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Abstract

Al;O4C raw material was applied to the material of Al,O3-C system sliding nozzle plate of high-
temperature firing type. As comparison, the material applied to only alumina aggregate with the same
particle size composition as a base, the materials with 2 kinds of ALO3-ZrO; (AZ) system raw materials and
2 kinds of ZrO,-mullite (ZM) system raw materials applied were selected. The properties of the materials
with additions of raw material aggregate with three levels were investigated. When the ALiO4C raw material
were added up to 24 mass%, the thermal shock resistance was improved in comparison with the base
material, and the corrosion resistance was almost equivalent or better than the base material. On the other
hand, AZ with low ZrO: content and 2 ZM system raw materials had increased thermal shock resistance
with increasing amount of raw material addition, but the corrosion resistance was lowered, in particular, the
tendency was seen in ZM raw materials intensively. The addition of the AZ with high ZrO, content is rather
effective for densification with increasing the modulus of rupture but the thermal shock resistance, the
deterioration degree of corrosion resistance was suppressed in comparison to the other ZrO, system raw

materials.
1 #®S 1 Introduction
2545427 ) TN (BFSN) 7L —hig, Sliding nozzle (henceforth, SN) plates are

refractories incorporated into the SN devices that
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control the flow rate of molten steel in ladles and

E Ot s T 95 SN FiE I AR T AT tundishes in continuous casting process. Two or three
KT Do 2 Hb LT 3 BT S, 2 pl:%tes are used asaset, and they are slid each other to
) ] adjust the opening of nozzle hole in the plates and to
NOAHEI S L2 L2 T L — MR sL: control the flow rate of molten steel. Generally, the
I ZNVALOFREZRETL, Ao H#H$5 SN plates made of Al,O3-ZrO,-C system material
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with high temperature fired type are applied in the
ladle.”? The ZrO, containing raw materials are
considered to be effective for improving both thermal
shock resistance and corrosion resistance, and
aggregate raw materials of ALO3-ZrO, (henceforth,
AZ) and ZrO,-mullite (henceforth, ZM) systems
have been used. AliOsC raw material (henceforth,
AOC) is characterized by low thermal expansion
coefhicient with low bulk density and is applied to low
temperature fired SN plates. As confirmed in the
application to actual production line by Akamine et
al. *%, the application of the material is expected to
improve the thermal shock resistance and to lighten
the weight of the plate. In addition, even if the
material is applied to the high-temperature firing
type, the properties of the SN plate material are
equivalent or even superior in both to thermal shock
and corrosion resistances” with low bulk density that
applied the ZrO; containing raw material. at, are also
obtained as equal or higher.

In this report, on the basis of the SN plate
material with the high temperature firing type, AOC
raw material and adding a new dense type low
thermal expansion ZM raw material® as ZrO
containing raw material, the application effect was
compared in the 5 kinds raw material system of in
total, including 2 kinds of AZ and 2 kinds of ZM
raw materials. In addition, in order to clarify the
application effect of each aggregate raw material on
the material characteristics, the particle size
composition of each sample made almost equivalent
in the sample with the same amount of aggregate raw
materials.

2 Experimental methods
2°1 Preparation of sample

On a sample of the base material A prepared
by replacing all the aggregate raw materials of the
high-temperature firing type SN plate material to the
electrofused alumina and the other 15 samples (see
Table 1) of B to P prepared by changing the amounts
of ZrO; containing system aggregate raw materials
and AOC aggregate raw material, various properties
were investigated. Each sample was prepared to have
almost equivalent particle size composition with
consideration of the difference in bulk density of the
aggregate raw materials. ZrO; containing aggregate
raw materials, including 2 types of AZ raw materials
(AZ1, AZ2) and 2 types of ZM raw materials (ZM1,
ZM2) which differ in microstructure and ZrO>
content were used. After kneading the mixtures
containing each raw material and molding under a
predetermined condition, the samples were fabricated
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Table 1 Amount of aggregate raw material and composition of all the samples tested

D

Raw material
system

/ mass%

ALO, |93.0/90.0|87.0|840 882 834|786)|866|803|739| 865800736924 |91.8)91.2
- zro, - | 30| 60| 90| 48 | 96 |144| 42 | 84 |126| 47 | 94 |140| - | - | -
Composition g, - - [ - [ - - - - 224365183654 - | - | -
mass% | TC.(FC)| 37 | 37|37 | 37|37 37|37 |37 37|37 37|37 37|43 49 65
Others | 33 | 33 | 33 | 33 | 33 | 33 | 33 | 33 | 33 | 33 | 33 | 33 | 33| 33| 33 | 33

