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A reviea of tae  study of the c;-..enicel ioactions ia a ser ies  o? b y d ~ x a ~ b o r i ,  
ketone and alcohol dii'fusion flznes detei-i.hed 37 rr,zio-;izj; spm?les f-.oz, xirious 
regions inside and outside the  ,zlo;rirq nantle of tke flee aith a s - ,ec i z l l g  c3n- 
structed fins quartz probe i s  presented.. 
been carefully aralyzed hg mass sgectrorieter aix? gas c , h r c m f o ~ n p h ~ -  %chiqUes. 
From the product zmlysis it i s  indicated tha t  t i e  f x z l  i s  - , )~ .~=lyzed  in Yiie - h ~ r  
mantle by a f ree  radical  mechanism, and the gyrolysis gro6ucts a re  oxidize6 in 
the hi$ temperature combustlcn zoiie and <?e edge of the  f l m e .  
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The sm?les remve? f ~ o a  f l a e s  -?e 
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ChemistFj Division, . U .  5 .  klaval O1-dnance' T e s t  Station, China Lake, California 

INTRODUCTIOIJ 

Iiost of the nor!: t h a t  has been carried out i n  the studies of f l m e s  has 
iiiyolved studies of t h s  physical properties -- Structure, flame velocity and 
temperature. 
t o  elucidate the chenical processes i n  ?lames. 

Only a l imited amount of vcrk has been carried out in an attenpt 

I n  1861 Faraday (1) published:a book en t i t l ed  "Chemical Historj. of a Candle," 
shich :vas nade up of a s e r i e s  of l e c t m e s  given'.to the English equivalent of high 
school students -ahere the candle flame i s  used in a ser ies  of experiments to '  
demonstrate the s c i e n t i f i c  method. 
conbustion products from the nsighborhoocl of the wick of the candle and reignited 
t h e m  t o  denonstrate 

Zltenton (2) studied smFles rapidly removed from a methane flame into a 
miss spectronzter v i t h  a vieu t o  identifying f ree  radicals.  Foner and Hudson (5) 
 ha^ used F , ~ S S  s$ectrox?ietric techniques for the ident i f icat ion of 3, 0 and OH 
radicals  i n  hydrogen-oxygen flanes,  'and f o r  the ident i f icat ion of the methyl 

(4 )  have described t h e  composition prof i le  i n  a pre-mixed propane a i r  flame by 
probing smg1.ts f rom the ?lame and analyzing them T i t i  a mass spectrometer. 
Fr i s t ros ,  2rescot t  anrl Grunfelder (5) have described t h e i r  flame probing 

Parker and Volfhard (6)  hat-e examined the various zones of a diffusion flame 
spectrosco?ically and haire identified f ree  radicals  in  the flame and have deduced 
tha t  p p o l p i s  must play a role i n  the mechanism of burning. bleedham and Poviing 
(7) Ahave studied the decomposition flame of e thyl  n i t r a t e  by probing samples and 
analyzing them 57 infrared techniques. 

Yith a long glass tube Faraday removed-pre- 

that thc vax pxyrolgzed t o  l igh ter  molecules-before it vas 
,.. burned. 

i 

' radical. and s tab le  intermediates in  the nethane-oxygen flamz. Prescott, e t  a l .  

technique 
, and iia-Je given the r e s u l t s  of' analysis of sanples removed from a propane flame. 

I - -  
The authors (8-12) have studied the chemistry of combustion in  a ser ies  of 

hydrocarbon a d  oxy,gena.te flames by probing sanples froin the flame .iJith a quartz 
pro52 axl analyzing these samples by means of precise mass spectrometric and gas 
cbomtographic t e c b i q u e s .  
only roate for the disap2earance of the fuel .  

These resu l t s  shon that  a ?yrolysis mechanism is the 

AP?ARATUS AilD' P.ROCEDURS 

experimental procedure has involved establishing the flame on a burner 
place6 on a micromnipulrtor -in a Plexiglas hood that eliminates the effects of 
air  currents on the flame. For gaseous fuels  a diffusion flame burner n i t h  a 27 
m port :7as used, and ?or l iquid fue ls  an alcohol lain? a i t h  a Fibreglas nick 'XIS 
uscd. 
opening whose avarage dianeter i s  0.06 m -;!as sealed into position above the 
burner, and any portion of the Clane can be seiigled by adjustment of the micro- 
manipulator supporting tke burner. 

