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The　composite　plate　pr㏄ess　has　b㏄n　investigated，in　whick　the　gr㏄n　films　were　co－fired　in　the

fbmsoftwolayersofan面e／el㏄ぱ01yteandof倣㏄layersofan（xlelelecα01yte／cathαieattachedwith
gas　distributors。The　flat　cells　of83cm2were　fabricated　suc㏄ssfUlly．For　chamcterizi血g　its

pe血mance，thesinglecellsw仙ane飾cUve肛ca・fl．25㎝2werete飢α1．Thec・一五rα1㏄n・ftwo

layersshowedhigherpe㎡b／㎜㏄thanthatof血r㏄layers。Intheco－fired㏄lloftwolayers，the

largevolt鼠ge1Q器apPcared．inanodicsidea飾e－150hope皿並on，whichisa血butedtoU鳩poor
con血ct　be儲een　anode　ga6　dis㎞butor　and　（㎜ent　collector，　and　to　dle　increase　of　anodic

polahzation．On　the　other］㎞d，the　perfbrmance　loss　in　the　co－fired㏄皿of　thr㏄1ayeπs　was　due

n面nly　to　large　R　drop　and　elecαode　oven／ol訟ge　in　tke　caUlodic　side。On　dle　basis　of　these　resul1E，

some　problems　inthe　comlx）site　plate　pr㏄ess　were　dis㎝ssed．

　　　　　　　　　　1皿“TRODUCTION

　　　Sohd　oxide　血el　㏄ll　（SOFC）　is　an　electro－

chemical　energy　device　which、converts　thc　ffcc

enefgyofhelgasdirecUytoelecωcenergy．SOFC
has　advantages　of　high　emciency，low　pollution　and

cogeneration　application．To　date　twoりT）es　of　SOFC，

which　include　hユbular　and　pla1旧r　ones，have　been
developed　mainly　fbr　ai血ng　aΦDwer　plant．1P2）Planar

SOFC　is　ve疋y　at紅’ac廿ve　because　of　higher　efficiency，

more　simple　stmcture　and　potel1廿al　fbr　large　scale．

For　fabrication　of　the　planar　SOFC，皿any　attentions

have　been　given　to　tape　cast　mellh（，ds　such　as　doctor

blade，by　which　one　ca皿easily鉛bncate　elecむlolyte
and　intercomector．3”4）ARer　tape　cast，the　individual

components　are　usually　sintered　at　dif琵rent　tempera－

tu■es　and　then　afe　assembled　as　one　cell、However，

the　non－supported　films　produced　by　this　pr㏄ess　is

d面cult　to　handle　because　of　its角ragility，and　tkis

method　requires　many　sintering　steps　fbr　maldng
cells．

　　　To　overcome　these　problem3，many　investigators

havestudiedc・一薮nngPr・cesses．5・6）lnac・nventi・nal

co一五nngProcess，thefburgreen行1msthatconsistof
anode，cadlodc，electrolyte　and　interconnector　are　co一

丘red　fbr　maldng　ce11，This　method　has　the　fbllowing
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disadvantages：血e　d皿culty　in鉛brica廿ng　large　cells，

dle　Ca血gmhon　in　the　interconnector　and　the　L血
lossinthecathode．7・8）

　　　In　this　study，we　have　investigated　the　oomposite

plate　process　to　develop　dle　emcient　鋤πica廿on

t㏄㎞ologyoftheplanar　SOFC，in　which理ee面lms

wereoo一行redinthefom旭oftwolayersofanOdel
elec“olyteandof廿u’㏄layersofanodelel㏄㎞olytα
cath（》de　witk　gas　distnbutors．The　cells　oomposedσf