P TN ERL7Z, by firing at temperatures higher than 1000 C in

22 HEBEMEH O

2\ EH L7 EMEREOR 2R T, AZL
(X ZrO2 % 25 mass% &AL, A7 LD ED
1ET58h ZrO: % & & R EAL ZrO:2 2> HHER S,
FERILERDH 24% w2 A L, AZ2
(& ZrO2 % 40 mass% & AZ 1 XN L&A L,
FERILED 46% &R AZ TXD AR E
o T\Wh, ZMLIZFEIZ AT 4 ME 37 mass®b D
KUEGE ZrO2 ETRERIN, ZM2 b L7414 MEK
HE ZrO: CEIHEB SN TV, DmoIE)
i Zr02 & &, HERILED L7% SR E 2
Mk ZHLTWwAH, AOCIE ALOC &4 &= D
ALOs # B LFEETH 5,

unoxidizing atmosphere.

2°2 Properties of aggregate raw materials

Composition and some properties of aggregate
raw material systems are summarized in Table 2.
AZ1 contains 25 mass% ZrQ,, which consists of
corundum and unstabilized ZrO: containing a small
amount of tetragonal ZrO», and has a dense structure
with apparent porosity of about 2.4%. AZ2 has
higher ZrO: content than AZ1 with 40 mass% and
apparent porosity of about 4.6%, which has coarser
structure than the AZ1. ZM1 is mainly composed of
mullite and 37 mass% of unstabilized ZrO,. ZM2 is
also mainly composed of the mullite and the unstable
ZrO;, but it contains a small amount of tetragonal
ZrO; and has a dense structure with about 1.7 %
apparent porosity. AOC is a raw material containing
crystal of crystal of AlsO4C compound and a small
amount of ALOs.

Table 2 Composition and some properties of aggregate raw material system

___________________ Raw material system Al, O Al;0;—-Zr0, Mullite-ZrO, Al;04C-Al,O;
Notation| Fused Al,Oq

Bulk density / g-cm'3 3.68 4.23 4.42 3.60 3.70 2.79

Apparent porosity ! % 6.2 24 4.6 3.1 1.7 4.7
AlLO, 99 74 59 45 45 95.1

Composition / mass% 2ro; - 29 40 31 38 -
SiO, - - - 18 16 -
T.C. - - - - - 46
m—ZrQ; (Baddeleyite) - O O O O -
t-2r0; - A - - A -

Mineral phase” Mullite - - - @] O -
Corundum © © © - - o]
AL,0,C - - - - - ©

* Identified by X-ray diffraction with Rietveld analysis
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2°3 Examination of thermal shock resistivity

Prismatic shaped specimens of 40x40x160
mm were cut out from the samples prepared as
previously described. Each sample was immersed in
hot metal heated in high frequency induction furnace
at 1600 °C for 3 min, followed by water cooling for
30 s, and the heat cycle was repeated 3 times.
Checking the appearance of specimen and the degree
of cracking (number of through cracks) on the cut
surface of the specimen after the test, the thermal
shock resisting was determined.

2+4 Examination of corrosion property

The test apparatus for corrosion test is
composed of a crucible lined the inner wall by test
specimens. The crucible has a heating system with
high frequency induction furnace. Corrosion test was
carried out in the crucible by holding a mixed melt of
pig iron and synthesized slag of C/A (CaO/ Al,O3)2
for 3 h at 1600 °C and actually corrosion resistance to
CaO was checked. Corrosion rate was determined by
measuring the amount of reduction in size from the
cross section of the specimen after the test. Table 3
shows the combination of corrosion tests. For batch-
to-batch comparisons, the reference base material
sample A was tested in all sets.

3 Results and Discussion
3°1 Microstructure and thermal expansion
coefficient of aggregate raw materials

Figure 1 shows the microstructure of each
aggregate raw material. AZl is composed of
corundum of primary crystals of about 50 pm in
diameter and eutectic crystals of corundum and
baddeleyite, and has a dense structure with relatively
few voids. In contrast, AZ2 is composed of corundum
and baddeleyite crystals. The primary corundum
crystals are about 100 pm in diameter, and the
baddeleyite crystals are about 10 pm in diameter,
and they have low density structure containing many
voids in the grain boundaries area. AZ1 is a highly
elastic raw material with small primary corundum
grain and dense eutectic structure. When a crack

Table 3 Combination of samples for corrosion tests of 1st to 3rd set

sample/ A|B|C|D|E|F|G|H|I]|J|K|L[M|[N]|O]P
|Raw material system| - AZ1 AZ2 ZM1 AOC
Amount/mass% |0 (12(24(36(12(24(36|12|24|36|12|24|36|12|24|36
1st set L J) @ @ [ o
2nd set @ [ ) [ o o o
3rd set o o @ @ @ @
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Fig. 1 Microstructure indicating the identified phases in each aggregate raw material.

