


!"#$%"$#& '(#)*+%,"& – -(,++.%&(/01 ,+")2-,% 
-)*03 /&"(#,&4)* 

5&-)/&"(#,&40 64. ")'4,*-03 74(/(-")* – 
-&,8)4(( 799(%",*-03 ,+")2-,%)* 74(%"#,2(+%)1 
7-(#:,, 

;0+)%)"(/'(#&"$#-0( +*(#3'#)*)6-,%, - 
/&"(#,&40 21-:) *(%& 64. 799(%",*-):) 
,+')4<=)*&-,. 7-(#:,, 

!"#$ %&%"'()%"#"*+, - ."/0&%++ %"-1) 
2"3"#(%+, 4&'(5+&#"- 
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2 *+,-+./#
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!"#$"%&'#(#)"*& +&,$-./#)* 

An+Bm+O2-
3 ! n + m = 6;    n + m  < 6  !  An+Bm+O2-

3-" 

!" = 6 
#$%&'() 

!" = 5 
*+)&,+(& 

!" = 4 
$-&()&% 

!" = 4 
%.%)&'() 

/0-1.22.)#-3$+. $&%+#04 
(Mn3+, Cu2+) 

(Fe3+, Al3+, Ga3+) 



:%"*"";5&/+( .'5<3'<5! 
 95+4(5: ABO2.5 (A2B2O5) 

Mn3+, d4; Cu2+, d9 

A2Mn2O5, A=Ca, Sr; 
La2Cu2O5 

Ni2+, d8 

La2Ni2O5 

GdBaFe2O5 

RBaCo2O5+y 

<2"5=0"8(%+( 
A-3&'+"%"-!  

Ba 

Gd 

Ca2(Fe,Al)2O5, d5 
Sr2MnGaO5, d4 

;5&<%4+##(5+' 

!"#$"-%&'#(#)"*& +&,$-./#)* ABO3-y, B=Fe, Co, Ni, Cu 



"#$%&#'(%)'*+$,-*$#.++,/#%01%2,3+4+5$06%2,#$'67++8,,

9%/:+)%,;<=>,?@>,?AB,+,1CDCE,F,%6+0:+1$:G,;H=E,,

),-:$61#+5$06IJ,

12345,678# 94:;:6<, K, -:$61#%3+4+5$06%$, I01#%201)%>, /#$%&#'(IJL$$, -*$#.+J,
3+4+5$06%2, #$'67++, ), -:$61#+5$06IJ, -*$#.+J, /#+, +0/%:G(%)'*+J, /%D'JL+30M,
+()*$,1%/:+)',+,%6+0:+1$:MC,,



M. Winter & R.J. Brodd, Chem. 104 (2004) 4245 



7%"0:  
>2 + 2 ?>–– 2( = 2 >2?  
+#+ 
CH3OH + 6OH- - 6e= CO2 + 5H2O 
@&'"0:  

O2  + 4e +   2 H2O = 4OH– 
?;A&= 5(&3B+=: 
 H2+ 1/2 O2=H2O, E=1.23C 
CH3OH + 3/2 O2= 2H2O + CO2, E=1.21C  

95(+4<A(.'-& DEF 2(5(0 ".'&#$%14+ EF: 
1. G1.'5&= 3+%('+3& H#(3'5"0%1) 5(&3B+,  
2.  C"/4"I%".'$ +.2"#$/"-&%+=  %(."0(5I&A+) Pt 3&'&#+/&'"5"- – "3.+01 
2(5()"0%1) 4('&##"- – 2(5"-.3+'1 ABO3, B=Mn, Co, Fe, Ni 

!"#"$%&'($)%*( #+(&,-.(/'01 234 / #"$&,(+%"5 ,(,6+1%"5: 
1. >(' %("";)"0+4".'+ "8+A&'$ "3+.#+'(#$ (-"/0<)) "' CO2 
2. C"/4"I%".'$ +.2"#$/"-&'$ - 3&8(.'-( '"2#+-& 4('&%"# 

F,?NAB?A=OPQRF,
9"#+;(%/"+4+0&/"# (PBI) 



>*(#6))%+,6-01 ")'4,*-01 74(/(-" (>?>@) 

%&")6 

&-)6 

74(%"#)4," 

