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Abstract—Combustion characteristics of low grade anthracite coal particles (0.42-12.7 mm in diameter) with high
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ash content have been studied in a large fluidized bed combustor of 1.01m x 0.83m x 4.0m-height. Carbon conver-
sion increased with the increase 'of mean residence time of particles in the combustor at the given experimental condi-
tions. However, carbon conversion decreased with the increase of particle siz. at the same mean residence time of the
patticles. The present combustion reaction agreed qualitatively to the intrinsi.. combustion kinetic mode. The follow-

ing correlation was suggested for the carbon conversion of the coal samples investigated:
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vERfch, A gER dbadako] vlw 3[Ho] frowny {31
Fo] 2 M=ol Folelelr}d, Table 2& 4] #|&

gte] ¥ Al Je I} 5o wE ElAEE (dry
and volatile free basis) %% uYeldc}, JE& ¥
-174 L‘17.“ g‘iglo{ olou% E‘}»“k—‘:h o 7

zostebt Aeighe wel F ohAl gheshe

% oz
A%e waleh,
Aeetow Azd 2ol ngALULE4S Park

=[8]eo] dZekt-A (thermo-gravimetric analysis)
of 9Jalx &3 wl glor] mfdsulEEsAL o
&2} Fre] vyehu Ale},

% —akC2'=akexp (- E/RT)CY 1
ol714 ke AEge] 0o =Eg-E7|el Hlz<lzt
{frequency factor)® 65900m?>!/kgmol®’-s°|™ E
= Z43lel)2] (activation energy)Z 28500 kcal/

kgmololeh, WgwE ¥7 ZAF gasee

Ay ofe$t AdAa sl4E AR T
Park £[8]& £ odfolx &= 4ek(Daechon Table 2. Particle size distributions and carbon
oal)o2 Az 3 (char)e THULIEEE o distributions of typical coal samples
%‘ gk -4 7| (thermo—gravimetric analyzer)2 &% Mesh Range  Sample A’ Sample B’ Sample C’
233k ub ek, o|ebpe fFepEvel o 34 {mm] Xe X, Xo X Xo X
e =3 lc
b BRUeEEo nRUsEEl st Yot 127 -952 032 .2845 .083 .2547 025 2267
2o QAo A FrtHo g A" 4 ek, g 9.52 -7.93 016 .2845 .042 .2547 .013 .2267
F5% odarel Zuol vf FE Al E A 7.93 -5.66 .100 .3178 .153 .2992 .052 .2360
orafake] pedsl Tals 4 9l o Fol agupe igg -;.7(3 g;g .3’;5; .11; 3;3: 223 .2533
. -2.0 R 4326 .298 4 381 .350
nfo g AakAo Ao|| 3-Z3F
= i 44 EHD doll r=aich. . ) 200 - .71 269 .4719 .159 .5049 278 .4145
¥ ol Medg-radst(Daechon coal) <143} 71 - 42 065 .4757 .042 .5125 .056 .3937
L oAegER orze Zuola FE qirke] alas 42 - .25 .038 .4339 .035 .4839 .040 .3727
do| B2 2 gl olsd ;_;%Ag% Feistr] e, 25 - 125 019 .3832 .031 .4502 .038 .3524
Baq) 5o AERS ALEERT &zl HEFEE 125 - 088 .003 .3319 .006 .3863 .010 .3191
Adzol] 4z Alerel e ol A A BE S 2a 088 - .0 011 .3120 .035 .3583 .044 .3057
Table 1. Proximate and ultimate analyses of typical coal samples
Samel Proximate Analysis Ultimate Analysis (Dry Basis)
mpile
P Moist. Volat. Ash Carbon H (0] N S Ash
A 0522 .0359 .5524 .3595 .3610 .0032 0493 0022 0015 5828
B .0428 .0379 5776 3417 .3423 .0030 .0480 0017 0016 .6034
C .0305 .0377 .6053 .3265 .3282 .0032 .0405 .0024 .0014 6243
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088 - . ) _ 498
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. o] {REY =30~ o &3
°47W Dz axbielld 7148 be59 FasbAe 5.66 -4.76 .105 .119 116 130
(effective diffusivity)olm] =3 A2 ZARSbE ) 4.76 ~-2.00 424 361 468 394
Zujod 4ukeuke wefslm, Table 3014 UERNE v} 2.00 - .71 .192 173 .002 212 .189
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54 % 3% Bl49 Z9% (molar density)® °F 64
kgmol/m3e|ch(=te] AR 7|ds [ 2200 kg/m?),
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08K 5 2212 o A HUATE o 0.0002 ok o] vE A 5 el
m?/selei[9] YrkelA] Trmuml & chest o) ~dN Ly Ca (6)
dekhz(7], a
D,=D-e (@) i _4HR§k, + ”mika (7)
e=1- (ps/0a) """ B o K QAR EAPAGele, o
glo] A7} 3000 kg/m*Y o (3l¥-9 AW [ 3200 wiHow yesE ASE weld, $E2S s zA
kg/m®) FE3AHAISE 0,.000038m?/solch, 7|4kt H 4F53k4bel 2| oA Al (emulsion phase)2 g
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Fig. 1. Schematic diagram of fluidized bed com-
bustion process.
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Fig. 2. Carbon concentrations of ashes and coals
with size and mean residence time:(a) Top
Effluent Ash (b) Bottom Ash (¢) Coal.