the　co一五fed　layers　were　tested丘》r　characterizing　t』eir

perR）rmance　by　Ule　㎜ent　intenupt　and　dle　ac

impedance　methods。Some　problems　in　composite
plate　pr㏄ess　were　also　discussed．

　　　　　　　　　　2E湿E㎜ENT飢
　　　The　electrolyte　powder　was8mol．％卿a－

s惚bilized　zirconia（YSZ）supplied　by　TOSOH　Co。

（TZ－8YS）．The　anode　material　was　nickel　YSZ

cermet（NY）which　was　prepared　by　mixing　basic

nickel　calbonate　with　YSZ　in　ethanol　solution　and　by

d巾ng　tMs　mixmre　at550。C．The　NY　powder　had

37voL％nickel　metal　after　rcduction，The（Lao．85

Sro．15）o．鋼hO3．δ（LSM）powder　fbr　the　cathode　was

prepared　by　co－precipitation　metkodl　the　s㎞ng

materials　were　nitrate　solutions　of　La，SI　and　Mn．

These　nitrate　solutions　wcre　mixed　in　a　p－oper　mtio

and　poured　into　an　et㎞ol　oxalic　acid　solu廿on．Afヒeπ

be重ng　dned，廿he　pr㏄ipi田tes　wele　calcined　at10000C

fbr5h．

　　　The　composite　plate　pr㏄ess　is　represented　in

Fig、L　The　d㏄tor　blade　method　was　used　fbr　maldng

green　films。The　slu貰ies　of　e1㏄trolyte　and　el㏄旗odcs

wereprep肛edbymi離ngeachpowderinpotballmin
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fbr　24　h　wi血　　o－ganic　subs伽ces　血t　include

po｝yvinyl　bu雛al，　dibuり～l　ph山alate，　polye廿虹ylene

glycol　mono－p－iso一㏄tyl　phenyl　etner（Triton－X），fish

oi1，toluene，and　isopropyl　alcohol．In　d植s　sUldy，hvo

types　of　single　cell　were　fabricated　by　using　the

composite　plate　pro£ess，One　wa6㎜de　by　co噂猶ring　a

layeredgr㏄n丘lmofanodc，elecαolyteandcathode
輌廿L　厩o　green　fbaπ医　plates　of　gas　dist】ributoL

Herea丘erwecallthistype一’co－firedcellof山r㏄

layers．’1Thethreelayeredgreenmmsweremade
隅uen“ally　by　d㏄tor　blade　method，　The　gas

‘hs血butor　was　prcpared　ffom　polyu1’et㎞e　fbam

plate，dipped　with　YSZ　sluny　in　order　to　give　similar

s㎞nkage　to　YSZ　electrolyte．The　gas磁s㎞ibutors

were　aUached　to　bodl　anode　and　ca山ode　sides　of　dle

g【een　thr㏄layers．The　other　was　ma（le　by　co－firing

twolayersofanodeandelecαolytcwithagas
dist】ributor．Herea丘er　d並s1勝is　named　as”co一丘red

㏄lloftwolayers．”Theg鎚disthbutorwasat訟chedto
only　anode　si（1e　of　gr㏄n伽o　layers・
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　　　躍hhegreencellswerebmtoutat350もC，
長）llowedbysinteringat13800C致》r3hinair．Tbe
size　of　the　sintered　cell　was10．8×7。7c皿2；thc

sh血㎞ge　was23％．Thic㎞esses　of　el㏄ぱolyte，

cathode，anode，anode　gas　dish画butor　and　ca血ode

gas　dis㎞butor　we】re150，20，15，750，750μm，
re騨tively．The　sintered　cells　weτe　always　wa咽d，

and血us　na償ening　was　ca■ried　out　by　hea廿ng血e

w姻cells　agI麺n　at13800C　fbr3h　with　some
weights。A丘er　sintcring，the　gas　distnbutols　con－

sisted　of　a　ve可poτous　YSZ　mateha1（pD1osity　ca。

80％，φ㎜etero蜘e　ca，02㎜），were　not　elec一

むonically　conducUve．Thus　addi廿onal　treatments

were　ca並ed　out　in　order　to　impa■t　electronic

conduc紅on　to　the　gas　dis面butor．The　gas　di面b－

utors　br　the　anode㎜d　the　cathode　were　impτe－

g皿ted　wi血NiO　and　LSM　sluπies，res卿vely，

Howevel，as　is　shown　later（Fig。7），the　amount　of

LSM　was　not　enough　to　obtain　l廿gh　conducdvily，

whe！eas　NiO　gave　high　conductivity　as　shown　later

（Fig．6）．All血c　cells　were　sintered　again　at13800C

丘）r3h．ARer　dlese　pr㏄esses　dle　cell　of　thr㏄1ayels

became　a　complete　single　cell．On　the　other　hand，

thecelloftwolayersn㏄dsto血mishacathodefbr
beingasingle　cell．TkusLSM　slunywaspainted　and

sintered　at12500（⊃衰》r5h．The五nal　cell　of　two

layers　had　a　gas　dis1】ributor　only　on　the　anode　side・
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YSZ Pt　me曲
d
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皿in＆
一Ni　fek

