
CHAPTER V
RESULTS AND DISCUSSION

T h e  e x p e r im e n t  w a s  p e r f o r m e d  a t  8 0 0 ° c  a n d  b o th  c o -a n d  c o u n te r - f lo w  c o n ­
f ig u r a t io n s  w e r e  in v e s t ig a te d .  A s  m e n t io n e d  p re v io u s ly  in  c h a p te r  I I ,  th e  p e r f o r m ­
a n c e  o f  S O F C  is  m e a s u r e d  b y  I -V  c u rv e ,  a  r e la t io n  b e tw e e n  c u r r e n t  d e n s i ty  ( A /c m 2) 
a n d  v o l ta g e  (V ) . I t  is  n o te d  th a t ,  p e r f o r m a n c e s  o f  b o th  CO- a n d  c o u n te r - f lo w s  c a n n o t  
b e  c o m p a r e d  b e c a u s e  th e  c e l l  p e r f o r m a n c e s  w e r e  g ra d u a l ly  d e g r a d e d  e v e r y d a y .  T h is  
is  d u e  to  a  d e g r a d a t io n  o f  s ta in le s s  a n o d ic  tu b e  th a t  s u p p l ie s  fu e l  to  th e  c e ll .  T h e  
s im i la r  r e p o r t  w a s  a ls o  p u b l i s h e d  b y  M a r q u e z  e t a l.,  2 0 0 7 . T h e y  f o u n d  th a t  a f te r  o p ­
e r a t in g  o n  s y n g a s  ( H 2, N 2, C O  a n d  H 2O  m ix tu r e ) ,  th e r e  w a s  a n  e f f e c t  n o t  o n ly  in  th e  
c e l l ,  b u t  a l s o  in  th e  a d d it io n a l  c o m p o n e n ts  o f  th e  s ta c k ,  w h e re  th e  s im u l ta n e o u s  in j e c ­
t io n  o f  C O . M o r e o v e r ,  in c r e a s e d  w a te r  c o n te n t  c a u s e d  th e  s y s te m  to  d e g r a d e  a t  a  
h ig h  ra te .

5.1 Effect of Fuel Rate
T h e  e x p e r im e n ta l  c e l l  p e r f o r m a n c e s  fo r  v a r io u s  fu e l  f lo w  r a te s  in c lu d in g  b o th  

CO- a n d  c o u n te r - f lo w s  a re  i l lu s t r a te d  in  F ig . 5 .1 (a )  a n d  (b ) ,  r e s p e c t iv e ly .  O n ly  H 2 w a s  
u s e d  a s  fu e l  a n d  v a r ie d  w h i le  a i r  w a s  k e p t  a s  c o n s ta n t  a t  1 0 0  m L /m in .  E v id e n t ly ,  
f r o m  F ig . 5 .1 ,  th e  c e l l  p e r f o r m a n c e  is  g r e a te r  a s  in c r e a s in g  fu e l  f lo w  r a te  d u e  to  a  b e t ­
t e r  s u p p ly  to  e le c t r o c h e m ic a l  r e a c t io n  s ite s .  T h e r e f o r e ,  m o r e  c u r r e n t  c a n  b e  p r o d u c e d  
a n d  a  c o n c e n t r a t io n  p o la r iz a t io n  is  d e c re a s e d .  T h e  r e s u l ts  a l s o  in d ic a te  th a t  th e  o c v  
s l ig h t ly  in c r e a s e s  a t  h ig h e r  f lo w  r a te s  f r o m  1.1 to  1 .1 7 8  V  f o r  th e  c o - f lo w  a n d  1 .0 9 9  
to  1 .1 7 6  V  f o r  th e  c o u n te r - f lo w . A  s im i la r  e f f e c t  w a s  r e p o r te d  b y  S u w a n w a r a n g k u l  e t  
al. 2 0 0 6  a n d  C u n n in g h a m  e t a l.,  2 0 0 4 .
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Figure 5.1 Experimental (a) co-flow and (b) counter-flow cell performances 
using various fuel flow rates.

