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The quest for a sustainable source

f a biomass or fossil fuel into electrical energy, The Combinatjy, 0

. - ol a b10 . R :

device that directly COﬂVertsb the ckslsn;lz:ll:t“;‘gl waste (LBW)(Parkia Blglc?bosa) canh en%lancetthefclegtroc}}cm,(:al

oo i‘r}fnc];"g;z Plon;ysis pre-treatment process was initially carried 0“; atb iitlgfgt;acfnowiotglmm. This
. T N o) S

perﬁ)(;m am;e e lfof the san};Tpﬂc and their combination. The pyrolyzed biomass O:t loctrc 3 €N sed ¢,

was done for eac ical performance of DCFC using molten carbonate salt as electrolyte ap using fiy,

SmiE e Sestrochcmnicd p;zor4g & 58). Performance of coal in the DCFC was observed to be better thy,

different resistor loads (1, 2Q, 3Q, et h solid fuels, an enhanced performance was observeq, Aty
Parkia Biglobosa. However upon combination of both soli ) cirouit voltage <f 14
temperature of 800°C and resistance of 1€, the combined fuel showed an open g )

6 V, currey
density of 43.2 mA/em?, power density of 2.91 mW/cm? with 73% efficiency. The SEM result of the carbon fuels yyg
obtained using Nova NanoSEM 200 FEI, Netherlands. The SEM bserved tg pe
better. The phase composition of each fuel was determined using Si
the LBW, Coal and the combined fuel was at an angle of 25,988°

» 26.24°, 26.637° respectivel
inter-planar spacing of 3.424 for LBW fuel and 3.344 for coal an

y and the corresponding
d the other fuel.
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carbon fuel cell
1 INTRODUCTION

safe, relatively sj
erent alternative energy efﬁcic_mt, reliable, environment
research focyg globally. The effec’u.ve Way to improve conventi .
-Tenewable forms of energy have Coal 15 a fossil fye] Wwhich is abundant in nature and i

ole for more than 309 of the world primary energy

ission challenges of harmfy] ge:neratl.on. It has beep estimated that this forecast il
. gases Sllghty.mcrease OT remain steady until 2030 showing th

coal will stj] pe relevant for the future. The conventiord

e :ll V;/a.rmling, For Ir;etbhod of power generation from coal has contributeg;g
. d €ctn H .
Supply is grossly inadequate for the growin - ene.rgy tgeco:h:l 1Warmmg and climate change and thus thet? nigh
. & Populatiop, 0 ogy gffcr an efficient and enviroenmenatlly bevs
more Sustainab)e way of utlhzating the energy stored in coal (Kacp?
€Lal, 2019. C

mple, cost effective,  remarkably

friendly and a mote
onal power generation

| 145 Arenil; O0Per & Berner, 2005; Munnings €%
, i : >enlllas ergr 2013. 7 2010). :
Will adopt renewap|e energy. o~ cconomicg i o 3 L et.al, .
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L ! of sy ently con i o
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T: Csl:c When Properly develope ll?:,r-gty &Cneratjqy that'canebDCFC gives off 4 pure stream of carb();lcosts o
of climate ch late th ¢ capt : : : itiona |
carbon fuelccejTge Cre bl Using ¢, efFect Collectiop, andp Ny WlthoPt mcurr'lng ad('l:ﬂ require™® ;
Adeniyt € (DCF() techno] (Dude € the direct Such 5 an b.e used in other industri e ¢ __‘
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” : > Jain etal, OXidiz, : > solid €arbonaceous fuels are used at;ues o
e g
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e type of carbon fuel applied; it coy|
z;issions by 50% and off-gas volume bydlrg(i?ce carbon
Comparcd to conventional coal- fired power Sltl]e§ When
sbout 35% efficiency. This increased efficiency :tlons 'of
y peneficial  pay off for DCFC developme netSults in
roduced from waste offers many benefits (Giddey -y
2012; Jia et.al, 2010; Declaux et.al., 2010: sz’) etal,
Cherepy, 2008; Cao et.al, 2007; Dicks, 206 s }]:er &
otal, 2003; Zecevic etal, 2004; Larminje s& 1;:.r€py
2003; Hoogers, 2003). icks,
The direct carbon fuel cell offers a higher effici
and lower emissions in the production of clectricity»eilzcly
ortable and €asy 0 construct. The direct carbon fucl celli
use of biomass materials as its fuel source makes it
cconomically viable for waste management and reduction
of greenhouse effect. Nigeria as a country is challenged
with the lack of adequate electricity to power its economy
which is a major factor affecting the development of most’
third world countries like: Nigeria, Burkina Faso
Burundi, Niger, Tanzania and others. This pape;

investigate the use of biomass (locust bean waste (LBW)),
coal and the blend to generate electricity using the DCFC

technology.

