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1. @traduction. 

T h e  hydrogedoxygen c e l l  is particularly attractive,  when compared with 
other types of fuel ce l l ,  f a r  a m b e r  of reasons; 
likely tha t  a p r a c t i c d  u n i t  could he developed v<ork&g a t  l o w  or  m e d i u n  
temperatures, and it raises the inte-esting possibil i ty that it could be used 
as a kin& of e lec t r ica l  storage ba t te r j ,  the two gcses having been prwiously 
generated by the electrolysis of water, using power produced on a large s c d e .  

it has d v r a j ' s  appeared 

tiorewer, when the author f i r s t  became interested in fuel ce l l s  in 1932, 
a search through the  av,elzble l i t e ra ture  soon showed that the most promising 
resu l t s  had i n  fac t  been obtained m t h  t s type of ce l l ,  
described by bir 4 . : i l l i a n  Grove i n  1839"y and in  1889, particularly good 

2 r e s u l t s  wcre recorded by the g re i t  chemist Ludwig Mond and his2associate 
Charles Lnngcr (ti) , they .xhicved a current density of 6A/ft. (6.5m A/cm ) 
rt 0.73 V., using either oxygen or air, and they also showed tha t  the best 
results .,<ere obtained when the platinized plathum electrodes were kept 
subs tmt ia l ly  dry on the gzs side. 
beccuse of the high cost of tnc platinum electrodes. 

The c e l l  v i a s  first 

Further progress was prevented largely 

Since the end of the second. \!orld Xm,. a gcezt deal of interest% 
wor!; has been done in msy  countries on the hytlrogen/oqgen ce l l ,  and this need 
not be referred to in de ta i l  hers. 
ride t o  the vorlr of i)?.vtpn(iii) 2nd Kordesch(iv) anJ his associates. 

2. %cs of Ccil  Investigzted. 

P x t i c u l m  reference, however, should be 

. In  1332 c simLl c d l  s i m i l z r  t o  Grove's o r i g i n d  gas battery :yas 
constructzd, ~n5 f':.ir resu l t s  obtained; but when activ?.ted nickel gauze 
electrodes vcre used, i n  conjunction n-Lth m d.kd.ine electrolyte of potassium 
hyhoxide, the results mLre poor, even i-rhen the temperature was rAsed t o  the 
boiling point of tho liquid. 

It vas next decided tha t  the problem would kzve t o  be attacked 
e s sen t id ly  from an engineering point of view, 2nd tha t  v d t h  t,Xs type of c e l l  
operation undcr pressure could not be avoidad i f  high current densit ies were 
t o  be o b t h e d ,  in conjunction with compcrrativuly che2.p mater ids  o f  
construction such as nickel, 
a. pressure of 3000 p.s.i. a d  m y  rersomble tempercture Gig.,). 

So i n  1939 c cell v ~ s  desi  ed which would starxi 
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L ' m  E-lzctrolj-;e -;;as c. 275 scY-ai3r. of oot:ssium hydroxide .=a the 

cy l ind r i cd  eiectrcxies -:re oi' nickel ~ 2 2 x 2 ,  rct;ivct-d 5y .-Iternate oxiiantion 
in cir Zn?. reduction b- hy5mgen; they x r=  separzsei 5y a Ciic.$rzp of 
d w s t o s  cloth. Other m c t G s ,  sur! :  3 2lctinu2, _cdldxa, s i l v e r  aid c o p e r  
m-rc t r ied,  bdt xr? disc:Acd in fwo11r of pickel, p&ly  bemuse of cost md 
corrosion j i f f i ' xd t i a s ,  'cut w i d j j  becxse  of  t c e  suserior performme sh0-m *cy 
nickel Txder tnsse circmst-?nces. The c e l l  x s  tested by .G.-,ernatalj- chtrgirg 
i r ;  f rm a n  externcl source of direct  current md :?schugin.g it tk.-~& x 
xmeter 'and v u i z b l e  r e s i s t a c e  ct 1 cons tmt  cy ren t .  It was four5 finiLLy 
thct : F a r e n t  density of 12.2 A/f't?(lJ.lin A/cm ) or' the ex te rnd  surfcce of 
the imer o l e c t r d e  could be mLuntcined r'or 48 m b ~ t e s  rt ?bout 0.89 V., -?:ithe 
a tcqer-ture- of ~ a a " ~ ;  may t h i c h e s s e s  of g w e  a d  f&ly bi.& Sresswes 
wcre used t o  get *se results.  Curiously enough, no advmtage w2.s ob tb -ed  
by using fibher temper-.tures then IOOOC., ad thk  ..- ~ A S  tentrt ivelj .  s c r i b e d  t o  
the irreversible medic oxid-tion of the  oxygen electrode during the charging 
period. 

The next stage vryc?5 t o  constmct e80 cells,  one a c t a  as m electrolyser 
for gencrating the b o  gzses "nd the  other being the current-prodwing ce l l  
(5Iig.2). The gases produced in the  electrolyser vere cmried sepante ly  up  IO 
the c e l l  i n  solution i n  the electrolyte,  the l iqu id  returnjng t o  tho siectroljrscr 
t h o u &  sepxate  pipes. 
diaphrqns were r@n used, but this time -k .tic form of f la t  discs,  

with increasing temperatures 2nd pressures up t o  243°C. 2nd 1075 p . s . i . ,  t h s  
highest %ped. 
(81m d c m  ) a t  0.65 V. with six gauze electrodes on each sidc o f  t h a  cell. 
The current density epppeaed t o  be ljmited by thc rate a t  which fresh g2s 
could be brought up to  each e l e c t r d e  in solution i n  the electrolyte. The 
rn- te r ids  a d  methods of construction used proved t o  be recsonculy sdisr 'zctorj .  

3. 

Activ-ted nickel gauze doctro&s and cs'sestos 

It -{;-S found tht the performcmces'of & i s  ce l l  i q r m e d  cCnti2T2OUSly 

The highest cbrent density o b t d e d  a t  W o C .  WWCS 75df t .  

The Present Cell vrith diffusion Llectrodes. 

A t  this stage it  v;as sti l l  considi-rid t b t  the perfomance 'ns not good 
enough f o r  any przctical cpplicntion, bocsing i n  rind that  hi& pressms 
inevitably l e d  t o  'higber contr.iner weights than would ba necessmy- ,:nth 2 
fuel c e l l  workins, at atmospheric pmssure. So it -3s decided tkt a nm 
mparatus should be b u i l t  .with the g-ses confixed t o  the  b&ch  of pomu nickel 
e iec t rdes ;  this design has been used vrith very l i t t l e  c h g e  ever Sb-Ce. 

Thc de ta i l s  o f  the construction of the c e l l  k v e  often basn described 
bofore (v), but it i s  probzbly bes t  to recapitulate them brief ly  here. 

