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Sulcis CoalSulcis Coal

•• Subbituminous coalSubbituminous coal
•• A A typical analysis is reported typical analysis is reported 

on this sideon this side
•• Other values could be Other values could be 

obtained for obtained for aa different size different size 
and and a a different different site site of the of the 
seamseam
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Carbon % 58.3
Hydrogen % 4.5
Nitrogen % 1.3
Sulphur % 7.3
Chlorine ppm < 30
Oxygen % 10.1
M. M. % 18.5
V. M. (dry and pure) 47 - 53%
L. H. V. kcal/kg 5600



The Mineral MatterThe Mineral Matter
•• The amount of The amount of M.M.M.M. variesvaries in a in a 

wide rangewide range
•• The amount depends on the The amount depends on the 

particles dimensionparticles dimension
•• The composition The composition can can be different be different 

in in the different sitesthe different sites
•• Most of the samples Most of the samples show high show high 

concentrations of concentrations of limelime
•• The ability of thisThe ability of this M.M. M.M. to fix to fix SOSO22

was here studied was here studied 
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#1 #2
SiO2 28.95 45.28
Fe2O3 20.28 18.14
MgO 1.00 2.01
CaO 28.64 4.87
Pyrite 3.04 3.24
Al2O3 8.86 17.85
Na2O 0.68 0.39
TiO2 0.40 1.00
K2O 0.55 1.00
SO3 7.64 6.22



•• CaCOCaCO33 + SO+ SO22 + O+ O22 CaSOCaSO44 + CO+ CO22

•• CaCOCaCO33 CaOCaO + CO+ CO22

•• CaOCaO + SO+ SO22 CaSOCaSO33

•• CaSOCaSO33 + ½ O+ ½ O22 CaSOCaSO44

•• Diffusion of sulphur dioxideDiffusion of sulphur dioxide inin thethe filmfilm outside the outside the 
particleparticle

•• Diffusion of Diffusion of SOSO22 inin the pores inside the particlethe pores inside the particle
•• Reaction with calcium oxide to give calcium sulphiteReaction with calcium oxide to give calcium sulphite
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Dry Dry desulphurizationdesulphurization



•• Particle of constant sizeParticle of constant size

•• Pores having a cylindrical shapePores having a cylindrical shape

•• Chemical reaction occurs on the surface of the Chemical reaction occurs on the surface of the 
porespores
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TheThe PorePore ModelModel
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•• The The diffusivitydiffusivity depends on the particle porositydepends on the particle porosity

•• The porosity decreases as an effect of The porosity decreases as an effect of 
sulphation sulphation 
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TheThe role role of porosityof porosity
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••Porosity becomes zero when a limit value of Porosity becomes zero when a limit value of 
conversion is attainedconversion is attained



Parameters effecting the Parameters effecting the 
chemical kineticschemical kinetics

•• ChemicalChemical compositioncomposition, , especially the content especially the content 
of limestoneof limestone

•• The porosityThe porosity, , effecting diffusivity and the limit effecting diffusivity and the limit 
conversion degreeconversion degree

•• The pore sizeThe pore size, , effecting diffusivityeffecting diffusivity
•• The specific surfaceThe specific surface, , effecting the local effecting the local 

reaction reaction raterate
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Experimental testsExperimental tests

•• CalcinationCalcination ofof coalcoal particlesparticles in a in a tubular tubular 
furnace to studyfurnace to study thethe changechange ofof the particles the particles 
sizesize, , the porosity and the specific surfacethe porosity and the specific surface

•• Sulphation tests Sulphation tests in in the same furnacethe same furnace
•• Sulphation tests of calcined particles Sulphation tests of calcined particles in a in a 

fluidized bedfluidized bed
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Particles sizeParticles size

•• Calcination reduces the particles Calcination reduces the particles 
sizesize

•• Small particles have Small particles have a a lower lower 
resistance to internal diffusionresistance to internal diffusion

•• Small particles have Small particles have a a greater greater 
external surfaceexternal surface; ; this increases this increases 
the external diffusion and the the external diffusion and the 
chemical reactionchemical reaction
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Particles mean size (μm)
Uncalcined Calcined

90 15
65 10
45 5
20 < 5



PorosityPorosity

•• Porosity was obtained with Porosity was obtained with a a 
mercury porosimeter mercury porosimeter 

•• Porosity is enhanced Porosity is enhanced by by 
calcinationcalcination

•• High High porosity increases pore porosity increases pore 
diffusion and then the overall diffusion and then the overall 
kineticskinetics
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Treatment Porosity

Before calcination 0.17
Calcined at 920 °C 0.37
Calcined at 980 °C 0.41
Calcined at 1150 °C 0.28
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Specific surfaceSpecific surface
•• It was determined according the It was determined according the BET BET model model 

(N(N22 adsorptionadsorption))
•• A high A high specific surface increases the chemical specific surface increases the chemical 

kineticskinetics
•• The block of diffusion takes place soonerThe block of diffusion takes place sooner
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Conversion Conversion in in thethe furnacefurnace
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desulphurization in the furnace
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•• TheThe setset upup was the same already used for the was the same already used for the 
calcinationcalcination

•• Coal particles were used for the testsCoal particles were used for the tests

•• Due Due to the to the high high number of parametersnumber of parameters, , it was it was 
difficult to model the results obtained difficult to model the results obtained 



Conversion Conversion in in an entrained bed an entrained bed 
reactor reactor 

•• The solid reagent were calcined particlesThe solid reagent were calcined particles
•• The The gas gas reagent was reagent was a a mixture of air and mixture of air and SOSO22

•• The reactor was The reactor was a long tube a long tube kept at constant kept at constant 
temperaturetemperature

•• the controlling the controlling step step is chemical reactionis chemical reaction
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Conversion Conversion in a in a fludisedfludised bedbed
•• This This set set up was used for the higher up was used for the higher residence residence 

times times ((up to up to 30 30 secsec))
•• In In these conditionsthese conditions, , the internal diffusion the internal diffusion 

phenomena phenomena are are the controlling the controlling stepstep
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Conclusion Conclusion 
•• Experimental tests of calcinationExperimental tests of calcination in ain a tubular furnace tubular furnace 
•• Experimental tests of desulphurizationExperimental tests of desulphurization in ain a tubular tubular 

furnace using coal particlesfurnace using coal particles
•• Experimental tests of desulphurization at higherExperimental tests of desulphurization at higher

residenceresidence times using calcined particlestimes using calcined particles
•• AllAll the teststhe tests showshow that thethat the M.M.M.M. used isused is aa good good 

reactant forreactant for drydry desulphurizationdesulphurization
•• The experimental results obtainedThe experimental results obtained are inare in good good 

agreement with the values calculated with the Pore agreement with the values calculated with the Pore 
ModelModel
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