KYHPIZRBRDPFEELEMIZELREL R, B %
[l L CRED TR LTt KN & #E RS 556,
HLNTEEPEMNEHERETLGELIT VY
Lz EhEEL 2O LGRS S, WL
TORADOEMN 2HEREL) DL {OBIELT IV
FoHH SN, BEOMENOLD LS
SINTWwb, —7, HE6I1E HEWERD ZrO:
BEREEVPLSVEMER L EHTLE, BMERE
RO D) b AT ) T ARFRAF I R AR &<
B EIZEoT, WKMo ar Ty 7%k
U, BPERZ LT, EE B INS
LR Y LCwhe ZMLIZERE 100-200 pum AR
DRNEENT TA FEBMARNTTA S - 254 b3k
i, TNOOMEED D L) T T AMDBILE SN
bo ZM21%, KF£20-30 um P2 B O MOl 22 ) i
INTIA e, SOICHMBRNTIA N - 254 bk
i, CLTCHIAMTHERINTEY, HMikiZz2k
BA%L, IMLE B L CIFEFICHBE TH 5,
AOC I £ & um ## £ @ %) % AlOJC &,
ALO«C £ T 2 F LD HRER SN TV S,

% 5 M JE # © TMA (Thermomechanical
analyzer) 2L 2B IRFEOWEFHFELH 2 1R

Krosaki Harima Technical Report No.171 (2023)

initiates in the refractories containing an aggregate
raw material like AZ and propagates to the aggregate,
the crack is often deflected the path in the refractories
by the obstruction of the aggregate, or even if the
crack propagates into the aggregate, it is forced to
deflect the path by the obstruction of corundum
grains in the aggregate. In any cases, a considerable
fracture energy dissipation is required compared to
the case of the linear propagation of the cracks,
leading to the suppression of cracking. 7

On the other hand, Inoue et al. have reported
that when the ZrO, based aggregate raw material
containing high monoclinic ZrO; crystal is applied,
increased hysteresis and residual expansion due to the
phase transition in the raw material itself, results in
the occurrence of the microcracks inside the
refractories thereby reducing the modulus of elasticity
and improving the thermal shock resistance.? ZM1
contains primary baddeleyite having a major axis of
about 100-200 pm and fine baddeleyite-mullite
eutectic crystals, the glass phase is observed to fill
between those crystals. ZM2 is composed of fine
primary baddeleyite with the major axis of about 20-
30 pm and further fine baddeleyite-mullite eutectic,
glass phase, with less voids in the much denser
structure compared to the ZM1. AOC is composed
of AlsO4C of primary crystals of about a few hundred
micrometers in diameter and the eutectic of the
Al;04C and the corundum.

The thermal expansion coeflicient measured
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Fig. 2 Thermal expansion properties of the aggregate raw materials.
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by TMA (Thermomechanical analyzer) of the
aggregate raw materials is shown in Fig. 2. Alumina
and AOC show linear thermal expansion behavior,
whereas ZrO, containing raw materials have a
hysteresis of expansion due to the ZrO, phase
transitions. The volume change with the phase
transition seemed to depend on the amount of
baddeleyite in the aggregate raw material and the size
of baddeleyite crystals.” When AZ1 and AZ2 are
compared, the volume change and residual expansion
due to the phase transition are smaller in the AZ1
composed of dense and fine crystals compared to the
AZ2. Further, when comparing ZM1 and ZM2, the
volume change and the residual expansion due to the
phase transition in the dense and fine ZM2 with fine
primary baddeleyite crystals is small compared to the
ZM1. The thermal expansion coefficient at 1300 C
became lower in the order of ZMI=ZM2
<AOC<AZ2<AZI1 <alumina. The AOC exhibits
a linear expansion behavior with a thermal expansion
coefhicient of about half that of the alumina.