A single c e l l  is  i l l u s t r a t ed  diagmmmaticd.ly i n  Fig.). The e l e c t r d e s  
me mde of porous sintered nickel, md the main c e l l  parts z e  of nickel-$&t.tad 
s toe l  or pure nickel; 
be,ixrcen 37 and 5C$ concentration. 
ad. 300-600 p.s.i.. 
being used. 
thick, hzve a pore size of ?.bout 30 microns or inore, on the gas side, xitin a Wa- 
k y e r  of much smllcr pores on the l i p i d  side; 

the electrolyte is strong potzssiiiil :v&o*dc solutign, 
The n o r c d  c p e r z t i q  corditions =e 200 c. 

Lt the present time a p res sxe  of I.@ p.s.i. i s  nomdlsr 
The porous nickel dectrodes,  which we r3out one sixtGsnL5 Or' a i l  

c m a  pressL-e differexce is 
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The coxse  pore layers of oqrgen clcctrodes m e  now usujily made f r m  
G r d e  D c x b m y l  nickel powder (;ver?ge par t ic le  sizc 7-9 microns) mixed with 
l5-2@ of 100-240 mesh xm.onip bicmbonr.tc; 
for  3 t o  I hour c.t 1000°-1150 C. in 2 reducing atmosphere. 
is cgpin of Grcde b nickel, sinterad l o r  3 t o  1 hour L t  950-10OO0C. 
ztivel;r, the co:rsc pore 1s.yers of tne oxygen electrodes m-.y be mde from n 
cowse nickel pmdcr, &out 2oO-25G mesh, without c spming zgent; 
case :. iL&eer coqressing pressure n3 .c  higher sintering temperzt.ture (1150°C. 
2 2  c -) 

it i s  Fressed l igh t ly  :ad sintered 
The f ine  pore kyer 

Lltcrn- 

but in this 

require& t o  get a r e d l y  strong conpot.  

F d l y  tht: oxygen olectrodcs pi-a pre-oxiciised ?.f'tcr i?;prc@ation w i t n  
a i r  is used f o r  oxidation, a di lu te  solution of lithium b-&-ode  and drying; 

md a satisfcctory thickness of oxick i s  fomled in$ t o  1 hour at 70O0-8OO0C. 

Hydrogen electrodes r r e  x t i v c t e d  k y  impregnation with n 8trong solution 
of nickel n i t r s te ,  fo l l am3  by r? r o z t i n g  tre?.tment in c?.ir ilt L@O C. xd f i m l l y  
reduction in hydrogen at about the  sme tenrpcr,?ture. Xork is  promeding on the 
zctivztion of owgen elcctrodes, but c. s t m d s d  trcataent hz.s not yet been 
=rived at. 

Typic21 microsections of hydrogen znd om-igen electrodes ?xc &mm in 
Figs, 4 and 5. 

5.  Prevention of Corrosion of 0wE;en'ElectroCcs. 

When porous nick61 electrodes wcrc f i r s t  put i n t o  usL, scrious trouble 
prose with the grp.dw1 corrosion or" oxyygun dcctrodes,  l e d i n s  Cirst to  c drop 
in output cnd finilly t o  c m p k t c  brcddovm. 
ovcrcome by the  pro-oxidntion trcctr.!ent c l roady  describgd. 
t hc t  sxqles  of nickel pro-o:&&isei. i n  d r  rt about 800 C. were extremely 
res i s tcn t  t o  corrosicnw-hcn subnequcntly exposed t o  strong KOH soluticn 2nd oxygm 
under s i , d z  conditions to  thoss i n  the cel l .  
proauced during pre-ox3p.tion i s  m e l e c t r i c d  in suk to r ,  so  a electrode protect& 
in this w:ry would be useless in t h e  ce l l .  
l i t h i u m  atoms are incoqorated i n t o  tine c q s t d  ln t t i ca  of  the nickel oxide, 
a b1::ck aoublc cxiiac of nickcl <ax?. lithium is pmduccd, vrhieh i s  a good semi- 
conductor(6j; ?-xi the corrosion resishnco i s  unimpsircd, o r  even cnhmced. 
Using this technique, oxygen t i l  ctroiics have been in operation i n  the  c e l l  for  
p r i o d s  u? to 1500 hours r.t 200 C. vLthout f d u r e ,  md cv4.th only n very sai-ll 
drop in prforrrancz. 2pecimens of prs-oxidiscd nickcl hme been exposed to  
oxyyeen under pressure md pot-ssim hydroxide solution at 20OoC. f o r  i.iore thsn 
10,000 hours vcthout v i s ib le  deteriorction; 
at a highcr temper:.ture have shmm th.t ccnsidcrEblo bprovcnent on this f i , m  
should bo possiblc. 
trc?.trr.cnt h d  been introdmcd, exppurimnts were m-ik with vcxious corrosion 
inh ib i tors  which '-1a-e dissolved i n  the clcctrolytc; potassium s i l i c r t e  a d  
potnss im rJm.b,.tc w,.rc p u t i c u l z r l y  successful in wres t ing  corrosion of 
oxygen o la t rodes ,  but tiicy d s o  reduced thc perfomnce of  the c e l l  t o  c 

This trouble has now beci? lwge ly  
It ~NSS f i r s t  found 

B u t  thc gruen oxide lqvr 

Iioviever, it ms ,-sccrtzined that i f  

s 

2nd mcelercted corrosion t e s t s  

It should be nentioned here th?.t before thc pre-ofidcction 

extat .  It i s  believe& t h - t  t h i s  provides the explaytion f o r  the 
fnct tha t  no corrosion of oxygen electro&S was observed &en US- 

the Previous ce l l s  With nickel gauze electrodes; 
h d  d i n p h r ~ ~  of ,asbestos cloth,  and it i s  t o  bc oqected that the electroly.te 

& b a t e -  
the '0' in the form of copper oxide, v a s  d s o  effective as c c o ~ o s i o n  

these ea r l i e r  c e l l s  611 

w o d d  therefore become somavhct cont,?-cted i.llith potassium sgiccte or 
It i s  interesting s l s o  that a s m d l  mount of capper, a a e d  t o  

yld in Ldl CLSes led  t o  the f o m t i c n  of a b l x k  o e d e  on the nickel, 
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The results of some accelerated corrosion t e s t s  on smples Of nickel 
pre-oxidised in the.p-.e of l i th iun  h y d r o ~ d e ,  and exposed t o  65% KJH and 
oxygen a t  jOO°C. and 800 p.s..i. totdl;presswe, cTe shovm pcghica l ly  in Fig.6. 
The samples were plrced in oAdized rCidsel crucibles, which were se t  up in 
autoclaves; 
The gas space wos f i l l e d  with oxygen undcr pressure, and recdings of tempera-. 
2nd pressure were recorded pcriodicdly.  
intervals axi the s o q h e s  washed in  d i s t i l l ed  water, dried 
extent of corrosion fas indicated by the weight change. 
w m  uscd in each nui. . These curyes. emphmize the importqce,of a su f f i c i en th  
thick oxide layer, in oliler to obtrin r e d l y  good durz.bility. It i s  estimated 
that 
nickel with 2 g. of l i t h i u m  hydroxide per squcrc mtrc of surfxe and O l d d i s M  
in air at 800°C. for 16 minutes. 

. 

the s a q l e s  were h d f  in crd W out of t he  KOH solution. 

