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7l & & of

oo 123y Af AA(high-temperature fuel cell)?] A3 H<EH (interconnect) Z 2= Alojo]] A
Ha s HER D o= atolo] Mgty = A (ceramic layer structure)E FAsl7] Sal o] 8" & Id=
= TEF(layer structure)ol] #3+ Holt}

a2y A8 HAX(High-temperature fuel cells)(aLA] 2F3tE A8 A A (solid oxide fuel cells) HE+= SOFC)
= 7] dUAR 58 YA Y HHFARl WIS FEet. Ayl 1ed dAx AXY T4 7% Fl(central

SF-AA-%= FY(cathode—electrolyte—anode unit) (e A(single cell))oltt. &
F-AA-F= e s A=A (A AalE(oxygen conducting (solid) electrolyte)ol] &J&f A= EKE
FHEE 5 2 4G5, T AFE ARG, A5(AE 5o, H,, CH, 0, 5)E & FFEH shA
(oxidizing agent)(el& Eol, 0., ¥7] &)= @9 Ao #Eoz Fo FTHHTh. 650~1000C2 & =%
(operating temperature)ol A}, 2k 0]—8—(oxygen 1ons)L A4 o] o] Az}t WESShE AkA AxA AdFES
23] 2==(cathode side)olld A 2 2= Atolo] ZAlE H<d(electrical
voltage)2 Z7] olyx&2 o]&Ht}, 1 5 Jd8 AXE FESE 1Y H(high electrical voltage
level) S o]F7] flste], dAHoZ EFo FF-ANE-47 AH(Fd ) A9 AHHoZ A4,
olg]gt xS ¢Jsle], wd A Abolo] HEH(connection member)E BEASHE AE HER e Row
(bipolar plates)o] o]&¥t}. W FZAH(planar construction shape) &, @ A(L=, #Hsd 2 IS
2sheh) 9 A% AEEE 747 43X oF A (plate form) &2 o] Fojtt. Ao HEHE =9 dn 4
]

BT W — =
e AstAle] A7 A& B ke FRES FYG. FW PR olgleE, B 4 U 5 PLy gE

PO

2 27E A3 HEF 2 47 QA (A 1 v Ae) 2 A7be] AHE SF(0] X A 2 9
Aol d= @%—‘?—9] AFES we= Aotk @, AE HENo dEWA AS(thermal coefficient of
expansion)v 1A AtstE dAm A e FA 84, 5 o7 B $F5oR 5T €934 s34
(thermomechanical compatibility)S R A&3t7] &l Alete] 1A A3E A8 AA o 7153 DA A 2 {30k
goh, A, A% HERE T 2 T Aol 5 HY] AE5S F9aor s, o8 F wAsE 1L
o A 4tsl A3t (oxidation resistant)o] glofof o}, HW F2Foz ) W A'd(open channels) Y24
o7 7t FEE 9ls B+ 435 HEY(plate-shaped interconnect)?] FFHol AFEHH, A7 &S A&

A 45 HEHo &9 AW (top surfaces)S 53l o] Fo X},

W9 A B, AR 55 EAR 87 AN widd A5 HEFRE 1EE F U EHW FRYeR 5
3 ﬂ%ﬁﬂ(chromlum basis) EE T dHgolE A (ferritic steel)(AFS FH3= A (iron basis)
T e Zol w2 AF FEFS AT 2ol Ae AENE wedr. 47l 24=2, X (condition
s)o] A AbstE dZ HAA9 o FTFEE Ag E97)(oxidizing atmosphere) 3} S-&(elevated
temperature)ol A, E3] €55, A5 HEHFA, IZEF(11) 23 (chromium(I11) oxide film; Cry03) 0] A=
A& w9 FAHE EAAl Atk ol & Aol SlojA, AFst F&(chromium oxide) AHAFSE AF
(chromium trioxide)(Cr03 R 2ts} AF F4FstE Cr0.(0H)./CrO(0H)) S BAs= &< kA 2 4F7](water
vapor) 9t Whg-3Th AFS FHshe, AEe] AW e A AtstE AR AA Y As 2EA a1ST
¢t(high vapor pressure)< 7FAH | webq FA &= o014 4 drt. AFZF(Cr species)
= ofrjety Ar|Hoe=m &= Zu] A (catalytic activity)e oFstE ofrlslE &= EZ(cathode

material) ¥ Wkg-ghc},
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12 HSZ(protective layer)S A FsteE Aow Loz
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713 BRE3ES 9% BHe uloA w@dHoln a3l 985S FAlsta A4 A(spinel phase) E 2%} A3}
& “J(secondary oxide phase)ollA =™, DE 10 2007 018 261 AlolA <& At}t. DE 10 2007 018 261 Al
of 7l=® Ax TAHANA, & A (heat treatment)T 27t w% FHE, TV e AAE Ffste di7]ld &
AsteE Aksk F1(11) (copper (IT)  oxide; Cu0), 4Akst YZA(ID(nickel(II) oxide; Ni0) 2 Aks; @3t
(I11)(manganese(I11) oxide; Mny0s3)/AFs} ZH(TI1)(iron(I11) oxide; Fe03) 2 ©]Fo] X},