5.2 Effect of Air Flow Rate
Fig. 5.2 shows the experimental cell performances of both CO- and counter- 

flows for various air flow rates while fuel flow rate was kept as constant at 200 
mL/min, and only แ 2 was used as fuel. The results indicate that the air flow rate does
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n o t  a f f e c t  to  th e  c e l l  p e r f o r m a n c e .  T h e r e f o r e ,  th e  c e l l  p e r fo rm a n c e s  o f  b o th  CO- a n d  
c o u n te r - f lo w s  s ti l l  g iv e  t h e  s a m e  e v e n  o p e r a t in g  a t  a  h ig h e r  a i r  f l o w  ra te . T h is  im ­
p l ie s  t h a t  a t  th e  lo w e s t  f l o w  ra te  o f  1 0 0  m L /m in ,  0 2 is  e x c e e d in g  fo r  a n  e l e c t r o ­
c h e m ic a l  r e a c t io n  a n d  a i r  d o e s  n o t  a c t  a s  a  c o o l in g  f lu id  s in c e  i f  i t  w a s ,  a t  h ig h e r  f lo w  
r a te ,  t h e  c e l l  p e r f o r m a n c e  w o u ld  d e c r e a s e  b e c a u s e  o f  a  r is in g  o f  a c t iv a t io n  a n d  o h m ic  
o v e r p o te n t i a ls  d u e  to  a  d e c r e a s e  o f  th e  c e ll  t e m p e r a tu r e ,  r e s u lt in g  in  a  d e c r e a s e  in  th e  
c e l l  p e r f o r m a n c e .  In  c o n t r a s t  w i th  L e n g  e t a l.,  2 0 0 4 ,  th e y  fo u n d  t h a t  a t  h ig h  c u r r e n t  
d e n s i ty ,  th e  a i r  f lo w  r a te  a f f e c te d  s ig n i f ic a n t ly  t o  th e  c e l l  p e r fo rm a n c e .

Figure 5.2 E x p e r im e n ta l  c e l l  p e r f o r m a n c e s  u s in g  v a r io u s  a ir  f l o w  r a te s  f o r  b o th  
c o - a n d  c o u n te r - f lo w s

5.3 Effect of N2 Dilution
A  m ix tu r e  o f  H 2+ N 2 is  u s e d  a s  fu e l  a n d  f ix e d  i ts  f lo w  ra te  o f  2 0 0  m L /m in  in  a ll  

c a s e s .  F ig u r e s  5 .3  ( a )  a n d  (b )  s h o w  th e  e x p e r im e n ta l  c e l l  p e r fo rm a n c e s  o f  v a r io u s  
H 2+ N 2 c o m p o s i t io n s  f o r  c o - f lo w  a n d  c o u n te r - f lo w ,  r e s p e c tiv e ly . F r o m  th e  f ig u r e  a  
h ig h e r  % N 2 c a u s e s  a  d e c r e a s e  in  t h e  c e ll  v o l ta g e  b e c a u s e  th e  o c v  d e c r e a s e s  a s  a  
p a r t ia l  p r e s s u r e  o f  H 2 d e c r e a s e s ,  a c c o r d in g  to  th e  N e r n s f  s e q u a t io n  ( E q u a t io n  2 -6 )  
d e r iv e d  f ro m  th e  th e r m o d y n a m ic  a s p e c t .  M o r e o v e r ,  N 2 i s  a c t in g  a s  a n  in e r t  g a s  th a t  
c a n  r e t a r d  t h e  d if f u s io n  o f  FI2 f ro m  th e  b u lk  to  a n  a n o d e  su rfa c e . T h e r e f o r e ,  i f  a  h ig h
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a m o u n t  o f  N 2 is  p r e s e n t ,  H 2 h a s  le s s  c a p a b i l i ty  to  e v e n ly  d is t r ib u te  o v e r  th e  e n t i r e  
e le c t r o d e  a n d  to  r e a c t io n  s ite s . A s  a  r e s u l t ,  th e  c e l l  p e r fo r m a n c e  is  d e c r e a s e d  w i th  
h ig h e r  % N 2 d i lu t io n .  H o w e v e r ,  th e  im p a c t  o f  N 2 d i lu t io n  is  m o d e s t  a n d  th e  c e l l  p e r ­
f o r m a n c e  d e c r e a s e s  a b o u t  2 9 .8 %  f o r  th e  c o - f lo w  a n d  3 5 .3 %  fo r  th e  c o u n te r - f lo w  a t
0 .7  V  w h e n  % N 2 in c r e a s e s  f ro m  0  to  8 0 %  d ilu t io n . T h is  re s u l t  is  c o in c id e d  w i th  รน - 
w a n w a r a n g k u l  e t al.