The autoclavcs were opened at 
w e i @ d ;  the 

Fresh KOH ,solution 

oxide lcycr  about 3 microns thick can be o b t h e d  by coat- the 

In-  Fig. 7 som results of t e s t s  at 200°C, 26OoC. and 30OoC. haw been 
S o t t e d  togethcr. Thwe s q l e s  m e  not exactly conipcr&le due t o  differences 
in:the i n i t i a l  thickness of the oxide cocting a.nd i n  the conditions d e r  which 
tkie.comosion t e s t s  were c u r i e d  cut. 
einilar_.smples corrode at 2@J°C. much mort? slowly than at  260OC.. 
-her .coniider blo incro-we in L- rosion rake  is produced i f  the temperature 
is;rcised to 300'c2.1 . By pre -ox id i sw  tp smples t o  produce a i n c r e 9 e  in 
wcighkof 5$metre -tea3 of 2-3@;/metre ' thc rate of corrosion o t  300 C w c s  
r e d ~ d - . c o n s i d c r c ~ l y . , ~  shown in-Fig.6. . It seem r e a s h b l e  t o  suppose tht 
i f ' t h c  spplcs ,oxidized, vrith l i t h i u m  present, t o  give 
5dmctz-e were tested at ~OO'C., t h y  would give c. l i f e  n q y  times longer t h  
thosc d r e d y  tested at this. tenperdare  (Fig.7). 
icrpossiblc t o  ~ o d u c e  sucg 2 thick oxidc lc.yer on the oqygcn electrode, a 
thinner l r j c r  of 2g/mctre 
a t  200OC. 

It is possible t o  sty, h m v e r ,  that 
a s 0  a 

increase in weight of 

Even i f  it were t o  prove 

w i l l  protcct e a  electrode f o r  more than 10,000 hours 

6 .  Jointing ?,faterid. 

There must be- at l eas t  one clcctric.?lly insulating gasket per c d 1 ,  
~ at the prcscnt time, using unipolcr eicctrodcs, four gaskets must be used per 
cell.. 

b f q  different mci;Lricls have beer. tricd, but at the present tims 
nothing b been found which i s  supcrior in Ldl rcspccts t o  ordimmj compressed . 
csbestos f ibre  jointing, h i c h  i s  mainly composed of abes tos  fibre and rubber 
(gcncrd ly  neoprene). 
bi- thct the  rubber contont i s  g x d u d l y  oxidaised vhcre cxposcd t o  the high 
prcssure.oxygcn; 
ctnosphcre. 
f c i l u r e ,  a d  runs pm. t ly  exccding this should be possiblc with e s q e r i o r  
&sign. 
dccoqoscs on heating, poison the hydrogon clectrcdc md tend. t o  reduce the 
output of t he  cell .  

T h i s  h=.s a m b c r  of diisdvcntages, the principal one 

t h i s  f i n d l y  lc:=ds t o  loss of strcngth ad l c n k q c  to 
Iicnvcvor, - as 10% as 800 hours have been achiovcd without 

One other f+lt is tha t  substcnccs givcn off whLn thc rubber 

Thc most z t t rac t ive  d t c r n a t i v c  t o  CiiF jointing mniLd q p e  ar., tab; 
p.t.f.e. loddcd with asbestos f ibre ,  or possibly loaded w i t h  pmrdcre&.-, 
but thcsc mtcriLLs arc only now in  process of dcvclopncnt in.Engh&; a x i t  
the metal surfaccs would certcirily have t o  bo spcci,?lly mughcned;: to:pxv& 
slip.  
pressure cylinder or tank, in which the wholc c c l l  peek is contFinedlm&r 
pressure, but t i s  line of dcvelopment is not boing pursued a t , p s c n t - i n -  
Englcnd, owing t o  the extra complic?.tion involvcd. 

End pressure on  the gaskets could no doubt be r educed .~ -~ thc .use  of- a 



42- " 

7. Cell Perfororxce. 

Thcse figures &e t d e n  f r m  one c e l l  in n IC-cell bzttery, rJld using 
both t h s e  f x t o r s  contribute t o  tiis mtincr l c  opm- 3% KOH cs electrolyte; 

c i rcu i t  foltage 0bt:ined. 
L@ A/ft ( 0  

Lncler thc &we cond;tions OP 0.68 V. ad 
~ L + & L ) ,  thc pomr output por u n i t  of mternd. v o l m  corresponds 

to 8.2 ~ f 2 .  
The currcnt zfficiency h m  bcen mpswed ovcr c period of somi- :hun&eds 

of h o u r s  in c 5 in dixeter uni t  with t~.vo ce l l s  i n  scriss,  md works 3:: E t  

9%. 
r e x t i o n ,  ~iil l  p 

g& x 100 -. 75%; ' 2.t 0.m. it v i l i  b G  66$, ,cn&ct 0 . 6 ~ .  i t  t r i l l  be 513%. 
1.20 

This mc,?w t h z t  t h e  energy efficiency, brsed on the free energy of the 
- t e  2.t my use?& current density t o  the volt:,- efficiency; 

e.g. a t  0.y md "? 200 roT C J$. 600 p . s . i .  thc encrgr clr 'icicnc- v r i l l  be  

When the ce l l  is on l o d ,  ths losaos which 2.ppea- in the form of >IC*,- 
m e  n-y h s  t o  thc i r revers ib i l i ty  of thc electrode reactions, o r  &t rtq 
be c u e d  x t ivc t ion  polcrizction; 2 d l c r  proportion of the loszes =e aU;-,. 
t o  resistrnce ,.;ld concentrction polmizz.tion. On open c i rcu i t ,  a6 zt l m  
c>men t  densitics, th i re  v & l l  in d d i t i o n  bc 2. ' l o s t  current' due t o  diffusiaq 
of thc tiro gzsscs in solution thi-wg!! the elcctrolytc,  f o l l m d  by conbinatiw 
on the opposite electrode. 

11 grzph 3hmdg thc're1at;ivc pro;>ortion; of po le iza t ior ,  6ue t o  e?& 
electrode and to thc clcctrolyte i s  shown i n  :55.9. 
used, so  the hpkogcn electrode w s  sm-+:.t "poisoncd" . 
mtiv,?tion of tho hydrogen e l e c t r o b  ccn err.ily r e h c e  po la i zc t ion  from this 
source to  a negligible =mount, vrhilc clcctrolyte res i s tmce  cnd oxygen 
c l e c t r d e  pola-iz.ztion '=e less cilsily iLp-ovcd, then a cuL-Je sh ' 

acsily obtpined p e r f o m y e  to b e  e- ected from CI c e l l  c a  b e 2 r i r y s a e  3ig09). 
T h i s  shows th2.t 223iJft. (240 d J c n T  at  0.8 V. and 650 i i f t .  (7CO 
0.6V c m  rczson=bly be e :pc ted  a t  200°C. 2nd 620 p.s.i.. 

