g‘a J 9 @

Wind nettes : manauuaznageuLd uFeuszasTILLLGsNUR 15 FAINA

Y
dmSumadiFemasriaeen ladveadaunrunsldanzmshauaionsss
(DEVELOPMENT AND TESTING OF BARIUM BOROSILICATE GLASS
SEALANT FOR PLANAR SOLID OXIDE FUEL CELL UNDER REALISTIC
OPERATING CONDITION) 81915891/5n11 : §30rmans19138 as.35wan

9/

21022350, 93 i,

9y
[

Ay Adw S A =X o ] ~ aa 0 o ]
NuNetinnlssasaafny ez WA luszuunuSsuus Isgamna dmsulsy

qQ
v

A d A a a 4 1< ] aw dyﬁ 9 e’;l
L"]f@llﬂizﬁ'lusluL“]Sﬁalﬂf@!Wﬁﬂ‘Buﬂﬂﬂﬂll“]fﬂﬂlﬂﬂLWQLL‘U‘ULLWU “lmma%u%mummwm
A =~ aa ~ a o aa ~ = aa
795200 ND 1) Ltﬂliﬂuﬂﬂiﬁmﬁlﬂﬁ 2) LLULiﬂM%QﬂU@Ii%ﬂ!ﬂ@ 3) Llﬂlﬁﬂﬂllﬂﬁlmﬂﬂﬂﬂjieﬁalﬂﬁ
a a aa a a J ~ aa = a
4) LLTJLiﬂﬂﬁﬁiﬂul“ﬁﬂﬂﬂﬂiicﬁﬁlﬂﬂ 5) !L‘ULﬁﬂn%ﬁﬂllﬂﬁlcﬂﬂﬂﬂﬂii‘ﬂfﬁ&ﬂﬁ 6) LULTYUHIA
= Aaa ~ = = Aaa 2
ﬁﬁ‘i@ul%’ﬂuﬂﬂii"]ﬁalﬂﬁ iuag 7) LL'ULiﬂﬂllﬂﬁl%ﬂﬂﬁﬁiﬂu!"ISEHJII'EJIi‘*Ifﬁl,ﬂﬁ Iﬂﬂﬁﬂ']eﬂﬂﬁ"l]ﬂ@ﬂ']ﬁ
[ -4 a d o o
UYSuilgensndsznounuaiivesndadrodenoonles ansowFousonlean uas
o 2 wa ) v I a = v
LLﬂﬁL“]flel'E]@ﬂq“ﬁﬂﬁ@ﬁNUﬁﬂTQﬂﬂﬂﬂJiﬂumﬂq!Lﬂ'l llﬂll,ﬂ mqmﬁgumitﬂaﬂuﬂmwum
a 1 Y @ a @ 4 a 4
Qﬂ!ﬁﬂuﬂﬂ'ﬁﬂﬂuﬂ?"dﬁ]ﬂllﬁl? Llﬁ$’L’fll‘iJﬁ$ﬁ1/|ﬁﬂ']iﬂlﬂ']ﬂ€°'nﬂ'lﬂﬂ'ﬂll%l@u a’)ﬂlﬂgﬂﬂ‘lﬂﬁ'ﬂﬁntﬁﬂi
2 A a 9 A Y A a I dy v Aad o
ﬂi'm'L’I"EHJNﬁﬂ“l/lLﬂﬂ"‘llﬂﬂuﬂjl‘lfﬂllﬂiZﬁ']uﬂﬁﬂlﬂiEN'JLﬂi']Zﬁﬂ'lﬁmf]')!“].lu“ll@ﬂiﬁﬁ&@ﬂ"]i uag
a A a 1 Y A 9y a Y da d
ﬁﬂﬁ13Jﬂ']5lﬂaﬂuLl‘ﬂ'ﬂﬂ'ﬂinﬂﬁﬂﬂﬂ@t!ﬂ'ﬂ“ﬁ@u‘ﬂi3?(']‘14 ﬂ']EJW'IﬂUﬂﬂaﬂQ‘i‘]‘ﬁﬂiiﬁu@mﬂﬂiﬂu
1 v v ad J a @ A ' J A '
LL‘]JUﬁfi)\?ﬂi'lﬂﬂﬂiﬂﬁtﬂﬂ%ﬁlﬂﬂiﬁiﬁiﬂiﬂLLUUﬂﬁ%%TUWﬁQQTH AITLYDUABDLEADNISIYDUAD
U ad d aAa A A 9 s o FY [~ Y Y a aa a
ig‘ﬂ']'lﬁJmﬂI‘ﬂiulaﬁ"lf‘uﬂclﬂiﬂmﬂﬂ'JEJ"IﬂiJ'lﬁEJﬂ‘ULLﬂ'J Lm%Ia‘Vi%L‘Viﬁﬂﬂﬁ'lll'iﬁulllwﬂﬁﬂﬂ%uﬂ
v '
Crofer 22 APU fiuiA? Wansnaand WA ang 7 szun Iaiguugimsaldsuaninud’
a v ) 9 v ] A 9 A o 4" a a I'4
PUNHUNITDOUAIVBIULLNA @giu‘]f’)ﬁﬂﬁ'lﬂﬂﬁﬂi‘lﬂ“ﬁ@l}ﬂi$ﬁ'luclul“]$ﬁaL“]fﬂ!WﬁQ“]fuﬂﬂ'E]ﬂ‘l“]fﬂ
[ 9 a = 4 a ' a J L 9 =
ﬂJ'EN!,HN"lﬁ LLﬂ%ﬂWﬁL@lNLLﬂﬁl‘ﬁfﬂﬂJﬂﬂﬂ‘l“lﬂﬂ ﬁmaumauaaﬂllw Ll'ﬁg“B\?ﬂ’f]'ﬁ]ﬂul“lfﬂslul!ﬂ'luﬂﬁﬂll
| 1 U % a Q( 4 \J U
']J'E]Ii“]falﬂﬁ ﬁﬂNﬁﬂﬂﬂWiﬁﬂﬁ\ﬁJﬂ\‘iﬂTﬁll‘]Ji%ﬁﬂﬁﬂTiﬂlﬂTﬂﬁ’J‘ﬂ?Qﬂ?Tﬂ%’Bu MU (9.68 9.84
6 ! o w £ a a o d v
Iag 5.24 x 106 ﬂ’f)f)\iﬁ'l!,“]fm“‘]:iﬂﬁ) NP RIN]T] °]Nﬂ1iLﬁNclfﬂﬂf]ﬂﬂll“]fﬂﬁQWﬁLﬁﬂﬁ'ﬂﬂ'ﬁaﬂﬁﬂﬂlﬂﬂ
" @ a LY a J aa ]
ﬂ']ﬁllﬂizﬁ‘ﬂﬁﬂ'li"llﬂ']ﬂﬂTVI'Nﬂ'J']ll%}ﬂu‘11'ENLlﬁlﬂLL‘ULgﬂﬂmﬁﬂﬂﬂiiﬁalﬂﬁ@ﬂ']\unﬂ LUaga1nNNIT
y A v A A Y o ad 4 A ' a o Y}
ﬂﬂﬁﬂﬂuﬂﬁl%@ﬂﬂi&’ﬁ“!ﬂﬂ“]ﬂiﬂl‘ﬂﬂﬂ')ﬂm']ll’]ﬁﬂ@mﬂiﬂillﬁﬁ Ltﬁgiﬁﬁgl"ﬂﬂﬂﬁﬂ"ﬁuﬂlﬁﬁﬂﬂﬁ']

