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Molten steel/slag corrosion resistance of ZG refractories with
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Abstract

Slag-reaction tests were conducted in an electric furnace at 1500 °C for 30 min, involving CaO-,
MgO-, and Y,Os-stabilized zirconia (CSZ, MSZ, YSZ) and the corresponding ZrO,—C (ZG) refractories
(CSZ-ZG, MSZ-ZG, YSZ-ZG). These materials were brought into contact with a slag (mold powder, CaO/
SiO; = 1.2). Post test observations showed that, at the contact interface of all three stabilized zirconia types,
a fine-grained reaction layer formed due to destabilization, with thickness in the order of MSZ > CSZ >
YSZ. In all three ZG refractories, a slag infiltration layer formed at the contact interface, along with surface
irregularities on the outermost surface caused by dissolution and grain detachment. The extent of these
surface irregularities followed the order MSZ-ZG > CSZ-ZG > YSZ-ZG and was related to the thickness of
the slag infiltration layer. The corrosion resistance was evaluated by measuring the depth of local corrosion
after rotating tests in molten steel/slag. CSZ-ZG and MSZ-ZG showed similar performance, while YSZ-ZG
exhibited approximately 10 % higher corrosion resistance. Additionally, the relationship between corrosion
resistance and destabilization was investigated using optical microscopy, SEM, EPMA elemental mapping,
and micro-Raman spectroscopy.
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resulting in severe localized corrosion. ZrO,-C
(graphite) refractories (hereafter, ZG refractories),
which exhibit excellent corrosion resistance, are used
in the powder-line region, thereby improving the
service life of the SEN. Mukai et al. ¥ reported, based
on a series of experiments and analyses including X
ray radiographic observations on oxide carbon
refractories (including ZG), that localized corrosion
proceeds as follows: when the area fraction of exposed
oxide on the refractory surface is high, the surface is
readily wetted by slag, and a slag film forms in which
the oxide preferentially dissolves. As a result, the
exposed graphite area fraction increases, making the
surface susceptible to wetting by molten steel; upon
contact with the steel, the graphite dissolves into the
melt. Subsequently, the surface again becomes oxide
rich and readily wetted by slag. Localized corrosion
at the slag/steel interface develops through the
alternating repetition of these two processes.

Among these two stages of localized
corrosion—graphite dissolution into molten steel and
oxide (zirconia) dissolution into slag—the latter
proceeds much more slowly than the former.
Therefore, the rate-limiting step of localized corrosion
in ZG refractories is the dissolution of zirconia into
slag; consequently, resistance to slag attack is the
most critical property required of zirconia. In
previous studies »? on the slag resistance of zirconia,
two dissolution mechanisms have been proposed: one
is simple dissolution of zirconia into slag, while the
other occurs when the dissolution of stabilizing
components into the slag destabilizes it. This leads to
a phase transformation with volume expansion,
breaking zirconia grains into smaller pieces, which
are then washed out into the slag and subsequently
dissolved.

The former mechanism tends to occur at high
CaO/SiO; (C/S) ratios, whereas the latter is more
prevalent at lower C/S ratios. In this regard, Shintani
and Hasegawa? reported that the destabilization
behavior of zirconia varies with the species of the
stabilizing component and with slag composition.
They noted that the resistance to destabilization
follows the order YSZ > CSZ > MSZ, and that
destabilization becomes more pronounced as the
SiO; content in the slag increases (i.e., a lower C/S
ratio). Furthermore, Kamimura et al.” evaluated the
corrosion resistance of ZG refractories using CSZ
and MSZ against various slag types, reporting that
the relative superiority of CSZ-ZG and MSZ-ZG

varies with the slag C/S ratio, owing to differences in
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destabilization behavior arising from the stabilizing
component species.

Most previous reports on the influence of the
stabilizing component in zirconia on the corrosion
resistance of ZG refractories have focused on
conditions that favor zirconia destabilization
(relatively low slag C/S ratios). However, under
practical operating conditions, destabilization does
not necessarily have a dominant impact on corrosion
resistance. Accordingly, this study aims to clarify
how the species of the stabilizing component in
zirconia affects the corrosion resistance of ZG
refractories under conditions where destabilization is
relatively suppressed (i.e., a relatively high C/S ratio).

