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Abstract

Alumina-magnesia castables are widely used for the working lining of the steel ladle. In recent
years, there is an increased tendency for a more severe load on the materials, and there is a need
for long life materials.

In general, alumina cement is used for ladle castable as a binder, and so, there is a limit to the
improvement in performance like corrosion resistance because of the CaO component. Therefore,
in this study, we examined the application of non-cement binder, and developed a new castable
which has excellent corrosion resistance and spalling resistance.

1. #= 1. Introduction

BIE, BTN E L LTT VI F -~ TR Alumina-magnesia castables are widely used
PR v A T G ST D TG for the working lining of steel ladles. Because
WO LA BT 25 7R BB LR S one of the main wear factors of castable ladle
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linings is structural spalling due to slag penetra-
tion, suppressing slag penetration is required
to achieve longer service lives. Furthermore,

AN X B BB OB A BRI 7 ] RAGESETE DS improvement of thermal spalling resistance
HEELPESETEY, WHBAR—-) ¥ 7 Eom is another important requirement since the
LA CEELMIEL 25 TWLEY, I increase of thermal load by the increase of
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high temperature treatment and intermittent
operation causes peeling damages of refrac-
tory.” These damages are significant around
the impact area and the bottom of the SN well
block, often becoming the life determining fac-
tor for ladles. Therefore, there is a strong need
to improve the service life of such areas.

We examined new CaO free alumina-magne-
sia castables for the purpose of improving the
slag penetration resistance and thermal spalling
resistance. The characteristics of the developed
materials are reported in this study.

2. Concept to Suppress Slag Penetration

When we examined used ladle castables, we
recognized the penetration of slag components
such as FeO, CaO and SiO; into castables.
Especially, the penetration of CaO and SiO. are
typically deeper than other slag components.
Therefore, it is important to suppress the
penetration of CaO and SiO; in order to reduce
structural spalling.

When alumina-magnesia castables are is in
service, spinel (MgO - Al;O;) is formed and the
FeO in slag reacts with the formed spinel. On the
other hand, CaO and SiO; react with AlO; and
form CA-based minerals and AlLQO;-Ca0O-SiO.
based high temperature minerals. Penetration of
slag is suppressed by these reactions between
the Al,O; and slag components. Thus, ALO; is
a very important material for suppressing slag
penetration. However, Al:O; is consumed in hot
conditions by the reaction with MgO to form
spinel, and the reaction with cement, if cement
is used, to form CA2 and CAG6. If the amount
of cement is reduced in castables, the contribu-
tion the reaction with MgO to form spinel is
reduced, which will increase the Al:O; reaction
with CaO and SiO:; in the slag, resulting in the
less penetration of slag components.” ™ So, we
examined CaO free castable in which cement is
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Table 1 Mix composition of castables
Sample Ordinary mix New mix
Binder Alumina cement Colloidal silica
) Al:Os 90.2 91.8
compoditon | MO | 7 7
m%% SiO» 1.2 1.2
CaO 1.4 0
Vibration flow value 162 168
/ mm
Water required for 45 Colloidal silica : 5.0
mixing /% : Water : 0.5
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not uses as a binder.
3. Comparison of Characteristics

Properties of the examined CaO free mix and
ordinary mix with alumina cement binder are
compared in Table 1. Colloidal silica was used
as a binder for the new mix, where colloidal
silica is not an unusual binder for refractory
manufacturing. The amount of colloidal silica
was adjusted to make the new mix have almost
the same chemical composition as the ordinary
mix. For making cast samples, the amount of
water was adjusted to make both mixes have
approximately 160mm V5 values (5 seconds
vibration flow value).

3. 1 Micro-texture observation by SEM and
point analysis

The micro-texture of each sample after heat
treatment at 1650C for 3h was observed by
SEM. Point analysis was conducted around
the AlLO; grains in the matrix to determine
mineral formation and distribution. The SEM
images and results of point analysis are shown
in Fig. 1.

In the micro-texture of the ordinary mix,
CAb6 observed

(Calcium-Aluminates) were

Sample Ordinary mix New mix
SEM
photographs
Binder Alumina cement Colloidal silica

Fig. 1

SEM photographs and results of point analysis.
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Table 2 Properties of castables
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Sample Ordinary mix New mix
Binder Alumina cement Colloidal silica
. After drying -0.02 -0.19
Lmea;ghange After heating 1000°C-3h -0.00 017
° After heating 1500°C-3h +2.52 +1.43
After drying 9.5 5.1
M"d“'u/sl\j;ampture After heating 1000°C-3h 145 03
After heating 1500°C-3h 23.3 16.4
. After drying 41.4 73.4
CrUSh'}‘,f’A;tare“gth After heating 1000°C-3h 66.7 64.8
After heating 1500°C-3h 79.7 76.1
- After drying 75.0 23.1
MOd“'“S/g‘CPZ'aSt'C'W After heating 1000°C-3h 63.4 2.6
After heating 1500°C-3h 87.7 68.5
. . Colloidal silica : 5.0
Water required for mixing /% 4.5 Water - 05
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around the Al:O; grains. On the contrary, no
CA6 was observed in the new mix, but gaps
as thick as 20um were recognized around the
Al,O; grains, which was a very unique texture
only seen in the new mix.

3. 2 Properties

The linear change, modulus of rupture,
crushing strength and modulus of elasticity
were measured after drying at 105C for 24h
and heat treatments at 1000C or 1500C for 3h.
Results are shown in Table 2.

