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Fabrication of the Functional Coatings of a Tubular
Solid Oxide Fuel Cell by Plasma Spray Processes.

W. T. Ju and S. H. Hong

Department of Nuclear Engineering, Seoul National University

Abstract

Plasma spray processes for functional coatings of tubular SOFC (Solid Oxide Fuel Cell),
consisting of air electrode, oxide electrolyte, and fuel electrode, are optimized by fully satu-
rated fractional factorial testing. Material and electric characteristics of each coating are
analysed Dy the implementation of SEM and optical microscaope for evaluating microstruc-
ture and porosity, X-ray diffraction method for investigating compositional change between
raw powder and sprayed coating, and Van der Pauw method for measuring electrical con- '
ductivity., LSM (Lag sSry MnOy) air electrede and Ni-YSZ fuel electrode coatings have po-
rosities of around 23~30% sufficient for effective fuel and oxidant gas supply to electro-
chemical reaclion interfaces and electrical conductivities of arcund 90 S/am and 1G00 S/cm,
respeciively, enough for acting as current collecting electrodes. YSZ (Zr0.-8moi% Y.0.)
electrolyte film has a high ionic conductivity of 0.05~0.07 S/em at 1000 C in air atmo-
sphere, but appears to be somewhat too porous to reduce the thickness for enhancing the
cell efficiency., A unit tubular SOFC has been fabricated by the opiimized plasma spray
processes for each functional coating and the spray forming process for a porous cylindri-
cal supporting tube of the cell Iis electrochemical characteristics are investigated by mea-
suring voltage-current and power density with variation of cperating temperature, ratic of
fuel to air gas flowrates, and totzl gas flowrate of reactants.
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Fig. 1 Conceptual structure and operation principle
of a tubular solid oxide fuel cell
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Fig.3 Test furnace for elsctric characteristic
measurements of the solid oxide fuel cell
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Table. 1 Optimum values of plasma spray process-
ing parameters to fabricate functional
coatings of the sclid oxide fuel cel

Caating Layer Air Soild Fule  |Supporting
- Electode ;Electrolyte| Electride |  Tube
Processing Paramelers \ | (LSM) | (YSZ) |(N-YSTY| (CS2)

Plasma Gun Power{kW) 2 45 4 37
Ar Flowrate(lpm) 30 30 30 Kl
H Flowrate{lpm) 3 10 10

Spray Distance(om) 12 13 14 i
Pawder Feed Ratellg/r) | 1384 | osse | NUOHLL 4y

YSZ ;0834

Substrate Revolution

Speed(mm) 180 180 180 180

Carrier Gas Flowrate({Tpm) 40 28 Niid 28
YSZ:28

Fig. 4 Morphology of LSM (Lay &S :MnOs)
powder
go] ek 23~28% HEE JepS, dRHA T
AL Ak ZiAl7E 2R e =2Er)
& NAFAEE AT vk Fig. eollAe 2
LSM gt vlmate] gapad #Ee] X-d

0] S e o ' i'ﬁ
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Fig. 5 Microstructure of ar electrode (LSM) coat-
ing produced by optimized processing para-

meters
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Fig. 6 Comparisen of X-ray diffraction patterns
of LSM in different forms
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Fig. 7 Temperature dependency of electrical con-
ductivity of air electrode (LSM} coatings
fabricated with different plasma gun pow-
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with different plasma gun powers
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Fig. 12 Temperature dependency of electrical
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coating film produced by optimized pro-
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Fig. 16 X-ray diffraction pattern of fuel electrode
(Ni-YSZ) coating produced by optimized
processing parameters
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cell produced by opumized plasma spray
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Table 2 Thickness and porosity of each coating
layer of a unit tubular solid oxide fuel

cell
Thickness(um) | Porosity(% ﬂ
Supporting
Tude 900~ 1200 28~32
Air Electrode ~90 23~98
Solid i
Electrolyte 88 1e~17
Fule Electrode ~ 100 28~ 3()

Hy: 00,0y 80. Ny 1000
Hy: 80,0, %6, N, 1000
Hy: 80.0,:80,0,. 1000
Hyo 40, 0y : 50, Ny . 1000
Hp: 20.0p: 50, N, 1000
Mo rate : [cc/min]

Voltage (mV)

a2 T
Current Density (maAlcm?)

CY

-7 T

—@— Hy:100.0,: 50, N, 1000
—&— Hy: 80,05 50N, 1000
—de— Hp: 80, Op: 50, Ny: 1000
—3— Hz: 40,0550, Ny 1000
—se— Hy: 20,0, 5D, N, : 1000

fow rate © Lcdrmnl

Power Density (mW/cm?2)

4 8 12 e 20
Current Density (mAjcm? )

(b}

Fig. 19 Cheracteristic curves of {a) voltage-cur-
rent and (b} outpul power density for a
unit solid oxide fuel cell operated with dif-
ferent mixing ratios of hydrogen to oxy-
gen at 600
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rent and (b) cutput power density for a
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Fig. 21 Comparison of voltage-current characteris-
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