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Effect of MgO Stabilized ZrO,-C Material on Preventing Molten Steel Penetration
and Results of Actual Application
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Abstract

Zr0O,-C materials are commonly used for the submerged entry nozzle (SEN), because they have

high corrosion resistance. Generally the CaO stabilized ZrO, is used for ZrO, raw materials that are

the main ingredients in ZrO,-C material. However, CaO stabilized ZrO.-C materials have some

problems such as the molten steel penetration and wear damage, especially on the interior surface

of SEN. Therefore, it is very important to prevent the molten steel penetration in ZrO,-C material.

In this investigation, it was supposed the molten steel penetration was promoted by generation of

ZrC. Use of MgO stabilized ZrO,-C material was found to prevent ZrC generation effectively. Based

upon this result, we made an actual test of SEN that was reinforced on the inner surface with MgO

stabilized ZrO.-C material. We have obtained good performance results without the molten steel

penetration and wear damage.
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1. Introduction

Zr0:-C materials are commonly applied to the
slag line part of SEN, owing to high corrosion
resistance against mold slag attack. They are also
applied to the interior surface of SEN and the head
of MBS (Mono-block stopper). CaO is commonly
used as a stabilizer for fused ZrO. raw material,
among three kinds of CaO, MgO and Y.0;. There
are respective problems on these stabilizers, for
instance, MgO tends to decompose and slake, and
Y.0; is very expensive. On the other hand, in the
case of CaO, there is a big problem that it has a
tendency to cause the molten steel penetration

phenomena often on the interior surface of SEN and
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MArgon gas exhaust, @Vacuum pump, @Graphite heater,
@Zr0,-C crucible, ®Molten steel, ®Guiding tube,
@Support rod, ®Cooling water, @Argon gas inlet,
@0pener, @Thermocouple.

Fig. 1 Schematic diagram of electric furnace.
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the head of MBS.

According to Lin's experiments, the formation of
ZrC has a very great effect on the molten steel
penetration phenomena and therefore it is very
important to restrain the formation of ZrC during
operating".

We took notice of the difference on the effect for
stabilizers between CaO and MgO, and examined
the influence on the reaction between molten steel
and ZrO,-C materials. The performance results of
SEN reinforced with MgO stabilized ZrO,-C mate-

rial were described as well.
2. Experimental Procedure

Two kinds of specimens, which were CaO and
MgO stabilized ZrO.-C materials, were prepared.
The former and latter respectively consisted of
3.80mass% CaO and 4.80mass% MgO, and the both
grain distributions were almost the same with grain
size under 1.0mm. Regarding graphite, the purity
was more than 99mass% and the grain size was
under 0.2mm. Phenol resin binder was added to the
materials. Thereafter the materials were mixed, and
then pressed at 100MPa by cold isostatic press. The
green bodies were fired at 1000°C/8hrs under reduc-
ing atmosphere. The properties of ZrO.,-C materials
are shown in Table 1. The two kinds of specimens
were machined to the crucible shape of 40mm outer
diameter, 20mm inner diameter and 100mm height
(15mm bottom thickness).

A schematic diagram of used electric furnace is
shown in Fig.1l. Ultra-Low-Carbon Al-killed steel of
200g was put into each crucibles and they were
heated to 1560°C /1hr in the electric furnace under
Argon atmosphere with 14 /min blowing. Ultra-

Table 1 Properties of ZrO,-C materials

CaO stabilized ZrO,-C | MgO stabilized Zr0,-C
Zr0;, 83 82
Chemical Ca0 3
composition
(mass%) MgO - 4
C 14 14
Apparent prosity (%) 18.0 16.3
Bulk density (g/cm?) 3.80 3.83
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Fig. 2 Cross section of ZrO,-C crucibles after
experiment.
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Low-Carbon Al-killed steel used for the experiment
consisted of C:0.003, Si:0.01, Mn:0.2, Ti:0.02, N:0.002
and Al:0.05mass%.