A#(,/$B(+"*& '(#(6 
"#&6,C,)--0/, ,+")2-,%&/, 
7-(#:,,: 

1. C1."3+, @9J (80-90%) 
2. F3"#"*+8(.3+ 8+.'1, 
3. G(.K<4%1,  

A#(,/$B(+"*) '(#(6 6#$:,/, >@: 
G1.'5&= 3+%('+3& H#(3'5"0%1) 25"B(.."- - 
%(' %(";)"0+4".'+ +.2"#$/"-&%+= 
0"5"*".'"=A+) 3&'&#+/&'"5"- 

! O2 + 2e- # O2- 

?+-)*-0( *)=/)D-0( )84&+", '#,/(-(-,.: 
&-'"%"4%1( +.'"8%+3+ H%(5*++ 0#= 2"'5(;+'(#(,, 
%&)"0=A+).= - <0&#(%++ "' B(%'5&#+/"-&%%"*" 
H#(3'5".%&;I(%+= (+%0+-+0<&#$%1( 0"4&; 
3"''(0I%1( 2".(#3+ '.0.) 

&-)6 : 

%&")6: 

 O2- + H2 # H2O + 2e- 

H2 + 1/2 O2 # H2O E: 



Condensing boiler 

Electricity grid 

Water supply 

Natural gas 

Fuel Cell (CHP) 

Hot water  
storage tank 

F3"%"4+= > 50% 25+5"0%"*" *&/& 

H4+..+= CO2 .%+I&('.= %& ~ 65% 

www.hexis.com 

95+4(5 +.2"#$/"-&%+=:  
@"4;+%+5"-&%%&= .+.'(4& E(2#"- + F#(3'5".%&;I(%+= (L>!) 

M0+%+8%1, E?EF 
2#&%&5%"*" 0+/&,%& 

L;"53& (;&'&5(=) E?EF 
2#&%&5%"*" 0+/&,%& N.'"8%+3: Forshungszentrum Juelich 



cathode 

cathode contact layer 
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Cross-section of an SOFC with LSM cathode 

N.'"8%+3: Forshungszentrum Juelich 

(La,Sr)MnO3 (LSM) 

«!"&-6&#"-0(»                    
/&"(#,&40: 

Zr1-xYxO2-x/2 (YSZ) 
Ni + YSZ 



?+-)*-0( '#)84(/0 /&"(#,&4)* >?>@ 
ST0%6+$,1$4/$#'1I#T,;D%,UVW%XE,,

9"0;"5 @E! 3"42"%(%'"-,
P+4+8(.3"( 
-/&+4"0(,.'-+( 
3"42"%(%'"-,

J(*5&0&B+= .-",.'- ." 
-5(4(%(4 (.2(3&%+(, 
Q&/"-1( 2(5()"01) 

X*+Y$*+$,1$4/$#'1I#T>,/%)TZ$*+$,-:$61#%/#%)%D*%01+,,,

F)4< -&-)"(3-)4):,1 * >?>@:  

A. 5&-)%(#&/,2(+%,1 74(%"#)4," >?>@ – $4$2G(-,( 74(%"#)'#)*)6-)+", =& +2(" 
*0+)%)1 %)-C(-"#&C,, /(D=(#(--03 :#&-,C. 

H. +)=6&-,( %)/')-(-")* >?>@ ,= -&-)#&=/(#-03 ')#)G%)* + C(4<I ')4$2(-,.: 

1. 8)4(( ")-%,3 +4)(* 74(%"#)4,"& [1];  

2. 74(%"#)6)* + )'",/&4<-)1 /,%#)+"#$%"$#)1 , #&=*,")1 3-3 9&=-)1 :#&-,C(1 

!"#$%&'()&*+,-+.&+-&(.%&//0&"12&345567&84698:1&
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U *+#,-. 
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$U'(-()# 

01.2#1.# 3.$. 45'.$67#,8(4.*, 
.5$#1#1.* $.-&68(&)-()&9 

:68( .6116, %&6467.$68(. & 

81.2#1.# '-(.4';.6116, %6<*&.5';.. L%+I(%+( '(42(5&'<51:  