(a)

Figure 5.3
(b)

E x p e r im e n ta l  ( a )  c o - f lo w  a n d  (b )  c o u n te r - f lo w  c e l l  p e r f o r m a n c e s  
u s in g  v a r io u s  H 2+ N 2 c o m p o s i t io n s .
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5.4 Effect of CO2 Dilution
F ig u r e s  5 .4  ( a )  a n d  (b )  s h o w  th e  c e l l  p e r f o r m a n c e s  u s in g  v a r io u s  H 2+ C O 2 

c o m p o s i t io n s  fo r  b o th  CO- a n d  c o u n te r - f lo w s ,  r e s p e c t iv e ly .  A  m ix tu r e  o f  H 2+ C O 2 w a s  
u s e d  a s  fu e l  a n d  % c c >2 w a s  v a r i e d  u p  to  8 0 % . T h e  r e s u l ts  o f  b o th  CO- a n d  c o u n te r ­
f lo w s  im p ly  th a t  t h e  e f f e c t  o f  C O 2 d i lu t io n  is  g r e a te r  th a n  th a t  o f  N 2 d i lu t io n  b e c a u s e  
t h e  c e l l  p e r f o r m a n c e  w i th  H 2+ C O 2 is  lo w e r  th a n  th a t  w ith  H 2+ N 2 f o r  t h e  s a m e  %  d i ­
lu t io n . S im i la r  r e s u l t s  w e re  r e p o r te d  b y  C o s ta - n u n e s  e t a l, 2 0 0 5  a n d  J ia n g  a n d  V irk a r ,  
2 0 0 3 . T h e y  f o u n d  th a t  th e  c e l l  p e r f o r m a n c e  o f  C O + N 2 s y s te m  w a s  g r e a te r  th a n  
C O + C O 2 s y s te m . I n  th i s  c a s e ,  a t  0 .7  V , th e  c e l l  p e r fo r m a n c e  d e c r e a s e s  a b o u t  7 4 %  f o r  
b o th  CO- a n d  c o u n te r - f lo w s  w h e n  % c c >2 in c r e a s e s  u p  to  8 0 % . M o r e o v e r ,  th e  o c v  o f  
b o th  CO- a n d  c o u n te r - f lo w s  s ig n i f ic a n t ly  d e c r e a s e  a b o u t  2 5 % . T h is  is  l ik e ly  d u e  to  th e  
im p a c t  o f  W G S  r e a c t io n  ( E q u a t io n  2 -4 )  w h ic h  s t r o n g ly  in f lu e n c e s  th e  e q u i l ib r iu m  
c o m p o s i t io n  o f  H 2+ C O 2 m ix tu r e  a n d  is  c a ta ly z e d  b y  a n o d ic  N i .  T h e  W G S  r e a c t io n  
c a n  c o n v e r t  แ 2 a n d  C O 2 b a c k  to  H 2O  a n d  C O  ( S u w a n w a r a n g k u l  e t a l ., 2 0 0 6 .) ,  le a d ­
in g  to  a  le s s  p a r t ia l  p r e s s u r e  o f  แ 2 a t  a n o d e ,  r e s u l t in g  in  a  l o w e r  o c v ,  a c c o r d in g  to  
N e m s t ’s  e q u a t io n ,  a n d  d e c r e a s in g  th e  c e ll  p e r fo rm a n c e .
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Figure 5.4 Experimental (a) co-flow and (b) counter-flow cell performances 
using various H2+CO2 compositions.

5.5 Effect of H2/CO Composition
Figures 5.5 (a) and (b) show the cell performances using various H2+CO 

compositions for both CO- and counter-flows, respectively. H2+C0  compositions 
were diluted with 50% N2 to reduce the rate of carbon formation. The results reveal 
that the impact of CO on o c v  and the cell performance is relatively small, o c v  de­
creases about 8 % for the co-flow and about 7% for the counter-flow, whereas the cell 
performance at 0.7 V decreases about 35% and about 31% for the CO- and the 
counter-flows, respectively, when CO content increases up to 80%. This relatively 
small impact also coincides with simulation results studied by Lnui e t a l ,  2006 and 
experimental results obtained by Suwanwarangkul e t a l ,  2006. A decrease in the 
cell performance is likely due to a slow rate of CO oxidation which is 2 to 3 times 
less than H2 oxidation on Ni-YSZ cermet anode. (Suwanwarangkul. et al, 2006). In 
contrast with Costa-nunes e t a l ,  2005, they described that Ni was a good CO oxida­
tion catalyst by itself, the lower performance of Ni-YSZ cell for CO fuel cannot be 
ascribed to poor catalytic activity within the anode. One possible explanation is that 
the combustion reactions involve fuel molecules adsorbed on the oxide surface at or
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n e a r  th e  t r ip le - p h a s e  b o u n d a r y  (T P B ) . H y d r o g e n  a d s o rb s  d is s o c ia t iv e ly  o n  N i  a n d  it 
is  p o s s ib le  t h a t  H  a to m s  “ s p i l lo v e r ”  o n to  Y S Z  w h e r e  o x id a t io n  ta k e s  p la c e . In  c o n ­
t r a s t  to  H  a to m s ,  s p i l lo v e r  o f  C O  a d s o r b e d  o n  a  m e ta l  to  a n  o x id e  s u p p o r t  g e n e ra l ly  
d o e s  n o t  o c c u r .

