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INTRODUCTION 

The development of an  economic so l id-e lec t ro ly te  fue l  ce l l  system 

to  produce e l e c t r i c a l  energy from coal and air  a t  an overa l l  e f f ic iency  of 
60% or grea ter  i s  the  goa l  of a pro jec t  a t  Westinghouse Research. Work 

reported previously ('' 2, has shown t h a t  so l id-e lec t ro ly te  batteries can 

u t i l i z e  flowing H2-CO mixtures and a i r  t o  generate d.c. power with only low 

losses  from r e s i s t i v e  and polar iza t ion  voltage drops a t  cur ren t  dens i t i e s  

up t o  700 amperes/ft. . 2 

The high opera t ing  temperature of so l id-e lec t ro ly te  b a t t e r i e s  -- 
i n  excess of 1750'F -- allows the heat produced when power is drawn t o  be 

e f f ec t ive ly  u t i l i z e d  i n  the gas i f i ca t ion  of coal. Furthermore, the  gasi-  

f i c a t i o n  t o  form H2-CO f u e l  can be car r ied  o u t  using hot H20-CO 

products emerging from the  ba t t e r i e s .  Since both the  hea t  and the  medium 
required fo r  coal g a s i f i c a t i o n  a r e  by-products of fue l -ce l l  operation, a 
high e f f ic iency  fo r  an ove ra l l  system including both the  g a s i f i e r  and the  

fue l - ce l l  b a t t e i r e s  can be achieved. 

combustion 2 

A conceptual process scheme fo r  incorporating coa l -gas i f ica t ion  

i n t o  fue l  c e l l  power systems has been introduced and discussed i n  a previous 

paper(3). 

gases derived from coal i n t o  two d i s t i n c t  s t eps ,  which take place i n  two 
d i f f e r e n t  c e l l  banks a s  i l l u s t r a t e d  i n  Figure 1. The f u e l  gas stream from 

Essentially.  t h i s  scheme separa tes  the oxidation of the  fue l  

the  gas i f i ca t ion  un i t  is s p l i t  i n t o  two streams -- the f i r s t  going t o  a bank 

of cel ls  i n  which only a p a r t i a l  oxidation occurs. The second gas stream 

* 
The work recorded i n  t h i s  paper has been ca r r i ed  out under the  sponsor- 
sh ip  of the Off ice  of Coal Research, U. s. Department o f  the  I n t e r i o r ,  
and Westinghouse Research Laboratories. Mr. George Fumich, Jr., i s  
head of O.C.R.; Neal P. Cochran, Director of U t i l i za t ion ,  and Paul 
Towson have monitored t h e  work f o r  O.C.R. 



goes to a second bank of cells where it undergoes essentially complete 
combustion. 

from the system, while the partially oxidized fuel gases from the first 
cell bank are recycled back to the reactor, where they gasify the coal. 

A thermodynamic analysis(3) of a system similar to that shown 
in Figure 1 indicates that a maximum system efficiency approaching 100% 

can theoretically be realized for the coal-burning system. 
operation, however, this efficiency is reduced due to irreversibilities 
which occur within the cell banks and within the coal reactor. Previous 
analysis has indicated that these irreversibilities are limited so that 
overall operating efficiencies of 60$ or greater are anticipated in full- 
scale parer plants. 

The gases emerging from this second cell bank are discharged 

Under normal 

A process design for a 1 W - h  coal-burning solid electrolyte fuel 
cell power plant has been completed, based on the conceptual scheme of 

Figure 1. This design incorporates all of the features which now appear 
necessary to the plant. Details of this design and the predicted operating 
characteristics of the plant are discussed in this paper. 

BASIS FOR SYSTEM DESIGN 

The design for the cell banks of the 100-kw fuel cell power system 
is based on the construction and measured performance of the 100-watt gen- 

erator shown in Figure 2. 
cell power system reported to date. 
batteries have been describe0 ") and the voltage-current curves for the 
generator have been presented (*) . 
lyte cells of the bell-and-spigot design, fabricated into 20 segmented tube 

batteries, each consisting of 20 individual cell segments. 
platinum was used as electrode material for both the fuel and air electrodes. 

