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 
        Ni/GDC       )LT-SOFC(

  NiO/Ce0.8Gd0.2O2-)NiO/GDC20 (       .  Pd   
         )EIS(    - Ni-GDC/GDC/Pt  

°C 600-400    .           AFM SEM TEM 
XPS   .                 .

                    Ni/GDC 
 LT-SOFC        .

  :      Ni/GDC    .

1- 

        
         

         
         

       .  
 )Solid Oxide Fuel Cell: SOFC(  

     )H2O2(]1[  
  ]2[    

)H2   (      

    ]3[.   
        

  ]4[      
)   (   ]5[

SOFC         
  .SOFC        )e-(

         
 )O2-(  )O2O2-  

  /( O2- 
    ]6[   H2OCO2

   ]1[.SOFC     
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81    14 1392 -  

  )H2(  ]1[
      H2

      O2-   
 e-    /   

   .     
     )   (  

     ]6[  
         

]1.[       
)SOFC(    ]7[  

°C 600-400 )Low Temperature-SOFC] (8[ 
   SOFC      

]109[ YSZ )Y2O3 Stabilized Zirconia (
]51112[        

-  ]23513[   .
        

]2314[         
   ]9[ 

   LT-SOFC   
  .   O2- )  (

O2-       
    /   

)Ni/GDC (LT-SOFC    
  ]15[.    

        O2-e-
     )Triple Phase Boundary: TPB (

]6[     << 
]11[       

/         
     ]1.[  

    LT-SOFC   
  Ni/GDC    

     ]314.[
    ]9[ 

          
    ]316[   

          

 ]14.[     
        

TPB             
        

          
     ]2.[   

         
          

     .  
         

          
         

 ]17.[       
          

         ]2.[
       /

    ]18[    
          

     ]2.[  
        

         
         

   SOFC  
        ]19.[

    ]20[)TPB 
]2[(/    ]20.[ 

        ]21[
        

    ]2[ 
    ]21[  

       ]22[ 
   ]14[    
]2123[  .    

       
]17[        

        
 ]21.[
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          
     Pt Rd Ru Pd 

 )wt.%5-1(    
 SOFC       

     ]3.[Pt   
     ) (

 )LT-FC (]24[    ]25[
    Pd   ]26.[

Ru          
]27[.        

        Pd 
        

     H2)     
 (         

           
      PdHx

)607/0<x<015/0(  ]26.[ 
 Pd  CeO2   

       CeO2 
       ]28.[

  Pd  Ni/GDC  
  YSZ    )°C 900-650(

       
 ]29[     

 Pd      ]30.[ 
         

    )   
 (  ]31[    

   ]32[     
]14[   )    

(   ]2.[   
         

      ]21.[ 
        Ni 

Pt Pd   °C 800-700 ]14.[ 
    Pd    ]21[ 

          

 Pd      
Ni/GDC     . 

   Pd  Pd  
     cm21 mol 1

  .       
mWcm2100 ]21[ Pd  

 )Stack (  kW 1 10/17) 
  Pd  500 ]25([  .

   Pd     
    Ni/GDC  . 

          
   °C 600-400    
  YSZ GDC   
Pd   Ni/GDC  
 H2   .

2-    

GDC20 )Ce0.8Gd0.2O2-(    
Gd2O3CeO2)Kojundo Chemical 9/99%

 (°C 1200 2   .
     -   

    .    
°C 1400 5       

GDC20    93%   
15    400-300~    .

 NiO/GDC20    
 NiO )Kojundo Chemical 97/99%

 (GDC20 )   6/0:4/0(  
rpm5002   
     1    .

 NiO0.6-GDC0.4        
  LT-SOFC   .  

          
        .  

°C 1350  2      
  NiO/GDC )NiO/GDC20( 
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 -  

      
JEJEM-2100F(UHR)(  

  )Bright Field: BF (

      
 /     

Ultrathin Carbon/Holey Support on Copper Grid(
      

 )XPSESCALAB 220-IXL (
  MgK)eV 6/1253h=( 

   Pd 3d    

         
    .

 

    
     
       

       XRD 
      

     
   15/0% 

   .  
     

 EDS      
  .XPS Pd 3d 
NiO/GDC      
2(  4/3411/336

       
Pd 3d3/2 )2/342    (
3   ( PdO 

   14 1392

   15~  

  )PdCl2Merck (
Ni/GDC   

    
     

 °C 600 1  
     
      

01/0   .
 148  

03/013/0mg/cm226/0
  D-0 D-1 D-4 D-8(

      
Working Electrode: WE( 

Counter Electrode: CE(   
   

   °C 600-400  
      

     
°C 600 h1  .