A5 AEF(EE?) 9] AAF(carrier layer) ¥ H & Z(protective layer)2l A2 US 2009/155667 AlellA
A ATt A7IA BT Aok st A AbstE Al2~®l(ternary oxide system) &E A EHoF g,
(M), ZEE(Co), H(Fe) & T (Cw) A& A2 AT, a5 A =& S8 op7jd &4
2 g oF gttt gy FAEY U2 EFESAT o|FAFG. At REF W7 AxRZe A%
v, 4 3 (thermal expansion behavior)< 4& H&HF 2 S50 Usle] S8 A== H&82 = §lof
B3 71%S o3r7]E #S(cracks)d &S Eabo] WAl 42 qlt),

WO 2010/087298 Alell 7|Hbsli= EP 2 393 148 Al A= A9 43 HEH
& 7HA= Fxel gk Blelvk. of7lelA, Zn0E Al 1 F(layer) B 2 ¢ (La, Sr)MnO3 B‘ﬂilﬂ_iﬂol
(perovskite)dll EZg=ojof g}, M3 ZnMn0y 2 MnCon0,8F 22 F7F AstE A2 A 1 T(layer)el X

2 4 vk a2y, dZB 7o) E(perovskite) = EFE A QtETy. ZAH o2 7n0v= Al 2 F(layer)el X
Srelo]d ¢t 53], Al 1 S(layer)o] H7] A=k 714 4 (technical solution)olA ZAIHS oF7]
gk 2y vy g2 A7) dRks AR A afdl we A 9FE F= n09 o]§om o] Fo

Ak,

2 r°" jaa) OEL

»a

&5 Aol GAHE T 9

7l
7}

m°1' [T ol

new Ao AT (negative temperature coefficients of resistance)S 7HAE wred] Agte] 232
(semiconductor ceramic material) @ AMu]2E (thermistor)+= DE 101 50 248 Alel 7]<= % ).

w3k BEP 0 866 472 A29] /WA= Am|~Elol] B3 Ao|th,

T. Brylewski et al. from "Perovskite and spinel functional coatings for SOFC metallic interconnects";
MATERIALS SCIENCE FORUM, TRANS TECH PUBLICATIONS LTD-SWITZERLAND, CH, Vol. 595-598, No. Part 2,
January 1, 2008 (2008-01-01), pages 813-822, XP008137667, ISSN: 0255-5476°|4 23] (spinel) ¥ HZEE
27}ol EZ(perovskite layers)S ©]-838te] ZFo] FW&(vaporization rate)S #2AAl7]E Zo] LeAct.
A7l 27 dE 93 Mny 50, B=E MnCo0,5 ol&3te Aol Altdnt. 18y, s HAEF 2 559 &4
o Agd A AT, g ARE 9 2%l MR FU RAT TS AWAOR, Azel T 4T
Abrg SrAsHA dERl Ve A o

"Development and characterization of a quasi-ternary diagram based on LaggSrg2(Co, Cu, Fe)O; oxides in

view of application as a cathode contact material for solid fuel cells" SOLID STATE IONICS, NORTH
HOLLAND PUB. COMPANY, AMSTERDAM; NL, Vol. 180, No. 9-10, May 29, 2009, pages 731-737, XP026097616,
ISSN: 0167-2738, DOI: 10.1016/J.SS1.2009.03.006¢14, e xA=S 7He 23d 9 #l2H 270 EV}
AEZFow unHFH 299 CF)Y H3F9] MnCoyg Fey 10,5 7+ A4+ K. Montero 9] 298] eI},
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A

2 odlhgo] BEHe A5 HEE 2 S99 24 HEEHE % B Ve B AF SEERY), 7
g H7] AEE 2 5% E W AlGTE olFold 4 e 1A AkskE s AAY Ao HAEF 2L S5 A
olo] & FZY-(layer structure)= A& 3l= Aot}

2 oatyo] wEl, 2 wie] HAE A3 A 189 EAE Ve 5 FERFE o|FZTh. Al 108 o,

Z FxY(layer structure)™ Aty = FxA(ceramic layer structure)E @Ast7] g8 ol &2 = 9

2 o) npg At 31 AE S5 FolR Ued 5EHE o] 835te] o|Fojxut. 1A AstE dE XA
& N

94 é}i 7‘34111"% B—l L= /\}Oloﬂ A=, B ddyo uE F %LJ_T(layer structure)L J—ﬁa idﬂxﬂ

