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1. System stability by material properties and construction
System stability of a boiler tile system is based on two factors:
• material properties of the system components,
• construction of the boiler tile system.
Some decades ago, during the development of the SiC boiler tile materials, the main
consideration was focussed on material properties. Underestimated however, was the
importance of the fact that even the best materials don’t perform in a construction
which is not solid and stable from the start on. In the development of the VDHR system, both aspects, material properties and construction stability, have been extensively
addressed to. In general, boiler tile systems are developed with expansion allowance
based on their chemical/physical characteristics; reversible and irreversible expansion.
This in relation with the (reversible) thermal expansion of the boiler pressure parts.
In this respect it is also obvious that controlled heating up and cooling down of the
boiler, is of major importance.

Initially, in the development phase of boiler tile systems, the expansion allowance was
arranged in panels of approximately 12 to 16 tiles (+/- 1m2). Subsequently, practice
showed that because of the oxidation of SiC = irreversible expansion, more expansion
575
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Figure 1 shows this relation, it’s well visible that for the irreversible expansion of the
refractory material on the long term, expansion allowance needs to be reserved in
the joints from the start.
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was necessary and this resulted in time in a system with expansion allowance for each
individual tile. This appeared to be a great improvement, however not enough. In case
of back filled tile systems, the importance of a non-disturbed curing of the backfill
castable in connection with the tiles was not in all cases properly addressed to. This
resulted in damage to refractory linings, from which the root causes were not always
fully understood. Usually the discussion was about material properties versus wrong
installation. In retrospective, it was often the supplier of the refractory tiles who was
wrongly blamed.
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The configuration of the tile system was in this respect an underestimated factor.
To understand this, one has to consider that in the process of mounting of the tiles,
the bond between backfill castable and the rear side of the tile is an issue of great
importance. In case there is any disturbance of this delicate binding process, it has
devastating negative influence on the heat transfer of the combined SiC tile-castable
system.
This knowledge led to the principle of system stability before backfilling. In practice,
during the mounting of the system, the tiles are installed and periodically backfilled,
approximately after mounting every 2 or 3 rows of tiles. During the curing of the
castable, the mounting of the tiles above the already backfilled rows continues. In a
situation where the tile system is not stable in all directions, movements of tiles occur
alongside the backfill castable in different stages of the curing process, thus disturbing
the essential contact between tile and castable.
The extent to which this disturbance might occur depends on the following two factors:
576
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The vertical speed of installation
Which on its turn is depending on the area which needs to be tiled. In a big boiler where
3 or 4 walls are tiled in one course of work, the total horizontal length of the area can
be 30 to 40 running meter (m1). In this case the vertical progress will be limited as a
function of the horizontal progress. This might mean that the backfill castable could
be cured in time, before the load of the subsequent horizontal layers above each other
cause a too high load, resulting in vertical movements.
However, in case of a small boiler, or a limited area to be tiled, the vertical progress of
installation can be much higher, thus resulting in several meters of tiles vertically piled
above each other, with uncured and/or partly cured castable behind it. In case the system
stability is not totally arranged before backfilling, this leads to movements during the
curing of the castable thus causing loss of contact / loss of thermal conductivity.
The curing time of the castable
Which depends on the ambient temperature of the working area, the proper mixing
(correct water amount). Curing time can also be influenced by the suppliers’ castable-recipe.
Both the above factors can vary and sufficient control of the curing process in relation
with the (vertical) mounting progress, is not always possible.
For that reason, the boiler tile system was developed in such a way, that system stability
in all directions is guaranteed before the backfilling starts. This allows the backfill castable to cure undisturbed in connection with the rear side of the tiles. This results in an
optimum heat transfer, meaning that the complete system stays below the temperatures
in which oxidation of SiC material and anchor material takes place.

