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the Direct Carbon Fuel Cell System
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el ®Wste] diste] AFsiTE At 2, xHA B V|FAA, A8V BX TS A5 fle)
o] thekdk 24 7]W(TGA, XRD, BET, XPS)% AHE }O:‘E} Ak U EAsks i Aee 24
TEE AR HEHA 9 7TAVE FAAA L AREE d9dA 4% 2dAde] HAE =Y
s}, Tuo] By x]—.&7]t A A B mc oo el A7 sla HPOOH FFS A, A dFE
= 2 A AEs A g4 43 s AdaAE A dvks AL g1 = Al A

%] 2
i 1 T
e BAAY P4 2 AEend 93 JFE =k

Abstract: Performance evaluation of a direct carbon fuel cell (DCFC) was conducted according to coals and a
graphite particle. Several fuel properties such as thermal reactivity, textural structure, gas adsorption
characteristic, and functional groups on the surface of fuels were investigated and their effects on
electrochemistry were discussed. The strong carbon structure inside of fuels led the rapid potential decreasing
in high current density region, because it caused small surface area and low pore volume. The functional
groups on the surface were related to the low current density region. The maximum current density and
power density of fuels were affected by the total carbon content in fuels. The effect of operating conditions
such as stirring rate and operating temperature was investigated in this study.
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USA) H| & Abgsto] el on, Al
Elementar Analysen Systeme (KBSI Busan Center,
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Table 1 The proximate and ultimate analysis of fuels
Proximate analysis (wt.%) Ultimate analysis (wt.%)
Fuel Moi. VM FC Ash C H (0] N S
Graphite particle - 1.1 98.9 - 95.27 0.93 1.42 0.43 0.38
Shenhua 6.39 32.17 54.21 7.24 75.90 4.81 10.15 1.40 -
Moolarben 4.22 30.01 50.3 15.47 68.98 4.38 7.38 1.50 0.37
Wira 2.14 39.6 42.18 16.09 59.63 4.86 14.04 1.00 0.75
Adaro 14.23 40.95 42.01 2.82 71.20 5.27 18.93 1.28 0.03
Openblue 259 44.57 27.37 2.17 534 4.78 26.92 0.62 0.23

923 Kol o]Z11, 7| 3] &7 ¢ (Open Circuit Voltage,
oCVy7t 0 VE I W, dF°] o5 7S 70
ml/min® Folil A= V|FEHAFo TuEHE
T OJASIEAE AbAolAbstE A E 129 HE
2 Fget. ocvyl €ASA FA %W Linear

voltammetry WHOZ 1 mV/ise = A
A e 953t

= T

sweep

= ]
73

M

o EN

23 ¢ =47

E
=

2.3.1 Thermogravimetric Analysis (TGA)

A AEHAE 700 K o)) Aol A]
at7] wiiel, dusE ARgHE A gyt
drp agez B AT E Q-50
(TA instrument, USA) FH] & Al&sto] AT &
Faplty 2= A= 20 mgo]
A3l o, 4Fe A= 100 ml/ming] &
2o 303 K 7HA 7 g
FHE AT 28 al 10
2 1173 K7HA 7 s A

=
L

ki

as adsorption (BET) §4

Tz ofgk xHA H TEY AV|E
$3Fo] Brunauer Emmett Teller (BET)
o183 7AERIA] AF ASAP
2020(Miciomeritics Co., USA)E A}-&3}o] J=}<]
FHA, 7IFAA S FAAR] AR Gl

MEANS SPHINN FAARE AL5E

[e}

10&3_4@

[e)

Abgslg o, 2% 7715 K 2 A A F-A4
3G TE P/Po = 0.05 ~ 0.959] WY oA FFAH
S Y, 095 ~ 019 WY oA e

Moi.: moisture; VM: volatile matter; FC: fixed carbon

& il 005 oA 02 Afole] e BETHR
SeAg ol gete] MEWH S SR}

2.3.3 X-Ray Diffraction(XRD)

Amel Telx TEE A5 9skel Xper
PRO MRD (Philips, Netherlands)S A}-&3F X-Ray
3]d H2A7]¥H (X-Ray Diffraction; XRD)S 433}
Atk 2 Ao A= Cu-Ka radiation (0.154 nm)
X-rayE AF8-3te] 10° oA 90° Afole] 26 3Fhol
st A3E 535 Xoray Abet A2 HE
Bragg & (1)3} Scherrer 4] ()& Al&3le] AA
Aol A5 AA3