W& #ZH AJ}o] E(powdery perovskite) ¥ ol Ed ~Anjds o
AEE, 7oA, AEL ol 3}gE(chemical compound)ol] ¥3HE XA &=t}. At}7), Zn, £3] Zn0% oy

& shgheel 2FEA Fev. 43 ASES A9 Vled nEt d54eR A5 Rche 55 @9 (netal

2 7} g %E(consistencies) 7H e dojx F e FEZF(part
UH—Or bs] o]Fod 4 o, ey, Z¥-(layer structure)®] 3F ZwoA

npekz) A v s}elekE A ¥ 28 ~7}o] E(non-stoichiometric perovskite)= #HZBA7tolE AA Tz ABO,

2,

o A" Ax 9 (lattice site)7} 38 92 La, Sr, Ca @ Y& o]Foj7d Hojx Lo F& 8o o3& de
a1, B’ AR 9927 8k 94 Mn, Ni, Co 2 FeR o]Fold Aolx ahte] g4 18 93 Aade o
2Tt ERA o] ¥,

=

AEms v gelgEsd sznsstelse oa o /b8 & Qla, e daw 9 43 ASe 2gol

Al 0 < xs < 1.0, 0.8 < ys < 1.2 2 0.0 < zs < 1.09] (CugeNiiys)ys(Mny—Fe,e )05 23] A2 A

E38 4 93, wEHEA 0 < xp < 0.35, 0.0 < 2p < 0.039) (Lo B y) il 0p s 3= S ZH 27| E A
2FE 5 Aok 97)eA, Ln'E SEF 2Fd il How e FEen FE 97e Egd 1Ed &
3he Aoj& skt F&0la, M+ #o] & (transition metals) “Lgel &3dte Aok 3hute] 5o},
7ol AR "AFshe T FEHF(layer structure) Hv WX E 3R 25 J9o] HZHAFL0|Ed o)A
W P E = A urgEsith. 53] 590 5% A3 Y] ARE 2 E 33 Alg & vl #-ste] o] F
old 4 Q.

A2AR oloR= d Ay F, Mgty = FZFA(ceramic layer structure)x= I1H Z%=(green strength)E 7}
A= & FZ2F(layer structure)d] o]&of o3 x| 2kstE A8 HAA 9 HFo HEH 9 S5 Alold AxdH
. A7 Age & FE2AE sk 239 (spinel phase) ¥ Aok slute] #l2 B I Ed(perovskite
phase) 02 FAET. = Esta dupet AHE 55 4H8E Cu0, Ni0, Co0x B MnOx®] #oj% 3}t
ZkoEo]  xFE 4 9l
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B odtdo] wE = FXREE o] &5l AW Mgy A2AZS FZA|(ceramic sintered layer structure):™ % o]
| phase)& 7Fth Althrt, FAE ol RHoR(F dol2) Hok 10m=

A (242 Hojx e AA(section)olA]), < 25 vol.%, 3] < 20 vol.%9 vz Aok 10me F
A 53 BZHEC. oJ7jo 9L s HEH xwd AH AdH3t. E3) Ay 22F T2A= a2
FHR EAletE dee T FRFY 2 o dojd F o, Y] T FEREE o sd sy o]d
F7F M R/ EE %%‘(varlant)‘ﬂ] el Aedor Fgd 4 vk, o JisddR, 53] Ay AFT T
A= MY 245 FERAY 53 B e 2 958 1Y) Ak o EAstdn. 53 < 25%9
TEE 7H= Ao®E 10me] AMegd £24F FRAL] FAE AHe dSdeR T AV nEEHE & 3F
ol T 39 AR a9 dEdA HEEHBR o]Fold = Q). Mg AAT FERAY Az AN A
a2 Aty 24 FERA N diste] ofdel AWE Az I W ofdzt 1Y FHO] F T $9 FRA
dold 4 9

Z7h ARl ol Aty £AF FRAE AE FRAoR 1ome] FAE Aok, Aolw lomel F
vol.%e] THEES Jbdckath, 53 We bR B oui

AS 53 < 15 vol.%, 3 < 10 3 of mE My

245 FxA, 53] 7|#HCEE B9, A3 HAEH)9 Ad(interface)dl A <AHI 3% P (height

region) & F7 GGoA] LA o3t}

Aoz Ay 243 FERAVE AA A7|E FE E4Ys FAE HAE e EHQE. 53] 59

tﬂﬁ} Aty & F2A7E STESS IW 84S VK= 7 H8E o @A ¢ . 53] Ay F
]

= 8 R
2AY FAE A 44S T3 < < 100mme]ejof k. F7F Al YolA], A =
-?:{xﬂ—_— 20~70um, £3] 20~50ume] FAE 7FAokstH, o714 F7 99 (thickness regions)= Zoj% 7] A

