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Abstract — The circulating fleidized bed (CFB) boiler which uses anthracite coal by fuel in the I power plant is compared
with commercial CFB boiler which uses bituminous coal. According to the high ash content of anthracite coal, the ash was
only used by fluidizing materials and B/A ratio of the ash was 0.11, so it was relatively difficult to form a clinker. Particle size
distribution of bed materials was very wider than that of other CFB combustor. Particle size distribution of bed materials was
100-400 wm and unburned carbon is almost contained in fly ash and especially concentrated under 100 ym particles. So it is
needed to control particles size distribution of coal, The temperature range of dense phase of the I» CFB boiler is 850-87¢ °C
and is similar to that of other CFB hoilers. Because of low combustion efficiency and post combustion of unburned carbon, the
temperature of lean phase, cyclone inlet and outlet temperature were higher than these of other CFB boilers. Therefore, low
combustion efficiency and post combustion might be considered to design and apply CFB boiler which used anthracite coal.
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Table 1. CFB hoiler in domestic region[5]
User Year Steam capacity(ton/h) Designed coal Steam use
0ClL 1984 120 Bituminous coal Cogeneration
SK(Suwon) 1988 25 Bituminous coal Process
SK(Ulsan) 1989 200 Bituminous coal Cogeneration
LG chemical 1989 210 Bituminons coal Cogeneration
Hyundai Petrochemical 1989 120 Bituminous coal Cogeneration
UPSC 1950 250 Bituminous coal Cogeneration
Pusan dyeing complex 1991 160 (80 < 2} Bitumninous coal Cageneration
Korea Zine 1991 175 Bituminous coal Cogeneration
Samyang GENEX 1990 60 Bituminous coal Cogeneration
Kepco 1998 1,300 (660 % 2) Anthracite coal Cogeneration
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Fig. 1. Configuration of D CFB boiler.
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Fig, 2. (a) Flow diagram and (b} combustor configuration of the Ahistrom
CFB boiler.
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Table 2. Dimensions of CFB combustor in Korea
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Boiler user G P 0 H K S L D
Steam capacity{t/h] 60 80 120 120 175 200 210 660
Grid Nozzles:
Onifice dia.fmm] 14 28 15 3.5 6.5 3.5 3.0 33
Number of tuyeres 750 453 1951 954 297 1508 1492 736
Opening surface area[m?] 0.115 0.279 0.345 0.338 027 0.48 0.393 2.52
Opening ration[ %] 1.84 2.07 23 214 1.80 748 i.6] 3.94
Number of fuel feed part 1 2 3 2 2 4 4 6
Number of bottom ash part f 2 4 2 2 3 3 2
Furnace:
A, 1.8 X348 4.5%3 218X7.2 21X75 2X752 253X25 25%98 33x19.1
A, 3.74X3.7 45%3 395x72 3875 424 X7.5 35%35 497X98 T1X19.0
H; 3.695 2.84 293 39 35 3.2 5
H, 17.10 15.08 20,9 6.93 282 25.6 6.97
H, 174 243 14.95 19.8 26 273 250 319
H, 04 0.85 1.29 1.28 21 0.65 1.05 28.53
Numnber of gas exit 1 2 2 1 2 2 3
Cyclone: Number of cyclone f 2 2 1 2 2 3
Al 297x1.2 1.25x3.1 1.2X29 1.644.7 44X2.13 1.48x3.8 6.0X3.05
D, in 39 3.7 33 56 4.95 6.994
L, R 381 4.15 4.0 6.71 441 6.43 7.3
L, 2.54 U-beam 4.85 4.6 8.98 2.35 6.23 8.813
D, 1.67 separator 1.73 1.7 347 293 2.33 375
L, 2.05 0.3 1.5 1.79 2.39 1.25 210
D, 0.71 0.75 0.71 1.1 09 0.9 1.31
H, 9.25 6.86 8.5 7.2 10.36 9.76
H 235 2.5 212 4.02 1.5 26
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Fig. 3. Cumulative weight fraction of coal and limestone.
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Fig. 4. Particle size distribution of discharged solids.
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Table 3. Properties of fuel
Sarmple G P O H K s L D
High heating value[kcalkg] 6,580 6,840 6,710 8,343 7.228 6,770 6,592 5,013
Proximate analysis(as dry basis wt %]
Moisture 822 583 7.15 5.50 128 5.06 392 3.88
Volatile 32.51 32.10 34.07 2.11 035.1 3107 28.17 5.25
Ash 5.63 6.79 4.92 i.64 6.5 5.37 1229 33.36
Fixed carbon 53.64 55.28 53.86 83.75 45.6 58.5 55.62 5751
Sulfur{as dry basis wt%] 0.30 0.31 0.27 0.31 0.29 0.90 0.55
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Table 4. Properties of bottom ash in various CFB boiler

A - AT - S

Sample G P 0 H K S u D
Elemental analysis[dry basis wt%]
5i0, 31.60 44.68 51.0 532 53.96 30-53 53.17
PO, 0.02 0.1-03
Al O, 16.72 18.56 150 1.55 16.30 10-27 33.77
Fe,04 11.18 772 7.2 0.45 9.26 1091 1.3-17 4.43
CaQ 23.87 13.12 21.5 51.26 775 6.55 7-13.6 0.70
MgO 0.96 1.04 20 0.53 3.54 04-23 0.76
K0 245 2.36 1.3 0.09 10,76 0.72 02-1.3 4.19
Na,0O 1.11 1.19 1.1 0.02 1.11 0.1-04 0.22
Ti0, 0.4 0.3-2
MnO 0.04
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Tabtle 5. (a) Flow rates of steam, coal, imestone and air (b) Pollutant
emissions of CFB boiler