Pt　w置re

ca重hodicgas
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electro且yte

anoαe

a皿o磁ic　gas

“istribu重or

Fig．2SchematicOiagramoftheexロe■menω9et－
upforthee監㏄重眠hemic組重estsofthesin客iece皿
with　an　are30f1．2：5cm2．

　　　Thesinglecells・f1．25cm2werete鎌edat1000

。C．Fig皿e2showsaschemahcdiag㎜ofexpe1・
imental　set－up　fbτthe　electrochemical　tests　of　tke

singlecell．Forthistest，丘agmentsoftheoo一五red

cellsoftwolaye1sand廿u’㏄1ayers附eused，
Hyd∫ogen　with　humidity　of3％1皿d　air　were　supPhed

widlout　preheahng．Flow　rates　of　hydrogen　and　air

were50cc！min　and500cclmin，re＄卿ve真y．The
ha猛cell　pe血）nnances　of　anode　and　ca山ode　were

exan豆ned　using　a　re角rence　elec甘ode　of　pladnum

exposed　to　air．The　R　drop，and　the　ovewol餓ges　of
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anode　and　cathode　were　evdu飢ed　by　the㎝πent

孟ntempnon　and　thc　ac　impcdance　mcthods．The

impedance　was　meas皿ed　using　impedImce！gain
amlyzer（S・1誼・nSll260）in血er㎝ge・fO．1t・105

H乞輌dl　dc　bias．

Table　l　E餌ect　of　the　apOheαpress腿re　o皿the

natteningtreatme皿重　ofthe　single　ce置L

Applied HeaUngmte
pressure（Pa） 。C／h）

318 45

483 45

637 45

802 45

955 45

1273 45

637 68

1592申 68

Comments

　　　　　　　　　　　　　　　　　　　　walpedstill

　　　　　　　　　　　　　　　　　　na賃ened　pardally

　　　　　　　　　　　　　　　　　　　　　flattcned

　　　　　　　　　　　　　　　　　　　　　flattened

　　　　　　　　　　　　　　　　　　　c∫acked　par亘ally

　　　　　　　　　　　　　　　　　　　　　cracked

　　　　　　　　　　　　　　　　　　　crackedpar“ally

　　　　　　　　　　　　　　　　　　　　　flattened

＊The　s創mples　processe（l　at3180 r483Pa　were

αeatedagainatthiscondition，

　　　　　3RESULTS　AND　DISCUSSlON
3．1Fabrication　ofthe　nat　ce置置

　　　In　order　to　make　a　planar　Sl）FC，it　is　required　to

obtain　flat　cell　components．To　avoid　a　waψage　of

cell　components，the　gas　distributor　plates　compose（l

ofporous　YSZ　were　adopted　instead　ofusing　those　of

NY　and　LSM．However，the　wa：rpage　ofthe　sintered

cell　was　inevitable　because　of　d醗rent　s1血nkage

behavior　at　elec1∫o（les　and　gas（匡is㎞butors，and血us

the　flattening　treatment　was　conducted、The　results　of

flattening　treatment　fbr　the　single　cells　with　an　area

of83cm2weresu㎜ahzedinTablel．Thenatcell
components　were　obtained　undeτplessures　of637and

802Paat13800C，3hwiUlheaUngrateof45。C乃1．
From　an　observation　of　scaming　electron　microscope

（SEM），it　was　co面med　t㎞lt　the　inte血ces　of

e藍ecぱode！electrolyte　　an（l　elect■ode！gas　distributor

were　flat，and　there　werc　no　cra（lk　and　void　along　the

inte血ces．The　gas　disαibutor　had　a　porous　stmcture

enough　to　supPly　reactant　gases。At　low　press皿e

below483Pa，a　cell　component】ρemained　wa甲ed　but，

whenthiscellcomponentwasαeatedagainunder
1592Pa，the　cell　became　flat．Some　cell　components

were　cracked　at　heavy　weights（レr　high　heating　rates，

These　results　mean　that　the　applied　pressure　and　the

heating　rate　are　important　factors　in　the　flattening

P「ocess・

3．2Polarセation　characteristics　of　the　co一“re〔且ce且l

　　　Thepe血mances　ofco一丘red　cells　with　an飢ea
of1．25cm2werc　measured　a負el’operation　of24h　at

