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[ Introduction

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

o Size Distribution of the Solid Inventory in a CFB - Key parameter

- Size distribution inside a CFB differs significantly from fuel fed
: Due to devolatilization, combustion, fragmentation, attrition

- To optimize

: fluidization characteristics

. combustion characteristics

: heat transfer and temperature control
- To regulate

. feeding coal size distribution

o Tonghae CFB boiler - using Korean anthracite
\- Coal ash Is used as bed material

. Coal-fed size change in a CFB Is more important

_/

KEPRI
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[0 Comminution Mechanisms - Overview

(Fragmentation \

- Primary
. occurred within a few seconds after
injection of particles
. internal stress due to devolatilization
and thermal shock
- Secondary
: char breakage during combustion

e Attrition
: particle-particle, particle-wall
: produce fine particle

« Combustion Shrinkage
. Shrinkage due to combustion

{Carbon conversion /
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[1 Effect on Fluid dynamics/Conversion/Heat Transfer

/oumf increases with d, \ p Particle Size
O U, increases with d,

o effect on solid distribution along the riser

o effect on solid hold up in the riser

o effect on pressure profile

o effect on circulation rate

Qeffect on residence time in the riser /

/o fuel feeding prop. to air flow \ ﬂ) effect on mass transfer \

o effect on fragmentation propensity

o effect on number of particles

o effect on available particle surface area

o effect on emissions (CO, NOx, SO,, particulates)
o effect on amount of fly ash / bottom ash

o effect on heat transfer

o effect on steam production /efficiency

O 14, increases with d,

O teomp INCreases with d,

o effect on combustion efficiency

o effect on reactivity

o effect on gas distribution (mixing)
o effect on temperature distribution
o effect on char distribution

. i o effect on erosion
\\oeffect on combustion regime / \ /
o and more .......
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[1 Objective

4 I
o 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

-

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

 low combustion efficiency due to short residence time

c e high temperature in freeboard and cyclone due to

\post-combustion /

[- very important - formation of fine particles and particle size distribution}
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[1 Experimental apparatus of a CFB reactor

ﬁiser \
: 35mm (1.D.) x 2.3m (H)

o 2-Cyclones
S \Water out . Standard design
Condenser o Downcomer and L-Valve
_ _ < Water in : 25mm (ID)
o Gas inlet system
Bag-Filter : 3-MFC (N,, Air) - Riser, L-Valve
E o 10-P and 13-T measurement system

Fuel Hopper o ae ='

MR

Fuel Port |

(ForB h: i > Vent o Isothermal operation
me Knock-ojt Port o Batch and continuous feeding

(SFcreV(\é Feeder , G.A| (Gas Analyzer) \ O Gas analyzer system
or Continu S | )
GA—T | ] . CO, CO,, SO, NO,, O,

PC

=

MEC 5 oheatdr (T., B. Control and acquisition system)

Air/NG> Some experiments were carried out }
r

Ina TGA and a thermobalance reacto
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[1 Experimental Condition

 Proximate and Ultimate analyses of the Korean Anthracite

| 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 /. Low Volatile Content\
Ash 31.98 41.60 34.07 27.00 45.16 31.05 30.59
Ultimate analysis -VM : 3.7-5.0%
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  High Ash content
0 2.16 3.01 2.41 2.41 2.48 2.10 2.16 ) : 190
N 0.39 0.36 0.43 0.43 0.40 0.46 0.50 ASh ’ 27 42A)
S 0.41 0.36 0.24 0.24 0.44 0.41 0.22 e LOw heatmg value
Ash 33.06 42.92 35.34 35.34 46.47 32.50 31.92
Ash analysis - 4500-5000 kcallkg
SiO, 53.41 54.36 56.41 52.58 54.51 52.37 54.20 - -
ALO, | 3482 | 3153 | 3138 32.99 3254 | 3367 | 3227 * Relatively high HGI
Fe,O, 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 K abOUt 90 110 /
MgO 0.65 0.70 0.65 0.72 0.62 0.44 0.78
Na,O 0.16 0.33 0.34 0.20 0.23 0.14 0.24
K,O 4.65 4.93 4.08 3.71 4.77 4.0 413
TiO, 2.14 1.83 2.02 2.24 2.24 2.77 1.95