T JEHe] oo EAdorstt. 53] FA A9 WA T AVIE T3] AL SAldoF gt 53] ded
F7 dFeM, Holx gFEE FHok 10me FAE Ea, < 25 vol.%, E3] < 20 vol . %(HH o2 E+=
vt EH Al A T A71E AR JEE of g}, 7zt vhavt HMEEHE AV] AR JFH Alo] Ao
A, B3 Z7hE BE AlololA AW QEH(recesses)olH, AEHorw FA= w3 AF ALA HEWo
FAAAEY 6 HE F IAY USR] ES(HE HBA gEStY]) = Ak, 53] Folxl o U F
:r"il‘%‘:c /‘ﬂa]r‘ll TFEA o3 e HE Ve B, AlgHE T FEAY A7/ (robustness) B EE

of wlgkzsict. 5 FAe 4o A Bde] M ~#M(suspension) T ¥ o]
(Daste)7} ZﬂiE]l’ o] % |dhe] AEHDE ehHe A P AHE vjL o= 9EdiA AlxE ¢ Q).

oo el YA M 22F FRAE, A2 A T4 (pore diameter) FEle] At AAF o
FH o o]Fojrt, Fo Hd thFE(maximum porosities)e] kel dolA, Aty £2AF FERALE o
= FEder g Aok 10me FAE Edl < Im, 53 < 0.8me] Fxt ¥4E 7K. ol WAow
2ol Ay} 2245 FEAE v 22 5 Jar, 3 7] £3E AAA(crystallites)= iAoz
e gt ks BE Vs 8 A7) drkdd diste] 58] whgh st

w3, By wE Algy] AAT FERACA, 29dde] 22 Het 44 (grain size)S FHo Algty &
AT "z olFold 4 k. F7F Nl SlojA, Audge Ao REEHoR Ay 4AAS 24
diM(Aes 2dger) B AR 10mel FAE §3 < 2m, 53] < 1.5me] B+ 44= 7H 5 A
23 e vAl-ZG A (fine-crystalline)= Algty A4S F2Ae B 7 B A7|dErd diste] nped
25}

Z7k HAel glolM, Aty 28% FRAL A lome] o2t AA F F
20v0l 48] THFES R, ES F7b AN oA, 23uge] B
_7"’"_

fl

% BA4e Ao lomel A4 3 FAE B 44 waE & dvh Al el 2
UEE, Wi $4 WEE g 979 54 Ann 2459 A4 & 28 Bd 2A% & At Ay
aAF FRA FA ol BEFS AL AL A %), 9o Folzl Asluyel dIE
Bt 37 L/EE BFE 9P 5L HolE u$ AL BEe AL B HoE A HmH e E4
of Qi Al 1 FEFe] EATG. dEE SY3] Ad ol 8W + A= A%e 4 AN, B 37 o
B A obgel, BEHoz w79 ¥ sl 4wE Aot}

F7F Nl oA, 2ujdAte] &8 0 = xs = 1.0, 0.8 = ys = 1.2 and 0.0 = zs = 191 (CuyNii—gs)ys(Mny-
Fe)0, o mE FAE = o 0. oo 2L wSHE = drh 0.5 = xs = 0.9, 0.8 = ys = 1.2 and
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SEE36 10-1951858
800~1050C 2] %7} ufgAslel. A4S 1-20/7F, 53] 15417 Eal A7) 2% W oA 8w of 3},

EWY BuE d9
ool #7h ol 9 s e hgel pAdel A% W ANE =

E1e B4 g, dF 5ol dA 2o met Alxd ¢ gle & TRl

=
=
e
ol
=D
2
o
o
N
A
Ko

T 2% W38 A3 HEH(plate-shaped interconnect)?] FEAQ =2 Fo|t);

% 3& JojHe MPOEA WS cross-section) A 45 FENol HEH Ay £AF TRAY A% F

A
A} &\ o]m] A (scanning electron microscope image)©]Th;

E o4 @ gl Al ol B el wE A £d4% FaAe] 740 =44 Fd(schematic
representation)©|t};

= 5% X (cross—section)ol A A 4i‘j°ﬂ ALE 2 Ay wE Agy AdFe A 1 FEFe A
Al

o] Az FAF #nl7 o] m X (SEM ©

_. 1'01'
iy
d
_1

T 62 dHEoA 2 A wE Aty AAF F2A oAle] A 2 BEF A SEM oW elt};

T 7 Aty AZFS U8 AR AVAEEIF 50 oFEEE AL BHoFE =2 (diagram)oltl;
T8 34 HAY e 9e 2 o] mE AEe] I F2A oAl9] SEM olmxe]n; B

