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Abstract

Properties and crystallisation of bismuth oxide containing barium borosilicate glass
sealants were studied. Five to twenty five part per hundred by weight of Bi,O; in
75.59%wtBa0°17.77%wtB,0,*6.64%wtSiO, parent glass was investigated. The important thermal
properties of glass sealant including coefficient of thermal expansion, glass transition temperature
and dilatometric softening point were measured sing dilatometer. Structure of glasses and
crystallisation of glasses at 800 C for 1 and 30 hours were examined using Raman spectroscopy,
Fourier transform infrared spectroscopy and X-ray diffraction techniques, respectively. The joining
test to the yittria stabilised zirconia ceramic electrolyte was also tested. The joint samples after
sealing at 800 °C for 1 hour and the simulated-working samples heated at 800 °C for 30 hours
were investigated by microscopy techniques with an energy dispersive X-ray spectroscopy. The
results reveals that coefficient of thermal expansion of glasses increases with bismuth oxide content,
while the glass transition temperature and dilatometric softening point decrease. However, there is
no significantly different of the structure of glasses with different Bi,O, content was observed. The
crystallisation of glasses showed that barium aluminate and bismuth boron oxide were crystallised
with remaining of glassy phases. Microstructure also revealed the presence of two crystalline

phases, needle-like and rectangular-shape crystalline phases, together with remain glassy phases.

Keywords: Glass sealant, Planar Solid Oxide Fuel Cells, Crystallisation, Bismuth Oxide, Joint
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AN 12 MITUANYALA199 V04 FTIR alnaiuuoaun iy Bi0,

Assignment FTIR bands (cm_l)
AMSAUVDINUTY Bi-O 472
MIIANAVDINUTZUUANIIAT (symmetric) VD4 B-O-B N0y 746

o

Tuannzinadeunuy [BO,]

%A NBOs N1 A UHUUTAMAVDIWUTLUU U ANYIAT 952
(symmetric) U949 Si-0

AAMIAUYDINUTE Si-O-Si Ay B-O-B Tauiiamiiion 1148
fuvealnseadaumaaszaseu nilszneu g
NQUUBITALAZFANA

M5EANAYE U BZILLMNNAT (symmetric) Y94 B-O floglu 1398
ANIARDUILY [BO,]

maduvealuanaves CO, 2370

AMTAURUTEUUUADALAE NI TUNUTLIUUIOVD O—H 3134
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71 18 uazA1I N 13 Taoalnnfuudasfinfiaundualszaia 138 cm™ 1oz 375 om” A3 U
YOIWUTY Bi-O Llag Bi-O-Bi (Rao et al,, 2016)(Bale et al., 2008)(Rao et al., 2016)(He et al.,
2011)(Dahi et al., 2017) anlnasunaasiniavadulszua 602 em” iiamsduvesiusy
Si-O-Si (Bale et al, 2008)(Partyka and Lesiak, 2016) pazanlansunaasinfiauaaulssuim
747wz 1160 cm” IRANISUIULI0VDIRUTE B-O-B (He er al, 2011) Feaonndosrudiai
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1360 em” (RAN13UVBIWUTE B-O" (Bale era, 2008) v Insead1anuninnszdasoui
Usznoulidonguuoisanazdaing (Partyka and Lesiak, 2016) wazianlnadunaasiiniiny

AuIzaM 913 em”’ 1A NBOs 104 1398319 Si0, HULIAATZATA (Dahi et al, 2017)
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RANTAUNUUDYOIWLTE B-O-B 11ag AAN150ANAYEIRLTZILIL 747, 1160

AUIIAT (Asymmetric) Moy lueniziandouuy [BO,]
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NYUUBIALAZFTING
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MIANMINGANTIUMIANHANYDANA?
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Bi,0, 8¢ 10 A2 15 % 1NUMIINANGNYBLE8NeLgliua (Barium aluminate; BaALO,) 1as
= o ¥ = o ! o ' = ar
fionue15@ (Bismuth boron oxide; Bi,BO,,) tnannifafinveanusnandwmalndifoany
#in8198399049 BaALO, [ICSD No. 00-017-0306] inudodydnual 1az Bi,BOg [1CSD No.
@ w ¢  a
00-042-0194] unumedgyanuel  AwdauSomioulugy 19
A = X g & I Y o a_ A
woanwanluszeznauudwiiumal 30 ¥ 1us Mwaceanaoanumsankaniines
" ¥ H o g '
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= 3 " = =2 = & & a2 A a J L =1 = = =
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20 Bi,0,
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MY | |
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ar & o U o Hy o o
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oy
{unat 30 un

1 ' a E & '
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a o = - w & = ] =
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A4 A & - a d a W A & ' -~
wazwumladudn 2 wa e wlalsinglunmdidnaseunsziienduiiinnuiianduazil
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FOULIAATIA LN UITOOADTIA1AN 1109910 TunTdiFuIuNi BL,O, Tuil3um 5 % wulim
ol o= -'-:‘:( s E ) 1 a"
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W 9 o M A W &L o qYa ' \
YA unszauTeud liminzaunums¥euaeny Sz sei ldinannuuanaisveem

= C{ o = 1 =
FutlsEANTNISVOWAANTIZANVTBU VOINATA-¥T 1IN Lazupe YSZ danaliinaseeuenla
(Fergus, 2005)
A ' A A a o =] & 2
iioaninludiuveanisnaaoenisannanigungi 800 °C1unal 1 %2 Tuauy
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VHIALRANUIN !ﬁf]u”li]“’l”lﬂ”l'ﬁ?l.ﬂﬁ"lzﬁ94ﬂﬂi$ﬂﬂilﬁlﬂﬂﬁ1ﬁ]°ﬁﬂ1uﬂud AN %QLﬂﬂﬂ?Tﬂ

A ' - = ) & A a ¢ & v
ﬂmmﬂaauqamu‘luﬂsmmmmﬁmﬂﬁ Allay C ﬁ?uﬂﬂﬂ‘ﬂﬁ']il'liﬂ']l.ﬂi1$H'ﬂ~1ﬂ1l’i$ﬂﬂﬂv\lﬂuu
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=Y d.»ﬂ o 1 ] ot &
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o 1 ' w ' = ' =
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o Qy a o = @
MIN 14 0371 52n01VBIFUUMENAINIANKHANTGAVRI 800 °C 1A 197 14

Phase (0] Al Si Ba Bi Balance (%wt)
(%wt)  (%wt)  (%wt)  (%wt)  (%wt)

In conclusive
31.972 8.772 1.932 51.88 - 100 — 94,556 = 5.444

In conclusive

o o w o>

28.693 5.12 1.787 49.117 8.543 100-93.26 = 6.74
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uaz () A7 BaBS2 + 25Bi,0,
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a o

Phase O (%wt) Al Si Ba Bi Balance (%wt)
%wt)  (%wt)  (%wt)  (%wt)

21.6425 0.405 0.29 48.73 20.0675 100 - 91.135 = 8.865
31.422 8.862 1.836 50.736 - 100 - 92.856 = 7.144

In conclusive

U o w »

26.494 4.176 1.924 45.874 12.828 100 - 91.296 = 8.704
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