e Carbon-based Solid Oxide Fuel Cells

I_IISIW Department of Polymer Science, The University of Akron

Akron, OH 44325-3909
Steven S. C. Chuang (Pl), Ali Modjtahedi, Nader Hedayat, Azadeh Rismanchian and Jelvehnaz Mirzababael

Objective I Tubular Fuel Cell Manufacturing IR Study of Carbon Fuel Cell Effect of CO, and H,0 on Carbon Fuel Cell
| NiO 7 Slip preparation ! Thickness Solid loadin
i i Dips  (um) W) Performance
- : - - | V52 | d t 35 800 42 A
Demonstrate the technical and economic feasibility of building a kW : bispersant F Deege 3| Anlc:1 tgrf:pe;ior ; - o o.z[_- . 0 200 H, stopped
scale pilot-plant coal-based fuel cell with participation by | " Spersion TAng o | Electro?/yte . e o 3 0 | H, | | -
industries. This project will address initial development, scaling, and | Pore-former : < __Mng o0- ﬁ% » Coke injected
manufacturing of the core technology. Obijectives for 2014 include ESO'Ve”tS ; i 5 mh%g > Upward peaks at 1040, 1508 . | o .
. i . o — c ° . . (@) 1 : : :
the following: . Binder — | Carbon core 2 .Mhzomc and 1630 cm? indicate the L\ 30 2 | . s
| Plasticizer Mixing for 20 h | | 1T m\/w\m\/wﬁzggzg depletion of C — O, CH; and C - Al Wi, S s | 2 "0
e e i | A 7 N -1 ¢ C functlonal groups durlng ) g T \D\D -20 § :
X 308 = 1 Y 3 |
. . .y : : < Dib coatina of 528 3 heating process. . P :
> Design and fabricate a preliminary tubular fuel cell stack Dip coafing anode suppor 0 °57 g o N
> Demonstrate the operation of fuel cell stack with hydrocarbon Sring for 10 min 04 ] »A decrease in absorbance 00— L NN e g S S S N—
. ying 1o ! T DM A 00 o - - o 0 50 100 150 200 250 0 100 200 300 400
] B eaks intensity from 200 °C to . .
and solid carbon fuels < I R goo oo y : Current(mAver) Time (min)
. - - - 3 el : °C shows that coconut
» Study the effect of different types of carbonaceous fuels on Cutting Dip coating of g neane : Coconut coke at 750°C
interlayer and < n-cz0cc carbon surface reaction was 2- :
h y 5 o ose C+20" —CO, +4e @ Load 300 mV
e performance of the fuel cell ? electrolyte 2 "°®  started at this temperature range
Firing at 1400 °C for 2 h : < P ge. C+0>” ——>CO+2e” (2)
» Calculate the three phase boundary (TPB) length of the b
carbon fuel cell 7ubutar cell T €0 +C2C0 ) -
u Cathode screen printing (length: 25 mm, 3500 3000 2500 2000 1500 1000 CO L0 CO. 4+ 26" (%) » Exposure to steam improved the
| OD: 7 mm) with _ Wave number (cm’) > fuel cell performance by promoting the
Sintering at 1200 °C for 1 h izﬁgg eprlnted e C+H,0—CO+H, (®)  formation of H,, CO, CO,
Fuel Processing and Fuel Cells Cost Analysis of Fuel Cell Direct Carbon Fuel Cell TPB Calculation for Carbon Fuel Cell
Under de\‘/slopment Fuel Cell Types .
- Co?i(lj,”lgelt:léeolke_._._._._.“_i‘.‘"‘_‘.\ ........... Coal-based Recycling the €02, CO Fuel cell layers Ni size (um) YSZ size (um) Porosity TPB length (m/m°)
2 SOFC scrap Pure He CO,. CO ’ Anode external surface 2.1 N/A 10% 6.96x10™
5 200 1 1000 °C Y ’ Anode support 1.8 2.3 37% 8.51x10"
£ — é Anode interlayer 1.2 1.5 17% 1.09x10*
o aslirication
c - HC-based . : — .
8 l | { Sore ) Tape casting —>— Cutingthe | | Firing —»—| Screen-Printing o 76 NN s R wa5s ~ | he estimated TPB length
3 | 50010 1000 °C tape into discs Anode support exemalsufzce S/ SN ~ at the anode interlayer is
- Gas Cleaning | Coconut carbon ¥z : _
2 || Liquid Fue | SOFC Anode interlayer about 20 times greater than