(a)

Sample G P 8] K S L U Ke
Steam|[t/h] 54 g0 951 170 1662 180 250 620
Coal[t/h] 7.3 B.55 1313 20 21 20 30 98
Limestone[t/h] - - - 08 014 04 04 495
Air{[Nm’/s] 1441 2122 2385 4351 5295 4723 68.6 14958
Primary 8.13 1059 1594 1872 3233 2778 446 §87.22
Secondary 469 1059 661 1725 7.7 1881 23 53122
Burmer 0.57 1.40 8.0

Others 1.02  0.04 754 461 064 1 914
(b)

Sample G P O K S U Ke
SO, [ppm] 269 106 412 7548 107 50 115
NO [ppm] 40 982 14251 156 160 45
Dust{mg/M] 92 24 576 12.58 7.38 12 596
O, %] 7.1 35 578 6.17 6.1 6 424

oA $A¥ar glem, A xeke] Zotel wef AR W 0
grel F7teke S HelR o] aH esbi =28 7ise aiF
= 9L 52 gk

DM 8555 Ry EEEEE Table 60l LERA vle} e},
FEFESY 2 FEE U 840910°CAto|o]H, F] Wgko 2
oF 20°Cuie] e = wieke T = 60 9CRLle] ST 3jolE Ueklx
Aok Ad= o] Ak 2xAAe F2 A9 FUT 23 loopseal
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YT RS HUE A4 e vhE R diEes B e &
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A At R JUFeR Y Ll oy di= Aog vyt
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Fe S AT E Wi nhte] Al Aol sukay
e R Hxks A 942 9, Me1FE YT Lt e & 2
EHU 40-50°C o[, TEE MR[ZE &7 2ER YT &FEh
40-50°C ol if =& 3oz Jeldd & ¢ ot ol vizA )
g wo] o] gle nAREY] T div) Mo|2E Y7
ETAM kg bl AER B Adve o B s Veh i @ato
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Table 6. Temperature profile of D CFB boiler

Lower(0.74 m) 857 861 911 890 886
Furnace("C}
Upper(5.64 m) 840 871 912 902 867
Cyclone(°C) 1 Inlet : 915 Outlet : 946 944 943
2 Inlet : 929 Outet : 991 989 986
3 Inlet : 841 Qutlet ; 972 972 968
loopseal(°C) 1 201
2 048
3 912
FBHE("C) 1 144 249 185
2 645 683 723
3 468 688 749
FBAC(°C) economizer 303 301 272 265
cooler 262 231
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Fig. 6. Temperature profiles of I} CFB hoiler,
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7} 830-870°ColM EHe! Hi 3100 MolFE 27 L£5E 20
850°C AEE A5 loopseal 252 HolEE &1 259 H|2=E7)
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dlMe] S wFke] fukRa] Aid) el £9) 2 Tyl &7
o] B3 e 5L 0 vk DY d429 AL 29 g
2EE HFHOE 850-870°C AEs Jehdon dawe] o7}
/M-S 2R S A%e BT givh T8 94 Ags
Brel o] loopseal®] 57t AT v ETh =4 velth B AR
Helejel vlwsly Ao T 5 Lwda Z=go] olRe)x|x 9l&
Y olon, 2 2nE¥ 97 Ay eTRES)
Aozt vhs Ao Jepdl & TS ARgsls 7 dinkead
o] HE= Al HwE 2L 2 g Aok sy wal ola)dl W
& A WP E Q18 § vt S dojuls BAS ww e
¢ 7 o EF DIEY) He dh2e 2% FHE I
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2ZA| Zg¢ %& FBHEE 43 z4gons digel srx
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DEE 3F5E BYds dRAEYYAM loopseal, FBHE,
FBAC 52 71Z#45% 99 2gEgen vysle] §8& 92%
oo g vehatt Bage] 28 37 ko sl Ele =
AR FATE AGEP) we] ohe A% 9 BB N slag
ging index ¢1 Y& - A7} 0112 ZA YER} AdlHo s agm
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o E3A BAel ergAlel Ziog et 5] drPas 4
@ 2efunt WA REHT fx grRe] fUss 22EL 100
400 um= UeR£Ow ERs)e] PRUTE 760 wm, loopseal 3172
Y= 230 um= & xjo]S HolaL ok tiitie] v u)4E)e)
WE3T §low B3] 100 pmel3te] Y=rt 90% o)/ EdsEa ¢
71 Wiel o]g] A7Hg $lled HA x FHe] Fod Fo®
ERsiT}. g 850-870°CE SHHY o 2EEZE & W
L8200 & PFoLE 60°C e HakE et gukew
9] LTIl ¥y 94 2 FBHES 59 A8 23} e}
Som Sidke 20 2EWANE FAEe] W db kA ndE
o] FALel ofall vehdth wiEbd S FAEE AM e 8555
wleie] dA 2 HE, S sle] ool E Iy Pad glew
AzET

AEYE
A, ; cross-section of cyclone inlet [mz]
A; : bottom cross-section [m?]
Ay, : freeboard cross-section [m]
D, : dia. of exit of cyclone [m]
D, : dia. of cylinder of cyclone [m]
H, : height of dipleg [m]
Hg : height between bottemn of freehoard gas exit and grid nozzles [m]
H; : height of diffuser section [m]

EEZ R H383 HM45 2000080 SE

mr"\l,‘_t"‘qﬂ‘:::ﬁ

: height between center of recycle inlet and grid nozzles [m]
: height of loopseal [m]

: height of freeboard [m]

: length of cylinder of cyclone [m]

: length of cone of cyclone [m]

: length of exit duct of cyclone [m]
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