2 Experimental procedure
2.1 Sample preparation

CSZ, MSZ, and YSZ served as zirconia raw
materials;  their

chemical compositions and

stabilization ratios are shown in Tablel. ZG
refractory specimens (CSZ-ZG, MSZ-ZG, and
YSZ-ZG) were prepared by mixing 90 mass % of
these zirconia materials with the remaining carbon,
then shaped by cylindrical compression molding and
fired. Plate-like specimens (approximately 20 x 20 x
10 mm) were cut from the three fired bodies and
from sections of the fused ingots (approximately
fist-sized) used to produce the zirconia raw materials,
for the slag-reaction experiments. Additionally,

Table 1 Composition and stabilization rate of the used

stabilized zirconia

Zirconia CSz MSZ YSZ
CaO 4 - -
Chemical MgO - S -
Composition Y,0, - - 8
/' mass% ZrO, 95 94 91
Others 1 1 1
Stabilization rate / % 88 92 98
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rectangular specimens (20 x 20 x 160 mm) were
prepared from the fired ZG bodies to evaluate

corrosion-resistance.

2.2 Slag-reaction test

Slag-reaction tests were performed in which
ZG refractories and zirconia raw materials reacted
with slag, and the contact interface was examined
using optical microscopy. As a slag substitute, mold
with  CaO/SiO, (C/S) =

compression-molded into pellets (@8 x 6 mm),

powder 1.2 was

placed at the center of the plate-like specimens as
shown in Fig. 1, and heated at 1500 °C for 30 min in
an Ar atmosphere. Afterward, the specimens
infiltrated by the molten mold powder were sectioned
at the center to observe the area near the contact
interface, as schematically illustrated in Fig. 1.

2.3 Corrosion resistance evaluation test

To determine how the stabilizing component
in the zirconia raw materials influences the corrosion
resistance of ZG refractories, tests were performed
G
refractories. The experimental setup is shown in
Fig. 2 (a). Mold powder (identical to that described
above) was added to 0.1 %C steel (JIS-SS400) melted
by high-frequency induction heating. The three ZG

using rectangular specimens from three

specimens were then immersed simultaneously in the
steel bath maintained at 1560 “C and rotated at 4 rpm
for 60 min. During the test, Ar was blown onto the
powder-line region, and the mold powder was
replaced after 30 min. Afterward, the dimensions of
the most severely corroded section of the powder-line
were measured, as shown in Fig. 2 (b), and half of the

10 mm

N\
BT S

\
N
Ay
b
%,

,19 Cross-section for

observation & analysis
10 mm

Fig. 1 Schematic illustration of the procedure of slag-reaction test.
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Fig. 2 Scheme of apparatus of the rotating corrosion test (a) and method of determination of

corrosion depth (b)

B fE, B2 () ISR T LI ZG KWk
DI T =T A4 LEIZBWTROEE () 25K
EWEAIOTEAEEL, JTTOTEDR SO &
D12 EHEI L LTRDZ, 612, ~TEEH
SERD ZG it Kyl il SO TR FIIM
WYL, e ia FE AL 5 S H fl i 3 5 O #L A &
TG BEM S CBIE L7z,

3 ERERHLUEER
31 BBOLELSNAZTE LV ZhDEED
31D ZG MAMDRZ T EDR IS

AT TSR B D, FINA=THEDRT
T Rl SR O SRR SR £ 2 B 3 (a), (b) €L
TEIRT WINROBES, HEAF I T I
AL OERS RGN, TNHIECSZ @ BLD
MSZ(b) IZBWTIEFRE T 400 um FEFE TH X,
ZOIORNEBI IR LT B LR E
Jin%E GO THBRE L BANHERTEZ, —
J T YSZ(c) OMAAL I AR T 150 um F2EF
TTholzh, BHNICHEEPATRBRIEL,
—IRFIEEDLE OB R SN0, F0IIH R
WO BEIIENTH o7 22T, ETOI)N
a=TEEHIR SN TR, RBRROmH
WL CHIRI LR (A7 72 EE) LIEEEBED

- 133 -

reduction from the original dimension was defined as
the corrosion depth. Finally, the specimens were
sectioned longitudinally through the center to
observe, by optical microscopy, the microstructure
near the molten steel contact interface at the site of
maximum corrosion.

