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EFFECTS OF DIFFERENT FUEL TYPES ON THE OPERATIONAL 

PARAMETERS OF A BIOMASS BOILER 
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Modern district heating systems represent an attractive alternative for the local population in 
accommodating their demand for thermal energy. In case thermal energy is generated in biomass 
combustion units (biomass boilers), it contributes to the reduction of pollutant emission associated 
with the burning of fossil fuels. 

In this study, a wood chip boiler of 3MW net capacity is examined, the heating performance of 
which dropped drastically due to the depositions formed on the internal chamotte lining. Our aim was 
to investigate the exact reasons that lead to continuous slag formation and growth during operation. 
We were looking for correlations between the various fuels combusted, the operational parameters of 

the boiler and the slags formed. 
After determining the combustion parameters of the fuels used, samples were prepared of the fuel 

ashes and the slags to examine the softening characteristics. The structure and composition of the ash 
samples were analysedby scanning electron microscopy. Based on the results, conclusions were 
drawn and potential measures have been proposed. 
Keyworlds: biomass boiler, wood chips, slag 

 

1. Introduction 

The optimal way to provide buildings with heating and domestic hot water is a central 

question for many countries in the world. While pointing out the “best fit” andmost 

appropriate energy systems is still a hotly debated issue, there is a general consensuson the 

point that fossil fuel combustion should bedrastically cut. Some go as far as designing 

systems based up to 100% on renewable fuels [1]. Various approaches promote the 

construction of low- or zero-energy buildings, while others advocate the efficient utilization 
of renewable energy resources and waste heat generated as the by-product of various 

industrial activities. The latter solution inevitably involves the transmission of centrally 

produced thermal energy to end-users via district heating systems. District heating systems 

(DHS) are based on a central heating plant, which provides the adjacent buildings with 

thermal energy and domestic hot water [2]. Using advanced high-efficiency biomass 

boilers, the primary energy consumption of the district can be considerably reduced, while a 

higher level of energy efficiency can be achieved. These benefits compensate for the 

environmental risks associated with the operation of such boilers [3], 4]. 

The use of hydrocarbons, more specifically of natural gas is predominant in the energy 

structure of Hungary. Gas plays a significant role in heat production, mainly in the 

domestic sector which is up to 90% dependent on this fuel type. Most district heating plants 
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(> 80%) operate on import gas, whereas Hungary has no effect whats oever on market 

trends and price fluctuations. In order to reduce the country’s import dependency and 

exposure torising fuel price, it is critical that fully fossil-based thermal energy production 

be at least partially converted to renewable-based supply systems. One potential route is to 

involve biomass as fuel in district heating. Biomass-based district heating systems are being 

operated successfully all over Europe, and a growing number of Hungarian towns are 

planning to implement similar networks [5], 6, 7, 8]. It is important to emphasize that – 

along withthe reduction of fossil fuel dependency – the utilization of biomass sources 

creates new workplaces locally, promoting social and economic progress within the given 

community [9]. 

MIHŐ short for MiskolciHőszolgáltatóKft. (Miskolc District Heating Supplier LLC) is 

a public service provider, operating the second biggest district heating system in Hungary 
and providing heat to about 32,000 households and 1,200 public institutions.  

Until recently, district heating had been exclusively covered from natural gas in 

Miskolc. The installation of a new heating system based on depot gas fuel in the Hejőcsaba 

housing area in 2008, marked a small step towards a more diversified supply system (of 

hardly more than 0.1%). In 2009, the local policy-makers decided on the substitution of 

gas-based thermal energy with alternative fuels. The first milestone on this road was a 

green-field investment, namely the construction of a 3 MW capacity boiler based on 

woodchip combustion in the Kenderföld district of Miskolc. 

 

1.1. The biomass boiler of the 'Kenderföld' heating plant 

The biomass combustion unit of the ‘Kenderföld’ heating plant is a Binder RRK 2500-

3000/6 type woodchip boiler, equipped with a grate shaker and a multicyclone flue gas 

filter.The boiler block consists of three distinctive parts: the foundation ring, the 

combustion chamber and the heat exchanger. The foundation holds the grate, 

accommodates the primary air fan and other units like hydraulic rams. The combustion 

chamber is located on top of the foundation ring and its internal space is divided by a vault. 