=98 =4 A AyS 9ste] = 7o YEld SEM ojmx|e] o] AAY AFHEH (gray scale spectrum)
ojt}.

ge AAsl7] flek FAF QA Y&

2004, AALZ el 7k S A= B3 4% S (plate-shaped interconnect, 2)9] H+S =
vEbdtE, ds &5 (interconnect, 2)9] b EH(14.1)S SF(MEA) S o] o=
2 FFM AN dA"He. =5 (cathode side) ¥ ¥=F(anode side)ol A 7t~ 32 747+9
o] & Sl M= HEa u A A(webs, 10)] 3] MZE 2=+ A< (channels, 8)& 7}
3 HEF(2)A o]Folzitt. &, AAAoRE F5F RWU(4.1)9 AL®)2 F=F ZW6)9 Ad
FAoR AXET. JER

U e

E (2 o rfu

S

oS fH |0 K

(8)ell d e HAEH(2)9 FxoAM, AF A=A HE EW(current-conductive
contact surfaces)< Ateld] HX® T& B3l 549 A= A 288 A2 A4S & &5 T g A

1
2¥= 4(10)¢] g EW(top surface)oll oJsi(H AdEl4o® vid(margin)& B8k tha 2 9(14)9]
A 2(12)0 el AN T AACd fa) dddr. AuvhA AdEadE, v si 5 e Akst
#9171 (oxidizing atmOSDhere)J olgor =FTHE, &5(E®), #10), AF FU(12), )M F=
HER(2)9] A xde Baddd. dedor, 43 F5H(2)9 SxEW(side surfaces, 15) EF

== 5t HEE S
AT
AEFZorMt olgd F=, URFozr Y FTH()WE BIssd FESY. JEd gdd
(throughgoing webs, 10)9] tiete = t}2 <|Zo] Fo|® U(segmented webs), w=H(knobs) & T3 d thE
FE 22 A7 1¥(14.1, 16)5 Hol 7o 7taE Fxsh7] g3 s JE55(2)9 xH(14.1, 16)9
olgd + A& A& = 20 AwETt
R E 28] = 394, AE HEF(2)dd HEd Aty 42ZZF(ceramic sintered layer, 18)2] SEM o]n|X|+=
GdA L Uepdth, B 2o & Mgl A224%F FZA|(ceramic sintered layer structure)$ thERZA O =Z
Cu-Ni-Mn 239 (2] YA w7k 239 (copper nickel manganese spinel))¢] 23dl B2k QJxjul 18] Ao
#AE" Tl MA BEEA Mg 243 (18)& Ax37] A3 ol &t F(18)9] A o3 doizl Mgty
2AZ(18)S 8 FE(predominant portion) @Al 2u|dAt @ e BB o g W7ks E3teE= A3 34
& (oxide compound)?] 2%} 4t&}EJ(secondary oxide phase)= 7FXIT}.

T 38 ZEE A £ e dZ, vwd gkx, A HE HEF(2)9 AW(interface, 20)0] wi$- HH
B(F, @2 vgan) Ad/99022)8 7MY, Ad/g9922)E e =2 O3RE T4 vy gk M/
A9 (24) AA 3

2w o] Ao wE AElu AZF = FRFE(26)9 FRE T 49 "k T oz el
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Aol 908 AFo Fie Ve AF 7] deer g, 5503)2 HEn

TZE 7= @EE 2EEF YUMol E(lanthanum strontium manganite; LSM)ollA] PAJE ). A
z317] 9l8l, 44 thgel g% ArshEe] Cu-Ni-Mn 2=9)de] 239 22 A k(spinel powder

) D AZA H7MA] B )& (sintering additive powder particles)® 7BA] E¢: Cu0, Ni0, Mn0;=

ol Jl%
iz
S

Wl

S
I
i

—

i
ofj
» o~
=
tlo
2

o
o
=
—
o
D

E(paste)= TEA AT FEH(2)o] A&EE= MA 2RI (binder) % &l (solvent) <}
Z¥ 3 Az Cu-Ni-Mn 2349 239 2% 4%}, La-Sr-Mne] #H|2H~7lo]E 9 x|
Z2EE2E W7 J 28 A7Fo]E(lanthanum strontium manganese perovskite)) 2 Co3049 A4 H7HA
= FRF0)S Azl 98 A BER ol &drt. Fo|xEs FEA FS HEF(2)d A&
1) (binder) 2 gul(solvent)$} £33 ZRE AxHi AR, S3(3)2 138 AH
950C2] 7] ¥97](air atmosphere)olA AZAEC.

