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. ~ n v e s t i g z t i n g  the  i r f i u e n c e  o f  a c d i t i v e s  31: t he  ? r o p e ? ~ t i o n  
velocit;: 2ca other flzLe c i i m t e r i s t i c s  of izi-:?.r f l n : . ~ ~  
we tesTed seve rz l  cjL;jstznces c..iich s:?o.vea very proncun?.xi 
e f f e c t s  on t2e  cropzgat ion velocit;.-. One o f  these  ::..s ?e(Gi!) 
In t t e  C O U T S ~  cjf o w  i q v e s t i g a t i c r s  or" r eec t io?  rk te  i n  10':- 
pressurec  flames .::e t r i ed  t o  f i n d  the  Goae O i  r . c t i c n  ci' E't3(:;u) 

i n  h;ydrocerbon-air anu hgdroczrbcn-oxygen f l a r e s .  'LO ti!is c m -  
pose tile y e s s u e  derenaence o f  t1-e inf luence  GI' Fe(CO)j w 8 s  
f i r s t  invest igeted.  I n  f i g .  1 the  burning speeds ( ':-&of metiLane 
oxygen mixtures =e shown as func t ion  o f  ctrposition. on t rz ry  to  
o the r  observktions ( inc lud ing  our  own with carbon-monoxide i n  
mixtures  w i t h  oxygen) b u t  i n  agreenent v r i t t  o u r  meeswecents i 7 i t 5  
C2H4 ana Cp6 t he  burning sreed i s  p r e c t i c r i l y  ir?degendent o f  
p re s su re  (near  the  value of  naximun flame ve loc i ty )  d o m  t o  p r e s -  
swes o f  about 1 at. Below 0.1 a t .  t h e  f1m.e speed st:.rts t o  
inc rease  w i t h  decreasing s resaure .  
Fig- 2 gives  t h e  in f luence  of i ron  pentacarbonyl on ti:e burnin:: 
speed of the  stoichion!etric CH -0 mixtures a t  t he  corresTondiiii; 4 2  
pressures .  (The Fe(C0I5 concentreti.on i s  civer. i n  volurre r e r c e n t  
o f  the  Ivkole o i x t u r e ) .  Smell i n h i b i t o r  ccncentr2tion.s hsve 2 
d i s t i n c t ,  but  not s t r o n g  iz f luecce .  The inf luence  decreaswni th  
decress ing  pressure ( t h e  Fe(C0) concentret ion i s  propurtidr. : . l  5 
w i t h  p r e s s w e ) .  In zethane-c.ir mix twes  ( f i g .  3 )  (2s  well as i n  
o the r  hycrocarbon-air n i x t u e s )  the  inf luence  of Pe(C0) i s  much 
more rronounced. 0-01 % o f  Fe(C0I5 causes  a decrease i n  burnin!: 
speed b y  25 'i6 a t  atrnosplleric r ressvre .  If one ccjrss-res t h e  i n -  
f luence  o f  Fe(Cd) ' n o t  i n  voluze pcrcent of tiie t o t a l  rrixture 
but  i n  volulce percent  sl" t3e  f1:el i t  s t i l l  rene ins  ti-:ree t i y e s  
Eore r c t i v e  i n  z i x t u e s  I.Titk e i r  t t a n  i n  those  ~ i t h  ox::gen. -4s 
i n  CB4-oxygen o ix iuzes  %he Ecdii ive becoces l e s s  a c t i v e  l.:ith 

decrezsing p res sme .  T L i s  s t i l l  holds i f  ti.,e absolu te  Fe(T0)5 
concec:r:::on in no lecu la r  per cm3 reirki7.s t i l e  Lzce. For C G E -  
r z - r i s o n  f%g. 4 siio::.s tLe inf lce-ce oi. 5,jdea 3r;z:i:e L T . ~  i -cn  
?enTzc::?ooyyl on. the  buzziz=: - s-eeds cf b : : c r~ ,~z -%i r  (j?$ gi) 

