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ABSTRACT

This research aimed to improve ionic conductivity of 3YSZ ceramic for using as an
electrolyte in solid oxide fuel cell (SOFC). Ceramic powder was prepared by a simple solution
coating technique. 3YSZ powder was coated with 3 types of solutions, 5 mol% yttria, 10 mol%
ceria and 5 mol% yttria mixed with10 mol% ceria (Code: 5Y, 10Ce and, 10Ce5Y respectively).
The samples were sintered at 1300-1500 C for 1-5 hours. Phase development, microstructure,
electrical properties and mechanical properties of sintered samples were investigated.

For 5Y samples, the XRD results showed that after sintering at 1300°C for 1 hour,
the coated samples exhibited only tetragonal structure. Increasing sintering time to 3-5 hours
resulted in co-existence of tetragonal and cubic structure. Further increasing sintering temperature
to 1400-1500°C, the crystal structure changed to tetragonal with lower tetragonality compared to
the starting 3YSZ sintered at the same condition. From Transmission Electron Microscope (TEM)
and Energy Dispersed X-ray Spectroscopy (EDS) analysis results, yttria was inhomogeneously
distributed in individual grain. Grain growth was found when increasing sintering temperature

and time. Impedance spectroscopy analysis results of all sintered samples showed that grain



interior conductivity of 5Y samples were only slightly increased with increasing sintering
temperature and time and higher than that of 3YSZ at the same sintering condition. Grain
boundary conductivity of the sintered samples was, however, improved with increasing sintering
temperature and superior to that of 3YSZ. The highest ionic conductivity of 3.30 x 107 S/cm at
600 C was found in the sample sintered at 1500 C for 5 hours. Flexural strength and fracture
toughness of this sample were 221 MPa and 2.74 MPa/m"” respectively.

For 10Ce samples, the XRD results showed that all sintered samples, the coated
samples were tetragonal except the one sintered at 1500°C for 5 hours which showed co-existence
of tetragonal and cubic structure. From Transmission Electron Microscope (TEM) and Energy
Dispersed X-ray Spectroscopy (EDS) analysis results, ceria was also inhomogeneously
distributed in individual grain. Coating with ceria solution also caused a slightly increase in grain
size of the sintered samples. Impedance spectroscopy analysis results showed that grain interior
conductivity of the coated samples was inferior to that of 3YSZ and only slightly affected by the
sintering conditions. Grain boundary conductivity of the coated samples was, however, improved
with increasing sintering temperature and became superior to that of 3YSZ when sintered at
1500 C for 1 h. The highest ionic conductivity of 0.31 x 10° S/em at 600 C was found in the
sample sintered at 1500 C for 5 hours. Flexural strength and fracture toughness of this sample
were 326 MPa and 3.32 MPa/m"” respectively.

For 10Ce5Y samples, the XRD results showed that after sintering at all conditions,
the coated samples exhibited only cubic structure. Microstructure analysis showed that the
sintered samples exhibited grain growth when increasing sintering temperature and time.
Impedance spectroscopy analysis results of all samples showed that grain interior conductivity of
the samples was inferior to that of 3YSZ and only slightly affected by the sintering conditions.
Grain boundary conductivity of the samples was, however, improved with increasing sintering
temperature and superior to that of 3YSZ. The highest ionic conductivity of 0.77 x 10” S/cm at
600 C was found in the sample sintered at 1500 C for 5 hours. Flexural strength and fracture

toughness were 209 MPa and 1.19 MPa/m"” respectively.

Keywords : Ionic conductivity / Mechanical property / 3YSZ / Ceria / Yttria
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< ] A A a a S & £ a 9
YoV UBHY TuvaziielSinavesdamioiu 3 mol% (3YSZ) Funalasidilunnse
A = o (; 1 (= va Aa d’d =1 dgl Y
Tnueahon 100% vzlimmsih lessumniuwaliauifFinananiveansotugllade

NIAZUIN
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0

ZrQ,-stabilizing

dopants:

gk [ 9.3%Sc
@ 6%Sc+3%Yh |

A 9%Sc +2%Yb |
O 8%Y |

|+ 8%vb

log & (S/cm)
(WS

® Zry50Y0500,5
S M ZryggnYpssNbg gs O
B 8YSZ-Al,0, (90-10 wt%)