(a)

( b )
F i g u r e  5 .5  E x p e r im e n ta l  ( a )  c o - f lo w  a n d  (b )  c o u n te r - f lo w  c e l l  p e r f o r m a n c e s  

u s in g  v a r io u s  H 2+ C O  c o m p o s i t io n s .
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5.6 Effect of Simulated Syngas Composition
Compositions of syngas from literatures, such as bio-oil syngas (Davidian, e t 

a l., 2006), biomass syngas (Cordiner e t a l ,  2007), glycerol reformate (Zhang e t a l ., 
2006) and coal syngas (Yi e t a l ,  2005) are used as fuels in this case and listed in Ta­
ble 4. The experimental cell performances using various syngas compositions for both 
CO- and counter-flows are presented in Fig. 5.6 (a) and (b), respectively.

Table 5.1 Compositions of simulated syngas. (% mol, dry basis)
Fuel %h 2 %CO % c o 2 %n 2

FI 1 0 0 0 0 0

F2 42 0 0 58
F3 42 0 14.25 43.75
F4 Bio-oil syngas 42 18.75 14.25 25
F5 Biomass syngas 42 29.25 3.75 25
F6 Glycerol reformate 51.75 1.5 21.75 25
F7 Coal syngas 27 34.5 13.5 25
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F i g u r e  5 .6  E x p e r im e n ta l  ( a )  c o - f lo w  a n d  (b )  c o u n te r - f lo w  c e l l  p e r f o r m a n c e s  
u s in g  v a r io u s  s y n g a s  c o m p o s i t io n s

A s  e v id e n t  f r o m  F ig  5 .6  ( a )  a n d  ( b ) ,  th e  r e s u l ts  r e v e a l  t h a t  th e  c e l l  p e r f o r m ­
a n c e s  u s in g  v a r io u s  s y n g a s  c o m p o s i t io n s  ( F 4 - F 7 )  a r e  r e la t iv e ly  th e  s a m e . F u e l  F I  
c o n s is t in g  o f  p u re  FÎ2 p r o v id e s  th e  h ig h e s t  p e r fo rm a n c e .  In te r e s t in g ly ,  F 4  h a s  a  b e t te r  
p e r f o r m a n c e  th a n  F 3 , th u s ,  i n d ic a t in g  th a t  th e  r e v e r s e  W G S  r e a c t io n ,  a s  m e n t io n e d  
p r e v io u s ly ,  c a n  b e  s u p p r e s s e d  b y  a d d in g  C O  to  th e  s y s te m . E x p e c te d ly ,  F 5  p r o v id e s  
a  g r e a te r  p e r f o r m a n c e  th a n  F 4 , F 6  a n d  F 7  b e c a u s e  i t  c o n ta in s  le s s  C O 2, w h e r e a s  F 7  
h a s  a  s l ig h t ly  h ig h e r  p e r f o r m a n c e  th a n  F 4  d u e  t o  a  s l ig h tly  lo w e r  C O 2 in  F 7 . F in a l ly ,  
e v e n  th o u g h  th e  h ig h e s t  H 2 c o n te n t  is  u s e d , th e  lo w e s t  p e r f o r m a n c e  c a n  b e  o b ta in e d  
w h e n  u s in g  F 6  a s  a  fu e l  b e c a u s e  o f  i ts  h ig h  C O 2 c o n te n t .  T h e r e f o r e ,  in  t h e  s y n g a s  
s y s te m , i t  c a n  b e  c o n c lu d e d  th a t  C O 2 h a s  a  g re a t  im p a c t  o n  th e  c e l l  p e r f o r m a n c e  a n d  
i f  i t  is  r e m o v e d  b e f o r e  th e  s y n g a s  e n te r s  in to  th e  S O F C , th e  c e l l  p e r f o r m a n c e  c o u ld  
b e  f u r th e r  in c re a s e d .  O n  th e  o th e r  h a n d ,  th e  p r e s e n c e  o f  C O 2 h e lp s  p r e v e n t  c a rb o n  
f o r m a t io n  f ro m  th e  B o u d o u a r d  r e a c t io n  ( E q u a t io n  2 - 5 )  o n  th e  a n o d e . T h u s ,  a  t r a d e ­
o f f  m u s t  b e  m a d e  t o  m a x im iz e  c e l l  p e r f o r m a n c e  a n d  a n o d e  d u ra b il i ty .  (S u w a n -  
w a ra n g k u l  e t a l., 2 0 0 6 )
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5.7 Cell Inspection After Operation
O n c e  a n  e x p e r im e n t  w a s  c o m p le te d ,  th e  e le c t ro c h e m ic a l  c e l l  w a s  v is u a l ly  i n ­