32 Effect of amount of aggregate raw materials
on the properties of the SN plate materials
3°2°1 Thermal expansion coeflicient, bulk density,
apparent porosity, modulus of rupture and
modulus of elasticity
In the fired body of each sample, the
dependence of amount of aggregate raw material on
the permanent linear change of the material with
each raw material are shown in Fig. 3 in reference to
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Fig. 3 Dependence of amount of aggregate raw material on the permanent linear change of material with
each raw material system in reference to the base material (sample A).
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the base material (Sample A). The permanent linear
change of the material with the ZrO, aggregate raw
materials tended to increase with increasing amounts
of aggregate raw materials, being affected largely by
the thermal expansion behavior with the volume
change and residual expansion due to phase transition
of the aggregate raw materials. Among them, ZM2
showed the largest permanent linear change with the
addition of 24 mass%, while the change was the
smallest in the materials with the AZI1 system.
Permanent linear change of materials with AOC
showed a peculiar behavior, which increased with
addition up to 12 mass%, but became almost constant
with further addition. It was presumed that
suppression of the expansion occurred during firing
of the materials with the AOC aggregate by
contracting action of them. Although the sintering of
the AOC aggregates is accompanied with the
formation of the small voids around them, the voids
shrink and disappeared during the course of firing.
Figure 4 (a) and (b) shows graphs obtained by
plotting the bulk density and apparent porosity of
each sample against the amount of the aggregate raw
material, respectively. The bulk density tended to
depend on that of the raw material species, and when
the raw material having the higher bulk density than
that of alumina raw material was added, it became
high, and in raw material having a low bulk density,
it became low. On the other hand, the apparent
porosity is not necessarily affected by that of the raw
materials themselves. The lowest apparent porosity at
12 mass% addition of the respective raw materials,
the addition of more than that, the apparent porosity
increased with increasing the amount of the aggregate
raw materials except for AZI. It is considered that
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Fig. 4 Dependence of amount of aggregate raw material on bulk density (a) and apparent porosity (b) of
material with addition of each raw material system.
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although the porosity is affected by that of the raw
materials themselves for the addition of 12 mass% or
less, the porosity is strongly affected by the thermal
expansion during the firing of the aggregate raw
materials for the addition of 24 mass% or more.
Especially, ZrO: containing aggregate raw material
has a tendency that the linear expansion increases as
the addition amount increases, and in particular, the
apparent porosity of the materials with both ZM1
and ZM?2 which have large permanent linear change
became the highest and the next, respectively. On the
other hand, the lowest apparent porosity was obtained
in the materials with the AZ1 which has the smallest
linear expansion. The apparent porosity of the
materials added the aggregate raw materials tended to
become higher in the order of AZI<AZ2
<AOC<ZM2<ZMI.

The relation between the modulus of rupture
and modulus of elasticity of each material as a group
for each aggregate species is shown in Fig. 5. It was
shown that the group of AZ1 added was located on
the high modulus of rupture and high modulus of
elasticity sides as compared with the electrofused
alumina aggregate based material A, and the structure
of the AZ1 group became dense, high modulus of
rupture and high stiffness as compared with the
electrofused alumina. On the other hand, the group
of ZM raw materials tend to have both low modulus
of rupture and elasticity as compared with the A,
indicating that it is effective for reducing the modulus
of elasticity by adding them. AZ2 and AOC were
located intermediate to AZ1 and ZM, but slightly
lower modulus compared to the A. It was considered
that both the modulus of rupture and modulus of
elasticity of each material were determined depending
on the denseness of the structure brought about by
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system and base material (sample A).
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the mechanical properties such as the strength and
the thermal properties such as thermal expansion
inherent to each aggregate raw material.

3°2°2 Thermal shock resistivity and corrosion
property

The appearance and the vertical cross section
of the specimens after the thermal shock test, and the
number of through cracks in the vertical cross section
are shown in Fig. 6. When the number of through
cracks and their size were compared, the number and
size of through cracks were both increased in AZI
based raw material added materials (B, C, D)
compared with the base. Multiple large cracks were
also seen in the appearance after the test. In the
materials with AZ2 (E, F, G), the number of through
cracks did not change even if the added amount
increased, but the cracks slightly became small. In
the materials with ZM1 and ZM2 (H, I, Jand K, L,
M), the number of through cracks decreased and the
cracks became smaller with increasing the added
amount. On the other hand, the materials with AOC
(N, O, P) decreased the number of through cracks
and the degree of cracking with the addition of up to
24 mass%, while the number of through cracks
increased again with the addition of 36 mass%. From
these results, in the materials with the AZ1, the
thermal shock resistivity lowered slightly with
increasing the addition amount, and in the materials
with the AZ2, the thermal shock resistivity was
improved slightly with increasing the addition
amount. Thermal shock resistivity is improved in the
materials with both ZM1 and ZM2 with increasing
the amount. In the case of the AOC, although it was
improved by the addition of up to 24 mass%, the
addition of 36 mass% declined the thermal shock



Sample

Appearance

Vertical cross
section

30mm

Number of
through cracks

H [

3 3 2 3 2 2 2 3

Fig. 6 Appearance and vertical cross section view of specimen and number of through cracks detected
after thermal spalling test in each sample.