The battery tubes were held at the 1880°F operating temperature by means of a 
large, heavily insulated, 3-zone comnercial furnace. 

cal closed-end construction and were mounted in a cold ((350°F) metal base 

This device is the largest solid-electrolyte fuel- 
The techniques used in fabricating its 

The device consists of 400 solid-electro- 

In this generator, 

The tubes were of typi- 

plate by means of thick-walled base tubes. 



Platinum e lec t rodes  a r e  too cos t ly  f o r  the fabricat ion of an econo- 

mic coal-burning power system, but  cheap and p l e n t i f u l  mater ia ls  a re  now 

being developed f o r  both air  and f u e l  e lectrodes.  It i s  believed t h a t  t h e  

performance of, these  mater ia l s  w i l l  meet or exceed t h a t  of platinum. For 

t h i s  reason, the  performance of t h e  100-watt u n i t  has been employed as  a 

reasonable b a s i s  f o r  the following p lan t  design. 

SYSTEM FLW CHARTS 

An overa l l  flow char t  f o r  the  Bystem i s  presented i n  Figure 3. 
Operating conditions a re  spec i f ied  i n  a s implif ied vers ion of the  chart ,  

Figure 4. 
plant  a r e  shown i n  Figure 5; equipment s izes ,  i n  Figure 6.  

un i t ,  as indicated i n  Figure 3, i s  a complex assembly designed t o  house i n  

adjoining compartments a f l u i d i z e d  bed of coa l  and tanks of  tubular  fuel-  

c e l l  b a t t e r i e s .  The compartments a re  arranged t o  f a c i l i t a t e  heat t ransfer  

from the  c e l l  banks operat ing around 1870°F t o  t h e  coal-derived s o l i d s  in the  

reac tor  operating around 1750°F. 

Bank I pass through t h e  f l u i d i z e d  bed a t  a s u p e r f i c i a l  ve loc i ty  of 1.3 f t / s e c . ;  

t h i s  v e l o c i t y  allows f o r  a gas residence time of about 12 sec -- a time s u f f i -  

c i e n t  t o  gas i fy  the  45 l b .  of char per hour produced f rom the  coa l  feed, t o  

convert t h e  mol r a t i o  (CO + %) / (CO + H2 + C02 + %O) i n  the  flawing gases 

from 0.58 a t  t h e  r e a c t o r  i n l e t  t o  0.81 a t  the out le t ,  and t o  increase the  gas 

flow from 5580 s tandard f t . 3 / h r .  a t  the  i n l e t  t o  7240 f t .  /h r .  a t  t h e  o u t l e t .  

Material  and energy flow quant i t ies  throughout a nominal 100-kw 

Coal i s  charged t o  t h e  reac tor  u n i t  a t  the  r a t e  of 57 lb/hr .  This 

P a r t i a l l y  oxidized f u e l  gases from Cel l  

3 

The gas stream as it leaves t h e  reac tor  passes through a s e r i e s  of 

cyclones which remwe entrained dust ,  f l y  ash, and s o l i d  p a r t i c l e s  and re turn  

them t o  t h e  f l u i d i z e d  bed. 

e n t e r s  Heat Exchanger I where it i s  cooled t o  970°F. 

passes i n t o  a series of two f l u i d i z e d  bed absorbers -- each 2 f t .  i n  diameter 

and 3 ft.  high, housed as a s i n g l e  u n i t .  These absorbers contain i ron oxide, 

which a c t s  as a c a t a l y s t  for t h e  absorption of H S and other s u l f u r  contain- 

ing compounds from t h e  f u e l  gas stream. 

The f u e l  gas, re l ieved of entrained sol ids ,  

The cooled gas next 
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A s  the absorption of progresses, t h e  c a t a l y s t  a c t i v i t y  

decreases b o t i  due t o  t h e  f o m t i o n  of i ron  su l f ides  and t o  p a r t i a l  reduc- 

t i o n  of the ore t o  FeO. I n  steady s t a t e  operation, therefore ,  it is 
necessary t o  remwe continuously a port ion of t h e  c a t a l y s t  t o  a second 

u n i t  i n t o  which a stream of air is introduced. Here exothermic roas t -  

ing of the i ron  s u l f i d e s  and reoxidation of the  FeO t o  FE 0 occur a t  
a temperature around 1470°F. 