1 1 1 1 s 1

8 10 12 14 16
104T, K

(Kharton, Marques & Atkison, 2004)
3 [ ) ad P 1 L
510 2.4 ulSeuioummaiileesusavvesaian Ins laanldasnquises Tale
= Aad o A 9 [ v o a
MnMInuMuenaMsnuNNgeTnanilFlumsdsvlgeammsaileoouved
< sAq Y ' ) A A ™ N 2 A Yy Y & )
@nIng laanldsasnguaes Iadle Ao manauunadansyugine 19 ladauueszaumn
A ad é A [ 9 ay ] o a a
TuasnazdnIsnie Ao lnen1slsuilgelnseasiaganinvesduau wu Mmsanezgiun
a < 4 { va o [ §
Usuanantesas ldimenlasunlasauiinvesveuniy w¥iemsUsulasunizuIums
=3 A o [ 4 a 3 Y Yy [y A o
HIDUHUN HToRMTFUAT NI nadu IR Nvnaluszauu Tuuasuazianyaue s
IMEAINULDUYAIN (Soft agglomerate) 1asIUIFeNIMIANEUNEINUMTIN lopUvDID
< o’d‘ 9 1 4 = =] dy
an1ns laad ldmsnguires Tadle @il
Tuller (Tuller, 2000) ¥1MsANEINAVDYIATIAs 19anIAReA NS looO UV
ad J Y a a A 4 =1 [ o
vsz aanIns ladgaromatiasuinuauganlalasalni wuaainisii lesouvesvouniuae
dnnmelunsulszum 2-3 1 Tasnasnunszduauosuouniurzod lug1e 1.0-1.2 eV &9
1 d’d 1
gannmelunsunualszunal 0.84-0.93 eV
Chen tazAmE (Chen, et al., 2002) TIMIANHINAVOIIATIAS 1HNNIANIAADAINT

a

ilooouved 8YSZ viaeyYMAMmAY 50 um WIBUHTNNgMUAN 1200-1450°C §189A31

U

] ) 0 . ) ' ° o VoA =< A
mﬂwmmsau 5 C/min L’]J“L!L’J’ﬁ'] 0-12 G]S’JI%N T@’Iﬂﬂ'lﬂﬁ‘Ll'lhl’f)’f)ﬂu‘llﬂﬂﬂ’J’E’]EJ"I\WILWW@‘]JNuﬂVI

a a

o | o o I ) A o A o
gUNYN 1350 C Wuan 4 GIf'JTiN oy 1250°C \Wuan 8 ‘D"JIiN WeIANYUNYN 1000 C

QU QU

E4
BN 0.105 S/em 1Az 0.112 Slem awday waznunmmai leesunelunsuivednu
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] [ v 1 1 4 (Y 1 o g (Y 09/’
WuUUFNINS  ua lidiuegnuaamnsy daumsth lesouvesveunsuiuegiuninaim
] [ v
PUWUUTUNNTLUAZVUIAVDUNTU
v 1
uenv1nH luaIuIVeue 9 Muccillo ag Avila (Muccillo & Avila, 2002) ¥4
o =2 = Y J o a Ay A 4
Mmsanuimslasundas Taseadraazaimstii lessuveuwsiini ldvinnisidees
Taledae®i5e Tutlsuna 8-20 mol% AEITMINAUNIULIINN (Powder mixing) VA
I B BN G ! . . o d -~
A10819NATINAIBITANALNOUIIN (Co-precipitate)  1ASTINIIOUNINNGUNYN 1500°C

[ o ) v W ll A A Y an a o ) (Y ] ~
Wuan 1 Glf'JIiJ\Tﬁ'WiﬁﬂﬁﬁﬂﬂTQWmﬁﬂﬂJﬂ’JﬂTﬁWﬁNPNLG]ﬁ']?Jﬂ uag 2 GU?I?JQﬁTﬂiTJ@?@fJTQT]

