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The Global Carbon Cycle 



Oil Formation 

Source: NEED (National Energy Education Development Project)  



Oil Reservoir 

Source: The Chevron Learning Center 



Reservoir Rocks 

X-ray CT Images 
Image Source: ingrainrocks.com 

Highly Porous Sandstone 
(porosity = 0.39)  

Tight Gas Sandstone 
(porosity = 0.05)  



Natural Gas Formation 

Shale, Sedimentary Rock with 
Organic Matter (Kerogen) 

“Wet” Gas is More Valuable 



Where is Natural Gas Found? 

• Oil wells (associated gas ~21% in the U.S.) 
• Gas wells (55%) 

Traditional Natural Gas 

“Unconventional” Natural Gas 
• Shale gas (16%) 
• Coalbed methane (7%) 
• Tight gas 
• (Methane hydrates) 

  



Natural Gas Drilling 

Source: Worldinfo.org 



Coal Formation 

Image Source (top): U.S. Department of  Energy & Kentucky Geologic Survey 





U.S. Coal Distribution by Age 

Source: USGS 



Coal Seams 

• Often Multiple Seams 
– Different depths 

• Thickness  
– Varies by location and often 

rank 

• Mineral Deposition 
– From original biomass 
– During swamp stage 
– Post coal formation 

• Sulfur  
– Additional deposition possible 



Basic Coal Quality 



Heating Value Variation 

Source: USGS 



Proximate Analysis Variation 

Proximate Analysis (100%) = Moisture + Volatile matter + Ash values + Fixed carbon 

Source: USGS 



ASTM Method of Coal Classification 



U.S. Coal Distribution by Rank 

Source: USGS 



Source: E&P 



Macerals in Coal 

• Coal is complex 
• Macerals influence behavior: 

– Combustion 
– Coke properties 
– Liquefaction 
– Coalbed methane 
– Sequestration 
– International Trade 

Opportunities, etc. 
 
 

Vitrinite 
Liptinite - Sporinite, Cutinite, Resinite 
Inertinite - Fusinite, etc. 
Inorganic – Clays, Pyrite, Other Minerals 

Source: USGS 

Organic Components in Coal 



Minerals Found in Coal 

Inorganic Components in Coal: Mineral 
bands, Discreet minerals, Trace elements, 
Minerals within biomass 
 
List of mineral matter identified (after Gluskoter et al., 1981) 



Sulfur and Calorific Value are Important 

Source: USGS 



What is Coal Preparation? 

• The conversion of run-of-mine coal into a marketable 
product  

• Requires knowledge of the raw coal properties as related 
to particle behavior during processing 

• Involves the development of an appropriate circuit to 
produce the marketable coal 

• Achieves key objectives of coal processing: 
– Liberation of impurities from the coal 
– Separation of the coal from the impurities 
– Production of a uniform quality product 

• Incorporates environmentally sound waste disposal 
including water recycle 



Impact of Clean Coal 

• Reduced Transportation Bulk 
 

• Lower Coal Burn Rate 
 

• Decreased Ash Loading 
 

• Altered Ash Slagging/Fouling 
 

• Reduced Desulfurization Requirements 
 

• Improved Fuel Uniformity 



Coal Components 

   Component   Specific Gravity 
• Bituminous Coal     1.25 - 1.35 

 
• Bone Coal (high ash)      1.4 - 1.7 

 
• Carbonaceous Shale      1.6 - 2.2 

 
• Shale and Clays       2.0 - 2.6 

 
• Pyrite         4.8 - 5.2 



Generic Steps of Coal Processing 

• Characterization 
– Size and density fractionation, coal analyses 

 
• Liberation 

– Size reduction 
 

• Separation 
– Gravity concentration, flotation 

 
• Disposition 

– Dewatering, material handling 



Coal Preparation Operations 

• Reducing particle size by crushing  
• Preparation of coal into appropriate size ranges depending 

on devices and products  
• Removing “ash” (mineral matter) and sulfur (inorganic) 
• Dewatering (washed coal) and drying (low-rank coal) 