a

18atluno3An Crofer 22 APU n1oMa9910N1sNATBUAN1IZNTMNUNGUNYN 800 BIAT
= 3 v ' Y a aa a a
warded (Huar 50 92 Tue wu udrlussvuuuiGeuue lsGaneg uuGsuansouFey
aa = a o = aa = a o = aa a
volsFaineg uuSsugIAuAaFeNTe I3FaINe tozuuiFsuFnunalsuUe lsFana tians
4 v { ' J o o ~ a J
WoudeNaanInseeAsauysel LazA1ENaINIsNATOUMSTIvBILRduBILA LT ouF R

aa a ~ [< o
anso TN ue 15FaINA gungil 700 serwaied 1Wual 9 ¥ lue luaanzusseime



laTasnuuazeanday wunimseudsd TununsuandusSnusosds uaz lUNUKED
a dgl [ OSJl = 1< PYA ) Y A = a J =
wavy aatuianudluld1dnezimd ndoudseauluszsuunuSoudenansouiFon
an =1 ) 9 Y o o s dy a a '3 <3
s lsFamalianuwmunzay usnii T lsau lddmsuadiFomasriinoon laauo i

T Y
I

=Y =) 7 4 -7 \
3 Ienssudan awiio¥eiindnun 4ot Avder)

Unsfinu 2561 Ao %0019150 NS nEN




NAMTHIP KINGNOI : DEVELOPMENT AND TESTING OF BARIUM
BOROSILICATE GLASS SEALANT FOR PLANAR SOLID OXIDE
FUEL CELL UNDER REALISTIC OPERATING CONDITION. THESIS

ADVISOR : ASST. PROF. JIRATCHAYA AYAWANNA, Ph.D., 93 PP.

BARIUM BOROSILICATE GLASS/GLASS SEALANT/ZINC OXIDE/CALCIUM

OXIDE/STRONTIUM OXIDE/PLANAR SOLID OXIDE FUEL CELL

The objective of the study were to investigate and development of Barium
borosilicate glass for use as a sealant in Planar solid oxide fuel cell (Planar-SOFCs).
In this work, 7 glass-ceramic compositions are 1) Barium borosilicate 2) Barium zinc
silicate 3) Barium calcium silicate 4) Barium strontium silicate 5) Barium zinc calcium
silicate 6) Barium zinc strontium silicate and 7) Barium calcium strontium silicate.
The effect of ZnO, CaO, and SrO additives on thermal properties are glass transition
temperature (Tg), softening temperature (Ts), and coefficient of thermal expansion
(COE) by dilatometer. The crystallization of glass seals is investigated via both X-ray
diffractometer and following the interaction of glass-ceramic sealant interface by
scanning electron microscopy with energy dispersive spectroscopy. The joined Samaria
doped yttria electrolyte (SDC)/ glass-ceramic and the metallic interconnect (Crofer 22
APU)/ glass-ceramic tested at the SOFC working temperature of 800 °C for 50 h. All
7 glasses show Tg and T; are applicable for sealing with SOFC and ZnO, CaO, and SrO
affect to reduction of COE value are 5.24, 9.68, and 9.84 x 106 °C’! respectively. ZnO
shows a drawback effect on COE value in Barium zinc borosilicate. The joint interfaces
between the glass sealants and Crofer 22 APU after crystallization at 800 °C for 50 h

show the Barium borosilicate, Barium strontium borosilicate, Barium zinc calcium



borosilicate, and Barium zinc strontium borosilicate adhered well to SDC electrolyte
and Crofer 22 APU metallic interconnect. After gas tightness of Barium zinc strontium
borosilicate at 700 °C for 9 h in Ha/ O, atmosphere show that good bonding that is no
crack at interface and non-crystalline. Therefore, Barium zinc strontium borosilicate is

possibly suitable for working with Planar-SOFCs.
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