A quzrtz probe 0.7 m OD a t  the t i p  and an I D  of 0.2 m . n i t h  a constr.icted 

During an experinent the probe 'is continua1l:i- vented t o  the house-vac and 
when the flame is  t o  be sampled a three-cay stopcock diver ts  the sample t o  a 
- .  



previously e-mcuated f lask.  Sinulteneously 712th s m l i n g  t k  systea i s  photogra9hed 
so that the precise position of the  proje v i t h  respect t o  th- f leze c a ~  be d e -  
termined. 

The probe is  constructed-by draning a piece of yxirtz tu3b-g to: 0.5 OD a C  
seal ing-off  the t i p .  
i s  reopened. 
and adequate size sample for  enalysis can be oit-hdrzm -k betaeen 15 seeoxis and 1 
minute. 

The t i p  is then gi-oumi a i t h  f ine  car'oormdm pager m % L l  it 
This probe gives no visual distur5ance of the f l rae  d-iriz-2 sezclLx~ 

Probe techniques are  of ten cr i t ic ized b e c a s e  of the possibilit;; of c a t e - p i s  
or  flame disturbance. 
drops the pressme from 1 atnosphere t o  jetireen <i a a& 20 rn a3d the res5.derce 
time of the gases insid= tne hot portion of the proke has besn cslc~alated t o  te l ess  
than 5 n i l l i s e c .  7 i t h  the lo;; pressures Liside the 9robe, a z ~  she?, r ss5ence  t h e  
there does not appear to be 3 : ~ c h  ,1ii:zl*-oo< f o r  catal;;sis -23- t?.~ 2ro:;e I =::-^---C - - c,.. - >. 
Various changes ':/ere made i n  the probe d s s i g L  t o  xq,- t?.s zesl4asce ii?? or". -- Yie 
gas inside the hot zone 3y a fector  of 10 7i thout  aoxecia31y _ _  c k x ~ 5 - g  - t k  z c x s ~ i -  

through the hot ZOIX a t  the edge and up t ' i ~ o q h  t k  tort; these a1~1;:ses clza5:sd 
eech other and shoved tha t  the gases nere L?? the hot s e L t i m ?  3: the prc:;? ::? jr.0 

sh?ort a t i i e  t o  p e m i t  fur ther  zeaction. 
rapidlg removes a sam7le from a zone of the flame ~2 rs3id1:- c-u=nchcs it 5;- e:.~=.llsicn 
t o   lo-^ pressure gives a~n accurate plcture of t he  c o ~ ~ o a i ~ i c ~  ~f st2bie CG=?:IZCS 3: 
tha t  zone. 

T5e probe that Tie :w<e =e2 Lx these eqer7hents r e g i e l ~  

t ion  of the smgle.  ha:;- also smpled the sme zoixt of t& c L a c  -3:. " --oh<-,- u--L - .  =- 

:;;e heve conclu5sd thst en7 13rs-s.a t&t 
. .  . 

/ 

The quarAitative analysis of the s z q l e s  has bee2 carried cut - . ~ l f h  9 

Consolidated Electrodynamics Corporition Xodel 21-103 arral$icai ixss s?octro=ct?r. 
The mass spectra were analyzed by s ta r t ing  a t  the kigh zass k-qzszts c-2 s:xcosai-;el;; 
subtracting the patterns of each component. 
samples has been aided by themai  fractionation'  02 t h e  s a 7 i e s  f i w  a. series of 
temperatures from liquid nitrogen t o  room teqeratu-re and t h e  e:e.iik-ztion of the 
spectrum of each fract ioa.  
mass spectrometer ident i f icat ion of the separated and collected f1.r,ctions Pas Seen 
used t o  separate a* i d e n t s y  poducts .  Smples of eir^luen% gas ;roo the cl??o-x2- 
tography column coincident n i t h  peaks on. the recorder v e x  collected and -ped 
v i t h  the mass spectrometer. 
analyze .quantitatively al lene i n  the presence of g r o p p e ,  and t o  analyze 
of the butene isomers. 
has marle it possible t o  uiiubig-uously identify ethane Ln the pesence of 
and isotopes a t  class j0 due t o  CL3CL2ii.5 axi CL23". 

Identificatior,  of the c o q o n o ~ t s  of t::? 

. .. The cse of gas chromtograpkg- (12) -in coxijimctior. -.  

