REFRACTORY
MATERIAL

Simon Kofoed-Dam,

HASLE Refractories,
explores the capabilities and
limitations of silicon carbide
(SiC)-containing refractories
and shows how modern low-
cement castables (LCC) can
achieve abrasion resistance,
coating control, and thermal
efficiency through
microstructural engineering
and raw-material selection.

n the demanding environment of cement
production, refractories are the silent workhorses
that secure thermal stability, mechanical
integrity, and continuous operation. Yet the
load cases they face vary widely between
plants due to differences in equipment design,
process configuration, operating philosophy,
and fuel and raw material mixes. Sharp thermal
gradients, mechanical impact, abrasive dust flows,
corrosive atmospheres, and unstable combustion
all contribute to complex, site-specific wear
mechanisms.

The increasing use of alternative fuels (AF) and
push for higher thermal substitution rates (TSR)
further intensify these challenges. More volatile
combustion behaviour, greater temperature and
pressure fluctuations, and increased circulation
of corrosive species such as alkalis, sulfur,




and chlorine impose additional demands on
refractory linings — particularly in critical zones,
including kiln inlets, risers, bull noses, and nose
rings.

While installation quality, anchoring systems, and
controlled drying remain essential, long-term lining
performance is ultimately governed by the
intrinsic properties of the refractory material
itself. Raw-material selection, bonding system,
mineralogy, and microstructural design determine
resistance to thermal cycling, abrasion, chemical
attack, and coating formation.

Over recent decades, silicon carbide
(SiC)-containing castables have often been
regarded as benchmark solutions for critical
cement plant zones, valued for their abrasion
resistance, thermal-shock behaviour, and ability
to form a protective silica layer under favourable
conditions. When properly designed and
applied, SiC-enhanced castables can outperform
conventional systems. However, SiC is not a
universal remedy; its use introduces technical
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Figure 1. Temperature profile of a cooler bull
nose lining using D59A (non-SiC, Mullite +
Andalusite based material) and D1600SC (53wt%
SiC material). Heat transfer coefficients: Hot Face
= 150 W/m? K, ambient = 12 W/mZ2.

and economic trade-offs that must be carefully
evaluated during material selection and lining
design.

Advances in particle packing, raw-material
selection, and matrix engineering allow modern
low-cement castables (LCCs) to deliver many of the
performance advantages traditionally associated
with SiC.

SiC-containing castables: performance
enhancer with trade-offs
In the 1970s, it was discovered that adding
silicon carbide (SiC) to conventional castables
could significantly enhance wear resistance,
thermal-shock behaviour, and resistance to
chemical attack. SiC itself has a long history,
having been synthesised unintentionally in
1891 by Edward Goodrich Acheson during
experiments aimed at producing synthetic
diamonds. Its extreme hardness and thermal
stability led first to its use as an abrasive and
later in refractory bricks, before these properties
encouraged its incorporation into castable
formulations.

In early castable systems, SiC helped
compensate for key shortcomings of
high-cement designs, including high CaO
contents that promoted low-melting phases,
reduced hot strength, and relatively high
porosity. While highly effective in improving
performance, the incorporation of SiC — also in
modern low-cement castables — fundamentally
alters the thermal, mechanical, and chemical
behaviour of the lining, introducing trade-offs
that must be carefully evaluated for each
application.

Thermal-shock resistance versus heat
loss

Silicon carbide exhibits exceptionally

high thermal conductivity compared to
conventional refractory raw materials. From

a thermo-mechanical perspective, higher
thermal conductivity reduces temperature
gradients across the lining thickness, thereby
lowering differential thermal expansion and
associated stresses. As a result, SiC-containing
castables typically show outstanding resistance
to thermal shock and rapid temperature
fluctuations.

However, this benefit comes at a cost. The
increased thermal conductivity raises the overall
temperature level within the lining, leading to:
< Higher heat losses, directly increasing

operational energy costs (OPEX).
< Elevated temperatures at supporting steel

components, such as anchors and support
plates, which may exceed their long-term
creep limits and significantly reduce service
life.
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A practical example is shown in Figure 1, comparing
a conventional mullite-andalusite castable combined
with an insulating layer to a lining design using

a 53 wt% SiC castable in a cement cooler bull

nose. Despite identical boundary conditions, the
SiC-containing design results in approximately

17% higher heat loss and increases hot-face
temperatures by more than 100°C. This temperature
increase can be critical for the integrity of steel
components.

Creep deformation of carbon and stainless steels
follows an exponential temperature dependence.
Consequently, a seemingly small increase in
operating temperature can reduce the effective
lifetime of anchors by an order of magnitude. In
practice, this means that SiC-containing linings often
fail not by refractory wear, but by loss of mechanical
support.