Y k4 4
=) v

= ) am 1 1 = Y ax A = =
RTIUAIYITANASNDUTIN WUIULTIUNNLATINAIYITLLIN NUBLTIAIAY 12 mol% mu"hJaJ

~

1 4 v A A a I a
Taseasrwanse Inueasdeauysal uaillomuySunadiEedlu 20 mol% azimna Inssad1anss
cr’dgl Y S Y o v W ' A A 9 ax A Aaa A a g
gNIANTUAIBIANT 0y FIMTUAI0ENNATONAII TN NUFFE 12 mol% dznaiiy
L] d [ Y 1 { a
Tassadruaase Inuoaoe 9@y saIFUASINU LAZHUIIAI061971AT SUAIOITHAUHIUYST
a A o a <Y Aa ad o o @ a T A (A A A (;
inleimsinszralumaiaainaus lagiimsia luussomenanunndSunadised
1 a o A A A ad d%‘ Qy A~
A1 12 mol% sztnamsi I uilesninmsindaeunvesdanasouiuluFuau uaziilol
a 3 1 g Aa o 4 4 A I @
Ysunadiseaaa 12 mol% Uu 'l szinamstih lvduilosnnmsnaeunveslesewiunan
d' 1 9 Q' dgl a A A d‘ A
TasRmanudrumumelunsuszmviuaulSnadiseniveas 1y
Guo 1182 Zhang (Guo & Zhang, 2003) hm3sanynsiileseuves 3Ysz Tagii

=

=< { a 0 <3| o A P A @ :/’ 1
MIWPUNUANIUNYN 1175-1600°C 1TUa1 2-10 T2 119 e IRNVUIANTUNANNY Adue
=

' Y1 A a = A 19 <} 1 )
120-1330 nm W‘Ummuuammnmmammmzmﬂﬁm@ﬂuaguaaumﬂmu UANINITUN
Tooouvesvounsudinaiosninelunsueglszanm 2 m luvazimsilosouvesvou
A 4 4 < o @ 1 a o
Uz T uTvINamnas Tagiinsialusiegurgi 250-600°C

NTIBNUHANTIFEUDE Kamnoy (Kamnoy, 2005) Fedne1a1msilessunieluy

1
a

ad s & =< A o . & o

INTU HAZYOUINTUYOL 3YSZ D1an1ng lad Fumouminiiguini 1500°C lunar 1 92 1u9
9 a a A o A A a 0 0 =P ' v

aramatinduiiuaugalalasalail Ngungil 800°C uaz 600°C WUNNAWNINY 0.0207 S/cm

o w ad { Aa o o v 1
1Az 0.0045 S/cm MWAIAY HazUea 8YSZ dianins lad Ngmmngll 800°C uaz 600°C Wyl
(MN 0.065 S/cm 1A 0.0003 S/cm AINEIAL

Badwal tlazame (Badwal, et al, 2005) ¥im3AnyA1Nsi1lesouves 3Ysz

ad 4 09;1 1 I a { {

dianInslad Taoldesdedu 2 uuv 1aus uuvusniurnassisiniaunsawmeuniinlan

Qc; o [ { a a Aa J

QUUQUAT (Easy sintering grade) msnlseuioununuuiae o wass10nFInaYd

[ 9 [l

(Commercial grade) UYBIDTHN Tosoh UszinARiju WUNNIADIRIDINHAIMTIHIOUHTIN

a

gangil 1500°C Wunar4 $2lue fsmsiileosuiigungil 850°C WAL 0,024 S/em

£
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mmmﬂuﬂimgmsm Transformation toughening m%zﬂmma”lﬂ"lummw 2.7.1
ad sq ¥ 1 aA

232 aianIng ladgnldasnquiaise

a A a = o )=\ A I 9 J 4 =
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9 A 1 =\ o a = 4 a A 4 A ~
Fea13190 19U unaFeuoen la  damSeuson lwa un ladtlouoon 1Ea ©3 w135 81l

v
a ~

4 4 A o 1 ' ao 1 |l
E]E]ﬂll“lfﬂ !ﬁﬁ]tWiJiﬂH’Ji!‘lfﬂﬂ’JN@@ﬂ%ﬁ]H ANTUNITN 2.4 iﬂﬂwaﬁﬁlxﬂuﬂ'li’Ji]EJI@IEJﬁ'J‘LﬂWiUu

1 1 QY o Ao A A a A 3+ ~
nansgilnaimsileseunanga ae unladiionlosou (Gd™) vazaswisenlosou

Q

Y 1 ~

3+ 1 I ) adg S A < v A
(sm”) 8619 13AM191NMITIVIINTBRAANTIN JeeeuvpIdian Ing laanudis silundnide

