YOLUME ¥7-2

MEETING

AUGUST 31 - SEPTEMBER S, 1997
EREEE 1997 [ ETNER
INTERNATIONAL

MEETING |

THE -
¥ e

SRS ELECT ROCHEMICAL PN
{ QCIETY ill’h =
o =l THE INTERNATIONAL g@)}

N

N SOCIETY OF
e ELECTROCHEMISTRY
481h Annwal

192nd
Meeting Maeeting

)




-
[

Wy i 1
Il'lll. L
-

e
.
[
] -l"""-i-'--.

able

1 ‘l.-i. Pl 1

b
'

]
[
L |
i

B A
B E{';!

THE 1997 JOINT
INTERNATIONAL
MEETING

THE
ELECTROCHEMICAL
SOCIETY
AND
THE INTERMNATIOMNAL
SOCIETY OF
ELECTROCHEMISTRY




Absiract Mo, 175

INFLUENCE OF THE TEFLON CONTENT IN
THE DIFFUSION LAYER OF LOW-Pr LOADING
ELECTRODES FOR POLYMER ELECTHOLYTE

FUEL CELLS

L. Ciiangd, E. Asroling, & Pamo asd
E. Fasmlacua*
EMEA, CR. Cascoa, FRG-TEA-ECHI,
Ve Anpeellacess W1, 8 Mania & Galeria, Roma Maha
*lnstinuis CNRE-TAE, Via Salit 5. Lucia sopra Contese
39, Mexeina (Tiady)

Imiroductios

The influence: of the compesition (FTFE conicar) a]
atructure of Sffusional laver im bow Fr-hesding electrodes
for Polymer ela=nhie fusl celly PEFE weis frpstigeasd
T modification of elacireds poroeity aid iis oo e
cszalyst acavity For the cathaddic reduction of fxyEeD wis
stadicd. Three Ly bow cawadys lnading pas diffusica
clectsades were perjrired, pmeg the spray eachnigoe for
the Segasition of be diffusion and cilys Lavers

Experimental

']"htd.ﬂ::lmdumrqqumhy a spray iechiricen
using  plalinumeoa=arkan 2 Pelh b
(Elmzrochem, Inc) calas pomder (Wulmn XO-73
Caleat), 3 carban paper subsirig {Toegy TOPH-00), 4
Polvicinfluoeshyics (FTFE) dispersion (33 wrts
FIFE aqueois digpersion, Hesgaflon 5017 Hoechsi), a
Mafien solution (5w Nifion 1100 EW sslution,
Zalutios Tecanolegy Inc ) pead phyoerel | The carban
loading in the SfMuson loyer was 2 mgin®, he
platinum keding in the sralv Bives was 0,1 g (=~

For ihe prepamtion of e diFsion Eyes, a

FEpENSNE was prepurcd by mising sad
srirﬁnginuulhumj:hl.m.almlmmﬁij
min tha carbon porader (grinded Yolcan XO-71 powder,
Cebod Inc) with an appetgriate amoum of PTFE
dispergion (15, PTFE aqueous dispersion, Fesiaflon
2043, Hioochsil The smpensics nas spray depoained
SN0 8 s RUpRddt [Girban paper Tormy TGRH-RHI),
Thie: Layer was dried i air atmesphers 2 13090 far | b,
Felllowed By & thermal restmem m 2800 for 30 msn fo
frmne 10e diguermon agent containgl in PTFE, and
Grmlly sarered & VA0 e 30 min,

To prepare fhe camlya laver, a Bomogeness
seipension, formeal from e dederd sounsts of the Py
catalyst (20 %5 FUC, Blocrochem Ine.), the: glyezrol and
the Hifien solunon (5% Mafign | 100 EW, Alinch)
mlutuwihdhumlaamhm_mw&p:qilm
i the EfMusion layer

Porvmmetry menmirements wese performed using a
Ciarby Erba Menzry Pootssseer ma 2000, Peficrographs
Wit obtumed with 2 Cambridge Stersscsm 290 mki
sasping cleciros  microstipe, The  elecinochemscal
MSurcmenss were sarmiod ool im FlyS0y | M ag 35 o0
by mewns of 0 posstiosial-gabancsis FGAG PAR
1WA falic volummetny, ghvinestane  polirisation)
and an eledrochemcdl ieface Salartmn [stuimenis
mod LZET Gmnocied 10 an impedanes phase mralyigr
Solariron Iestruments  med 260 R ac-impedanc:
SPECinoapy.