0 % ~  GiF jointing 7- 
:.swxi.ng th-k 

tns best 

) ct 
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i._l -xpcrLr.~w~td n-thcd kas been improvod by the mcasurcment of purely 
:-c;istivc polzriz?.tion ir. the 2011 c i rcu i t  using c commutetor technique in  
cor.>mction ~i$?. c1 c?.tho&o r7.y oscilloscope, so that ind iv idud  electrode 
p e r i ' o ; ~ z ~ c e  czn be studled prmiszly. Z l i s  i s  pmticulcrly irportant 'in the 
case o: t k s  h-ycirogen o l ~ c t r o i ~ e ,  .;,+:re both rcsist,-nce m?. x t i v c t i o n  
polarizcs5or. h ~ v e  thu sxxc l ineps depenftencc en the current p s s i n g .  Thc use 
0;' p. rc::r.-r,ze elcctro&e, ir, tnc  f o m  of a swu resting ( L o .  I J n b C & d C d )  

A~+;ZCP, d 2 ~ t ; r d . i '  cil' -,omcs ~ic:col, situntcd i n  the e l x t r o l y t e  spnce, &out 
.--A,..~ , . ~  , 3 b.;t-,iicn tb.2 m-in hy&o;;cn m6  oxygen electrodes, hns mde it possiblc 
t o  st&: Ycc aolcriz:.tiori i n  each ol--ltctro& sepmr.tely; 2. rsfcrence electrode 
of $>;is kii is  used Tzii-1; regiL:zly i n  c e l l  ogorction, cven vchcn the 
co,Xutz.tor fcclmii:ul: i s  not being er~loycd. 
Fgl:.riz?,tioP. of t& hy:rogn clcctrodi; 2.t 200'~. , -?film plotted cgpinst currvnt 
li.r.aiC;, pi-;os :.?pi,g.xi.rJ.:.tcGF c s t r c i ~ t  l ine;  
'csh~.;-iovc bcconcs loZ-'-Pithic (sc'e 7ig.10). I n  the  CPSC of the oqgen e l e c t r d e ,  
ka-:;cvLr, the  bchcviour is  logcritimic evcn ug to  tho highest tcnpercture yet t r ied  
til2 s h ~ ~ p c  of thc curve xhich it gives ct 200 C ,  c m  be sccn in  Fig.9. 
diffcrer.ce in the shc.zx of thc polt?riartion curvcs shown by hydrogen and oxygen 
ol;.ctrodcs 2.t 200'C. c:n be explclined by t n u  f ac t  thc.t the cxchmge current is  
xzdi less i n  tlic l:.ttcr ccscl, or i n  other words the oxygen electrode is much 
lsss reversible thcn the hyhogen one; i n  d d i t i o n  t o  this,  the s u r f x e  w e n  
of tho oxygen clcctrode i s  much less  t h m  thzt of thc hydrogen one. But evcn 
a i  oQ-scn clsctro& of l a rge  surface, r.xde from G r d c  S nickel, w i l l  pola-ize 
norc t h m  a !iydrogcn one n?dc fro:!! the sme po-dc-r ?nd hx ing  the s m c  surface 
?E?.. To inprove the pCrfOITIcnCC of owgcn clectroi.cs, c very large increcse 
i n  surfax ?re?. w i l l  be required; this c m  prob,?.bly best be obtpined by somz 
f o r n  of 2ctivc.tion. 

. _  

This hcs shoivn thc t  the 

r.t lower tcrmcrrtures, the 

The 

Since cluctrodss h x e  been mcdc 7t;Ltiz a bxking plzte, it has been 
possible to  tsst hydrogen 2nd oxygen elcctroc'.os 2 s  thin cs 1/32 in. 
porfommce of those t:lin elcctro3cs i s  with-h 2 6  of tk.t of the previous 
olectrodcs whiui rrzre -2' - 5/32" thick. 
thick, thcrc Goes not ."-ppew t o  be cny s -c r i f ice  i n  perforiLpnce. 
other bqdro&en ?.nd oqgcn clectroilcs of v x y i n g  structurcs hcxe bcen tested, 
but so ~ L T  none hcs shom 2. s t r ik ing  i q r o v c x n t  i n  perfommcc when comp-wed 
x i th  t i c  s t m 3 a d  typcs. 

Thc 

If the elcctrodcs CLCC m d e  1/16 in& 
ii number of 

5. The Effoct of Cell Conditions on Pcrformnce. 

(8.1). Prcnsurc. 

Xid  JICL'ct o r  te~p.;,2rctwe 2nd p e s s u r e  on the  reversible voltage of the 
h;&oscn/oqgen ce l l  c m  be seen in  Fig.11. kIexuremcnts of elmtrcde m d  ce l l  
'.. =irirorrwicc =_--. It vxying pressures of g7.s ( the  electrolyte vcyour pressure hcving 

12) shmr th?.t s m d l  wr in t ions  in pressure hwe only c 
si.2.i c f f x t .  
c.t.cci&xes ( & I  t o  il p.s.i.) q r o x i m t c l y  hC.lvcs the  c e l l  perfomnce et 

n rcn t l j .  shows that  for P. given power output, ?n<t ?.ssw.~ry t1i.t the gcses Lve 
both stored in high tensile s ta1 cylinilars ?.t 3,000 p.s.i., the o v c r d l  weight 
of tilo b-ttcry mrl stor?.gc: cylinders vsould not be increnscd i f  the opercting 
r r e s s u r c  wre rcdmed fro= $00 t o  300 p.s.i.; 
rr2$.1xed, bircvcr; 
cylinders vhcn the  b.r.l;tcrj Is discbzged, 2nd c l s o  for thc reduction in &i&bt 
of the bcttcry i t s d f .  

i: tenfold chznge i n  g2.s prossure from 30 3;tnospheres t o  3 

,-9?T-c _ _  - . . k ~  oper2.tir.g vo1tcgc.s (sic Fig. 13). ii t h e o r e t i c d  mnclysis done f,?irly 

tho efficicncy ivould be s l igh t ly  
t h i s  cdlcul?.tion cllms f o r  the " d c d '  fuel l c f t  in ? c h  
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(8.2). Timprnture.. 

The m&.nm cell .  ts.mpgzturc is  l in i ted  by thb n@erLcs 'used in i t ' g  
. construction. 

m&rce l l  conciitions, where i n  contact with porous nickel; 
l i t h i u m  oxidc of the oyygen electrode brecks dovm fn i r ly  cpickly at 300 C.. 
Bebysen 100' md 25OoC. the c e l l  output. z t  ncrnal opero.t.ting voltage increases 
rapidly -;,%th r i s e  i n  tempcrrLture, 2s  thc,Qdrogen electrode c-es from 
1og.xrithmic behmious 2.t 100°C. to  l i m x r b e h m i o u r 6  After 2 0 0 C .  the outpvt 
does .not increase n s  r c g a y  cis it does:Hctmen 100 cncl ~ o ~ c . . -  ~,.ldng 100 C. 
cz, pit  perfoG-nce, that txt 15oOe. is rmy G, a t  ~ ~ ~ ~ . . i t : i s . . i o ,  d : G t  . 
250 C. it is 15. 
r i s e s  incrcq ingly  steeply vrith incrensing teiqXrnture, md is roughly doubled 
w i t h  c x h  50 C. r i s e  i n  tenperc.ture. .. - .  