In thZs wag, f o r  exampla, It h2s been ?ossible t o  

The-mass spectrometer used has high resolcttion s i  

Temperatures of the  flames have been measured n i t h  1 n i l  ? t - P t  19:; ?h h a i s i n  
thermocouple enclosed.in a f o e  m i l  OD quartz tube. Altfaough the quartz t~Yse 
reduces the response and spa t ia l  sens i t iv i ty  of tne themocouple, iritnout thLs 
coating catalyt ic  reactions on - t ie  platiiium malie the temperatuze measmmects 
meaningless. 
large are lorn due t o  conducti-iity losses, but ia the central  pyZoljrsis region nhere , 

temperat7ae gradients a re  s m a l l  the  e r ror  of zeasurenent 5s not serious. 

The temperatures'nieasured a t  the edge of the f l m e  shere gradieats a r e  

Study of the aralgses of the precom5ustion srcducts b.dicztes th2.t >he 
mechanism of burn&- in the flam 9roceeds via a f ree  radical  attacl; on the parent 
molecule and the abstraction 02 a hldrogen by this f ree  radical.  The h2drogen can 
be abstracted from the various s i t e s  on the molecules, and the abstraction ?on 
any par t icular  s i t e  depends on the energj  of act ivat ion aad the pobabi1i t - j  factor .  



I n  a diffusion flame there  i s  a la rge  t h e m a l  gradient from about 140O0C-15O0"C 
a t  the edge t o  about 400°C-6000C i n  the i n t e r i o r  of the mantle. 
tremely rapid diffusion of species Throughout the f l m e ,  amply demonstrated by the 
f a c t  that i n  no par t  of the  flame IS there  l e s s  than j0 percent nitrogen. 
radical  products formed i n  the primarj  pyt?olysis reactions a l so  undergo a t t a c k  by 
free radicals  forming a secondary Set of products. 
p)-roBsis reactions, there  are polymerization reactions :vhich are  responsible f o r  the 
formation of the benzene and carbon. Thus, no quantitative kinet ic  picture can be 
given for  the reactions;  hme-rer, qual i ta t ively,  the analysis of the samples probed 
from the flame can al lov us t o  study the homogeneous mechanism f o r  the pyrolysis and 
oxidation of the fuel ,  and presents a pictuxy of the locations and concentration of 
the various species of the flame. 

Also, there  i s  ex- 

Non-free 

Then, i n  addition t o  these 

Figure 1 shoiis the resu l t s  of probirg a methane diffusion flame. The bottom 
abscissa insicates  the re la t ive  distance of the ?robe between the luminous edge and 
The centrzl  ax is  of the flame. The top abscissa indicates the temperatilre measured 
iiizh a quartz coated 1 m i l  Pt-Pt lo<, iih thermocouple. 

There is a rapid decrease i n  the concentration of methane in the samples a s  
o l e  probes fromihe cent ra l  axis t o  the edge of the flame. 
matche.7 by a correspsnding increase in hydrogen o r  hydrocarbon intermediates. The 
hJ2rogen content i s  qui te  lovr (1-2;;) and re la t ive ly  constant inside the flame cone, 
ard begins t o  decrease on ly  a t  the edge of the flame where the temperature r i ses  and 
the concenzration of oxggen begins t o  increase. The concentration prof i le  presented 
by the hjdrogen i s  sinilar t o  the dis t r ibut ion of other hydrocarbons formed i n  the 
flame. 
flame :vhere it is consumed. 
p o l p e r i z e  t o  high molecular weight carbonaceous material since no evidence of i t s  
his tory apoears in  the compounds sampled i n  the flame cone. 

A t  the edge of the flame carbon dioxide and water are maximized, indicating that 

This decrease i s  not 

The kjcirogen formed i n  the p-j-rolysis diffuses  rapidly t o  the edge of the 
The carSon formed i n  the pyrolysis must eventually 

thsse compounds a re  generated here fl;om the oxidation of carbon and hydrogen that 
diffuse t o  tn: edge of the flame. 

i n e r t  (14) and no pyroljisis occurs t o  any-extent a t  temperatures several hundred 
degrees higher, so  that the  small amount of oxygen vhich penetrates in to  the central  
cone of the f1air.e primarily through the 1057 temperature zone i n  the neighborhood of 
the port nust play a vital-role in the mechanism of pyrolysis. 

i n  our laboratory in a f lox system where contact times and temperatures of the 
flariies can be simulated. 