Figure 2 illustrates a real failure case in which a
30% SiC castable was installed directly on steel
support plates at a nose ring. After only three
months of operation, anchor failure occurred due to
creep and corrosion at elevated temperatures.

Abrasion resistance: hardness alone is
not enough
Silicon carbide is among the hardest known
materials, and high hardness
contributes strongly to abrasion
resistance under erosive conditions
such as dust-laden gas flow or clinker
impact. In principle, incorporating
SiC particles into a castable increases
resistance to mechanical wear.

However, abrasion resistance is not
governed by raw-material hardness
alone. The ability of the surrounding s
matrix to transfer mechanical loads 6
to hard particles is equally critical. If
SiC grains are embedded in a weak
or poorly bonded matrix, they will be
pulled out under abrasion, offering
little benefit.

Figure 3 illustrates this effect
by comparing abrasion and
thermal-shock resistance of different °
HASLE materials. At 1000°C, the 03
SiC-containing D1600SC exhibit
lower abrasion resistance than
the chamotte- and mullite-based
D55A-EF. This reflects deliberate
microstructural design: D1600SC ?
prioritises thermal-shock resistance
through the combination of SiC and
andalusite.

The quartz phase in andalusite
undergoes a transformation at around
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Figure 2. Failure of a 30% SiC refractory
material at nose ring (kiln outlet) after only
3 months of operation at a cement plant

in South Asia. The initially installed steel
anchors failed at steel plate level (creep and
corrosion).

Thermal Shock resistance (ISO 993-11)

prefired to 1350°C

prefired to 1000°C

Abrasion Resistance (ASTM C704)

prefired to 1000°C

prefired to 1350°C

W D55A-EF mD1600SC HyPerCast Premium

575°C, inducing microcracking.
While beneficial for thermal-shock
resistance, these microcracks reduce
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Figure 3. Comparison of thermal shock resistance and
abrasion resistance of various HASLE materials.
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Figure 4. Reduction of a high SiC containing
castable in a reducing boiler atmosphere.

Figure 5. Cone in the lowest-stage cyclone at
an 8000 tpd cement plant in South-East Asia

after 39 months of service (September 2025).

Figure 6. Cyclone wall in the same
lowest-stage cyclone after 39 months of
operation (September 2025).

matrix strength and thus abrasion resistance at
intermediate temperatures.

At higher temperatures, progressive sintering
strengthens the matrix and abrasion resistance
increases accordingly. This demonstrates that
SiC addition alone does not guarantee superior
abrasion resistance; only a fully optimised castable
design — particularly of the matrix — allows the full
potential of SiC to be realised.

Recent developments using non-cement
bonding systems, optimised particle-size
distributions, and high-purity synthetic raw
materials demonstrate that it is possible to
combine excellent thermal-shock resistance
with outstanding abrasion resistance. This
design philosophy is exemplified by the HASLE
HyPerCast precast material (Figure 3). By
combining a non-cement bonding system, a
tightly controlled particle size distribution, and
high-purity synthetic raw materials, a dense and
mechanically strong matrix is obtained. In this
system, SiC particles are effectively load-bearing,
resulting in a rare combination of extreme
thermal-shock resistance and outstanding
abrasion resistance.

Alkaline resistance and atmospheric
conditions

One of the most cited advantages of
SiC-containing refractories is their resistance to
alkaline attack. Under oxidising conditions at
elevated temperatures, SiC forms a dense silica
(SiO,) layer on the surface according to:

SiC +1.50, — SiO, + CO

This glassy silica layer seals surface pores and
limits the penetration of alkalis and other
corrosive species. However, the formation of
this protective layer is strongly dependent on
both temperature and atmosphere. Below
approximately 800 — 850°C, oxidation kinetics
are too slow to form a continuous, sealing SiO,
layer within relevant operating times, meaning
little to no improvement in alkali resistance can
be expected in such zones.

Effective pore sealing typically requires
temperatures in the range of 900 — 1100°C under
stable oxidising conditions. As a result, the alkali
resistance of SiC-containing castables is highly
application-specific and cannot be assumed in
cooler sections of the preheater system.

Moreover, under reducing conditions — such as
near burners, beneath thick coatings, or during
unstable combustion — SiC reacts differently:

SiC+ 0O, —SiO (g) + CO

The formation of gaseous SiO leads to material
loss, increased porosity, and accelerated
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chemical degradation. In such environments,
SiC does not protect the lining but instead
contributes to its deterioration, as illustrated by
severe reduction damage observed in high-SiC
castables exposed to reducing biomass boiler
atmospheres (Figure 4).

Economic considerations

Finally, SiC-containing castables are significantly
more expensive than conventional alternatives.
In addition to higher material costs (CAPEX),
increased heat losses can raise operating
expenses (OPEX). These additional costs must
be offset by extended lining lifetime or reduced
maintenance.

