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ln hct.rcg.ncous conrbustion, rcaction offuel and ox)gen occurs on a caolysr su ace Thc
surhce of a cold calallst is colered rviih thc morc cilcclivcly adso$ing specjcs: shen the
r.ml)crrlurc h incrcascd, this spccics is dcsofted. and the ralcs ofadsorplion and deso'p1ioi
delenninc the isnllion temperarure. Rased on the equations ibl the heal balancc. crprcsions
Nefe dcri\ed ftr lhe calculation of ignilion tcmperaturc from thc pammctcrs ol lhc crpe -
mcnml scllrp ond thc physical pdamcters of adsorplion and desorprion. These ph)sical
pammel.rs are thc preerponential laclor JD and acli!ation cncrg LFb of desonnion, lhe rario
ol zero co\eraee srilking coefficients, and the ratio ofadsorplbn ordeB ol tucl and o\)ecn.
S.\.ral publishcd experincntll ignition lcmpcfature mcasurenrenls {er€ reanalysed lo obtain
!av{p(ion dcsorprion panmelers fo. CO, ll:. CIii. CrHi, and crH6 on lolycqnalliDc plal'-
num catallst. The lbllo$ing parameteB $.erc dclcmincd via nonlinear lcasl-squarcs llltingl
ucti\!lion cncreies o i desorplion: ,;(l rrlP0 - 1:l.3 + 5.2 kJ/mol. tD(CO/Pt) = 107.2 + 12.7
k. l r rnol ,  l . lo(O: /h)  = 190+14 k lmol .  tD(C:Hr, /Pt)  = l16+2l  kJ/mol ,  lD(Cj l l ' /P0.161 +
5l  k j lno l :  rat io  of  s l ick jn8 coe ic icnts:  , i8 . ! /so. !  = i6 .7;9.6,  s .o/S. . r  = 11.2 + 8. i ,

s , , . , , /5 ,H, , ,  =5.9+0.r .  s .H, , , / ,sq,  = r56+ r .9.  J in"  /JL, ,  
-  r1.9 + 1.7.  Etrof  l imirs  rc fcr

(o a coDlldcnce level of 0.95. E\Fdnental ignition tempcraturcs could be rcproduced
assuding secord order adsorylion olCO, H:, O:. CH4 CrH+;nd CrlL on pol)crystalline
platin!m. These reaclion ordcrshalc becn debatcd in the lil€nture.

\Vhei a bare c.ralysl is exposed 10 a mixturc offuel and oxyger, lhe su.ta.e Sets co\crcd
uirh the morc clf.clively adsofting species. Delendine on conditions. eilhcr lhe lirel or lhe
o\1gen hxs initiall) a hieher coveragc. Iflhc fucl has r higher initial co!era8..lhc o\)een
aloms on thc surlacc irill bc soon consumed in the surlitce reactior. Aflct thc lisl denrrnlion
ofrhe froducr. rhe lacant siles $ill be occupicd mainly by lhe luel. and thc small amount ol
adsorbcd ox)gcn sill also be consuned. Thereibre. afid a lc8 such sreps, the sudncc
b..om.s almosl tull) covcrcd b) the fuel. when lhe ralio of fucl in thc gas ni\rure is
irrcrcascd. thc rcacliYit) ofth€ mi\lure decreases and conscquenlly the helerogeneous ignition
happens onl) ai higher lempenlure. Thk mcans thal increasing lhe luel/ox)een ratio in thc

eas nixtur., lhc ignilion lcmperature increases. Such behaliour hd bcen obserled in lhe
follorvire s)sLcms: IlJOy'Pl ll, CO/OlPl []. erhene/otPt ll. propene/O:,P1 11.2, 31, and
r_ll:/O:rPl [.ll In the opposite case,lhc surfacc is almosl conpletel) colcr.d $ilh or)gen
ardns dnd thc incrcasing fuel/oxygen ralio decreases thc ignition tenperature. Such sr_stcms
urc rlre (lllrO:/Ijl [1. 5.61, erhane/olPt 15, 7]. propanelo)/Pt 1.4.6. 81. and trulane/o1Pr [1,
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Rcccntly $e published l9l a neq mcthod tbr the evalu,rlior ol helercgcncous igniljon
rempemLure measurements using dn analllical model, \rhich is based on lhe h€.I balance aid
the Frank Kamcnctskii condirion. lt rvas assuned there lhal th. ratc limiring slcf rs lhc
desorytioD ol the dofrinant species tiom thc $trlicc ofthe catalyn. Lqualions \!erc dcduccd
to relnie the ignilion lemp.raturc Io lhc Sas conposilion. lhe e\periniental parameleLs .nd lhe
ph)sicalparameteb ol adsorplio. and desorption. These cqurlions can bc uscd to pfcdicl thc
ignilion renner.lure as a lun.tioD ofthc composition ol the gas. il the ph) sical par.tuele^ ol'
adsorytion and desorplioi aid the pannereN of the exp.rimcnlal sctup arc known On lhc
olher hand. the equations can bc lpplicd to cyaluate helercgcreous igijrilD rennenlr.
ncasurcmcnls and to obtain urkno\ur phlsical panmeters !i. nonlineaf l.a\1 squarcs lj11ing.

In rhis patef. lhe deri\ation olthesc equ.tions arc brictl) rcric\!cd.lhe res!lrs oblained
tbr CO,OrlPt. Hr/O:rPt and Cllr,Or/Pl slslens are slnmariTed. end lhe sane qu.Iions .rc
used 1or rhe der.rminarion ofthc adsoerion and desorytion paranclcb ol elhene and p()pene.
For a complctc discussion ol the derilarion ofrhe eq!'ations and ti'nhd derails on thc CO. Ill
and Cl l i  s lnens p lerse refer  to  rhe generalanic le l9 l .