2 METHODOLOGY

Two types of samples were selected for investigation;
Locust bean waste (LBW) and Bituminous coal (Figures 1
and 2). Locust bean waste was obtained from Niger State
and carefully sorted, sun dried and then reduced in size.
This sample was subjected to pyrolysis at 500°C at
Badeggi Research Centre Bida, Niger State and the char
obtained was ground to fine particles. The same process
was carried out for the coal sample obtained from Kogl
Sate and the combination of the WO sample
simultaneously. A portion of the char was appropriated
for proximate and ultimate analysis (Ash content, Vqlatlle
Matter, Fixed carbon, Moisture content). The PTOXImatg
aalysis was carried out using an ELTRA CHS—Sﬁ
Analyser (Netherlands). The phase compositions of the
Carbon samples thus obtained were evaluated using X-ray
diffraction analysis (XRD, Netherland) and the Scan;lllglg
Electron - Microscopy ~(Nova NanoS 200 .
Netherlands). An EDS system (EDAX, Netherlands) yval
45 used to characterise the morphology and chemicd
“©mposition of carbon particles used as solid fuel.

The fuel cell experimental set-up was (on carbonate

di: electrochemical operation of the mol
t carbon fuel cell (MCDCFC). The

cg?smed of sodium carbonate and potassii®

suby; Saturated to a wire mesh t0 hold olt g

Inof;cted to different temperature © 500°C t‘; e

o of Na,CO and 62 mol% of KeCO® HE% jore

miXEd and transferred to a stainless stee r;ing
tWre was subjected to high temperature !

asured,
The

the
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as sti i ]
homogeneous Mixture rred continuously to obtain

Figure 2: Bituminous coal

At a temperature of 1159°C - 1310°C the carbonate salt
mixture changed to molten state, the mesh wire was
saturated in the molten mixture so that upon cooling, the
molten carbonate stuck to the mesh (Adeniyi et al., 2014;
Cooper & Berner, 2005). The carbon fuel is mixed with
carbonate salts (sodium and potassium carbonate) as 15
wt.% of carbon fuel, 46.6 wt.% of NaCOsand 53.4 wt.%
of K2COs. The sodium carbonate and potassium carbonate
were mixed with individual weight of 13.98 g and 16.02
g, and mixed with 45 g of the carbon fuel (Adeniyi and

Ewan, 2012; Cooper and Cherepy, 2008).

RESULTS AND DISCUSSION
d 2 give the type of analysis that was

ied out on tEe locEst bean »Yaste (LBW),_coal and the_lr
car ft olysis. The proximate and ultimate ana.lysw
g Iiy(ri at the National Cereal Research Institute,
by coqdl'lc CN' er state where the moisture content,
ltg‘lxﬁ:d carbon and ash content and as well

sropen (N), hydrogen (H), sulphur
© pridi' nda\ihe calorific values were

3
Tables 1 @
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Table 1: Proximate analysis of LBW, foal artd :len 3500
Sample Moisture Ash Volatile  Fixe 3000 -
Content Content Matter  Carbon 2500 -
LBW 30 80 G0 220 22000 -
=
Coal 24 69 68.8 219 4,':31500 ’
LBWand 182 8.0 64.18 26 1000 -
Coal
500 -
0 ! ! ﬁ—\‘
Table 2: Ultimate analysis of LBW, coal and blend 0 e 40 - ZThBO
. et
Sample C H (0] N S Calorific . .
e Figure 3: XRD pattern for pyrolyzed LBW at 5000

wt% wt% wt% wt% wt% MJ/Kg

LBW 392 4.8 364 04 0.2 216

Coal 6.43 8.2 2724 0.08 0.18 219

LBWand 584 638 338 0.8

02
e 214

3.1 LBW CARBONFUEL

DCFC. The highest peak is at a

ax15)', W.lth corresponding d-spazi:ggloef 03f4‘r225A9 o -
:;latwe Intensity of 100%. The peak valu. s
f1sordc:r_ed f:orn'} of carbon and thig is a fay . Sugge§ts 2
or application in the direct carbon fie] it '
2018; Adeniyi e al., 2014 or & pDude

.
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Fi :
18ure 4: SEM of locust bean waste fuel
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he current density and power density haye high valyeg 4
oC. At this temperature, the carbon fye] ig -
de side of the fuel cell and a POTOUS surfac
Jectrolyte leading to a sharp rise in

It was also observed from Figure
arbon  particle have ~finer grain size gpq more
jomogeneous m1crostruct_ure, and the surface morphology
ces the current density (Munnings ef o L,2

800
he ano@
on the €
denSit)’-

umed at
€ created
the current
4 that the

han oih
ZI/],]ZOIO; Jain et al., 2009). a ef
32 COAL CARBONFUEL

There was a slight difference in ¢he DCEC

performance of carbon fuel from coal ag compared with
hat in Figures 3 to 5 at temperature 500-800°C. Figures 6
10 8 shows that the carbon fuel from coal gave a better
performance th:«.m what was obtalr}ed from LBW carbon
fuel. Figure 6 displays the X-ray diffraction pattern of the
coal carbon fuel pyrolyzed at 500°C. The result obtained
showed the degree of disordered graphite content and the
sharp peaks indicates the presence of silica, oxygen and
other impurities identified by the STOE Databank spectra.
It was also observed that the presence of non-crystallites
increases the surface area and thus produced improved
current density. The peak at 26.24° corresponds to quartz
(crystalline Si02). The inter-planar spacing of the carbon
particle is 3.34A, which indicates the presence of larger
reactive sites units. These are indications of the suitability
of the coal carbon fuel in the application of DCFC
(Arenillas ef al., 2018; Kacprzak et al., 2017).

