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FBC boiler : about FBC boiler : about 600 units600 units in the world (in the world (51%51%--CFBCFB units)units)
Korea : about 10 units (ex.:Korea : about 10 units (ex.:Tonghae CFB Tonghae CFB -- 200MWe x 2units200MWe x 2units))

Size DistributionSize Distribution of the Solid Inventory in a CFB of the Solid Inventory in a CFB -- Key parameterKey parameter
-- Size distribution inside a CFB differs significantly from fuel Size distribution inside a CFB differs significantly from fuel fedfed

: Due to : Due to devolatilization, combustion, fragmentation, attritiondevolatilization, combustion, fragmentation, attrition
-- To optimizeTo optimize

: fluidization characteristics: fluidization characteristics
: combustion characteristics: combustion characteristics
: heat transfer and temperature control: heat transfer and temperature control

-- To regulateTo regulate
: feeding coal size distribution: feeding coal size distribution

Tonghae CFB boiler Tonghae CFB boiler -- using using Korean anthraciteKorean anthracite
-- Coal ash is used as Coal ash is used as bed materialbed material

: Coal: Coal--fed size change in a CFB is more importantfed size change in a CFB is more important

IntroductionIntroduction
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Comminution Mechanisms Comminution Mechanisms -- OverviewOverview

•• FragmentationFragmentation
-- PrimaryPrimary

: occurred within a few seconds after : occurred within a few seconds after 
injection of particlesinjection of particles

: internal stress due to devolatilization: internal stress due to devolatilization
and thermal shockand thermal shock
-- SecondarySecondary

: char breakage during combustion: char breakage during combustion

•• AttritionAttrition
: particle: particle--particle, particleparticle, particle--wallwall
: produce fine particle : produce fine particle 

•• Combustion ShrinkageCombustion Shrinkage
: Shrinkage due to combustion: Shrinkage due to combustion
: Carbon conversion: Carbon conversion
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Effect on Fluid dynamics/Conversion/Heat TransferEffect on Fluid dynamics/Conversion/Heat Transfer

uumfmf increases with dincreases with dpp
uutt increases with dincreases with dpp
effect on effect on solid distributionsolid distribution along the riseralong the riser
effect on effect on solid hold upsolid hold up in the riserin the riser
effect on effect on pressure profilepressure profile
effect on effect on circulation ratecirculation rate
effect on effect on residence timeresidence time in the riserin the riser

Particle SizeParticle Size

fuel feedingfuel feeding prop. to prop. to air flowair flow
ttdevdev increases with dincreases with dpp
ttcombcomb increases with dincreases with dpp
effect on effect on combustion efficiencycombustion efficiency
effect on effect on reactivityreactivity
effect on effect on gas distribution (mixing)gas distribution (mixing)
effect on effect on temperature distributiontemperature distribution
effect on effect on char distributionchar distribution
effect on effect on combustion regimecombustion regime

effect on effect on mass transfermass transfer
effect on effect on fragmentation propensityfragmentation propensity
effect on effect on number of particlesnumber of particles
effect on effect on available particle surface areaavailable particle surface area
effect on effect on emissionsemissions (CO, NOx, SO(CO, NOx, SO22, , particulatesparticulates))
effect on effect on amount of fly ash / bottom ashamount of fly ash / bottom ash
effect on effect on heat transferheat transfer
effect on effect on steam production /efficiencysteam production /efficiency
effect on effect on erosionerosion
and more and more …………..
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ObjectiveObjective

Characterization of comminution of Korean anthracite Characterization of comminution of Korean anthracite 
- Prediction and analysis of performance of the CFB boiler
- Development of the Guideline for the CFB boiler using Korean anthracite

43rd IEA-FBC meeting

Korean anthracite Korean anthracite 
• very low reactivity of combustion reaction
• high content of fine particles (<0.1mm :10 - 20%)

• low combustion efficiency due to short residence time 
• high temperature in freeboard and cyclone due to 
post-combustion

• very importantvery important - formation of fine particles and particle size distribution
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Experimental apparatus of a CFB reactorExperimental apparatus of a CFB reactor

MFC

Fuel Port
(For Batch)

(T., P. Control and acquisition system)

PC

G.A (Gas Analyzer)

Vent

Knock-out Port

Bag-Filter

Condenser

Water in

Water out

G.A.

