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Introductlon

Catalyt lc  gael f lcat foa i .s  e tem that  ls

rather loosely applled to a varlety of processea

uslng lnorganlc addltlvea to Procote ¡he klnetLcs

of coaverslon of cerboo to Saaeoug products' Iu

recent yeara, Lnterest ln the catalytlc gaalflcr

clon of coal by sEeeú to produce syngas or oethane

has generated naoy 8tudLea of the nechanla[ of

thla proceea. ft¡ls body of r¡ork covers a greet

var lety of  cetalyst-carboo systens studied s i th 'a

broad array of erperlnencal tools. Ihe reeulte

represent e foroldable body of evlde¡ce that

právlitee Etroog supPort for ¿ nrmbcr of esseotlal

catalyat chatacterl,s¡lc! and for epeclfic

eleuentary Procesa 8tePS. talren togetherr these

conslderatlong for¡ the ba¡le for a dctelled

¡echanf.go of catalYst actlon.

CharactertBtfcs and- ope-ratloü of
an Ef fecclve Cat¡ IYgt

creaaes, lndlcatlng an lncreage 1n therúodynanlc

ac¡lvity poaalbly produced by a chaoge 1o

uetal/oxygen stolchLoúetry. Opposlte changee oc-

cur shen atean or C02 fs adrftted !o Ehe Knudeen

cell. These observaElone f¡u88e8c uhat the llquld

flln ln contact t,fEh the carbon ls a non-gtolchlr

üetrlc oxlde that con¡alns atr excess of Ehe net¿l

ae atoos ln a d leaolved state.  Dur lng gasl f fcr

tfoo, the coúpo8lflotr of the fll 'o 1s deterolned by

a dynaolc balaoce bet¡reen a reduclng Process at

che carborcatalyet lnterface and an oxldizlng

proceas at the surface t'n contact nlth the gaseoug

i"actant .  The cmpoal t lon and character ls t ice of

aoe Crrich oxfdea have been charaefprlzed as

cryetal l lne sol lds at  rooo tenperacure.^ '  at  h lgh

táperaturee they úelt lnto llquld phasee (for

rt¡tch tree energiee of foroatLon heve been evalr

ated) cosgrleed of a hlgher oxlde contalnlng er

cegs Cs. lo Ustng Ehe egul l lbr lun part la l  prer

surea of C¡ aod CO neasured over e Cstco!-carbon

eaople ln the Xnudsen cell, together wlEh Ehe pub-

lfehed theroocheolcal data' ee estlllated theT cor

poal t lon of  the l lqutd phaae to be C840" A

al¡¡llar analyal.a of the K2Coq-carbon syateü naa

not posslble becauee of ¡he-taók of lheruocheulcal

data at 1or orygen partlal Preasures. By analogy'

horever, all alkall-uetal-oxygen sysEeos ¡¡ould be

expecteá !o behave ln a parallel fashlo¡' Fue

ther, very rece[t evldence of the converslou of

K¡CO¡ to a norstolchl@eBrlc oxlde ln tbe Prts
sÉncé of carbon 1s prov,l5led by studles tllth lsr

topelabel led catalyats.  "

te l

oxlde,  acetate '  eul fate,  and nl t rate gal ts of  the

alkall a¡rd alkallne earth oetals are generally ef-

fec¡l.ve catelyats' ln atrong contrast to thertr¡l-

lldes shlch erhlblt llttle catalytic ectlvfty" -

Rorrever, the halldes becoue active catalyEts under

condltlons rhere they are hydrolyzed or otl¡errige

converted ¡o- q specfea contal'nlng an oxygerrbear-

lng an16¡¡ .J 'o-ó

An ef fect

have

hat eets t

The en catal

, hydroxlde,

forE a fd fllo
the catal dur

acoús

aubgaelflcatl.on teoperatures when the catalysE ber

co"á" a llquld flln th8t rreta the carbon and

spreada ovei lta erpoeed gurface. Evidenceofg¡

such a proceas cooes f roo olcroscoplcrqt{{1e8" 
' -

""asore;ent 
of gurface area changesr^"'- and ao

obeerved locrease ln electrlcal conduc!¡nce uPon

heat lng of  carborcatalyst  aduLrtures,r"  lndicr

tlve of the for[atlon of a phaee wlth hlgh charge

carr ler  uobl l l tY.

cmprlaed Eo sone degree of planar arooatic ar-

rayi, and !he8e surfacea are knosn to be qutte ul;

reectLve tor¡ard oxf'de and hydroxide lons 
""Trengolsaloo electroo úlcroscopy has confirned

that the eat¿lyst lnteracte rlth carboo atme le

ceted at the edges of the planar arraya ' bP*-r\h"

¡echanLsu of the attachnent reoains obscure"- 
..