stoickizct :  t r i c  n-rlex.-[:E :-ir, f o r  iii<z.t.r .- ercer.t:.:.e: 
Edded. 5rczi::e szd ch lo r ine .  ::s :?es t o  b e  ~ x r o ~ : ~ " ,  she i r , f lu-  
e x e  cf brLr.i::e i s  c';rbr -er  ti:L;n t:..-.t 2f c:;ip::.e, ,lbf3 
e r s i l ~ ~  exyectei ,  ':ep.c.rs 1% s o r e  scsce:,t:j:e ;$ t::e . . c ; , ~ . , ~  L~ 
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Though t h e  i n i l u e y c e  of  FeiCi;) 

a d d i t i v e  c n  low-press?ze f l a t  f lL-es  seer.ec t o  be csefxl f o r  
l e m n i r , g  suEe.tking abuut t h e  s - e c i f i c  k c t i m  ut' t h e  i n h i b i t o r  
on t h e  c h e c i c a l  r e a c t i o n .  The f o l l o w i n s  r e s u l t s  rrap 5e cm-.  
s i d e r e a  as r r a l i m i n a r y  ones. 
C H 4 - e i r  f l a res  were i 3 v e a t i g r t e d  i n  soze  d e t a i l  -::it:i 2nd with-  
o u t  a d d i t i v e s .  The flw'es were k e ? t  burn ing  on f l Z t - f l ~ l n e  
burners  ::.ith 12 and 20 cms. d i m e t e r ,  r o s t l y  at -6cj m Lig pres-  
sure .  Temreratures -:-ere meesured b:i s e v e r a l  indeyen6ent  met::oas: 
s u r f  B c e o r  o tec  t ed p li;t intm-!, le t i num-rhu6 i c m  tiierEoc our, l e  s with 
c c m e n s a t i o n  for r t i d ih t ion  l o s s e s ,  r o t a t i o n e l  t e m r e r c t u r e s  of  
02-bmas and occ>sion;llg l i n e  r e v e r s r l  t e n g e r c t u r e s .  

I n  fig. ( 6 )  t h e  f l m e  tem7eratures  (tl:erir.ocouTie) i s  p l o t t e d  
v e r s u s  distc;nce above burner  ( c e n t i z e t e r s )  f o r  tiiree d i f f e r e n t  
mixtures  (1.4 CH +10 a i r ,  Cii4+10 a i r ,  0.9 C i l  +10 2ir) burr.ing 4 4 
a t  60 m H g  w i t h  a burning speed vn = 0.33 m/sec wi thout  a a d i -  
t ive . .Flzme temperature  and burning  speea under t;lese cilcum- 
s t m c e s ,  of course ,  deTend on t k e  f low co r , a i t i ons  chosen, For 
comparison sone r o t a t i o n a l  t e n p e r a t w e .  va lues  deterrzinea from 
t h e  ibsorTt ion  s : ; e c t r m  cf bki ;-.re ? lo t t ed .  i n  tLe szl?e curves .  

With &tided Fe(CQ),-, 0.001 by vo1urr.e i n  the ~ i x t u r e ,  the  t h e r -  
mocouvle messurenents a r e  no 1on;er r e l i : . . b l e ,  dce tc; i r o n  oxic:e 
de?.osi t .  This  chsnces rkci ia t ion l o s s e s ,  anc ,  ir,  e d d i t i o n ,  nav 
g ive  r i s e  t o  heterogeneous rec .c t ions.  From forser i n v e r t i c t . t i o n s  
there  i s  no doubt,  t h a t  0: r c c i c d s  p i s ?  an i n u o r t a n t  r u l e  i n  
t h e  Dropkgction of  all f i a n e s  of  Iiydro.sen con tz i r , i zy  ccm?ouncis e 
I n  Fig. 8 OE-concentration bnd tem-er::tme f 'uz tiie stoic>-iome - 
WLc C H 4 - z l r  f lanie  a r e  r l o t t e d  2s  f u n c t i o n  of d i e t - n c e  f r o r  the 
burner .  T3e eecresae  of  OE cozce:i tration ir. t i l e  "burned" ,~7.=s i s  
m2lnly cii!e t o  diff7:sioo l o s s e s .  I n  f i q .  9 t h e  decrez.se o f  Oh 
2.bsorntion (2s Ee3su-e f o r  cuncentr ; t ion,  b u t  n c t  c o r r e c t e 2  
f o r  f i n i t e  o p t i c a l  thic!xiess) il? t h e  jurned s23es i s  . ? l o t t e d  
for t h e  r u e  a i x t m e  of  r?.et:-:cne ::it:: cir ,  f o r  0.001 j b  Pe(:o) 
end. 0.005 % Fe(C0)5 eideci t o  t h e  r i x t z r e .  Tne concer: t ra t ion 
decresse  I-.? Cil i t s e l f  r:cui..: be sc;r.ewii.=t s t e e ? e r .  T:.e i r i t i s 1  
incre:  s e  i~ OH coszentr. : t ion t n d  its r ~ s ? ~ ~ ~  v;::!.u~ : . . re  
i n l l u e r c e c  0:: r d d e d  Fe(Sc)5.  Only t h e  r o s i t i o :  .:/:.Ere cx &.bSor?- 
t i o n  ixcrer s e s  i c .  - .".iftea a!stiv f r o z  t:.e :? i - .~*ryr  '::;i:. i::c-.(t 
Fe(Cu) concei:r;r;:ti.on, :ice t?:e fiLires 5ec:cT.e l e a s  :t. k i e , ,  