The topmost part of the boiler block contains horizontally installed heat exchangers, where 
heat exchange from the flue gas is actually realized. 

Transportation augers transmit the fuel first to the feeding screws, then in the Stoker 

screw, from which the fuel is fed into the furnace. Feed-in is actually realized on surface of 

the grate. The Stoker screw is located in a tube equipped with temperature sensors (the 

control units prevent the fire from spreading in case of burn-back). Actual combustion takes 

place on inclined multiple section reciprocating grates, that are operated by a hydraulic 

apparatus. The moving grates and the feeding augers ensure continuous fuel transport. 

Through the nozzles between the grate layers, primary air is blown in two portions from 

below. Ash is removed from the boiler and transported to the storage place by an ash auger 

located at the end of the grates. NiCrNi K-type thermocouples are placed within the two 

chambers to measure the temperature of the combustion unit. In the lower chamber, a 

temperature of approximately 600–650 °C is achieved, which allows for partial combustion 
and gasification of the fuel. The softening of various minerals already begins at this 

temperature. 

Once the fuel is burned off in the lower chamber, the produced gases got into the upper 

chamber whereto air is pumped from the two sides to ensure complete burning. By 

supplying secondary air, chamber temperature can be raised to 1000–1100 °C. The addition 

of secondary air and the bottleneck effect caused by the internal vault enhances flow 

velocity. Part of the mineral content gets melt due to high temperature, and in molten phase 
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it readily mingles with the ash and fly ash produced from biomass. On leaving the upper 

chamber and entering the third chamber, this cohesive substance adheres to the wall of the 

boiler. This can be explained by a drop in flowrate i.e. the fact that the molten substance 

leaves the narrow upper chamber at high velocity and arrives at a more spacious area, thus 

losing momentum as flue gas velocity decreases in the wider space. Another factor 

contributing to slag formation is the mass of the substance constituted by the molten 
conglomerate. This matter then clashes onto the wall, where it is deposited layer by layer in 

a dome shape. The deposition grows, gets compacted and acts as an insulation layer on the 

wall, causing efficiency loss during operation. It also gravely influences the flow 

parameters of the flue gases. Moreover the slags achieve very high strength when cooled, 

unavoidably making damage to the chamotte lining during removal. 

On leaving the upper chamber, the flue gas flows to the heat exchangers. The thermal 

energy of the flue gas gets transmitted to the water contained in the boiler system. Efficient 

heat recovery is actually realized in this section of the boiler; the flow direction of the flue 

gas is reversed several times with the help of reverse-flow tube configuration. Only the flue 

gas and the ash transported reaches the third chamber, where no moreslag formation is 

seen. In this final section, tubes are functioning as heat exchangers, but no point is installed 
for temperature measurement, therefore, the exact temperature of the flue gas is not known. 

The temperature of the exiting flue gas is however 150–180 °C. A flue gas fan helps 

venting the gas out of the chamber by creating vacuum pressure.It also assists in 

separatingthecombustion products (flyash)in the dust separator cyclone. Should the 

temperature in the bottom combustion chamber become higher than optimal,part of the flue 

gas is recirculated into the primary air supply. This helpsreducing the temperature in the 

lower combustion chamber. If, however, the temperature in the bottom combustion 

chamber is lower than that required for recirculation, then the clappersat the air inlets shut 

down and no recirculation into primary airflow takes place. 

 

1.2. Experiences on operation 

The boiler was put into operation in December 2011. From January 2012, trial combustions 

were run and from February 2012, commercial operation started. The start-up phase of the 

boiler was relatively short and had gone without difficulties, however, problems started to 

appear during continuous operation, as listed below.  

As set out in the preliminary plans, the fuel used in the beginning was urban green 

waste consisting of bushes and trees from felling, chipped roots and logs and similar 
contaminanted fibrous substance. This feedstock got stuck at various points of the fuel 

auger leading to an automatic shut down of the boiler. 

Moreover, the net calorific value of these poor quality fuels was far below 

theexpectations, with an ash and moisture content higher than optimal.Although complete 

burning took place, the power output hardly reached 1 MW and several problems 

occuredduring continuous operation. 