regenerator are primari ly  SO2 and N2 -- which can e i t h e r  be discharged 

to a stack or sen t  t o  an ac id  contact p l a n t .  The c a t a l y s t  regenerated 

i n  t h i s  u n i t  is recycled t o  t h e  I$S absorber, where it contr ibutes  some 

o f  i t s  sensible  heat,  which along with t h a t  of t h e  f u e l  gas serves  t o  

maintain the absorber a t  a temperature of 750'F. This s u l f u r  remwal  

process has been developed and successful ly  used i n  t h e  treatment of 

2-112 mill ion ft.3, of coke w e n  gas per  day a t  the Appleby-Frodingham 

2 3  
The gases emerging from t h i s  c a t a l y s t  

S t e e l  Company i n  Great B r i t a i n  (4).  

The f u e l  gas leaving the 5s absorber i s  a t  a temperature of 

about 750'F. 

K, 
A t  t h i s  l o w  temperature, t h e  water gas equilibrium constant, 

l$o + co 4 co2 + I$ 

is  q u i t e  high. I f  t h e  water gas equilibrium is c a t a l y t i c a l l y  promoted, 

most of the 50 i n  t h e  f u e l  gas stream can be converted t o  % -- a f u e l  

which minimizes t h e  polar iza t ion  vol tage losses  i n  t h e  fuel c e l l s .  The 

f u e l  gas passes, therefore ,  through a s h i f t  converter measuring about 

2 f t .  i n  diameter and 6 f t .  high containing a commercial s h i f t  c a t a l y s t  

such as chromium-promoted Fe 0 

Leaving t h i s  u n i t  t h e  gases a r e  a t  about 600-700"F and have a 
t y p i c a l  composition as follows: CO, 45%; %, 339; co2, 18%; %o, 0.5%. 

A t  t h i s  point i n  the  cycle t h e  gases a r e  introduced t o  a r e c i r c u l a t i o n  

pump. 
recycle flow r a t e s .  

3 4' 

A 5-hp dr ive should be more than adequate t o  handle any contemplated 
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The gases can, i n  general, next pass i n t o  recycle Heat Exchanger 

This 11, i n  which they  rece ive  some hea t  from t h e  hot  exhaust f u e l  gascs.  
exchanger is small i n  size, having an exchange area of less than 10 ft.2. 

The gases next en te r  Heat Exchanger I, where they  r e c w e r  suf f i -  

c i e n t  heat from t h e  high temperature f u e l  gases j u s t  beginning t h e  recycle 

loop t o  a t t a i n  a temperature of about 1550'F. In  th i s  instance t h e  t o t a l  

heat generated i n  opera t ing  t h e  c e l l  banks i s  s u f f i c i e n t  t o  preheat t he  

f u e l  gases and a i r ,  and t o  supply t h e  hea t  required f o r  coa l  gas i f i ca t ion  

i n  t h e  reac tor  as ind ica ted  i n  Figure 5. 
The f u e l  gas stream then  passes through c e n t r a l  core of t he  f u e l  

ce l l - r eac to r  u n i t  where it is  brought t o  c e l l  operating temperature by  hea t  

exchange with t h e  c e l l  banks. It then en te r s  t h e  c e l l  banks a t  t h e  bottom 

of t h e  c e l l  bank-coal r e a c t o r  u n i t .  Here t h e  stream is sp l i t  i n t o  two un- 
equal  portions;  about a qua r t e r  of t he  gas is  sen t  t o  Cell Bank I1 and three- 

quar te rs  t o  Cel l  Bank I. 

now a t  1870°F; i s  recyc led  t o  the coal bed. 

second c e l l  bank a l s o  a t  about 1870°F wi th  a mol r a t i o  ( C O + ~ ) / ( C O + ~ + C 0 2 + ~ O )  

of  l e s s  than  0.03. 