10000C　and　the　result　was　shown　in　Fig．3．The

maximum　power　in　the　co・firedl　cells　of　two　layers

and　of　three　Iayers　attained2「00mW／cm2and20
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Fig．3Per『omance　of重he　co一爺re－ce且量ofΦwo

Iayers（0，●）andofthr〔3elayers（△，▲）a髄er

opera重ion　at10000C，24h．

mWlcm2，respecUvely．The　pc面mlance　of　three

Iayers7cell　was　ve可low　as　compared　to　that　of　two

layers，cel1．To五nd　leason　of　the　cell　pe血》㎜ce

loss，the　electrode　overvoltagcs　and　R　losses　were

evaluated　by　a　c皿τent　intemption　method，The

polahzaUoncharactens丘cfヒaturesintheco－fired
cellsareillustratedinFigs．4and5．

　　　In　dle　co一五red　cell　of榊o　layers，the　electrode

overvoltages　were　relatively　low　but　a　large　R　dlop

appeared　in　the　anodic　si（le、The　R　drop　of　the

an曲c　side　may　stem丘om　an　anode　gas　dis㎞butor，

an　a皿ode　or　a　cun’ent　collector．To　make　clcar　its

origin，additional　measurements　were　made。Figure6

showsanelec㎞calconductivityoftheanodegas
distributor　as　a　flmction　of　holding　time，which　was

measured　in　kydrogen　atmosphere　at10000C．The

anode　ga6　dis㎞butor　has　a　high　elec面cal　conduc－

tivity，which　produces　a　low　R　drop．The　anode　has

alsoahighelec面calconduc亘vitybecauseofmuchNi
volume　of37％．There且》re　it　is血ought血t血e　large

iR　drop　in　the　imo血c　side　came丘om　the㎝πent

collector。The　cuπent　collector　in出e　anodic　side　was

composed　of　Ni　fdt　and　Pt　meshl　the　Ni　fdt　was

posi亘oned　be“veen　anode　gas　dist】誼butor　and　Pt

mesh．Poor　contact　bctwcen　the　c皿Tent　collectol　and

dle　anode　gas　dist】ributor㎜y　in（1uce　a　large　R　dぼoP，

The　cathode　side　in　tMs　cell　had　no　gas　di副butor。

Thus　the　R　drop　in　the　cathode　side　is　considered　to

be　due　to　contact　resis伽ce　be餅cen　cadlode　and

platinum　cuπent　collector，which　is　si血1肛to　the

case　of　dle　anodic　side．

　　　The　polahza廿on　bekavior　in　the　co－fired　ceII　of

血’eelayersisalsopresentedinFigs．4and5．ln
contrast　to　that　of　two　layers，a　much　larger　iRdrop
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Fi蟄5Compahson　of　iR“rops　in重he　co－fired　ceHs

of蜜wo　layers　（0，ム）and　three量ayers（●，▲）after

opera重ionat10000C，24h．

existed　in　Ule　cadlo（hc　side，which　was　fbund　to　be

due　to　poor　conduc廿vi⇔「of　dle　caUlode　gas　dish｛b－

utor，as　shown　in　Fig．7．In　the　cathode　gas　dis血butor，

LSMwas　coated　on　the　skeleton　ofporous　YSZ．The

portionofLSMvolumewas　sm飢h皿comparisonwith
that　of　YSZ，w屈ch　results　in　the　large　ohmic

fesistanceofthecathodicside．Forthecathodegas
dis頼butor，i重will　be　re〔luired　to鉛bricate　it　using

LSM　only．In　the　anodic　part，the　iR　drop　and　the

overvol田ge　of山e　co一五red　血ee　layers，cell　were

si血ilartothoseoftheco－firedtwolayers’cellbutthe

cathodicovelvoltageoftheco－fired血eelayers’cell
was　significantly　l缶ge．The　cathode　of　the　co－fired