Rezulis and Discussicon

The dffusios layer tad fwo  Ssminetive pore
distsiboiions with boundary sbom 0,35 wm. To idzniisy
chesie differenr regions, we callod MiCropaees: th popss
with size bowes than .35 o= and msspors the pores
having size higher than 9,35 ym_

Il was oheerved that elocirode performance showed
the: garme tresad of e soml [erosity dats for the chcirode
diflusion tayer, PTFE 10 wi % elacreode showed the
Freicsl porvety of the diffiséen layer while, S0 we 55

e g the limes porekily, Diffosaon layer [rTay
can influcnze slodmde pesforrance for o main
ressen; high peresity increasss ihe nve of mass IS
of reictant g oo cmmbne sites high AT sy
allows 3 grearer effeclive area of the calalylic layer
deposited on the Edlision laver,

In B bigh ceent density s, the chectedk: is
under diffsion corcral, 5o in this case, the comnbuse of
1ol paresily, mlaied 65 2 larger eswsust of regcizsr fas
. caahiic sites 5 preodomdnant s clectioda
faformance, Brgarding e low ourem dengity range
mgon (145 mA cm), where the eledtmde is undar
charge  (ransfor  remtion  conimel i eleciende
perfommance showed & differen read than Wigh Cursear
density range. To explain this trend, it & 1ECTESARY o
likr in account the fluence of macropesily on the
slEmde  perfommance The  ddffikism  Lger
fimoportaty and the poroeity in o poee e mnge
beiween 2430 pm, as & function of FTFE loading. A
sinimum apgear for o FTFE boading Berween 20 and 40
wi % Figl)l A& difedon layer with & high
oy alkows an higher effective cabalvine arca,
beciuse spoy deposited calides! can PEnISIEREE inin 1l
lasger pore of 1he diffesion liyer and the INiple comrac
2o PuMalionias is menssed  Too confiem this
belurvicar, by plodting the elocirsde poiential e the
acponcally, imodhe mange 24350 um we obiain g
steaight Fine (Fig ). Bxchangs current ey in shis
lnidmmNMMiiPﬁmﬂmngﬂttlunge-a
the dedmds 2ifadive aren

SEM muiorogeiphs of the diffusion layer gn ihe
QTN subsnle, Befaon tha depenstion of catalytic kyver,
for differcnt PTFE limding efectreds, soem 1 &snlfirm
those coecletions. AL higher FIFE (onlenis, i ST
ﬂalmwmmmujm:mmﬁmnlaw.m
1he persence of cracks, indrvasing with FTFE COniEnl, 15
Ih:rm'uﬂtd.ﬁulhemanTFElmrg.
dimimished the porsity and it CONBOUEANCE AN Sorygen
transgas limitaten take place | The forsatioes of cracks
in memiher and sizs was also incresal and this persfuced
achangs in the effective mra of catslytic Lver,

Tie chaape of effective electde s with difesion
Enor macreporeiry, B s cvidem oaly in a Dmsicd
elecinode ptential vi. curmeat dessiny regien, while he
predominant e of FTFE Inading increass, appsar g
e schaid 10 the decrsase of omygem amewnt on 1he
catalyti: sites. Such anomaloes offoct seen ax ke cmenm
dm::uhrelamakmmcnlmmﬁu;hu
been  confimed  fom  elecirechemical imgealange
Epoctrrecoiy dala. [mpalance specera Bang been carried
trut an the: g diffusios dlecirode m varioos polentiss,

The Mpquist ploe chaained o elecieods petental of
752 mV vx NHE. They mssnly consies of an: semicincle
chassctensne of wn elecerezhemical interface thal can be
smalited by a nen linear regression with an aquivalrns
elsztrical corcuit BB Coh . Where By & the somoof
elstirode and Hecmbe resising, F, i the pelanizalion
ruiﬂmﬂ?:l{':islh:d-ﬂlhl:lm-:mdq.'.