An.lttical .rprcsions for the calculation ofignition temperatur€
lieacrion oJ fuel and orteen Bases on a caral)lic sudacc can bc descibcd bt Lh€

folloNing o\efall rca.tion:

| + d O . + P  ( l )

lhc dcrailcd clemcntar\ mechanism can be \eq comflicaled, but hds lo cofrdin Lhe
conpetili!e adsorption rlesorttion equilibrium of lucl and o\)gen. Lhe reroiol or'adsoftcd
species oD lhe sunice aid the desorption ol reaclion produ.ts Il0j:

F - , '  Pt(s) :  , ,  F(s)
o . - 2 P t ( s ) = 2 O ( s )
, F ( t  '  2 ( ' o G ) r r  P G )  r 0 , + 2 d  i ) P 1 ( t

R I
It2
Iri
R.1

S)nbols Ir. O: and P derole rhc fucL. oxlgen molecule and producl spccics. rcspccri!cL).
in the gas phascr F(s), O(s) and P(s) dcnolc the liel. o\)gen rofr and frcdud stccics on the
suriice. r€snectilel! and Pl(s) denotes a racanl sitc Adsorption ofeuch lnel sle.ies Fquitcs
/, vacant sitcs. Notc tha! stcp Rl can be cirhcf an elementat reaclion on lhc slrliee. or an
o\erall reacrion thal in.orporatcs all suriacc rcactions.

lncala l ) t ic igni t ione\per imenls, lhecata l )s t isusual l !aPlp la l .o fPt$ i reAj icqtrenl l )
used e\per imenla l  se lup is  \hen a cat^ l ) l ic  $ i fc  is  p laced in a crosvsl reai i  ges i l .$  [ ] ,  11.
121 In such c\pcrinrcnls, tcmperalu.e oflhe calallst is incrcascd to iust bclo\\ the isnilion
rcmterarure. Ha\ing reached a stalionaq slatc. a small cxtf! hculi.g \!ill ignile th. ststcm
and lhe lemperaturc rr. timc cunc is rccorded unlil a n€\v slalionaq stale is achicvcd. Duc lo
rhe cxothennic chemical reaclion and lhe exlernal heatine. lcnpcmlure / olfie surtace ol dre
catallst is al$aIs highe. than lenperature /,- ol the inlct gas flo$ laf lionr the cilal)st.
Temperarure I k dctcnnincd b) the hcat balance. thai is heal ftudoction b) .lcctric hcrl'ng
and chcmicll rcacljons is equal 10 heal loss. Due lo lhe relaliyell loe tcmperulure. c.iducli\e
and rediati\e hear transporl can b. n.Clccrcd and hcal loss is nrainl) due Io cooling ol lhe
calal)sr b) the gas iloN. called conle.tile heat lmnspon. According ro fie lheory ol hcat
lransitr U ll. conlcctivc hcat 1o$ dcpcnds liDcarly on lhe dllllreice oi Iemtdat!rc ir oj the
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\  L,  r . ! ,  f . l  r lmt.r .r lurc i r ' ,_.J rhe gus Lir  l iom the suahce l iJ is t r . toniofr l  ro t l l i  r .Lt . . i
r |  - .  ! .Lr r , ,  r | ,1: ,  i l r  l  o l  lh.  gls rnd r l ie c ra r .rcr inic lh*mr .rr i l |  1_.:

a \ J r  t Q  - !  l t  r ' )  i l l
I

j r . ,  : r / j  i s r l , . . n l h t r h r o l t h c . \ . r a l l r e a c r i o r . . " i s r h e r i r e o r L | c o \ { r t l i c . . 1 n ! . r ) t
r r .  i r l | . i l f  or  r . f t r ) ,oduct ionduetoeler l r ichca( i rg lhe cher lcrer is t ie  lhr r ra l  . , i ! , r1 ,  t .
,  , ,  11,  r . ,  :L l i , .J  I rnr  Ihe l lo$ gcon. I | \  L l l j  fo  na$.r ion porr r  t to \ r  coDl igurr ( i06.

t  2 . F  , [ -

' ,! ', , it th. lilninalic \iscositl ofdre gas al tcmpcrature 7. aid r is rhc lctocit\ gkdic 
. ) :  r i  r t r . r l L , \ \  L n i r s o i l ! . r r n d d a f c m . m ' s  a n d  s  .  r e s p . c t i ! . t t  1 1 a \ i r c o i  d i x m . r t . r i

: , ( l  .  r r r .  x lLcular l r  ln  I  no\v o i  re loc i l \  ! .  lhc chrk. rer isr ic  l t rc ,Dr0t  lcneth is

t .  =-  d 
.  . , ,  t . l t_  

{ ) 8 9 l r l 0  l .

! lLr ! ri. . rhc dirnensi.iless ltc) nolds nunhe. (?. = rr r ! r
: ,1  :  l ! r  1 :or .  thc sur ihce tenpcr l rur .  is  d. Ie imi)ed b\  lh .  t rat . i .e  . t  lh .  eccLr ic

,:.. L:r r. lr;!{ trrlucri([ ol thc $!lirce rcn(i(B and rhe herr osr: lhe hcli frcdu.r]on.l'
1l! J rrt r l,lrle is more sigrjficanl rhan rhat ofrhc chemic.t rcactiois. Ari inucasc in th.
! i r i r : . iJ  i : , , f ) : ,1urc rcqui res addi l ional  e lccrr ic  heal ing.  At  rhc ieni t ion ter jperuturc,
.ri ,, ,r,;ri .r DU..se ir lhc cxrcrral heating resulls in a trree chaiee oJ surtacc rorpcnrure.
i,, .r r rr. rJ,ir (,1 ienilion. rhe tempcruture increases spontancousl) due ro lhe chcnrical
r  ,1 ' , .  : .  . \ , r ] lnr l  !d . l l r ional  hcat ing.  Accordi ig  lo  thc I runk,Kai io f rs t i i  cofd i r ion 11,11.
\ r  r r . j rnr  c , i l l io i  i : l  \v i th  respcc(  ro rhc temperarre.esul ts  i I  an cx| r .s ion tor  lhe

.!) 1, y1 - l:

i  LLr  i  . iL [L ] .  r .  ;  i rd  1 . .  ea l  b .  ca lcu laad f .o f r  Lhe cond i t ions  .1  rhe  erne , inen!  ud
1 I '  i J  r  r f r l  r . . , r \ . i , r luc  l taLc  o fo r . r i l  reac t ion . rcan bc  obra in .d  in i i  the  d i l le rc  iu l

.L  r , r . .  !  1 . r  r : i J r , l i . i eco \o . !gco ts fec ies  l lo$evcr .  duc  to  lhc  s lo i .h to . ie lq  o t reac t io r
1 r i . , : 1 . ' . \ . f r L L i . r . l i . t r 1 r . ! i d t h e r l m e d c r i r a l i r e s o i s u r l i c e c o ! e r u e e o l s p c c i c s a r e n o r
r , , j . f rL  ( l . r :  l l r r  lLL i .s ing .qr i r i r rs  rca l .  t t r .  mre  . f  o rcmtL  r .acr jon  . ,  b  thc  tu r .
t r j j j  i r i : , r : . , , !  r l i  r l i !  L  xnd. lc$r ln i .n  ( t  r ] ,e  Jnr l  a . r l  o \ te . r r  (h  \ .  I  D .  io r .  toD) .  the
! :L . i r ,  | \ c r i . l , r  L r l  t l . l .  o r ) !$  ! i rd  r rc . r t  s j l cs  (4 .  a /o ,  4 ) .  a i , l  lhc  rcn . r jon  ord . r  r j
.  l :L , f i  i r , ,  r  ! rJ  l ! :o r t1 i . r  o i  th .  l iL . !  md . \ \  !en  ( ,  . \ .  , r ,  ! .  ro  A ,  ,oD l :

la
I

I

- i ,  \ r l '  '  r r  " . { .

