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Metals vapour oxidation in diffusion flames 
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Abstract  - The s t r u c t u r e  of metal combustion zone i n  oxid iz ing  
atmosphere is  g r e a t l y  determined by mechanism and k i n e t i c  para- 
meters of gas-phase r e a c t i o n s  which genera te  t h e  condensing 
oxide vapours.  The r o l e  of t h e  heterogeneous r e a c t i o n s  and con- 
densat ion i n  t h e  flame s t r u c t u r e  formation i s  considered f o r  
d i f f u s i o n  flames of magnesium. 

INTRODUCTION 

U h t i l  r ecen t ly ,  cornbustion of metals i n  oxid iz ing  atmospheres was of in-  
terest i n  connection wi th  t h e  e l abora t ion  of powerful,  r e l a t i v e l y  com- 
pac t  chemical sources  of thermal energy. In t h i s  f i e l d  dozens of theore-  
t i c a l  and experimental  i n v e s t i g a t i o n s  were c a r r i e d  out  and many compli- 
ca ted  t echn ica l  problems were solved.  

Cur ren t ly , the  in te res t  t o  combustion of metals has  not iceably  decreased.  
However,& number of ques t ions  which are v i t a l  f o r  understanding of these 
complex processes  remain u n c l a r i f i e d .  F i r s t  of a l l ,  it concerns t h e  
mechanism and k i n e t i c s  of t h e  chemical r e a c t i o n s  i n  t h e  combustion zone 
and aggravated by t h e  processes  of t h e  condensed products  formation 
which are coinc ident  wi th  r e a c t i o n s  i n  t i m e  and space. The p resen t  paper 
attempts t o  ana lyse  some processes  occur i n  t h e  flames of metal vapour 
i n  oxygen. 

PROBLEM CHARACTERISTICS 

Thermochemistry In terms of thermodynamics, t h e  most advantageous i s  
t h e  s o l i d  metal oxida t ion  t o  s o l i d  oxide (see Table 1 ) .  However, seeing 
t h a t  during t h e  metal combustion the temperature  reachs  3000K and 
higher t h i s  process  may be of s ign i f i cance  only f o r  t h e  i n i t i a l  stages 
of i g n i t i o n .  

Thermal e f f e c t s  of l i q u i d  metals r e a c t i o n s  br ing  about  t h e  l i q u i d  oxides  
formation are a l s o  s u f f i c i e n t l y  h igh  bu t  because of a c t i o n  of k i n e t i c  
f a c t o r s  they do no t  seem a b l e  t o  p lay  a leading r o l e  i n  combustion 
processes .  

I t  is  n a t u r a l  t o  assume t h a t  during t h e  combustion of metals t h e  both ,  
small  particles and bulk samples, t h e  l imi t ing  chemical r e a c t i o n s  t ake  
place in  t h e  gas  phase.  The ex i s t ance  of t h e  d i f f u s i o n  zone c l o s e  t o  t h e  
metal  su r f ace  i s  proved by a number of i n v e s t i g a t i o n s  ( e . g .  Refs.  3-6) 
no t  only f o r  easi ly  evaporated magnesium but  a l s o  f o r  beryl l ium, t i t a n i -  
um and zirconium. 

A t  t h e  same t ime,  t h e  da t a  of Table 1 show, f o r  metals t h e  i n i t i a l  
gas-phase r e a c t i o n s  with molecular oxygen do no t  compile t h e  h e a t  source 
providing t h e i r  g a s i f i c a t i o n  as observed f o r  combustion of o the r  f u e l s .  
Reactions of dimers a l s o  are no t  a b l e  t o  p lay  t h i s  r o l e ,  due e i t h e r  t o  
t h e  absence of dimers i n  t h e  metals vapour a t  combustion temperatures  
(Mg,Ti,Zr) o r  t o  t h e i r  very low concent ra t ions  A l )  (Refs .  1,7). Thus, 
t h e  key h e a t  sources  i n  t h e  flames of metals are t h e  condensation of t h e  
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forming oxide vapours and t h e  termolecular  recombination r e a c t i o n s  of 
oxygen and metal atoms and oxide r a d i c a l s  i n  va r ious  combinations.  Ther- 
mal e f f e c t s  of t hese  processes  f o r  t h e  metals under cons idera t ion  as 
a r u l e  range from 400 t o  800 kJ/mole (Ref .  1). 