血ee　layers。cell　was　sintered　at13800C　tkat　is　high－

cl　t㎞　thc　sintering　temperature　of　thc　cathode
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Fig，7　E置ectrical　conαuctivi重y　of重he　ca重血od盤c　gas

distribu重or　measu『e“in　ai『．

（12500C）in廿塾e　co一五1ed“vo　layersl　cel1．The　high

Sinte血gtempera“鵬may　prOmOte　a　reaCtiOn
betw㏄n　LSM　and　YSZ，and　the加msμ）n　ofMn　in
LSM　to　YSZ．9）This　means　loss　of　cathodic　acnvity，

that　is，development　ofa　large　catkodic　ovelvoltage．

3．3　㎞peda皿ce　behavior－uring　the　ceH　Opera“on

　　In　older　to　test　dle　long　term　s田biliW　of出e

cells，the　cell　was　kept㎜der　open　cir㎝it甑te　at

10000C　fbd50h。Fしg肛e8shows　the　peτfb㎜㏄of

theoo一五redcelloftwolayersasa釦nα巨onof
operating　timc、The　ccll　pcrfo㎜ce　de伊ade‘l

largely誼eranopcra丘onof150h（opcncir㎝itstate，

at10000C）．To　evaluate　the　degradationねctors，ac

impedancewasmeas肛edandthere皿tswere
represented　in　Figs．9and10．The　im蜘ce　plot

indicatesthatthece皿．pe血㎜ced㏄ayisduetothc
increases　of　bodl　R　dヒop　and　elec1■ode　oveτvolねges。
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Most　ofiRdrop　came　f｝om　the‘iegrad甜o皿ofanodic

side　as　sho㎜　in　Fig．10，which　is　aUributed　to　the

poor　con訟ct　of　the　anodic　side　because　the　anode　and

anodic　gas　disnibutor　are　considered　to　have　s廿11

higk　conductivity．The　poor　c‘）ntact　may　originate

丘omthedecreaseofcontactpressulebetweenc㎜ent
collector　and㎜ode　gas　disthbutor，or　the　fb㎜adon

of　micr㏄racks　at　intcrfaces　of；anode　side。To　make

clearitsreason，thecrosssecdollsattheinte血cesof

anodclelectrolyteandanode／an（》dcgasdistributor
a負er　operadon　of24and　l50h　lwere　examined　using

SEM．The　microcracks　were　not　observed　at　the

inte曲ces．Thus　the　poo－oonねct　of　the　anodic　side　is

considefed　to　be　due　to廿he　decrease　of山e　con隔ct

pressule，which　produces　the　increased　contact

resi曲nce，The　increase　of　the　ceU　QvcrvQl惚gc

originates丘om　both　anode　and　cathodel　the　an面c

overvoltage　was　larger　than　the　cathodic　one．The

incrcase　in　the　anodic　oveπvoltage　may　be　relate（l　to

thec・a劇aU・n・fNip釦cles，etc．10・11）

　　　Figulellshowstheimpedanceplot面er
operation　of150h　as　a血mction　of　direct　c㎜ent．The

inten囲resis伽ce　of　the　cell　remained　cons田nt　value

in／espe（酒ve　of　cun’ent　densiW　but　血e　polarization

Iesis伽ce　d㏄reased輌th　increasing　c㎜ent　densiり・．

The　polahzation　resista皿ce　is　related　to　the　reaction

process　of廿1e　elecαode。Assu血ng曲t　the　electrodic

leacdon　process　in　the　planar　electrode　is　vali（l　in血e

porous　elec1■ode，　the　polarization　curves　at　dle

ac廿va廿on－con1ぼolled　　region　　（η邑。t）　　and　　at　　the

concen1∫aUon－controlled　region　（η。㎝。）　are　described

as　a　fhnction　of　cu】Tent　densi野「（’）by　the童）llo輌ng

e“uations：

ηact＝k1＋k210g’

ηG㎝c＝k3109（1一〃’置）
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（2）
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where　ki　is　constant　wlhch　depends　on　temperatuκ

and　chalge1■ans驚r　coe£匠cient，and　’L　is　a　h血dng

cuπentdensity，Fromcqs，（1）and（2），thepola豆zation

resis髄cesat血eacdvad・nre癖・n（Idη．α1α1）㎜dat

血eC・n㏄nαa丘・nre幻・n（ldη。㎝♂ゆ’1）肛e鋲venby血e

藪》llO訊dng　equa廿ons：

ldη戯！山・1－lk21’I

Idη㎝♂α’i－lky（’し一’）［

（3）

（4）

Thc　aboveαluations　mean　that　when　the　elecαode

reacdon　ob町s　dle　ac“va廿on　pr㏄ess，Ule　polariza廿on

resismce　decreases輌血increasing　current　density，

butinthecaseofconcentra豆on－contro皿edpr㏄essthe
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polahza廿onresistanceincreascswithcuπcntdensity、

