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® Fluidization : The operation by which solid
particles are transformed into a fluidilike state
through suspension in a gas or liquid
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Gas or liquid
(low velocity)

Gas or liquid
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Height above distributor
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Pneumatic conveying
Es < 0.01
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Fast fluidization
' : = Jlow solid flow
« high solid flow
]
] ' Turbutlent fluidization
_ /Bubbling bed
| !
O o2 0.4 0.6
Fraction solids: £, = 1 -sf
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Industrial Application of Fluidized Beds

® 1920’s

® 1940's

® 1050’s

® 1960's

® 1970’s

® 1980's

® 1990's

Winkler Gasifier

Fluid Catalytic Cracking (FCC)
Phthalic Anhydride

Drying

Fluid Hydroforming
Fisher-Tropsch

3-Phase Biochemical Processes

Circulating Fluidized Beds
FCC Risers
Polymer Synthesis

CFB Combustors
Immobilized Enzymes

PFBC (Pressurized Fluidized Bed
Combustor)
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Flow Diagram of Fluidized Bed Coal
Combustion Process
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Boiler user G P O H K S L Ke
Steam capacity [t/h] 60 80 120 120 175 200 210 610
Grid Nozzles:
orificedia [mm] 14 28 75 35 6.5 35 3.0 33
number of tuyeres 750 453 1951 954 297 1508 1492 736
opening ratio [m2] 0.115 0.279 0.345 0.338 0.27 0.48 0.393 2.52
[%4] 1.84 2.07 23 214 1.80 7.48 161 394
number of fud feed 1 2 3 2 2 4 4 6
number of bed drain 1 2 4 2 2 3 3 2
F“'Tﬁoe' 18%348| 45%3 [218%72| 21%75 | 2%7.52 |253%25| 25%9.8 | 3.35%19.1
AU 3.74%37| 45%3 |395%7.2| 3.8%X75 |4.24%75| 35%X35 [4.97%9.8|7.1%19.05
HL 3.695 2.84 293 3.9 6.93 35 32 6.97
HU 17.10 15.08 20.9 28.2 25.6 319
Hg 174 243 14.95 19.8 26 27.3 25.0 28.53
Hr 0.4 0.85 1.29 1.28 211 0.65 1.05
Number of gas exit 1 2 2 1 2 2 3
Cyclone:
Number A(\)f cyclone 1 ) ) 1 2 ) 3
Dg 297%1.2 1.25%31| 1.2%29 | 1.6%4.7 |44%2.13|1.48%3.8(6.02%3.05
L1 371 39 3.7 33 5.6 4.95 6.994
Lo 381 U-beam 4.15 4.0 6.71 441 6.43 7.3
De 254 | separator | 4.85 4.6 8.98 2.35 6.23 8.813
L3 1.67 1.73 1.7 3.47 2.98 2.33 3.75
Dd 2.05 0.3 15 1.79 2.39 1.25 1.28
Hd 0.71 0.75 0.71 11 0.9 0.9 131
Hs 9.25 6.86 85 7.2 10.36 9.76
2.35 25 212 4.02 15 2.6




H>
o

=W &S SEsEsdAzE A

® K,Ke 3AZ= Lurgi SEHOIMH 1 2 HAZ=
2 & Ahlstrom & E{

o AE RSE HAZ = steam capacity Off ek &
HAO0| 8m2 2H 25 m?2 NHAl & Xl
MOIZ2E22 1-3 HIt & X

o PAHAZO HA2 MOIZ220| 0tk U-beam
separator 0| & X

® K, KeFAazl BR 2AF Eu)|It €Kl (Lurgi
= EH)



A SLO = X~
B SRS A2 g =2
5
o 8 F=R+= 16
Al . e Ho RS
o Haz otF2 H
g 5t . HEO0l 8m2 0f&f
= SIHAI 88 =&
3,0 . - St
2
1~ L)
® CFBCinkorea
S U S BV B B S
0 5 10 15 20 25 30

Crosssectional area of combustor [mmz]