s p e c te d . T h e  a n o d e  s id e  o f  t h e  c e l l  a f t e r  o p e ra t io n  is  s h o w n  in  F ig . 5 .7  ( a )  a n d  (b ) . A s  
c a n  b e  s e e n ,  th e  w o r k in g  a n o d e  n e a r  th e  fu e l  o u t l e t  s h o w s  a  s l ig h t  d is c o lo r a t io n  
w h ic h  c a n  b e  e x p la in e d  b y  a  N i - d e p le t io n ,  w h ile  a  p o r t io n  o f  s u r f a c e  n e a r  t h e  fu e l  
in le t  w a s  d e la m in a te d .  A  s im i l a r  p h e n o m e n o n  w a s  r e p o r te d  b y  W e b e r  e t  a l . , 2 0 0 2 .

(a) (b)
Figure 5.7 A n o d ic  s id e  o f  t h e  o n e - c e l l  s ta c k  a f te r  o p e r a t io n  o n  ( a )  a n o d e  a n d  P t  

m e s h  a n d  ( b )  a n o d e  s u r f a c e

S E M  im a g e s  o f  a n o d e  s u r f a c e  b e f o r e  a n d  a f t e r  e x p e r im e n t  a r e  p r e s e n te d  in  
F ig . 5 .8  ( a )  a n d  (b ) ,  r e s p e c t iv e ly .  T h e y  a r e  e v id e n t  t h a t  th e  s u r f a c e  m o r p h o lo g ie s  o f  
t h e  c e l l  a f t e r  t e s te d  s ig n i f i c a n t ly  d i f f e r  f r o m  th a t  o f  t h e  f re s h  c e ll .  T h is  is  l ik e ly  s im i ­
l a r  to  p r e v io u s  r e p o r t s  ( T r e m b ly  e t a l., 2 0 0 6  a n d  M a r q u e z  e t a l ,  2 0 0 7 ) .  E D X  s p e c t r a  
o f  a n o d e  s u r f a c e  b e f o r e  a n d  a f t e r  e x p e r im e n t  a re  p r e s e n te d  in  F ig . 5 .9  (a )  a n d  ( b ) ,  
r e s p e c t iv e ly .  E D X  a n a ly s i s  s h o w s  a  r i s in g  o f  c  p e a k  o n  th e  a n o d e  s u r f a c e  a f t e r  e x ­
p e r im e n t ,  c o n f i r m in g  th a t  t h e r e  w a s  c  s u b s ta n t ia l ly  d e p o s i t s  o n  th e  a n o d e  s u r fa c e . 
T h is  m a y  c a u s e  p e r f o r m a n c e  d e g r a d a t io n  b y  o n e  o r  m o r e  m e c h a n is m ,  f o r  e x a m p le ,  
c a rb o n  m a y  b lo c k  a n o d e  p o re s .  A l te r n a t iv e ly ,  th e  c o k e  b u i ld u p  m a y  le a d  to  v o lu m e  
e x p a n s io n  a n d  c o n s e q u e n t  m ic r o - c r a c k in g ,  p r e s u m a b ly  l e a d in g  to  a n  in te r r u p t io n  o f  
a n o d e  c u r r e n t  c o l le c t io n  p a th w a y  (L in  e t a l ,  2 0 0 5 ) . F r o m  o u r  o b s e r v a t io n ,  th e  e x p la ­
n a t io n  is  th a t  c  d e p o s i t io n  c a n  o c c u r  a t  8 0 0 ° c  a n d  o p e n - c i r c u i t  c o n d i t io n  w h ic h  c o ­
in c id e s  to  o u r  o p e r a t in g  c o n d i t io n ,  w h e r e a s  u n d e r  c lo s e - c i r c u i t  c o n d i t io n  ( c u r r e n t
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d r a w in g ) ,  c o k in g  is  s u p p r e s s e d  b y  a  s u b s ta n t ia l ly  o x y g e n  io n  c u r r e n t  a n d  r e la t iv e ly  
h ig h  c o n c e n t r a t io n  o f  r e a c t io n  p r o d u c ts ,  H 2O  a n d  C O 2, w i th in  a n  a n o d e  (L in  e t a l., 
2 0 0 3 )  w h ic h  c a n  b e  w r i t t e n  th e i r  r e a c t io n s  a s  f o l lo w s ;