Figure 7 represents the SEM micrograph of the coal
carbon fuel sample. The fuel showed larger particle sizes,
imegular shapes and fine grain sized particles. It was
Observed that the higher the current density the finer the
surface morphology of the sample. However it could be
deduced that the carbon fuel from coal is a better fuel
“hen used in the direct carbon fuel cell because it possess

ieher calorific value. From Figure 8, it was noticc_d that

the Voltage increased with corresponding incr-casc in t}_lc

mperature, up to a point where there was a slight d_rOP In

e voltage reading. The coal carbon fuels also display

25}‘0? current density at higher temperature (Li et al.,
ain et al., 2009).

'3 COMBINED CARBON FUEL

erangures 9 to 11 represents the clcctrgchemxca}
cell °Mance of the combined carbon fuels used in thg _fU:d
Carh he ,X-ray diffraction pattern for the combin :
o Particle js represented in Figure 9. The presence O
“stallites  increages the surface area and thus
“¢Ing improved current density.

n()n
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Figure 6: XRD pattern for coat pyrolyzed at 500°C
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Figure 7: SEM pattern for coal carbon fuel
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Figure 8: DCFC performance for coal fuel
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the coal carbon fuel. The result obtained Shho“;;;:}; psaks
of disordered graphite content and the °o other
indicates the presence of silica, OXygen The
imputitics idonty Databank spectra.
impurities identified by the STOE oty in the
disordered carbon particle is an 1rpportant prop o lincss
operation of DCFC. Pyrolysis is vital to the d(l)%(;l'. e evic
of the carbon particles (Cooper & Cherepy, 2005; ot
et al., 2004). Figure 10 represents the SEM microg p'zes
the combined fuel and it shows lar.ger pal‘.tICIe].Slhﬂ’
irreguiar shapes and fine grain particles w1'th sl%f cf:l
homogenous microstructure. The ﬁner'th_e particle su i:hc
morphology of the sample the higher it influences on ‘
value of the current density. Figure 11 reycals the overa |
electrochemical performance of the combined .carbon fue
and it interprets that a higher current density of 43.2
mA/em® was obtained at 800°C alongside the power
density. 8.10 mW/cm® was also obtained as the peak
power density value. The performance of the DCFC is
enhanced when coal is blended with LBW, which coul.d
lead to a lower CO; emission from the operation. This
itself will have significant effect on the reduction of

climate change and global warming when compared to the
conventional buming of coal.

Figures 5, 8 and 11 shows the characteristics of power,
current and voltage curves for a molten carbonate direct
carbon fuel cell (MCDCFC). Some electrochemical
parameters are presented in Table 3. The combined fuel
(LBW and Coal) has the highest power efficiency of 73%
at 800°C while LBW (locust bean waste) had the lowest at
54°C at same operating temperature. The open circuit
voltage, peak power density, current density at 73%

voltage efficiency proved to be the best result amidst the
carbon fuel samples.

Table 3: MCDCFC performance at 800°C

MCDCFC LBW ~ Coal ~ Combineqd
Parameter Fuel
(LBW &
Open circuit voltage V) 0.90 1.012 f(;aél
Maximum power 9.05 132 8.10
density (mW/cm?) '
Maximum current 35.6 36
density (mA/cm?) 5 32
Voltage at peak power 0.89 0.9
. 90

™) 1.08
Efficiency at peak 54
power (%) & L
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Figure 9: XRD for combined fuel (LBW and Coal)
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The investigation of the molten carbonate direct fuel Desclau", P, Niimberger, S., & Stimming, U. (2010).

chowing the electrochemical performan

bt-a]ﬂl‘lz’asw’ coal and the combined fue wereczagfel(;";llllstt
[he performance for the combined fue] waq higher than
’ obtained from coal and _locust bean waste, The open
it voltage of the combined fuel js 1,14 Vand g
. her than 0_.90 V of locust bean waste and 1.012 v fo,
cal. The optimum peak power density recordeq fo; the
combined fuel (LBW & Coal) 18 8.10 mW/em?, maximum
rrent density of 430.2 mA/cm With a resistance of | Q
\q efficiency of 73% was obtained from the combined
;arbon fuel which gave it a_better performance in the
girect carbon fuel cell operations. The scanning electron
nicrograph and X~ ray d!ffraction reveals that the
combined carbon fuels contain large sized Particles with
e highest peak of 26.637° with corresponding d-spacing
of 342 A similar to the coal carbon fuel. It wag observed
(hat finer particle morphology led to high current density
and the presence of non-crystallites improved the current
and power densities achievable with the fuel cell.
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