R

<

A8ATA199) YD Maa LAZAMY (Maa, et al., 2004) fanaadlunis1en 2.2 azmu lanaimsii
ad sq ¥ == Ay Aa = = = Y v A o

looouvesdianInglaanldasnquisoinearesamssanuisnfioufes lanuaisiiodn

' Y 1

aue 1y un Taditlow vioauiseow uonnildalisingnnNasyiadudnaie

9y ad QY 1A A A ) 1T aa 7
doavesdanIng ladgnldmsngudice fe inmmsihlessugenidaning ladgn

= QJ

1 o ] a 0 [ @ % .
I¥asnquiaes Iatie lussguugiliunais (500-650°C)  Fuiludniagdndenniian

a

k4
aulad v 115 lusadisemaseon ledveandslusrsguuaiyszana 600°C
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1 I o A Aay o oA A ' 9 o A o A 1 -10
pe19 lsnaiaayiaiilidedenoloognielannuauyssemaoensoud1inil 10 atm
{ a ] I~ o a ad a )
Fi5eu'looou Ce” azlasuaveangadiuiu ce’ Mlmnadanasoutazinansiin lnilu
4 dy a [ [l A A o o Y a [ d? 9
FadIyoINad dananomsanlszansannisiinuuazerniliina Iidareasiuld

1 Y [
(Abrantes, et al., 2003; Xiong, et al., 2002) Fi 1 aayiatl liawisaldaunguugiigela

U Y

18 Minh 1@ag Takahashi (Minh & Takahashi, 1995) tag Geoffrey, Tompsett LiQg Sammes

A A

¥ Y
(Geoffrey, Tompsett & Sammes ,1997) IALaUdITUATUWININIG AD MTIAADUAIFULNN
y p Y

o ad

Aac S 9 1T A A o 3 tg 4
VD3 YSZ Ul‘]_l‘]_luslli’]\ii’]!ﬁﬂivlﬁUla@]‘ﬂclsb'ﬁ']ﬁﬂ's‘]‘llclﬂﬁfJLW@EJ‘]JENﬂ']iu"I@Laﬂ?’li@uﬂluiu!‘ﬂfﬁﬁ
' 1< 1 =] 9 [ os: A o o = Y a
E]EJ'NUliﬂ@]'l‘lﬁ]']ﬂWﬁﬂ'liVIﬂﬁ'ENW‘LI'J'Iﬂ'Iﬁ!W'IE)‘LINuﬂ‘Wﬁ@llﬂu"ll'E]\“I‘]fucﬁﬁﬂﬂﬂlcﬁﬂiiﬂ!uﬂqﬂlﬂﬂ
1 ' o & A a o a | o .
MIUNITENINNUTY NYngNlszana 1400°C uazildnazusnooniludus (Horita, et al.,

=

dy ad saq Y 1 AA v AY = = A va A
1997) ‘Ll’Oﬂmﬂum@ﬂ@mﬂi‘ﬂ‘ﬂﬁﬁ‘ﬂi%ﬁﬁﬂqw]ﬂiﬂﬂﬁuﬂlﬂlﬁﬂﬂﬂﬂizﬂﬁﬁuﬁ A0 ANUALBING
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a

-~ ' o A o ac saq ¥ L AA Ay
MINNN 2.2 ﬂ’lﬂ’liu’lulﬂ@@uﬂq‘mWﬂﬂJ 750 C mﬂﬂ@iﬁﬂiﬂiqﬁﬁﬂiﬂfﬁ'ﬁﬂqn“mﬁﬂﬁ]ﬁ]ﬂﬁﬂ

U

ﬁ”l'i@h\is’] NMINUNIULDNTT

Uszandraninslas mmMsilessu (S/cm) 148991909
Ce,,Y,,0, 0.019 Dirstine agAMe (1979)
CessY,,50, 0.02 Wang tasnte (1980)
Ceys, Y120, 0.04 Pascual Hagaae (1984)
Ce,Y,,0, 0.055 Yahiro Hagaae (1988)
Ce,Y,,0, 0.065 Herle ttagnals (1996)
Ce,,Gd, ,s0, 0.026 Dirstine tagnale (1979)
Ce,Gd, 0, 0.033 Eguchi ttagnale (1992)
Ce,Gd,,0, 0.057 Zhang llagAME (2002)
Ce,,Gd, 0, 0.059 Hohnke ttasae (1981)
Ce,Gd, 0, 0.065 Kudo ttagnale (1975)
Ce,Sm,,0, 0.031 Dirstine LlagAMe (1979)
Ce,,Sm, (O, 0.04 Balazs ttasAme (1995)
Ce,Sm,,0, 0.061 Eguchi ttagnale (1992)
Ce,Sm,,0, 0.069 Yahiro LlazAME (1988)

