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Preparation and Performance of Al,O3/Glass—Ceramic Composite Sealing Materials for
Intermediate Temperature Solid Oxide Fuel Cell
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(1. Ningbo University, Ningbo 315211, Zhejiang, China, 2 Shanghai Institute of Ceramics, Chinese Academy of Sciences,
Shanghai 200050, China)

Abstract: To provide direction and guidance for the microstructure design and development of sealing materials for high-performance
intermediate-temperature solid oxide fuel cell, a Al,03/BaO-CaO-B,0;—Al,05-Si0, glass—ceramic (BCBAS)-based composite
sealing material with superior mechanical properties and a high thermal conductivity was prepared via tape casting. According to the
analysis by scanning electron microscopy and X-ray diffraction, the lamellar Al,O; is regularly distributed in the BCBAS
glass—ceramic matrix. The main crystallization phase of BCBAS glass transforms from CagBa;SiO; into Ba, ssCag45SiO4 and
BaAl,Si,0g, and further into BaAl,Si,0g and BaAl,O, phases when the lamellar Al,O5 content increases from 0 to 25% (in mass
fraction). The thermal conductivity of biomimetic sealants increases from 0.892 W/(m-K) to 1.255 W/(m-K), and the bending strength
and Vickers hardness with higher than 10 of the Weibull modulus f increase from 96 MPa to 140 MPa and 444 HV to 677 HV as the
lamellar Al,O; content increases from 0 to 25% (in mass fraction), indicating the mechanical properties and thermal conductivity of
the sealant. The sealing tensile strength of the biomimetic sealant with the mass fraction of lamellar Al,0;<20% maintains above
4 MPa. The composite with 20% Al,0;-80% BCBAS glass exhibits the superior comprehensive properties (i.e., thermal conductivity
of 1.203 W/(m-K), bending toughness of 136 MPa, Vickers hardness of 677 and sealing strength at 4.22 MPa), thus being a potential
candidate for application of intermediate- temperature solid oxide fuel cell.
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(a) XRD pattern of lamellar ALO;

(b) SEM image of lamellar Al,05

Bl 1 Rk ALOs 9 XRD BRI TS
Fig. 1 XRD pattern and SEM image of lamellar Al,O; powder
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(a)
K2 AF AlLOs/BCBAS

(b)

BB LM AT XRD 1 (a)F FREAL S5 BCBAS 3R O S o &R 263345 R(b)

Fig. 2 (a) XRD patterns of Al,O;/BCBAS glass composite sealants with various lamellar Al,O3 content and (b) EDS compositional
profiles across the interface of lamellar Al,O; and BCBAS glass
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Fig. 3 SEM images of different Al,0;/BCBAS composite sealants
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K4 GAB0 &% EM R TLER M i
Fig. 4 Element-distribution mapping of GA80 composite sealants

K5 Al ALOY/BCBAS & &% B A1 R FA K Hh 2
Fig. 5 Thermal expansion curves of different Al,O;/BCBAS
composite sealants

#* 1 7[E ALO/BCBAS & & B3 #RIRI#M M &E

Table 1 Thermodynamic properties of different Al O/
BCBAS composite sealants
Lable CTE/(x107%/°C) (30-550°C) MW-m K™
GA100 11.80 0.892
GA95 11.28 1.014
GA90 10.89 1.098
GAS85 10.35 1.113
GAS80 9.76 1.203
GAT7T5 9.11 1.255
Crofer 22 APU 11.60 19.600
8YSZ 9.70 3.000

CTE is thermal expansion coefficient.

BRI, A E AR I K R BN
11.80x10°/°CIZ#T N F&E] 9.11x10°%/°C (30~550°C),
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(12.5x10°%/°C) 1 Ba, 55Cag4sSiOs [(10~12)x107°/°C]
IR E D EORD, SERIK KRBT E. NS
WARBOTIH T, AR ALO; AR T & ALOY/
BCBAS & &% HMESHMAL, Wk 1 Por. 18
FOR ALO; FRED AN 0% 5% 10% 15%.
20%F1 25%MF, FHAREST AN 0.892 W/(m-K)-
1.014 W/(m'K). 1.098 W/(m-K). 1.113 W/(m'K)-
1.203 W/(m-K). 1.255 W/(m'K). iXJ&HT ALO;
A SRR B 30 W/m- KON, BRI A T
PRGN, EEEEME SRR, B
(1) 5 #0E R T I RBORE S, /8 KR 982>
DRl oty B 2R 5 R A R AT A0,
2.5 EEEHMBNZEMERRIE

Kl 6 2 GA100~GAT75 A% B MR Pt 5
LML J5 1) Weibull 434« T I Weibull 5 &
BERET 10, REMEL RGBSR T M. B
H AR ALO; Jli & EU 0%I8 N2 25%, 25 i 56
M 96 MPa #4115 140 MPa. Wi 6c Al 6d i,
ALOy/BCBAS H& & B AR E M 83 GPa
HhN#) 109 GPa, 1fi H Weibull #i& g #1& T 10,
TER R ALOs T & 73 £ 73 718 0%+ 5% 10%- 15%.
20%F1 25%H}, Vickers f8 5 43 51| 212 444536566
586+ 677 HV Fl 568 HV, ixX 3 Bl il i 2E 2 1] %% 1)
ALOy/ I HEE &% BR8N U P R
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(a) Bending strength

(c) Elastic modulus of elastic modulus

(e) SEM image of Vickers impression for GA80

(b) Weibull distribution of bending strength

(d) Weibull distribution of elastic modulus

(f) Vickers hardness of GA80

6 [ ALOy/BCBAS & & % B4 BN e
Fig. 6 Mechanical properties of Al,0;/BCBAS composite sealants with various lamellar Al,O; content
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(2)
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A R U I AR R 5 FH 1, WE A N ITSOFC
BRI R U750, B 9 9 GA8O 5 Crofer 22 APU
FE MM TR ATE L, Crofer 22 APU — At
AT NI S8, AR CRTE . FR
fFH 8 Crofer 22 APU ", RILA /DR Si Ml
Ba U &, (AR BHS AR F I AH K I Crofer 22 APU
HRIEEICER, W Feo 455 ULH] GA80 5 Crofer 22
APU f71£ Si #ll Ba 7t % 1T # 2| Crofer 22 APU H1 [
R

(b)

K7 BB Crofer 22 APU HJ& )2 4544 [ (a) M1 850°C 1 & dat fi O A 55 (b)

Fig. 7 Sandwich structure diagram of the sealing materials and Crofer 22 APU (a) and the sealing tensile strength after sealing at

850°C (b)

(a) GA100

(d) GAS5

(b) GA95

(e) GA80

(c) GA90

(f) GAT5

B8 Z4HHELAI Crofer 22 APU (132 )2 45 14 [0 T 50

Fig. 8 Sandwich structure microstructure of the seal material and Crofer 22 APU
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Kl 9 GA80 5 Crofer 22 APU %3t FLHI ) G 3 43 i ]
Fig. 9 Elemental distribution at the sealing interface between GA80 and Crofer 22 APU
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