lower in mass reduction
rate than MgO-C. There is no clear relationship
between carbon content and mass reduction
rate of Spinel-C.

6. Discussion

From the microstructural observation of
the MgO-C brick after the corrosion test, it
was confirmed that a decarburized layer was
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formed and the edges of MgO grains had jag-
ged damage. This is a feature similar to the
microstructure of MgO-C used at the sidewall
of the RH lower vessel, hence it is considered
that the MgO-C reaction occurred under this
test condition. On the other hand, Spinel-C
showed no clear decarburized layer formation,
Spinel grains near the hot face changed to an
alumina-rich composition. From these points,
we have concluded that MgO-C reaction also
occurs in Spinel-C and the MgO component
is selectively reacted with and dispersed. The
results of the MgO-C reaction resistance
test were also consistent with this result, and
Spinel-C also showed a slight mass loss after
heating. However, the mass reduction rate of
Spinel-C is considerably smaller than that of
MgO-C. Assuming that all mass changes are
the result of evaporation of MgO and C by
MgO-C reaction, the volume change amounts
of MgO and C by this evaporation, AVi,o/cm®
and AV:/cm® are expressed by the following
equations (2) and (3). Where W, /g, W/g, Pugo
and Pc are the initial mass, mass after test,
density of MgO and C, respectively.

_ 0TI (w-w,)

/) VMg 0= ngO ........................ (2)
AVe= 0.229 (I//)V_ Wo) o (3)
c

0.771 and 0.229 are the mass ratios of MgO and
C in the MgO-C reaction. The MgO-C reac-
tion test results organized by using equations
(2) and (3) are shown in Fig. 14. Compared
to Spinel-C, it is estimated that the volume
reduction of MgO-C is larger and the porosity
is markedly increased by the MgO-C reaction.
The difference in porosity change caused by
this MgO-C reaction seems to be one of the
reasons that Spinel-C shows better results than
MgO-C in the corrosion test.
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Fig. 14 Estimation of volume loss after MgO-C

reaction test.
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Spinel-C tends to be inferior in thermal
spalling resistance when preheated at 1500 C
despite its much lower thermal expansion than
MgO-C. This is because the aggregates in the
Spinel-C are easy to sinter during heating as
this phenomenon was observed in the micro-
structure after the corrosion test. The change
in the modulus of elasticity of each sample after
heat treatment at 1500 C for 10 hours is also a
result of this phenomenon and sample B showed
a markedly high modulus of elasticity. On the
other hand, the modulus of elasticity of sample
C was on the same level as that of sample A. In
the thermal spalling test, sample C had signifi-
cant improvement in thermal spalling resistance
compared to sample B. We concluded that the
thermal spalling resistance was improved not
only due to the effect of increasing the thermal
conductivity by the increase in the amount of
C, but also due to suppressing the modulus
of elasticity increase by sintering because the
graphite distributed in the matrix prevents
spinel aggregates contact.

It is estimated that the sidewall of the RH
lower vessel is exposed to high temperature
under reduced pressure and the sidewall bricks
are affected by low basicity slag generated in the
lower vessel under OTB operation. Under such
circumstances, Spinel-C shows better corrosion
resistance than MgO-C. As for the thermal
spalling resistance of Spinel-C, it is also possible
to increase thermal spalling resistance equal to
or higher than that of MgO-C by suppressing
sintering. In terms of MgO-C reactivity and
corrosion resistance against low basicity slag,
Spinel-C is expected to have higher durability
than MgO-C.

7. Conclusion

We estimate that the sidewall of the RH
lower vessel is exposed to high temperature
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under reduced pressure and low basicity slag
generated in the lower vessel during operation.
Under these conditions, it is difficult to reduce
the influence of the MgO-C reaction in MgO-C
bricks. As a result of investigating substitute
materials, it was indicated that Spinel-C may
exhibit excellent durability as a sidewall of the
RH lower vessel. We will continue to study and
evaluate furthermore in order to improve the
durability of the RH lower vessel.
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