Thw, p.t.f.e. i s  found. t o  corrode r c h t i v e l y  qpickiy at 250 c. 
2nd the %kd- 

.~ . - 

The w. td  rnxinm power ?.v.-il?.ble ( a t  2. l o r r  efficiency) 

(8.5). Zlectrolvte Conccntrp-tlon. I 

T ~ L  ef fec t  o f t h e  vqxur pressure of thc electrolyte og the reversible 
vdltcgc of t he  hydrogen/oqygen c e l l  -t c tenpcrcture of 200 C. is sham in 
rlg.14, 
It h s  been nmessx-y to  plot the v q o u  pressure of the e l c c t r l y t e ,  rcther 
th,m the concentrt ion,  s the  relationship between concentration and vapour 
pressure of very strong K!X solutions has not been measured, as fm cs is 
ImOvJn. 

This assumes thzt  the t o t d  pressure is kept c o n s t a t  at 600 p.s.i.. 

It k.s been cssmed t h r t  the disposzble energy in the f o k t i o n  of w r t e r  

1.t other wlues of pressure the disposzble encrgy 
vcpour at a constmt pt;oss-mc of one ztrnosphsre i s  219.4 kilo-joules per g r m e  
f o m d n  weight, a t  200 C. 
i s  incre,wed by a mmunt 

2 
0.5 R T 10% (P& . Pod 

pH$2 

the pressures being m e a s u r e d  i n  atmospheres. 
, .  

The theoretical voltage i s  obtained by divid.jng the &spos&le energy by 
ZF, where F is  the FLm.dqr, 96,500 coulombs. 

Increxdng the concentration of the potassium :lydroxide electrolyte t o  
35% by weight, increcses the ce l l  outgut progrcssively, but further increase 
frm 35% t o  45% his c? sm-xer erfect. 
45% le:& t o  p rac t i cd  d i f f i cu l t i e s  with the I;DH electrolyte going e W  on 
cooling down. 
50-100 hours has shown tkt the very hi& conccntrctions of KDE lead to bu5ld-q 
of concentr:.tion p o l d z a t i o n  (?.bscncc of water in t h e  owgen electrode is the 
most  probcble c a s e ) ,  so that :. concentration of cbout 35% KDH seems likcly to  
be the optirnum at present. I f  l r t e r  it proves fecsible to  condense out twice 
the vr,?.t.ter f o m d  from the Wclrogen z l ec t rdes ,  md then return one hzlf of this, 
in  the form of stecm n i x e 2  with t h e  o-yygen, t o  the oxygen electrodes, this 
U f i c u l t y  should d i s q p e a  and strongcr concentrations could be contempl.?.ted. 

Opci-ction ct himr concentrations than 

Long continuous operr.tion of ce l l s  on l o d  for periods of 

The vLQues obt&ed for spec i f ic  conductivities of a r a g e  of 
electrolytes at various teq,r?.tures m e  sham in Fig. 15; 
obt'ained by mawring ce l l  r e s i s t a c e  with two different lnter-electrode 
d is tmces  using the comutr.tor technique mentioned previously; 
approximate. 
of conductivity using a LC. bridge md high temperature conductivity cell 
should provide c.ccurate results. 

thesehave been 

they m e  only 
Results for  365 KOH cre pcrticul,vly e r ra t ic ,  2nd. the  zsasasurancnt 
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The vaues  predicted by T.M. Fry") a c  d s o  plotted; thsse were obtcined 
. by u z b g  thc rcl?.tionship between conductivity 2nd viscosity, 2nd u s b g q m  

e s t b . t c d  v d u e  of viscosity; 
from work -13- Kokl  r?.usch i n  1898) ; 

d s o  vdues  quoted f o r  KOH by C.E. Dorrcn" (deduced 
-' c gonercl c p e a e n t  is observed. 

The contribution of ,psctrolyte r e s i s t w e s  t o  ce l l  opcrztion Wiu. be 
qproxh:.tely 0.25 oi-q/cm of ?.ppaent elcctrodt? sUrf:.ce, fo r  & kn. eLct.rc.de 

(6.4). 

i. six cell p x k  of 5 in. dimctcr olcctrodcs mcs constructed in 1954 4 

Mozsurewnts of the shunt currents ?-long the coimnon cletrolyte pcrts, and 
c thcore t icd  trcctment, s u e s t  th.t the ragnitudc of' the shunt currents BFill 
deprL la-gely or. the dimensions of the C u d d  electrolyte ports through the 

Shunt currents in 5Iulti-cell Pmks. 

fLxir r e s d t s  vere o b t h d .  

p:.clc. 

If V = thc open c i rcu i t  v o l t q e  o f  o m  c e l l  
n = the mmber of cella in the pzck 
R = the resistcnce of one p,";ir of z x i d  ports i n  one ce l l ,  and 
r = the rosistcnce of onc p,?ir.of +id ports in o m  ce l l ,  

then the shunt current = 

For lmge  pmks, wherc  distribution of l iqu id  mqf be inrport:nt, it might 
be be t te r  t o  h,-.ve c mnbcr of nxi.1 p a t s  serving @;coups of ce l l s ,  rather tham 
onc l x g e  port servmg d l  the  cells.  

9. U s e  of Other Gzses. 

It has often been suggested that c e l l  of this type could be 
usd as c genuine fuel c c l l  fo r  gcnomting povicr on a largc scale, 
u s b g  hydrogen produced from cop1 by o r d i n q  chemicd rnethorls, cad 
oqrgcn from the  ~ i r .  T h i s  is, of c m c ,  a very mibitious project 
a d  c a n o t  honestly be envisaged at >resent, m&ng t o  the h i g h  cost 
0:' :xce hydrogon pmluced i n  this way; 

Nevertheless,, it i s  obvious the t  the scape of the vrhole project 
coal0 be greatly widened if i t  were found t o  be p s s i b l e  t o  n n k e  use 
ol 2. l iqu id  fuel which could bc converted i n to  s a c  gas which is eleo- 
trochenic,Gly active in the cell;. 
t o  compete on rathcr more level terms with the internal combustion engine. 

h numbs of experiments hcwc been c?rricd out using othsr gases, 

pure owgen is d s o  eqensive. 

in this way it would become possible 

and u i th  mixtures of gasus, m Z  the concluions can be surs;larizecl a.s 
fOllov<S :- 
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1. N o  0-bher fuL-1 g~.s,  a p x t  from hydrogcn, hns bccn fmnd to  be 

'Carbon konoxiuc, 
illsctrochemically active on r nickel electrode at t sqxrabwes  .:rhich it 
would bo pr>.ctiCz?lc to usc in c ce l l  of this ~JF. 
methane md ne thao l  were t r i ed  cnd were d.l unsuccessful. 

2. Both cmbon rmxmxidc ad. cmbon dioXi.de m e  solublc i n  caJ.stic 
potash ana v d d  lea3 t o  tho cventud ccrbonttion of the electrolj-te. 

