New Additive Package for Microsilica Gel-bonded MgO
Castables
Hong Peng, Bjørn Myhre

The use of high-performance basic refractory castables is essential in
state-of-the-art steel-making and clean steel production. However,
self-flowing magnesia castables have not been widely used until
now. A major challenge is that during the hydration process brucite
is formed which causes volume expansion and subsequent cracking.
The objective of this paper is to present a new Elkem specialty product (SioxX-Mag), which has been developed for gel-bonded MgO
castables based on MgO-SiO2-H2O bond. It contributes to better
workability and setting behaviour while hot-properties remain unchanged. When SioxX-Mag replaces other dispersants in MgO castables, self-flow is more than doubled in our test system. Using SioxXMag, cracking caused by brucite formation is suppressed and crackfree dried samples are made. It is also observed that the explosion
resistance during firing has been significantly improved making fast
firing feasible.
1 Introduction
MgO castables have drawn wide interest
and a lot of research work has been done
during the last 30 years. It is well known
that high-performance basic refractory
castables play an essential role in state-ofthe-art steel-making. However, the MgO
castables are not widely used, possibly due
to difficulties in placement and setting. The
major two challenges for MgO castables are:
i) cracking, commonly called “slaking”,
caused by the hydration of MgO during curing and drying and ii) inadequate green
strength and short working time [1]. Already
in 1989, Elkem started work on a new
binder system for basic castables based on
the reaction between MgO fines, microsilica
(SiO2) and water [2]. This bond system was
first applied to magnesia, silicon nitride and
magnesia-carbon castables. It required low
water addition (5,0 – 5,5 %) and provided
adequate mechanical properties. An important observation was that no slaking occurred at 6 % microsilica addition. Since
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then, significant research on the use of microsilica in basic castables has been done. It
has also been demonstrated that the fines,
such as microsilica, play an essential role in
the setting and hardening process as well as
for the room- and high- temperature mechanical properties [3 – 7]. At room temperature, microsilica contributes to the bond
formation by interaction with MgO fines and
in the avoidance of “slaking” during set and
drying. At high temperatures (above
1000 °C), the MgO-SiO2 bond normally
transforms to forsterite if sufficient MgO is
available. Forsterite has a melting point of
1810 °C and should therefore provide good
bond in the system.
Recently, much research has focused on
hydration mechanism of magnesia with
water and additives (dispersants and retarders) in systems such as MgO-SiO2-H2O,
MgO-Al2O3-H2O and MgO-SiO2-Al2O3-H2O
[7 – 9]. Although it has been demonstrated
that the interaction between MgO and SiO2
prevents slaking, the mechanism has not
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been fully understood. At ALAFAR 2012
Hong et al. [10] presented preliminary results using an additive package designed to
promote the bond system MgO-SiO2-H2O for
cement free MgO castables. Since then, the
effect of additives and/or microsilica on slaking, the setting mechanism and flow have
been further investigated [11]. The data illustrate that the additives have a strong influence on flow and setting of castables. By
combining the optimum additives with sufficient amount of microsilica, crack-free MgO
castables have been made.
Based on our understanding of the use of
microsilica in MgO based refractory castables, a speciality additive SioxX-Mag has recently been developed. For ease of application and improved functionality, high-grade
microsilica is used as carrier in the product.
In this study, a microsilica gel-bonded MgObased castable is produced to demonstrate
the feasibility of making high-performance
basic refractory castables by using the new
additive package. For comparison, castables
using two other commercially available dispersants are also presented.

2 Experimental

2.1 Composition design
The particle size distribution (PSD) of the
overall compositions of gel-bonded MgO
castables was calculated using the EMMA
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Tab. 1 Composition of microsilica gel-bonded MgO castables
[mass-%]
MgO
(Nedmag)

MgO-I

MgO-II

MgO-III

5 – 3 mm

12

12

12

3 – 1 mm

24

24

24

1 – 0 mm

27

27

27

100 mesh

10

10

10

325 mesh

21

21

21

Microsilica

971 U

6

6

4

Dispersants

A

0,25

B

0,25

SioxX-Mag

2

Water

2.2 Properties measurements
Self-flow and vibration-flow of the freshly
mixed castable (after four minutes wet-mixing) were measured using the flow-cone de-

