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The motivationThe motivation
•• The The use use of coal for energy production is of coal for energy production is 

increasingincreasing
•• Coal could substitute the lighter fuels for many Coal could substitute the lighter fuels for many 

applicationsapplications
•• It is important toIt is important to makemake availableavailable solid fuels solid fuels 

having having a a very low content of mineral mattervery low content of mineral matter
•• This This can can be obtained only be obtained only by by means of means of aa

leaching processleaching process
•• The experimental results available The experimental results available in in the the 

literature were here applied to forecast the literature were here applied to forecast the 
behaviour of Sulcis coalbehaviour of Sulcis coal
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The Leaching ProcessesThe Leaching Processes
•• First applications wereFirst applications were setset upup inin Germany and Germany and 

used solutions ofused solutions of HF orHF or NaOHNaOH
•• AtAt presentpresent,, acid leaching is the topicacid leaching is the topic moremore

frequently investigatedfrequently investigated
•• CENFuel is the most popular processCENFuel is the most popular process.. This uses This uses 

Fluoride and Fluosilicic acidsFluoride and Fluosilicic acids.. It is credited to It is credited to 
removeremove 95 %95 % of the mineral matterof the mineral matter..

•• Less known is the effect of the acids on the Less known is the effect of the acids on the 
organic matter of coalorganic matter of coal
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•• Our aim was to apply the data of the Our aim was to apply the data of the 
literature to estimate the efficiency of acid literature to estimate the efficiency of acid 
leaching applied to Sulcis coalleaching applied to Sulcis coal

•• The same operative conditions of the The same operative conditions of the 
literature were assumed for our literature were assumed for our 
calculationscalculations

•• P=1 P=1 atmatm;  T = 20 and 70 °C;  ;  T = 20 and 70 °C;  θ = 3 θ = 3 hr;    hr;    
c = 1.5 c = 1.5 –– 6 M6 M

CCT 2005CCT 2005

Our aimOur aim



•• AlAl low yield (8 low yield (8 –– 20 %)20 %)

•• SilicaSilica low yield (about 10 %)low yield (about 10 %)

•• IronIron good removal at high temperaturegood removal at high temperature

•• PyritePyrite not removed by not removed by HClHCl

•• Na, K, CaNa, K, Ca high efficiency (80 high efficiency (80 –– 100 %)100 %)

•• ClaysClays low removallow removal
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Effect of acid leachingEffect of acid leaching ((HClHCl))



•• AlAl high yield, especially at high temperaturehigh yield, especially at high temperature

•• SilicaSilica very high efficiencyvery high efficiency

•• IronIron good removal at high temperaturegood removal at high temperature

•• PyritePyrite low removal with HFlow removal with HF

•• Na, K, CaNa, K, Ca lower efficiency than for lower efficiency than for HClHCl

•• ClaysClays good removalgood removal
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Effect of acid leachingEffect of acid leaching (HF)(HF)



•• Three coals were used for the calculations: an Three coals were used for the calculations: an 
Australian coal (Australian coal (GordstoneGordstone) assumed as a ) assumed as a 
reference and two samples of Sulcis coalreference and two samples of Sulcis coal
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TheThe coals studiedcoals studied

CaoliniteCaolinite 47. %47. %

QuartzQuartz 30. %30. %

ChloriteChlorite 10. %10. %

MontmorilloniteMontmorillonite 8. %8. %

PyritePyrite 1. %1. %

AnataseAnatase 1. %1. %

DolomiteDolomite 1. %1. %

GypsumGypsum 1. %1. %

The The Gordstone coalGordstone coal isis aa
bituminous coal and containsbituminous coal and contains
13 %13 % of mineral matterof mineral matter,,
essentially clays essentially clays 



Sulcis coalsSulcis coals

•• S53S53 contains aboutcontains about 40 %40 % of of 
mineral mattermineral matter,, essentially essentially 
claysclays

•• S54S54 contains aboutcontains about 31 %31 % of of 
mineral matter withmineral matter with highhigh
conc’n of CaOconc’n of CaO

•• BothBoth show highshow high concentration concentration 
of Iron and of Pyriteof Iron and of Pyrite
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S53S53 S54S54