3. 
loss in p c r f m c e ,  mounting t o  a reduct ion  to  one q u x t e r  of the n o d  
perfomace;  
c.1~3 par t ly  to increzsed c e l l  resistmoo. 

Co1;rpletc czrbonation of tk electrolyte would l e d  t o  2 serious 

this is pzr t ly  due t o  loss  i n  owgen electrode perfomace 

4. Hydrogen cont,..Lining inert diluents, such w nitrogen o r  m e t h e ,  
c3n be used 76th a high vdume percentage of inert gm, as long as pro- 
vision is mde for e;dw.usting the rcsicuc; 
be wasted in t he  &-.st, but the mount l o s t  i s  not l ikely t o  be serious. 

some hydrogen would no Cbubt 

5. Possibly because of i ts  so lubi l i ty  in hot czustic p o t s h  sol- 
tion, cabon  monoxi.de does not poison thc fucl c l e c t r d c ,  but i t  m q y  rLtt.lck 
the nickel pipe-mork l e d n g  gzs in to  thc cell.  RO poisoning'wG obsemed 
with othcr gxes  use&. 

6, Experiments using nitrogen-onygan inixkes shmrcd that 2 . k  could 
be uscd in p l ~ e  of o q g a ,  Ls long s the nitrogen left wer was continu- 
ously removcd, and t h e  carbon dioxide extracted before entry i n t o  the cell. 

Thc abovc conclusions s h ?  th2.t the presence of any gnses, apwt 
from hyiirogen m d  owgen, m~-y . ied  to  rcther zdmard p?o:?lsrs which it 
rioiild probably bi: wise t o  Cvoic? at p-escnt. On the othcr M, s d  
percentages of inert  gases vroulil do no ham t o  the c e l l ,  provided d e -  
quate m e a  wcre w c r l r d  out for exhaustin&& them to  atmosphere from time 
t o  the, bcforc they h a l  bu i l t  up t o  lzrge proportions insick the elec- 
trodes. 
tinuously purifying ?. s l igh t ly  cmbonated olcctrolyte. 

iL d l  purificction p l rn t  could no doubt be dcs iped  foz con- 
, 

The ziidition:.l polcrizztion rt the o ~ j g e n  electrode, c m c d  by uskg 
& instead of pure oxygen, c m  bc seen in Fig.16; 
e f fec t  of owsen pressure on pol,-rization. 
v z i o u s  fuel gzscs on the. polmizntion 0-t the fuel elcctrode; the c w e  
for t ech ic : l  hyclrogen, cn6 d s o  for the iaixturc of 9Q% hydrogen plus  
1% carbon monoxide is identical  vrith thx'c for pure hydrogen, over short 
periods of time. The "technical Qdrogen" is  thc gas winich i s  proauccd 
m a by-pm&uct in o i l  rcfinerics,  from tho "plrtforming process". 

this d s o  sha;fs the 
.'ig.:7 shorn tile cffect  of 

IO. Present Desim. 

I n  1957, the Nanon- l  Resemch Development Corporation of Great B r i t -  
?.&reed t o  f m u e  the &vciopi.lLnt m a  construction of c uxnt developing 
5-10 E#., conpletc with d l  c.utorx.tic controls, 2nd c contrrct f o r  this work 
w;?s p l x ~ x i  with Xmshdl of Cmbndge,  E n g l a d .  
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It w2.s &cided thzt 2. l(j in. &iics.eter csll shod6  bc  conctmstcd, md 
th i s  h s  beon LT oper;.tion sine crch 1958. The present elcctro5e design 
hcs c h c r d y  %:en ii,-scribcd; 
c ~ d  the clcctrolwyta ?re drf i lcd  in the rh, as shown i n  Fig.18;. when these 
electroilus a - e  holtad up togcthir in  the correct ordor, T - i t h  r ings t o  provide 
s p x e  f o r  the  c l x t r o l y t c  md with f1.z.t discs of rnctcl to sep-rP.tC the 
hydrogen fron thc ovgcn in  the xlj;ocnt ce l l ,  t hc j  form C. bc.ttr;ry, thc 
vo1tr:ge of  which dLpi;ncls upon  the nuqber or' cells connected in S C r i C S e  
Rc.di:J. ports f o r  d n i t t i n g  pes or c l x t r o l y t e  from the  ?xi21 ports t o  e x h  
ce l l  ?re provided simply by s lo t t ing  the grskuts. 
lccding thc g?.scs 2nd electrolyte into md out of the bcttery i s  provided 
e i t i c r  2.t oni end, or else ix the centre of  the  cell-pxk. 
i s  boltcd ap bctween t w b  ribbed end plates, with powerful bolts,  with e l e o t r i c d .  
insulction between the e d s  of the p x k  cnd  the end plctcs. 
conncctions ?re s i lverso ldered  onto c x h  cloctrodc, 2nd the i n t e r  cell 
connections =sc w.de externdly ;  
the electrodes ct ecch cnd of thc p,:.ck. 

:.xi21 ports for thc d r i s s i o n  of thc h o  gmcs 

I- distributor -plctc for ' 

The whole cssembly 

E l w t r i c d  

the m r i n  connections .?re? of course &-de t o  

Up to 30 ce l l s  in scrim hcve b u n  opcrrkcd so fa- (see Fig.19) , 2nd 110 
s 7 c c i d  d i f f icu l t ies  hcve been encountcrcd with, for exsi;rpld, sc i l ing  of the 
j o i n t s ,  excessive shunt.currents bct.~ecn-cells,.cxcessiGo e lec t ro lys i s . in  the 
electrolyte ports, ctc. 
12qe multi-cell p:.cks bcfore reli?.blc r i su l t s  c m  bi: quoted. 

11. Dcvelcrpmcnt of Control Gwr. 

. 
But 'inore c:q,xrionce will hcve . to  be obtciined with 

Control of g-s dmission h m  ?lwc.ys been a problem, c.9 r. very dcliccte 
prcssure b d m c c  h=.s t o  be mintained betwcen the t vo  g:ses in thc bcttcry. 
i. systcn hcs now bien worked out vhureby 2 s  c b.-.sis the prcssure of the ox;ygcn 
rGi.::ins const.:nt under ,-11 contiitions of 1o.d; 
tvo-stcge reducing ~ d v c .  
t'ne corrcct r,-.te, so  t hc t  tl, two g;"s Lrcssures : r e  bclxxx6 to  within 2. few 
inches vcter g.u&e; t h i s  is ilonu by f i t t i n g  rn  xcu rn te  d i f f e r e n t i d  pressure 
iaator, which &tu?.tus :%. povicr-opcr.-.tcd v.?lvo >.hitting the hydrogen, thc v~ lve -  
opining b o w  con-crollcd by 2. sc_*;'o nechmisn opcrttjng lvith comprossad F i r .  - f?.ir mount of expericncc k?s bccn obt?.incd ,rjith this gecr xhich works 
cxtctrmdy v r c l l .  
:ieunted on th2 front of the protective frrxcviork enclosing i21o c e l l  pmk. 

this i s  2-chieved with a stpniiard 
Thi: hydrogen tlun b.s ta be ,-Lxittcd 2.t preciscly 