=  1 [ , , .  1 , . '  -  r , ,  "  o ; ,  ' )
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-  
t r  r r . s . e t u L i n s f i j r h e d r n i j h  0 1 . a c t i \ e  s i ( c \  o : r l | .  \ u t i . .  0 1  { l c  c N ! t ) s l .  r h i . l r  l sf .  2 . 7 0 7 , t ! ' m t )  D  I  

L l i l t n  r l r e  c . s .  o t . l , r  c a t a h \ r .
J .  .  I

o i  sDccies h i ( i lg  th .  su. l i . .  nrLLl l j t t  eJ hr  r  re r lo{ r \  !  !Jr  sr t ik i j r !  co. l r tc j i i i . !  ,  l i . l

,' -\ ,p^'' 
i. l.F,A (3)

$here_tt,,,xtd t, urc rhe nolar ma$ uDd rijc f.n at pre$lre ol.sf.tt$ i ir rtjt irls t_.h!sc., . . . o . . r r \ . 1 \  t .  i J t  .  
I ,Y  l s  th !  in . l (  I  r l i r ,n ,  I  .p ( !  c \  I

Ihc rLcco. l l l c i cnro l  d .$pr ionc lndesorb jdh)  j , : , \ | f tn  us  j \ t . t * t ! r l

f .  =  . . 1 r r  e \ p l  I  r r l l l  { 9 1

,No lc  
tha l  i r  equ l l jon  (91 .  t r . c r t . j r .n r ia i  f rck t r  J .D r rs  cx l . : cssc , l  nnh sur .1 . . .  co ! . , :L ! ,c<.  : r . r " . r ' . 1  r . . .  r - . r  o , \

. .  
In i t i r l  f t r . l  co \e r : ige .  U i r j t i l t r  rh .  nn t i i ce  i s .Dos{  comt tc l . l )  .o \ ! . J  r i rh  l i r . l( r . :  I  ) .  th .n  Lhc  numb. r  o j  01)  gcn  l l l on ,s  o f  lhc  surAcc  is  ncg Ig ib tc  (a lo :0 )  a r )d  r t j .  f rnn)e .

o r \ ! c a n l s r l c s j \ \ c D s m a t t ( r , < l ) . l h . f e r ' f r c q L r r i o r ! ( 7 ) c r . h c s i n I l j I i t L o :

'"-Io"^n'
D e n o l c ,  , o . , r j , A t t r c r a r i o o f r h c o r . L d . s o l . r { t n l f r i . r . l . | L c l  r r n t  ! \ ) g . f  l i e r r t .s ldu L9l .  rhal  . i t jo  t  shol td r  sa ls  b.  efurrc f  or  equ.  r "  " " "  ; "  . r , . ,  ,  t , .  t9"  1," , ,  , ,  u . , " ,*iih i'rltiul tu.1 co\ yagc

l l  r '  l .  r l i . i j  / J o  r .  r r  , .  ( ,  r  , r . .  =  i ) .  r l  
' , - t r , n t i h ! , , \ c L r L t , ! . r . r i . r  

l l r j \ :

,  l l l !  ' t j

/,,, ,

fLon  qud l rons  ( , i )  and ( l  l )

I  t k - .  \

.  - '  l

Car | ] lng oul  rhe d i i lercnr ia l io ! ,  and subsl i lur inB lhe xb. \c .x [es l iors 1.or  rhe rd.
co. t lc icnts. l l rc  lo l lo$ ing cont i r ior  o j  iq i  L ion js  oh1ai i . . t :
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Thc kind of quantit.," calculaLcd on thc lclihand-side ol lhjs cqutior is c.ll.d l9l thc
ignition DlDrkcihlcr nunrbe. A/. hr equation (ll), paramcler JfD. ,rD ond S S, it).,, rrc
ph)sical conslants of adsorpli{D and desoTtion Kno$ing Ih.se \rlues and Lh. .rhc,
constants charactcristic lir thc rcaction and lhc c\perimcnral sdup. ignilion tcnrpculur. I
can be calcula led kno$ihg rhe coi iposl l i l in  oJ rhe g, rs  b\  soLr i lg  equdio i  (  l l ) .  On rh!  o lhe,
hand. this cquation can bc used lor thc dctcnjnalil)n ol rdi)|ptjon and d.irpttun p.mr.tcrs
ftum lhe expednenlal ignition renperalure ,r eas conip.sirion ddr. h\ n,inliner. ler\L-

I f rhera l ioo l lheadsorpt ior iordersb- I , Ihd1,o^ 4 \  ,  0  and lhc.c lorc.  r ' "  - ( )  i l '

A I L This results in lhe lirlloNing aptro\indre ern.essioi Io, the or...ll ,.rcLi,nr ruLc

/  / t o A  i / t r D

"  l t '  '

Subsliluling equarion (14) iiro equation (5) and dilltrenllariia rll rennedrde depeidcir
tcnns rvith rcsp.ct rrcsuhs in thc iolkNing cquation:

a  q  l  r  1 . ' , ,  t ,  . l l  r J : r r r r  . \  ,  , / l ' . .  f t  '
|  , l )

, "  l i ;  l [  r  ]  ( i . ' ,  I  , '

l-lsing cquation ( l5). ignilion tcmpcralurc Icln b. calcLrhlcd liom lhc .omposition oi lh.
gas kno$ing thc ph)s icu lcors lanls  and data o lc \pc imenta setLrp.  on Lheothcrhafd.  i l ra l lo
6 oJ lhe adsonrion reaclion orders is kno$n, fFD and..l .an be oblaincd lionr ! nonlincrl
lcast squarcs iltting liom cxpcrimcnlal ignition tempcmlurc eas conrpositjon dara. lj ,ls nol
knosn, ns !aLue can also be deremined rhis \!a).