High ash content,the lack of adjustment inexcess air parameters and inappropriate 

setting of the automatic control also contributed to a lot of problems during operation. Flue 

gas temperatures up to 160–200 °C reduced the efficiency of the boiler and the emission of 

dust particles was sometimes of noticable volume. The continuous deposition of ash and fly 

ash in the lower and upper chambers were likely due to inadequate fuel quality and 

overtemperature. Burning on, the slags formed domes and obstructions in the combustion 
chamber.Instead of the maintenance work scheduled for every 6 weeks, this made weekly 

shutdownsnecessary, to breakup and remove the deposits. Apart from malfunction of the 
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unit and its financial impacts, the problem was significant since it caused serious damage to 

the refractory lining.  

The problems that lead to efficiency loss due to deposit formation are summarized as 

follows:  

 The direction and flow velocity of the flue gas flow was modified mostly due to 

reduced flow cross-section. 

 The heat conductivity of the slag deposited on the wall was very poor, thus thermal 

transmittance of the wall was significantly reduced. 

 Strong chemical bonds were established between the deposition and the boiler wall, 

therefore slag removal resulted in serious damage to the refractory wall. 

 Note that apart from causing efficiency loss, the latter problem also reduced boiler 
life expectancy. The next section primarily focuses on the reasons for slag formation 

and gives an overview of the applied test methods.  

 

2. Test samples 

2.1. Wood chips 

Considering a biomass heating plant, one of the most important economic factors is the 

purchase price of fuel. For biomass feedstock (woodchips), thismay vary considerably, 

depending primarily on fuel quality and transportation distance [10]. Other important 

parameters are relatively high moisture content and subsequent low heating value, low 

density and inhomogenous chips size, which may considerably increase transport costs [9], 
10, 11]. 

Due to the above reasons, 5 different types of chips were supplied toand combusted in 

the Miskolc heating plant over a few month. The chips came from various sources from 

within an area of 100 kms from Miskolc. The most important features of chips are 

summmarized in Table 1. 

Fuel analyses were carried out according to the ISO standards. For proximate analysis, 
programmable laboratory furnaces were used (MSZ ISO 1171), for ultimate analysis Carlo 

Erba EA 1108 type analyzers and for calorific value, a Parr type calorimeter was applied. 

Biomass ashes were produced using the standard test method. 

Table 1 

Fuels used in the boiler during the period under study 

 Pine 
Hardwood 

#1 

Hardwood 

#2 

Mixed 

wood chips 

Wood 

residue 

chips 

Origin 

State-owned 

forest 

activity 

State-owned 

forest 

activity 

State owned 

forest 

activity 

Private 

forest 

activity 

State-owned 

forest 

activity 

Type 
90% pine, 

10% 

hardwood 

90% 
hardwood, 

10% other 

100% 

hardwood 

Mixed 

hardwood, 
softwood, 

fruit wood, 

pine 

Crown and 

twig part of 

the pine, 
mixed 

hardwood, 

and 

softwood 
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 Pine 
Hardwood 

#1 

Hardwood 

#2 

Mixed 

wood chips 

Wood 

residue 

chips 

Chipper 
Knife 

cutters 

Knife 

cutters 

Knife 

cutters 

Knife 

cutters 

Knife 

cutters 

Size G70-G100 G50-G70 G50 G70-G100 G20-G50 

Moisture 

cont. 
< 35% 30–45% < 35% < 35% 30–40% 

Ash content < 1% 1% 1% 1–2% 3–5% 

Homogeneity 80% 90% 100% 50% 50% 

Contaminants 

content 
1% 3–5% 1% 3–5% 10–15% 

Firing 

experience 

Excellent, 
but some 

unburned 

content 

melted into 

the surface 

of the upper 

firing 

chamber 

Good Excellent 

Good, but 

there were a 

few 

problems 

with the 

feeding 

screw 

Acceptable, 

problems in 

the feeding 

system and 

the ash 

removal 

system 

 