!".' &3'+-&B+"%%", + 
"4+8(.3", 2"#=5+/&B+, 



>#(8)*&-,. % 74(%"#)4,"$ >?>@ 

7. C1."3&= ?2- H#(3'5"25"-"0%".'$ 25+ 3&3 ;"#(( %+/3+) E (-#+=(' 3&3 4+35".'5<3'<5&,  
    '&3 + .".'&-) 

G. N%(5'%".'$ 2" "'%"K(%+R 3 ".'&#$%14 3"42"%(%'&4 

C. J(K(-1, .2"."; .0(#&'$ (*" *&/"2#"'%14 

S. ?'.<'.'-+( 0(*5&0&B++ .-",.'- ." -5(4(%(4 (Q&/"-1( 2(5()"01),

[:$61#%:+1,\,0'4'M,<]^_H/#%)%DML'M,5'01G,9H9[,

=5>?86#1@1A#*<26!234:62"678#94:!<B245</#
C?D2"?E#<:;3:B?<FB?#1@1A#5#
G1C#H4E#2I<?4J67K#
!2;326:6<2,##



@4(%"#)4," >?>@ 

YSZ:   Zr0.84Y0.16O1.92; J>F 10.5 ppm K-1 

GDC :    Ce0.9Gd0.101.95;  J>F 12.5 ppm  K-1 
A)*0G(-,( 74(%"#)'#)*)6-)+", 
74(%"#)4,"&:  
1. 9"0;"5 "2'+4&#$%"*" 2" 5&/4(5< + 
3"#+8(.'-< 0"2+5<RA(*" 3&'+"%&   
2. A)4$2(-,( %(#&/,%, + 8)4<G)1 
%)-C(-"#&C,(1 /(D=(#(--03 :#&-,C >1019 
+/3, ".(. + #&=/(#)/ =(#(- /(-(( 100 -/#

!".' - 1000 5&/ H#(3'5"25"-"0%".'+ . 
<4(%$K(%+(4 5&/4(5& /(5(% "' 2 µ4 0" 
10 %4  



La1-xSrxMnO3-! (LSM): LSM +Zr0.84Y0.16O3.92(YSZ): La1-xSrxCo1-yFeyO3-! (LSCF): 

:&'(5+&# . 8+.'" H#(3'5"%%", 
25"-"0+4".'$R 

-"..'&%"-#(%+( 3+.#"5"0& 
25"'(3&(' %& 3-) Q&/%", *5&%+B( 
H#(3'5"#+'-*&/"-&= Q&/&-3&'"0 

-"..'&%"-#(%+( 3+.#"5"0& 
25"'(3&(' %& *+(1 
2"-(5)%".'+ 3&'"0%"*" 
4&'(5+&#& 

:&'(5+&# . H#(3'5"%%", + 3+.#"5"0-+"%%", 
25"-"0+4".'$R (.4(K&%%1( 25"-"0%+3+) 

H#(3'5"%1 
3+.#"5"0 
+"%1 3+.#"5"0& 



ALS - 4"0(#$ 

T (1.5), U (0.3), V (20000 .4-1) – 
2&5&4('51 4+35".'5<3'<51; 
C0 – 3"%B(%'5&B+= O2- (0.09 4"#$/.43) 

?'#(6(4.("+. &")/-)1 
+"#$%"$#)1 /&"(#,&4& 

                     D*!k > 10-14  0#= 0".'+I(%+= ASR < 0.2 "4!.42 

                            !  W 10-6 – 10-8, - H'"4 .#<8&( D > 10-8 

LSM  (900 + 700°L): 3 = 2!10-8 – 10-9; D = 9.4!10-14 – 3.2!10-16; ASR = 1390 – 90000 
LSCF(500 + 700°L): 3 = 2!10-8 – 10-6; D = 1.9!10-11 – 7.2!10-9;  ASR =      63 – 0.75      

D* 3"HQQ+B+(%' 
0+QQ</++ O2- 

x 
o O •%•%

o V •%•%
o V x 

o O 

k - 3"%.'&%'& 
2"-(5)%".'%"*" ";4(%& 

2 
x 
o O e' 2 O 1/2 +%+% o V •%•%



1.  @E! ."-4(.'+41, . H#(3'5"#+'"4 (10.5-12.5 ppm K-1 +20%) 