Upon ex i t ing  from Cell  Bank I t h e  l a r g e r  stream, 
The smaller stream leaves  the  

This stream i s  then  sen t  t o  recyc le  Heat Exchanger I1 where it 
gives  up a portion of i t s  hea t  t o  t h e  recyc l ing  gases.  I n  a h ighly  e f f i -  

c i e n t  p lan t ,  it may be  necessary t o  use t h i s  stream not only t o  hea t  t he  

r ec i r cu la t ing  gases, b u t  t o  preheat t he  a i r  flow as w e l l .  This is 
accomplished as s h a m  i n  Figure 3 by  having t h e  spent f u e l  stream, upon 

i t s  discharge from recyc le  Heat Exchanger 11, pass i n  countercurrent 

hea t  exchange with t h e  incoming air. 

Equal amounts of a i r  are fed  t o  each of the c e l l b a n k s .  In te rna l  

( t o  t h e  c e l l  banks) hea t  exchange between incoming and ex i t ing  air streams 

is su f f i c i en t  t o  hea t  t h e  f r e s h  air -- s o  t h a t  upon i t s  entrance t o  t h e  

ac t ive  c e l l  region it is about 1470°F. The spent  air  containing only 3 
mol % O2 discharges t o  t h e  atmosphere a t  about 200°F. 



2 17 

DESIGN OF UNIT C O M B I N I E  COAL REACTOR AND CELL BANKS 

The coal reactor-fuel cell unit consists of a 4 ft. diameter vessel, 
equally divided by eight spokelike chambers, each 4.25 in. wide and 19 in. 
long, extending radially from a 10 in. diameter center hub. It is this 

hub through which the recycle fuel gases flow before they are introduced 

into the fuel cell banks. The spokelike chambers divide the vessel into 
8 pie-shaped slices which extend the height of the vessel -- 16 ft. -- and 
which contain the fluidized bed of coal. 

7.8 ft.2, the volume of the fluidized bed -- 125 ft.3, and the quantity of 
char contained -- l2Oklbs. are ample to provide the fuel gases required to 
produce 100 kw in the cell banks. 
out using data collected on char gasification in this laboratory and infor- 

The cross-sectional area for gas flow through the pulverized coal -- 

Reactor computations have been carried 

mation published by other investigators ( 5 )  . 
The 16 faces enclosing the spokes of this wheel design provide 

ample heat exchange area to transfer heat for the gasifying the coal from 
cell banks to fuel bed. 
fer coefficients between the wall and fluidized-bed have been carried out 

assuming: 1) that radiation is the sole mechanism for heat transfer from 
the solid-electrolyte batteries to the walls of the cell banks; and 
that published empirical formulas(6) are accurate in predicting heat transfer 
coefficients from the cell bank walls to the fluidized bed. A temperature 

difference between the cells and coal of less than 6 0 " ~  is prediced by 
these computations. 

Heat transfer computations using calculated trans- 

2) 

Each of the spoke chambers contains 1250 fuel cell tubes with 
e< -h tube containing about 40 individual fuel cells. 
mounted horizontally inside the spokes on 3/4 in. equilateral centers, 
five tubes to a tier. The tubes themselves extend radially into the unit 
and are attached to 6 in. long base tubes, which extend through about 7 in. 
of insulation which surrounds the 4 ft. diameter vessel, and are secured 
in a cold base plate located at the outside shell of the reactor cell bank 
unit as sham in Figures 7 and 8. 

The tubes are 

Intermittently spaced in the chambers 
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housing the  f u e l  c e l l  batteries w i l l  be four  6 i n .  high ca t a lys t  beds 

containing chrome-oxide water gas c a t a l y s t .  These c a t a l y s t  beds a r e  

su f f i c i en t  t o  b r ing  t h e  r i s i n g  gas t o  water-gas equilibrium according 

t o  da t a  gathered i n  t h i s  laboratory.  

e ra ted  f o r  consumption i n  the fue l  ce l l  b a t t e r i e s  sec t ion  of t h e  c e l l  

bank immediately a b w e  the  c a t a l y s t .  

I n  t h i s  way s u f f i c i e n t  % i s  gen- 

It should be pointed out that  t h e  r i s i n g  gas is i n  laminar flow 

with respect t o  t h e  c e l l  b a t t e r i e s ,  s o  t h a t  no separation or weke formation 

i s  incurred, and f u e l  gas  i s  i n  contact w i t h  each postion of the  c e l l  

f u e l  electrodes.  