3 Results and discussion
3.1 Reaction of three types of stabilized zirconia
and ZG refractories with slag

Optical micrographs of the vicinity of the
contact interface with slag for each zirconia sample
after the slag-reaction test are shown in Fig. 3 (a)—(c).
In all cases, a fine-grained reaction layer was observed
below the contact interface. In CSZ (a) and MSZ (b),
this layer extended to approximately 400 pm, and
relatively  large  cracks—both  parallel  and
perpendicular to the fine-grained reaction layer—
were confirmed within the grain interior beyond that
depth. Conversely, in YSZ (c), the fine-grained
reaction layer was limited to approximately 150 pm,
although many parallel cracks were present within
the layer and some evidence of spalling was observed;
however, few cracks were found deeper inside the
grain. The parallel cracks observed in all zirconia
samples are attributed to the difference in thermal
expansion coefficients between the fine-grained

reaction layer (slag-infiltrated) and the non-infiltrated
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(a) CSz

layer during cooling. These cracks were most
prominent in YSZ, likely because the thin infiltrated
layer led to more rapid cooling of the non-infiltrated
region, or because the difference in thermal expansion
coefficients was larger than in the other two materials.

Figure 4 (a)—(c) shows optical micrographs
near the contact interface with slag for the ZG
refractory specimens after the slag-reaction test. In all
cases, a reaction layer due to infiltration was observed;
its thickness was approximately 2 mm for CSZ-ZG
(@) and MSZ-ZG (b), and approximately half that

(b) MSZ (c) YSZ

Fig. 3 Optical micrographs of the part of the cross-section near the contact surface with slag of

samples CSZ(a), MSZ(b), and YSZ(c) after the slag reaction test at 1500 °C for 30 min, as

shown in Fig. 1.

Fig. 4 Optical micrographs showing the depth of slag infiltration on the cross-section near the
contact surface for the samples CSZ-ZG(a), MSZ-ZG(b), and YSZ-ZG(c) after the slag
reaction test at 1500 °C for 30 min, as shown in Fig. 1.
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(about 1 mm) for YSZ-ZG (¢). Within this layer, the
structure became progressively more porous toward
the interface due to the dissolution and detachment
of small carbon and zirconia grains, and widespread
ZrC formation was observed. The thickness of the
fine-grained reaction layer in each zirconia sample
shown in Fig. 3 (a)—(c) correlated with the trend in
reaction-layer thickness for the corresponding ZG
refractories. This indicates that the destabilization
accompanying slag infiltration caused zirconia to
break into small grains, increasing the surface area
and promoting reaction with graphite (ZrC
formation), ultimately leading to the development of
the reaction layer.

3.2 Molten steel/slag corrosion resistance of ZG
refractories

Using the method shown in Fig. 2, the
corrosion depth of each ZG refractory was measured.
Expressing the values for MSZ-ZG and YSZ-ZG as a
corrosion index (%) relative to CSZ-ZG (100 %)
yielded 97 and 89 %, respectively, as shown in Fig. 5.
Thus, while the corrosion resistance of CSZ-ZG and
MSZ-ZG is nearly equivalent, YSZ-ZG exhibits
approximately 10 % higher resistance. Figure 6 (a)—
(c) displays the optical microstructures near the
molten steel contact interface at the maximum
corrosion (narrowed) section. The edge on the
lefe-hand side of each micrograph is the contact

100 Corrosion index (for A) = Co rggirg%s:?; p?helfo(::] (f;(g;i G x100
97

x 90
°
£
_5 80
0
e
5 70
O

60

50

CSZ-2G MSZ-Z2G YSZ-ZG

Fig. 5 Corrosion indices for the samples of MSZ-ZG and YSZ-ZG against the sample of CSZ-ZG

determined by the inserted formula, as the results of the rotating corrosion test shown in

Fig. 2.
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Fig. 6 Optical micrographs of the near contact surface with the molten steel (left-hand side) of

the specimens of CSZ-ZG(a), MSZ-ZG(b), and YSZ-ZG(c) after the rotating corrosion test

shown in Fig. 2.

G (c)YSZ-ZG

interface (corrosion front). In CSZ-ZG (a), near the
contact interface, graphite dissolved into molten steel,
and CSZsmall grains were generated by destabilization
was observed dissolving into slag. Similarly, in
MSZ-ZG (b), graphite dissolution and MSZ small
grain dissolution were evident, preceded by slag
infiltration along MSZ grain surfaces. In YSZ-ZG
(0), coarse YSZ grains are visible at the interface,
plausibly representing the original grain surface
revealed after washout of the fine-grained reaction
layer; however, these coarse grains also appear to be
dividing into small grains. Consistent with Fig. 5,
about 10 % lower corrosion depth of YSZ-ZG
indicates about 10 % lower corrosion rate, showing
that the progression of corrosion—via graphite
dissolution and disintegration—is about 10 % slower
than in the other two ZG specimens.

