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Abstract— A 200W-class stack consisting of twenty molten carbonate fuel cells has been fabricated and tested to es-
tablish the basic technology for an internally manifolded stack. Each cell in the stack had an effeciive electrode area of 100

cm’,

and reactant gases were distributed in each cell in a co-flow configuration. The stack showed state-of-the-art per-

formance; the stack voltage at a current density of 150 mA/em® and gas utilization of 0.4 was 16.9V producing an output of
more than 250W using an anode gas of 72%H,18%C0,/10%H.0 and a cathode gas of 70%air/30%CO,. Compared with the
performance of the previously-tested stack, the voltage loss due to the internal resistance and the electrode polarization be-
came lower and the distribution of cell voltages became more umform indicating that some improvements were made in
component fabrication and cell stacking technology. The voltage of the stack, however, decayed during the continuous opera-
tion at 150 mA/cm® and further works are required to enhance the life of the stack.
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Table 1. Physical characteristics of MCFC components

oA - YehE - 2s1

Thickness Pore .
Thickness L . Porosity
Component (mm) deviation  diameter %) 7

(e}

(Hm) (Hm)

Anode  Ni-10%Cr 0.73 45 3-4 62
Cathode lithiated NiO 0.65 45 8-9 80(Ni)
Matrix  LiAIO, 0.94 48 0.1 61

3lat3E AI3MA Hs5E 1996 108

B LI HRARIES

sl 4 _r,d_a;lg.g kel M%) aolol] $1%]shod uk-e 7] o] &
2% g)3E}e 2] xdx]ji 7)Mo @ ol sl Qats &)
olX 2] AxlEE 35} 2w A¥ofiA] Helde 10mm F79] stainless
steel 316L #-& 7| A| F“fﬂ' ] Xﬂz-}'?f}?iq‘- e} o] Heje] #a
- Haaba 2l e A2 71A RS A g A B
7F glel o2 Alatslr] w9 ofgiti whale] g} wlebd] 2
o ol A= gk stainless steel 7 338 rFEale] Ra)ake H=bs)
el B ool Algx Haluhe. Fig 1o 4]e} 7o) stainless steel
316L 2} A 2] F7}F(center plate, 57 Imm) 143} A - 5% v}~
A (mask plate, F7 1.5mm) 2427 o]Foix] gl 0] Fa]uto]
AA FA= oF ommolgdel. Aalzte Relwel offde v B
vf-F(manifold hole)7} 2784 Alzts]o] g} o F7katol|i= oA 7}
Foll 2%k 7}hA 23 2 (channel)” ]—3“‘3104 ole] oi g e} 4bslx)
7} ekl E E (o OW)-—/] aig}}i F kel Ax)ol] TFEEE Y
Astict F2rgke AL, h vhizaa) o)A $4o) 2iste] A
gsjo] el iR 2o} 7|4 FFo) whxE L, g Y Algae
Eqw il

2-3.8& oy

dm A ~Ee 45 2 Ay matrix% Eelais} @ )
2l
el A 49 4
J3 v 4=, A ﬁH’ matrix % %21%91 E
3 2 Ni

2
3}
i A3 2 anode

o
b
o
oL
it
~
=
e
rO
2
i
rf
X m%o 2
~H
e
2
5
D
B
&
5 L
0

% cathode7} 2H2%] Belghg =5 '{. AR A}

29 Qg $74 A4 e A
R Aye] saslsich. zule) 4 HHL o)W 28 A
Zd3led 100-500°C Alolell Mal| A matrixol] Zx|sh= 234
5ol f71%0] hda] Bl w, 500°C ol Hahal Babed
o] 2§ matrix ¥ HFe 7] 22 ~rEy, olF Ni g2
k28t cathode2] 4b8}e} lithiationo] YLl £ % slgict. 9b-8 7k~
= 600°C o Abol| A FE|gl o, Amle) Alml 2wzl 650°Ce|
rdsto] Xzo] gkAlEl T _%:Hg—}o:lc,], A AE AR

o) 7%o} govl, 2de] 4B Table 29} L £ &
A AF- X*"‘ B g tE —!’r‘”?f}@tl T 7 g digh o
FE H4H Y] fsted AY Aol B ded AR ol W
gk Table 29} o] T sted YRS Fasisich.

o
:i .14.

«— mask plate (anode-side)

<—- center plate

«— mask plate (cathode-side)

Fig. 1. Configuration of a separator.



Separator
Cutrent eollector
Cathode

Matrix

Anode

Current zallector

Fig. 2. Configuration of a co-flow stack.

Table 2. Operating conditions for MCFC stack

Temperature 650°C
Pressure 1 atm(at anode and cathode outlet)
Current density 150 mA/em’

Gas composition  Anode 729H,/18%CCG/10%H,0

Cathode  67%.CO,/33%0,(or 70%Air309C0O.)
Gas utilization Anode 0.4 at 150 mA/em”
Cathode 0.4 at 150 mA/cm’
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Fig. 4. Performance of a 20-cell stack at constant gas utilization.

Table 3. Initial performance of a stack at 150 mA/cm’(cathode gas:
70 % air/30% CO,; gas wtilization: 0.4; operation time: 70 h)

21.14 V(1.057 V/cell)
16.92 V(0.846 V/cell)
422 V(211 mV/cell)

0.C.v.
Voltage at 150 mAjem’
Total voltage loss

IR loss 1.35 V( 68 mV/cell)
Electrode polarization 1.28 V(64 mV/cell)
Nernst loss 1.59 V( 79 mV/cell)
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Table 4. Initial performance of stacks(cathode gas: 70%air/30% CO,;
gas utilization: 0.4; operation time: 70 h)

Stack ST-4 ST-6
0.C.V.(Vicell) 1.073 1.057
Voltage at 150 mA/cm’(Vicell) 0.635 01.846
Total voltage loss(mV/cell) 438 211
IR loss(mV/cell) 171 H&
Electrode polarization(mV/cell) 196 6
Nernst loss(mVicell) 71 79
Standard deviation for the distribution of 163 14

cell voltages(mV)
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Fig. 8. Effect of fuel utilization on the stack performance.
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