A% clocrode everpolennal is incrrased rhe cloirgs
mr&:nimardm:mmliunumufmm
lransfer petocss decresn, wherss diffusion resigance
increass and the My resimanes = consiesr Highes
impedans: has besn messored fer S owr %% FIFE
cloornde. Fipd shi By for diffizent FTFE bading
clocirode 1 742 mV va NHE and 547 sV vs NHE.

Tee By trend s simdlir o chal eltsingl Fom
electrode potestial vs. csren) density unves,

Flg 4 shows he dousle liyer capacity obiaimed [egen
impekings specira al T8 my v WL the carve bs
simuiles b thal cttainad from Escepocmy dain (F1g. 1]
o the dilfision Lver, showieg & minimum vabe for a
FTFE leadsy of S0 The same preml a5 cagocily, hos




e dblaimed for adsarbed Bodnogien chirge foam Selic
valtammelry data (Fig4).

The FIFE conwent in the diffesion tayer of FEFC
cathodes chanpss the cloctrode micostnocture. This
change affesas the elecirochemical progeriies of the
cleczrodes. AL high currem density the negaitve indloznce
of mass imnspom is reduced with low FTFE loading. At
low current density 1be edecirode performance gocs
throwgh o mimimaam. The explansticn af this phenmmens
is melated to ibe differeml porosty of the diffosicn layers
2% & fanidicn of FTFE laading.

The FTFE content has & direct influsnce on the
diffusive layer becsuse Me incresse redoces the toil
porosity and than limids the ooygen mass imnspomn o the
catalyiic siles  The macroporossty, instend, has an
indirect influgnce on the caalylic kyer, hecamss its
increase allows to obtain an higher active anea.

CONCLUSIONS
The FIFE soateml in the dilfuston layer of PEFC
cathodss changes the elecimede microstucun: in [wo
ways Firs, rota! poresity of the diffusion laysr decressed
by ircreasing FITE consen; second, ke catalyiss surface
aren depended on ibe macroporosity of ihe diffasicn
layer, which vamnes with PTFE loading. These changes
afiect the electrochemizl properties af (ke electrode. On
this tasis the cffect of FIFE kading om cathodes
pertarmandcs depands om the Surresd densily regsan:
= al bigh carment densaty {dilfusson laver comrol), as a
canseauinie af bl parosity inensse, the rate mass
mransparl. a8 well as the performancs, ingnsased by
decreasing FTFE boading
= an boww currenl densaly (saabiic byer conlood), as 4
copcepeence:  of  macroporosity  change,  the
performance went throsgh o mirdmem, & abour 20
wi e FTTE.
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Fig.l = Porosity in the mange 2430 wm and macroparosicy
uf the daffusion laver as a fanction of FTFE coment
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Fig.2 - Dependence of the electrode potential, daring the

axvpen reduction al 5 mA an”, a5 a fusction of parcsity
in ibe mnge 2+50 pm

o
_p‘_"'\-.\ . 1.5
4 e e s
an | T 115
II .l'-. H\\ E
(=] 35 II e ; * - 1.3 ":'G
,:E‘ | - R L s
T |7 e 1 ag
75 Fo--e--50 =i v HIE :
“ ] 07
20 05
0 i} 4 &0
PITE %

Fig.3 = Dependence of total polanzaizon resisiancs on
FTFE cantent in the diffusion layer, ol low (TE2 my vs,
MHE and high (5342 mV wvs. KHE} overvallags for
Ay pem naductidn.
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Fig4 = Double layer capacitance fromn impodacce and
hydrogen absarplion charge from oyclic vollammelry, ns
# [umetion of FTFE canters in the diffusion Layer.






