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Summary 

The surface of  a porous nmkel electrode is modified by electrodeposl- 
t lon of  either tungsten (from an L1C1-KC1 eutectm melt containing K2WO4) 
or tungsten and tungsten carbide (from a mtxture of K2WO4 and K2CO3 
at 973 K) Polarlzatmn curves show the performance of the tungsten- 
modffmd electrode to be supermr to that  of its bare counterpart.  However, 
the bare nmkel electrode operates well as an anode for molten carbonate 
fuel cell systems when a small amount  of K2WO4 is added to the electrolyte. 
This behawour is considered to be the result of  m s~tu modffmatmn of the 
electrode surface 

Introduction 

The molten carbonate fuel cell (MCFC) constitutes the second-genera- 
tion of  fuel cell technology and has many advantages in terms of fuel flex- 
ibility and system design [1 - 4] The technology mdtrected towards large- 
scale power generahon that  can utilize a wide varmty of fosml fuels (m- 
cludmg gasffmd coal, natural gas and alcohol) with high effmmncy and low 
poUutlon. 

In order to develop MCFC systems, many technologmal problems 
have to be solved through conducting strategm research programmes. The 
development of  statable electrode materials is vital, present materials severe- 
ly hmlt  both the hfetnne and the performance of the cell As a consequence, 
many investigations have been devoted to this area of endeavour ( e . g ,  
refs. 4, 5) In order to develop an appropriate anode material for MCFCs, it 
is necessary to conmder many factors, e . g ,  electrocatalytm achvlty, corro- 
sion resistance, smtermg resistance, creep resistance, etc To date, N1-Cr, 
N1-Co or N1-Cu alloys have been considered as possible anode materials. 
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A d i f f e ren t  a p p r o a c h ,  descr ibed  here ,  is to  m o d i f y  the  surface  o f  the  nmkel  
anode  b y  e l e c t r o d e p o s l t m n  o f  tungs ten  or  tungs ten  carbide  f r o m  m o l t e n  
hahde  

E x p e r n n e n t a l  

The  e x p e r n n e n t a l  appa ra tu s  used to  e f f ec t  the  e l ec t rodepos l t l on  is 
s h o w n  m Fig. 1. A gas t lght  vessel,  m a d e  o f  stainless steel,  c o n t a m e d  a high 
pu r i t y  a lumina  or nmkel  crucible  t ha t  could  be  raised or  lowered .  By this 
a r r angemen t ,  e lec t rodes  t ha t  were  fLxed on the  u p p e r  f lange could  be  im- 
mersed  m the  m o l t e n  e l ec t ro ly t e  con t a ined  m the  crucible  The  e l ec t ro ly te  
cons is ted  o f  an L1C1-KC1 eu t ec t m  me l t  (59  mol% LIC1, 41 mol% KC1) t ha t  
was  p r epa red  u n d e r  an a rgon  a t m o s p h e r e  All chemmals  were  of  reagent  
grade (Wako Chemmals  Co , L td  ) and  were  d rmd u n d e r  v a c u u m  for  several 
days  at  a t e m p e r a t u r e  jus t  be low the  m e l t m g  po in t  o f  the  mLxture An 
Ag/Ag + e lec t rode  or  a p l a t i n u m  wire was used as a r e fe rence  e lec t rode  The  
f o r m e r  e lec t rode  c o m p r i s e d  a silver wire  and silver chlor ide  t h a t  were  b o t h  
con ta ined  m a p y r e x  glass t u b e  w h m h  had  a very  free t ip.  The  po ten t i a l  
o f  the  e l ec t rode  was c a h b r a t e d  against  an a lkah  me ta l  e lec t rode ,  L1/L1 +, 
t h a t  was  e l ec t rodepos l t ed  on  a nmkel  wire  [6] The  e lec t rode  thus  p r epa red  
exh ib i t ed  good  r e p r o d u c l b l h t y  Unless o the rwise  s ta ted ,  all p o t e n t m l s  are 
r e p o r t e d  wi th  respec t  to  the  L1/L1 + re fe rence  e lec t rode  The  anode  was 
m a d e  f r o m  glassy ca rbon  S m t e r e d  n m k e l - p o w d e r  or  m c k e l - h b e r  (po ros i ty  
60 - 80%, m e a n  pore  size 8 p m ) ,  p laced  reside an a lumina  tube ,  was  em-  
p l o y e d  as the  c a t h o d e  

Fig 1 Experimental apparatus for electrodeposlhon studms A thermocouple, B mr- 
coma electrode, C Ll/Ll + electrode, D counter electrode (anode), E working e lec trode  
(cathode), F reference electrode, G gas inlet, H gas outlet 
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After  melting the salt, vacuum-dried potassium tungstate or a mkxture 
of  potassium tungstate and potassium carbonate was added at 0 0 2 -  0 1 
tool% The electrodeposlt lon was conducted  on the cathode at a temper- 
ature of  973 K and at a potential  of 0 .1 -  0.5 V or a current  density of  
1 0 0 -  300 mA cm -2. After  the electrolysis, 2 -  100 mg cm -2 of  tungsten 
or tungsten carbide was deposited on the electrode surface. The electro- 
deposited samples were removed from the vessel after several hours, washed 
with distilled water, dned,  and kept  m a desiccator. The samples were sub- 
jected to analysis using SEM, EPMA, EDX, ESCA, RBS and X-ray diffrac- 
t ion techniques 

The expernnental  apparatus used for polarization studies is shown 
m Fig. 2. The electrolyte comprised an L12CO3-K2CO3 eutectlc melt  (62 
mol% L12CO3, 38 mol% KsCO3) contmned m a high-purity alumina crucible. 
The electrolyte  was dried under vacuum at just  under the melting point  for  
a few days. It was then melted under  an argon atmosphere and maintained 
at the temperature  of  the experiment.  An "oxygen  e lect rode"  [7] (Os COs 
-- 1"2) or p la tmum wire was employed as a reference electrode The counter  
electrode was also an "oxygen  electrode".  The working electrode (anode) 
was made from nickel (see above) and was housed in an alumina tube. 
Fuel gas (H: COs = 4 1, after passing through water at 323 K) was intro- 
duced through the alumina tube. In order  to effect  m sz tu  surface modifica- 
t ion of  the workmg electrode, KsWO 4 was added to the molten carbonate 
electrolyte.  