A t  the temperatures measured in the center of the flame cone methane is nofmally 

The role of small 
i t races  of oxygen i n  rapidly charging the r a t e  of decornosition is  under investigation 

The mechanism f o r  the  pyrolysis o f  the methane t o  account f o r  the products found 
i s  sham below 

cH3 f ci& 4 c;l& 
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The examination of the  precombustion products indicates th2t on ly  smll traces of 
formaldehyde (<.3.1$) and =ethyl alcohol (cO.2:') are  the only oxygenates found i n  
the  precombustion products. Since formaldehyde and methyl alcohol are generally 
proposed as intermediates i n  describing th s  mechanisn of combustion i n  flames, a 
concerted e f for t  has Seen mde t o  find these compounds. 
lrom the methane flame and these sanp les  viere treated n i t h  Schi f f ' s  reagent. These 
chnnical t e s t s  indicated that fomaldehyde ;Tas present i n  concentrations of < 1 part 
i n  :3-' and confirmed analyses of duplicate samples that were obtained using high 
resolution techniques on the mass spectrometer. 

Large samples \,ere probed 
j 

( 1  
!;e a l so  sished t o  determine i f  the sampling and analytical  techniques used in 

these experiments vere capable of detecting and measuring formaldehyde if ne nere 
cer ta in  that it vas present-in the flame. 
f i e f i e  F o r t  of the  burner and mporized in to  the fue l  stream. 
t h i s  flaQe a re  shorn i n  Table 1. 
> 2L$ formaldehyde :(as riithclraxn. 

Pe l le t s  of paraformaldehyde were placed on 
The r e su l t s  of sampling 

It is  seen tha t  on the central  ax is  a sanple with 
, 

. 
TA3LE 1. Comparison of Samples Probed from Methane Diffusion Flame, with 

and without Added Formaldehyde. 

Sampled close t o  central  ax is  Sampled close t o  edge of flane 

Normal Paraformaldehyde Normal Paraformaldehyde 
?lame Added Flame Added 

Senene. 
V k y l  acetylene 
Diacetylene 
Carbon dioxide. 
Pro?;dene 
?.ieYn;il acetylene 
P-rzon 
Cxyeen 
Formaldeh$de 
E t h a e  
Ethylene 
-4ce t ?lene 

bie thane 
NitroZen 
Carbon monoxide 
Hydrogen 

he i'later 

6.03 

0.03 

1.15 

0.08 
0.12 
0.22 

27.82 
58.92 
2-79 
2.23 

0.51 

- 

5-96 

0.01 
.0.60 
0.17 
2.04 

3.24 
0.22 

21.12 

0.05 

- 

56.59 
8.73 
4.18 

0.006 
0.01 
0.005 
9-03 

0.05 
0.75 
0.42 
0.01 
0.07 
0.10 
0.26 

7.55 
76.55 
3 -30 
1.89 

- 

0.007 

0.004 
9.06 
0.004 
0.02 
0'. 74 
0.19 
0.08 
0.05 
0.11 
0.29 

5:46 . 
76.41 

5.11 
2.47 

0.007 

'Analysis on na te r  f ree  basis.  
1- 

The oxidation of methane i n  f l m  systems at high temperatures with short, con- 
t a c t  times (15) leads t o  appreciable concentrations of formaldehyde i n  the products. 
Hoxever, on the  bas i s  of the  experiments described, it does not appear t o  be an 
intermediate i n  the  oxidation of methane in a diffusion flame. 

Forma1deh;rde is  foun6 in the  precombustion products of a flame when it i s  a 
reasonable r e su l t  of a f r e e  rad ica l  attack on the parent fuel.  This i s  the case i n  
the methanol diffusion f lane  where formaldehyde is  the major precombustion product. 
The methanol burns according t o  the follwing scheme: 

i 



CH20 + 02 + 302 CHO G! 

CHO -CO f H (10) I 
I n  addition, theye i s  a mall aaount of r.?thane f o n d  i n  :re products a d  i;e belle.re ( this t o  be due t o  the reaction 

1 1 C b O H  L H +C& f Hod (11) 
< 
2 

, these temperatures. 

