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REDUCING THE RISK OF EXPLOSIVE STEAM SPALLING OF CALCIUM ALUMINATE BONDED REFRACTORY CONCRETES THROUGH A MODIFIED HYDRATION PATH
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ABSTRACT
High-performance (HP) refractory concretes utilize dense matrix systems and micro-powders to achieve superior durability. However, their extremely low permeability creates a significant industrial challenge: during the initial heat-up, trapped water cannot escape easily. This leads to internal pressure build-up, risking structural cracks or explosive spalling if the heating process is not strictly controlled. This paper explores how to improve permeability without sacrificing the benefits of a low-porosity structure. The key lies in the hydration path of the calcium aluminate cement. By triggering the formation of gel-like hydrates instead of traditional crystalline hydrates (such as CAH10, C2AH8, C3AH6, AH3, and AH), the material's behaviour changes fundamentally. This specific gel releases its water at much lower temperatures between 100°C and 150°C. Thus, the system becomes more permeable before high-pressure hydrothermal conditions can develop. This allows for a safer, faster, and more economical dry-out process for industrial furnace linings.

INTRODUCTION
Explosive spalling remains a critical issue in the refractory industry when the dry-out stage is poorly managed. This failure is caused by excessive steam pressure build-up within the material1. To prevent this, increasing the permeability of the castable is essential. While polymeric fibers are systematically added to create permeable networks upon burning out (between 180°C and 250°C), the choice of the bonding system is equally decisive for drying sensitivity. Traditionally, Calcium Aluminate Cements (CAC) are the preferred hydraulic binders due to their predictable properties and high green strength. However, they require strict, slow heating schedules up to 600°C to safely remove water. Alternatives like Colloidal Silica (CS) offer faster dry-out capabilities through increased permeability with the decomposition of the silica gel at 100°C, yet they suffer from storage difficulties and low green strength. Conversely, Hydratable Alumina forms a boehmite-like gel that densifies the structure, unfortunately reducing permeability and raising the risk of explosive failure. To bridge these gaps, a recent development of a proprietary permeability enhancing active compound, an organo-mineral powder (abbreviated here as code MP30 Imerys) offers a hybrid solution2. It combines the mechanical advantages of CAC with the drying efficiency of gel/sol technologies. This paper investigates the hydration characteristics of CAC+MP30 compared to a standard 70% Al2O3 CAC. By proposing a specific reaction mechanism, this study demonstrates how MP30 modifies the hydration path responsible for a highly permeable microstructure at 110°C.

MP30 Concept
MP30 is a hydraulic binder that can be combined with a large range of CAC and already contains a deflocculating system adapted to most of castable formulation types. The recommended dosage is 2.5% by weight of castable by replacing all other dispersants and additives, as well as the balance of 2.5 wt.% of the matrix (mainly the binder). Table 1 gives the chemical compositions of MP30 and CAC. 

Table 1. Main compositions of CAC (70%Al2O3) and MP30 binders.
	Chemistry (%wt.)
	Al2O3
	CaO
	MgO
	SiO2
	LoI (950°C)

	MP 30
	34-38
	16-18
	16-20
	< 0.9
	24-30 %

	CAC
	68.7-70.5
	28.5-30.5
	< 0.5
	0.2-0.6
	< 1%



METHODS
A specific apparatus to measure the electrical conductivity was used to analyse the typical stages of dissolution and precipitation of the hydrates from CAC and MP30 containing diluted suspensions Solid/Liquid=1/10 at ambient temperature. Neat pastes (calcined alumina+CAC+MP30) have been prepared to follow the hydration evolution with CAC up to 7 days. Exothermic profiles, DSC and XRD measurements were performed to characterise the hydration behaviour of the two systems. Last, an example of applicative performance is given by measuring the drying behaviour of a refractory castable composition.

KEY FINDINGS

Hydration characteristics 
Whilst a sharp increase of conductivity attributed to the partial dissolution is observed in Fig. 1.a for CAC suspension, it is seen a plateau of conductivity up to 7 hours before observing an increase of conductivity C for the MP30 containing suspension. This later is associated with a pH increase of the suspension from 9 to 12. The massive precipitation of hydrates, as characterised by a sharp decrease in the C curve is observed at 5 hours for the CAC suspension whilst never observed for CAC+MP30 suspension up to 24h. Fig. 1.b shows the exothermic profiles of neat pastes comprising of CAC as reference compared to the same material but with addition of two dosages of MP30. At very low dosage, it can be considered a high retarding effect of MP30 on the CAC hydration (peak located at 80h). At higher dosage, a first peak is observed during the first hours whilst a second peak appears later at around 60h that could be attributed to alumina hydrates formation.
[image: ] [image: ]
(a) 					(b) 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK7]Figure 1. Conductivity / pH curves vs. time (a) and Exothermic profiles (b) for CAC and CAC+MP 30 neat pastes.