In i t ia loxygencov€r.ge. l f in i t i . l l ) thcsur iacc isalmoslconplc lc l )co\ercdr i thoxlscf
( ro -  l ) .  thcn rhe raLio of rhe fuel  on lhe sur l ice is  ieg l ig ib lc  (dF:0)  rnd the nrmh* o iva.anl
s i les is  leq snal l  (d,  < l l .  This  case crn be nra led.naloeousl l  to  thc casc o l  lu l l  lue l
cov$agc. lt can bc shoNn [91. rhal the mtio ol lhe adsorpl]oi o.des n = roa, rri should
t h!a) s be Ie* or equal to one in catal)1ic ignilion s) stcms \!jth irrnial o\tgcn coycnle.

ln  lhc case of  r -  l ,  th€ condi l ion o l  ign i r io i  can be obia ined usin-p s imi l . r  s tc ts  ds sho$n
i'r lhc casc ol tuclcovcmgc:

fA,tIZ" Jo.D to.D exp{- to D /.4I )
= l

^ur,( ! .E \ t ) l
\ rr I r,; .sFo )

l l  r<1,  then lhc condi t ion of  ign i t ion is  the lb l lo$ ing:

fA, l /  l "  . r r .D , r  D c\p(  l t fDrn l r )  l

,^''f"r'..-p,f
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a a r r f s  r , , , r u D r u  \ ,  J , ,  r /  r . " , g . r o  , .  l  . r 7 ,
'  ' l  I  p  l t ,  u r , " I  ? 1  o r t  

"  
t t

l-quatjons 116) and (17) can bc uscd the sane lvay as desc.ibed in llrc casc oi Iuil ilel
coverage. Nore lhal in the case of oxygcn covcraec. obrained adilaiion cncryl and
preexponcnial iaclof valucs dcscribc oxlgen desoLption.

D.termination ofParameters by Iitting Erperimental Data
We hale lound morc than 50 publications dealing with her€rogeneous ignition. Mosr

experinrental data ofhctcro8cneous ignition are alailable fo. the igDjtioD of H,. CO, CHr. but
some papeF $ere folnd thal inlesligated Lhe hcleroecncous ignirion of orher li,els. including
elhene and propcne. lhese arliclcs studied heteroSeneous ignition on a polXcqst!Lline
platinum catal,,sL lgnilion lenrperuLure neasurenrenrs shoi\cd rhar incrcasing the tirelior)gen
rutio. lhc ignilion tcnrperalure increases in the case ofCO, ll:. cthcnc. and prope.e. nhdeas
the lgnilion tenrperalu.c dccrcascs in lhc casc ofCHr

n  , l  ( j i .  .  f u l  i h e J  ( , p (  r ( 1 r " 1  . t s r r l " r '  r . t r t f . r F  n / d \ , < n p r r '  ! f l (
rcanallsed using thc analltical cxpresions deriled on th€ depcndencc ofienition lmpcmture
liom experimenlal and phisical paranrclcrs. 1n allcases. the expedmenrald.ra $e,e dj-!iriscd
from lhe original publications and lhe experimenlal condltions $erc c\tractcd iiom lhc rcxt of
thc anicle. The uriliq proSrans of the CIIIIMKIN-ll packagc llTl $ere used lbr rhe
calculation of parmctcB like thermal conductivitl and riscosity oj eas mixturcs al a giyci
temperature.  Kno$ing the exper imenta l  condi l ions,  cquat jons ( l l ) ,  (15) ,  (16) .  (17)  re ate
ignilior tenrperarure to physical paramctcF. like rario ofsticking coeilicienls afd ,^|rhcnius
paramete6 ofdesorprion. Ihe nonlinear implicjr aleebraic cqualions $cr. sohed numericalli
to oblain lhe ignition rcmperalurc l hc cxpcdncnlal ienition rem peratue N gas cofi 0osilion
dala can bc llttcd using these equations lo oboin the urkno$n phlsical plranrctcrs. The
Lelenberg-Marquardr (LM ) alsorilhm cncoded by P Holpir aid E. K eszei l I 8l \ras used lir
thc nonlincar leas!squares tits,

An importanr qucstion is il the laramerers to be deternjred arc eflidj\c and,'or
independenl ofeach olher. Prjncipal component anallsis U9l oflocal scnsiri\iq marrix is an
clficicnt mclhod to ansler such t),pe ofqueslions. Firsl. the paraDieLeb dclcnnincd br rhc
re!!ous nonLinear leasl-squares fiLling $crc utilizcd ibr computlne 4'. rh. crLcuhled igni
lion tcnperalure at the conditions ofe\peri.ienli, In lhe ne\t step. paranelcN lD. J and..lD
sere chansed br  0.1% aDd scnsi l i r i t )  coei f ic ienrs ( r , r .  r , : , , , ,1  -  ( r4" / i / , , , .  t i ; " / r ,S.

a7l'/tlD ) \'cre cstimatcd ria thc calculation ofllnite ditterences. The seisiriliry coelllcients

\ ( r (  r h J l l  n o m - r ' / ( J  o \  - d . c u r r . i n .  y ,  r Y r  . r  )  1  
'  r  '  t l  . -

l r "  r  I l  .  r o l  I h e l " - m , t i l . d ' e  . i r \  ) . a . . . r u m - . r i .  s . r ] : .  r ' ( J . . r . , , , n .
and i ro{s. According to the method of thc pincipal componcnt analysis ol local sensitivir)
marrices !91, cisenvccrors ot narrir S'S sho$ ifthc parameters are jndeFndent oleach
other and lhe corresponding eigenlaiues indicate lhe €fl-ecli!eness ofsingle paraDreteN of
parameter groups dellned b) fte eigenvectors. For cxanrplc, iD case ol rhrcc prEmctcB,
eigenreclor (1.00.0.00.0.00) neans thal the firsr pafanleter is independent liom lhe orhcl
x fo:e igenvector  (0.00,  -0.71.0.71)  re lated lo  a h igh e igenvalue means thal  the mode oulpul
is delermined b) the rario oflh€ 2"" and 3'" paraneters. lhc cilictilcncss oJ a plramctcl
$ithin a pdramclcr group can be characterized b) lhe square ofthe cotresponding eigen\ ec(or
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c o n r p o n c D L .  l h e f i i n c l t r l  c o : r f o r e i r r n a L t s i s c r , i i ! h I i f ' E \ r . f . l ) r L l n n r J ! \ f : . L r i , \ i l l d
rc r i i , r  o lK l \A l  i lo j .