12

12

24

24

27

27

10

10

21

21

6

4

scribed in ASTM C230 (height of 50 mm, not
the more recent cone of 80 mm described in
EN 1402-4:2003). The self-flow value is the
%-increase of the diameter of the fresh mix
measured 90 s after removing the cone.
Cold crushing strength (CCS), cold modulus
of rupture (CMOR) and hot modulus of rupture
(HMOR)
were
measured.
The HMOR testing apparatus (Isoheat/GB) is
equipped with a pre-heating chamber such
that 10 samples can be kept at the
test temperature. The dried samples
(25 x 25 x 150 mm) are heated at 300 °C/h.
Explosion resistance was tested according to
the Chinese Standard YB/T4117-2003.
50 mm cubes are placed into a furnace heated to a pre-set temperature. The cubes are
inspected after 30 min exposure. The temperature at which cracks start to form or explosive spalling occurs is reported as the explosion resistance.
Refractoriness under load (RUL), was measured on cylinders with a height of 50 mm
and with a central bore of 12,5 mm diame-








Self-flow [%]

MgO-III

3 Results and discussion

5,5

program [12]. EMMA is a free-of-charge
and downloadable software, which is based
on the Andreasen model and is widely used
for evaluation and optimization of particle
packing in refractory castable mix design. In
the present study, the q-value is kept at
0,25. Tab. 1 shows the overall compositions.
Synthetic dead-burned MgO (NedMag 99)
with different particle size fraction and microsilica (Elkem 971U) were used.
The dispersants were SioxX-Mag, dispersant
A and B, and the dosage of each dispersants
was optimised. The optimum dosage of dispersant A and B is 0,25 mass-% and for
SioxX-Mag 2 mass-%. Since the carrying
material in SioxX-Mag is microsilica, the microsilica content in castable MgO-III is reduced correspondingly. Water addition was
kept at 5,5 mass-% for all mixes.

MgO-II
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ter, as described in ISO R1893 (1970). The
constant load on the test samples is
0,2 MPa. The equipment is designed in accordance with ISO R1893 (1970) and the
maximum testing temperature is 1800 ºC.
The samples are prefired for 24 h at 1500 ºC
before testing. A heating rate of 300 ºC/h is
used for both testing and pre-firing. During
testing, the expansion/shrinkage of the samples is recorded as a function of temperature.
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3.1 Flow and working time
Self-flow decay is shown in Fig. 1. It is observed that the castable with SioxX-Mag exhibits higher initial self-flow, up to 90 %;
while the other two dispersants only provide
a self-flow of about 30 %.
Except the difference in self-flow value, no
bleeding and separation were observed in
the wet mixes. Pictures after the self-flow
test are shown in Fig. 2.
As shown in Fig. 1, the MgO castable with
SioxX-Mag gives the longest working time.
After 90 min the self-flow drops from the
initial value of 90 to 60 % respectively; the
working time is about 2,5 h.
For the castables using dispersant A and B,
the drop in flow value is fast, from an initial
value of around 30 to 0 % respectively after
only 30 min. This implies that self-flowing
MgO castables with sufficient working time
can be made when the two commercial dispersants are replaced by SioxX-Mag.
As the gel-bonded MgO castable does not
give good temperature readings by using the
exotherms, the propagation of ultrasonic
waves through the castable was used to
monitor the setting and hardening process.
Fig. 3 shows the development of ultrasonic
velocity as a function of time. As stiffness
and speed of sound are closely related the
increase of velocity indicates the end of
working time and initial set. The results
demonstrate that the type of dispersant has
strong impact on the setting and hardening.
For dispersant A and B, the working time is
around 60 and 30 min respectively, whereas
for SioxX-Mag, the working time is extended
to approximately 3 h. The exact mechanisms
how the dispersants influence the setting
and hardening process is not fully understood, but will be further investigated. The
working time deducted from the ultrasound

additives.
Fig. 1 Self-flow
of MgO castables as a function of time and additives
mixed castable (after
using the flow-cone
As shown in Fig. 1, MgO castable with SioxX-Mag gives the
m, not the more recent
longest working time. After 90 min the self-flow drops from the
84
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3). The self-flow value
initial value of 90 % to 60 %; the working time is about 2,5 h. For
esh mix measured 90
the castables using dispersant A and B, the drop in flow value is
fast, from an initial value of around 30 % to 0 % after only 30 min.
This implies that self-flowing MgO castables with sufficient
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dispersant has strong impact on the setting and hardening. For
dispersant A and B, the working time is around 60 and 30 min;
whereas for SioxX-Mag, the working time is extended to
approximately 3 h. The exact mechanisms to how the dispersants
influence the setting and hardening process is not fully understood,
but will be further investigated. The working time deducted from
the ultrasound measurements is in good agreement with the flow-
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Fig. 2a–b Samples after self-flow testing of microsilica gel-bonded MgO castables
using different additives: a) SioxX-Mag and b) dis

persant A. The mix with dispersant B is similar to that of dispersant A

measurements is in good agreement with
the flow-decay measurements (see Fig. 1).