olre : l o t s  t ? e  l c ? z r i t h r .  o f  tile OE concentrztjo!: ir. z : . ~  25r.e iT 

*<+ , .  b C - . > * L -  - 'CI' 1:?1s . -2i:tz t o  2 Cecf::; ys::zz:3: ci' <;;-.Zt; e-  ,.I. 

Iczrkecl? a e c r e z s e s  :.iith de-  
ere:. si:,l; p r e e c , u e  t h e  i n v e s t i g s t i o n  5 '  cf  tlle z c t i o n  'o r '  t ':is 
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If . , 5 
1:eirl:- 2C;:Y:Lpt te:j:y.sr!..;l:re, f,i. f ' i  5 - e ~  P e ( c u ) 5  tr;L;5., . .  7;c - -. 
fGr.ction oi' t i e  ::eigc'c .z..jove tt.e ?-:L-~L?, z t r 2 i  :?t i - ~ ~ ~ z  I c e  0 3 -  

r t ._, L 2 2: 1 c L 5 3 e x  2 r  I; t i 3:: e 
- ~ - ..sr ir. 
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For vsry  lo:: Pe(C0) c o x e n t r a t i o n s  tLe r ? t e  i s  p r o r o r t i o n r l  
t o  the  Fe(CG)5 concentr.. . f i o c ,  x h i l e  for i % c r e z s i n g  Fe(CC)- . >  
concei l t rkt icn i t s  r e l s t i v e  i n f l u e n c e  seecs  t o  decrease .  

. .  

&om t t e  exrerimenTa1 r e s u l t s  ob ta ined  till  now ne  c a n o t  de- 
c i d e  whether t h e  r econb ina t ion  rec?ct icn O f  OH 1s honogensous 
o r  heterogeneous, bu t  it s e e m  tilet a t  r e l a t i v e l y  Li;:h Fe(CO) 
concen t r a t ions  a heteroEeneous decay r e t c t i o n .  i s  dominilnt while 
a t  ver;. l o w  c o n c e n t r z t i o n s  a homogeneous Yeaction ~ 2 y  become 
i w o r t e n t .  In o&r t o  ach ieve  f u r t h e r  i r f o r c 2 t i o n ; s p e c t r c  of 
the  f laxes were t-.!:en. (The rriddle of t2.e flame w a s  focused  OR 
tile s l i t  o f  t he  spec t roscope ) .  No. 1,- i n  f i g .  10 shovs t h e  emis-. 
s i o n  of a s t o i c h i o m e t r i c  C X 4 - 2 i r  f i a v e  a t  60  m Hg around t h e  
maximum of OH emission (0.1 - 0.9 cms. above tlie b m n e r ) .  Ho. 2 
shorn t h e  emission of t h e  s&e flame a t  2.6 t o  3.4 cms. above t h e  
burner.  The Nos. 3-6 show emission s c e c t r a  of t h e  s a e  flcune, b u t  
w i t h  0.005 $ Pe(C0) 
above t h e  bu rne r  ( t w o  d i f f e r e n t  exDosure tiEes).'l!he exposisre t i m e  
of 211 s--ectrz .  was i d e n t i c a l ,  whi le  i n  Xo. 4,  5, 6 t h e  weaker 
s p e c t r a  c o r r e s  ond t o  1/15th o f  t h e  normal e v o s u r e  time. I n  t h e  
f l a e s  w i t h  FePCO)5 i r o n  l i n e s  and t h e  emission o f  FeO is seen, 
b u t  t h e r e  i s  no pronounce3 cont inuous  emission. I n  the fo l lowing  
p i c t u r e s  t h e  emission o f  d i f f e r e n t  p a r t i c l e s  mersured by 2 h igh  
r e s o l u t i o n  monochromator a r e  p l o t t e d  as f u n c t i o n  of t h e  h e i g h t  
above the burner. ( f i g .  11, 12,  1'4) As i n  o t h e r  c a s e s  m a x i m  
emission of OE, naximum concen'-ation o f  OH as  w e l l  as m a x i m u m  
emission of C 2  and CH do not  
m a x i m u m  o f  OH mcy b e  l i n k e d  t o  a naximm of r e a c t i o n  ra te  as t h e  
emission maxima of C2, C3 Fe and t h e  first maximum o f  FeO. A 
measure f o r  t h e  concen t r e t ion  of iro a t o m s  i s  g iven  by f ig .  14 