2.2. Slags 

Based on operational experience, one of the most critical phases of the combustion process 

is slag formation caused byunburnt inorganic particles found in the solid combustion 

residues of the fuel. Fuels do contain a variety of such components (K, Na, Si, Al, Ca, Mg, 

etc.) and so does the combustion residues of biomass fuels. Ash depositions involving 

inorganic elements are tackier, harder and less porous, with a smooth surface, whichmakes 

their removal quite difficult. Out of the chemical compounds found in the K2O-CaO-SiO2 

ternary diagram, particularly potassium silicate has an extremely low melting point (at 

about 700 °C) [14]. 
The most typical slag types are presented in the images below (Figure 1).The glassy 

slag is hard, rigid, dense and of a glassy structure, while the porous slag has amuch looser, 

porous structure. 

 
a) Glassy slag 

 
b) Porous slag 

Figure 1. Depositions (from the ‘Kenderföld’ boiler)  

with different microstructure and morphology 
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3. Results and discussion 

3.1. Characterization of fuels 

Hygroscopic moisture and ash content, chemical composition and calorific values of the 

fuels used in the period under examination are summarized in Table 2. 
Table2 

Proximate analysis, ultimate analysis and calorific values of the biomass fuels 

Sample 

W 

% 

m/m 

Ash 

% 

m/m 

C 

% 

m/m 

H 

% 

m/m 

N 

% 

m/m 

O 

% 

m/m 

S 

% 

m/m 

GCV* 

MJ/kg 

Pine 8.85 0.36 50.02 6.36 0.02 34.36 0.023 17.88 

Hardwood #1 12.64 1.90 46.56 5.28 0.18 33.18 0.253 15.40 

Hardwood #2 9.30 1.03 48.76 5.99 0.30 34.56 0.040 17.13 

Mixed wood 

chips 

8.17 1.69 47.19 6.13 0.03 36.73 0.053 17.24 

Wood residue 

chips 
10.99 4.00 46.25 5.79 0.37 32.61 < 0.01 15.79 

*Gross calorific value 

 

The hygroscopic moisture content of the fuels is ~ 10% m/m.Pine wood has the lowest 

ash content, whilechipped twigs have the highest. This is obvious, considering the high 

proportion of bark, logging residues andother kinds of forestry waste gettingcommingled 

with the latter.Ultimate analysis shows that the percentages of carbon, hydrogen nitrogen 

and oxigenarecomparable in all samples. All samples are characterized by a very low 

sulphur content (0.01–0.25%) implying that SOx emissions during combustion are of no 

concern for these fuels [15]. The tested biomass fuels gave an average heat value of 16.6 

MJ/kg. The lowest values were obtained for the two samples where hygroscopic moisture 

and ash content were above the average. 

 

3.2. Softening characteristics 

The softening and melting parameters of the ashes and slags were determined with a Sylab 

IF 2000G ash fusion analyzer and an IRF 1500 furnace attached to it. The morphological 

changes of the ash and slag samples were recorded with a digital camera. The instrument 

allows for the execution of standardized measurements according to CEN/TS 15370-1-

2006, ISO 540 1995, ASTM E 953-8(2004), AFNOR M03048, BRITISH1016-70, AS 
1038.15, DIN 51730. 

Melting features were characterized with the specific temperature points given below: 

 Initial Deformation Temperature (IT): the temperature at which the tip of the test 

sample shows a 5% shrinkage in height as compared to the original height of the test 

sample, 

 Deformation Temperature (DT): the temperature at which the test sample starts to 

fuse into a hemispherical shape with edges and corners starting to round off, 

 Softening temperature (ST): the temperature at which signs of softening (change in 

surface, rounding of edges) start appearing, the test sample starts blowing up, 
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 Hemispherical temperature (HT): the temperature at which the shape of the test 

sample resembles a hemisphere, the hight of the test sample is equal to 1/2 of the 

width of the base,  

 Fluid temperature (FT): the temperature at which the sample height shrinks to 1/3 of 

the original height, i.e. the sample melts. 
The softening parameters of the prepared ash samples and of the as-received depositions 

are shown in Table 3. 

Table 3 

Softening parameters of ashes of wood chips and slags (°C) 

 Sample IT DT ST HT FT 

Wood chips 

Pine 1370 1410 – 1530 1535 

Hardwood #1 1353 1463 – 1532 1542 

Hardwood #2 1205 1371 – 1528 1543 

Mixed wood chips 1203 1354 – 1513 1528 

Wood residue chips 1182 1204 1304 1319 1346 

Slags 
Glassy slag 1152 1216 1228 1233 1255 

Porous slag 1092 1178 1196 1208 1231 

 

The deformation temperatures of ashes of wood chips, with the exception of wood 

residue chips, were higher than 1200 °C, with HT and IT temperatures well over 1500 °C, 

just as expected. Wood residue chips started melting at a lower temperature and over 1300 

°C they were practically molten. However, considering the fact that the normal operational 

temperature of the boiler is maximized in 1000 °C, this hardly explains for slag formation.  

