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In t roduc t ion

In  most  p rac t lca l  sys tems,  soot  burn-
out occurs at the end of the combustion
process, reducing the amount of soot relea-
sed in the atmosphere. f le have determined
the oxidative species involved and thelr
effect on soot morphology.

Experlmental

A lamlnar and axlsymmetrlcal methane-
a i r  d i f fus ion  f lame was used.  I t  h ras  pre-
v i o u s l y  a n a l y z e d  b y  M i t c h e l f  ( 1 ) .  U s i n g  e x -
perimental condit ions described elser¿here
(2)  a  s teady  5 .8  cm he igh t  d i f fus ion  f lame

was ob ta Íned.

An optical method using an ionized ar-
gon laser  (3 )  was  used to  loca l l y  charac te-
r i ze  soot  par t i c les  ins ide  the  f lame.  p ro-
f i les  o f  vo lume f rac t ions  ( fy ) ,  equ iva len t
Ciameters (D) and number densit ies (N) of
carbon part icles were deduced from elastic
scattering at 90o and extinct ion measure-
tenEs.

The three types of prof i les were de-
:e rmined ax ia l l y ,  a long c ross  sec t ions  and
along some stréam1ines. As the f larne is
sr-at ionnary, streamlines correspond to par-
t i c le  t ra jec to r ies .  l fe  have shown (2)  tha t
soot burnout exhibits three steps :
- in the f irst one, nu¡nber deosity as well
as volume fract ion decrease while equiva-
:ent diameter increases : part icles aggre-
gation which began earlÍer is proceeding ;
:he sol id carbon oxidation, however, has
a l ready  s ta r ted .
- in the second step, carbon volume frac-
: ion continues diminishing but mean dia¡ne-
--er is decreasing while number density is
:: :creasing. This step may be due to aggre-
;a te  b reak-up.
- in the third and last step, volune frac-
--ron, equivalent diameter and number densi-
--1'  decrease and f inal ly cannot be measured
¿::)rmore. The total duration of step 3 - ls
: a .  5  n s .

As an example, Figure 1 shows the pro-
j : les  o f  f r '  D  and N a long f lame ax is  ver -
: :s  t ime.  The or ig in  o f  t ime j -s  taken a t
- - : -€  f lame f ron t .
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Interpretat i .on and Concluslons

Let  us  ca l l  w  (4 )  the  spec i f i c  soo t
burnout rate (9 cm-2 s-1 ) .  r i  can be shown

n  Á  t r  ñ f . , 1
that w = -É -T:J¿ where p is the carbon
dens i ty .  f t -musE-be no t iced  tha t  the  de f i -
ni-t ion of w is somewhat mÍsleadinq as a va-
r ia t ion  o f  w resu l ts  essent ia l l y  i rom a  va-
r iat ion of the nature and concentrat ion of
ox ida t ive  spec ies  and no t  necessar l l y  f rom
a var ia t ion  o f  carbon sur face  reac t iv i t y .  w
versus t lme goes through a maximum equal to
ca .  10-J  g /cm? /s  fo r  a  dura t ion  o f  20  ms.
Before the maximutn aggregation of part icles
and burnout occur simultaneously. The total
carbon sur face  area  decreases .  A f te r ,  sur -
face oxidation and rupture of aggregates
have opposite effects on the total_ carbon
sur face  area .

In works on secondary premixed f lames,
Neoh and Howard  (5 )  emphas ized the  major
role of hydroxyl radicals in soot burnout.
Our interpretat ions are based on their re-
su1ts .  The prev ious  measurements  o f
Mi tche l l  (1 )  a l lowed us  to  ca lcu la t  the
local concentrat ions of the radicals O and
OH by assuming the part ial  equi l ibr i .um of
t h e  r e a c t i v e  s y s t e m  ( H 2 ,  c . 2 ,  C O ,  C O 2 ,  O ,
OH and H) ,  in  a  res t r i c ted  ranse o f  loca l
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equ iva lence ra t io  lO <  2 .5 ) .  Compar ison o f

tÉe pro f i les  o f  ma jor  spec ies  concent ra -

i ián"" ut ings the fol lowinq remarks on soot

áástructioi.  t¡" oxygen radical concentra-

t iá" i"  systematical ly srnal ler than the oH

one t  the-pro f i les  o f  O and OH decrease '

i i i "" 'upp."aching the f la¡ne front '  The mole-

cular óxygen concentrat ion, relat ively

i.áir i"Éi i te t tre f lame, grovts uP' rt  is not

ieqi iqiufe in the soot burnout zone' co ls

[ñé .ó"t abundant gaseous fuel '  t le have

"t". t".d 
the simullaneous Presences of oxy-

!án ana hydroxyl radicals, molecular oxygen

and soot.