d i f f e r e n t  Fe(C0) c o n c e n t r e t i o n s ,  ( s e e  P ig .  13) .  While i n  t h e  
flame zone t i e  e&ssiori o f  OH, C2, CH and Pe has a pronounced 
maximum and t h e n  dec reases  very r a p i d l y ,  t h e  emission of FeO 
shows a d i f f e r e n t  behavior .  .It has  a second naximum about 3 CKS 
above the  burner ,  i n  a zone, where OX concen t r a t ion  ana Fe ab- 
s o r r t i o n  decrezse  r ap ic i ly .  Then the  i n t e n s i t y  dec reases  i n  EL 
zone where t h e  t e r p e r L t u r e  i s  s t i l l  higk. Pe,of c o m s e ,  f o r r r s  
s o i i d  p z r t i c l e s  i n  t h e  f:: 38, but  the decre::se i n  rsaietion in- 
t e n s i t y  a;es not  see= t o  be connected x i t h  the d e c ~ . ~  of FeO con- 
c e n t r i t i o n  but t h e  second e n i s s i o n  r z x i c u n  of FeO, 2s ;.le11 E S  -;:le 
f i r s t  one, s8e::s t o  be cite t o  c h e n i l u i n e s c e n c e ,  t o  t h e  6ec-y of 
r a d i c z l s  i n  t k - 2 t  zoze. 
.The r e s u l t s ,  r e r o r t e a ,  cc:cernin,y t h e  i2vesTi:;rtion o f  tr:e i n -  
f l u e m e  of Pe(C0l5 (znd o t n e r  a d d i t i v e s )  cn ti,e r e e c t i o n  i n  iow 
pre3sure  f l e r e s  were r z c e  t o  ob ta in  f i rs t  inp res s ion  o f  t h e  ac- 
. t i on  Of  t L i S  v e r y  : . s t ive i r . : ? ib i tor  on t h e  c!-,e--icTl re . . c t ion .  
l h e  invest2; :z t ions 2-e still i n  arogTes9, 

5 

added. No. 3 r e n r e s e n t s  the  zone 0.1-0.9 cms. 5 

coincide at all, The emission 

where t h e  abso rp t ion  of t h e  3659.91 1 i r o n  l i n e  is  p l o t t e d  f o r  

; I  
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Fig.1 In f luence  of Fig.2 I n f l u e n c e  o f  Fig.3 I n f l u e n c e  o f  
mixture composition Fe(C0) and pres su re  Fe(C0) and p res su re  
and p res su re  on t h e  on flame v e l o c i t y  of on the  flame v e l o c i t y  
flame v e l o c i t y  of  s to i ch .  CH4-02- of s t o i c h .  CH4-a i r -  

5 5 
I 

f lames. t CH4-02-flames. flames. 

Fig.4 In f luence  o f  B r 2  and 
Fe(C0) on t h e  flame v e l o c i t y .  5 

Fig.5 
on  t h e .  flame v e l o c i t y .  

In f luence  o f  B r 2  and C12 
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5 Fig. 7a, 7b Influence of Fe(C0) 
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