Figure 3 shows that slag erosion is
characterized, for all zirconia, by fine graining of the
contact surface due to destabilization. Under identical
conditions, the thickness of the surface fine-grained
reaction layer was nearly the same for CSZ and MSZ,
whereas YSZ was roughly one-third of the former
two.

Figure 4 likewise shows that a reaction layer
formed due to infiltration; its thickness (infiltration
depth) was about 2 mm in CSZ-ZG and MSZ-ZG,
but about 1.2 mm (approximately half) in YSZ-ZG.
The surface-layer dissolution was more severe in the
former two, with surface irregularities especially

MSZ-7G, YSZ-2G

exhibited no large irregularities and remained

pronounced  for whereas
relatively smooth. In any case, degradation at the
refractory surface—namely, disintegration of zirconia
due to destabilization and ZrC formation through
reaction with graphite—occurred across all types.
However, the magnitude (corrosion rate) differed
with the stabilizing component: ZG containing CSZ
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and MSZ was nearly equivalent, whereas YSZ-ZG
exhibited about half the degradation. Importantly,
this degradation progresses gradually from the surface
into the interior; accordingly, the reaction layer
contains a mixture of grains near the surface where
degradation has advanced, and interior grains, where
the reaction is less advanced or has not yet occurred.

3.3 Analysis of destabilization behavior using
EPMA and micro-Raman spectroscopy

To confirm the distribution of stabilizing
components within zirconia grains, EPMA elemental
mapping of the stabilizing components Ca, Mg, and
Y, and of the slag (mold powder) components Ca and
Si, was performed near the contact interfaces with
molten steel and with slag. The results are shown in
Fig. 7 (a)—(¢) as EPMA maps together with SEM
backscattered electron (BSE) images. In CSZ-ZG (a),
no change in Ca concentration was observed between
the surface and the grain interior, and the smooth
surface suggests that degradation via stabilizer
leaching has not yet commenced. In MSZ-ZG (b)
and (c), the grain in (b) shows a decrease in Mg at the
surface and the formation of irregularities, indicating
the onset of destabilization. In (c), numerous small
voids are visible within the MSZ grain, with
infileration of Ca and Si and subsequent pulverization
through void coalescence, indicating further
advanced degradation. In YSZ-ZG (d) and (e), the
grain in (d) shows disintegration similar to (c).
Moreover, a decrease in Y concentration is observed
near the right-hand surface of the grain at the
lower-left of the field, and a comparable Y level
appears in the disintegrated region across the slag
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phase on the opposite side. In (), focusing on the
distribution of the slag component Ca, an increase in
Ca concentration is observed at the upper-right
surface of the lower-left YSZ grain, accompanied by a
slight decrease in Y at the same location. These
observations confirm that destabilization also occurs
in YSZ: Y leaches first, followed by extensive Ca
infiltration from the slagand localized Mg infiltration.

EPMA element mapping

BEI

Fig. 7 EPMA element mapping of stabilizing components, Ca, Mg, and Y, and also slag (mold
powder) components, Ca, and Si on the near contact surface with molten steel of CSZ-ZG (a),

MSZ-ZG ((b) and (c)), and YSZ-ZG((d)and (e)) after the rotating corrosion test.
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Fig. 8 Optical micrographs after the rotating corrosion test of ZG refractories, (a) CSZ-ZG, (b)
MSZ-ZG, and (c)YSZ-ZG, and Raman spectra (d)CSZ, (¢)MSZ, and (f)YSZ corresponding
to (a), (b), and (c), respectively, of the spots denoted in the micrographs of the zirconia grain

as the digits 1,2(a), 3,4(b), and 5,6(c).
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Micro-Raman spectroscopy was employed for
a more detailed investigation, and the results are
shown in Fig. 8. The microstructures on the working
faceof the ZG refractoriesafter the corrosion-resistance
evaluation are presented in (a), (b), and (c) as
CSZ-ZG, MSZ-ZG, and YSZ-ZG, respectively.
Raman spectra acquired at the surface and at 20 pm
below the surface were taken at measurement points
2and 1in (a), 4 and 3 in (b), and 6 and 5 in (c), and
are shown in Fig. 8 (d), (¢), and (f). Focusing on the
difference between the surface and interior spectra,
the difference was largest in MSZ—Fig. 8(e)—
followed by CSZ—Fig. 8(d)—whereas YSZ—
Fig. 8 (f)—showed only a minimal difference. This
can be taken as one indicator of corrosion progression.
However, because the choice of grains and of points
within each grain is arbitrary, these differences do
not necessarily represent the inherent characteristics
of the stabilizing component species. For example,
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the MSZ grain in (b) clearly shows degradation with
void formation, whereas the grains in CSZ (a) and
YSZ (c) show no such advanced features. In (a), the
surface-near region exhibits fine surface irregularities
indicating the onset of slag infiltration, whereas (c)
represents an even earlier stage without such signs.
Consistent with the EPMA results, examining a
different grain boundary on the right side of the YSZ
grain could reveal a deviation from the interior and
signs of degradation.