~
ke

ofj
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2 gl
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k]

L delA, A AER2) A8d Aty 24T F2A26)9] SEM o A= Al

Epdic}, Azt

(phases) & ASIEHol oMW FAAG A 1 FRFE A5 HAE(2)9
= u)e e OBEE L) AM/968)S A, 7] A4/

2 Syath = 3o Uehd dgshs A4/99 )Rt vag g, o)

g s MR FAS AHU0)6l ek, R R

o —
4
™

12
. o
0%
3 fole
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o
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Hl2}o] E(lanthanum strontium cobalt ferrite; LSCF)o]th. webd 7] B4 HZBE27lolE B Qxt

= 7dA, e A2ZF TR 2AEY ANAERETL 2xd  oFdE AL yshdt. &, g
1

l,ﬂ__
"1000/ temperature(1000/=%) "2 S [K JellA stolx]= =AU (lower scale) 2 xFoll P EH, ke w9
Tl Z7hste 2AYd= gg9nt. &9 S/em(S: AW~ (Siemens)) ol AEE o0& yZo] g€}, zHzte]
ZAES 7HAE S5 AEE 54E 93 ME(samples) 24 AAA(insulator) 2 A 2¥ A, A
=74 (four-point measurement)o = FHAHET. 4719 HEFL2 AZo] 77 47fe] HFA Fwlel] W
(platinum wire wound)S 722 FAHIL, MIo HFL2 HF AA(AE £°, == FHo]2=E(gold
paste))ell &l Zstect. (42)2 AAE FA
A 3AIZE Bot AAE, B gy e AgU-ZAUE A AZZF(screen—printed ceramic sintered laye
r)oA SAHET, 44)2 AAE 4 AL Cu-Ni-Mn-Fe 234de] ~ujudlato] o] FAEa 950CAA 317+
% = o)
el

A &2
TellA

71 94
|
|

E9 3

, B e mE AgY-IHE A FERAANA SAHEAT. 7]l A7) HEEE 1050
A B oi Al &, 23 2 ok A5 HEH, 25 2 d9He®E ds AAY F

o x2ste 2HE 2" (assembled stack)ollA & F2EF7F AA9 of FERAHORE 950CE A3 &
aEforgtl, (46) o2 AAE =4 FHE Cu-Ni-Mn-Fe 23 do] ~3dA La-Sr-Mn ¥ 2H 7)o
RHAFIEA B &H4 AstEA ] od] FAHI 950T A 3AIZF Fok AAE, B dgo] mE A5
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S=50 10-1951858

d ZHE A AdF FERAGA SAHAT. Q)R AA"E F4 T4 1050TelA Az &<t 24¥ 5
Cu-Ni-Mn 23dle] ~3d R s xSk gbsl SRHEe] 23 AbstEAe] A2 FE
Shelis =48 THE A (screen-printed ceramic sintered comparison layer)elX =7
(50)e2 AA" 574 950Col A 3417 FeF AZAF I La-Sr-Mn H|2HA7l0]ES] HZH AT E Al
A GAHEE 239 THE Mgy LZ T4 SHEY.

Lo
N o
=
b
o 4

= 714 dEINE, (48) R (0o MAY 34 el ANAEEE A47e B9 ® wgd 0 3 v
w2 ud gol A5,
®oye] me 3 PRy AZRE A% FAE ofdel 49E Aol

2

IA] 1:
2245 CupeNig M0y 2 1.5~3.5ume] Hi YA A7|Z 7R += 30ge] 2vd 2o oekS &M (ethanolic
solution)oll A 1.520g¢] CuO, 0.9516g9] Ni0 2 5.0283g9] Mn,0;(&2Z2 FH7A ) ok ozl XAE

Lao_75Sro_2Mno_9C00_103f5 t;% 1.5~3.5Mﬂ94 ﬁév—f 01:]11]’ 37]% 7}—X]E_ 1935g9] ﬂ]iﬁi?’]‘o]g‘ %‘?ﬂl—ﬂ]' g%LE]j_, 1

< = WX (roller bench) T+ A% & W(planetary ball mil)E F&3dd. o2 % (homogeneous
powder)2 AZH 3 2789 (screened) A, 2=72]d ' (screened powder) o8 AEZ Q 27} vlCl 2 A
g H7tEE 23S (terpineol) S EFshe &ufel ZIE™ o]Fo] HAo] Ei FHo|AETL fETts
(flowable)3t =5 3% Zel2 73 (three—piece roller)® T}t Ho|AEE A~3¢ Iy L=
(mask printing) =¥ & F¥(roll coating)¥} 2 ¥9 7]&(thick film technology) & 4% A
T 3o A= $M(contact webs)(H7F HEAQ HEZFW)ol AgdAtt. 28y, HE § 2 72 Adol IR HE
Ao AER(2)9 S IS vigbdsih. B3 4984 ol X (component edges) ] FH-S Z4Zbe] A9 A
gt = k. e ARl wgl, & FAE 20-50ime] = 4 k. 100TolN HERIFE

