DEVELOPMENT OF CASTABLESFOR BIOMASS FURNACES

Ing. Milan Henek, CSc.
Ing. Nad’a Pavkova
Primyslova keramika, Rajec-Je&sdi, Czech Republic

Abstract

Heat installation for incineration of various typafshiomass underwent enormous innovations ovep#se years.
Used refractory linings have to keep up with thetsgnges. Their service-life in furnaces is affedigadpecific
conditions and influences, such as alkali burstiogy;fusing ashes corrosion, extreme thermal shaadsetimes
requirements on subtle and complicated shapesiofliand many others. This article sums up cumderntlopment
of castables (monoliths and adapting pieces), @mes to the problem solution and experience fremmumerous
operating applications realised by the compariyrslova keramika.

1. Introduction

Burning of biomass represents one of several odsthfor generating energy from
renewable sources. Moreover, emissions from burmermgwable sources of energy do not
increase concentrations of so-called greenhousesgascause they are “fast-moving fuels”,
which means that CQOeleased in atmosphere is consumed through theghihesis process in
a relatively short time. Enormous development o iomass burners lays new requirements
on their refractory lining. Even though burning afianic materials comprised under the term
biomass [1] may seem trouble-free in relation tnlys, the reality is often very different. The
following article will deal in particular with defts of linings of the mentioned units, factors
influencing their service-life, methods of resatutiof problems, both structural, operational and
especially in the area of development of suitableactory materials. In this case, it concerns
liquefied refractory concretes and adapting pigoefabricated from them.

2. Energy-producing equipment for biomass burning

The term biomass includes all organic material fanauring photosynthesis process or
material of animal origin. Except for wood, whichthe most common, it includes:
Residual (waste) biomass:
- forestry wooden waste
- wooden and other waste of cellulose, paper, f@aed furniture industries
- plant residues from agricultural primary prodaoatistraw, tailings, litter for livestock, etc.).
- plant residues from landscape maintenance
- municipal biological waste
- waste from food industry.

Intentionally grown biomass:
- grassy energy crop (sorrel)
- woody energy crop (willow)
- corn (maize and other cereals)

Energy from biomass is obtained by direct inatien or by burning products of both wet
and dry biochemical processes, such as biogas,-ga®@nd others. There exists a whole range
of heat installations differing one from the othwr technology of burning and also output that
may vary from several kW to hundreds of MW. Thestdllations may be divided in:



- hot-water boilers for direct incineration of biass;

- steam boilers for direct heating with possiblenbmation with a steam turbine;

- gasifier combined with a boiler or co-generationt (internal combustion engine or turbine);
- co-generation unit for use of biogas;

- various combination of the said systems.

3. Defects of linings, their causes and solutions

As it arises from the above shown review, biomassiibg units represent a wide and
diverse range of installations and systems. Thperation depends on different technological
systems, outputs, operational modes and they useusafuels. However, some defects and
damages of refractory linings prevail. They maydhéded into three basic groups:

1) Reactions of lining materials with alkali compols
2) Corrosion caused by ash melts
3) Damage of lining caused by violent and frequer@nges of temperature

3.1. Reactions of lining materials with alkali compunds

During operation of furnaces, we often observieats of linings that show themselves by
peeling off of surface layers, cracking of wallimgeeping of individual parts, bumping of entire
dilatation fields. Such creeping or bumping runghi@ direction towards the warm, working side
of the lining. It is caused by reaction of alkalngpounds (in particular potassium) present in the
furnace environment with some mineralogical compiseof the refractory lining. These
reactions form new compounds (especially feldsgarsalso AO; B-modifications, and others)
of higher volume (lower density) than original mmials. The stated possible increase of volume
is 7 to 30 % depending on the compound formedTB¢ described phenomenon is calédkhli
bursting and it is the main cause of the described def&ttain created in the lining causes
peeling off of layers, formation of cracks and stimes creeping of parts.

The source of alkalis is fuel itself, concretggyincombustible inorganic fractions. Table 1
shows chemical analyses of ashes of some commds ffepresenting biomass. The shown
values evidence often high content of potassium asd calcium in residual ashes. These
materials are commonly designated as melts. TheYoar-fusing compounds easily evaporating
under operating temperatures and transported gogadorm throughout the entire furnace area.
That is why they may cause defects in parts ofgjaithat do not need to be necessarily in direct
contact with fuel. The defects are most often olestin temperature areas from 800 to 1000 °C.

Table 1 Analyses of ashes (% w.)

Ash Wood Slabs Corn Hay Pellets Corn Wheat | Triticale

and and pellets from residues

slabs rape corn and

straw residues| silage

Sio, 35.8 32.9 53.4 28.4 31.8 441 7Q 321
TiO, 0.8 0.6 0.1 0.1 0.2 0.2 0.1 0.1
Al,O3 8.7 9.3 3.0 0.9 2.4 3.0 0.8 2.0
Fe0s; 3.6 3.0 0.9 0.5 1.1 1.4 0.7 1.0
CaO 39.5 42.7 145 7.0 12.8 11.% 4.8 335
MgO 5.2 3.2 4.0 6.6 6.1 6.0 15.9 4.0




K20 2.6 2.1 175 27.3 18.2 15.1 34.9 13.0

Na,0 0.8 0.5 1.0 0.2 0.4 0.5 0.3 0.4

z 97.0 94.3 94.4 71.0 73.0 82.4 64.5 86.1

Alkali corrosion is difficult to prevent throughktructural organisation of a unit. The
solution consists in selection of a suitable rebbacmaterial, in our case it is refractory coneret
It is necessary to use such material that doesremtt with alkalis at all, or that forms
compounds that are not accompanied with volume gdmnlit requires selection of suitable
aggregate (grog) and, in particular, optimal contpms of the matrix. During development, we
use two basic methods:

- first, we monitor volume changes after firing pressed pellets that are formed from mixtures
of fine refractory compounds and various alkaltsg3], [4]. The test pieces (pellets) are shown
on fig. 1.