Thus, the progression of slag infiltration and
the associated degradation (corrosion) do not occur
uniformly across the entire microscopic field of view
at a given magnification. Instead, it naturally
advances from the surface into the grain interior.
Once the material at a specific location has dissolved
for spalled off, only slightly corroded grains remain.
Therefore, when comparing the three types of
stabilized different
microstructural corrosion progression behaviors, it is

zirconia  grains  with

important to keep this premise in mind.

Regarding phase identification by detected
peak positions (wavenumber) in Raman spectra ¢,
although the basis is not necessarily definitive, we
follow the perspective of Iwamoto et al. 7: the peak at
261 cm is attributed to the tetragonal ZrO; phase,
and the peaks at 319 and 380 cm™! are attributed to
the monoclinic phase. A peak at 625 cm™! is said to
arise from the cubic ZrO, phase; however, it was not
detected in any of the Raman spectra in this study.

— 140 -



Ca0, MgO, ZLTY0s&ZENINVa=TIZ
ERED O B EERET L, 4~5 %
DORFEIRDHEL B0 REFZETHVZ 3 EOI NV
J=7E, wWInbZEoME L), Zimaes
1560 CETIEAEDPFELELMHTH S LHEE SN
bo L, AT IoTHEEDHEZ AE
2, FHERBIREE KOS THAN RS A KL, &
DFER, BRREEERIHE ZHOBMMBRDIEE
R, Kb HHIAANOAMLAEL 5 2 81275,

CZTE—IBEICEH LTIV ANRT M
AL, K8 I/ CSZ ki TIEH%Er 261 B X
0319 cm! TOV— 7AW IS EH TR T
L7273 15%0380 cm! TOY— 27X, R
WRINERD T E e o TWhe DFY, IEJEAH
TRNEBIZ R TRETEID AL, -8,
FIERME D D RANFRIZE N EZIRL TV 5, i
HIERH CHE B HITLTCND I LEIRT D
DTHY, trElE, BLE P S EEE CIE
Fidh S RN OMHE BN T AL/ %E
5L, B (ThbbEIRIREE) ([ JIERAE
DOIEH AR T L) Zh o722 Ex R LT
%o WIZ(e) TaAd MSZ TIlE, FITHEK
319 cm! TOY—ZIEENRE KT L-—F, &
261 cm! TOE— VRIS RSN 2o
720 0T, KM TOHRFHEMHOW A AR SN2
725 1560 CliZBWTINHIZIEFRATHY, 20
L TR IE A % 2 &SR 812 Hgd
NS NI EEER TS, F7o, RMEATH
WEBIZHEEA L W E W) 2R, 1560 T Tkt
WEBIZIE TS % ir o2 82 BRLTWh, 20
T o, BELES OB BRI L AR e
AR SRANEBICHETTHEN)ERELFIEL
e\, BRI () TRY YSZ KT, Ak L7- &
KM ERNEBT T < AT MUIZFREE DS
v, FEICR S &, WEL 261 cm! IZHINAE—
7R TENMAKT L7225 9% 319 cm! TD
C— 2 UIZAD AN e otz OFY, KRE
TIEFEAHDME DA L7z b O O HEHEAHIZ X
BALD e o722 %R L TWAE, 2% 1560 T

- 141 -

Zirconia stabilized with CaO, MgO, or Y205
experiences a 4-5% volume expansion when
transforming from the tetragonal to the monoclinic
phase. Based on their compositions, all three zirconias
used in this study are considered to be primarily
tetragonal from room temperature up to 1560 °C.
However, when destabilization by slag occurs, the
monoclinic phase forms regardless of the phase-
transformation temperature; as a result, the resulting
volume expansion causes numerous micro-cracks and
leads to the disintegration of large grains.