     
    )AFM (

VEECO Dimension 3100+Nanoscope V7(
Tapping    

Hz 996/0  
    

   
 -R (     

-A(      
Philips XL30S FEG, SEM(

 .  
 Digital Micrograph 

     
.   EDS 

Energy Dispersive Spectroscopy(   
    

  
)HR-TEM EOL

kV 200  
 .

   
   

)on Copper Grid

  .
 

    
torr 9-10  

   .

1: 


3-  

3-1-
  
  

 )XRD( 
  
  

   
D-8  

 
  

 XPS 
O/GDC

D-8) 
    

  
Pd 3d5/2 )9/336
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5/0 
  .

  1/0 
  C

  .  
NiO/GDC   .

   . 
 .   
.   

    
 NiO/GDC 

  
)  

 .   
    )e: WE

)Electrode: CE

)Reference Electrode(
    
    

) 1(   
 )In-situ (
   

    
)n 3100+Nanoscope V7

 .  
m/s 99/1   
m21×1  . 

   
  )  

)   AT

 )EG, SEM

  
    

)  100  ( 
ImageJ1.45s  

)ispersive Spectroscopy

 . 
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 .    
      Z  

         
       

AFM   
  28-4  
  Ni/GDC   

25/0   .  
  7/0-15/0 

      
     
        

)a(

)b(
AFM D-1-Ra( b(.
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XPS   
   

     
[PdCl4)PdCl2HCl (

    
    
     

  .   
     

XPS]36[  .  
]33[  2  

   °C 880-200 
PdO   
    

.

Pd 3dD-8 
  .

     
Scanning Pr(   

  SOFC    
3[AFM   

      
      

      
AFMNi/GDC    

    
     

3   . a3
 )Topography (  
Amplitude( / 

   
   

    
  

  .M

  
    

 5/0-5
  
   

   
    

.

3:

 i/GDC

   
 ]33[ .
    

    4]2-

]34[   
  ]35[

   
  ) 2(

    
  S

    ]
   

]37[  dO

    
)   (  

2:3d

  

     
)robe Microscopy: SPM

     
   ]38

      
    
   

 ]39[ FM

 )D-1-R (
   

      
)Height (  

  b3 )plitude
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 NiO Ni    
  40] %4041 [   

  .     
NiO/GDC         NiO 
  ]42.[ 4 SEM  

/       H2  
  Ni/GDC) -R(    

      .  a4 
         NiO

Ni         .
      Ni/GDC   

)D-0-R( 300     43
  .       

) a4(         
b-d4       

         .
         

D-1-R D-4-R D-8-R  153027
 .       

     .  
        

) b4(         
]43[  .  

     ) c4( 
      .  

    ]44[  
  ]43[       

) d4(        
        

        
  .EDS )    

  (D-8-R   5    
         . 

        EDS 
  D-8-R     

.

)a(

)b(

)c(

)d(
4:SEM  :a(D-0-R 
b(D-1-R c(D-4-R d(D-8-R.
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5: SEM-EDS D-8-R.

 6 TEM-BF D-1-R    
   . TEM   

   a-b6     
)Diffraction Contrast(    

   Ni/GDC     
  .   SEM 

     .  
     100   4/14

        
SEM )15 ( .  a6 

          b6
      

  Ni/GDC      . 
    )Phase Contrast(  

      Ni ) 
  (  GDC ) 
 (      b6

    . HR-TEM   
   )Phase Contrast(   

   ) nm 2/0(   
       .

HR-TEM   c6   ) 
        b6  (

         
            

      .  
  c6        

  )nm 22/0(   {111} 
 )Pd0(      

)Full Face Centered Cubic: FCC (  . 
   (111)   FCC   

       .
FFT )Fast Fourier Transform (    

     c6    Pd0
  <011>  FCC ) d6.(

    )Diffractogram (  d6
     }111 { }200 {  

  FCC         
     .    

     )bulk (  
        Pd0

 .      
     D-8-R XPS 

) 7(    2      
      Pd 3d     
  .      

    Pd 3d     
     PdO    
 )Screening (     

]37[        .
        Pd 3d3/2 

)03/340 43/340    (    
      /   

Pd 3d5/2      .  
  30/340     03/335 

      Pd 3d3/2 )4/340 
   (Pd 3d5/2 )1/335    (
 Pd0]33[    .

       
 )TEM (   )XPS( 

   °C 600     
PdO Pd0         
700       PdO )

   27%PdO (    
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Dc(HR-TEM 
   c.