C + 2 0 2- — >C02 + 4e (5-1)

C 0 2 + c —>2CO (5-2)

h 2o  +  c — >h 2 +CO (5-3)

T h is  e x p la n a t io n  i s  s u p p o r te d  b y  th e  r e s u l t s  o f  th e  w o r k  o n  d i r e c t  o p e r a t io n  o f  
SOFC w ith  m e th a n e  w h e r e  i t  is  f o u n d  th a t  c  d e p o s i t io n  d o e s  n o t  o c c u r  a t  a n o d e  u n ­
d e r  h ig h  c u r r e n t  d e n s i ty  c o n d i t io n ,  w h e r e a s  u n d e r  lo w  c u r r e n t  d e n s i ty  c o n d i t io n ,  s u b ­
s ta n t ia l  d e p o s i t io n  i s  f o u n d  a t  a  r e g io n  n e a r  t h e  s u r f a c e  o n ly ,  w h i le  a  r e g io n  n e a r  th e  
e l e c t r o ly te  is  n o t  (L in  e t a l.,  2 0 0 5 ) .

(a) ( b )
F i g u r e  5 .8  S E M  im a g e s  o f  a n o d e  s u r f a c e  o f  ( a )  f re s h  c e l l  a n d  (b )  c e l l  a f t e r  e x  

p é r im e n t  a t  7 5 0 0  o r d e r  o f  m a g n i tu d e
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(b)

Figure 5 .9  E D X  s p e c t r a  o f  a n o d e  s u r f a c e  o f  (a )  a  f r e s h  c e l l  a n d  (b )  th e  c e l l  a f t e r  
e x p e r im e n t .

5.8 Modeling and Simulation Results
T h e  c e l l  p e r f o r m a n c e s  o f  s im u la te d  s y n g a s  ( F 4 - F 7 )  f o r  c o - f lo w  a re  p r e s e n te d  

in  F ig . 5 .1 0 . A s  e v id e n t ,  u s in g  v a r io u s  s y n g a s  c o m p o s i t io n s ,  t h e  r e s u l ts  s h o w  a  q u a l i ­
t a t iv e  a g r e e m e n t  ( s im i la r  t r e n d )  w i th  th o s e  o b ta in e d  in  th e  e x p e r im e n t  (F ig . 5 .6 a ) .  I t  
i s  im p o r ta n t  to  n o te  th a t  s in c e  th e  m o d e l  is  o n ly  2 D  w h ic h  n e g le c t s  th e  e f f e c t  o f  r ib  
w id th  a n d  b a s e  o n  m a n y  a s s u m p t io n s ,  a s  d e s c r ib e d  in  c h a p te r  4 ,  h e n c e ,  o n ly  th e  t r e n d  
o f  th e  c e l l  p e r f o r m a n c e  th a t  m o d e l  c a n  b e  p r e d ic te d ,  d o e s  n o t  g iv e  th e  e x a c t  v a lu e .
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Figure 5.10 T h e  c e l l  p e r f o r m a n c e s  o f  s im u la te d  s y n g a s  f o r  c o - f lo w  m o d e l .

I t  is  in te r e s t in g  th a t  t h e  c e l l  p e r f o r m a n c e s  f r o m  th e  e x p e r im e n t  a r e  q u i te  d i f ­
f e r e n t  f r o m  th e  m o d e l .  T h e  f o r m e r  is  q u i te  l in e a r  w h ic h  in d ic a te s  t h a t  o h m ic  p o la r i ­
z a t io n  is  d o m in a n t  s o u r c e  o f  th e  p o la r iz a t io n .  T h is  m a y  b e  d u e  t o  a  r e s i s ta n c e  o f  
t r a n s p o r t a t io n  o f  o 2' th r o u g h  a n  e le c t r o ly te ,  a n d  c u r r e n t  f lo w  th r o u g h  a l l  s ta c k  c o m ­
p o n e n ts .  T h e  la t te r ,  f r o m  th e  m o d e l ,  is  a  l i t t le  c u r v a tu re .  T h e  e x p la n a t io n  is  th a t  a t  
lo w  c u r r e n t  d e n s i ty ,  a c t iv a t io n  p o la r iz a t io n  is  d o m in a n t  a n d  th e n  o h m ic  p o la r iz a t io n  
i s  d o m in a t in g  a t  h ig h  c u r r e n t  d e n s ity .