Ign i t ion  o f  CO on pohcr ts t r l l i ne  Pr  s r r i rce  l l . r . r : rcn t , , r i  r : r iL ro r  .1  ( r , r  r r
D l . l i r !Dr  s !d iccs  ras  b . . r  d l5 ! ! \ ! . J  i .  Lm. ,ou .  r r f . f  h r t , !1 .  l r \  o l  L lcD l .  l l . :11
erL ; \ i .  o i i : i , , x l  . r te fh ronr l  . ] r r  \ \ ' I rN  rh .  I ! . l r ) \ ) ! . t  r1 l .  i r  i i . . , ' ! r J  r l r .  r ! : i r i
{ cmperan!c  i f  lhe  (a r ' ( . ) r 'P l  \ ) \Lc rx  r r rca5r \ .  s l r l .L  j r i l l c r l . \  t ln l  t l i .  j !  r (o l  r l i c t , rh t i l
i s  in i l la l l )  Nercd  r  i th  th . luc  :  lh . r lL rc . lu r l io rs  {  l l  ro f t  1 l5  r r r .1 .  b .  r .d  n  1 l , i s  c rsc .
l i f c r i m e i r u l C o i g i i i r i o L L C : L l ( l r . . , d l x r l l l r t r d R i i , L e L , o . L 1  l l l r d c  i L L . ( l , , s r l
. ( t u ! 1 b n s  ( l l i  a n d  ( 1 5 j .  l i r . j c i r l i ( l c j ( r L r r r ! | L r b r l , !  , , 1 . i r . : u ,  ! i f . : r r \  

' l l r i f \ i

,iaLrscrs $ere ljLr!,'] slbull! rc!!sLl
Th .  l l r s r  s l .p  i s  1o  d . r . rR i r r .  d r .  r .1 i .  o l  rds . rp l j . r . , i f j s .  r : r i c |  \ l s  i . r :a f  0 f  ! !uq

e( tu r t ion  (15) .  \ vhe fe  thc  u1 i ! , . l  rdsorDL j , , r  e , l r j  l , r r i  o fc  o l  l  

 

l i t l f , ,  r ; i ! r i i ! i .L !
l , j ' l i , c ina l  cor i f .n .n r  x iaL)s :5  i . J ic l l .d  l l , r I  I  l s  r , r  l i rd rD. r .L t  n  r , i J  i l r ' r . l  L .  r j , i  : r  i . !1J ,  l : !
(h is  casc .  lh .  d . l in r incd  \ah .  i rs  b  l . l l r l . l 0 .  lhc tu lo r . .  lh .  r ln r i , r io r  r . r .Lo : r  o .1 . rs
01 (  O r fd  O:  c ln  b .  ! \ s ! i red  10  be  cq , ,u  \ . \ l  r s l r i , i i !  1  ! i  I  l .  !  , r r t i j i , r l r  . r : t - : :  f : f , , f
i l t l i ng  wrs  pcd in rcd  us i r !  .q r r :o r  ( l l j  l o  .h l l i r  \  r i r ius  .1  l - ro  , .  . \ �  \ i  !  , . i , ,  i .  r i f l  .  t  !  ,
Rc l ! ( i \ r l t  h ig l i  en i r  ih i l l s  suggrn .n  Ih^ r  r ! r . s .  ! r rner rs  r )L ,L l  1 , .  j r1 r ,J r1 , . , \1 .  L :  \1  r . l r
r r s  r i d l i . d  $ i l h  0  t r i . c i p a l  x f . n . n l i r n r h s i s o l L h . L r n r l L z . l j . i r r l i L L r : r . L L r ' l \ l ' , t i r l L r
o l lh .  [ in . i r ! ]  co i i ' r . i ron  rn l i )sL  \ i r .$  th r l  re t i .  1 , r1 . . ! l J  l , r  111.d  in , l . ! t , * l J i ,L  j  , r i i
! l l i c rne l l  l  L tc reLorc ,  i { t ! r r i . f  l l . r )  t r ! !  L i r r  i r i iD . l  ! r  l  re  l r  . r i i !  l ,  :

fr // r. i 
!.' lr',,, ̂r,i /r, ,, i?i l

r,,.,i",,t. f[" I
|  . \ o  I  r r ;  ! l

lh jne th ls  equar ion.  the l i11 ing t r rancl . rs  non af .  t r .  I !S and I r . \ '  Rcnr l ls  o l  th f
f r inc ipal  conrponcn( anr l )s is  o:  cqudioD i lS l  ind iutcs rh iL l i l  r$ \  i i r l ing parancr( rs  can ht
d. Ierh i red sefcnle l ) . lho,rgh. lD 'J  is  r t r )1 i  !cr ' l  i l l . . l r \ .  | r r i rc l . i .  l |o .hr i  i l  n i lL  hI .
h ieh.r  s i rnd!rd dc! ia t ion.

Ihe ,es lhs of  f . ra . ler  .s l lDrr t l .n  r r f :  I - ( . )= 107. : -1.17 ! . l rmoL.  .  1 ,  , ,  ,  \ :
( 9 . 7 . 1 + 1 9 . i 7 ) r 1 0 r .  a n d  l r ! = 0 0 1 + l l 0 0 r 5 0  l h c i D i . r L c d c r , , s x , r ' r 5 ' r ; c r n l l J . n t r  j r j s
' lhese 

delennl .ed parameter !  $ere Imnstomrcd 1o thc D.r r  \ . j rcs o l  p .  xDrc l .b l ( r ! .  !
and. .1.oD and lhe coEesnoid i ig  9 j%, coi l ldence l imns. laLi i ig  in lo a. .ou. l th .  r ! l .s  o l  . t . r
prop.gation. The determined actirarion cncr$ ofdcsofpljof ol C(l lionr pollcrrsrrl ne lrl
surface $as ho D - 107.1+12 I k.l/mol. The ratio oflhe zerc .o!en8e nickirg .ocllicicris is
Sco.o,'So.o= 11.2+8.5. and lhe prcexpon.nrill flcld ol rhc CO dcn4L;on js