! Y 0 <3 v @ = 9 n’j L~
A9 TaenuuUwsslumsineeues GDC wasmswneuniin laslyasdaquilum
5 INNUATONAIITNITANAZNOU D QUUYLRDI HAUMAY 143210 MPa  1azAINIWY

AMumumsuand il 2.48 MPa.m'” (Bellon, Sammes & Staniforth, 1998)

an &£ Aq Y A I3 Yo o A a o =
Asnsvianlglumauanundansdvnuiag Ao ms@ueynIAres Inly
QU d'

Tassaraaasz Inueaadluiaandeanis wiemnenihldinana lnnsldeu Inseadaie

q

3 ' o a a
AUUAULTI ¥U Zhixin HAZAMY (Zhixin, et al., 2006) NIMIANOYNIA 3YSZ U8 0-50

wit% a9lure 8YSZ Mgt msnaumuys1ln wunnnzimunzauiganelodsum 3Ysz

a

1T o { I o A 1 <
NNY 30 wt% L!ﬁ%mTﬁ)‘UWﬁﬂ‘ﬁqmﬁﬂN 1450°C 1Tua1 2 H2TU9 AT OINNAIANINLUILLS

U

v @ A o ° < [ < @ 1
TnuTaanauld Tasnaimsilessudiavaniies Tastiaianuudasalumsiniouazai

q

mmﬁmmuﬂmmﬂ?mmﬁu 300 MPa u8¢ 3.7 MPam'” aud1AL LLﬁZ?hﬂTﬁﬁflE]’ﬂ@u‘ﬁ
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1000°C 1911171 0.11 S/cm wonnide Idimsfnywanmsnaueynia 3YSZ aslu GDC Ao
51 levou (Sammeas & Zhihong Cai, 1997; Zhou, et al., 2004; Luo, J., Ball, R. J. & Stevens,
R., 2004) 1% 91NMIANYIVOI Luo, Ball 1ag Stevens ANHIHAMIANOYNIA Ce,,Gd, O, s

U118 0-50  wi% adluUmd 3YSZ a3 THaunaws1in aoa1n15iiilosou wuszning

a

=2 A 0 a I A 9y Y
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o ~ = ] ldgl A A A 4+. S o 9
wos lale waziivinamaniielvg v iesnndiselesou (Ce™) Hvum 0.87 Al
: o { <] ' o o va 1Y
unuiies ladle lovou (zr') llvwadnnit fe 0.72 A M ldautiamalWihvesiaguawy

~ a1 [ Y d%l [l Y ) ° = Aa o
waeull Tasliamasnunszquuniu dawaldnimsiiloooudias ¥aluauidteves
< T A 1 1 A v 4 ~ o Y
Sammeas UAZAME UAZ Zhou HAZAME ANVIUAANMIUNTIZHINFFTonUwes latleninlvia

) d' 9 ] =\ [
M leooun ldanausu@eiu

4
NNANMINABBIAINANITNAUNDIMIUNTsEniaadesiail hldains

v
Av A

o o Sy Y= 19 £ a v aa A A a4 g
uTblﬂ@'ﬂuqlﬂQ']ﬁﬂNﬁll'ﬂ]lﬂllﬂ"lﬂﬂﬂaﬂ G]Nll\ﬂu']ﬂﬂﬂhlﬂﬂﬂa@\iﬁ"n‘ﬁﬂWﬂW@‘ﬂ“’l]g‘ﬂaﬂ!afJ\jﬂiUuﬁ1
a 1 Y ~ Y o o J Yy
NITLINANTILNT Ulﬂllﬂ Gluﬂ f.7. 1999 Tsoga Llagﬂﬂlgllﬂ‘l’]WﬂWﬁﬁQmﬁWgﬁW\? GDC slﬁaJ"Uu'lﬂ
< v v Y a 1 A Y =2 Ay Y
LANUASINISAINULUUN IV AAYNAUANTITIANASNBDUTIY LW@GlWﬁWN'IiQLW'I’E)UWUﬂﬂhlﬂ

i 1 v H Y
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=
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(Tsoga, et al., 1999) aoN1113) 2003 Ball uag Stevens 111n13naand Iaglnaas1inuuUNe