G.A.

G.A.

Air/N2

N2

Screw Feeder
(For Continuos)

Fuel Hopper

Preheater

Riser 
: 35mm (I.D.) x 2.3m (H)

2-Cyclones
: Standard design

Downcomer and L-Valve
: 25mm (I.D.)

Gas inlet system
: 3-MFC (N2, Air) - Riser, L-Valve

10-P and 13-T measurement system
Isothermal operation
Batch and continuous feeding 
Gas analyzer system

: CO, CO2, SO2, NOx, O2

Some experiments were carried out 
in a TGA and a thermobalance reactor
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Experimental ConditionExperimental Condition

Dogae Dongwon Samchuk Kyungdong Jangsung Hanbo Taebak
Proximate analysis

Moisture 3.26 3.07 3.60 3.76 2.82 4.46 4.15
VM 3.90 4.33 3.89 3.92 5.00 4.09 3.68
FC 60.86 51.00 58.44 65.32 47.02 60.40 61.58
Ash 31.98 41.60 34.07 27.00 45.16 31.05 30.59

Ultimate analysis
C 63.21 52.58 60.76 68.79 49.41 63.74 64.38
H 0.77 0.77 0.82 0.82 0.80 0.79 0.80
O 2.16 3.01 2.41 2.41 2.48 2.10 2.16
N 0.39 0.36 0.43 0.43 0.40 0.46 0.50
S 0.41 0.36 0.24 0.24 0.44 0.41 0.22

Ash 33.06 42.92 35.34 35.34 46.47 32.50 31.92
Ash analysis

SiO2 53.41 54.36 56.41 52.58 54.51 52.37 54.20
Al2O3 34.82 31.53 31.38 32.99 32.54 33.67 32.27
Fe2O3 2.60 4.40 2.53 6.10 4.17 5.60 4.39
CaO 0.80 0.86 0.58 0.99 0.72 0.84 0.92
MgO 0.65 0.70 0.65 0.72 0.62 0.44 0.78
Na2O 0.16 0.33 0.34 0.20 0.23 0.14 0.24
K2O 4.65 4.93 4.08 3.71 4.77 4.0 4.13
TiO2 2.14 1.83 2.02 2.24 2.24 2.77 1.95

• Proximate and Ultimate analyses of the Korean Anthracite

• Experimental conditions in a CFB reactor

- Temperature : 760 - 850oC (Isothermal operation)     - Velocity : 0 - 1.2 m/s
- Particle size :  1-2, 2-3.35, 4-5.6mm - Fluidizing Gas : N2 or O2(10%)
- Bed material : Sand (90μm) - 250g - Fuel : 4-5g

• Low  Volatile content
- VM : 3.7-5.0%

• High Ash content
- Ash : 27 - 42%  

• Low heating value
- 4500-5000 kcal/kg

• Relatively high HGI
- about  90 - 110
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•• before fragmentation before fragmentation (devolatilization)(devolatilization)

•• after fragmentation after fragmentation (devolatilization, 120(devolatilization, 120ooC/m, to 900C/m, to 900ooC)C)

BituminousBituminous-- aa BituminousBituminous-- bb BituminousBituminous-- cc Korean anthraciteKorean anthracite

Fragmentation of coal  in a TGA/ThermobalanceFragmentation of coal  in a TGA/Thermobalance
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Fragmentation of the anthracite in a TGA/ThermobalanceFragmentation of the anthracite in a TGA/Thermobalance
•• Effect of heating rate on fragmentation (Effect of heating rate on fragmentation (ddpp = 2.0= 2.0--4.0mm)4.0mm)

•• Effect of particle size on fragmentation (heating rate = 120 Effect of particle size on fragmentation (heating rate = 120 ooC/mC/m))

