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Lightweight Alumina-Magnesia Refractory for
Refining Ladle and Its Slag Corrosion Behavior
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(The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology,
Wuhan 430081, China)

Abstract: The lightweight refractory with micro-porous aggregates is of importance for energy-saving and consumption
reducing in high temperature industries, and the slag corrosion resistance is significantly concerning its service life. Large
industrial furnace lining is in high temperature and harsh environment, its corrosion damage is related to not only steel slag
movement, but also the microstructure of materials, and is hard to ascertain by experiments only. Based on Al,0,-MgO
refractory for refining ladle, the lightweight microporous alumina aggregates and lightweight A1,0;-MgO refractories with ex-
cellent performance parameters have been developed, and they showed same slag resistance as the ordinary refractories in
the static and dynamic corrosion experiments. Meanwhile, according to the properties of porous aggregates, a geometry
model of random aggregate-matrix, in which aggregates and matrix were described with different microstructures based on
porous medium theory, was adopted. And a model coupled with micro-CFD ( Computational Fluid Dynamics) , temperature
and reaction was established to describe the slag corrosion process. The characteristics of the slag corrosion on the
lightweight refractories were initially investigated by mathematical simulation, and the suitable microstructure parameters
and corrosion resistance mechanism of lightweight Al,0,-MgO refractories for ladle lining were discussed. The simulation
results agree well with experiments, which means the above model is promising for slag corrosion modeling. The key target
for lightweight refractories design is the average pore size, and the lightweight lining for refining ladle is feasible. It can
provide a theoretical basis for design and the development of lightweight refractory materials, and promote the energy-
saving of high-temperature furnaces.
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Table 1 Physical properties of various alumina

aggregates!1:14:17.18]
Common Lightweight  Lightweight
Properties 10 o microporous — microporous
aumima alumina A alumina B
Bulk density/ g + cm™® 3.63 3.36 3.05
Apparent porosity/ % 2.8 4.1 9.1
Closed porosity/ % 5.0 10.1 12.3
Median pore 0.95 0.49 0.43
diameter/ pm
Thermal conductivity .13 6.47 488

(800 °C)/ W +m™' K"
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Fig. 1  Pore size distribution of various alumina aggregates
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Fig. 2 SEM images of lightweight microporous alumina: (a) light-
weight microporous alumina A; (b) ~ (d) lightweight

microporous alumina B
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Table 2 Properties of lightweight and common

alumina-magnesia refractories!'%2']

Lightweight Common
Heat . alumina- alumina-
Properties . .
treatment magnesia magnesia
refractory refractory
Bulk density/ g - cm™® 2.81 3.08
Apparent porosity/ % 14.2 14.0
lig OhC Cold modulus of rupture/ MPa ~ 11.59 10.97
Cold crushing strength/ MPa 80.04 54.8
Permanent linear change/ % +0.06 +0.01
Bulk density/ g + em™® 3.09 2.82
Apparent porosity/ % 18.8 18.7
1000 °C
%3 h Cold modulus of rupture/ MPa 8.92 9.30
Cold crushing strength/ MPa 53.95 60.95
Permanent linear change/ % +2.52 +0.47
Bulk density/ g + cm™® 3.05 2.78
1600 °C Apparent porosity/ % 19.1 18.7
X3 h Cold modulus of rupture/ MPa  15.83 13.52
Cold crushing strength/ MPa 56.25 105.65
Number of water quench 9 16
cycles from 1100°C / times
Thermal conductivity 0.829 0.905

(800C)/ W +m™" -« K!
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Fig. 3 Various alumina aggregates after slag corrosion experiment:

(a) common alumina; ( b) lightweight microporous

alumina A; (c) lightweight microporous alumina B
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Fig.4 ~ SEM images of the reaction interfaces between various

alumina aggregates and molten slag; ( a) common

alumina; (b) lightweight microporous alumina A; (c¢)

lightweight microporous alumina Bl!7-18.22]
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Fig. 5 Schematic diagram of the reaction between molten slag and

tabular alumina (a) , as well as molten slag and lightweight

microporous alumina (b) [22]
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Fig. 6 Profiles of different alumina-magnesia refractories after slag

corrosion experiment: ( a) common alumina-magnesia

refractory, (b) lightweight alumina-magnesia refractory
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Fig. 8 Penetration of slag into aggregates at different times: (a)

0.1s, (b)0.2s, and (¢) 0.3 s
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Fig. 11 Effect of average pore sizes of aggregates on slag pene-
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