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INTRODUCTION

Hydrogen-alr acid fuel cells suitable to power various stationary or
noblle devices are readily powered by liquid methanol foliowing a reformi..g
step. Anticipated applications dictate high current densities, 150 ma/.m?
or higher, and thus porous carbon electrodes have L1ncorporateu metallic
electcocatalysts that include platiiiua or cther m2tals. During the past
Y*ars several groups have shown that certain pyrolyzed macrocyclescarbon
blends produce artive surfaces for oxygen r~duction.(l-3) These results
polnt to the eveutusl elimlnation of precilouc wetals from fuel cell elec-
trodes and conld significantly lower the cost of energy conversion devices.

These electrocatalysts are prepared by pyrolysis of dry blended mixtures
of carbon blacks and wmetal lecn containlng organic chelates, typified by
phthalocyanines or porphyrins containing one of the transitions elements,
e.¢g.. lron or cotalrt.(3) Pyrolysis at 500 to 850°C forms & char which is
then formulated into a porous electrode structure [2r oxygcn reduction.
Besults suggest reduction activity that exceeds metallic platinum, 2t least
at lower current densitles.(3)

The electro~eduction of molwcular oxygen at carbon surfaces or supported
metal suraces has recelved extansive study, driven by the techni-al 1m-
portance of varlous fuel-alr conversion devices. Although the details of
many molecular steps are still no. defined., 1t 18 now apparent that electro
reductlion folluws a pathway ahown in Figure 1. Dioxygen. in the most Btahle
triplet etate(4). absocrbs ontn a surface slte, perhaps preferenclally witnin
certain slzed poces.(%) There the first ele:tron. and perhapa, a prston. ie
added to the molecular adduct to (orm the supsroxide jfon. Most likely tnis
first one electrcn addition contiibuten tc the slow xinetics of Lhe oxygon
reduciion step.(4) The actual devyree of protonation is not clear for. al
though tha pK, values of various molecular Intermedidtes dfe known(4), the
surface acidity ls not well underrtood. A<Zlition of the second electron
forms 1lI03. wnich may desorb to form a stible product. or dissoci.re
to form molecular watec and anothuer oxyye. radlcal This part'itiun depends
upon relative rates of Kk; and kx5 Flnally, additional ejuectr-n and pro
ton donatlon occur (o form sorbed wWater that miJtates to [eyunerate the nite
1his flgure Lllustcdtes the rRequential nature of electrcen addition and tae
desvurptiovn of unreacted hydrogen peroxide to form 4 two elec.ron proauct
Iln this reduction schume, the eluctrocatalysin must partic,.pate in neveral
unique processes. oxyyen adsorption, elecrron transport {rom a conductive
zone, hydrogon peroxlde decompoditllon (for the four electron pro<ennr) and
lonle (prcharly protonic) tranaport Lantly. the active site must bo
r-omptly regensrated. It 18 within thim concept that the petformanca of
theae pytolyziod blendps must be underatnod (6°

PYROLYJ LD BTUDIEL
The eaphasld of these studliosw has besn coapuvunds with & melallated Ny
centor, enpeclally phenyl porpnhyrins I'resvivus w)irk ex _ loread the fate of

this moleculat arcrsey nince thim clvlate 18 thouynt effective in » over lap
with oxygen orbitals.(2) Chemical analynig sugyesta that the metal to pni're
Jen rat oM 1IN the «chart ate aimilar to tle #tartllinyg material Hownver micro
fa.0pic oxamlination of the «har shows roaldual merals tend to clunter in
upheroids while spsctrofcoplc atudies Juest ien the ma'ntonance of the Ng
chelata (1.13)

tituddles reporie-l hero munitor the pyrolyala procesd, hLoth with motal
froe and metallated purphyrina and wit! porphyriv/scarhon blends . Fiyure £
shows thermoyrovimetric data for NI(lLl) tetraphenylporphyrin (N1 1I'I'1 and
nhovr the effo"t of lheating rate yp:n the j.yralyala roactlon llamplea woro
malntalined In &4 flowinyg Ar 6% H, 4t .oam that 1nciudod a4 fixed quantity ot
H 0 (18 mm llg) Appr- -l1able anth luods beydan whsn a leaperatuge of ar2sc
vam reached Thon. a vonatant welyht wam obosrved 3a heat liy was cont lnusd
hutween 550 and AH09C At nhigher teaperaturond walyht im agailn 1t at
relatlvely condtant raten, I1ndepeandent of teaperaturo, uyntil (1naglly a2 atable
resi-'ual -~har reanlta Data In Figure 2 ahew prograased heating to nnotc



and then an lsothermal measucement al that tempera:ure. At luwer heating
ratee lacrger quantities of material are lowt during the (irst. low terpeca-
ture step and a smaller cosidual quartity is observed. At the higher cates,
the first process results in less weiyht loss and the [(lnal product mass
formed durlng the 850°9C isotharmal step is larger.

