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Abstract >> There is a new power generation system such as direct coal fuel cell (DCFC) with a solid oxide
electrolyte operated at relatively high temperature. In the system, it is of great importance to feed coal continuously
into anodic electrode surface for its better contact, otherwise it would reduce electrochemical conversion of coal.
For that purpose, it is required to improve the electrochemical conversion efficiency by using either rigorous mixing
condition such as fluidized bed condition or just by recirculating coal particle itself successively into the reaction
zone of the system. In this preliminary study, we followed the second approach to investigate how significantly
particle recycle would affect the coal conversion efficiency. As a first phase, coal conversion was analyzed and
evaluated from the thermochemical reaction of carbon with air under particle recirculating condition. The coal
conversion efficiency was obtained from raw data measured by two different techniques. Effects of temperature
and fuel properties on the coal conversion are specifically examined from the thermochemical reaction.

Key words : Fuel cell(g1& 7 *]), Coal recirculation(4 &t z<=%}), Coal conversion efficiency(A g A 2HE), Solid
oxide electrolyte(2LA] AF3} 2 &f2l)

Nomenclature d, : particle diameter (1.lmm)

T, . particle radius [m]

A area [m’] MW, : molecular weight of coal [g/mol]

D : reactor diameter [m] Q : air flow rate [/min]

L : length [m] V; : minimum fluidization velocity [m/sec]
W, @ coal feeding rate at inlet [g/sec]

T Corresponding author : jxs704@pusan.ac.kr X : mole fraction of flue gas

[ 8422 © 2012920 499 © 2012.10.19 AREFIS © 2012.1026 | z,  : carbon fraction in coal

Copyright (© 2012 KHNES € : bed porosity (0.5)

503



504 Mekeghy

w o viscosity of fluid (1.79x10’5N—sec/m2)
p; : density of fluid (1.23kg/m’)

p, - particle density (1400kg/m3)

n . coal conversion ratio

n, : ash fraction

p . pressure [J/m3]

T : temperature [K]

R, : universal gas constant [J/mol-K]
m : coal mass [g]

D, : molar diffusivity [mz/sec]

B : reaction stoichiometry coefficient

At @ residence time in the reactor [sec]
Re : Reynolds number

A excess air ratio
Subscripts
. state after reaction
o : state before reaction
i : reactor inlet

out : reactor outlet

oo : ambient condition
p : particle

f : fluid
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Fig. 1 Schematic of coal circulating fuel cell system with
tubular solid oxide electrolyte and internal recycle route
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Table 1 Key properties of coals used in this study

Analysis Baramulti | Berau

Proximate analysis, wt% received

Moisture 13.0 15.0
Volatile 40.5 39.0
Fixed carbon 414 40.3
Ash 5.0 57
Ultimate analysis, wt% dry basis

C 70.9 69.6
H 55 49
(0) 15.8 16.2
N 1.9 L5
S 0.1 1.1

Ash 538 6.7 ” =

out

Calorific value, kcal/kg(As received) 5,802 5,233

Particle diameter, mm 1.1
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Table 2 Operating conditions

Variables Values
Feeding rate g/hr 3

Air flow rate I/min 217
Superficial velocity m/s 1.839
Minimum fluidized velocity m/s 0.271
Duozzte m 0.02

Driser m 0.05

Daowner m 0.085

Laowner m 0.45
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Fig. 4 Combustion visualization of Baramulti coal in the coal
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