Low-cement castables - a shift in
design philosophy

From the late 1970s, refractory development
gradually shifted towards engineering the
matrix itself, leading to the emergence of
low-cement castables (LCCs). By reducing CaO
content to approximately 1 — 2.5%, refining
particle packing with microsilica, and applying
optimised particle-size distribution models such
as Andreasen and Dinger-Funk, researchers
achieved significantly denser matrices with lower
porosity and reduced water demand.

The resulting microstructures provide high
hot strength through sintered alumina bonding,
improved resistance to thermal cycling, and
smoother, low-porosity surfaces that limit gas
penetration and coating formation. Lower CaO
levels further enhance high-temperature durability
by minimising weak, low-melting phases.

Today, modern alumina-silica LCCs can deliver
high abrasion resistance, thermal-shock tolerance,
and chemical stability, while offering greater
thermal efficiency and stability under fluctuating
operating conditions compared to SiC-containing
systems — rendering SiC a targeted option for
specialised use cases rather than an essential
component of high-performance castable design.

This design philosophy underpins HASLE's
LCC portfolio, where dense matrices, controlled
grain-size distributions, and carefully selected
virgin raw materials translate material engineering
into robust field performance across demanding
cement pyroprocess applications.

South-East Asia: long-term durability
across multiple preheater zones
In the lower parts of the preheater — including
the bottom cyclone stages, riser duct, and
smoke chamber — AF residues, dust loading, high
gas velocities, circulating chemical species and
intensified coating tendencies place exceptional
demands on the refractory lining.

At an 8000 tpd cement plant in South-East Asia
operating on coal and 20 — 35% AFs (primarily
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Figure 7. Roof lining in the lowest-stage
cyclone at an 8000 tpd cement plant in
South-East Asia after 24 months of operation
(September 2025). HASLE D59A remains in
service with minimal signs of wear.

Figure 8. Exterior view of the riser duct at
an 8000 tpd South-East Asian cement plant
during preparation for lining with HASLE
D59A.

Figure 9. Inspection of a riser duct lining with
HASLE D59A after 32 months of operation at
an 8000 tpd South-East Asian cement plant,
during a scheduled shutdown in May 2023.
The lining was in good operating condition
with minimal wear and continued in service.



Figure 10. Inspection of HASLE D59A in the
riser duct after 36 months of service at an
8000 tpd South-East Asian cement plant
(September 2023). The new D59A lining
continues to operate today, approaching
2.5 years of service.

Figure 11. Installation of HASLE D52A
low-cement castable in the kiln outlet nose
ring at the 5500 tpd cement plant in southern
India, in late 2021.

Figure 12. Kiln outlet nose ring lined with
D52A at 5500 tpd cement plant in southern
India after eight months of operation.

biomass waste and tyres), HASLE D59A has been
used extensively for more than a decade to address
these stresses. Designed for zones exposed to
abrasion, alkali attack, and thermal cycling, D59A

is based on high-quality andalusite and mullite. Its
dense, low-porosity matrix limits gas infiltration

and provides a smooth, coating-resistant hot

face — essential in areas prone to build-up.

In the lowest-stage cyclone, the cone, walls, and
roof are fully lined with DS9A. An inspection during
a planned shutdown in September 2025 found the
cone and walls in good condition after 39 months
of service, while the roof lining has operated reliably
for 24 months. All sections remain in operation with
minimal coating, despite the plant’s high TSR.

The same plant had previously struggled with
premature wear in the riser duct, where a locally
sourced castable delivered only around 18 months
of service and required frequent cleaning. After
switching to HASLE D59A in 2016, service lifetimes
increased to 24 — 36 months with significantly fewer
maintenance interventions. During a major upgrade
in late 2023, the duct was proactively relined after
36 months of stable operation, and the new lining
continues to perform well.

India: castable nose ring for
supporting sustained kiln operation
Further downstream in the pyroprocess, at a
greenfield 5500 tpd plant in southern India operating
on a fuel mix of 70% coal and 30% petcoke, HASLE
materials were selected for several high-stress areas
during commissioning. These included the cooler bull
nose, burner pipe, and the kiln outlet nose ring —a
zone exposed to direct clinker impact, severe thermal
cycling, and continuous abrasion.

The plant selected HASLE D52A,
a mullite—chamotte low-cement castable. Its
dense, high-strength matrix provides excellent
abrasion resistance, thermal-shock resistance, and
a smooth impact surface. Installed in late 2021,
the plant entered full-capacity operation in June
2022 following initial trial phases. The nose ring
lining remained in good condlition until a scheduled
shutdown in December 2023, when it was
proactively replaced as part of routine maintenance.
A subsequent installation in April 2025 continues
to perform reliably, with HASLE D52A consistently
achieving service lives of 16 — 18 months under
demanding kiln outlet conditions, even while
operating above design capacity (~6500 tpd).
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