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Abstract: The SiO,-BaO-based glass-ceramics have become the focus of research in the field of high sealing
resistance due to their high expansion coefficient and excellent high resistance, but the effect of rare earth oxide on
modification of this kind of sealing glass-ceramics is rarely reported. Here, the effects of rare earth elements with
different cation field strength (CFS) replacing traditional alkaline-earth oxide BaO on the network structure,
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rich-Si0,-Ba0O-Ln,0; (SBLn, Ln=La, Sm, Er, Yb) series glass were studied. With the increase of rare earth cation field
from 2.82 in La’ to 3.98 in Yb™', the glass transition temperature (7, o), crystallization initiation temperature (7) and
crystallization peak temperature (7},) of SBLn glass are increased, implying that the SBLn glass with higher rare earth
cation field strength is more stable. Crystalline phases of the four SBLn glasses are composed of BaSiO; and BaSi,Os
phases. When rare-earth cation field strength increases, the BaSiO; phase decreases while the BaSi,Os phase increases.
Rare-earth elements only exist in the glass phase and do not participate the crystal phase precipitation. The
crystallization amount decreases with the increase of rare earth cation field, coefficient of thermal expansion (CTE) of
SBLn glass-ceramic increases from 12.52x10° /°C to 13.13X10° /°C (30-800 °C), but softening temperature
decreases from 1313.5 C to 1174.1 ‘C. In short, the CTE, softening temperature and DC resistivity at 700 C of
the Si0,-Ba0-Ln,0; glass-ceramics are greater than 12 X 107%/°C, 1150 °C and 10° Q-cm, respectively, indicating that
the rare-earth-rich glass-ceramic sealant has a promising application prospect in the field of high sealing resistance,
such as solid oxide fuel cell, oxygen sensors, platinum thin-film thermistor under elevated temperature.

Key words. high-temperature resistant sealant; rich rare-earth glass-ceramics; cation field strength; high
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Tablel Cation field strength of rare earth

Rare earth ions Cation field strength, CFS

Ba?* 1.41
La®* 2.82
Sm** 3.23
Er’* 3.87
Yb* 3.98

% 2 BaO-SiO,Ln,O;MIAHD KR (%, ERHE)
Table 2 Composition of BaO-SiO,-Ln,03 (%, in moal)

Sample SiO, BaO La,0 SmyO; Er,Oj Yb,0;
SBLa 50 45 5

SBSm 50 45 5

SBEr 50 45 5

SBYb 50 45 5
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Photos of SBLn glasses melted at 1600 C for 2 h (a) andXRD patterns of glass and partial crystallization SBLn glass (b)



1210

AL M OB IR

38 %

Gy R A G, T R ] D T IR B
Wi HHRICIE A W T RO, B XRD #f
Al BEAS XRD P HS A T 10 R B 0, S8 T B
A, TP AR T AR I AT A, D JE T BOR A,
WA 1(b)FT7R .

M HE LA 5345 301 SBLn (18035 X fa) i /& 2
Fiian, MBI R B, DU % 5 1 3% X A B KK
I, #IEE Si X, HI5IEIEH N Si0, 1 & & 4
FL3 KT BE R 8 40%, Tk LA & B
AN I BE R 4340 20% . % EL DU S 35088 R 38 X (7]
B, 3 R B X 1) i s - BH 8 3 o 1) 2 K T 4
AN, IF HEDIBETEEIL(50% Si0,, 40% BaO, 10%
Ln,0s, BE/RE). X FEFA SiO, & %I R
HH I — [ R 48 T s, L = an SRR D A 2 DAY
FREEAN N 25 S5 8, RIS TT R 1 o s 0 28 - 78 X 4%
GERL R O TR, AT R IR I 48 T A4 [S104] 45
¥, FRHEAEMT R M R AL AR S0, AR R &
VIR, g 2 2 5 5T A [SiO # iR,
WLV TE BB 45 00 o T B8 T3 R, B

BaO

100 © Glass
© Partial crystallization glass
5 Glass-ceramic

100 )
Si0, o 20 40 60 80 100 L2:0s
BaO
0

100 e Glass
© Partial crystallization glass
e (lass-ceramic

. 0
§i0; g 20 40 60 80 100 Fr0s

B30 I 4% 5 W ORI ER Ao, B DA 7 R A
BT R X R TN
22 ML

Kl 3 AAFEM LBHE 73798 SBLn BEHSTE
400~1400 cm ' i B i BLIH-20 4R il I8, 7 460
720 860+ 904 A1 1050 cm ™' ABWLE BN LLAMRENIE, 2 3
YT S IRBNIENT MRS N. 7E SBLn BEES{A
ZH, A SiO; 1] LA[SiO4 ] 2R 5357 15 X 5% 25 44
460 cm ' ALEIHRBNIENT N Si-O-Si B2 B IR S;
720 cm' AbHIUNRBDIE B O-Si-O 4 ) 45 95 5h
SIHD, BEAE M T PH S TR ok, %06 (H 5 B 0
£ 860 F1904 cm ' b HHL AR B 04 2 i B A AR
MR ) Si-O 4 iR h 5l e, g 5% B b & F +
CFS 38 KT8 59, 1050 em ' 4b K 3ESh & & B
Si-O-Si X FrigiiRzh 542, - HBEE# B &
T3 wE G KM G 5, X2 R m g R IR s
SXoF B 189 ) 44 45 ) PR B 1 (0 SR AR AR FH R U I AR
WP 8, SBLn ISR R M L% &5 Si-O-Si.
Si-O M1 O-Si-O it 4H i o

BaO

100 o QGlass
©  Partial crystallization glass

80. Glass-ceramic

. 0
Si0; ¢ 20 40 60 80 100 Smy0,

¢ Partial crystallization glass
Glass-ceramic

® 20
L]
. /\/\AM
0 Yh,0,

SI0: g 20 40 60 80 100

2 SBLn B3 BT X
Fig. 2 Glass forming areas of SBLn glass system
(a) SBLa; (b) SBSm; (c) SBEr; (d) SBYb
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250 SBLa

Transmittance / %

(‘LOO 660 SIOO 1600 1I200
Wavenumber / cm™
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Fig. 3 Infrared spectra of SBLn glass in the wavelength range

of 400-1400 cm'
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Fig. 4 Differential thermal analysis of SBLn glass
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Table4 Differential thermal analysis data of SBLn glass

Sample T/C TJC T,YC  T5C ATTC
SBLa 755.0 8503  873.4 900.1 953
SBSm 784.0  891.7  918.0 968.2  97.7
SBEr 794.8 8948 9234 982.5  100.0
SBYb 814.8  920.6 9593  1046.6 105.6
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Fig. 5 XRD pattern of SBLn glass heated at 750-1200 C for2 h
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Fig. 6 XRD patterns of SBLn glass sintered at 1150 ‘C for 2 h
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Fig 7 Sintering curves (a) and density curves (b) of SBLn glass (b) sintered at 800-1200 C for 2 h
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Fig. 8 SEM images of SBLn glass sintered at 1150 ‘C for 2 h
(a) SBLa; (b) SBSm; (c) SBEr; (d) SBYb
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Fig. 9 Elemental distributions of SBEr glass-ceramic sintered
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