 

3.3. Ash and slags characterization using scanning electron microscopy – energy 

dispersive spectroscopy 

The ash and slag samples were experimentally observed to confirm our assumptions based 

on the fusibility properties. For the characterization of the samples, scanning electron 

microscopy and energy dispersive spectroscopy (SEM/EDS) analyses were performed. A 

high resolution Zeiss Evo MA10 scanning electron microscope was used, and samples were 

coated with a thin gold layer in order to obtain the conductivity needed for SEM 
observation. This type of sample preparation allowed us to observe the morphology of the 

agglomerates, and to identify the major elements that may be responsible for the melting 

effects. The software included in the SEM equipment provided data acquisition for semi-

quantitative analysis. In sum, it can be said that the ash composition of the examined wood 

chips corresponds to literary data [16] 17]. 

SEM images of the samples taken from ashes of wood chips are presented below 

(Figure 2), displaying average composition and the composition of marked points 

specifically (Table 4). 
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a) Pine, magnification: 150x 

 
b) Hardwood #1, magnification: 1000x 

 

 
c) Hardwood #2, magnification: 500x 

 
d) Mixed wood chips, magnification: 200x 

 

 
e) Wood residue chips, magnification: 350x 

Figure 2. SEM image of ashes of wood chips 

Extremely high carbon content can be observed in the high resolution fields (especially 

for wood residue chips), suggesting that the burning of carbon in the samples was 

incomplete. On the images presented in Figure 2, unburnt fibrous organic particles are 

clearly identifiable. The sampled ash is mostly made up of Ca- and Mg-based compounds 

(most likely oxides), with insignificant amounts of Si, except in the wood residue chips. 

Remarkable is the range of Ca in the ashes, from 20% m/m in the wood residue chips to 

more than 47% m/m in the mixed wood chips. Mention should be made of the relatively 
high K content, which is unevenly distributed as seen in the high resolution fields. More 
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than 2% m/m S is seen at Point 2 of the Hardwood #2 sample, and 1.28% m/m of S is 

detectable in the average spectrum. 

Table 4 

Semi-quantitative analysis of ashes of wood chips 

Ashes of wood chips 
Elements (% m/m) 