Thereafter, the cutting surface of tested crucibles
was observed, and then microscopic observation,
XRD and chemical analysis of the working surface

were carried out.
3. Results and Discussions

3. 1 Results of reaction between molten steel and
ZrO.,-C materials

The microscopic photographs of the cutting
surface are shown in Fig.2. In the case of CaO
stabilized ZrO,-C, molten steel penetrated into the
working surface of the crucible with 2 to 3mm
depth. On the other hand, in the case of MgO
stabilized ZrO,-C, the molten steel penetration was
not found on almost whole working surface of the
crucible.

There were some differences on the top surface
condition of metal between the specimens. The
surface was concave in the case of CaO stabilized
Zr0,-C, and, it was convex in the case of MgO
stabilized ZrO,-C.

The microscopic photographs of the boundary
between the crucible and the metal are shown in
Fig.3. As clearly seen the metal penetrated into the
matrix of ZrO,-C and the graphite near the working
surface was oxidized in the case of CaO stabilized
7Zr0,;-C. On the other hand, the above phenomena
did not occur in the case of MgO stabilized ZrO,-C.
Furthermore we checked the difference of the tex-
ture at points C and E in Fig.3 between CaO and
MgO stabilized ZrO,-C. As shown in Fig.4, there is
a continuous high-brightness coating layer around
ZrO; particles of CaO stabilized ZrO,-C. The layer,
which consists of Zr and C, must be generated
during heating, because it did not exist before
experiment. The layer in the penetrated zone was
confirmed to be ZrC by XRD. In the case of MgO
stabilized ZrO,-C, ZrC formation was not found.

3. 2 The mechanism of molten steel penetration
on MgO stabilized ZrO,-C

As a result of Lin's experiments of the reaction

between molten steel and ZrO. or ZrC substances, it
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was confirmed that ZrC had good wettability to
molten steel'. Based on the report, the mechanism
of the molten steel penetration into ZrO,-C was
presumed to be that, when ZrC layer is formed,
molten steel would penetrate into the ZrO.-C tex-
ture along ZrC surface by capillarity force due to
the good wettability of molten steel to ZrC, and the
penetrated molten steel dissolved carbon and pro-
duced a decarburized zone of ZrO,-C". As shown in
Fig.3, a high-brightness dendrite phase exists
clearly in the steel around ZrO, particles of CaO

stabilized ZrO,-C. Regarding composition change of

Crucible side

a) Area A in Fig.2

Crucible side

b) Area D in Fig.2

Fig. 3 Microstructures of crucible / steel interface.

Side of CaO stabilized ZrO,-C crucible
(Area C in Fig.3a)

Side of MgO stabilized ZrO,-C crucible
(Area E in Fig.3b)

Fig. 4 Microstructure of ZrO.,-C crucibles.
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the metal after the experiment, in the case of CaO
stabilized ZrO,-C, it turned out that the carbon in
metal increased from 0.03mass% (before an experi-
ment) to 2.52mass% (after an experiment). On the
other hand, in the case of MgO stabilized ZrO,-C,
the increase was limited to 0.38mass%. The carbon
content of the metal in the CaO stabilized ZrO,-C
was more than that on the MgO stabilized ZrO,-C.
The difference of the two specimens indicates that
the carbon in metal which penetrated into ZrQO.-C
matrix was diffused to molten steel in crucible.

Regarding the formation mechanism" of ZrC in
Zr0,-C, ZrC coating layer is supposed to be gener-
ated according to the reaction of the Eq(1).

ZrOy(s) + 3C(s) = ZrC(s) + 2CO(g) (1

Fig.5 illustrates the stable range of ZrO, and ZrC
as functions of temperature and CO partial pressure
(Pco), which was calculated using the published
thermo-dynamical data. It suggests that the upper
part of the curved line @ in Fig.5 is the stable range
for ZrO, and C, while the part below it is the stable
range for ZrC and C. And also, a higher tempera-
ture or lower Pco allows ZrC formation more easily,
and the critical value of Pco is 0.35atm at the experi-
mental temperature of 1560°C.

Therefore, in the case of CaO stabilized ZrO,-C,
the CO partial pressure is estimated to be under
0.35atm in inner wall of side crucible, while MgO
stabilized ZrO,-C is estimated to be over 0.35atm in
inner wall of bottom during heating.

