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Fabrication of Porous Fuel Cell Electrode Layersvialnkjet Printing

QU Piao, OUYANG Jing, GONG Zhiyuan, LIU Changyong, LAO Changshi, CHEN Zhangwei
(Shenzhen University, Additive Manufacturing Institute, Shenzhen 518060, China)

Abstract: Solid oxide fuel cell (SOFC) cathode thin layers were fabricated via inkjet printing with a novel water-based lanthanum
cobalt strontium ferrite (LSCF) ceramic ink. The prepared inks and thin cathode layers after printing, drying and sintering were
characterized by particle size and zeta potential measurements, surface tensiometry, rheometry, X-ray diffraction and scanning
electron microscopy. The results show that a fine particle size is obtained by wet grinding, and the average particle size is reduced
from a few micronmeters to approximately 100 nm. Water-based LSCF inks with superior rheological properties and dispersion
stability were prepared with the nanoparticles. The problem of satellite droplets during printing and uneven distribution of the jetted
droplets on the substrate were effectively solved by optimizing the voltage waveforms of printing parameters, thus greatly improving
the quality of droplet injection and distribution. Thin cathode layers with a good surface morphology and a porous microstructure
suitable for SOFC applications could be prepared by reducing the number of printing layers and extending the printing time interval
between layers.

Keywords: solid oxide fuel cell; ceramic electrode; inkjet printing; ink; thin layer; porous microstructure
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Fig. 1

(d) High magnification of Fig.1(c)

Bl 1 WHEHT S 1 LSCF #i K SEM i
SEM images of lanthanum cobalt strontium ferrite
(LSCF) powder before and after grinding



1616 - (RERR L2230 J Chin Ceram

Soc, 2020, 48(10): 1613-1621 2020 4

After grinding

Before grinding

Intensity

0 1 2 3 4
Diameter/um

5 6 7

B2 BRI R R AR g R
Fig. 2 Particle size distribution before and after grinding
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Tablel Essential parametersfor the L SCF ink

Density p/(g-cm ) Viscosity at 100 s~ 7/(mPa-s)

Surface tension /(mN-m ") pH value Zeta potential/mV Printability value Z

1.15 3.6

7.0 30 6.9

I 100 pm

(a) Jetting of an ink droplet with a tail

(d) Normal jetting with sound
spherical droplets

I 100 pm

(b) Jetting of an ink droplet deviating (c) Ink aggregating around the nozzle
from the vertical trajectory

(e) Spreading of abnormal
printed onto substrate

100 pm 100 pm
| S

—_ 1

droplets (d) Spreading of normal droplets
printed onto substrate

B3 SRR T OR AT BN BRI AR
Fig. 3 Jetting of ink droplets and printed droplets onto the substrate
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Fig. 4 Waveform before and after improvement
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(a) Photo of cathode thin layer after drying

(b) Optical microscopy image of surface morphology
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Fig. 5 Surface morphology of cathode thin layer printed on
gadolinia-doped ceria (CGO) substrate after drying



« 1618 - CRERR Sh2230)

J Chin Ceram Soc, 2020, 48(10): 1613-1621

2020 4F

N, R Sb TR R T R SO A
M. B Sb af 0L, JE)E EFTER I B RK 2R
B, OBAHERABR BRI G, XIS KBH A
) e Ak SR R B AR . {HL R (SR T T 50 0 = e AR
RS R — DA AL, W RAEE RIS TR
WS EOTR MR . 25w R A dreT &0,
1E 400 ‘C 21T, ANIEH S Tk HE R . 2L Tk,
AT BRI FORE b T8 5 N il A R 4, IR TR
HEN S C/min, H AR N 1200 °C, 2R )5 FRIE
2h, BEJEIEH EREEAET. FTEI 104 20, 40 2
H 60 J7=IH4 TR AR 45 5 1 IR = R R S an
Kl 6 Fias.

H ] 6 1] WL, AN [ J2 5 1 BA A 2 e 45 i #1 Hh
LT RIEAIFRIGR, ARFE 20 212 H
BT IR AT L. T 40 22 0 H BT X I,
BORIIFRE, HOR i B SO E A R 4E 7 TE .
P AR TR OK T AR SR80 G 1) = 5 IR T R B
JZ2 RIS AT EQ B R A, T ENRCR FEAIK, IF
H bR fbe st T2 A — e m . Fikk: T~k
el AT R R E (B2 5. 104 20 J2)BAAE
K2 14T B (Al BRI 1E] (30 s #EKE 1 min) R4k
HEITEHR TR . RN 5+5 Z4TE
3, BISGATED 5 2 J5 40t )i be 46 Ab 22 7 Akl 2
JRAREEATED 5 )2 TR sl 2% o DL EJ7 ST Bk

(a) Photos

RnEl 7 fros

(a) 20 layers

(b) 40 layers
Ko ANFFTEN=E & e K

Fig. 6 Surface microstructures of thin films printed with
different numbers of layers

(b) 5 layers

(c) 5+5 layers

(d) 10 layers

(e) 20 layers
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Fig. 7 Photos of sintered cathode thin films
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Fig. 8 Surface micromorphology of cathode thin films
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(c) 10 layers with a thickness of 2.48 um

(d) 20 layers with a thickness of 5.36 pm
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Fig. 9 Cross-sectional morphology and thickness of cathode
thin films
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Fig. 10 XRD patterns of the as-received LSCF powder and
the film inkjet printed on CGO substrate after
sintering
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