A A a a d @ 4 a g o =3
FOLIOIINENUNUD ﬂ'lﬁWGJlu1ﬂﬁ'lﬁﬁL“lﬁ'liJﬂL‘]JuﬁWiﬂ@Nuﬂ

J dy a J < ]
1ugmaamfameaaﬂ"lcmumuumwu

Y A @ J 4
R, WgalgNa I seANUg
USayan MNaaTNII UG (1INNGATINATIN)
da a2 a J a J A P
210158 NS INentinusg 5A.A5. FIUUNT Iv0i30965
U |
UNARED

TuaAseil Idiannaadsiniuastaniinlusadiomaseon ledud awy
URY 91NUAI52UU MO-B,0,-Si0, 1o M = Mg, Ca 8¢ Ba lasiiiuaves MO oglurig
Y
38.12-85.29%, B,0, 13.15-63.33% Az Si0, 0-4026% Iagiiwiin uazudaluszuy
Ca0-AL0,-P,0, Tagi3uaues CaO 0811929 23.92-26.33%, ALO, 5.70-10.68% 1az P,0,
Y i 4 4

67.17-67.97% Tagiimiin vaeufe9gungl 1000-1450°C wumdn latisnduilszansng
Y] 9 [} 1 7o -1 A a I Y 1
YOIYAUNTITANNTOU (CTE) 88 1U139 67.7-113.0 x 107 °C” Hgaungiinareduuna (T,) o

%

119249 560.5-680.5°C uaziiguunisoud laaTamnsn (T,) ogluzag 582.7-726.4 °C nagIa

'
IS Y=

= = Y ' Y A Y 3 Yy Ny A 1%
ANYINIT ANHNANVBILNITSUUANE NUAT CTE Glﬂalﬂfl\iﬂ’]_l"ll@%ﬂaﬂﬂa’]uliﬁullllag YSZ a3y

] 9
=KX A

mAliA SEM-EDS tiaz XRD wulwanitnaduluudiszun Mgo-B,0,-Si0, fio uuniiifoy
a A A a aa A 1 a v o d ]
pzgiliun (MgO-ALO,) mazuuniliFeuezgi luve Isdamnan linswiSnaduiusuiveu
. =2 Aa & ] A a
(Mg AL B Si 0) waninavuluunIszuy Ca0-ALO,-P,0, Ao uaAassuaaia (3Ca0-P,0,)
a A = a =2 A
pzgifisunomula (ALO,P,0,) tazuaaenoygi Iunoaa (9Ca0-ALO,P,0,) HazHanh
a 4? Y . A =3 ~ 4 ~ a
Aauu U5V BaO-B,0,-Si0, ABHANUVITENIEDT IAUA (BaO-Zr0,) HUGoNazgl U
FANA (BaO-ALO,2Si0,) azuuiFouezgil luve Isgama i lunsulSinaduiusisiven

(Ba,AlB Si0)



kY = A ) o I a =] c’dy a A
UNIFANT BaBS2 ummmmzﬁm’qﬂmmmﬂumsﬂﬂwuﬂ“lu!,cuamﬁvammmmmﬂ

IS

o a % 9 A = Y= Y v
ladudseansmsvensdunsizanuieunmuzeay 3elddne1lassas1auazautinnig
9 Y d"S/ a a 1 1 9 = Aan =1
anudouveauditidlemaila NMR tazmaiia DSC ao 'l wud uduuiSenve Is5anall
I 4 -1 vAa @
Taseade “siWunny Q@ MinuSeneenleauiniulnssaivaziiauiiveosiuse
a d? = a =2 1 [ o dyw Y=
loootinunniu tazligaunglannan (T,) ogluaie 538-622°C wenvnids lddnyimavesns
o Yya a = I 1 =2 Y 1 =2 A a dy I =
mldinatundsauazmMsualurmeaoMIANHaNUewnI BaBS2 WU wWaninavy 1unan
A A o 12 a 1 [ YR A J Y o ] [ Y
yiaReRuLalvauazdTinuaenu uag lafnImMsi¥oudndl BaBS2 AULAUIHANNAT

T aiunazuny YSZ wuhannsasouse laa nanzmaweuas luen lWihussemalnd

a a

A o I ~ Y < Y Y a A a Ja A
Nguvgil 800°C 1Hluai 30 i Taeldurumannd 1Saiuirmumsosnd ladringurigi