2. System stability after installation of the boiler tile system
When the above activities are all successfully completed, the commissioning of the
installation can take place. Based on the principles in Figure 1, this usually takes place
in a very controlled manner.
During the campaign life of the boiler however, events can take place that might have
a negative influence on the stability of the tile system. In this respect are mentioned:

In case of a crash stop, caused by for instance turbine problems, leakage of pressure
parts and such, the cooling down of the installation sometimes takes place in a very
uncontrolled way (Figure 2). This most likely leads to an unbalanced situation in the
system of tiles/castable and pressure parts (Figure 1). Figure 2 shows that the temperature in the boiler drops from 900 °C to 150 °C within 20 minutes. So to speak, the
partners grow apart, leading to the first stage of removal, as shown in Figure 4.
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Unplanned stops (crash stops)
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temperature over zone 1 and 2 LIJN 2

2017-6-24 07:03:39
02HBK10CT021
103.7 °C
02HBK10CT022
122.6 °C
02HBK10CT023
164.6 °C

temperature over zone 4 and 5 LIJN 2

2017-6-24 07:55:25
02HBK10CT024
62.7 °C
02HBK10CT025
76.0 °C
02HBK10CT026
59.5 °C

Figure 2:

Uncontrolled cooling down in crash stop situation

Detonative cleaning
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Companies performing detonative cleaning for slag removal are fully aware of the
risk of damage to essential installation parts, so they do their utmost to be careful.
However, it is often inevitable that refractory tiles suffer from the impact of the explosions. The following Figure shows examples of this. The direct damage is clearly visible
(the fractured surfaces are not polluted by fly ashes as would have been the case when
the damage had been from an earlier time).

Figure 3:
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Visible damage due to explosive cleaning
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Beside the direct visible damage, it is obvious that also invisible damage to the boiler
tile system occurs. Due to the impact of the explosions, the tiled membrane walls suffer
from sudden movements that can lead to a situation as showed in Figure 4B or even
4C. It is obvious that the overall quality of the refractory lining diminishes substantially
by the practice of uncontrolled detonative cleaning.
The thermal effect of disturbance of the bond tile/castable is showed in Figure 4, and
leads to:
• decreased heat transfer,
• higher hot face temperatures,
• melting fly ashes stick to hot face lining,
• slag build up,
• underperformance of the boiler and shorter lifetime of refractories,
• negative impact on Total Cost of Ownership.
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3. System stability in practice
3.1. Case- Boiler- / Grate combustion

• 2 boilers
• 18 tonnes/hr. per boiler
• Grate width: 7 m
• Boiler steam
temperature: 270 °C
• SiC tile surface
per boiler: 550 m2
• Silicon nitride-bonded
SiC tile
• Back-filled with 60 %
SiC self-flowing castable

Figure 5:
Equipment performance indicators

After the first extensive replacement of the tile system in 2015, we became fully aware
of the influence of total system stability before backfilling on the overall heat transfer
in practice. In this chapter, this case is described.

3.1.1. Description
For a planned maintenance stop on two identical combustion lines, it was decided to
replace approximately 45 % of the SiC tiles in both boilers. Based on the comparison
of data sheets, it was expected that the newly installed VDHR tile system would be
thermally equivalent to the existing back-filled SiC boiler tile system as measured in
the new built situation.
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3.1.2. Information / Experiences
However, after replacing approximately 45 % of the total refractory lining, it turned out
that when the equipment went back into service, the furnace did not reach the desired
temperature level and considerable burner support was required (Table 1).
Figure 6 shows the theoretical model of the heat transfer through the boiler wall.
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The Table below shows the deviation in temperatures after the replacement of 45 %
of the boiler tiles.
Table 1:

Temperatures in the original (new) situation of the boiler (first lining) compared with
temperatures after the 45 % replacement with VDHR boiler tiles in August 2015
100 % original back-filled
55 % original back-filled system,
system in the new built situation
with 45 % VDHR tile system

AGAM level

948 °C

895 °C

roof first pass

842 °C

797 °C

Based on the original boiler simulation, additional calculations were made by an
external engineering office to determine the cause of this phenomenon. With regard
to the comparable material properties of both systems, it was found that there was no
noteworthy difference.
A possible part of the temperature reduction was due to the lower degree of contamination of the newly installed tile surface. A clearly demonstrable cause was not known
at the start.