. .1 .o.D , l .0x l0 r+8. lx10rr  s  .
Ignition of H: on polycryst.lline Pt surf.c.. Calalllic ignilion ol I{r on PL sudiiccs has

been discussed in scycral papc6, man) ofrhjch reanal)sed rhc sanrc ori-!inul nreasu.no,ls
Original crpcrimcnlal ignilior Lcnrperalure dala lvere plhlished in reltrences U, 11. l:. 21.
2.1,251. Sinila y to lhe COrOrtrt s)nen, thc ignilion lcmpcklurc in rhe Il:10rll1 slsLem
incrcascs wilh thc incrcasing fuclloxlgen ralio. l h is indic{e\ lliat rhe su hce oi the calal) sl
is  co!ered \ t i lh  Ihe Iuel ,  lhere lbre equat ions (1 l l  and {  l i l  arc ra l id .  Ieni (ur  LcmpcraLurc \  s .
eas conposi r ion dala obtd j ied b l  l .a* ih i  e l  a l .  [ :2 ]  l rd  D. l lschi ' rnn.1 r l  l :5  ncrc
rea.a l )sed us ine equat ions ( l l )  and (15)  fass ih i  c t  a l .  uscd s l rc  in  l lo$ s. tuf .  \h . tud\
Deutschnranr el al. used slagDrtio! poi'rl ilo$ sclLrp r\i(houeh thc.\p!r:nr.nlr o iLions
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ru , i  \ . r  , l i l l ro , r .  l . ! rh  '  r r  s . r \  c , r r l l  h .  l i l .d  s  r r r i r i , r ( ! r \  I  a r i l  rh .  r \n !  iD ! r l ! l  d . ra
.o t r i .1  i r .  r . : rn \ i i r . i  \ \ i l | ' r .  s !d .  n l i J5 i . i rL  I r rDcr .x .

l J . t , rn l f  n j . f  ( i i  r i r r  , . i r lo  o i  r ln ! in  on  . i i .N  I  r i  .1 , r  i ( l  o { l1  l s i rg  . r i r  d l io f  I  t5 ) .  dd
l . l . i )E1( r . l i  \ i i  l i . i ,  n l  . \ l r in .  f r inc l f " r l  .o in f r in . .L  i r r l ) r i s  in l i . r t . \ i  L i )aL , ls  d r  i rdc
p c n i f r r  i r  . l l i . l i \ .  j r d r J r . 1 r r  r r  i 1 |  r i \ r  l l , . , . l o L . . i l i n b r r s 5 r n e { l r h a L l h . a d s o t r i o n
r . r . l i f l r  n r d r . s o L  l l r i n J O  r r . . r i ! i , . t h r i  i s . r , - l  i h i r r a n s l h x l . L r [ . r . t ] r  i r ! r ( t t ) o f
r i t ra r ron  (LEr  . r r  i , .  ! s .d .  d . f .n l l i . ! ,  i  i l r r  c .uLr  . j  LLr .  t , , i r i i f r l  eonr to rc i r  0 r :s is .
I r f i i . l l ) r l  . .  n f .  r .  r1  in ! l r  i i J  : i l l nn .d  u  rh  

 

Lh .  r iL r  f !  pJ rmc i i r l . lD .  tD .  and ! ;n  ( t ! r ( i r r l

i l l )  r f f  ' r . rdc I ) . Id .L rL :  ( r , \e ( , r r r l r  Lh .  r tuns l .m.J .quur lon  ( t8 l  t ras  !sd l  j i J r  rhc
fon l i r . r . r  L . rs l  sq ! r i . s  l l r : i rg  i i , . i c \ r r : . l  1h-  tc fUr . r . r  c \ r i t r l ( i tD  ar f  th .  ln lLor i rg :
/ rL i .  ,  .1 -11- ) .1  l i . r l ' n . .  . t  r . : r  J - ( :  f r1 . t ' ) t : l l '  rm l  l r . \ - ( l  l !71+t  i l t l .  thc  d . r .  n i l red

1, r , r ,n ! r ! i i  r . c  t rh ,s io rn . . l  I th !  to ! ! r  \ rhcs  urd  9 j ! , ;  c . f l td . r . .  t in i t s . i  i , rnn j i l r . \
l  L .  r .  ! r n , l  . , - . l a L i L r ! l f r , , r ( . . ! f r ( h . r u L r s o t . r n r  0 r o l - r r ! l i i d r ' l i r . d t r l r r i t r . l \ r l L L ! o l '
l l i .  i c l i r r l j .n  c f . r . r  o1  lh .  d .3or t l i r r  o l  i l :  l l onr  |1  sLd lc i  i s  r l r , , : ,  . r . ] . t  i . t  L (J  d1 . l  th .
. .uoo l  1 t r  / ! r . .n , . r r ! .  iL r ( in !  co . l l i c io r6  i s  ! .  ! .  .=16 r i |9  6 .  i r l  r l r c  f r . i \ fo r f r r i . l
l r t l n  r l  L i l  l l : , l . d r i r i o i  r  1 . .  ,  t  l . r .  l i l  : - l l . j i l r l  r .

Ig r i l i on  o f . l kc ics  c r  to i i ( , \na l l in r  r r  5 t r r f . cc -  O l r l i , :  DrL . r r  .5  x r .  c r i lL \  rd iLb .J
bJ  ,L f r l , ,L r !  in r  \c r t  J i rhor rca . r . . r r  x -L ror l  n r I  lL !mr f :   l r : .px tu re  c r rbor  r ) . r i  o -
b . fJs .  l l , .  L ! r l l i . i  l on .c : r iL l .  ! r  th l i  s ) . i id r  inc r  e i rscs  r , i ih  th .  in . ras i r ig  i  cL lo \ t  gur  r r1 io .
inJ i . r :  1 !  r rJ r  th .  r . r l l i . .  i s  i . \ . r .d  \ i t r  t re  l i r cL .  Th is  l . i r s  r l ia i  r ( t r r l io rs  t l l )  t r i i l  ( l j )

l r .o  f4 r . r  [ | .6 l  , , . i .  i , t fd  i l i !1  in r .s r igx i .d  Nr j  J . f rn . lu rc .  o l  l l t -  | . I f . ! c rco !s
lg . i r . r  t .n r r : r r r . r .  oL  r l ; i j . \ . r  lh i .onr l r t i \ t i ! r  o l  lh .  Sxs .  \ , . s .  u r l l  \ chmdt  l .6 l
p r i , l i n r . i  i !n i r ion  t .$p ! : r  L ,  I  d r t r  .1  .Lh . i .  ! id  fh f , j f .  !L . ru in . t l  u r  s r . - rnar  on  po in l  l lon
r ! , ! n . i r .  \ , h i l r  l i o  i i J  L r !  l l l  { , l . i . L h . n c  J i r : 1  |  o i r . , ) .  i l f j 1 o D  i i  n r (  i |  1 . t r