1 trace concentrations. 

and the C-& radical abstracts hyrlrogen t o  form aethane.. 
115 kcal C h O S  ?sor!d can break t o  $ive the obserred r a t e  of f o r ? a t l o n  05 z s 1 , h e  a t  

;e lo 30% Selle-,.e 5hz t  ;he 

4 
1 Ethane is not observed, but its Sre&do?m products C2:& ar~a C2Z2 2re p r e s e ~ t  in 

A more complex ser ies  or' diffusion flanes are the buxznols, zx! t;ze sec-om71 
alcohol f l a x  c2n be used a s  an exanple t o  confir ,  the inechazkn '?B ??eedlcs on tbe 
basis of hylrogen abstraction reactions Cron the parect moiecde Zl+$i.;2CFCci:3. 2 s  

products found in the analysis of the probed s q l e s  can >e e:?ls-ke6 2;- 1,112 f O ? , l G L i i g  
reactions. 
by the f o l l n i r y  izechanisns: 

{ 
d ' 

i 
I 

05 

The radicals fomed by tI abstraction froo the pare=% mlec-de p)~ol;-ze 

'\ 

h 

CSCHCHCI& ->C&CH = CHC:& +.OH 
I 

C& f C&CH = CB d r e a - e s  t o  ?m?ioz?tlde?qde ( L j )  

i 
! OH 

I 

OE 

I 
1 
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It i s  noted that the mechanism proposed predicts the presence of both butene-1 and 
butene-2 in  the precombustion products. Both of these isomers are found and the sec ' 

butyl alcohol flane i s  the  only butanol flane i n  which the tvro butene isomers a re  
predicted by hydrogen abstraction reactions, and is, i n  fac t ,  the  only one in  which 
they are found. 

A se r ies  or" ketone flames has seen studied t o  trace the history of f ree  radicals 
' 

i n  eiifusion f l m e s .  In the acetone flame the decomposition of acetone leads to a 
hizh concentration of inethyl radicals in  the flame, a s  evidenced by the relatively 
high concentration of methane and ethane in  the sample a s  shown in Table 2. 

T??IJLE 2. Samples Probed from Acetone Diffusion Flame 

Toluene 
3enzene 
Cyclohexadiene 
C;-clopentad iene 
Acetone 
Isobutylene 
lJ -Butadiene 
V i n y l  Acetylene 
Diace tTlene 
Carjon '3lcxide 
Propylene 
Propane 
Allene 
Propyne 
Oxygen 
Argon 
Ethane 
Bhylene 
Acetylene 
'later 
I !e thane 
Carbon I'onoxide 
Nitrogen 
Hydrogen 

D 

Note 110. 1 
Note ?lo. 2 

I n  the d ie thyl  ketone 
actiorsleads t o  the d i r ec t  
e thyl  rac'icals a re  present 

1 

0.01 

- 

33.92 

0.02 
5.40 
0.10 

0.02 

O r 3 2  
0.41 
0.69 
0.87 
0.52 

3-2-39 
2 ~ 3 3  
5.85 

35.33 
2.02 

0.03 

---- 

2 

0.01 

0.01 
0.01 

15.42 
0.02 

- 
0.03 

0.05 
0.05 
0.01 
7.21 
0.11 
0.03 
0.08 

0.10 
0.53 
1-01 
1.16 
0.84 

---- 

13 -38 
3 -25 
8.46 

45.72 
2-54  

2 
0.01 
0.06 
0.01 
0.02 
6.38 
0.03 
0.08 
0.08 
0.02 
7.90 
0.15 
0.03 
0.08 

0.07 
0.59 
1.10 
1.48 
1.04 

14.82 
4.56 

10.27 
48.n 

---- 

2.74 

'0.01 0.16 0.28 

!lo Propxyne 
D = Sistance from probe t o  portlheight of flame. 

flame the decomposition of DEX by hydrogen abstraction re -  
formation of eth;rlene and ethyl radicals. 
i n  the flame is shmm by the mall concentration of n-butane 

Evidence tha t  

founcl i n  t h i s  flame t h a t  must be due t o  a combination of ethyl radicals.  

, 



- - 
However, 'rerj l i t t l e  ethane is fGn;led as a r e su l t  of hflrogen abstraction by e t k r l  

radicals compared t o  the concentration of Eetfiane in the acetone YiaiiII, and most of the 
ethane could be formed by the recombination of Eethyl radicals as -h the acetone Plane, 
as indicated by the comparison of methane and ethane conceritra5ic:-s of thrt.e ketone 
flames, Table 3 ,  ;{here each i l m e  xas sampled on the central  axis about 0.3 of the d i s -  
tance from the base t o  the tip.of the flane. 