There are significant differences in design, in which the stability of the system before
backfilling is the most distinguishing factor. The system is 100 % stable before the
back-filling process starts, see Figure 8. This is in contrast to some other back-filled
581
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An additional internal study of the construction aspects of the tile system has provided
a plausible explanation for the higher thermal conductivity of the system compared to
the previously built-in (apparently) comparable system.
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systems where tiles move and/or sag during installation, even during the curing of the
back-fill castable. This as a side effect of the mounting of the subsequent rows of tiles
above the area’s which are already back filled.
The increasing load (gravity) that these new rows of tiles transfer to the underlying
rows that are already but not yet cured or only partially cured, causes a vertical shift.
This results in separation cracks between the castable and the tiles, which negatively
influence the heat transfer. The effects of cracks of one tenth of a millimetre and larger
are described in Figure 4.

Figure 7:
Refractory lining with the new
tile system

After mounting tiles and
before back-filling, the
system is already stable
in all directions. During
and after back-filling
no movements possible.

anchors
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tight anchor/
tile connection

kg
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SiC
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Back-fill
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in different
stages of
curing
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kg
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Figure 8:
582

No compression of
expansion felt during
installation possible

Liner/Spacer is not
compressible at ambient
temperature
Conclusion: maximum
contact between tile and
back-fill castable established

Stability of the tile system

Expansion felt

Liner/Spacer

System Stability of a Boiler Tile System – A Matter of the Greatest Importance

Figure 8 explains the construction of the tile system and shows that two elements are
responsible for the total system stability before back filling.
1. the liner-spacer, which provides a non-compressible connection between the tiles
in vertical direction during the installation,
2. the wedges, which facilitate that all anchors are in close contact with the tiles and
prevents horizontal movements.

3.1.3. The solution
After the cause of the increased heat conduction was known, a solution for the in
this case superfluous heat conduction was investigated together with the client.
The replacement of the remaining 55 % of the boiler lining was planned a year later,
so the solution had to be prepared in advance.
The following solutions were investigated.
• use of a lower thermal conductivity back-fill castable, i.e. without SiC,
• concept as above, but additionally with a longer anchor and thus a larger backfill
joint,
• alternative composition of the SiC tile, especially with a lower thermal conductivity,
• a combination of the above adaptations,
• install the new surfaces unchanged and then artificially soil the walls so that less
heat is dissipated, especially in the first few months after commissioning.

During the replacement in September 2016, of the remaining 55 % of the tiles, this
method was used, not only on the new tile replacement area, but also on the 45 % of
tiles replaced one year earlier, which area was still relatively clean after one year of operation. After the commissioning the chosen solution appeared to fulfill the requirements.
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From the calculations of the external engineering office it is clear that a mere adaptation
of the backfill castable and/or the enlargement of the joint would not be sufficient to
achieve the desired lower thermal transfer. A combination of the thermal insulation
measures would be necessary. However, such a solution was considered undesirable,
as it would work properly in the beginning, but would be detrimental throughout the
entire service life of the boiler refractory lining, as this would lead to a reduction in
throughput after a few years and result in a shorter service life. For this reason, the
last-described solution was chosen, the artificial soiling. The following reasoning was
decisive: Excessive heat transfer is expected to decrease slowly and naturally over the
course of the year due to natural pollution. However, if a few millimetres of the artificial pollution layer is applied immediately after the installation of the new tile system,
the desired lower thermal transfer condition is directly achieved without additional
changes to the tile system. The artificial coating consists of a mixture of refractory
mortar, bio-soluble high temperature fibres and water glass. This material does not
adversely affect the material of the tiles.
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The boiler easily reached the desired temperatures and has up to now been working to
the complete satisfaction of the client.

Figure 9:
Completed refractory lining
with artificial pollution

4. Conclusion
Based on the information above it may be concluded that the continuous quality improvements of the refractory materials, combined with a solid and stabilized boiler tile
concept, offers the WtE customers the best starting point to achieve optimum Total
Cost of Ownership (TCO) concerning their boiler performance.
With that, the operators of these customers need to be continuously aware of their
own responsibility during their operational management of the basic requirements of
the boiler tile system.
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