C O Na Mg Al Si P S K Ca Mn Fe 

Pine average 11.27 37.08 – 8.58 1.21 2.57 2.02 1.23 6.42 28.08 0.86 0.69 

Pine, point 1 33.10 30.35 – 3.20 0.63 0.69 0.87 0.53 24.00 6.01 0.32 0.30 

Pine, point 2 5.35 39.36 – 8.78 1.61 4.03 3.21 0.76 5.60 27.52 0.88 1.01 

Pine, point 3 3.32 27.31 0.81 14.81 1.15 2.63 7.55 1.34 16.98 21.87 1.10 1.11 

Hardwood #1 

average 
10.46 38.46 – 2.65 1.47 3.53 1.66 0.88 7.28 30.46 2.23 0.93 

Hardwood #1, point 1 7.46 34.66 – 0.88 0.76 1.31 0.96 0.46 1.48 50.85 0.66 0.52 

Hardwood #1, point 2 4.89 24.16 – 1.57 3.28 33.55 1.86 0.92 12.56 11.9 2.67 2.64 

Hardwood #2 

average 
15.71 39.99 – 3.05 0.77 1.22 1.49 1.28 8.70 27.77 – – 

Hardwood #2, point 1 3.58 30.43 – 0.67 8.84 31.43 0.07 0.00 6.72 18.25 – – 

Hardwood #2, point 2 8.76 40.73 – 2.04 0.53 1.03 0.73 0.59 5.68 39.89 – – 

Hardwood #2, point 3 5.98 29.45 – 2.93 0.69 0.88 1.59 2.13 16.40 39.94 – – 

Mixed wood chips, 

average 
7.32 21.52 – 2.91 0.53 1.25 3.31 1.15 14.23 47.79 – – 

Mixed wood chips, 
point 1 

11.80 39.59 – 2.41 0.47 0.61 0.76 0.48 3.25 40.63 – – 

Mixed wood chips, 
point 2 

11.26 43.35 – 1.43 0.89 0.91 0.99 0.57 1.04 39.56 – – 

Mixed wood chips, 
point 3 

11.24 41.94 – 2.11 0.41 0.59 1.28 0.59 8.89 32.94 – – 

Wood residue chips, 

average 
21.49 36.24 0.43 2.43 1.94 6.40 1.92 0.76 6.82 20.28 – 1.29 

Wood residue chips, 
point 1 

12.32 46.48 0.31 5.53 0.35 1.18 1.19 0.59 4.25 27.42 – 0.37 

Wood residue chips, 
point 2 

8.33 38.41 0.71 1.50 0.72 1.06 1.49 0.67 2.16 44.60 – 0.35 

Wood residue chips, 
point 3 

16.25 33.56 0.81 3.95 3.16 6.75 4.03 0.86 10.08 14.88 – 1.85 

 

Further on, we are presenting the SEM images of slags (Figure 3.) as well as their 

average composition and the composition of their individual points specifically (Table 5). 

 

 
a) Glassy slag, magnification: 20x 

 
b) Glassy slag, magnification: 250x 
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c) Porous slag, magnification: 20x 

 
d) Porous slag, magnification: 500x 

Figure 3. SEM image of slags 

Table 5 

Semi-quantitative analysis of slags 

Slags 
Elements (% m/m) 

C O Na Mg Al Si P S K Cl Ca Mn Fe 

Glassy slag, 

average 
4.51 29.46 0.67 0.92 2.70 36.21 0.53 – 4.31 18.61 0.36 1.35 0.36 

Glassy slag, point 1 1.35 41.26 0.08 0.11 0.40 56.41 0.00 – 0.07 0.04 0.07 0.13 0.09 

Glassy slag, point 2 2.24 30.36 0.72 0.42 3.01 36.30 0.35 – 4.18 21.24 0.17 0.84 0.17 

Glassy slag, point 3 2.77 32.98 0.66 1.65 3.04 36.47 0.40 – 4.19 15.98 0.36, 1.24 0.26 

Glassy slag, point 4 2.54 42.86 0.00 0.10 0.36 53.63 0.05 – 0.08 0.08 0.09 0.13 0.07 

Porous slag, 

average 
21.04 26.78 0.62 2.00 2.87 23.70 1.04 – 2.27 16.90 0.56 1.88 0.34 

Porous slag, point 1 3.17 23.57 0.04 0.08 0.34 29.59 0.07 – 0.08 42.87 0.05 0.14 0.00 

Porous slag, point 2 1.94 22.60 0.28 2.14 2.54 32.68 0.00 – 3.43 29.98 1.72 2.19 0.50 

Porous slag, point 3 23.74 29.46 1.13 0.10 6.20 29.91 0.41 – 5.52 1.80 0.07 1.26 0.40 

Porous slag, point 4 4.65 19.58 0.82 1.23 1.90 13.87 14.21 – 1.35 39.95 1.06 1.16 0.22 

 

Some C is still observable in the as-received slag samples (from the upper chamber 

wall), and though present, the amount of K is significantly lower than in the ash samples.  

The difference in the Si content – several times higher in slags than in the ashes – is critical; 

as is the reduced Ca and negligible S content. Another important difference can be seen 

when comparing different slag samples; there is considerably more C and proportionally 

lower amounts of Si and Ca in the porous slag. 
 

Conclusion 

The composition and contamination of the biomass fuel largely affects the amount and 

characteristics of the slagsdeposited on the boiler wall. When wood chips are used as 

feedstock,the origin of the wood may be of importance, since soil quality may vary 

substantially, depending on where the wood is transported from.Site-specific weather 

conditions, particularly the timing and amount of precipitation, largelyaffect the 

bioabsorption of mineral components in ligneaous biomass (which is of interest if the fuel 

is harvested in the rainy season). Resin content – typically high in coniferous species – 
must also be considered, since resin becomes plastic at high temperatures and adheres well 

to ash. Moreover, harvested trees easily get contaminated during storage, loading and 
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transport.The dust, sand or soil particles that, due to environmental effects, get stuck on 

surface of the woodchips, are fed into the combustion chamber along with the fuel. 