Symbol U(m/s) T#°K) A Ry/F t(s)
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Fig. 3. R, vs. R, with the mean residence time.

Symbol  U(m/s) T4°K) A R,/F i(s)
o] 1.73 1128 1.07 0 2.22x104
a 1.68 1185 1.28 1.0 1.59x104
O 1.64 1159 095 1.8 1.03x104
L 1.70 1179 1.12 12 1. x10¢
- 1.37 1134 0.97 0 0.72x104
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NOMENCLATURE

a : multiflying factor, -
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Ca : oxygen concentration at the reacting site,
kgmol/m?®

Ca : oxygen concentration in the bulk of inter-

stitial gas of the bed, kgmol/m®

Caer Coo @ OXygen concentrations at the bed surface
ar13d at the distributor respectively, kgmol/
m

C. 1 mean weight fraction of carbon in particles
on the dry and volatile free basis, -

D - diffusivity, m?/s

D, . effective diffusivity, m?/s

E : activation energy, Kcal/kgmol

e . porosity in char, ~

F @ coal feed rate, kg/h

K, K" : dummy parameters defined by Eq. (12)
and (16) respectively, -

k . intrinsic reaction rate constant when the
conversion is zero, m®/kgmol-s or m?'/
kgmol

k. : compostte rate constant, m®/s

kg : film mass transfer coefficient, m/s

ko : frequency factor when the conversion is
zero, m*'/kgmol®’-s

k, : volume-based reaction rate constant, 1/s

m, : molar carbon content in a char particle,
kgmol

Np . kgmoles of carbon in a particle, kgmol

R : gas constant, Kcal/kgmol- °K

R, . radius of uncombusted carbon core in a
particle, mm

R : recycle rate of cyclone-collected particles,
kg/h

R, . particle radius, mm

T : temperature,°K

T, : bed temperature,°K

t : time, s

t . mean residence time, s

U : fluidizing velocity, m/s

X 1 conversion, —

X, . weight fractions of carbon in char on the
dry and volatiles free basis, -

Xu : weight fraction, -

& mf : bed voidage at the minimum fluidizing
state, —

A : oxygen/fuel molar ratio, -

¢ : Thiele modulus, -

0 P s true and apparent densities of char, kg/m

Py : molar density of carbon in char, kgmol/ m®

: burnout time, s
. effectiveness factor, —
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