3.2 Cold crushing strength (CCS)
and cold modulus of
rupture (CMOR)



SioxX-Mag results in much less loss in flexural strength when
prefired around 1000°C than dispersants A and B. For example, the
C.M.O.R
of the sample with SioxX-Mag is 9,9 MPa, being 150 %

higher than the one containing dispersant A.
Apparently the type of additive not only affects the
 flow and setting

process of the gel-bonded MgO castables, but also influences the
strength at intermediate temperatures.

  
The reason for the drop in strength from 600 to 1000ºC is not fully
understood.
At approximately 1000°C, forsterite (M2S) starts to

form from the reaction between MgO and microsilica. When

forsterite
 forms, there is a significant shrinkage involved, some
10 % by volume. Micro-cracking may explain the reduction in

strength.
 At higher temperatures, strength is regained and this may
be attributed to sintering and crack healing.

CCS [MPa]

Time [min]



Fig. 3 Setting and hardening process of MgO castables
using


different dispersants
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C.M.O.R as a function of prefiring temperature is shown in Fig. 5.
The trend is as expected similar to that of the C.C.S. The use of
SioxX-Mag results in much less loss in flexural strength when
refractories
WORLDFORUM 5 (2013) [4]
prefired around 1000°C than dispersants A and B. For example, the
C.M.O.R of the sample with SioxX-Mag is 9,9 MPa, being 150 %
higher than the one containing dispersant A.
Apparently the type of additive not only affects the flow and setting
process of the gel-bonded
th
th MgO castables, but also influences the
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Fig. 5 Cold modulus of rupture (CMOR) as a function of
pre-firing temperature
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Fig. 6 Permanent linear change (PLC) as a function of pre-firing
temperature
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H.M.O.R is plotted as a function of test temperature in Figure 6.
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Fig. 7 Hot modulus of rupture (HMOR) as a function of the
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different dispersants.
RUL curves are shown in Fig. 8. For the castable with SioxX-Mag
and dispersant B, the expansion curves are similar. The maximum
expansion (1,75 %) occurs around 1420oC. Once the maximum
MOTIMis
expansion is reached, the samples slowly deform as temperature
increased. At 1706oC the deformation is 2 %. For the castable with
dispersant A, the temperature corresponding to the maximum
expansion is 1350oC. This confirms that the interaction between the
additives and bond phases of gel-bonded MgO castables is
important for high-temperature properties. The mechanism is still
unclear and further research is needed.
3.5 Explosion resistance
Tab. 2 shows the explosion test results of both “wet” and “dried”
samples. The samples were cured at 100% relative humidity at
room temperature for 24 hours before de-moulding. The freshly demoulded samples are labelled “wet” and samples dried at 110oC for
a further 24 hours are called “dried”.
Tab. 2: Explosion resistance of microsilica gel-bonded MgO
castables using SioxX-Mag and dispersants A and B.
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hot properties when substituting microsilica
with alumina in pumpable MgO castables. 4th

perature is increased. At 1706 °C the deformation is 2 %. For the castable with dispersant A, the temperature corresponding to
the maximum expansion is 1350 °C. This
confirms that the interaction between the
additives and bond phases of gel-bonded
MgO castables is important for high-temperature properties. The mechanism is still unclear and further research is needed.

3.5 Explosion resistance
Tab. 2 shows the explosion test results of
both “wet” and “dried” samples. The samples were cured at 100 % relative humidity
at room temperature for 24 h before demoulding. The freshly de-moulded samples
are labelled “wet” and samples dried at
110 °C for a further 24 h are called “dried”.
All “dried” samples show excellent explosion resistance and pass the test at 1000 °C.
The good performance is attributed to the
low amount of residual water in the bond
phase after drying, and a stable bond phase.
When the “wet” samples were tested, best
explosion resistance was achieved with
SioxX-Mag (700 °C). This indicates that the
additives play a role in the bond phase formation, such as MgO hydration and the interaction between MgO and microsilica in
the presence of water. The drying character-
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istics have been improved by using SioxXMag and fast firing of this type of castable is
feasible.
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March 2003, 148–156
[6] Ghanbari Ahari, K.; Sharp, J.H.; Lee, W.E.: Hydration of refractory oxides in castable bond sy-
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