A s  e x p la in e d  a b o v e ,  o n e  p o s s ib le  w a y  to  v a l id a t e  th e  m o d e l  i s  to  a s s u m e  th a t  
a n  e le c t r o ly te  r e s i s ta n c e  p la y s  a n  im p o r t a n t  r o le  in  th e  c e l l  p e r f o r m a n c e  c u rv e . T h e r e ­
f o r e ,  m o d e l  i s  v a l id a te d  b y  in c r e a s in g  t h e  e le c t r o ly te  r e s i s ta n c e  a n d  f i t t in g  w i th  th e  
e x p e r im e n ta l  c e l l  p e r f o r m a n c e  f o r  F 4 . T h e  v a l id a te d  c e l l  p e r f o r m a n c e  a n d  th e  e x ­
p e r im e n ta l  r e s u l t s  a r e  c o m p a r e d  a n d  i l lu s t r a te d  in  F ig . 5 .1 1 . T h e  r e s u l t s  p r e s e n te d  th e  
s l ig h t ly  o v e r  e s t im a t io n  fo r  F 6  a n d  th e  u n d e r  e s t im a t io n  fo r  F 5 .
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Figure 5.11 C o m p a r is o n  b e tw e e n  th e  e x p e r im e n ta l  c e l l  p e r f o r m a n c e s  a n d  th e  
v a l id a te d  m o d e l  c e l l  p e r fo rm a n c e .

F r o m  th e  a b o v e  r e s u l ts ,  i t  h a s  a l r e a d y  b e e n  d e m o n s t r a te d  t h a t  t h e  c e l l  p e r ­
f o r m a n c e  m a y  n o t  b e  c o r r e c t ly  p r e s e n te d  b y  2 D  a lo n g  th e  f lo w  c h a n n e l  m o d e l .  N o n e ­
th e le s s ,  th e  o v e ra l l  r e s u l ts  s t i l l  g iv e  a  g o o d  id e a  o f  th e  p h e n o m e n a  o c c u r r in g  in  th e  
c h a n n e l .  A s  a  b a s is  o f  d is c u s s io n ,  o n ly  o n e  s y n g a s  c o m p o s i t io n  is  c o n s id e r e d  a n d  o p ­
e r a t in g  c o n d i t io n  p a r a m e te r s  a r e  l is te d  in  T a b le  5.

Table 5 .2  O p e r a t in g  p a ra m e te r s .

Flow configuration C o - f lo w

Fuel inlet temperature (K) 1 0 73

Air inlet temperature (K) 1 0 7 3

Operating pressure (atm) 1

Fuel inlet composition (%) 4 2  H 2 / 1 8 .7 5  C O  / 1 4 .2 5  C 0 2 /  2 5  N 2