2020ooC/minC/min 6060ooC/minC/min 100100ooC/minC/min 120120ooC/minC/min

0.50.5--1.0 mm1.0 mm 1.01.0--2.0 mm2.0 mm 2.02.0--4.0 mm4.0 mm 4.04.0--5.6 mm5.6 mm
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Photos of Comminution in a LabPhotos of Comminution in a Lab--Scale FBC reactorScale FBC reactor

Initial Particle Size (2Initial Particle Size (2--3.35mm)3.35mm)

After devolatilizationAfter devolatilization

After complete combustionAfter complete combustion
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Photos of Comminution in a LabPhotos of Comminution in a Lab--Scale FBC reactorScale FBC reactor
(r(ref.  Prof. Franz Winter, TUef.  Prof. Franz Winter, TU--Vienna)Vienna)

••Korean anthracite after complete combustionKorean anthracite after complete combustion ••Polish bituminous after complete combustionPolish bituminous after complete combustion
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Photos of Comminution in a LabPhotos of Comminution in a Lab--Scale FBC reactorScale FBC reactor

raw coalraw coal after devolatilizationafter devolatilization after complete combustionafter complete combustion

•• SEM observationSEM observation

•• Optical microscope observationOptical microscope observation
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Combustion Devolatilization

Gas histories of devolatilization and complete combustionGas histories of devolatilization and complete combustion
(T= 850oC, dp = 2-3.35mm, Gas = N2 and O2(10%)) 

Gas histories of Korean anthracite in a CFB reactorGas histories of Korean anthracite in a CFB reactor
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Comminution of Korean anthracite in a CFB reactorComminution of Korean anthracite in a CFB reactor
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Comminution of Korean anthracite in a CFB reactorComminution of Korean anthracite in a CFB reactor
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Comminution of Korean anthracite in a CFB reactorComminution of Korean anthracite in a CFB reactor

Effect of Temperature on the size distribution after complete coEffect of Temperature on the size distribution after complete combustionmbustion
(dp = 2-3.35mm, Gas = O2 10% with N2) 
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Comminution of Korean anthracite in a CFB reactorComminution of Korean anthracite in a CFB reactor

Size distribution after devolatilization and complete combustionSize distribution after devolatilization and complete combustion
(dp = 2-3.35mm, Gas = N2 and O2 10% with N2) 
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Comminution of Korean anthracite in a CFB reactorComminution of Korean anthracite in a CFB reactor

Effect of particle size on the size distribution after devolatilEffect of particle size on the size distribution after devolatilization ization 
(T = 850oC, Gas = N2) 
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(T = 850oC, Gas = O2 10% with N2) 

Comminution of Korean anthracite in a CFB reactorComminution of Korean anthracite in a CFB reactor
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Comminution of Korean anthracite in a CFB reactorComminution of Korean anthracite in a CFB reactor

Effect of Gas velocity on the size distribution after devolatiliEffect of Gas velocity on the size distribution after devolatilizationzation
(T = 850oC, Gas = N2) 
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Dogae Coal
(HGI = 93)
Samchok Coal

(HGI = 105)

Kyongdong Coal
(HGI = 73)
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Effect of Hardness on the size distribution after devolatilizatiEffect of Hardness on the size distribution after devolatilizationon
(T = 850oC, Gas = N2) 
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Effect of hardness on the size distribution after complete combuEffect of hardness on the size distribution after complete combustionstion
(T = 850oC, Gas = O2 10% with N2) 
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Size distribution of Korean anthracite and bituminous coal afterSize distribution of Korean anthracite and bituminous coal after devolatilizationdevolatilization
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ConclusionsConclusions

Korean anthracite Korean anthracite showsshows higher number of fragmentshigher number of fragments than expected.than expected.
- as temperature in the CFB increases,
- as particle size increases,
- as fluidizing velocity increases, 
- as HGI increases

Fine particles from Korean anthracite during fragmentation were produced
largely.

Attrition trend of Korean anthracite is similar with fragmentation trend.
The extent of combustion shrinkage is relatively small for the anthracite.

These data will contribute to development of new size distribution functionew size distribution function
-- new correlation for the change of size distribution due to fragnew correlation for the change of size distribution due to fragmentationmentation
and attrition is being developed and attrition is being developed 