A i r  en t e r s  and leaves  the  system, as shown i n  Figure 9, by means 

of an a i r - ex i t  tube  -- which i s  a 118 i n .  ceramic tube extending along 

the  ax i s  of t h e  b a t t e r y .  Fresh input a i r  flows i n t o  t h e  annular space 

between the  b a t t e r y  and t h e  e x i t  tube from an a i r  plenum chamber located i n  

the  s h e l l .  

ing t h e  length of t h e  segments and giving up i t s  oxygen t o  t h e  f u e l  c e l l  

reactions,  the  now spent  a i r  i s  forced t o  reverse  i t s  d i r ec t ion  a n d  f l o w  

i n t o  the  e x i t  tube, where it then  flows countercurrent t o  t h e  incoming air, 

eventually being discharged t o  t h e  atmosphere. 

region, the  counter f l o w  of cold f r e sh  a i r  and hot spent a i r  i s  su f f i c i en t  

t o  br ing  the  f r e sh  a i r  up t o  c e l l  operating temperature. 

i s  thereby cooled, e x i t i n g  t h e  system a t  about 200'F. 

The b a t t e r y  i t se l f  has a closed end") so t h a t  af ter  t ravers -  

I n  t h e  7 i n .  insulated 

The spent a i r  

The design of flowing a i r  in s ide  t h e  c e l l  b a t t e r i e s  means t h a t  

the  heated a i r  is only i n  contac t  with the  ceramic tubes or air  e lec t rodes .  

Nowhere i s  the  hot p i r  i n  contactwitfianoxidizable sur face .  S imi la r ly  t h e  

metal p l a t e senc lc  - g t h e  f u e l  cells ,  t he  spoke walls, are only contacted 

by t h e  f u e l  gas on t h e  c e l l  s i d e  and t h e  f u e l  bed on the  r eac to r  s ide .  

t h e  atmosphere surrounding t h e  w a l l s  is  always reducing, so t h a t  the  n e t a l  

of construction of  t h e  w a l l s  need not be e spec ia l ly  oxidation r e s i s t a n t .  

The e l e c t r i c a l  performance of the c e l l s  i n  t h e  banks is t h a t  predicted from 
measurements on b a t t e r i e s  used i n  the  100-watt so l id-e lec t ro ly te  fue l - ce l l  

generator(2).  

banks is 0.44 amperes -- equivalent t o  a cur ren t  dens i ty  of 220 amperes/ft. . 

Thus, 

The s e l e c t e d  operating current f o r  a l l  t h e  c e l l s  i n  both ce l l  
2 



The average c e l l  vo l tage  a t  t h i s  loading i s  0.75 v o l t s  i n  Cell  Bank I and 

0.65 v o l t s  i n  Ce l l  Bank I1 -- equivalent t o  an ove ra l l  average of 0.7 v o l t s  

per c e l l .  ' The ca lcu la ted  parer  output f o r  kQ,CQO c e l l s  contained i n  both 

banks is; therefore ,  over 120 kw; and t h e  ove ra l l  e f f i c i ency  of t he  p lan t  -- 
t h e  e l e c t r i c a l  output of t h e . c e l l s  divided by t h e  hea t  of combustion of t he  

coa l  -- i s  58%. 
been achieved s ince  t h e  t e s t i n g  of t h e  100-watt parer  generator and it now 

seems l i k e l y  t h a t  an ove ra l l  e f f i c i ency  g rea t e r  than 6O$, might be obtained 

from a coal-burning so l id -e l ec t ro ly t e  f u e l - c e l l  power p l an t .  

Improvements i n  so l id -e l ec t ro ly t e  c e l l  performance have 

DISCUSSION 
The 100-kw fue l - ce l l  power p l an t  design presented i n  t h i s  paper 

i l l u s t r a t e s  severa l  important po in ts :  

1. Sol id  e l e c t r o l y t e  c e l l s  can be used as t h e  b a s i s  of a system 

t o  convert coa l  t o  e l e c t r i c  energy a t  an  ove ra l l  e f f ic iency  

approaching 6&. 

A 100-kw f u e l - c e l l  p l an t  based on cur ren t  f u e l - c e l l  and gas i -  2. 

f i c a t i o n  technology i s  t echn ica l ly  f eas ib l e ;  
be unreasonable i n  s i ze  o r  complexity. 

it would not 

3 .  Suf f i c i en t  hea t  i s  generated i n  operating t h e  c e l l  banks t o  

provide hea t  f o r  t h e  endothermic coal gas i f i ca t ion  process and 

t o  maintain t h e  system at the  desired operating temperatures. 