Regarding MgO stabilized ZrO,-C, we think that

MZrOa(s)+3C(s)=7ZrC(s)+2CO(g)
@Si0s(s) +3C(s)=SiC(s) +2CO(g)
@2A1:05(s) +9C(s) = Al:Os(s) +6CO(g)

O S ————————————— = —
9 Pco=0.35atm /

@ M
4 |

$ Q %
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I
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1000 1200 1400 1600 1800 2000

T/K

Fig. b Stability region of oxides and carbides
coexisting with carbon.
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there are two reasons for no molten steel penetra-
tion. The first is that the dissociated MgO from
7ZrQO, particle reacts to graphite according to Eq.(2),
which is “MgO-Carbon reaction” . Because ZrO,
particles do not contact with graphite, it is difficult
to form ZrC. The second reason is that ZrC is not
stable in high pressure field, which is caused by
higher Pco due to CO(g) generate by following
Eq.(2).

(MgO) inzo. + C(s) = Mg(g) + CO(g) (@)

It is difficult for the CaO in CaO stabilized ZrO,-C
to react to graphite, and it has not an effect on the
above reaction. Therefore, in the case of the mate-
rial, we think that the molten steel penetration
easily occurs because of a lot of ZrC generation.
Conversely, we think that if there is no ZrC layer in
ZrO4,-C texture, molten steel will not penetrate into
the working surface of ZrQ,-C".

In the case of MgO stabilized ZrO,-C, ZrC is hard
to be formed owing to the influence of “MgO-
Carbon reaction”. Therefore, the material is sup-
ported to be able to prevent the molten steel pene-
tration into ZrO,-C matrix. We believe, through the
above experiment, that MgO stabilized ZrO,-C is
effective to application to the eroded part, which is

especially damaged by molten steel attack, such as

MgO stabilized Zr0,-C

CaO stabilized ZrO,-C

Cross
section
Corrosion index of powder line area
Quter part 94 100
Inner part 55 100

Fig. 6 Cross section of actualy used SEN.
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MgO stabilized ZrO,-C

CaO stabilized ZrO,-C

Cross
section

Fig. 7 Cross section of actualy used SEN.
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the interior meniscus part of SENs.

4. Performance Results

The SEN reinforced with MgO stabilized ZrO,-C
was prepared and was carried out in the actual field.
4. 1 Test results of SEN for billet C.C.M.

MgO stabilized ZrO,-C was applied to slag line of
SEN (interior and immersion parts are included) for
a billet C.C.M, and it was tested, compared with the
conventional CaO stabilized ZrO,-C. The test was
carried out on the condition of 18 heats casting
(770min.), and the used SEN was examined. The
cross sections of the used SENs are shown in Fig.6.
There was no difference between CaO and MgO
stabilized ZrO,-C on corrosion resistance against
mold powder. On the other hand, as for the interior
erosion resistance, MgO stabilized ZrO,-C showed
the approximately 45% improvement in comparison
to CaO stabilized ZrO,-C.

4. 2 Test results of SEN for bloom C.C.M.

MgO stabilized ZrO:,-C was applied to the interior
part of SEN for a bloom C.C.M, and tested as
compared with the conventional CaO stabilized
ZrO,-C. The test was carried out on the condition of
11 heats casting, and the used SENs were examined.

The cross sections of the used SENs were shown in
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Fig.7. In the case of CaO stabilized ZrO.-C, the
molten steel penetration occurred on whole working
surfaces of SEN. The molten steel penetration was
especially large at the level of the meniscus line, and
the working surface was considerably rough. On the
other hand, in the case of MgO stabilized ZrO,-C,
there was almost no molten steel penetration and
the whole working surface at the level of the menis-

cus line was very smooth.
5. Conclusion

We reported the examination results on the
reaction between molten steel and tow kinds of
Zr0;-C with CaO and MgO stabilizers, and the
performance results of SEN with MgO stabilized
ZrO,-C were also described.

We believe that MgO stabilized ZrO,-C material is
very effective for preventing ZrC formation which
causes the molten steel penetration. Therefore, SEN
with MgO stabilized ZrO,-C was tried and brought
good results without the molten steel penetration

and wearing damage in actual field test.
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