A= 2dsinf (1)

__09A
0B cosfp

2

o] Aol A Xeraye 3%, 0 X-ray<
Aol gk 3147}, 0,= Bragg 24, 32 WHA
*#(FWHM, Full Width at Half Maximum), d& 2

=

AAAe) W A, 1 AEAAe 218 e,

2.3.4 X-ray Photoelectron Spectroscopy(XPS)

A5 xWHO EAee 87| REXE ERIst
7] $13Fo] Theta Probe AR-XPS System (Thermo Fisher
Scientific, UK) “dH]E A3l ESCALAB250 XPS
systemS TE3IR o™, ¥ 287 AW B4
T8t XPS 412 f1te] 15 kv ©F 150 W)
S o] 83 Thale] Al Ka (hv=1486.6eV) A<
ZAFSFSI L. Spot size® 400 pm=z A E A
Pass energy= 50 eVZ UA3HA A5k oH,
dolE = 0.1 eV T2 F 533t
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Fig. 2 TGA profiles and DTG profiles of fuels under air (a), (b) and carbon dioxide (c), (d)
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Table 2 Gas adsorption characteristics of fuels

o] &2
i

Sample SBET Vtotal Dpore
Graphite
) 1.3578 0.002993 176.03
particle
Shenhua 6.1183 0.005088 80.152
Moolarben 3.3377 0.005460 11.4908
Wira 0.4526 0.001017 17.6469
Adaro 0.7968 0.002409 159.327
Open blue 0.3227 0.001260 21.7568
Shenhua
162.9957 0.086632 37.281
Char
Moolarben
48.4030 0.019906 30.9264
Char
Wira Char 15.8751 0.007398 11.3158
Adaro Char | 212.2973 0.118518 42.899
Open blue
280.4394 0.133381 2.7169
Char

Sper : surface area of sample (mz/g)

Viotal : pore volume of sample (cm3/g)

Dypore : mean diameter of pores calculated by BJH
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Table 3 Textural characteristics of fuels

Coal 20(°) | t(nm) | d(nm) RC*(%)
Graphite
particle
Shenhua | 26.638 | 47.317 | 0.334 | 23.976

26.441 | 26.465 | 0337 | 91.788

Moolarben | 26.599 | 44.835 | 0.335 73.745

Wira 26.599 | 58.705 | 0.335 | 23.262

Adaro 26.559 | 33.997 | 0.335 3.812

Openblue | 26.540 | 62.762 | 0.335 6.313

RC": relative crystallinity
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Table 4 Functional groups on the surface of fuels 42
® Adaro
Coal | Cls | Ols | SitAl | O/C | (Si+AD/C 10 P L
@at.%) | (at%) | (at.%) | (%) (%) ‘%‘h L .
08 L ®  Graphite particle
Shen- o ° » n““‘A‘A
64.83 | 25.71 7.89 | 39.66 12.17 = 20, WL W
hua £ 08F 0:.“ %Aﬂ‘
MOO]- E »h:‘“ °°, “a,
69.71 | 19.87 | 815 | 285 | 11.69 04t P, R
arben . 3 - =\x.~‘%
Wira | 68.34 | 22.16 | 7.7 |3243| 1127 ' T PN
0.0 1 ! .\ 1 >>h~“r& r""“:““,
0 20 40 60 80 100 120 140 160
Adaro | 7176 | 22.64 | 5.61 |31.55| 7.82 Conent donity (mor®
Open- (a)
76.34 | 19.65 3.19 | 25.74 4.18 5
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Table 5 Maximum current density and power
density of fuels

Maximum Maximum Power
Current densiy
Fuel density Curre;nt )
(m A/cmz) density (mW/cm”)
(mA/cm’)
Graphite 55.79 4391 33.25
particle
Shenhua 147.6 119.8 35.02
Moolar-
gznar 83.41 58.75 22.38
Wira 150.14 74.6 4635
Adaro 138.12 92.04 38.17
Oblisrel' 110.16 62.34 32.13
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Fig. 4 Effect of stirring rate on electrochemical
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Fig. 5 Effect of temperature on electrochemical
reactions. (a) i-Vcurves and (b) i-P curves
of Shenhua coal without stirring
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