SiO2SiO2 45.2845.28 28.9528.95

Fe2O3Fe2O3 18.1418.14 20.2820.28

MgOMgO 2.012.01 1.001.00

CaOCaO 4.874.87 28.6428.64

PyritePyrite 3.243.24 3.043.04

Al2O3Al2O3 17.8517.85 8.868.86

Na2ONa2O 0.390.39 0.680.68

TiO2TiO2 1.001.00 0.400.40

K2OK2O 1.001.00 0.550.55

SO3SO3 6.226.22 7.647.64



Gordstone coal leachingGordstone coal leaching
•• HCl HCl showsshows aa low removal efficiencylow removal efficiency (14 (14 –– 16 %);16 %); the the 

efficiency is almost constant increasing theefficiency is almost constant increasing the temperaturetemperature
and the acid concentrationand the acid concentration

•• TheThe useuse ofof HFHF gives higher efficienciesgives higher efficiencies duedue to its ability to to its ability to 
remove the aluminumremove the aluminum--silicate compoundssilicate compounds
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1.5 M1.5 M 3 M3 M 6 M6 M

HClHCl 20 °C20 °C 13.7913.79 14.9214.92 16.0116.01

HClHCl 70 °C70 °C 14.0214.02 16.5516.55 16.5716.57

HF 20 °CHF 20 °C 68.3268.32 73.873.8 80.180.1

HF 70 °CHF 70 °C 78.6278.62 78.1178.11 80.9480.94



Sulcis coalSulcis coal S53S53 leachingleaching
•• The removal efficiency is low when HCl is used The removal efficiency is low when HCl is used 

and is higher forand is higher for HFHF
•• This result is similar to that obtained with the This result is similar to that obtained with the 

Gordstone coalGordstone coal
•• The mineral matter remaining is stillThe mineral matter remaining is still high (4.5 %high (4.5 %

forfor HFHF atat 70 °C)70 °C)
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1.5 M 3 M 6 M

HF 20 °C 70.21 81.53 88.52

HF 70 °C 82.86 85.30 90.55

HCl 20 °C 22.45 26.61 31.57

HCl 70 °C 30.45 31.73 34.04



Sulcis coalSulcis coal S54S54 leachingleaching
•• The removal efficiencyThe removal efficiency for HCl is now higherfor HCl is now higher, , 

duedue to the presence of limestoneto the presence of limestone in m.m.in m.m.
•• The mineral matter remaining after the The mineral matter remaining after the 

treatment treatment is still is still high (high (about about 6 6 toto 9 % 9 % forfor HF HF 
andand aboutabout 15 % 15 % forfor HClHCl) ) 
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1.5 M 3 M 6 M

HF 20 °C 71.51 72.67 70.98

HF 70 °C 77.37 77.51 79.51

HCl 20 °C 46.09 49.31 54.10

HCl 70 °C 39.72 40.99 42.47



Leaching with Leaching with HF HF and HCland HCl

•• In In the first the first step, step, leaching is carried leaching is carried out  out  with HCl with HCl 
1.5 M 1.5 M at at 20 °C20 °C

•• In In the second the second step HF 1.5 Mstep HF 1.5 M atat 20 °C 20 °C is usedis used
•• The final content obtained with this The final content obtained with this treatment treatment 

applied to applied to S53 S53 coal is lower than coal is lower than 6 % 6 % 
corresponding to an efficiency of corresponding to an efficiency of 85 %85 %

•• The final content for The final content for S54 S54 is also lower than is also lower than 6 % 6 % 
corresponding to an efficiency of corresponding to an efficiency of 80 %80 %
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The problem of pyritic sulphurThe problem of pyritic sulphur

•• Most of the pyritic sulphur remains after theMost of the pyritic sulphur remains after the
treatmenttreatment with HCl with HCl or HFor HF

•• Pyrite Pyrite can can be dissolved be dissolved by by Nitric Acid Nitric Acid in in excessexcess, , 
at low concentrationat low concentration, , but at but at high temperaturehigh temperature

•• In In these conditionsthese conditions, a part , a part of the organic of the organic 
matter may be dissolvedmatter may be dissolved

CCT 2005CCT 2005



Conclusion Conclusion 
•• The removal of mineral matter with HCl and The removal of mineral matter with HCl and HFHF was was 

calculated from calculated from data data of the literatureof the literature
•• Two Two samples of Sulcis coal and an Australian coal samples of Sulcis coal and an Australian coal 

were used for the calculationswere used for the calculations
•• A A low efficiency of removal was obtained with each low efficiency of removal was obtained with each 

acidacid
•• A A better results better results can can be obtained with be obtained with a two a two steps steps 

treatmenttreatment
•• The The use use of Nitric Acid was proposed to of Nitric Acid was proposed to dissolve dissolve the the 

pyritic sulphurpyritic sulphur
•• The results obtained should be confirmed The results obtained should be confirmed by by an an 

experimental workexperimental work
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