BABMEZIR LT, resistivity. Akamine et al. also show a similar result
T B2t B s 0> PV AR 712, 7 in which, in a large amount of the AOC aggregate
raw material added, the thermal shock resistivity is

SRIREETE I L 2Rl R 2 R 4 1R T $99 lowered by voids forming around the aggregate with
HHEEIL, R 7O&%Yy 7VoRKE-FE oF sintering itself during the high temperature firing.

The best thermal shock resistivity with the least
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1st set

2nd set

ZM1

AZ2 ZM1 AOC

H

F G

30 mm

Fig. 7 Appearance of cross section of the selected specimens after corrosion tests of 1st and 2nd set.

Table 4 Results of corrosion test expressed by corrosion index* for all the samples tested

Samplel A[B|[C|D|E|F|[G|H|I|]J|K|[L|[M|[N]O]P
Raw material system| - AZ1 AZ2 Zm1 ZM2 AOC
Amount/mass% | 0 [12[24[36 122436122436 [12]|24[36|12[24(36
1st set 100]103 115 118 125 73
2nd set 100 104 125 120 115 87
3rd set 100 126 122 147 164 100

*Corrosion index: 100 as base material (sample A) and values >100 is superior and <100 is inferior the

corrosion property than the base material.

D&Y TIVEIHEICR SN A UZADRES & HllE
L, TNZRERMTH LI LIZLoTKRD,
KIZ, BREEY hONR=ZF LTIV A DFEEE
%100 &L, Mot 7V o EEEE % 100 12
B TELIZDORBEBREHE LTV, W
NOFMETLHRMESZWVIIE, HHRIBRIIK
SR AEEOE T 2R L7z, AZL TIER—AL
ZIFFSEREOM EMEZ R L7225 AZ2 TlaN—
AL BEBIRBIRLRKREL, AFTILVTO
AZNVEEHICHBORALP RSN, Tl
AZ2 BV RE R 720, Ein NS
LT L2282 EAbneEZzHN/20 ZM T
TEBRBIIEHICREL, BINEDPLNIILETH
AMOFE LK TARLNZ, 24T ZM REE
IZEEND SO AT ZERISTHIEIZLD, &
BPHEIT L0 2602, —J, AOC Tl
NR=AHr TNV A LD SENHEEEZRLZ. &
514, AOC FEH 7V I F R L) BN 72
BEMERETHEVIFIROFERERLT 5,
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cracking in total was exhibited by the material M
with ZM2 added in 36 mass%.

Figure 7 shows the cross section view of the
specimens after the corrosion test, and Table 4 shows
the results determined in terms of the corrosion
index. First, the corrosion rate was determined by
measuring the maximum size reduction of each
specimen in Fig. 7, i.e., the depth of the valley bottom
of the indentation found in each specimen cross
section, and dividing it by the immersion time. Next,
setting the corrosion rate of the base sample A of each
test set to 100, and the corrosion rate of the other
samples expressed by the ratio to 100 is set as the
corrosion index. The higher the addition amount of
any aggregate species, the higher the corrosion index
with lowering the corrosion resistance. In Table 4,
the group of AZ1 showed almost the same degree of
corrosion resistance as the base, but the AZ2 showed
a little higher corrosion index than the base, and
embrittlement of the structure was found in the
molten metal immersed part below the slag line.
Since the AZ2 had higher residual expansion, the
increased fragility at high temperature, caused the
structural weakening. In ZM, The corrosion index
was further high, showing a noticeable loss in the
corrosion resistance with increasing the added
amount of the aggregate. Such as intensified corrosion
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GAERO ZML RO ZM2 25 &, A
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R DU REEDSRIE S 7z,
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36 mass% RN Tl 2 E B TR 61
725

it £ ElE, AOC ERE A 24 mass% LRI
72T TN BBTOIRN=AF L) S ED R
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occurred by vigorous reaction of SiOs contained in
ZM aggregates with the slag as the corrosive agent.
The materials with the AOC raw material, however,
had only superior corrosion resistance to the base
material A (the material with the alumina raw
material) similarly to the report by Takasugi et al.'”