The linear change of the new mix heated at
1500C was smaller than that of the ordinary
mix. Although the moduli of rupture after heat
treatments of the new mix were relatively
lower than those of the ordinary mix, crush-
ing strengths were almost equivalent. Moduli
of elasticity of the new mix were significantly
low.

3. 3 Slag penetration resistance

A cup slag penetration test was conducted
to evaluate the slag penetration resistance.
Specimens were put into an electric furnace
and heated at 1650C for 3h. Converter slag
with 3.3 basicity (CaO/SiO.) was used for the
test. Fig. 2 shows the test results. A cut section
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Slag C/S=3.3 Heat at 1660°C-3h

Sample

Ordinary mix

New mix

Cut surface

Slag penetration

index/ - 100

46

Binder

Alumina cement

Colloidal silica

Fig. 2 Results of slag penetration test.
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of each sample was observed and the CaO and
Si0; penetrated area was determined (black
solid lines in the figures show the border lines).
The slag penetration index of the new mix was
calculated with the penetration index of the
ordinary mix set at 100. Slag penetration into
the new mix was significantly less than that of
the ordinary mix.
3. 4 Thermal spalling resistance

In order to evaluate the thermal spalling
resistance, the following test was conducted
using an electric furnace.

Sample size: 230mmx114mm X 65mm

Heating method: One side heating (Heated
surface was 114mmXx65mm)

Thermal shock conditions: (1500C-45min&
20C-15min) % 8cycles

Cut sections of each sample after the thermal
spalling test are shown in Fig. 3. The thermal
spalling resistance was evaluated by the obser-
vation of crack generation condition of the cut
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Sample Ordinary mix New mix
Cut

surface

Binder Alumina cement Colloidal silica

Fig. 3 Results of thermal spalling test.
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sections. In the picture, cracks wider than 1mm
are indicated by the solid lines and thin cracks
are indicated by dotted lines. As can be seen,
the ordinary mix had several cracks parallel
to the hot face but no cracks were observed in
the new mix. Obviously, the thermal spalling
resistance of the new mix was higher than that
of the ordinary mix.

4. Discussions

Formation of CA6 was recognized in the
micro-texture of the ordinary mix after heat
treatments. The melting point of CA6 itself is
high, however, the reaction between CA6 and
penetrated slag components forms low melt-
ing point minerals, which results in deep slag
penetration. On the other hand, CA6 formation
was not observed in the new CaO free mix,
which suggests that the amount of Al,O; was
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Table 3 Properties of new product

Brand name

| SSC-AM413
tem
Chemical Al:Os 93
composition SiO; 1
/ mass% MgO
After drying -0.15

'-'“ea;ﬁ/g‘ange After heating 1000°C-3h| - 0.15

After heating 1500°C-3h +1.74

After drying 5.0 (33.6)
MOd“'L}S,\j‘;;“pt”re After heating 1000°C-3h| 8.9 (36.7)

After heating 1500°C-3h| 15.7 (69.1)

Apparent porosity | After drying 15.8 (3.28)

/% After heating 1000°C-3h| 16.9 (3.20)

(Bulk density) After heating 1600°C-3h| 19.3 (3.10)
CaO

Remark Free Binder

5. EHEERAMR

BEHEREZ L LI/ YAV P T LIS
T HEF X AL 7IVSSC-AM4A13F FSE L 72,
mE # % Table 3127”7,
AT 2 BSR4 0 &6, SN~ ARz 2 e 7
¥y A b7y 7 LTHEAL, ERTOmH
MAEME L. EHICB ) B IE68E % Fig. 412

25— |

Precast block for
2.1 impact area

N
o
I
DN
W,
N
NN

-
1

N

oy

N

o
1
s,
i
\\\ =
N
\

Wear rate / mmech-!
N

o
‘\\
"
‘\‘b

Wear rate / mm-ch’

o
o

Ordinary
Product New
Product

Shinagawa Technical Report

still enough, even after spinel formation with
MgO, to contribute in suppressing the slag
penetration.

On the other hand, micro gaps were observed
around the Al:O; grains after heat treatments
of the new mix. We think that these unique
textures are related to the gelation and dehy-
dration behavior of colloidal silica used as a
binder. The lower modulus of elasticity and the
better thermal spalling resistance of the new
mix must have been achieved by this micro
gap formation just as the moderate introduction
of micro cracks in refractory bodies generally
improves such properties.

5. Field Test Results

Based on the results of this study, we devel-
oped a new CaO free alumina-magnesia cast-
able named SSC-AMA413. Typical properties of
SSC-AM413 are shown in Table 3.

We applied this material to precast blocks
for the impact area and the SN well block for
the field test evaluations. The wear rates of the
tested products are compared to the ordinary

60 — |

5.0 Well block

20 b

1.0

0.0

Ordinary
Product New
Product

Fig. 4 Field test results.
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products in Fig. 4. In both applications, durabil-
ity of the new products was quite better than
those of the ordinary products in which alumina
cement was used as a binder.

6. Conclusions

We developed CaO free alumina-magnesia
castable in which colloidal silica is used as a
binder. The slag penetration resistance and ther-
mal spalling resistance of the newly developed
products are significantly superior to those of
the ordinary products in which alumina cement
is used as a binder. Field test results of new
products made in precast blocks successfully
demonstrated the improvement of durability.
We are working on expanding the applications
of this product.
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