The r e q u i s i t e  hea t  can b e  t ransfer red  from t h e  c e l l s  t o  the  

coa l  with a temperature d i f fe rence  of 100°F o r  l e s s .  

ca t ion  can be  ca r r i ed  out, therefore ,  a t  a reasonably high 

temperature without exceeding t h e  upper temperature l i m i t  of 

t h e  so l id -e l ec t ro ly t e  fue l - ce l l s .  

4. 
Gasifi- 

The design u t i l i z e s  only present day technology as f a r  as ba t t e ry  

construction and i n s t a l l a t i o n  are concerned. The cur ren t  s t a t e  of t h i s  a r t  
demands t h a t  closed end tubes, fastened i n  r e l a t i v e l y  cool  base p l a t e s  form.  

the  bas i c  design pa t t e rn .  This r e s t r i c t i o n  imposes no insurmountable obstacle 
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i n  t h e  100-kw plant ,  as t he  technique of mounting t h e  individual c e l l  ba t t e r -  

i e s  hor izonta l ly  a l l o v s  t h e  cool  reactor  s h e l l  sect ion t o  serve as a f u e l  

c e l l  base p l a t e .  The enclosure of t i e r s  of such b a t t e r i e s  i n t o  individual 

chambers allows s u f f i c i e n t  heat t r a n s f e r  surface t o  be b u i l t  i n t o  the u n i t .  

However, t h i s  design a l s o  allows sections of c e l l  b a t t e r i e s  t o  be inser ted 

i n t o  or removed from t h e  un i t ,  independent of t h e  remaining b a t t e r i e s .  

t he  assembly can be made up of sect ions or modules of b a t t e r i e s ,  each with 

s p e c i f i c  t e s t  functions t o  perform, The a b i l i t y  t o  test independently fuel-  

c e l l  batteries incorporating the l a t e s t  l abora tory  developments is thus a 

s ign i f i can t  f ea tu re  of t h e  design. 

Thus, 

It should be f u r t h e r  pointed out t ha t  t he  volume assigned t o  the  

coa l  reactor is based upon t h e  gas i f i ca t ion  of 45 lb/hr of a coke or char 

mater ia l .  

as ash and carbon assoc ia ted  with the ash. Since the presence of v o l a t i l e  

mater ia l s  in coal w i l l  make it considerably more r eac t ive  than  e i t h e r  coke 

or char, the design i s  thus  conservative. However, i n  a p i l o t  plant uni t  
such as t he  100-kw p lan t  is intended t o  be, the  conservative design allows 

f o r  a maximum range of coals ,  cokes, or chars t o  be used. This advantage 

far outweighr any considerations of compact design a t  t h i s  tlme,and hence 

the  r eac to r  is somewhat w e r s i z e d .  I n  eventual i n s t a l l a t ions ,  when fuel-  

c e l l  performance reaches 0.5  - 1.0 wa t t s / ce l l  and a spec i f i c  coal is selected 

a s  a fue l ,  it w i l l  be  poss ib le  t o  produce upwards of  k0-h i n  a u n i t  t h e  s i ze  

of t h e  proposed 100-kw assembly. 

The balance of t h e  57 lb /hr  coa l  feed is removed from t h e  reactor  

Another f e a t u r e  of I n t e r e s t  i n  t he  f u e l  c e l l  reactor  u n i t  is t he  

chrome oxide c a t a l y s t  beds, housed i n  t he  ind iv idua l  spokelike chambers. 

These beds of c a t a l y s t  are r e l a t i v e l y  small, occupying about 9 f t . 3  Out 

of a t o t a l  volume of 200 ft.3; t h e i r  fbnction is t o  insure 5 performance 

from t h e  fue l - ce l l s  by  promoting t h e  water gas react ion.  

f u e l - c e l l  chambers much in t h e  manner of r e t r a c t a b l e  drawers, these c a t a l y s t  

beds are e a s i l y  rep laceable  so t h a t  various types and forms of t h e  bas ic  

catalyst .  can be  t e s t e d  i n  the  u n i t .  