f — _Fr . {Thergg;;pggrratea Hlectiolyie the TPB length on the anode
S L = TH001010007C Components Cost ($/kW) p , —( A > external surface.
o || wawral Gas l I Anode support 330 / 23 mm \ / +omm . .
- Conversion to *(Thern;aelfgnte;gratea Anode interlayer 53 Alr Alr Al Al Al A TEEEEEEE B K > The electrochemical
H,/CO rmer node interlayer [ ¥ . .
2 ¢ e Electrolyte 112 "o scio S Oxidation of H, occurred at
© . " 0 _ o3 AV 8 | .
a L — Cathode interlayer 30 >T|hetad(r1]|t|on (I)f :B_drr;_olﬁa sz tlch thte éeOed (;fcccz;lrbon SOFC enhances the Anode SOt oKk S anode interlayer.
o ’ N £
S HC0 ( (co<5 %) ) Cathode current collector 28 electrochemical oxidation ot carbon to LU and L. Anote interlaye '  The electiochemica
a l _ 2007 Total cost 554 iy . e o
5 CO Selective » The addition of 7 mol% H,O increases the carbon-SOFC performance b oxidation of carbon occurred
O Oxidation 2 p y
=JL "~ :I o ) utilizing H, and CO from the reaction of H,O with carbon. at anode external surface.
rdrogen — » SOFC cost for generation of 1 kW electricity is about $ 555.
Ref: N.F. Brandon, S. Skinner, B.C.H. Steele, Annu. Rev. Mater. Res. 2003. 33:183-213
Fuel Cell Manufacturing Carbon Fuel Cell: Operating Principle Effect of H, and H,O on Carbon Fuel Cell Conclusions
Tape castin
p g Performance |
Batch process 100 scom He/H, Vent » Tubular fuel cell reactor was successfully designed for
MS _ _
Moving :- B SRR borosi o, 50mMOI%H Feed stream C-SOFC with Pure He 3 mol% H, 7 mol% H,0 continuous 0perat|0n of SOFC.
LS BN ' Porosit < e, " 7mol% HO | diti diff.* diff. diff.
Doctor Blade . : Anode support = 37%y % ”""‘m TRoRe RO L CE?(TlaIlEIs?T;ases oS0 I Mocl)a(r:\c/oncentsrgt%n (molf:/o) o
100 H =" > oe, | -
—> !i| — r____: Anode interlayer B8 & coosty S < e B 0040 0051 0002 2887 2ms 2068 2105 0037 % The gddition of 3 mol% H, to the feed of carbon-SOFC enhanced
5 Gess L = 17% - e, [ CO, 0.0001 0.0007 0.0006 0.031 0.068 0.037 0.536 0.576 0.031 I I 1
Stationary carrier L  Etectolyte ERRERINE L7 CSOFC i, [ Y T sl 000055 0roos  oue oo oo the electrochemical oxidation of carbon to CO and CO..
Water | / 1 1 / 100 200 300 400
e | " /) cathode e deeby A . > Carbon-SOFC performance increased by utilization of H, and CO
Fot plate | / ~  Anode current / 4l e | » The 7 mol% H,O and 3 mol% H, feed improved ¢ h . £ carb th H.O
: .= : : / oo llector™> / 5 tosme M the fuel cell performance comparing to the C-SOFC fom the reacttion or carbon wi 2
Electrolyte Anode interlayer Anode support | / carbon—, / S, fsomoimh, | ;%—DSQDIED\ | (pure He stream)
YSZ NiO/YSZ 70:30 wt% NiO/YSZ 65:35 wit% 7/ _m\ o/ C+20" — 500, +aes N | 1T amol
i Thickness:75pum  Thickness:125 um  Thickness:3000 pm @ 2 - 0L L
Tape casting ;> o ;o H : H | /| sm— /) | RbrO oo o /z 4 s 8 3»The 3mol% H, feed promoted oxidation of carbon
Continuous process 7/ N | | _/_mem  co, Acknowledgement
: \i Anode interlayer : : .
_ Cell test Cathode current Electrolyte | ] _ _
Stationary it [N~ collector | cathode | | »The 7 mol% H,O feed shifted the reaction on the US Department of Energy, DE-FE000528
RN B = Sl F RN |\ i B A a de f | hemical oxidation of carb Ohio Coal Development Office, OCDO
eservoir B o, + 2 02 | anode from electrochemical oxidation of carbon to P :
| steam reforming of carbon to H, and CO. FirstEnerav C
N gy Lorp.

Moving carrier




