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Abstract >> Effect of inherent volatile matters in fuels on electrochemical reactions of anode was investigated
for a single direct carbon fuel cell (DCFC). Raw coals used as power source in the DCFC release light gases
into the atmosphere under the operating temperature of DCFC (700C) by thermal decomposition and only char
remained. These exhausted gases change the gas composition around anode and affect the electrochemical oxidation
reaction of system. To investigate the effect of produced gases, comparative study was conducted between Indonesian
sub-bituminous coal and its char obtained through thermal treatment, carbonizing. Maximum power density of raw
coal (52mW/cm’) was appeared higher than that of char (37mW/cm’) because the gases produced from the raw
coal during thermal decomposition gave additional positive results to electrochemical reaction of the system. The
produced gases from coals were analyzed using TGA and FT-IR. The influence of volatile matters on anodic electrolyte-
electrode interface was observed by the equivalent circuit induced from fitting of impedance spectroscopy data.

Key words : Direct carbon fuel cell(Z]Ea 5 %)), Molten carbonate(-8-§%H4+), Coal(AE), Volatile
matters(Z]2FE), Electrochemical impedance spectroscopy(Zd7]3}st ujE A B AWH)

Nomenclature n : power of CPE, (0<n<l)

€ : dielectric constant

R : resistance, {2 . 2
’ A : effective surface area, cm’

Ca : double-layer capacitance, UF

Q : Constant Phase Element(CPE) Yo, S-sec” Subscripts
t . . s : solution
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Table 1 The proximate and ultimate analysis of fuels
Fuel Proximate analysis (wt.%, dry) Ultimate analysis (wt.%)
ue
VM FC Ash C H () N S
Raw coal 52.37 44.84 2.78 53.4 4.78 26.92 0.62 0.23
Char 10.18 83.17 6.65 88.74 0.87 0.53 1.7 0.31

VM: volatile matter, FC: fixed carbon
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Fig. 1 A schematic diagram of the DCFC experimental
apparatus
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Fig. 2 TG and DTG profiles of fuels under Ar
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Fig. 3 FT-IR spectra of thermal reaction exhaust gas
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Fig. 4 i-V curves and i-p curves of fuels at 700C
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Fig. 5 Nyquist plot of impedance of each fuels for the anode
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Table 2 Fit parameters for spectra of the anode

R(D) | (1 [ RAD| g | Qo | Ro()

Raw coal| 0.2454 | 639.1 | 0.2025 | 0.02243 | 0.5612 | 10.04

Char | 0.2138 | 1283 |0.1588 | 0.09113 | 0.5014 | 18.15

Rs: solution(electrolyte) resistance

Ca: capacitance of electric double layer
Re: charge transfer resistance

Qyo: constant phase element(CPE)

Qpow: power of Qyo
Rq: parallel resistance of CPE
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Fig. 6 (a) Modified Randles circuit and (b) comparison of
experimental and fitted impedance spectra (data of Fig. 5)
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