:IF r_ 
Fig 2 Experimental apparatus for polarization studms m molten carbonate A thermo- 
couple, B zlrconla electrode, C counter electrode ("oxygen electrode"), D platinum 
wire, E mckel wire, F reference electrode ("oxygen electrode"), G working electrode 
(MCFC anode), H gas inlet, I gas outlet 
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Results and discussmn 

Figure 3 shows an electron mmrograph of a typmal tungsten-coated 
electrode obtained at 0.1 V m an L1C1-KC1 melt  containing 0 I mol% 
of  K~WO4 at 973 K Analysis showed that  13 2 mg cm -2 of  tungsten was 
deposited on the surface An EPMA investigation revealed that  small 
amounts  of  tungsten were uniformly deposited on the mckel substrate 
(Fig 4) Note, the deposit was :dentffmd as tungsten by X-ray dfffractmn 
analysis 

(a) (b) 
Fig 3 Electron mmrograph of electrodeposlted tungsten on smtered mckel powder sub- 
strate 

F:gure 5 presents an electron mmrograph of  a typmal tungsten carbide 
sample obtained at 0 2 V m an L1C1-KC1 melt  containing 0 1 tool% of  
K2WO4 and 0 1  mol% of  K2CO3 at 973 K A c o a t m g o f 2 6 m g c m  -2was  
found on the surface EPMA studms showed (Fig 6) small amounts  
of  tungsten and carbon to be umformly  dispersed across the surface Using 
X-ray dlffrachon,  it was found that  the deposit  was composed of  W2C, 
WC and W The results f rom EDX and RBS fur ther  conhrmed that  both 
tungsten and tungsten carbide were electro-depos:ted from the chloride 
melt  onto  the porous nmkel substrate 

The results of  polarization measurements conducted on an MCFC 
anode, modlfmd by tungsten and tungsten carbide and immersed m molten 
carbonate,  are presented m F:g 7 In this Figure, the apparent current  
density is plot ted along the absc:ssa and the potential  of  the MCFC anode 
(vs "oxygen  electrode")  on the ordinate Curve (a) was obtained on a 
bare, smtered nmkel-powder substrate (porosi ty 60%), curve (b) on a 
smtered mckel-powder substrate (porosity 60%) coated with tungsten, 
and curve (c) on a smtered mckel-hbre substrate (porosity 80%) coated 
with tungsten. It can be seen that  when modlfmd by tungsten the MCFC 
exh:blts good performance 
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Fig 4 EPMA of electrodepomted tungsten sample shown m Fig 3 

The polarization characteristics of a bare, slntered mckel-powder sub- 
strate (porosity" 60%) m molten carbonate containing 0.1 mol% tungstate 
1on are given by curve (d) in Fig. 7. This system was examined m order to 
study the effects of m sz tu  surface modlflcatmn in the MCFC electrolyte. 
The data show that  this very simple t reatment  enhances the performance 
of the electrode. 

Curve (e) represents the polarization characteristics of the MCFC anode 
when modlfmd by tungsten and tungsten carbide by adding 1.0 mol% of 
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(a) (b) 
Fig 5 Electron mmrograph of  electrodeposlted tungsten carbide on smtered mckel 
powder substrate 

m 
Fig 6 EPMA of tungsten carbide sample shown m Fig 5 

tungstate 1on to the molten carbonate This anode was obtamed at 0 2 V 
m an L1C1-KC1 melt  contmnmg 0 1 mol% K2WO4 and 0 02 mol% K2CO 3 
at 973 K After  the electrolysis, about  10 mg cm -2 of  tungsten plus tungsten 
carbide were deposited on the surface This anode shows good electrmal 
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Fig 7 Polarization curves for electrodes m L12CO3-K2CO3 eutectm, 923 K (a) Smtered 
mckel powder, (b) slntered nmkel powder modlfmd by tungsten (Fig 3), (c) smtered 
mckel fiber rnodffmd by t u n g s t e n ,  (d) smtered mckel powder, (e) smtered mckel powder 
modffmd by tungsten and tungsten carbide 

performance, greater durabthty,  and enhanced resistance to corrosmn. 
Other studms demonstrated that  electrodeposltmn of tungsten carbide alone 
increased electrode durability but did not  improve the polarlzatmn charac- 
terlstms 

Conclusions 

The principal results obtamed from the above experiments are sum- 
marlzed as follows 

(1) Electrodeposltlon of tungsten and tungsten carbide from molten 
chloride on porous mckel substrates has been achmved. 

(11) Polarization measurements show that  the performance m molten 
carbonate electrolyte of an MCFC anode modlfmd by tungsten is superior 
to that  of its bare, porous nmkel counterpart.  However, stmdar improve- 
ment  was not  observed when the anode was modlfmd by tungsten carbide. 

(lil) The porous mckel electrode itself gwes excellent performance 
as an MCFC anode when K2WO4 is added to the electrolyte. This may be 
due to tungsten exerting a catalytm effect. 

The above electrodes when tested with tile electrolyte showed similar 
improvement m polarization and durability over more than several hundred 
hours [8]. 
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