Thelefbre　by　compa面ng　the　imp戯mce　data　ofFig．11

witktheabovcequations，山eele㎝’odereac廿oninthe

co－filed㏄lloftwolayersisco皿sideτedtobe
con1■011ed　by　dle　activa廿on　pr㏄ess幅d並n　a　cun’ent

of50mA
3．4　Some　problems　in　composite　plate　process

　　From血ese　results，some　problems　in　血e
composite　plate　pr㏄ess　are　summa直zed　as　fbllows：

（1）high　ca廿hodic　ovewo11励ge　of　co一∬red　ca山ode，

（2）poor　elech蛍cal　conducdvi呼of　ca血ode　gas

　面st豆butor，

（3）increaseofcontactresistancebetw㏄nanodic
　gas　dis㎞butor　and　cunrcnt　collector　du益ng

　operadon．
（4）increase　of　overvolIage　at　anode　during

　operaUon．
The　ins餓bility　of　the　ano（∬c　gas（髄s甘ibutor　aゴses

丘om　the　degradation　of　its　electrical　conductivity，

F∫om　Fig。6，the　decay　rate　of　thc　electrical　conduc－

Uvityintheanodicgas出sthbutorisfbundtobe80
Slcm　per1000h．Akhough　its　conducdvity　remains

high輌d並n　several　hundred　houfs，it　should　be　noted

山at　the　decay　rate　is　rapid、The　remarkable　d㏄rease

of　the　elec甘ical　conduc廿vity　in　Ule　anodic　gas

distributor　may　be　a　serious　problem　because　the　fbel

celhcquiresanopera紅onof4000Gh鱈co㎜erci記一
ization．

　　We　think　that　the　problems　cQnceming　gas

disthbutor　are　caused　by　an　insumcient　impregnation

of　the　sluπies．The　s惚bility　of　the　anodic　gas

distributor　is1亜ely　to　be　improved　in　fhturc　becausc

the　co－fired　ccll　of　two　layers　had　good　pe罰lb㎜ce

at　the　s㎜of　operation，The　increase　of　Ni　volume　in

the　anodic　gas　distributor　is　remained　fbr　fUture　work

Genera皿y，the　increase　of　contact　resistance　among

the　intercomector，the　anodic　gas　disωbutor　and　the

anode　is　more　serious　problem　than　the　decrease　of

廿1e　conductivity　at　anode　side。The　decrease　of

contact　pressure　or　the　fomation　of　small　cracks

originates　in血e　increase　of　contact　fesis訟nce．The

lmprovoment　is　one　of　co㎜on　problems　at血e
stacking　step　ofplanar　cell　fabdcation．Many　authors

τep・貢e4血ep・・rendur㎝ce・fan・de．10・11）Itis

usually　aUlibuted　to　the　moη》hological　changes　such

asthecoagulationofNipa血cles，thedecreaseof
th℃e　phase　boundaries，　and　the　最）nnation　of

microcracks，etc．Forthecaseoftheco一五redanode，
these　problems　remain　unsolved　fbr　the　fhture　work

　　　　　　　　4CONCLUSlON
　　The　composite　plate　process　fbr　fabricating　the

planarsolidoxidefヒelcellwasinvestigated，Aflat
cell　of7．7x10．8cm2was　fabricated　successfhlly　by

composite　plate　process．The　test　results　of　the　s㎜11

size　cells　lead　to　the藪）110輌ng　conclusions：

619

　　（1）Aco－firedcelloftwolayersyieldcdapoweど
of200mW！cm2：608mVat328mAlcm2．
　　（2）Thepedb皿an㏄intkeco一五redce皿ofthr㏄
layers　was　much　lower　t㎞that　oftwo　layers，which

resulted丘om　the　laτge皿drop　and　overvoltage　at　the

ca廿10dic　side，

　　（3）1皿theco一∬redcelloftwolayers，the
meas皿ed　impedance results　d皿ing　the　cell　opeπatめn

showed　that　the　pedb㎜ce　decay　is　due　to　the

increases　of　boUI　a皿Lode　ove四〇hage　and　R　drop　at

anode　s童de．組so血e　elec甘（xie　leacUon　of血e　co－fi『ed

twolayers’cellisα，nsideredtobecon紅olledbythe
activation　energy　process　within　the　low　current　of50

mA．

　　（4）Fol　fbnπc　works，the　improvement　of
elec血cal　conduGtivily　of　gas　disUibutors，especia皿y

the　development　of　lhe　cath（油c　gas　disthbutor　with

highelectronicconducUvity重sre⑪red．
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