4 Conclusions

The effects of adding ZrO, containing raw
and ALO4C the
characteristics of high temperature fired SN plate
materials were investigated and the following results
were obtained.

1) In the ZrO, aggregate raw materials, the denseness
of the raw materials themselves and the peculiar
expansion behavior due to the phase transition of
the baddeleyite (monoclinic ZrO,) affected the
denseness of the structure inside the materials to
which they were added, and the properties such as
strength and modulus of elasticity. When the AZ1
which is dense and has less hysteresis of expansion
is added, a low apparent porosity is obtained,
resulting in a high strength and high modulus of
elasticity. Further, when the ZM1 and the ZM2
raw materials containing SiO. having a large
hysteresis of thermal expansion are added, a high
apparent porosity with lowered strength and the
modulus of elasticity is obtained.

2) The AOC raw material showed a linear expansion
behavior different from the ZrO: containing raw
materials, but it had a peculiar sintering behavior
to form voids around the AOC grains during firing
process, such behavior might affect the structure,
strength, and modulus of elasticity of the material
depending on the firing procedure.

3) Thermal shock resistivity was improved with
increasing amounts of the ZM1 and ZM2 added,
respectively, by lowering the modulus of elasticity
much effectively. The materials with the AZI
added lowered the thermal shock resistivity by
increasing the strength and the modulus of
elasticity with increasing amount of the AZ1. The
materials added AZ2 showed a tendency to slightly
improve the thermal shock resistivity as the added
amount increased, but these are some concerns
about the embrittlement of the structure of the
material when subjected to a long term or repeated
heating practices. The AOC improved the
resistivity by the additions up to 24 mass%, but for
the the addition of 36 mass% resistivity lowered
slightly due to the peculiar sintering behavior
described in 2).

4) Corrosion resistance was improved from the base
material only in the materials with the AOC raw
material added 24 mass% or less. For all the ZrO;

materials raw materials on
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containing raw materials, the corrosion resistance
lowered with increasing the added amount of
them, in particular the ZM raw material containing
SiO; lowered the corrosion resistance largely.

5) When it is intended to improve corrosion resistance
and thermal shock resistance of the SN plate
material, it was effective to add AOC raw material
in amount of 12~24 mass%.

References

1) Y. Naruse, S. Fujimoto and H. Shikano:
Taikabutsu, 36 [3] 181-183 (1984).

2) T. Ishibashi, S. Uto and M. Goto: Taikabutsu,
36 [5] 300-304 (1984).

3) K. Akamine, T. Makino, K. Goto and K.
Morikawa: Proceedings of the 10th Symposium
on Refractories for Iron and Steel, Technical
Association of Refractories, Japan, (2022)
pp-221-232.

4) K. Akamine, T. Makino, K. Goto, K. Morikawa
and K. Itoh: AISTech Proceedings, (2023) pp.
1139-1149.

5) S. Nishida, R. Kometani, K. Takami, K.
Akamine, K. Goto and K. Morikawa:
Taikabutsu, 75 [3] 115 (2023).

6) K. Akamine, M. Takenami, K. Ito, K. Morikawa
and J. Yoshitomi: UNITECR Proceedings
(2011) 2-A-8.

7) M. Saito, H. Kinoshita, K. Sasaki, K. Sorimachi
and N. Hagiwara: Proceedings of the 60th
Annual Meeting of Technical Committee of
Raw Materials of Refractories, Technical
Association of Refractories, Japan, (2000) pp.43-
49.

8) T. Inoue, L. Sasaka, J. Yoshitomi and K. Asano:
UNITECR Proceedings (2003) pp.468-471.

9) M. Takenami, K. Akamine, K. Morikawa, J.
Yoshitomi and T. Kayama: Proceedings of the
69th Annual Meeting of Technical Committee
of Raw Materials of Refractories, Technical
Association of Refractories, Japan, (2009) pp.18-
25

10)H. Takasugi, T. Matsumoto, H. Kato and J.
Tanaka: Taikabutsu, 35 [6] 316-318 (1983).

This report is a reprint of the following report with
additions and reconstruction.

Shin Nishida, Kouhei Takami, Keiichiro Akamine,
Kouichi Shimizu and Kiyoshi Goto: Proceedings of
the 11th Symposium on Refractories for Iron and
Steel, Technical Association of Refractories, Japan

(2023) pp.162-170.