Fig. Number of feed inlets with crosssectional
area of the combustor



oo oo

Sample G P O H K S L Ke
Hiah heating value | ¢ 5o | 6840 | 6710 | 8.343 | 7.228 | 6.770 | 6.592 | 5.013
[kcal/kg]
Proximate analysis
[as dry basis wt %]
Moisture 8.22 5.83 7.15 5.50 12.8 5.06 3.92 3.88
Volatile 3251 | 32.10 | 34.07 9.11 35.1 31.07 | 28.17 5.25
Ash 5.63 6.79 4.92 1.64 6.5 5.37 12.29 33.36
Fixed carbon 53.64 | 55.28 | 53.86 | 83.75 45.6 58.5 55.62 57.51
Sulfur
las dry basis Wt%] 0.30 0.31 0.27 0.31 0.29 0.90 0.53
Tablesample G P o) H K S U Ke
Elemental analysis
[dry basis wt%]
SIO2 31.60 | 44.68 51.0 5.32 9.26 53.96 | 30-53 53.17
P205 0.02 7.75 0.1-0.3
Al203 16.72 18.56 15.0 1.55 16.30 | 10-27 33.77
Fe203 11.18 7.72 7.2 0.45 10.76 1091 | 1.3-17 4.43
Cao 23.87 13.12 215 51.26 6.55 7-13.6 0.70
MgO 0.96 1.04 2.0 0.53 354 |04-23 0.76
K20 2.45 2.36 1.3 0.09 0.72 | 0.2-1.3 4.19
Na20 1.11 1.19 1.1 0.02 1.11 | 0.1-04 0.22
TiO2 0.04 0.3-2
MnO 0.04
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Cumulative weight fraction
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' | —— Ash collected by EP
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Fig. Particle size distributions of discharged solids

in S CFB combustor

2| M= bottom, fly ash
= L2 loop-seal ash
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A} =2 2 X0 et
[ O H O
Sple G P O K S L U Ke
Seam|[t/h] %) 80 6.1 170 | 1662 | 180 250 620
Cad [t/h] 7.3 855 | 1313 | 20 21 20 30 B
Limestone [t/h] - - - 0.8 0.14 04 04 4.95
Air [Nm3/g 1441 | 2022 | 2395 | 4351 | 529 | 47.23 | 686 | 14958
Pimery 813 | 1059 | 15694 | 1872 | 33 | 27.78 | 446 | 8.2
Secondary 469 | 1059 [ 661 | 172 | 7.7 | 1881 | 23 5322
Burner 0.57 140 8.0
Others 102 | 004 75 | 461 | 064 1 9.14
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BHE=JtA =S4
Spe G P 0 K S U Ke
2 [por 20 | 106 | 412 | B48| 107 | 0 | 1153
NOX [porr 0 | B2 |14251| 15 | 1600 | 449
Dust [mgV] 92 | 24 | 56| 28| 78| 12 | 5%
2[4 71 | 35 | 57| 617 | 61 | 6 | 42




BHE)tA =4

® SO, 2z SN E AtEot=
Hl A= 100 ppm O|GHZ HH =
= 120 ppm O| ot 2 Hi=

® NOx 22 HE = 150 ppm OlotZ U=
(thermal NOx 2| A4 A 30| &8 3)
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® AAZ oIRS 25 = & 850°C M= A 2& O
OlFHAIL U_LH At &= & 2M2 S04 0
(et 22& 2= HE (S:800°C, O:890°C, Ke :
870 °C)

o A& = &2 A HIME = B2 loop-seal & MO
22 2Ll HAZ OIREO =2 3= 28 (H,



Ke CFB combustor =& &

Lower (0.74 m) 857 861 911 890 886
Fumace: = ) er (5.64 m) 840 871 912 902 867
1 Inlet : 915 Outlet : 946 944 943
Cyclone 2 Inlet : 929 Outlet : 991 989 986
3 Inlet : 941 Outlet : 972 972 968
1 901
Seal pot 2 948
3 912
1 144 249 185
FBHE 2 645 683 723
3 468 688 749
economizer 303 301 272 265
FBAC cooler 262 231
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CEB HAa=2 =ME

® Clinker 2| &+Ad
9|XH /\-I_,_ | O S == |.

= & & AE0MH2 K0, Na,0, 2| &
— Dead zone 2| 2A
® Clinker 2| 54 2l X}
— B/Aratio: 0.4-0.7 N 3 Jtsd =
B Fe0O, + CaO0 + MgO + Na,O + K,0O

A S0, + AlLO, + TiO,

— Si/Al ratio : silicate € S 4dol= 8%
s g0,
Al ALO,
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— 300 mm refractory and Y hook in combustor

— Thermal spraying of Ni based alloy
— Sandwich wall structure

o 2 AIBIIES TR 2ot
— dAadUfwal R&= 2 =2F M
— AJ| &0l tube thick SEH2 2 U122 4 ¥ 2 WAl
— Protector & X| (Erosion screen & X|)
— 22U 2& 22| : 2= XH0] 100 °C 0| ot S Xl

~ Tube o &S 0= L KX BB AE| F T

0=



ol
=
4
—¢ OJ
Rl 0
O o
= o)
30 o
T
oJ ol
0] ¢8R
- __9
3 — |
@)
J——
) O

— Local hot spot 2| I+ & XA

— Limestone 2| &

F

Tige

F

S
S

O CHX 2ot

=
=

o Ul At At

SES 0I2E M A

)
KIO
0
Ok

B
[0

— Loopseal clinker : &

0L

&t

cHe=

(-
e

— Startup :

OH

X~
o

DH