U U

o <

~ A Ay YA 1 =
900 C !,“JJHL’JEH 30 UIN ﬁ’asmmmm”l@mmm‘nummamauﬂﬁzmm 2.6 LiJﬂﬂZ’]h’ﬁﬂWﬁ

s A

v @ YA A 9 A ° Y o o
’(?f’lll’liﬂﬂu531ﬂﬂ1u91ﬂ’]ﬁ‘ﬂlﬁ\1ﬂu 0.5 119 qumﬂ{]u 800 C llﬂu1uﬂ§$mm 33 G]f'JIlN Tav
v o (24 1 Y A =2 1 ~ an I = 1
NITNATBDUNIINUITIVDILN T W'U'J’ll;lﬂ’gllﬂ'ﬁﬁﬂwaﬂﬂqullﬂljﬂﬂﬂ@jicﬁalﬂ@!ﬂuﬁm']geuu e
= R 2 ' & YMY a o qIa o o
Lﬂﬂﬂ']'i@ﬂﬂcmﬂcb'u@E]ﬂ]u"]fu’flf]ﬂllal)'ﬂWu'lellﬂ\ulwun’iaﬂﬂa'llliﬁuu V]flﬁlﬂﬂﬂ'ﬁﬁjsua\ulﬂﬁﬁlu

b P
Fuoon lsavodlane



Thesis Title Development of Glass-Ceramics as Seals

in Planar Solid Oxide Fuel Cells

Author Mr. Nattapol Laorodphan

Degree Master of Science (Industrial Chemistry)

Thesis Advisor Assoc. Prof. Dr. Torranin Chiaruangsri
ABSTRACT

Sealing glass-ceramics for planar solid oxide fuel cell (SOFC) in a MO-B,0,-Si0, system
(M = Mg, Ca and Ba) with the composition range of 38.12-85.29wt% MO, 13.15-63.33wt% B,0,
and 0-40.26wt% SiO,, and in a CaO-ALO;-P,O, system with the composition range of
23.92-26.33wt% CaO, 5.70-10.68wt% ALO, and 67.17-67.97wt% P,O,, have been developed.
The glasses were melted at 1000-1450 °C. It was found that coefficient of thermal expansion
(CTE) of the glasses were in the range of 67.7-113.0 x 107 °c’, glass transition temperature (T )
of 560.5-680.5°C, and dilatometric softening point (T, of 582.7-726.4°C. Crystallization of the
glasses with CTE close to that of stainless steel and YSZ was also studied by SEM-EDS and
XRD techniques. Magnesium aluminate (MgO-AlL,O,) and unknown stoichiometry magnesium
aluminoborosilicate (MgvAlexSiyOZ) crystals were found in MgO-B,0,-SiO, glass, whereas
calcium phosphate (3CaO-P,0,), aluminium phosphate (ALO,P,0,) and calcium
aluminophosphate (9CaO-AlZO3-P205) crystals were found in CaO-Al,O,-P,O; glass and barium

zirconate (BaO-ZrO,), barium aluminosilicate (BaO-Al,0,-2Si0,) and unknown stoichiometry

barium aluminoborosilicate (Ba Al B Si O,) crystals were found in BaO-B,0,-SiO, glass.
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The glass, coded as BaBS2, was the most suitable sealant for SOFC due to its optimum
thermal expansion coefficient. Its structures and thermal properties were consequently studied by
NMR and DSC. The results revealed that the ~’Si structure in the barium-borosilicate glasses was
the Q3 structure and tended to increase in ionic bonding as the barium content increased. The
crystallization temperature (T ) of BaBS2 glass was in the range of 538-622°C. The effects of
nucleation and pulverization on crystallization of BaBS2 glass were also studied. It was found
that the crystals obtained were similar in types, but different in their size and quantity. Moreover,
sealing of the BaBS2 glass to stainless steel plate and YSZ plate was studied. The results showed
that good sealing can be obtained by joining at 800 °C for 30 minutes in an electrical furnace
under air atmosphere. The stainless steel plate needed to be preoxidised at 900 °C for 30 minutes
prior to sealing. The shear strength of the seals was approximately 2.6 MPa. The glass could
prevent gas leakage at a pressure of 0.5 bar for approximately 33 hours in air at 800 ‘C. After the
gas leakage test, the barium-borosilicate crystals were devitrified and observed as opaque, white
color. The gas leakage occurred through the oxide layer thickening due to further oxidation of the

stainless steel.