TBBLE 3. Comparison of.methane and Zthane Concentrations i n  Ketone Flames 
AcetoDe Ilethyl E t h y l  Ketone Diethyl Ketone 

4.4 2.3 0.8 
1.1 0.6 0.3 

The inab i l i t y  of the ethyl radical t o  abstract  hydrogen and form ethane i s  consistent 
with the fate of the n-propyl an2 isopropyl radiczls (in the  djllomal and 3iisoprop;rl- 
ketone flames) which pyrolyze t o  propylene and e twlene  rather than form gropane. The 
e thyl  rad ica ls  must e f f i c l en t ly  lose hydrogen t o  form ethyleae and ; h i s  compound 
dominates the precombustion products of the flame. it should be noted that in the 
study of the,flames of various paraffin hydrocarbons it has been noted that the ra te  
of decomposition of methane, ethane and propane do not d i f f e r  grez t lg  pmd are 
re la t ive ly  slow, so that i f  a large amount of ethane viere fom2d jlj the  abstracr,ior? of 
hydrogen by t'ne ethyl radicals i n  these flames a la rge  steady s t z t e  concen<mtion of 
ethane would be found by our probing techniques. 

Only the fa te  of the prinary f ree  rad ica ls  and products f o n e d  bg 5hs attack on 
the parent fue l  has been discussed here. 
products, secondary pyrolysis products a l so  ex is t ,  s m h  as ethylene and acetylenz by 
the dehydrogenation of ethane and polymerization reactions which give rise t o  proppe, 
allene, diacetylene, benzene aril toluene. 

In addition t o  the  p r i m r y  ?yrolysis 

From the studies of the precombustion products of the  d;ffuslon flmes tha; :I= 
have carried out, we f e e l  that r e  can make some deductions about t h  formation of 
carbon in flames. 

Porter (15) has postulated tha t  in flane and explosion processes car3011 p&i- 
c les  are formed by the pyrolysis of acetylene. 
have studied there does indeed appear t o  be a correlation bet3een tfie sootTiness of ;he 
flame and the stationary concentration of acetylene i n  the f l z e  nantle. Emever, our 
r e su l t s  have indicated that there are many d i f f i cu l t i e s  n i t h  tEs  approach. ?Lrst, 
benzene i t s e l f  creates a very sooty f l m e  but has a stationary concentration of 
acetylene in the mantle l e s s  than the methane f l a e  ahida i s  a sootless f l m e .  
i n  the  examination of the alcohol f l m e s  :re have observed an i n c r e a s b  amount of 
carbon production as one proceeds from the  C1 t o  C4 alcohols. The nethanol flms 
produces no carbon, the ethanol flane a small axount of yel lox t i p o k ~ ,  and the 
propanol and butanol flames produce re la t ive ly  large amomts 3f carbon. h l $ s L s  
shovrs no benzene and l e s s  than 0.0045! acetylene in the  precombustion products sazpled 
on the central  ax is  of the methanol flame, bu$ the aiaounts of these preconbustion 
products in the ethanol, propanol and butanol flames are very sinilar, benzene (0.02<\ 
and acetylene (1-2'). 
that t h i s  lack of correlation of sooting a b i l i t y  indicates that the teildency toyard 
carbon formation does not depend on the steady s t a t e  concentration of these con- 
s t i t uen t s  i n  the flame. 

In na& of the diffusion flaaes Te 

Also, 

The temgerature prof i les  of these flames are quite sinilm- so 

Cole and ?%nkoff (16) have recently reported the  r e su l t s  of a se r i e s  of studies 
on carbon formation in diffusion flames of the sim?le hydrocarbons. 
flames Tiere examined a i t h  a specially constructed narroi7 bean recorCiq  infrared 
spectrometer and the 729 m-1 band of acetylene ?as monitored. 
sooting a b i l i t g  and in tens i ty  of the acetylens absoqt jon  band 7a.9 found by t h i s  
independent technique. 

Flat  diffusion 

fro correlation beheen 



The techniques outlined above f o r  the  study of these flames have been applied t o  
The resu i t s  indicate the ?relThinary s5uclies of premixed nethane-oqgen flames also. 

sane reactions occur a t  much f a s t e r  r a t e s  consistent with the  higher temperatures, 

These preliminary r e su l t s  on prenixed flames are consistent with those obtained by 
Grimer and Singer (18) whose results on probing premixed propane-air flames 
i7ith those that we have obtained from the study of propane diffusion flames. 

, 

c .,ai:Lig tix p r o b i ?  teclmiqxe less sensit ive b t h e  determination of minor intermediates. 

1 consiste 
t 
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