» Experimental conditions in a CFB reactor

- Temperature : 760 - 850°C (Isothermal operation)
- Particle size : 1-2, 2-3.35, 4-5.6mm
- Bed material : Sand (90um) - 2509

- Velocity : 0- 1.2 m/s
- Fluidizing Gas : N, or O,(10%)
- Fuel : 4-5¢

KEPRI
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[0 Fragmentation of coal in a TGA/Thermobalance

» before fragmentation (devolatilization)

Bituminous- a Bituminous- b Bituminous- ¢ Korean anthracite

« after fragmentation (devolatilization, 120°C/m, to 900°C)
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[0 Fragmentation of the anthracite in a TGA/Thermobalance

« Effect of heating rate on fragmentation (d, = 2.0-4.0mm)

20°C/min 60°C/min 100°C/min 120°C/min

» Effect of particle size on fragmentation (heating rate = 120 °C/m’

0.5-1.0 mm 1.0-2.0 mm 2.0-4.0 mm 4.0-5.6 mm
KEPRI
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[0 Photos of Comminution in a Lab-Scale FBC reactor

After devolatilization

Lz
1111

Initial Particle Size (2-3.35mm)

After complete combustion
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[0 Photos of Comminution in a Lab-Scale FBC reactor
(ref. Prof. Franz Winter, TU-Vienna)
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«Korean anthracite after complete combustion  <Polish bituminous after complete combustion
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[0 Photos of Comminution in a Lab-Scale FBC reactor

 SEM observation
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0 Gas histories of Korean anthracite in a CFB reactor
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Gas histories of devolatilization and complete combustion
(T=850°C, d, = 2-3.35mm, Gas = N, and O,(10%))
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O Comminution of Korean anthracite in a CFB reactor

After Devolatilization
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O Comminution of Korean anthracite in a CFB reactor
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Effect of Temperature on the size distribution after devolatilization
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O Comminution of Korean anthracite in a CFB reactor

After Complete Combustion

Effect of Temperature on the size distribution after complete combustion
(d, = 2-3.35mm, Gas = O, 10% with N,)
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O Comminution of Korean anthracite in a CFB reactor
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Size distribution after devolatilization and complete combustion
(d, = 2-3.35mm, Gas = N, and O, 10% with N,)
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O Comminution of Korean anthracite in a CFB reactor

Effect of particle size on the size distribution after devolatilization
(T =850°C, Gas = N,)
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O Comminution of Korean anthracite in a CFB reactor
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Effect of particle size on the size distribution after complete combustion
(T =850°C, Gas = O, 10% with N,)
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O Comminution of Korean anthracite in a CFB reactor

Effect of Gas velocity on the size distribution after devolatilization
(T =850°C, Gas = N,)
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O Comminution of Korean anthracite in a CFB reactor
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(HGI = 105)

Effect of Hardness on the size distribution after devolatilization
(T =850°C, Gas = N,)
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O Comminution of Korean anthracite in a CFB reactor
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Effect of hardness on the size distribution after complete combustion
(T =850°C, Gas = O, 10% with N,)
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O Comminution of Korean anthracite in a CFB reactor

—@— Korean Anthracite
~~~~~~~ Bituminous Coal A
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Size distribution of Korean anthracite and bituminous coal after devolatilization
(d, = 2-3.35mm, Gas = N,)
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[0 Conclusions

ﬂ)rean anthracite shows higher number of fragments than expected.\
- as temperature in the CFB increases,
- as particle size increases,

- as fluidizing velocity increases,
- as HGI increases

o Fine particles from Korean anthracite during fragmentation were produced
largely.

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

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




