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Research Progress on Anti-Spalling of Refractory Castables

WANG Yulong, WANG Zhoufu, WANG Xitang, LIU Hao, MA Yan, JIANG Pengcheng
(The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: Refractory castables are green materials for the development of refractory industry due to their advantages of low energy
consumption, simple process and convenient mechanized construction. However, water-containing castables are prone to structural
damage and even explosive spalling during the heating process of drying, so as to shorten the service life of components and cause
economic and resource losses under the combined action of thermal stress caused by temperature gradient and internal pressure
caused by water vapor. From the perspective of the anti-spalling of castables, this review represented the basic mechanism of
explosive spalling, the microstructure and spalling resistance of typical bonding systems, anti-spalling means, test methods and
numerical simulation, and gave the future related research aspects.
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Table 1 Spalling resistance comparison of typical water containing bonding systems of castables

Typical temperatures of hydration

Bonding systems Bonding modes Hydration phase types . Microstructure characteristics ~ Spalling resistance
phases decomposition/'C
CAC Hydraulic binding Many 250-300; 678 Medium permeability Medium
HA Hydraulic binding A few 150-300 Poor permeability Bad
MgO Hydraulic binding A few 380420 Poor permeability; the Bad
microstructure is likely damaged
in hydration reaction
Silica sol Coagulating binding No hydration phase is formed High permeability Good
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Table 2 Main mechanisms of factors affecting the moisture discharge of castables

Mechanism Bonding system Drying method Gas former additive Pore residue additive ~ New phase formation additive
Gaseous water generation Yes Yes No No Yes
Moisture discharge path Yes No Yes Yes Yes
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Table 3 Typical anti-spalling additives of castables and their advantages and disadvantages

Anti-spalling additives Advantages Disadvantages

Al Good spalling resistance(Proper content) Unstable construction performance;flammable and explosive
problems

AC Stable and controllable performance Must be used in cement containing system, the applicability is

Polymeric fiber

ACM, AL/AHL

Carboxylic acids

resistance of castables

No reaction at low temperature, wide application range

Effectively improve the spalling resistance of many castables

Change the structure of hydration products to improve the spalling

not wide
Appropriate specifications must be selected; Sometimes the
performance is not ideal
Adverse impact on construction performance, strength, efc
Mainly used in MgO bonding system, the applicability is not

wide
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Table 4 Summary of testing methods in the drying process of castables

Test methods

Available information

Disadvantages

Thermal analysis
Explosion tests
In situ measurements of the water

vapor pressure
MRI, NMR

X ray-CT

Neutron radiography

Overall moisture discharge, explosive spalling temperature
Temperature sensitivity, ability of rapid release of water

Water vapor pressure distribution inside the sample

Moisture distribution, Drying front position
Moisture and pore distribution

Moisture distribution in 1D (data curves) and 2D (raw neutron

Focusing on the whole, difficult to study local features
Little information about the mechanism

Presence of sensors may change the drying behaviors

Moisture distribution is shown in 1D
Difficult to distinguish between matrix and aggregates

Still a gap between the results and the actual situation

radiographs), Drying front position

Neutron tomography

Moisture distribution in 2D (sections) and 3D(reconstructed sample

High requirements for experimental equipment

models), Drying front position
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