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Processing Techniques for Fabricating Solid Oxide Fuel Cells

TIAN Fengyuan, LIU Jiang
(School of Environment and Energy, South China University of Technology, Guangzhou 510006, China)

Abstract: Some techniques for fabricating the structural parts of the solid oxide fuel cells were reviewed. These techniques includes
dry pressing and tape casting techniques for making planar supports; brush painting, screen printing, centrifugal casting, and spin
coating for preparing films on planar supports; slip casting, extrusion, dip coating, hot injection moulding, gel casting, and phase
inversion methods for fabricating tubular supports; brush painting, dip coating, suspension spraying, electrochemical vapor deposition,
and thermal spraying technique for coating films on tubular supports as well. For each processing technique, the principle and specific
process flow were introduced, and some problems regarding the processing parameters were discussed. Some applications of these
techniques in preparing solid oxide fuel cells were given.

Keywords: solid oxide fuel cell; processing technique; planar; tubular; ceramic film; porous electrode
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Table 1 Commonly used processing techniques for
fabricating SOFCs
Shape Type Processing techniques

Planar Support  Dry pressing, tape casting

Film Brush painting, screen printing, tape casting,
centrifugal deposition, spin coating

Tubular Support  Slip casting, extrusion, hot injection moulding, dip

coating, gel casting, phase reversion
Film Brush painting, dip coating, suspension spraying,

electrochemical vapor deposition, thermal spraying

I AR SR B &

1.1 FE&*

TR PO Sz S 4 SOFC % 1
% RPN RS R R N R I R,
Sk} FL it I F A2 R R — i IR T e
JRRRAE A 1) WSO A % T8 A R
WKL A3 A A B, I0NGE 24 () 3l 45 77 RN T 77 5
2) s K S £ S TR SO AR ABEEL T, it R
Jo B s € AR FNRGT 5 3) W AR et e fr) o 4
HU

T I A AR A PR A, AR A
JE AR . 7E SOFC SEEemtsi, R+ Hikl
2R, AR RIS AR T R A T,
E 5T 45 2% 0 A A G R A A S (Y SZ) 1) 458 45 M g

G A YER T, KB A (T ALOs. Fe,Os
VR R F IR OE LB S YSZ K RIR AL TikE. T
JE SR IRFE S pe gl il Al i, SR a7
A I P THL ) 46 A N 1) R A RN FL AT R AR R, JEAT A
KA 2EPEREIAR . T H v 2% fEL AR O B
h PRAIE L TR AT R B I, R R s n
(1) 386 25 0S50 WL o B R A /D, 4 I e )
TR G I T 5 B AL

H 1 F 325 o % 1) FL AR O 350, A LR O
) A TR H AR AN b 28 5% H R TR 56 4 BT TR R
L, DR i P T AR R 1 A 2 1 T
Ref DU I A AL A Al A B o e AR AR —
MEANRE AR SZ R4 TS, RN 4208 Ag s s
961 C, XTHCEH HI SOFC HLf AT R Ag-
Ce.9Gdo.101.95(GDC) 1 11 ple 73 L BEAT AR AL, ATk
Ag-GDC il 2k, WRAE gt B, /£ 800~
880 CALLE, it FHBTIE IR, WA [H] Lb A3 1)
WA BT SR A AL B BT AR 1k, SRR Ag
A GDC [y b,

Shy /IS PR o JEE R T 3% 1 1Y) Ohmie BB, H
T FEL AR S 3% 1) T 5 W A S SOFC %% 2 3 £ [ AU,
FEHIJE Ni-YSZ PR 41 SOFC, HAMRLF I H
e fAR e . SER = — R T Rk
£ B S 3% SOFC (12 FLBH M S 34k B, i+
FAL A S 4 AR 200 22 AL IV, AT I A T % v 75 2 g
JEORE A I IE AL, LA MR A S T AR
AAFERWMD T, Bl &Fuek . Wi, BREA
H . ST PR SOFC Bt it IR e fil R IR (1)
AR, DRI AR R R 2 RE 8 7R 52 PR AR T R 4
ERTH R E, — B 1400 CAS . —NKRHT
JE 2 25 NiO-YSZ BBl SCHEEAAR R BT 42« #F NiO
R YSZ By R4z e b 1:1 8R4, A 10%
Ol B0 I TR A& LR, iR G e, Hid
AN LR, 75 480 MPa (152 i~
(R 238020 0 10 MPa) & I E B 454 13.0 mm,
JERES 0.5 mm [F)/NE B, ARG R FLAE 970 CHe
4h, WAAFIZILI NiO-YSZ ScPAal®, 75 P i
4% YSZ [, 1400 ‘CHE 4 ho BHAK 4411 SOFC
TEIBATIN, BRI EOR NiO I8 IR 1842 J& Nio