Firme 20 shows v,?rious i t e m  which m.de up this control gerr, 

hfuch thought hrs r l s o  bocn given t o  the problem of th;: rcaovd of v . te r , -  
rt the s m e  r-ti ?.t which i t  i s  forriied. 
circulr.ting the hyc?sogcn s t e m  mii:rtUrc by thcrnosyphonic cction, the s t e m  
buing condensed out i n  c sn.:ll vosscl outside the l?&rg* I n  o d o r  t o  do this 
i n  c. h r g c  br.ttcry, very l c r g c  hydrogen circulcting pipos m d  ports would be 
needed, so it w.s &ccidod thzt c s m d l  hy6rogcn blauwr would hc used; 
considcrcd th-t 2. ghndless forr.1 of drive ::auld be n e c e s s q ,  in view of  the 
difficulty of peventing hydrogcr, 10dc:gc with 2. stm&rd typc of &&. i 
rxagneticdly e i v e n  p q  using r. seriting shrou6 of t h i n  non-i.pGctic iiletrJ k s  
bccn successfully empluyed f o r  s a c  time; it c m  bi; seen mounted undcrne?.th 
tho bcttcry i n  7ig.19. The rr.tc c.t which the cendensctc is  reiiiovecl from the 
system is  controlled by s-ritchinz the b1m-r en a d  off ct interv,lls, the 

- ,  w i t c h  being controllcd by c second Gi?fei-cnti?l pressure meter which  operates 
on the pressure aif'ferencc between the hycirogen in the system m d  the electrolyte. 
I n  this wx, the romovd of w c t m  is controlled by the t o t d  volumc of clectrolyte 
which should of course bc kept ?.ppro&?.t;:ly constmt. 
i n  2- m-11 vessel, from which i t  j.s r i l o2scd  pcriodiczitly by 2. levcl-scnshg 
device such 2s a c c p s i t o r  probe. 'The ixb peds of tlGs g e x ,  vrhich ccn be 
d s o  seen in Pig.20, k.vc bccn in opcrc.tion cnd cppe- to work p r f e c t l y  v r c l l .  

Prcviomsly t h i s  hr.s % s u n  cchiev& by 

it YTCS 

The condensate co l lec ts  
. 

I 
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Until  more cqerience with this gecz is o>tzhuZ, the &I lmcl  gnugcs will be 
rctFincd in use, but eventudly it siould be poss ib lo  t o  r e m o v e  then. 

The initid heating of thhi. bcttery is ?.ccoc;plished by electrical h c t e r s  
mountod on the end plctGs u S .  round the 
legging. 
c c o n s t a t  temperature vrhon on lozil, but the s iap les t  i s  mdoubtudly t o  ?illow- 
cold cir  t o  circulate round the  bs.ttcry, inside the l c m ,  tho ?nount of 
cold & introduced dcpenf3ng on the tciaperp.ture of thc cell pxk. 

body of the b?.tttt.,ry inside the 
Va ious  plms hmc beLm suggsstLd for m i n t c i n i n g  the bclttcry at 

h t l y ,  there is the problcid of remving gs f r o m  the c1cctrcf:rto 
system; 
owgcn by electrolysis in the ccr.mon dcc t ro ly t e  ports, although insulrt icn 
with p.t.f.c. helps cmidcr2.bly in th is  respect. Moreovur, thcre is CLvi2.y~ 
the possibility tht >in elcctrcde n q  s t c r t  lcdcing, thus dl9wing g x  to  get 
i n to  the dcc t ro ly te  system. 
which ¶ill r e l o x e  q j r  ,gss which mry collect  L t  the top of thc elcctrolytc 
systen, by mcms of c. soloncid uperded unlve,, 

it is d i f f icu l t  t o  p-cvcnt entirely sane Czcra t ion  of  hy&-o;.sn a d  

T h i s  is t.?k-en c?rc of by 2. level-sonsing device, 

. .  

ill t h c s e  controls mcy sccm sm-ikat com$icr.tcd 2nd expensive, but .thore 
is 110 doubt tht thcy c m  be d e  t o  work, c n d  x i t h  e: l x g e r  b&tury they shodL 
not be any l?lom complex c d  would then represent only a m-U proportioc of the 
cost of t h e  v h l e  pknt. 

12. Ldvmtwes md AppliLice.tions. 

From i h t  has been s&d, it r r i l l  be soen th2.t it is unlikely thc.t this End 
of bc.ttery could be competitive with oxistin;;  types of accumlctor i n  s d l  simq 
ovring t o  3-10 high cost of the cantrol & e m  in coqmison  with thc o v e r d l  cost 

of the p l a t .  k d  in very s r u l l  s izes  it nod2 be t l irf icult  t o  kcep the ce l l s  
up t o  the working tomperc.ture unless thcy vcre o n  l o d  continuously 2nd unless 
very efficient heat insulction were cmplcyed. It i s  d i f f icu l t  t o  quotc exact 
figures for inininUm sizes u n t i l  ixorc exporiencc i s  obtcined, but a paver output 
c s  s m C L  ai 100 w z t t s  is bdievcd t o  bc feczxble -d th  rc;:.Uy good lag@ng, 

One other fcctor that n u t  be cpprcci-tcd is thz t  it could not compete 
G t h  sqy lccd ?.ccudators on c weight h.-.sis d e s s  the lenbth of t b e  of 
discharge is  grcztcr t h a  ?.bout 1 hour; 
tin(: saving in wei@ should becorne increazAngly hport:nt9 2s shmin in Fig.21. 
The fi,prcs for conven t iml  ucumdntors m c  c f e w  yews out-of-date, but the 
generd  picture to-dqy is undoubtedly roughly the sme. 
tb.t the hydrogen-owgen b:.ttery choulil ba d2.c t o  shov i t 's  p r i n c i p l  x%r?m.tcge 
o n x  convcntimd u c d c . t o r s .  
included, and thiz serves t o  show thzt it n5Jl .-lvcys be c 5 f f i c d t  to c q u t e  on 
c weight basis with e- pmcr generator which e m  d r a w  i t ' s  owgen f r o c  the 
atmosphere. 
in te rna l  combustion engines hare c mat many y e x s  of czroful iLevelopment 
behind them, whcre2s the fuel c e l l  i s  still  in i.t; i n f q .  

The fuel c e l l  might' of 50 lb& shmm i n  T'ig.21 wzs worked out for 2 
l a g e  battery d c v c l ~ i n g  about 44 WZ.; th iz  wight t o  pavror r c t i o   ill not 
be achieved i n  t he  s m d l  cxperhcntd.  unit no17 being bui l t ,  xnC it xould be 
unvise t o  hz:nrd a guess about this unt i l  it i s  completed. 
rcquircmmt kzs bccn that it should work, rztiicr t l r n  thrt it should ham 
nrinimm weight or  v o l m .  

hovLv;r, f o r  longer times t h a  this, 

it is on a weight bcsis 

1. curve fo r  c. Jicsel mgim v i t h  fuel  is d s o  

Howcver, it  is 2s well t o  be- i n  ninrl thzt both c x c d ~ . t o r s  md 

The first 

... . 

i 
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reg& pwrer per  unit volume, the  f igurc  of 8.2 HV/f'h3 of internal 
c e l l  vo m e  has d r c @  been quotcd f o r  a c e l l  voltngc of 0.68; a f i y r c  of 
31BI/ft.' for thc whole ba t t e ry  without cont ro l  gew, wcs quotcd by an h d c p e d e n t  
bo@ sm.e years -?go, f o r  a c e l l  voltxge of 0.8. 