The {irst welght loss represents sublimation, for unaltered material can
be recovered from cooler pacris of the furnace and exhaust system. FExhausat
through the crucible cever vent los slow and the quantity lost depends upon
the tem.erature profile. At higher heating cates tnhe product is retajined in
the heated zone where pyrclysia occure. This degradation results in a web
Like deposir that tills the cruc.ble volume with a highly porous material.
Observation of thi by intetcuption of a thearmal cycle shows thit this solid
slowly disappears during the high temperature processing. The [(inal char is
conductive and hdas unintormative infra red spectra and appreciable matal
content. At 8509C, locs than 10V of the original mana is retained.

Data were also determined (ot N) TPP 1n pytolysis environments with dif.
feraat oxygen pa.tial pressures. 1In these studies chermal environments were
altered by controlling the hydrogen to steam ratio in the purge gas. As can
be ueen In Fiqure ), the (irst sublimation process is uneflected by the oxy
Jyen pactial pronsure, llowaver inci.dawiny or_goen pertial pressure alters the
t 'nal char weight and the tharmal stabiliry L€ the satarial. Thus the
temperature, the hedting rate and the nature of thu yasaous envilunment dre
4ll lmportant tactors in detearmining the reslidual producet.

Many dtudies have wxplored alteratior ot carbon blacks [olluwing thoermal
treatment. Data on three candidate carbond, nhown 1h Figure A, include the
trmaperdature where weiyht lore 118t became dppracidble and then the normal
Llzed rate of vaight loss during a 9509C Lsotherma. nwtep, in an Ar 6% Mz
mixture., As shown, the initial pyrolysis temperdatite dopends upon carbon
type. butl the weldht loms tdtes during the Lsotharmal portion of the trace
are nimllar.

Experimentus wete conducted on mixtures ot both tredted and untrested
carbonn and metallated porphyrins. In a typical oxpetrinenl, lor ox4mple, a
vdrbon black (Cabot X 72) wan mixed Wwith Co PP (319.1% Co TP’) and then this
mirtire was heat treatod 1a Ar 6%l No woilyht lodR was appartent until
Lemaprtalurens of 4909 wore (edched abd then & wel jht loss occurred beotween
600 and BH0YC with a tate \ndepondent of temperacure, On the bawtu ot
doemonstratod thormal bevhavior of the (wo deparate componentn, we predict a
total welyght lons ot 20.7% at HOOYC; 1o tact leds than half of thid was
obnerved{(9,4 V). Mirrodcople eoxamination of “he carbon vhowed that the nro
duet carbon surtaces adtored by the deporition of amall (10 o ) npl role
fiemly bound to the carhonsg. Thin surface depasit 14 only appactent When he
migture in pytclyzed,

CONCLUS TONS

I'yro'ynis of metallated macrocyrie compoundr invalves a vapor phase con
dennatioa to form a nolld, condenunation product Lhat s carbonaceocus an:d
sloctronically conductive, Haaclion or Lhesa vapars wilh hot céerbon surtaces
poratty condengation on tnoge sUrtaces that prapaies 4ctiva alagctrocatalytic
cdarhonn The role ol *he ast4l lon In these procossss o notl clear, although
the chelate cloarly actd to carry the metal into the vapor pliane.  Hapid
peroride ddocompoaltion requlty only with *he compont .. (carbon plus chelate)
char.(h)  ‘Thun theyr modif ied suctacan add che nerspuary paroxide roact jvity
to varbon (or hiygh ngygen eloctroreduct i on 1alog.
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Figure 1: Mechanistic Patnway for
Electrochemical Reduction of Dioxy-
gen: Molecular oxygen reacts with
a surface site (S) and then one
electron is added to form the
superoxide ion; following that
kinetically slow step, hydrogen
peroxide 1s formed which dccomposes
to torm product water and danother
surface oxlde., Acidity at sucface
lictateg protonation rates. Less
probable two-site absorption is not
shown.
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Figqure 2: Ktfact ot wating Rate on Ni
PP Pyrolysiu:  Da’a show pyrolymig n
ANAT MY ), mixrture with wataer satn
rated gt gve (g mm).  Experiment usaen
ALy covered cruciblo heavaed Lrom S0 to
NS00 apd then held vt wsovc¢ tor 0
miayton .
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Figqure 3: Effect ot the
Gaseous Envicronment on
Pyrolysis ot Ni. TPP: Data
show pyrolysis with ditl-
ferent H;/H0 ratios, all
at % K/min. Weight loss
18 tor initial, low
temperature pro.ess while
I'he temperature indicated
15 thdat of maximuin welijht
loss. Bottom trace :hows
the dm/dT behavior.
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