Air inlet composition (%) 21  0 2 /  7 9  N 2

Fuel inlet flow rate (mL/min) 2 0 0

Air inlet flow rate (mL/min) 1 0 0

Cell voltage 0 .7 ,  0 .6 ,  0 .5



4 6

T h e  d is t r ib u t io n s  o f  s p e c ie s  c o n c e n t r a t io n  a t  th e  e le c t r o ly te / f u e l  c h a n n e l  in t e r ­
f a c e  a lo n g  th e  f lo w  c h a n n e l  fo r  th e  c o - f lo w  c o n f ig u r a t io n  a t  0 .7 ,  0 .6  a n d  0 .5  V  a re  
i l l u s t r a te d  in  F ig . 5 .1 2 . T h e  p r o f i le s  p re s e n t  th a t  g a s  c o n c e n t r a t io n  c h a n g e s  r a p id ly  
n e a r  t o  t h e  fu e l  in le t  r e g io n . T h is  i s  d u e  to  a n  im p a c t  o f  W G S  r e a c t io n  s in c e  a t  o p e r ­
a t in g  te m p e r a tu r e ,  t h e  W G S  r e a c t io n  ra te  is  v e ry  f a s t ,  th e r e f o r e ;  W G S  r e a c t io n  
r e a c h e s  b y  th e r m o d y n a m ic  e q u i l ib r iu m . S in c e  th e  fu e l  c o n ta in s  h ig h  a m o u n t  o f  H 2 
a n d  C 0 2, W G S  r e a c t io n  th u s  c o n v e r t s  H 2 a n d  C 0 2 b a c k  to  C O  a n d  H 20 ,  r e s u l t in g  in  
a  r a p id  d e c r e a s e  o f  H 2 a n d  C 0 2 a n d  a n  in c re a s e  o f  C O  a n d  H 20 .  O n c e  th e  W G S  r e a c ­
t io n  r e a c h e s  e q u i l ib r iu m , H 2 a n d  C O  a re  c o n s u m e d  f u r th e r  a lo n g  th e  f lo w  c h a n n e l  
m a in ly  v ia  e le c t r o c h e m ic a l  r e a c t io n s .  T h e  s u r f a c e  p lo ts  o f  fu e l  a n d  a i r  a lo n g  t h e  f lo w  
c h a n n e l  a t  0 .5 V  a r e  i l lu s t r a te d  in  F ig . 5 .1 3 .

F i g u r e  5 .1 2  G a s  c o n c e n t r a t io n  a t  th e  e le c t ro ly te / fu e l  c h a n n e l  in te r f a c e  a t  0 .7 ,  0 .6
a n d  0 .5  V .
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Max: 1.619e-3
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F i g u r e  5 .1 3  D is t r ib u t io n s  o f  th e  c o n c e n t r a t io n s  o f  s p e c ie s  ( a )  H 2, ( b )  H 2O , ( c )  C O , 
( d )  C 0 2 a n d  ( e )  0 2

T h e  c u r r e n t  d e n s i ty  a n d  t e m p e r a tu r e  d is t r ib u t io n s  a t  th e  e le c t r o ly te / f u e l  c h a n ­
n e l  i n te r f a c e  a t  0 .7 ,  0 .6  a n d  0 .5 V  a re  i l lu s t r a te d  in  F ig . 5 .1 4  a n d  5 .1 5 ,  r e s p e c t iv e ly .  
T h e  r e s u l t s  s h o w  th a t  a t  0 .5  V , th e  w a te r - g a s  s h if t  r e a c t io n  a p p r e c ia te d  a t  th e  e n t r a n c e  
o f  th e  f lo w  c h a n n e l  ( l e n g th  <  0 .0 6 ) .  A s  th e  e le c t r o c h e m ic a l  r e a c t io n s  p r o c e e d ,  th e  
t e m p e r a tu r e  s ta r t  t o  r a p id ly  in c r e a s e  b e c a u s e  o f  t h e  e x o th e r m ic  o f  H 2 a n d  C O , a n d  
c o n s e q u e n t ly ,  t h e  c u r r e n t  d e n s i ty  in c r e a s e .  A t  th e  e n d  o f  th e  c h a n n e l ,  th e  t e m p e r a tu r e  
d is t r ib u t io n  r e a c h e s  i ts  m a x im u m  v a lu e  a n d  s ta r ts  to  f la t te n  a s  a  r e s u l t  o f  a  s ta r v a t io n  
o f  fu e l. A  s im i la r  r e p o r t  w a s  p u b l i s h e d  o n  H e m a n d e z - P a c h e c o  e t a l ,  2 0 0 5 . W h i l e  a t
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0.6 and  0.7V , curren t density  slightly  increases along the  flow  channel. Therefore,
the tem perature also  slightly  increases.

F i g u r e  5 .1 4  C u r r e n t  d e n s i ty  d is t r ib u t io n s  a t  e le c t r o ly te / f u e l  c h a n n e l  i n te r f a c e  a t  
0 .7 ,  0 .6  a n d  0 .5 V .

F i g u r e  5 .1 5  T e m p e r a tu r e  d i s t r ib u t io n s  a t  e l e c t r o ly te / f u e l  c h a n n e l  in te r f a c e  a t  0 .7 ,  
0 .6  a n d  0 .5 V .
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A different approach is taken to explore the possibility to enhance the cell 
performance of a PSOFC. Since, according to the Butler-Voltmer equation, a current 
density decreases along the flow channel due to the consumption via electrochemical 
reaction and production of products, therefore; an evenly distribution of the fuel over 
the anode surface is required. One possibility in even fuel distribution is used as a 
“thin-wall” design, as reported in Ramakrishana et al., 2006 that the peak power den­
sity was around 35% higher with the thin-wall geometry compared to the normal 
plain geometry.
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