(terpineol) & E3tsle &ule SUsta, 9 g 2 434 old AER0 29 A 1 F235 (2" )]
FdE 5 A

Zolo] A 2 FEFG)E Al 1 F#354) 9o ARG, Al 2 FEFE A5 sk, 24 Cug.eNio.Mny0y
2 1.5~3.5me P FA A7IE 7HAE 30g9] 29d 292 Al 1 FEF () gty TR gE Ho|~EE
Azs7] 98 0.41ge] (w0, 0.02g8] Ni0 2 0.135g°] MnOy(AZ A7l B ek oz x4E
Lag.755r0.oMng oCo.105-5 2 1.5~3.5me] Hit YA A71E 7FA = 45.5g9 HRZH~JlolE Bog o]&Hr). A 1

g

fl

=
S 2ol Al 2 FES(H)L o= Ee Agder 55(3)9 xHed 942 - Ao

1
M

= TZ25(26)9 AZ(sintering)S A3 H&EE AA(interconnect production)? Wi-(end) T 28 of Al
S (stack assembly)(2=®(stack)d} ] A w)e 32 U B o FHol ESIe o]Fod 4 9.

of|A] 2:

Lag. 75510 oMn0s, CugeNig Mn0; 2 =5 AFsHE (Cu0, Mng03, NiO, Coi0,)2 7IA] &4 2 o] &Htt, A 1 &5
(4)-0/] Zﬂi% ¢ '3]'0:1, JZ_}‘(—)]% CuOA6NiOA4Mn204 ‘;l 15“‘351&19] ﬁoﬂﬂ %}X]' 37]’% 7]'Z]E‘ 30g9] -/—\—:‘1]1:131 ‘E—%% oﬂ%
% gl (ethanolic solution)ol A 1.008g¢] Cu0, 0.631ge] Ni0 2 2.234g9] Mn,0:9F £, =2 F 8 WX
(roller bench) ¥ 43 & W(planetary ball mill)®E #&A3E}t. #2 E(homogeneous powder)S 7
93 ~38 9 (screened)Art. 2383 B (screened powder)S o€ AEZ Q0 A7) vl 24 w)g H7ky
= HE342(terpineol) & X35t 8o} EEn o]|F o HAo] i1 Ho|~EV} F%57s(flowable) 3=
= 3% EY2 dA3H(three-piece roller)®Ett. Ho|2EE 23 ZUE TFE ulxag ZIYUE(pask
printing) =& & F¥(roll coating) ¥} & 9 7% (thick film technology) 2 A& H&EH-2] Holk 3}
o] A= fM(contact webs) (A7 A=A AFH) AHEHAT. a8y, AF § 2 7tE Ado] IHEH= A
AEF(2)Y &A% zgL npgzsity. ' wpek, & FAE 20~200mme]ofof g},

“
foi

iy

ofj

Al 2 FEF6)E Axs] flste], A= Cug Nig M0 7HA=(1.5-3.5me] Fvt JA 4715 7HA=) 20g
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o] ~Audl Be oL &M (ethanolic solution)ol A 24.5335¢9] Lag 75Srp MnOsy 2 2.42g9] Cos0,9F =35
3, 2 % 27 WX (roller bench) = fAY £ P(planetary ball mill)E F#A3ET. o442 22
(homogeneous powder)< FZF i 237 (screened) Btt. =389 ¥ (screened powder) ogd AESZQ
27F viig 24 vl H7hE = Eﬂavqlﬂ (terpineol) & 2XE3Isl= &gl E3um o] 5o Ao a1 Ho|x~
E7} %575 (flowable)st == 3% Z2]& @3 (three—piece roller)dr}.

Ho|A2EE 23d XYY E= vlAg ¥ (mask printing) T & F¥(roll coating)d &L 39 V&
(thick film technology)® 98 AAe & HLHTt, ey, gAst zEL nfExsic), npadzstg =
FAE Z9e wEk 20~100pme] Helo ). o] ¥ T FRF(10)= F /e FEST(U5E EAHoR ©

1o e,

= TERE(D)Y Az 3 Az A3 HESH(interconnect plates) L FHE A8 HAX = 2®(stack)S FA
317 98 wulz % =