Placed i n  t h e  
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A f i n a l  feature of i n t e r e s t  i n  the  u n i t  is t h e  f lu id i zed  bed of 

coal,  which has  a common bottom &om which individual  pie-shaped f inge r s  

extend upward. 

heater  solves e f f e c t i v e l y  the  problem of longi tudinal  temperature gradients  

i n  t h e  fue l - ce l l  chambers. 

The use of the  cent ra l  hub of the  u n i t  a s  a recycle pre- 

The pieces of process equipment i n  the  system flow cha r t  other than 

the  reactor  a re  a l l  standard items, and l i t t l e  d i f f i c u l t y  is an t i c ipa t ed  i n  

t h e i r  operation. 

operation of the  %S absorber could possibly be raised abwe  750°F. 

temperature was selected a t  Appleby-Frodingham as an e f f e c t i v e  minimum. 

( I t  w a s  necessary t o  hea t  the  input gases.) I n  the  100-kw plant ,  the  

recycle  gases t o  the %S absorber a re  first cooled, the  degree of cooling 

depending upon the  desired operating temperature of t h e  u n i t .  

possible  t o  r a i s e  t h i s  operating temperature, then e i t h e r  lower heat losses  

i n  t h e  recycle operation or smaller heat  exchanger s i z e s  would r e s u l t .  

It might be mentioned, howwer, t h a t  the  temperature of 

This 

If it were 

I n  summary, t he re f  ore, a 100-kw coal-burning, so l id -e l ec t ro ly t e  

fue l -ce l l ,  power p l an t  has been designed, s ca l ing  up e s s e n t i a l l y  t e s t  data  

from a 100-watt bench-scale u n i t .  The 100-kw plant  incorporates a navel 

combination of f u e l - c e l l  b a t t e r i e s  and f lu id i zed  coa l  beds i n t o  a s ingle  

f u e l  ce l l - r eac to r  u n i t .  This u n i t  together with su i tab le  gas and so l ids  

i n l e t s  and o u t l e t s  and c e r t a i n  aux i l i a ry  equipment cons t i t u t e  the  complete 

coal-burning system. 

Overall e f f i c i ency  i n  the  proposed system is estimated t o  be 58%. 
I n  order t o  meet t hese  high e f f i c i ency  f igures ,  it is necessary t o  l i m i t  the  

energy losses  from t h e  system t o  those indicated i n  Figure 5. Furthermore, 

the  net  unburned carbon l o s s  f m m  the system must be limited t o  about lo$ 
of t h e  coal  fed.  

from the  bed m l y  i n  the  ash-withdrawal system. 
In the  design it w a s  assumed t h a t  carbon was  remwed 

The p l an t  is simple in construction, and i t s  operation involves 

only the  pumping about of various gas streams, the  cleaning of t hese  streams, 

and heat  exchange between various of them. 

g r e a t  f l e x i b i l i t y  allowed by t h e  r eac to r  design, make t h e  proposed p l an t  appear 

as both reasonable and t echn ica l ly  feas ib le .  

This simplici ty ,  together  with the 
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The economic f e a s i b i l i t y  of t h e  coal-burning, so l id -e l ec t ro ly t e  

f u e l - c e l l  power plant depends on the development of cheap electrode materials 

and b a t t e r y  f ab r i ca t ion  methods. Considerable progress has been made toward 

producing e f f ec t ive  f u e l  e lec t rodes  from non-noble metals and air electrodes 

from e l e c t r i c a l l y  conductive oxides as replacements f o r  cos t ly  platinum. 

tens ive  work i s  now being devoted t o  t h e  per fec t ion  of su i t ab le  procedures 

for high-volume, low-cost production of so l id -e l ec t ro ly t e  b a t t e r i e s .  If 

these materials and f ab r i ca t ion  techniques produce a long-lived ba t t e ry  

whose performance equals t h a t  measured i n  t h e  100-watt power generator, a 

new means of p r a c t i c a l  power generation w i l l  have been achieved. 

In-  
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Fig. I-Simplified coal-burning fuel-cell system 

Figure 2 -- 100-watt solid-electrolyte fuel-cell parer supply wlth 
the fqnace door open. 
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