AR R R R A, (HAE SEBR N
W LR AR ROST R AR PR A 52 BT B . A58
Hy A v BAE K A8 o onT e A R B R R
(R0 E P NIIB A R EZ N N o ) S
LRy ) A R W B2 N ER ARy AR R R K G o



+ 138 - CREMR £R 2741

J Chin Ceram Soc, 2021, 49(1): 136-152

2021 4

PO
1.2 FREMKREE

YA ol ATV AT SR 6 K T B T £
WA EE. 1947 4E 1 Howatt 2515 H SR A 4E G
Rk 4 B B AR i A Tl b
32 N T Bl T 4, LR B A 2 B
TR TR BRI S oy A e Ak b, TERR B0 1)
W, TS, KRS AR TE, SRS AR T 2,
W2 2RSS, SRR, X SOFC
55 » PUAE T FH Rt 46T X L i Py P AR R B A
SCAREAAR DL R FEL R Tl FELRI B

Tape casting Slurry

Blade Casted tape

i —
Anode layers < Electrolyte layers
: L ,

Laminating < L

B
Y ¥

\ | |

Anode substrate Anode-supported thin
electrolyte

B2 SR B 5 T A SOFC FH AR S 43 4 T ri it i e 11
IR
Fig. 2 Schematic diagram of manufacturing anode support
and thin electrolyte

Hot pressing

FESER ST, B AL 4% YSZ Ffi i
JrUSTOL SRR S KRR PGS . TR
Sk BIRLL K edh . Bln: 1) ¥ YSZ A
B ZFEHE AR, FF I = SR (TEAVE A
SEGR, R OIEEEGR T B (PVBYE W B &), Aok
T H R 2E R (DOP) LA K 2R 2 iE (PEG)1E by ¥4k
7, ALOs VE R BRI ATERES , 15323 —Fa e
RN 3); 2) AR SRh A, HEER IR
AR, ISR RAR; 3) HERRHA7E e
(R B R AR b, RV D 0 o S LA 1 R
B i 4 3h ) )R8 A MUy A A BN L5 4) £F
WU s 5) 2 R &R r— i,
T2 PAE ) YSZ R 30 um (R RE, ikl
(1) YSZ SC AR AR 10 2 e 4 SR,
RIAEIRLE 300 um 2247 (L RE s 6) i e — i
(0 A2 R B B 7 B 1B B B T, IR Lk
1Tleddh .

Dispersant Power Solvent

& T |y EE T
ALO, g
Step 1 @

Binder

|

L

+

L

Step 2 @ Ball-milling

Uniform tape
casting slurry

Plasticizer

B3 RE R F A R I il

Fig. 3 Preparation process of electrolyte slurry for tape casting

PUIE ARVE O R, Al KR A, AT
LAY S pT s ROTAR, 3 2 J2 mT L a6 1) 52
PRSI ] DL AT B R FLAT M I SO A B
R 4R, BT DL PR SR B A 2D
(LB T 5 TR KT K, W REAFAE R4S 7S M i B SR

WIE A (R ey 2, N B IE
HEL TR R R LR TR A SR A0 . X
TR R B AR IR A b BT ARV th
SAE AR A I FAR S M AE L b, 3 R A
o SRS H R LW R, sk, R
KA K SR> 2 i T AR, {1
FHOR T 28I AT R AT L7 K 1 o

SORL PR 22, 32 B I AU B
) Rl BARILL Kbe s Bl . R P e
AT R S ORI AR o, A5 2 e 7 FELOR F
FE—ANErE v A, SRR BE AT 3t B AE I
TINS5 7Py T AT RS LA RS, M
FUMMAZIE TG, eI BREE, R4 E P R A
PR O AE IR RGN RESE, Wb
SRR A AL LT Sk AR, 3 LA
BURLLF AR E IR . 1 2 2 3 U R Be A I 1t 21
WEREAR, UM 2 R ain o b e e, bR
Hh A AR Y AR ARORL IR D, TR T e 4l RO MERE
IR I GE D T AEAFISE AL R B AT RIS 3
BPEAE, SL, AGHA B AR T R A,
B TSR TREZ IR IR, A3 S A £ i



49 B 1 W

HEUR A5 AR it (K ) % T2 « 139 -

PR Sy, BRI AL AR . e sl Bl
RIS I AR TP e e S e — i, B
JRCESC Y FAR 2 o AL AEE PR SR L N (RS I
K%, DR L & 208 Inm) i o i T2k
YL EE, SR AN R, O TR
5 i A B AR I e, A A R I A o
FIRFEANE R . 3% 2 & — 410145 YSZ HUE it
SERRIEC T, R PVB WEEEE5. TEA
Iy HF): DOP F PEG A ¥4k,

£2 —MIREME YSZ BERERAE H
Table 2 A typical formula of YSZ electrolyte slurry for
tape casting””!

