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Preparation and Properties of Yttria Stabilized Zirconia Electrolyte for
Solid Oxide Fuel Cell by Plasma Spraying

DU Ke'?, SONG Chen', YU Min®, CHEN Dan', GUO Yu', LIU Taikai', YANG Chenghao’, LIU Min'

(1. Institute of New Materials, Guangdong Academy of Sciences, National Engineering Laboratory for Modern Materials Surface
Engineering Technology, The Key Lab of Guangdong for Modern Surface Engineering Technology, Guangzhou 510650, China;
2. School of Materials Science and Engineering, Southwest Jiaotong University, Chengdu 610031, China; 3. School of Environment
and Energy, South China University of Technology, Guangzhou 510006, China)

Abstract: Metal-supported solid oxide fuel cells have promising applications. However, there is no the corresponding cost-effective
preparation technology. Yttria stabilized zirconia (YSZ) electrolyte of solid oxide fuel cell was fabricated on a meatal substrate via
high-efficiency and low-cost atmospheric plasma spraying (APS). The relationship between depositional particle morphology and
coating structure under heating matrix conditions was investigated. The mechanical properties of electrolyte and cell out performance
were evaluated. The results indicate that YSZ deposition particles on the heated substrate are fully spread. However, some
microcracks appear in the splats, leading to some vertical cracks and interlamellar unbonded-interfaces inside the coating, the porosity
is 7.16%, and nanoindentation hardness and elastic modulus of YSZ electrolyte are (13+1.04) GPa and (188.5+2.59) GPa, respectively.
The maximum open voltage of cell with YSZ electrolyte deposited by APS is 0.97 V, thus improving the density. Nevertheless, the
cell out performance is quite considerable with a peak power density of 850 mW/cm? at 900 °C. After the optimization of equipment
iteration or combined with the post-treatment process, APS can be used to obtain alarge-scale and low-cost preparation of dense YSZ
electrolytes.

Keywords: solid oxide fuel cell; yttria stabilized zirconia; atmospheric plasma spraying; electrolyte

[ A AL MR L i (SOF O — R A B A FHVER DA S5 MR iSRS B D) R 0E . IL4F
PR R RHCR R, IR, MEE Ok, &ESER SOFC(MS-SOFC) &I i B L4t

WA B 2021-11-10. BT H#H: 2022-01-08 Received date: 2021-11-10.  Revised date: 2022-01-08.
FEEWH: TR RSN ER TR 4 (2022A1515010682 , First author: DU Ke (1996-), male, Master candidate.
2021A1515110260) ;5 T~ 7R & 3 B 22 wF 72 i & W H E-mail: dukel216@my.swjtu.edu.cn
(2019B101001011); J~JH i ARHL KI5 H (202007020008) Correspondent author: SONG Chen (1990-), male, Ph.D..
B M M1996—), B, LR RAE E-mail: phd.songchen@gmail.com

BEEE: K OFW990—), %, it



+ 1930 - CREFR Eh22 4D

J Chin Ceram Soc, 2022, 50(7): 1929-1935

2022 4

MBS SOFC K%y, BmRORED. 71k
SReJ . MUMEREIL S, LA R RIES IR 2
[FI1EBE. H AT SOFC (1] £ 3 ol 32 ZAE T 50 Hfift
JRZ, Y% T 2B El I (g 2 R I 4E
RV BB, B R s | Ab 2 S A AR
AUk O TR S R AR, H R 4%t s 1 g
HUMR R . SR, AT il o 4 b F2 1 o IR A
M LUIS FTE 4@ Scd ik b, B & R K2 U
TV 2% AR v B AR A I 1] R, R
TR — Pl e B SCR R A [1) T25 ) 4% MS-SOFC.

LETFHURHE AR~ MR N2 a1,
DA v R A T SR R 2 ) 2% . T
W FE X AR AN, TR & @ SO AR b
Rl % KT AR SOFC, #7E MS-SOFC #UARAL i MLAL,
W% AR A AU B R RR Y, KRS T
R (APS) ] 4% 0 SRR AN A B 45 O B A S 1O
FF AT T, LA LI R R R e A AL (YSZ)
Ftil, Stoermer ZE'AI Marcano 21215y 1l i &
25 B8 T I U (LPPS) A1 45 B8 1 It i -4 B S TR 4
A (PS-PVD) il £ Hi i &2 52 Br A FH 22 3R 1 = B0 %
YSZ HEfREIR, (HIX AR BA R F, SR AR B R A
BT, RITE KRR AR P IR AE — 5 IR A
bz N, APS AR, 2K, Sib gL,
Je HONFRAR I H R AR . SR APS UIAR IR & iR)2
5y RMAIME B AN, RN ARG XIS R TR
2/30 AL, R A RS 4 Hix e R 4
B XU BTE — Y B AL fanE %, 3
WL ERET G, B APS RS N JCVE A