In CSZ (d), the 261 cm™ and 319 cm! peak
intensities both decreased at the surface, while the
380 cm? peak was higher in the interior. This
indicates that the tetragonal phase decreased more at
the surface than in the interior, whereas the
monoclinic phase was more common in the interior.
The former implies that destabilization progressed at
the surface; the latter—if interpreted as a tetragonal-
to-monoclinic  transformation  during  cooling
accompanying destabilization—imply that during
the test (at high temperature) the tetragonal fraction
in the interior was higher than at the surface.

In MSZ (e), the 319 cm?! intensity at the
surface decreased significantly, while the 261 cm?
intensity remained unchanged. This suggests a
reduction in the monoclinic fraction at the surface at
room temperature; at 1560 °C, these spectra align
with the tetragonal phase, so fewer tetragonal features
at the surface indicate a relatively higher monoclinic
fraction. Additionally, the higher monoclinic fraction
inside compared to the surface at 1560 “C indicates
that the interior contained more tetragonal phase
than the surface. This supports the idea that
destabilization caused by leaching or modification of
stabilizing components progresses from the surface
inward.

In YSZ (f), there was almost no difference
between the surface and the interior. Looking more
closely, the 261 cm™ peak decreased slightly at the
surface, whereas the 319 cm? peak showed no
change—i.e., a slight decrease in the tetragonal
fraction at the surface with no change in the
monoclinic fraction. Recasting at 1560 “C showed no
increase or decrease in the tetragonal or monoclinic
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phases in the interior, and the surface showed a slight
decrease in monoclinic; therefore, the measured YSZ
grain appears not to be significantly destabilized yet.

As noted above, because the selection of grains
and of measurement locations within each grain was
arbitrary, the present Micro-Raman analysis of CSZ,
MSZ, and YSZ did not provide definitive conclusions
on how the stabilizing component species affect the
corrosion behavior of ZG refractories.

4 Conclusions

We have examined how stabilizing components
in zirconia affect the corrosion resistance of ZG
refractories under a high slag C/S ratio of 1.2, a
condition in which destabilization is relatively
suppressed. The conclusions are as follows.

1. In slag-reaction tests at 1500 “C for 30 min, the
thickness of the reaction layer formed at the
contact interface in zirconia (CSZ, MSZ, YSZ)
followed MSZ > CSZ > YSZ; the layer in YSZ
was less than half that of the others. Despite the
thickness differences, all zirconias showed signs of
disintegration and cracks parallel to the contact
interface that developed during cooling due to
differences in thermal expansion; in YSZ, cracks
were also present within the reaction layer, and
traces of spalling were observed. For ZG
refractories tested under the same conditions, the
slag infiltration depth followed MSZ-ZG >
CSZ-ZG > YSZ-ZG; the difference between the
first two was 0.3 mm, while the difference
between the latter two was 0.6 mm. Surface
irregularities at the contact interface caused by
loss of grains or their agglomerates were most
prominent in MSZ-ZG, followed by CSZ-ZG,
and least prominent in YSZ-ZG.

In molten steel (0.1 %C) / slag (C/S = 1.2) at
1560 °C for 60 min under Ar flow, the measured
corrosion depths were converted into a corrosion
index relative to CSZ-ZG, which was set as 100,
resulting in 97 for MSZ-ZG and 89 for YSZ-ZG.
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. Among CaO-, MgO-,

As aresult, CSZ-ZG and MSZ-ZG showed nearly
identical corrosion resistance, while YSZ-ZG
exhibited about 10 % higher resistance, meaning
— it has roughly a 10 % lower corrosion rate at the
same exposure time. From these findings, the
resistance to destabilization is inferred to follow

YSZ > CSZ > MSZ.

. EPMA revealed differences in the distribution of

stabilizing component between surface and the
interior of zirconia grains in MSZ-ZG and
YSZ-ZG, clarifying how destabilization speeds up
MSZ-ZG, where

locations

corrosion. In appropriate

measurement were chosen,
Micro-Raman spectra detected clear differences
between the surface and interior through increases
or decreases in peak intensities related to the

tetragonal and monoclinic phases.

and Y>Os-stabilized
zirconia, Y>Os is more chemically stable at high
temperatures than CaO or MgO and is less
reactive with compounds in the slag, making it
less prone to dissolution. Consistent with this,
YSZ showed shallower slag infiltration and a lower
infiltration rate than the others; therefore,
YSZ-ZG exhibits the lowest corrosion rate and
Although
destabilization does occur in YSZ, its rate is
significantly lower than in CSZ or MSZ,
indicating that YSZ is a promising raw material

G

superior ~ corrosion  resistance.

for producing high-corrosion-resistance

refractories.
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