suggesE

9OO K, both carbo¡rK2Co3 and carborCa2CO3 adal:<-
turee ln a Knudsen cell gradually loee oxygen' aa

evidenced by a progress dlounltlon ln the equlll-

brltm partlal preseurea of CO .4 C9¿' At the

rane tiúe the .Pressure of the alkal|. netal ln-

aroB¿tl.c oaterlal to the alkalt netal Lon of Ehe

catalyet. Recently reported Eeaaur€uenta u¿de ln

an electrocheulcal cell tdth a oolten Na2CO3 elec-

Erolyte provfde 8trg4g evldence for auch an elec-

l ron l ra;efer  eEep.rv In ¡h lg work '  Ehe addl t lon

of  graphl le to the electro lyte ( ln the absence of

afr l  iaptdly ehl f ted the reac PoteotLal  of  the

cel l  f rou -0.51t  Bo -1.348 V,  lndLcaLlve of  the

taln

occura at

@talyEt I 'n ter face requlre

sooe explanetlon because the carbon etructure 1s

at !he cerborFcaE¿-

Eetal- r fch

pera;ure cñeúñiEate of alka1l setal carbonates

adntxed slth carboo can be lnferred {rou Knudeen

cell uass apectrooetrLc ueasureuenta" At sbout
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fomat lon of  en ea811y oxld lzed apecles,  such as
aodluo Detal, due to reductfoo of the eodlu¡ lons
ln the cerbonate by the solld cerbon. firis pro-
cese producee dlrectly en excear of oetal atoos 10
the catalyst and leavee the carbon artay vl.ch a
net posLtive charge, terned e radlcal catl.on.

uetal- ex ls
lnter-

be etablllzed by alkall oetal lons Ln the ¡olten
catalyat fflu. Ttre exleCence of sooe type of K<)-
C .tructure h¿e been euggeated algo on the bagla
of lnfra¡ed speqt5l of psrrially gaelfted K2CO3-
char aduixtu les." ' ¡

Tre nelal-oxyge¡rcarbon cooplex ls a precur-
eor of gaseoua CO productfon. The rate of fór¡F
@icatlon hag been coe
related",  n l th the concetr t rat lon of  phenolate
groupa."  Thls observat ton,  Ln conJunct lon v i th
the observed stabllfty and steady state populatl.on
of the8e groups at gaelflcatlon te[perature!¡ su8.
gestr tha! decooposltlon of the phenolate groups
ls ¡he rertsgoverDl{g step ln the catalytlc gaaf-
f fc8t fon procese. ' -  Decoepoel t loo [ay occur
through cooverglon of the phenol functlonality to
the \gtone follosed by then¡olyrlc decarbotryb
!ion." Thl.s part of the gaslflcatlon re¡ction
pethney renains- speculative, although ¡rrch decar-
bonylatlon reactlona ^l¡ave been obsenred to occur
at  h igh tenperatures.¿e

Conclusl.on

Inorganlc ealts couposed of alk¡li oetal
catlona and orygerbearlng anlone are effectl.ve
catalysts for  the s leatr  or  CO1 gasl f icat lon of
csrbon. Under gaetflcaclon conditoog the catalyst
ta converted to a oorstolchlotetric oxlde that ls
hlghly dlspereed over the carbon surface ae a li-
qufd flln. lhis catrlyst fth nedtatea th€ trens-
fer of oxygen froL the o:rl.dtzlng gas to the carbon
aurface by ray of a redox cycle. At the catr
lyet /carbon Lnter face,  e lectron donat lon by the
carbon reduceg the catl.on to a neutral atoo dlr
golved ln the catalyst, Ieavlng a posltlvely-
charged radlcal catl.on on the carbon gurface. The
r¿dical cation reacta readlly rrlth oxygen lons
frol the catalyat fornlng a phenolate fuoctlor
ellty that Ls ¡tabllfzed by the netal long in the
catalysc phaee. The oxygen lons losE f¡on the
catalyst  are replenlshed et  the gae/catalyst
fnterface by oxldetlotr of the dleaolved uetal
atoü8 by Che oxldlzlng gas. The reactlve tnter
Eedl.ates are tranaported betreen gaseous oxldent
and carboa by dlffu¡lon rhrough the cacalyec
phaee. CO f.a forned by decarbonylatloo of rhe
phenolate specles, a proceas that toverns the rate
of  the gaal f lcat lon react Íon.
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be htghly reacrlve toeard ¡he Deg.tlvely cbarged
oxygen lone ln the catslyst. It 18 hlghly pro-
bable that reactloo of the radlcal cetlon and the
O' leade to for¡atlon of a phenolate lon, the prer
sence of,^ yhtch tn the carboo array has been eor
ffrned.'" Indeed, phenolate lo¡ structuree eould
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