2.  C1."3&= H#(3'5"25"-"0%".'$ (>20 S/cm 25+ 5&;"8(, 
'(42(5&'<5( E?EF ). 

3.  >&#+8+( /%&8+4", 3+.#"5"0-+"%%", 25"-"0+4".'+ + -1."3", 
2"-(5)%".'%", &3'+-%".'+ 

4.  >+/3&= 5(&3B+"%%".2".";%".'$ 2" "'%"K(%+R 3 H#(3'5"#+'< 

A#(,/$B(+"*& :  
1. C1."3&= ";A&= H#(3'5"25"-"0%".'$  
2. C1."3&= ?2- 25"-"0+4".'$ 
3. C1."3&= 3&'&#+'+8(.3&= &3'+-%".'$ 

ACoO3-y A#)84(/0: 
1.  C1."3&= 5(&3B+"%%&= .2".";%".'$ 3 H#(3'5"#+'<  (YSZ). 
!(K(%+( – GDC-2"0.#",. 
2. K4&*-&. '#)84(/& -  -1."3+, @E! (>20 ppm K-1).  

?'#(6(4.(" B-%&",)- 



R.A. De Souza, J.A. Kilner / Solid State Ionics 106 (1998) 175 –187"

  2) C1."3&= O2- +"%%&= 25"-"0+4".'$ 
  3) C1."3&= 3&'&#+'+8(.3&= &3'+-%".'$ 

%" -1."3+, @E!  
LaCoO3, @E! =23 ppm K-1 

@";&#$'+'1 ACoO3-y - 3&8(.'-( 3&'"0%1) 4&'(5+&#"-   

YSZ (Zr1-xYxO2-x/2), 10.5 ppm K-1 
GDC (Ce1-xGdxO2-x/2), 12.5 K-1 

1) C1."3&= ";A&= H#(3'5"25"-"0%".'$ 
(La,Sr)CoO3-y ～1000 L4/.4 25+ 900"L 



`=a,

Qa,

`=a,

Qa,

bc, Ac,

"$#$3%DT,4$YDI,*+(6%d,;bcE,+,)T0%6%0/+*%)T4,0%01%M*+$4,;AcE,?eRF,,

f!WCV=V,g, f!WCNh,g,

X%$D+*$*+$, ,,,,,,,,,,,,,,,,,,,,,_9i>,jjkldh,

bmPn@R, , ,,,,,,,,,,,,,,,,,,,,,,,,,hWCo,

bmWCNcfWCBPn@R, ,,,,,,,,,,,,,,,, ,,,,,hhCp,,

bmqQ@R, , ,,,,,,,,,,,,,,,,,,,,,,,,,UCV,

bmWCNcfWCBqQ@R, ,,,,,,,,,,,,,,,,,,,,,,,hBCN,

bm?e@R,,, , ,,,,,,,,,,,,,,,,,,,,,,,=h,

bmWCNcfWCB?e@R,, ,,,,,,,,,,,,,,,,,,,,,,,hp,,

bmOr@R,, , ,,,,,,,,,,,,,,,,,,,,,,,hRC=,



Sr0.75Y0.25CoO2.62: 
"#. $#. I4/mmm 
a = 7.6237(8) Å & 2%&'#,   
c = 15.314(2) Å & 4%&'# 

7("68"9&," :1,(.(%&( ;"3+: (Sr,R)Co1-xBxO3-y, 
 B = Fe, Ga, Ni, Mn 

<*/"=1> "6.1> ?$(='+"#+"0"9%"/') 
(199 ;,//, #+& 900oC), 7@ 0*/"=&5 A3B: 

Istomin et al. Chem. Mat. (2003); SSS (2004) 

J)8&4<","0 Sr0.7R0.3CoO2.62, R=Y, RE 

Sheptyakov, Istomin et al. PRB (2009) 

Co1O1.25 

Co2O2 



L)6(4<-0( >?>@ + Sr0.7R0.3CoO2.62 %&")6)/ 

Sr0.7Ho0.3CoO2.62 
T. Liu et al. / J. Power Sources 199 (2012) 161– 164!

!" Yan Li et al. Chem. Mater. 2011, 23, 5037: #

Sr0.7Y0.3CoO2.62 

Cell: Sr0.7Y0.3CoO2.62  I LSGM I NiO-GDC 

J>F? 