DSC and XRD measurements have been performed on the same neat pastes containing CAC vs. CAC+MP30 (150gr CAC+10gr MP30) to follow the hydration until 7 days from the casting (see Fig. 2). At 24h, it is suggested that MP30 inhibits the hydration of the CAC since only alumina gel is observed (that decomposes at around 100°C according to the DSC curve). 

[image: ]  [image: ]
(a)  					(b) 
Figure 2. DSC (a) and XRD (b) measurements for CAC and CAC+MP30.

After 7 days, a marginal amount of CAH10 is detected with MP30. This suggests that MP30 significantly inhibits or reduces the formation of these crystalline calcium aluminate hydrates, likely through a gelling mechanism. At 110°C, whilst C3AH6 and AH3 Gibbsite are formed for CAC paste, only AH3 Norstrandite is obtained for MP30. It is assumed that it derived from the removal of water from the aluminous gel during this first drying stage. 

Applicative performances 
[bookmark: _GoBack]An example of the drying ability of a refractory alumina castable is given in Fig. 3. In CAC castables (5%wt. CAC with and w/o PP fibers), dry-out typically spans a broad range from 100°C to 400°C (Fig. 3.a). However, MP30 castable (2.5%wt CAC+2.5%wt MP30) releases water much earlier (100-150°C) due to a unique hydration/dehydration mechanism that creates a highly permeable microstructure according to the permeability values measured at 110°C, facilitating a faster mass transfer during heating. The advantage of this behaviour is that internal pressure build-up is largely decreased (Fig. 3.b) and reducing the risk of explosive spalling of the castable. 

[image: ]   [image: ]
(a)  				(b)
Figure 3. TGA (a) and pore pressure (b) measurements vs T°C for CAC and MP30 castables.

CONCLUSION

The new binder MP 30 significantly reduces the risk of explosive steam spalling in refractory concretes by modifying the hydration path of calcium aluminate cement. By triggering the formation of gel-like hydrates instead of traditional crystalline structures, the material releases water at lower temperatures (100°C–150°C). This early dehydration creates a highly permeable microstructure that minimizes internal pressure build-up, enabling a faster, safer, and more economical industrial dry-out process.

REFERENCES
1. R. Salomao, V.C. Pandolfelli, “Dry-out temperature-vapor pressure profile of polymeric fiber containing refractory castables”, Journal Tech. Asso. Refract., Japan, 24 [2], pp 115-19 (2004).
2. C. Zetterström, J.M. Auvray, C. Wöhrmeyer, C. Parr, “Enhanced permeability for a rapid dry-out of refractory castables”, Proc. UniteCr 2015, Vienna.
1
*jeanmichel.auvray@imerys.com as corresponding author


3

image3.emf
20�C/ 1 Day

MP30

CAC

110�C

20�C/ 7 Days

Wg

-

1

(

arbitrary

unit)


image4.emf
020040060080010001200140016001800200051015202530Intensity (a.u.)2 Theta (°)

CAH

10

AH

3

Nordstrandite

CAC

MP30

CA

2

A

020040060080010001200140016001800200051015202530Intensity (a.u.)2 Theta (°)0200400600800100012001400160018002000

5 10 15 20 25 30

Intensity (a.u.)

2 Theta (°)

C

3

AH

6

AH

3

Gibbsite

20�C/ 1 Day

20�C/ 7 Days

110�C

Intensity

(

arbitrary

unit)


image5.emf
Cast-MP30

Cast-S71

Cast-S71 + PP Fibers

0

0,2

0,4

0,6

0,8

1

1,2

1,4

Cast-S71 Cast-S71

PP Fibers

Cast-MP30

Permeability (mD)

 110°C

 300°C


image6.emf
0

0,2

0,4

0,6

0,8

1

0

1

2

3

4

5

6

7

0 100 200 300

Internal Pressure (Bars)

Internal Pressure (Bars)

Internal Temperature (°C)

Cast-S71

Cast-MP30


image1.emf

image2.emf
20

30

40

50

60

0 10 20 30 40 50 60 70 80 90

Temperature (

°

C)

Time (hours)

CAC 

(150 gr)

+ MP30 

(1 gr)

CAC 

(150 gr)

+ MP30 

(10 gr)

75 mL water

Neat paste


image7.png
International Conference on

Calcium 20
Aluminates 26

A\