In order to restrain ash melts formation and slagging in the biomass heating plant under 

study, an opening was cut into the vault between the lower and the upper chamber. Thus, 

primary air was let into the upper chamber, creating a turbulence in the corner of the upper 

chamber. This helped to prevent the formation of further depositionsand contributed to the 
elimination of the slags already there. Under the effect of turbulent air, the deposit broke up 

and dropped(piece by piece) by its tare weight, falling through the hole onto the movig 

grate which took it away it from the combustion chamber. This operation greatly improved 

the situation and reduced excess slag formation,although it did not eliminate the causes of 

slag formation. A further benefit of this technical solution was the ease of removal of slags 

from the secondary chamber during scheduled maintenance work, since the deposits could 

be broken up through the hole. 

The primary aim of our research was to find out the correlations between slag formation 

and the fuels used. It is impossible to declare with absolute confidence, which fuel was 

actually used when the depositions were formed, given the tiny area of the slag samples 

detected and analysed by electron microscope. The amounts of the respective components, 
however, are indicative. The examination results have revealed that the softening 

parameters of the ash and slag samples do not justify ash fusion at normal operational 

temperature. It can thus be assumed that multi-component eutectics get formed, with a 

melting point corresponding to the actual temperature values at certain points in the 

chambers. Due to the boiler structure, no temperature measurement can be conducted in the 

vicinity of slag formation sites. The large amounts of CaO in the ash and the slags tend to 

have a fluidizing effect on the compounds present in aluminium silicate systems, such as 

the chamotte wall of the boiler. None of the numerous ternary eutecticsandternary 

compounds in the CaO-Al2O3-SiO2three-component system hasa melting point higher than 

1400 °C, indeed, the melting point of some eutectics is slightly higher than 1000 °C. Under 

the effect of CaO, chamotte bricks generally produce low-mullite pure glass slags – exactly 

like the depositions formed in the ‘Kenderföld’ boiler. Normally, reaction products would 
quickly flow down the wall due to low viscosity. However in the respective boiler,there 

was physically no room for that until the opening was cut into the vault, which finally lead 

to the accumulation of these at the deposition sites and consequently to the dramatic 

reduction of the cross-section of the flue gas flow. Considering refractory applications of 

chamotte construction bricks, CaO-Al2O3-SiO2 ternary systems are not recommendedto 

beused at temperatures higher than 1170 °C. The question then arises: what temperatures 

actually prevail around the opening in the vault? The answer may lie in the composition of 

the slags.  

The most important difference between the two slag types examined was the difference 

in the amount of the C content. The question arises: how could so much carbon get into the 

spongy, porous slag? Presumably, due to specific flow conditions during boiler operation, 
lighter fractions of the wood chips were transported from the lower into the upper chamber 

without having undergone complete burning. As it is known from operational experience, 

“ultra lightweight” fuel fractions are undesireable, for these can easily be carried off by the 

air draught of the boiler. In our case, the burning of the high-carbon solidsin the upper 

chamber might have causedsignificant temperature rise, leading to the formation and 

melting of the above mentioned multi-component eutectics.The process might have been 

buffered by the presence of alkaline oxides which are known to facilitate the formation of 

eutectics even with lower melting points. The presence of carbon would explain for porous 
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slag structure. Whenpart of the C content is burnt, the gaseous components of the 

combustion products get discharged and leave holes behind in the slag. 

A slight lowering in the operating temperature might as well contribute to the 

prevention of slag formation (slag components are less likely to melt at lower T), with no 

significant effect on boiler efficiency.This measure has been proposed and 

implementdrecently, and owing to the opening cut into the vault as well as stable fuel 

quality, problems with slag formation seem to have been resolved. 

For the proper mapping of temperature conditions, the installation of further sensors is 

recommended that be at least at places where slag formation is critical. 

As part of ongoing research, EDS results will be complemented with XRF (X-ray 

fluorescence) analysis of the slag samples so that we can obtain more precise information 

on elemental composition and microstructure. 
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