Ig r i t io r '  . t  c lh . rc .  l \ i , ! , , imcn1 d tn3  !1  [ tnJ  d  1 . , t r \  ] l l n . r .  j i r , . f  ! s l r - ! .qur l i .n r
{ l l l . ' r )d  ( i i )  L ) , r r . :D i f l r i . r  i l  1 r .  in io .1  & i$ l i : ln r , , r r l {s  r !s  p . r lnm.d  rs in !  e luNr lon
( l j )  r f a . = l i l l  0 1 7 \ . , . b 1 . 1 N l l  l r l i f r r p t i L  ( : i f . i . . t  a , i r l r s i  n n N c J  l h n l  l i u l d b c
d. l : i rn i r . r l  i i , l i r f l r r l i . i L |  rn l  c l l t c i i \ .1 : ,  r  ( r i :  c !s . .  lh ! r .  i1  . rn  b .  rssunte( l  t ru l  r l rc
,d ! !p l io f  t i c ( r r i r . t r ] .L . . r  . l l r . f c  rLn lo . t i rcn  r r0 . . l t .L  A*L i i l i i !  rh r l  t .  i .  a  noDl iD . r f
l . xs I -s , r rx f . , i  l i i l j r . r  ! r r l  r  sLrb{q ! .n r . i r r f r i  ( i t rn . f .oL  an . l l s is  r !s  f . r lnnncJ ,  !s i r r
!qua l i l i ,  i  l l t .  i r f i0 . i f r l  ion ] l \ l rn r  .n i  \  \ i s  i rd   l ra  L tu r  r i rc  i l l r iD !  tanmtre is  . t ! .  / i j .  an ! l  !
c .n  b .  dL ] l . in r  rn : l  i1dr ' Io r , lq r l l t  rn  ths . r . .  a l i ] ] .1 l l r  r1c  j , in jL io r  t .mpcEr ! rc  i s  fc l . r i \e l )
r i : r .n ! i l r \ .10  r l .  r rh r . . l . l r  lh . r l suLrs ! l  Lhe param. t . r  es r lna l io i  a .e :  l i , f .D= l l i .6=
20.95  L . l  r )1 ,  .S . , , , . , / ' i r ,  "  .  15 .6- l  9 ,  . r i . i I r .D  =  ( ) . :12-16 .29) :10 '  s  , .  thc  jnd ic l l cd

crors dc 95% conlld.n.e linirs. Ihe meN!.J datd and th Ured.uNes are slx\u iD l,ilurc
L
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Surlacc ignition l€rnperalure for cthene ignilion. Citclcs shorv fie ernerinenlal dala
ofCho dd Larv ur lhe solid and thc dashed lines denotc the filted cLr^es usinC cquations

(  1 i )  and (  l5) ,  rcspecr i !e l ) .

Ignition of propen€. Helcrogeneous iSnition lcnpcratute dala ol Cho and Law lll \!ete
used for rhe delermination of adsorylion and dcsorplion paran.tcr of prolene on
pol lcDsta l l inc p la l i r run.  th ing cquat ioD (15) .  lhe ml io ofddsor l l ion ordes l  = 105+1) l i
wd dctcnnirred. Asuning thal, = I and using cquation (13) lhe paranctcr cnrnlation ea\c
the io l lo$ ing rcsul ls :  I i ,H, , .D = 160.8+52.91kJ/mol .5" . " , .0 /su, . , ,  = l l9a l .?. .1c, , , , .D =

11.20+9.32) ,101'  s ' .  The indicated errors are 95% coni idencc l imi ls .  Pr inc ip. l  componcnl
analysis of cqualion (1:l) proved that the dctcmined paranete6 could be detemincd
independenl!). The slandard deli.lions arc hiehet in this case because onll te$ mcasured
ignition lcnperature dala tlerc atailable and lhejr scalter'$as signiilcant

Ignition of CHr on polycrystauine Pt surftce. Unlike in the casc ofthc heteroeencous
ignirion ol CO. H:, and alkenes. $hich werc discussed above. incrcasing lhe lirel/oxvgcn rut'o
in thc CH/O2/PI sr.�slen results in lower iSnilion tempetalure. This indicales that the suriitcc
of the calallsl is inilialll colered wilh o\ygen aloms, and cqualions (16) and ( 17) are to be
used. Note rat these equations conlain rhe aclivation energy and thc precxponential litctor ol
fte desorplion ofo\)gcn and nol ofthe mcthane Experimcntal dala oblaincd b) veser and

Schmidt [6] $cre reanal]sed using cquations (161 and (17) Delerninalion oflhe ratio 01

adsorption orders $as canied oul Lrsing e.luation (17), and r=0 9510 25 (as lbund thcrelore
$c adsorplion rcaction orders $ere considered lo bc equal Hqualion (16) $as used to

deternrinc lalues fo:D,,4o?D, anciS = So:r i s.Hr.!, und lhe ibuowing resulh rverc oblaiDedl

Eor.D=190134 kjrmol, ,.lo,.D-(7.5115)xl0'' s', and s=5 910 i. The indcpcndenc) and

ellectilenes of thes€ paramelcrs Nc.e checked b) a subsequent pincipaL componcnt
analysis, $hich sho$ed lhat the paranelels could be delemined independentlv. ahhough the
preerponential faclor,.Io,.D is not a vcry eiiiclive parmetct. lhereibrc its lalue has a lafee

|..

2
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A n.N method has bccn dc!eloped fof th. e!atualior of hereroccncous igririon
renperarure ncasuremerls using u analytical nrodel. \!hich is bascd on rhe anal)sis ol rhe
hcat bal.nce aid thc liank Kanenelskli conJiri.,n. tquations $.re Jcduccd r.,etarc (hc
ilDirion rcmp.nrur to the gas conuosillon, Lhe cxpcrimenlnl paran.rej.s. and tirc ph)siua]
para.neters ol thc adsorttionrdelr|ption tmcesslrs. lhcsc cqlatjons crn be used to prcdicl rhe
ignition tcnrler.ru.e as a llncrion or'rhe ga comtosirion. i1 rh. fhlsicat parlmcren of the
adsorplion and dcsorption anJ rhc paramcters ol rhc.xperimenul sclup are known. On lhe
othcr hand. lhese e!uations.!r be applicd to claluaLc hctefog.neous ignilion tcnfeuurc
neasurenrcnts and ro obtain unkno$n ph)sical paramerers bl mcans oJ nontincar teast-

-lhis 
merhod rlas used to rc cliluale cxpein.ntat igntLion rcmper.lurc datr lbr lhe

lallo\ine syslens: CO,Or,Pr. H:rO:/Pr. CrH,,O:I,I. Crlt.lor,,t\, aid CIla/Orlpl. AcLiraljon
encr$ \alues Ncrc d.termiied lbf rhc deso.Ftion ofCO, Hr, Cr r. C,lJ.. anJ O, lioij
pol)cryslallnre pL.linum sur'lace. In addiLion. ktios ol rhc z{o co!era-sc srickine coetitcienls.
and ralio ol the adsorytion rencrnr ofders \!e,c ulso ue,{mnco.