several authors emphasized the molecu-

tar oiyqen inf luence. They agree to evalua-

t" t i t i i -o*idation by the Nagle and -
s t r i ck rand-cons tabre  fo rmula  (6 )  '  Th is  cor -

i . iátr"" formula establ ished for pyrolyt ic
qiápft i te, is based on the assumption of two

áli iét""L types of si tes on carbon to be

invo fvea in -óx ida t ion .  $ tNsc  is  the  cor res-

oondlnq soot burnout raté' r¡ '  is the soot

;; ; ; ; ;¿ iáie o¡tained from our experimental

i""" i t" .  Some axial values of w/w¡¡59 are

ieported on the fol lowing table'

Tab le  I .  Ax ia l  va lues  o f  w/w¡59 '

z (mm) q tms) *1ii gon-2g-1 g.,iá"-l t/t¡¡sc

; ó  ¿ . a s  5 . s s  3 . 4 s  4 ' 4 4  ? 8 ' s
; ;  Á . z s  s . 8  1 0 - 0 2  4 ' 7 5  2 ' t o ' e
i ;  j . 6 5  6 . o s  1 o . o s  s ' 0 7  1 e 8 ' 3
é l  i . ó s  6 . 3  8 . 3  5 ' 4 0  1 s 3 ' 8
é ¡  2 . 4 5  6 . 6  s . 1  5 . 7 2  8 e - 2
5 8 0

( f lame f ron t )

The inf luence of molecular oxygenr- predlc---á 
Uy-Ñ"gle and Str icklancl-Constable for-

^"iu-i" ¡núch smaller than the measured soot

destruction process' Only the presence of

;; ;- ; ;  severáI other oxidants nay explaln

such a dlf ference. Soot burnout can be due

to  or ,  o  and oH rad ica ls ,  Co2,  H2O or  No '

i i"- í i t . táture arlovts to conélude that oxi-

áátiott" by Co2 and No have a minor role'

In agfreement with the t¡tork of Neoh (4)

and o f  uu lcahy  and Young (7 ) ,  i t  i s  cons i -

dered that OH and 02 are the main oxidants'

There fore ,

T a b l e  I I .  f O "  v a l u e s .

L, - W.,^^

YOH nhere

fnp  is  the  co l l i s ion  e f f i c lency  o f  oH (pro-

iXBii i tv to oxfdize one carbon atom by col-

l is ion Letween a soot part icle and one OH

r a d i c a l ) .
i . ,r ,  i"  the apParent col l tsion eff iciency of

óHt¿edrrced fróm experimental results (dia-

meter decreases in oxidation zone' ] .n assu-

*i"é-tf tut OH radical is the only oxidizing

s p e c i e s .

The axial values of IOn are summarized

on Tab le  I I -

The max imum va lue  is  0 '099 wh ich  is

ident ica l  to  those g iven by  Neoh (4 )  '  0 '10

z (rnm) f os 
z (mrn) 

ig'_

5 0  0 ' 0 3 1  5 3  0 ' 0 8 6
s r  o .  0 9 4  5 4  0  '  0 5 7

and by  Fen imore  and Jones  (8 ) ,  0 '10  ;  us ing

electiot¡ microscopy Mulcahy anit Young (?)

a lso  ob ta ined a  max imun o f  0 .10 '  Us ing  an

in sltu optical method for soot part icle

d iameter  measurement '  Neoh found 0 '27 '

Yle have deterrnined the number density

as function of the weight percentage of

soot  burnout ,  on  severa l  t ra jec to r ies  c lose

lo the central axis. Results point out that

áqqregates breakup occurs when 70-80 t of

sóót  ñ"s  d isappeared.  on  ax is ,  b reakup co-

; ; ; ; " ;á "  to  a -  i ro recu la r -  ra t io  .o2 /oH 
o f  ca '2 '

rn  Lhe ou termost  s t reaml ines  whefe  02  con-

tr ibution to oxidation is expected to be

maximum, soot aggregates breakup occurs for

irr.  
"*air.st 

values of soot burnout '  These

iesutts agree with the assumption of Neoh

;á-i l*. ;á (5) and of Donnet and Lahaye (9)

ó"-tt t .  major role of oxygen in the internal

ó" ráá t r " " -o f  carbon par t l c les '  Les :  reac t i -

.rá *.t t  OH' i t  should dif fuse inside soot
pirt icle tñi le hydroxyl radical lnduces

i re fe ren t ia l l y  sur face  ox lda t ion '
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