Hg Nb NbSn 
NbGe 

1.,*.)&%5)& 0& *#-.)60#3%+ 
7.,2+ - 80%&)$%+(& 

9+($+: &;#% 

9+($+: <.2+: 

HgBaCaCuO *#( 
(&-2.0+., 350 %43.&%,. 

YBaCuO 

LaBaCuO 

TlBaCaCuO 
BiSrCaCuO 



- O - Cu

CuO2 .#", 

1) ?2'+4&#$%&= H#(3'5"%%&= 3"%B(%'5&B+= - '*-/"%( 
25"-"0+4".'+ (Q"54&#$%&= .'(2(%$ "3+.#(%+= 4(0+): 

+2.05( VCu ( +2.25 - p-'+2 L9  
+1.8 ( VCu ( +1.9 - n-'+2 L9 

2) ?2'+4&#$%"( 2(5(351-&%+( 3dx2-y2(Cu) and 2px,y(O) 
"5;+'&#(,: 
1.9Å ( deq(Cu-O) ( 1.97Å, )Cu-O-Cu & 180° 

3) 2-4(5%&= .'5<3'<5&: dap(Cu-O) * 2.2Å 



!"#$%"$#0 %):(#(-"-):) +#&+"&-,. 

=2#$ 
NaCl 

>.)#-3$+%04: 
?2#$ 

@2A#)+%04: 
?2#$ 

AO 

OA 

CuO2 

A’ 

CuO2 

A’’ 

O2 

A’’ 

ACuO2  
(A = Ca, Sr) 

01$#.)*& /2+,3)* 

@2A#)+% 

NaCl 





X&-+.+4".'$ Tc "' 8+.#& .#"(-  
(CuO2) - HgBa2Can-1CunO2n+2+"  Putilin S.N., Antipov E.V. et al., Nature 362 (1993) 226 

7%'+2"- M.C. N 7;&3<4"- 7.:., YZ> (2008) 190 

!".' Tc HgBa2Ca2Cu3O8F" 2"0 0&-#(%+(4 



La1.9Sr0.1CuO4 
Tc = 25K 

La1.9Sr0.1CuO4./ 
SrLaAlO4 
Tc = 49K 

dTc/da & –1000 K/Å  

SrLaAlO4 
a = 3.756 Å 

La1.9Sr0.1CuO4 
a = 3.779 Å 

J.-P. Locquet et. al., Nature, 394, 453(1998) 



Tc= 100K 
a = 3.8560(4)Å 
c = 15.839(5)Å 

Ti, 500 oC!

Tc= 134K 
a = 3.8524(4)Å 
c = 15.819(4)Å!

O2, 300 oC!

Tc= 138K 
a = 3.8501(2)Å 
c = 15.773(3)Å 

XeF2, 200oC!

dTc/da W -1.35+103 K/Å for Hg CEL9 
)Cu2-O2-Cu2 = 177.3 - 178.4o for Hg-1223 

dTc/da W -1.0+103 K/Å 0#= “.I&'1)” '"%3+) 2#(%"3 
 La1.9Sr0.1CuO4 

dTc/da W -1.6+102 K/Å 2"0 0&-#(%+(4 
)Cu2-O2-Cu2 = 175.0o!

X&-+.+4".'$ E. "' 2&5&4('5& " 0#= HgBa2Can-1CunO2n+2+" 

K. Lokshin et al.,PRB 63 (2001) 064511 



S5<22& 25"Q.  

H. Hosono, Tokio 
Institute of Technology 



a=4.0355 Å, c=8.7393 Å 
a=3.7914, c=6.364 Å 

a=3.7693, c=5.4861 Å 

a=3.9625, c=13.017 

LiFeAs, Tc=18 K LnFeAsO, Tc=26-56 K (Ba,K)Fe2As2, Tc=38 K 

FeSe1-x, Tc=8 K 
Sr2ScO3FeP, Tc=17 K 

P4/nmm, a=4.016, c=15.543Å 

Sr2VO3FeAs, Tc=32K 

Zhu et al, arXiv:0904.1732  

Ogino et al, arXiv:0903.3314  



    ‘‘From the chemist’s perspective, the most 
interesting superconductors are those for which 
many chemical or structural variants can be found.”   

  R.J. Cava, Chem. Commun. (2005) 5373. 