Dcsign and oplinrisalion ol helercgcncous and cutal)'lica ) sDbjlizcd thermal (CSt.)
conbustoa and catal)tic rhrcc,way conledcr rcquire the prcpd quantilali!c dcscrifrion ot'
heterogeneous ignirion and combunion. llo\Levcr. nost ofLhe data used in runrericai modets
arc cith.f crude estima(ions or based on ph)sical measurcmcnrs al !er] diUcrcnr condjtions.
like on u single *tslal ar lo\ remferarurc. The melhlid dcscribed herc !lto\!s rhe
delemirrdlion of hasic pafamctca ol adsorprion and desorprion. cotrespording ro a pndical
caol) sl al tbc tcmnerature ol ignilion, thur arc cssenlial lor rhc c..jpuler sinrularion ot'
hcteroeeneous combuslon srsLcnrs. The far.meters dcrcmined arc dirc.tt) afpticabtc iI

Suppor l  h \  the I lunear ian Scierce l :oundat ion ( ( ) tK ' \  No.  T0.11?70) uDd b) . thc f ta \e l
gmnt M-l/98 arc gnte l]) ackno\lcd8ed C.t. ackDo$ledges Llrc supp.n b) CONAC)T,
Nlcxico. under lruDt l3l:l9,li l'he aurhor rhank Valerie Dupont lbr hclptul discusiois. afd
P u J . l r .  l i  / . - r n r t . \ . : r .  L , h ,  \ l J , l . i J r r i  r r  f n . ! , m .

l l l  Cho, l ' . , l .a{ .  C K. ,  Col , r6r . l .7drrd 66.  159.(1986).
{21 SchNa'1z.  A. . l  lo lb.ook,  L.1. .  Wise.  t t . .  J  a ara l |Jr r  :1 .  t99 (  l97 l ) .
[ ] l  Parrerson,  W.R..  Ken{ 'bal | .C. .J  t 'a ld l  2 , . t65,  (1963).
la l  Wi l l iams. \ \ .R. .Srenzcl ,M.T. .Song.X,Scnnidt . t .D. .aoni& FIdhe 84.2 j j . l tg9t) .
[ t  cr in ]n.  1.A. .  P ief ter te.  t . .D. .  / /a ' r [ . . /  ]6 ,  861.  (  1  990) .
l6l Vcsr, G.. Schnridr, L.D...1k-ht.:./ 12. l17'1. 11996).
I7t Ziauddin. M., Vcscr. c.. Schmidr, 1.D.. Car,l lererr .16, 159. (1997).
l8 l  l l ian.  L,  Wise,  H. ,  Chaik in,  S. ,J  ar?/d/  9.272.  (1968).
Ie l  Pcrgcf ,  T. ,  Ko\ ics,  l . .Tudn\ l . l .  t ic \ i io .C. . /  Phrs (hen B tAj ,2262.  ( .20Aj) .
Ir0l-Ireviiio, C.. Corrbrrr'l heotr Yod.llihs 3. 169. (1999).
lrllRinneno. \4., DcurschmanD. O.. Bchrendt. F. Kascnro, B.. aorrurr. l.tdfie I I t, ] 11,

(1997).
Il2lRinnemo. lvl , Kulglnov. D.. Johan*on, S.. \i ong, K.1.. Zhdano!. V.p . Kascmo. K...Srl

:ii 376.29/,lt9.)7).
IrrlBunneistcr. L.C.. arrreclire hedt L dni.r (?]tl ctJition). John wjley & Sotrs. Ii..:Ne$

York,  1991.

869



lLllFknk Kan.nerskii. D.A.. Ditt\oa uhl h.at tan\-l. r,r.r4Ii.dl lrdi.r (2nd cailion).
Plenlh l less:  New Yofk.  1969.

t r5 lWarnatz.  J . ,  A l lcndo' l :  ILD. .  Ke. ,  R. .1. .  Cohr i r ,  M. f  . .  C.nbu\ t  l lank96. l ,93, l l991) .
' '  I l c  i n .  a  I  i n c  . l , .  . . f  .  1 . ' . o . . J t O  t .

lrTlKec. R 1.. Millcr, J.A.. i Stt-u.l rt.rl t pprcu. h b the Cortputdtiannl Llotleltng af
Ch.taicdl Kinetk:s dnd Molecrlat Iraaspat in Flavtng Srsr.rd, Sandia N.rional
Labontorics R.port, SA ND86-88.1 I , I t92.

lrslKeszel, E.. flolp6r, P..,.1 tubtotline ta petforn tn tiple norlineat pdtuhlctet estitualjon.
hr1p,'rtirnto.chcn ehe.hu/fitlenglishprog.hl

l r9 lva jda.  S. .  va lk6 P. ,  I  un in: , i ,T. , Ik t  . l  ahen ( ' ,? . /  17.  a i ,  ( r985) .
l r0 lTurdn) , i .T. .  CD,r tCl r .a.  14.  253,  (1990).
l2r lCabkc.  M. f . , l laro ld.  M.P. .Cheht  EhE S. i  r l l .62 i .  (1992).
r2 lFasih i . iv1. .  Zhdrnov.  V.P. .  Rin ienro,  M. .  Kcck.  K-L. .  Kascmo.8. . . /  aa l r /  I ,11,4 j8.

1r993) .
l2rlFemandes. N E., r)ark. y.K.. vlachos. D.C.. C'or'rrrt Fldrt 118.16411999).
[24] lk€Ja, l l . ,  Salo,  J . ,  Wi l l ians,  F.A. .  &r . / .S. t  126,  11.(1995).
lr5lDeulschmann. O.. Schdidt. It., llehrendr. |.. ,tera.tia, ofTtunyo dnd Ctunml

Knletics in (otdttic Cohbreiah aj H:'A: Mittutes aa I,r, 6$ Inremational Slnrposium
on Transpon Phenomena in Combuslion, San |rancisco. 1995. p. 166

870