- hot reactions of alkali compounds and ashes tiijréc holes of refractory concrete joists,
where we evaluate structure of the joist after eyp®, any cracking, penetration of alkalis into
the refractory concrete fragments, etc. The testg@re shown on fig. 2.
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Fig. 1 Pellets Fig. 2 Joists
3.2. Corrosion of lining due to ash melt

It arises from the shown analyses of ashes tha, to high volume of alkali salts, in
particular potassium, residual ashes will change melt under quite low temperatures. Under
commonly achieved operating temperatures in fushateey will exist in semi-liquid to liquid
state and corrode quite rapidly the refractoryniinin contact.

Solution of this condition has two layers. Thestfione should prevent presence of melt in
the furnace area, therefore it concerns espedakygners of furnaces and their users. Furnaces
should not be designed for and operated at unrextlgsisigh temperatures. Speed of corrosion
of a refractory material by ash melts is influengadparticular by temperature. Increasing
temperature makes any present melt less viscoumarglreactive.

Some sources state that speed of corrosion caysawlb gets two times faster if temperature
increases by 30 to 50 °C. [5]

Considering chemical composition of ashes, eyeraiion under quite low temperatures
often does not prevent formation of melt. Thersinecessary to apply refractory materials
resistant to melt corrosion. As the chemical contwsof ashes is similar to that of alkali glass
melt, materials usually used in glass melting foasaare used. Corrosion resistance is tested
both using the crucible as well as finger method;pnefer the finger one. During this test, a rod
of a tested refractory material is immersed in acitle with melted ash and the crucible is
rotating throughout the whole time of test. A bigvantage of the test is more intensive



corrosion because the method shows higher ratiwdagt the weight of corrosive agent (ash)
and refractory material than the static crucibleimd. It is necessary to stress, nevertheless, that
there are quite few places exposed to melt comosiadhe whole range of linings of biomass
incineration furnaces. However, the increasing n@uwf incineration of straw and straw pellets,
frequency of such problematic places will incretase

3.3. Damage of linings caused by violent changestefmperatures

Even though defects of linings are often said tochesed by other factors, the majority of
cracking, crushing and breaking off is caused kgdent changes of temperature of the lining.
This is connected with operation of furnaces beeaudy few furnaces work continuously for a
long time. Operation without cooling down is commespecially for large furnaces whose
output represents tens of MW. The smaller a furnacéhe more frequent are interruptions of
operation, which is accompanied with rapid coolilogvn and then warming up or its lining.

Prolongation of service-life of linings dependart@lly on a designer of the heat
installation, but in particular on the refractoryat@rial used. Periodically operating furnaces
must be designed especially with smaller dilatatimits, optimum anchoring of walling and
corresponding width and distribution of dilatatjomts.

There are several ways to develop refractory rittisoand adapting pieces resistant to
temperature changes.
- Increase of tension strength of refractory concretes, where addition of needles of refractory
steel, so-called dispersed reinforcement, provedaketefficient. However, their use is limited by
temperature at which the steel fibres are stiltfiomal.
- Increase of thermal conductivity of ceramic body, where temperatures equalise faster in the
section of lining, which means that pressure, ihdhe cause of destructions, drops too. In the
described area, thermal conductivity is most ofteneased by addition of silicon carbide. These
solutions are frequent, but application of siliccerbide materials is limited at temperatures
above 1100 °C when oxidation begins. SiC mateaadsalso less resistant to corrosion by ash
melts.
- Use of aggregate (grog) with low coefficient of thermal expansion. The best known ones are
silica glass and cordierite. Their use is partidliyited due to operating temperature (in
particular in case of silica glass — recrystalligifower corrosion resistance and higher price.
- Adjustment of matrix structure. In our case, this is recently a new developmergction that
does not impair the previous methods [6]. The m@pleds to form intentional inhomogeneities, if
possible microcracks, in the matrix structure, whsubstantially reduces spreading of cracks.
This method is suitable for most of material conifpmss of refractory concrete and it is
convenient for liquefied mixtures with reduced @nitof cement. The so adjusted refractory
concretes have practically no upper temperaturé Inrmcomparison with the above described
methods. Table 2 shows results of temperature ehargistance tests performed using a
modified DIN 51068 method, when joists were usegdlate of prescribed rolls as testing bodies.
Refractory concrete with an adjusted matrix arekedias HT.



Table 2 Refractory concrete castables for lininfgsieamass furnaces
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4. Recommended refractory castables for biomass fonaces

The previous table 2 sums up the basic typesfodatory castables that are used in various
parts of linings of heat installations incineratinigmass group fuels. Except for basic physical
and chemical, mechanical and technological dat,table specifies also their suitability for
individual areas of operating load, as describegrevious paragraphs. In general it is not
possible to propose one universal lining materal & given area. Regarding operating
conditions, lining load, incinerated fuel and ceffteiency of operation, it is necessary to choose
different refractory material for different furnacand places in them.

5. Conclusion

The text describes only the most frequent damagfedinings and directions of
development of refractory concretes resistant tth slefects. There are, of course, many other
factors that affect linings that are not describede. Neither are mentioned various refractory
materials from the field of refractory monolithsathare used for the purpose of protection of
heat-transfer surfaces of furnace membranes, ggmmiaterials and others. Of course, burnt
construction materials are used for linings ofdescribed furnaces too. Considering production
line of the company that prepared this article, gnestion was aimed at hydraulically bound
liquefied refractory concrete that is installecthve given furnaces either as monoliths or as pre-
fabricated adapting pieces.
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