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ANALYSES OF SOLIDSANALYSES OF SOLIDS
PROPERTIES OF FUEL XRF ANALYSIS OF FUEL

PARTICLE SIZE DISTRIBUTION
OF FUEL AND BED MATERIAL
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SCHEDULE OF INVESTIGATIONSSCHEDULE OF INVESTIGATIONS
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CALCULATIONSCALCULATIONS

Conversion ratio of combustible sulfur
contained in fuel to SO2

Molar ratio of S (fixed in SO2) /
C (fixed in CO2 & CO) in flue gas

Molar ratio of combustible S / C in fuel



7

EXPERIMENTAL CONDITIONSEXPERIMENTAL CONDITIONS
PRESSURE DISTRIBUTION

The highest ∆p & the strongest pressure
fluctuations in the grid zone (dense phase)
3-times lower pressure drop & much lighter
fluctuations in the dilute zone
The lowest ∆p & the lightest pressure
fluctuations at the level of cyclone inlet

More uniform distribution of bed material inside
combustion chamber for higher gas velocity
Declining solids concentration in the grid zone
and increasing conc. in the upper part of furnace
Higher amount of bed material in return leg
(decreasing total ∆p in combustion chamber)
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An example of temperature oscillations
measured at 5 different levels along height of
combustion chamber

Strong increase in temperature associated with
elevated partial pressure of oxygen (up to
35%vol.) as a result of different chamber load
Lighter insulation in the upper part of the
furnace (enhanced heat transfer) „simulates”
Wing-Walls operation in commercial CFB’s

EXPERIMENTAL CONDITIONSEXPERIMENTAL CONDITIONS
TEMPERATURE DISTRIBUTION
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RESULTS OF INVESTIGATIONSRESULTS OF INVESTIGATIONS
FLUE GAS COMPOSITION

An example of fluctuations of flue gas components concentration (CO2, CO, NOX, SO2 i O2)
measured in the outlet of cyclone separator
The results point at stable operation of OxyFuel-CFB Test Rig
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NOX FORMATION

Higher CRN->NOx associated with increase of
temperature (regardless of λ)
Higher (> 50%) CRN->NOx associated with
increase of excess oxygen in reaction zone (at
stable temperature)

Higher CRN->NOx associated with increase of
oxygen concentration in gas mixture (in
parallel with increase in temperature)
Higher CRN->NOx associated with increase of λ
(in parallel with decrease in temperature)

RESULTS OF INVESTIGATIONSRESULTS OF INVESTIGATIONS
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Lower CRS->SO2 associated with increase of
temperature (regardless of λ) – effect of bonding
of S with Ca & Mg contained in fuel-ash
Lower CRS->SO2 associated with increase of excess
oxygen in reaction zone (at stable temperature) –
effect of oxidation of S directly to SO3

Higher CRS->SO2 in oxygen enriched environment
(high temperature environment) – result of
oxidation of S contained in H2S in flue gas 
Lower CRS->SO2 associated with increase of λ (in
parallel with decrease in temperature) – effect of
oxidation of S to SO3

RESULTS OF INVESTIGATIONSRESULTS OF INVESTIGATIONS
SO2 FORMATION
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Decline of CRC->CO associated with increase in
temperature (regardless of λ)
Decline of CRC->CO associated with increase in
excess oxygen (at stable temperature)
Minimum level of CRC->CO ca. 0,2% for air
conditions

Strong decline of CRC->CO under oxygen-
enriched conditions (high temperature
conditions)

RESULTS OF INVESTIGATIONSRESULTS OF INVESTIGATIONS
CO FORMATION
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MAIN CONCLUSIONSMAIN CONCLUSIONS

Higher conversion ratio of fuel-N to NOX (NO+NO2) associated with increase of the following 
parameters: oxygen concentration in gas mixture, excess oxygen in reaction zone, temperature. 

Higher conversion ratio of combustible S to SO2 in oxygen-enriched environment, probably as 
a result of oxidation of H2S contained in flue gas. 

Lower sulfur conversion ratio associated with increase of excess oxygen or increase in 
temperature, probably as an effect of oxidation of S directly to SO3 or bonding of S with Ca and 
Mg contained in fuel-ash, respectively.

Strong decline of conversion ratio of C to CO under oxygen-enriched conditions and slight 
decline of carbon conversion ratio associated with increase of excess oxygen or increase in 
temperature.
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