Material Mass/g Mass fraction/% Function
YSZ 35.0 40.4 Support body
AlLO3 1.40 1.6 Sintering aid
Ethanol 443 51.2 Solvent
PVB 2.80 32 Binder
TEA 0.700 0.8 Dispersant
DOP 1.05 1.2 Plasticizer
PEG 1.40 1.6 Plasticizer

YSZ is yttria-stabilized zirconia; PVB is polyvinyl butyral; TEA is
triethanolamine; DOP is dioctyl phthalate; PEG is polyethylene glycol.
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Table 3 A slurry formula for preparing NiO-YSZ anode

tube by slip casting™®
Material Mass/g  Mass percentage/% Function
YSzZ 3.00 17.4 Anode component
NiO 3.00 17.4 Anode component
Graphite 0.60 35 Pore former
Deionized water  10.00 58.0 Solvent
PVP 0.03 0.2 Graphite dispersant
PDAC 0.60 35 NiO and YSZ dispersant

PVP is polyvinylpyrrolidone; PDAC is poly dimethyl diallyl ammonium

chloride.
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1: Compressed air inlet; 2: Compression piston; 3: Metal mold; 4:
Thermometer; 5: Workbench; 6: Feed pipe; 7: Wax pulp barrel; 8: Oil

bath constant temperature barrel; 9: Electric heating element.
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Fig.9 Schematic diagram of hot injection®¥
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Table 4 Slurry formula for electrolyte support in dip
coating process'®’

Material Mass/g Mass fraction/% Function
YSz 25.00 37.0 Electrolyte component
Al,O3 0.25 0.4 Sintering aid
Ethanol 38.00 56.2 Solvent
PVB 2.00 3.0 Binder
TEA 0.65 1.0 Dispersant
DOP 0.80 1.2 Plasticizer
PEG-600 0.80 1.2 Plasticizer

£S5 ATFREEFBRE R RBE S
Table 5 Slurry formula for anode support by dip coating
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T

Water

method'®!
Material Mass/g Mass fraction/% Function
YSz 22.50 22.6 Anode component
NiO 22.50 22.6 Anode component
Ethanol 40.50 40.7 Solvent
PVB 5.40 5.5 Binder
TEA 1.35 1.4 Dispersant
DOP 3.60 3.6 Plasticizer
PEG-600 3.60 3.6 Plasticizer

(a) Anode support body

(b) Series connection of anode support
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Fig. 10  Anode support body prepared by dip coating!®
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Fig. 11  Flow chart of gel casting process
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Table 6

support of SOFC by gel casting!””!

Material Mass/g Mass fraction/% Function
NiO 12.00 30.3 Anode component
YSZ 12.00 30.3 Anode component
Graphite 6.00 15.2 Pore former
AM 4.80 12.2 Monomer
APS 0.48 1.2 Initiator
PAA 0.72 1.8 Dispersant
MBAM 0.24 0.6 Cross linker
H,0 3.30 8.4 Solvent

AM is acrylamide; APS is ammonium persulfate; PAA is polyacrylic
ammonia; MBAM is N,N’-methylenebisacrylamide.
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(b) A four-cell-stack of SOFC
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(c) Output performances of the four-cell-stack of SOFC
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Fig. 12 Anode-supported cells and its performance””
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(b) Structure of hollow fiber SOFC anode microtubes!*”!
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Fig. 14 NiO-YSZ anode structure and the structure of hollow fiber SOFC anode microtubes prepared by phase conversion method
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Table 7 Slurry formula for YSZ electrolyte membrane
prepared by dip coating!®

Material Mass/g Mass fraction/% Function
YSzZ 24.50 24.5 Electrolyte
Ethanol 72.00 72.0 Solvent
PVB 1.00 1.0 Binder
TEA 0.70 0.7 Dispersant
DOP 0.90 0.9 Plasticizer
PEG 0.90 0.9 Plasticizer
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(b) Output performance
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Fig. 15 11 tapered tube series SOFC battery pack prepared by
dip coating method and its output performancel®”
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