Source: Library of Congress Source: OSHA 

Hand Picking Coal Preparation Plant 



Levels of Cleaning 

• No Washing 
 Size reduction only 

• Coarse Coal 
 +1/2 in material 

• Coarse + Intermediate Coal 
 +1/2 in, -1/2 in +1 mm material 

• Coarse + Intermediate + Fine Coal 
 +1/2 in, -1/2 in +1 mm, -1+0.15 mm material 

• Coarse + Intermediate + Fine + Ultrafine Coal 
 +1/2 in, -1/2 in +1 mm, -1+0.15 mm, -0.15 mm material 



Source: Library of Congress 

• Crushing/sizing of feed coal (-4 in) 
• Crushing after coal cleaning (-1.5 in) 
• Pulverizing for PC combustion (-0.075 mm) 
• Grinding for fluidized-bed combustion 
• Grinding to various sizes for coal gasification 

 

Size Reduction and Sizing 



Coal Cleaning - Wet Processing 

• Coarse Coal 
– Dense-medium vessel 
– Jig (also dry-cleaning version) 

 

• Intermediate Coal 
– Dense-medium cyclone  
– Dry cleaning table 

 

• Fine Coal 
– Spiral concentrator 
– Concentrating table 
– Other (autogenous cyclone, teeter-bed column, etc.) 

 

• Ultrafine Coal 
– Flotation 



Coarse Coal 

Source: U.S. Dept. of Energy 

 
 

Dense-Medium Vessel 
 

Baum-Type Jig 



Intermediate Coal 

 
 
 

Dense-Medium Cyclone 

Clean Coal 

Refuse 

Raw Coal +  
Dense-Medium Slurry 

• Slurry enters under 
pressure 

 

• Increases number of g’s  
 

• Improves separation of 
finer particles 



Fine Coal - Spiral Concentrator 

• Flowing-film separation 
 

• Several cuts of coal qualities 



Fine Coal - Concentrating Table 



Fine/Ultrafine Coal - Flotation 

 
Source: Advanced Coal Cleaning Technology, IEA 



Coal/Refuse Dewatering  
and Water Reuse 

• Screening 
– Coarse/intermediate/fine coal/refuse 
 

• Centrifugation 
– Intermediate/fine/ultrafine coal 

 

• Filtration 
– Vacuum filter (fine/ultrafine coal) 
– Pressure filter (ultrafine coal/refuse) 

 

• Sedimentation 
– Thickener (ultrafine refuse) 

 
 



Screening 

Dewatered Refuse  



Centrifuge 

Wet Coal 

Dewatered Coal  

Water 

Basket 
Centrifuge 



Vacuum Filtration 

Drum Filter 

Dewatered 
Coal  

Water 



Sedimentation - Thickener 



Pressure Filtration 

Dewatered Refuse 

Plate Filter 
Recovered Water (Filtrate) 



Thermal Drying 

Rotary-Type Dryer 

Dry Coal 

Exhaust 
Wet Coal 



Mechanical Thermal Expression 

• Lignite (Australian) can be 
60% water by mass 
 

• Evaporate the water (large 
energy input required) 
 

• Compress the coal 
removes liquid water 

Image source: Dr. Alan Chaffee Monash University 

Lignite-Water Interactions 

Water 
removed to 
illustrate pore 
volume 
 
Porosity  
= 45.4% 



Briquetting, Pelletizing, etc. 

Source: G.R. Couch, IEA Coal Research 

Briquetting 

Roll and Die Pelletizing 

Disk Pelletizing 
Extrusion 



Coal Blending 

• Producing a uniform feed 
coal 

 

• Meeting environmental 
mandates  

 

• Achieving an appropriate 
quality of coke  
– 20 or so coals may be 

blended Source: Utah Geologic Survey 



Advanced Coal Cleaning 

• Advanced physical coal 
cleaning 

 
• Bio-desulfurization 

 
• Chemical coal cleaning 

 
• Not economic currently 

Source: G.R. Couch, Advanced coal cleaning technology, 
1991, IEA Coal Research 
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