Heth. 7ks 33 FA2 aE5e] A F, 282 2-643F F<F 800~950C, whEAEHA
930C=E 7t o] % o] &5 flal FHlEth
t2elA, 54 A4 3, Hod 374, Ay AT 7474 Ao BE B Ay AEF Fx2AY A3
dl A}o] Wi 97 (mean grain size)S =437 Yol AR Ao, B3] =4 AL 747F Folx W9 Hol
H 2 dAGE o8& F Ak A, BEE 4 3ES A8 o&E 7 de AE Az V=", olyg
2AS Yale], B W w2 Az 2ZAZ FRAZ 47 3gA A5 HEEe o dAnp 9 9(cross-
section polished areas) Algly] £2Z2ZF Fwo] Aoz (E & FEW(layer plane)d F2O2) AFHCH
ol gk £ 2 93], dH(pieces)S Tholoh= AE(diamond wire saw)< ©]83to] 5 &N wfow
A, 7] dHS A it (embedding means) (& E0] ol EA] 22 4= a1 4 3H(hardening) (44

oz Zpzb mAR M= #Ho]H(finer sand paper) a5, AEE vk MaA
(polish suspension)& o]&3lo] Amfyar, mpxgto=z H7|Es|2 AvfdEch, w9 g2 & 2h(gold film)<
SEMol| A o] %9 EBAS 9] ~¥WE® T4 (sputtering process)= Fd HEwW, A7 A=A AxEW

(electrically conductive ground surface)o] Al E T},

Gl

o]

o
Q‘L
2
=
iy
S
=

geolA, 4 B4 At 245 FxA Ul 27t Aol s2)e] RES Z45

= | =4
SHLE AAH Fx7} gztel AAA(crystallites)d FH-H oz = ufg- uvlghzgr S SAHE £ UE
EBSD #21(EBSD: A=} Fukatek 3] & (electron backscatter diffraction))S ©]&3}o] o]Fojzit}. A&
Qste], AZo] oJulx|= EBSD HE7](EA2] 5 o]&H SEM: Ao]2(Zeiss)?] "&E&F Z82(Ultra Plus)

55"® ALl MR FAL ARA(SED g dojRtk. AES oHAE A7] Sk, HMES Fo AR
(primary electron beam)R.t} W7 70T ©YEZ(tilt angle)o & X3}, EHe] HA(electrons) & AE
I AsAge] #AHA - ESBD AEVIE AAE VISEH #- oA (diffraction image)E
vebdnt. d7)Es AARTH A AFEE Z4zhe] Aol dtiste] Jhedh 3 ow| A2 o] ]| o] ~(databas

= 273
e)oll A AEFTh, ofel wAow  AAsk A 2 owfg- apeA e 232 HolE o] 29k Hlale] o HEe] 7t
ZA- ddd = ok Agy 22%F FERACA Ao W(map)S HZE(probe)] EAd o9& Az, Z+
Zro]l Aol W RESE JATHH FA(stereological processes)S o] &3] oA E2HE =A=E S vt 7]
T 7ol AHe W FE9 SA3dAM nHEA gerh. Al 54" e ¥ FE2 7] A9 vol 4=
F-itol &gk,

Agtel 24% FxAe] 29d Ao Hi JAS SASY] A 58 AL Aol 29 w9 A (7
del FEE 5437l A% 54 FA tiFh) @ AP oR $UE SEM o|uAE o]&ste Y. SAS
e, =39 o] EAlskE SEM ojn| Ao dont SHET. A7l 49 Wl 239 Ao w9 S8 ASIH
E112-969] W} AX 2 9o] RE(software module) "QX-Grain"S o]&38}e] S=H )

thell oA, 4 HFS Mg 24T FE2AY e 9 Hd IS SAS] HE =7 2 = 8o A
HEo. SEM oluA & o]&IFE ¢ —Zroiﬂ SEM %2 BSE HAZ7I(BSE: %W A&k HdAR(backscattered
electrons))(BSE #&7] B 4 43 118 AE7](4-quadrant ring detector)@ AALE A& #FGsir), o] &
H dALE oF 150me] 43 oln] x| °1]7<](horlzontal image edge)E °©F7]sh= 0C< ©EZN(Tilt angle), 20kv
9] 744 A (acceleration voltage), <F 10mm¢® 2hs A€ (working distance) 2 1000W]e] ®l&(1000-fold
magnification)o]tt. &, 5A ZFlk(special value)2 ©uj$- -3 o]n|x] A% (image sharpness)ol] &<t} .
SEM o]n| x|l Al FXk(brightness) ¥ tiZ(contrast)] A4 2 AAZ(threshold value)d 1L b3 o
Bt T4 54 v/l (neasurement parameters)®] AAZQl F3Fg wevh, wpEse] AALE ol A

_21_



[0098]

[0099]

[0100]

HWE = g2 o]Fofzin., AdHox SEM o|v| A=

T TEA 9 E 8o yEhd SEMelm Al diste] T uiE "ol YA F 5 Vs
(embedding means)®] FYg FES =gt FE H gizes =z
spectrum)©] ©oJAAH O & 256 AE|(steps)OE o]REHEE A
(Gaussian curve peak) - S - 7} AlgtY] &4%5 il
age] =AY WA(ES =l )M F 7
PAEH A= - P - 7} W o TSR
W kel & AAIgE - SW - ofefell =
Al%k(mean gray stage value) & 5=
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