[ a

% 1 o P ) 1 o 9 = 1
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Lmumqmwu@ﬂmu (Ball & Stevens, 2003)
av 9 9 < Y1 o v ag J = 9 a
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° 1 1 4 Y] ad
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2.4 m3sinlessuvesdidnInglan

adg

Y] o d I v o w { 1 wAa )
Tassadwszauganiavesiaadan Ing lad fuileteddghiinaseauiianizii
ad o d' a A Aaa ]

Tooouvesdianing laa lasmmizvounsu iesnnusnaveunsusziganuldazanoy
] 1 5 I~ { o 4 1 a [
Tagunsnegszninunsy suiumaidavnamsindounvesoondiou losouniuvounsu
mldsuIureseveseendau lossunusnuvo VNI UAAAT VDUNTUIITAIMIIN ToooU

a =

A1 uaeligurglgauiioans (M11AN1 600°C) HAYDIANAUNIUIINVBUINT I8 1)
(Han, et al., 2007)
o [ vAa o d! A aa < A A 1
dmsvauianmsiiifhaesveunsu Faisanou'laeen lamiluduloudiu
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NI 2 nuvuAe
aa I~ 1 4 { 1
1. Brick layer model Ain Fanulaiilumlansiiiosnilnaguodsous insu ns
4‘ d‘ ] =® 9 1 an 9y 3 dy 4‘ d‘ a
A0UNVDI 19D UMIUYBLIATUIIABIHIUTAN UN AR NIMTIAAOUNVYDIDOATIIU
1 1 1 a N a d? ya 1 A o 092’ 9 I L)
Tooourusesinoongauluganudszannsomnadu lanaeoTaaiiuzdouiudni
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Aaa ‘a3 1 1
YINAWFANWNE 91NN1TATINAOUAIINADIYANTIAMIDIANATOUUUUADINIU (Transmission

Electron Microscope) Wua 1 lvgjganudazegusnagaionszning 3 1w (Triple grain

junction) @Qfﬂg‘ﬂ‘ﬁ 2.5
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500 nm

(Guo & Waser, 2006)
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a a J =
2.5 matnouuausmlnlnsalni) (Impedance Spectroscopy Technique)

(Wattanasiriwaeach ,1997; Kamnoi, 2005)
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E 1/2 P
ch = 5(ﬁj W (34)

0 = Geometrical factor (0.016+0.004 enaaoudlIeINALLY Vickers)
E = Elastic modulus 1989 E = 200 GPa
<3
H = anuLus (GPa)
P =u53na (N)

a=Sel39831 (m)
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5Y-131 5.61 = 0.06 95.38 +0.96
5Y-133 5.69 +0.01 96.70 + 0.14
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(S/cm) i 450°C (S/cm) i 450°C i 450°C i 600°C
5Y-131 0.78 1.35 0.50 55.02
5Y-133 0.91 1.63 0.58 64.13
5Y-135 0.87 1.66 0.57 67.16
5Y-141 1.34 3.95 1.00 170.92
5Y-143 1.49 4.50 1.12 202.82
5Y-145 1.53 4.33 1.13 205.91
5Y-151 1.24 5.08 1.00 231.69
5Y-153 1.23 5.28 1.02 280.46
5Y-155 1.36 6.87 1.13 330.24
3YSZ-151 0.97 1.06 0.51 28.86

8YSZ-151 1.15 6.60 0.98 386.78
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8YSZ-151 1.22 1.23
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M08 melunsu VYOUINITU ERREY VOUNITU

i 450°C i 450°C i 450°C #l 600°C
10Ce-131 0.36 0.70 0.24 17.52
10Ce-133 0.37 0.81 0.25 20.37
10Ce-135 0.38 0.84 0.26 20.33
10Ce-141 0.38 0.84 0.26 20.36
10Ce-143 0.39 1.00 0.28 24.30
10Ce-145 0.42 1.10 0.30 27.47
10Ce-151 0.45 1.33 0.34 30.47
10Ce-153 0.40 1.43 0.31 30.66
10Ce-155 0.43 1.74 0.34 31.33

3YSZ-151 0.97 1.06 0.51 28.86
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