    Ni 
  / H2  

      .
GDC      
]46[     

GDC]47[    Ni 
  GDC Ni   

316 ) a8.(
    /   
  Ni  

    . 
D-1-AT ) b8(D-4-AT ) 

 d8(  19275/20
  )   

      

   14 1392

6:a(TEM D-1-R b(TEM    D-1-R

    bd(FFT   

 . 8 SEM 
Ni/GDC     

    
 AT (   
 .

D-8-R    .

     
/44   ) a8(

   
)  (

Ni/NiO]45[ 
   

  °C 750 
   C

  .
 219 6

  
  

  
  

c8(D-8-AT )
  .

  (

87 

6

  ]30[  
 i/GDC

   
°C 600-400 )
 4  

7:Pd 3d 

  D-0-AT
 )43( 5/
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d(D-8-AT.

      
  AE   .

HR-SEM D-8-AT    
 GDC C,D (- 

GDC E( Ni.

AB   
GDC  CD 

   GDC   E
    Ni 

  ABC   
PdNi    

Ni/GDC.....    14 1392 

8:SEM  :a(D-0-AT b(D-1-AT c(D-4-AT

    ]43[
    
    ) 

(  ) d8.(
 Pd  H2

    
 ]21.[ 

H     
 °C 600-400  
]48[    

    Pd ]48[
650]30[ SOFC 

  Pd   
   Pd 
   100 

      
     40

HR-SEM     

D-8-AT   
  

9:
 :A,B (



  A

   
   
  

 . 
 d

 i/GDC

) b8(   
) ( 

     
   

    
   

  
   H2

Pd   
Pa 11-10-17-10  
Pa 5-10-10-10 

 Pa 950-0
 .   

SOFC   
     

  ]30[ 
    

   . 9
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 -  

  ]26[ Pd0 
     H

      
     

 O2- .  
     

   Ni/GDC 
 H2  LT-SOFC  

 H    
O       

 Spill-Over   
  LT-SOFC .

     

 Ra     
      .

      
  Ni/GDC /

       
 °C 500    .

       
  . Ra 

DD-4 D-8  .cm296/37
.cm31/12.cm238/0 .

   )    
     

     )15
(    

-1     .Ra 
      

      
) c11 .(  67%Ra

 ) a11 (
      
30 27    .

1      
%Ra    
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     
    GDC 

       
)  (  

  Ni  
  Pd 

. 10XPS Pd 3d 
    .

Pd 3d D-8-AT 
   .

)Deconvolution( 
     

      
 10     

  Pd 3d5/2 
 77/336   

    Pd0

  -PdOx/Pd (
 Pd 3d -

 1/335    
  )Pd 3d3/2(

      
     

03/55 PdO 
Pd 3d   

   
  12  

   Pd0 
   Pd0

Spill   )

 PdHx( 
  

 .PdO 
  

   
 

 Pd 
 
   

  O2-

  
  

3-2- 
 

    
 a-d11  

)Nyquist (
  

H2
Ra   

   
D-0 D-1

.cm285/65m2

Ra 
a-b11(  

    
 19

  3-
  
  

 D-4

   
 .  

   
  d11
 100
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   .
    
   . 

   
Ni/GDC   

     
Ni    
D-8-AT   

10:3d

   

   
    

)   
 ( .XPS 

)Doublet ( Pd 3d

1/335   
    

)   
PdO ]33[ . 

PdOx/Pd   
)Pd 3d5/2 ( 40/340  

   
]33.[ 

  Pd0 
97/44  
  .  

   
   45

PdO    . 
   l-Over
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D-4d(D-8.

Ni/GDC    
      

      .

    POSTECH 
  S.H. Oh 

AEMNG.Y. Shin  TEM 
  XPS   

        
      .

[1] A.J. Moulson, J.M. Herbert, "Electroceramics: Materials, 
Properties, Applications", Wiley and Sons Ltd
[2] Z. Jiang, C. Xia, F. Chen, Electrochimica Acta
3595. 
[3] S.P. Jiang, S.H. Chan, Journal of Materials Science
2004, 4405. 
[4] J. Larminie, A. Dicks, "Fuel Cell Systems Explained
Wiley and Sons Ltd, England, 2003. 
[5] F.Y. Wang, S. Chen, Q. Wang, S. Yu,
Today, 97, 2004, 189. 
[6] C. Sun, U. Stimming, Journal of Power Sources
2007, 247. 
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11:    :a(D-0b(D-1c(4

      .
    

TPB   
  (   

     
   
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