It hcs always bcen hopcd th3.t some s p e c i d i s c d  appl ica t ion  will w i s e  first, 
m cLpplic>.tion f o r  which a f u c l  c e l l  i s  p ,wt icu lcr ly  suited. I n  this connection, 
the possible use of fuel c e l l s  i n  s x t e l l i t c s  nid spme  vehic lcs  is of g rea t  
i n t e re s t .  
t o  en tcr  the c o m c r c i d  f i e l d  i n  coxpetiti.on with storr-gc b a t t c r i e s  which hnve 
,drcady been dcvclopd t o  a high pitch.  

Then, v h e n  fu r thc r  expcricncc hLas bcen o b t b e d ,  it should be possiblc  

It would scem that f u e l  c e l l s  of t h i s  t ype  a re  most su i t ab le  f o r  t r ac t ion  
purposes, both road 
sc r i e s  wound motor prwiStes cn i d c d  propulsion unit f o r  many types of  vehicle,  
the l imi t ing  f a c t o r  so f a r  being the  vrei&t of the ba t te ry .  The gases would 
probably be gencrcted by e l ec t ro lys i s  of w?.ter, and i n  this conncction the  
development of cn e f f i c i e n t  high pressure c lec t ro lyse r  in h m y  i s  of g rea t  
i n t e rc s t .  
National gr id  is. considerably l c s s  thi t h e t  of power produced in a p e t r o l  
engge, md this is of spec ia l  importmce wherc the vehic le  i s  subject to 
repeated starts and stops. 

from nuclecx energy, the cost  of thc  e l e c t r i c i t y  v d . 1  be minly  duc t o  the 
cap i t c l  cost  of the plcant r a the r  than t o  thc  cos t  of the  nuclear fuel; 
the nee6 for some kind of lnrwe sca l e  storage will become increasinplv 

rail; the combim.tion of b a t t e r y  and d i r ec t  current 

It i s  well known that the cos t  of clcctricid.  power from the 

> U h e r ,  if finally most of t h e  power i s  generated on a l a r g e  sca le  

and 

im-portmt, as l i t t l c  vrilll be &vcd by shut t ing  clam the  p l m t s  d&i times 
of light load. 

Other advantages of this ldnd of fuel c c l l  m e  that it is  cble to take 
la rge  w e r l o d s  a t  reduced efficiency vcithout h - g c ,  it i s  s i l c n t  md free 
f rom v ibra t ion  in opcration, it has very few n i o v i n g  p a r t s  mtl the "exhaust" i s  
only w a t e r ;  
with the two gases, a very rap id  process. 

morcover, the  "charging" process would merely cons is t  of r e f i l l i n g  

With the  advent of new methods of s tor ing  hydrogen aft o q p n ,  e i t h e r  in 
l i q u i d  fonn, o r  else i n  the former casc as a compressed gns a t  a very low 
tcmperdxre,  it would scern conceivable thhzt vehicles could be propcllod Over 
redly long d is tances  with fuel c e l l s ;  
t he  world's o i l  supplies, the development of a p r z c t i c e l  fuel c c l l  should, 
i n  the author 's  opinion, be given n high p r io r i ty .  

and in  view of the  rapid deplet ion of 

The author would like t o  thank his colleagues who have given invaluable  
,wd in p z r t i c u l a r  Dr.  R.G.H. Watson, help in thc  prcpara.tion of this papcr; 

now a t  the Ldmirnlty Mater ia ls  Laboratory, Holton Heath, England. 

He would ,dso like t o  t h c d  the  E l e c t r i c d  Resemch h s o c i a t i o n  and the 
Ifinistry of Power f o r  v d u a b l c  f i n m c i d  ass i s tance  over m'my years of rese ,mh;  
olso Hess r s .  ktmshd1 of Cambridge, who =e ncn: providing f&.lities f o r  thc  
development work aft who have given d l  possiblc r&vice 2nd hclp; 
spec ia l ly  thc  N?.tionLd Rcscnrch Development Corporc'iion who nre now financing 
the development work, mil who hcvc kindly given permission fo r  thc publica.tion 
of this paper. 
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IG.1. A PARATUS FOR USING COTLS OF GAUZE 
‘-*&S. GAS SUPPLY BY JNITlhsL ELEC TROLYSiS 
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- F~G. 3 APPARATUS EM60DYlNG CELL WITH 
POROUS CIFFUSlON fLECfRODES. 
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FIG. 4. MICROSECTION SHOWING OARSE R)RE SIDE 
OF HYDROGEN ELEC'IRODE (x 150) 

F I G .  5. MICROSE(;TION SHOVrTNG COARSE AND FINE 
PORE LAYERS OF O X Y m  ELECTROIE 

(x 38) 
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 FIG.^ CORROSION OF SAMPLES OF N l C K E L  PREOXI0I';I;LB I 5 
THE PRESENCE OF LITHIUM YYOROXIDE AND EXPOSE0 to 
65 % KOH AND OXYGEN AT 300'C. AND 800 Ib./sa.in. TOTAL 

P R E S S U R E .  
Qch wrrru. raprerents a pair of rarnplrr. 
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Test a t  2Ciii"C'. i s5n  o)iy er 

pl'essure of 600 fb./Sq.in 
Test at 260°C. is in m y  er 

resscire of 800 lb./sq.in. 
Test: a t  300°C. is in oxy er 

Dressu re  of 800 1b.fss.in. 

and 51 %](OH at a tota 8 
and 51%KOH at  a tota ? 
and 65 %KOH at a tota f 
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~ . -  
FIG.? CURVFS SHOWING T HE E: FECT OF T- Qs.#!ia 
Vahes, plaFtc$ aye averaged from a srrie,s 00 sarnpi?e coated with a'protctctirit 
containing llthturn, t h e  OAI& layCrs being OF similar thidmtrs.  
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FIG 11.  REVERSIBLE VOLTAGE OF HVOROGEN-OXY- 
CELL - 



- 61- 

c 

'9 

r' 

I 1 

200 250 ~. 
P Temperature, "C. 

FIG. 1'2 VAWUR PRESSURE OF ELECTROLYTES. 
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Q A*, YMl ATION OF CELL OUTPUT WITH GAS PRESSURE 
FOR VARrOUS VOLTAGES. 
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FIG. 20. CCVFROL G&R hIOUNTD ON rRONT 

OF FROTETIVE: FRAIIIE'.'ORK 
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HYDRCGEN/OXYCEN CELL (FIG 21 

REIkTIONSHIP BETWEEN WElCHT b ENDURANCE FOR KW CELL 
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