(a) Morphology of YSZ powders

Fraction/%

FAUSH, i — 5 SO A F 5 VA T 4R 5 ASP IR
MU, RS . A B TR A AR
B, BUR MBS YSZ (A UE MEAN G R VR S A B
B, ERXE RIS AL — L, X R
R B m A IR, TT O, 7ESEEL APS HifiE
J5i KD e B0 P T T A AR OBk o

S, AT R OB A B R P R R A
RIMEEE Z NG &, fem i mEes s, it
i & 5 SOFC M vERE!™ . 59— 5T, KL Fii
FLIT TR S RE A R AT S R R SR R S T
SR R et BTk, AERUR A
APS #l% 7 YSZ )2, HAIRFUNMAIERFAT
YSZ HRLT TR 3 5 O AR 5 4 ) i SR A R AT i
VBRI R . EIRA 2 BRI APS fEZ L&
JE R L% 7 UL YSZ A9 U BT i,
ok 00 S P e BEL T f e e L A 2 R e

1.1 REH&F

i F VA B R 8YSZ MY AR (BE /R BN 8%HH)
Y,0; B 1) ZrO)WE N s fd i 5ok, LS A5 n
Bl 1a Fior, BroRIORiE A i 28 an B 1b fos, o
B2/ T 5 um IR R 5 10%, RiAR/NT 15 pm (B8
K7 50%, RiAE/NT 29 um IR & 90%. 7EZHH
JefE I E E A b, KRR EE FBHR RG(GTY,
German)7E 100 mm Wi FUKEE YSZ JiARL T, Uk
LR 600 ChnikasRREnshiEik, JERA
1 000 mm/s FIFT3H 34T R - USCHE DAAR IR T R] B

\

£%\OOOOOO’°‘°°°°

1 1 1 1
0.5 1 2 4 8
Particle size/um

1 1
16 32 64

(b) Particle size distribution

Bl 1 YSZ By ARARE
Fig. 1 Characters of YSZ powders

P B 4% 20 mm JE 1 mm [ 430 2L AEE
NE RS, SRAMIFEWR KRG &8 ST AR

T R T B NiO+CeooGdo 101 .05(GDC)/YSZ/Lag 6
SI'(),4C00,2FC(),803.5(LSCF) élﬂil: )F/‘g E,:J $‘ EEW_J‘ ’ /E\"TZ'SEFEIJ %’72%



5055 7

Ftop S [ AR ACYIRRL B S A AR R SR R S S IR A S T R .+ 1931 -

Bk 1 Frow, BRI &S AR T FEIAER A 600 °C
PIFFFEIN#IER . NiO 5 GDC (60%F1 40%, Jii
B4 ) (Tianyao, China)fl LSCF(Metco 6830A,
Sulzer Metco, Westbury, USA)HIE & B EMKRIEN

FELYAR PRI BE AR AT AR 50k . SR 10% (B 43 B
H, F1 90% (MRARH 4 EO I Ar 41 TAE S AEIRTh
R4 A, 733 B AR LR T A B AE

A,

®1 FEFHIR MS-SOFC 2%
Table 1 Plasma spray parameters used for YSZ electrolyte

Plasma arc current ~ Plasma arc voltage

Plasma arc power

Flow rate of Ar Flow rate of H, Spraying distance

Parameter /A WV AL min ™) /L-min") /mm
Electrode 350 68 45 5 100
Electrolyte 700 77 55 10 100
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Fig. 3 Microstructures of the polished single cell and electrolytes cross-section
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Fig. 6 Out performance and impedance spectra of as-sprayed
cell fabricated with YSZ electrolyte
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Table 2  Performance comparison of YSZ electrolyte
fabricated by plasma spray

Ref. Method  Thickness/um Maximum powerzdensity
/(mW-cm °)

This study APS 40 850 (@900 C)

[15] APS 60 730 (@1 000 C)

[16] APS 40 510 (@900 C)

[26] SAPS 60 630 (@1 000 C)

[35] LPPS 40 630 (900 C)

[37] LPPS 50 550 (800 C)

[12] PS-PVD 26 1125 (870 C)
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