TABLE 1. Thermal E f f e c t s  of Some Metals Oxidation by Molecular 
Oxygen, ca l cu la t ed  on t h e  d a t a  of Ref. 1 ( a t  0 K, i n  kJ/mole) 

React ion Be Mg A l a  T i a  Z r a  Feb 

M ( s )  + 0 2  MOJS) 606 597 1664 939 1095 272? 
M ( l )  + O p  d M O X ( 1 )  533 529 1564 886 1019 264 
M(g) + 02  - MO(g)  + 0 - 59 - 39‘ 13 174 266 - 84 
MO(g)+ 02 _.$ MOe(g)+ 0 - 76b - 101 123 153 
M20(g)+02 _+ M p O 2 ( ~ ) + 0  178b 11 
Mp(g)+ 02 d MO(g)+MO(g) -131 413b 327 716 

738 535 1119 619 780 523 
86 77 111 68 90 21 

2851 3100 2327 2030 1650 

320 146 327 471 598 414 
13 9 11 15 14 13 

1560 923 934 1944 2133 1809 

a x i n  MOx f i t s  t h e  h ighes t  oxide 
b Calculated on JANAF Tables  
C Evaluated us ing  D(Mg0)=455 kJ/mole (Ref .  2) 

Kinetics and Mechanism A t  combustion temperatures  t h e  supe r sa tu ra t ion  
of t h e  metal oxides  vapour may be h igh  enough and t h e  f i n a l  s ize  of t h e  
oxide particles formin i n  d i f f u s i o n  flame by homogeneous condensation 

densed phase,  d i s t r i b u t e d  through t h e  combustion zone, makes it poss ib l e  
t o  assume t h e  prevalence of t h e  heterogeneous r e a c t i o n s  of metal atoms 
with adsorbed oxygen (Refs .  12-13). In s p i t e  of t h e  cri t icism expressed 
on t h i s  matter (Refs .  14-16) t h e  ques t ion  concerning t h e  t y p e  of the 
process  dominating i n  t h e  metal flames s t i l l  remains open. 

Since t h e  gas-phase r e a c t i o n s  of t h e  metal atoms wi th  oxygen are s u f f i -  
c i e n t l y  f a s t  (see Table 2) t h e  ques t ion  arises concerning t h e  r a t i o  of 

measures about 40-100 8 (Refs .  8-11). The developed su r face  of t h e  con- 

TABLE 2. Rate Constants  f o r  Gas-Phase React ions of Some Metals 

3 React ion T,K k ,  c m  /mole.s Refs .  

17 
Mg + 0% __* MgO(g) + 0 1000 (9.1+7.2)~10’~ 18 
A 1  + O I L  A l O ( g )  + 0 300-1700 ( 2 . O?: 1 .3 ) x 1 On 19 

Fe + O2 d FeO(g) + 0 1600 (2.1+0.8)~10~~ 20 

9 Be + 02 _.) B e O ( g )  + 0 1000 4 x 10 

A 1 0 +  02 d A l O Z ( g ) +  0 1400 (1.9~1.O)XlO” 19 

t h e  MO(g)  formation and i t s  condensation rate. These r a t i o s  determine 
t h e  p o s s i b i l i t y  of t h e  equi l ibr ium existence i n  t h e  combustion zone bu t  
they are st i l l  unknown. 
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(1) M(g) + 02 - MO(g) + 0 
( 2 )  M(g) + 0 + X MO(g) + X 
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Gas-Phase React ions 

MACROKINETICS 

The desc r ip t ion  of t h e  metal vapour combustion zone can be obtained 
using t h e  macrokinet ic  approach j o i n t l y  t ak ing  i n t o  cons idera t ion  t h e  
equat ions  of chemical k i n e t i c s ,  d i f f u s i o n  and hea t  conduct iv i ty .  

Formulation of problem The cons t ruc t ion  of t h e  complete and r igo rous  
model of combustion which make allowance, i n  p a r t i c u l a r ,  f o r  t h e  change 
in  t h e  metal vapour flow due t o  t h e  heterogeneous oxide condensation on 
t h e  sur face  of d r o p l e t ,  c u r r e n t l y  i s  hard ly  poss ib l e .  The absence of t h e  
necessary da ta  on t h e  state and behaviour of condensed oxides  i n  con tac t  
with t h e  l i q u i d  metals is  respons ib le  f o r  t h i s .  Besides t ak ing  i n t o  
account t hese  f a c t o r s  can no t  change a q u a l i t a t i v e  p i c t u r e  of t h e  flame. 

Mathematicalmodel The whole complex of t h e  processes  i n  t h e  s tud ied  
sphe r i ca l  d i f f u s i o n  flame zone i s  descr ibed by t h e  system of dimention- 
l e s s  equat ions  

a + 
37 -(P,+P$) + v c ( P c + P p l  = 0 

The fol lowing nomenclature was used i n  t h i s  system: P I  - metal vapogr 
dens i ty ,  pp  - molecular oxygen dens i ty ,  p 3  - oxide vapour dens i ty ,  pi  - 
dens i ty  of s a tu ra t ed  oxide vapour a t  0=0, p4 - atomic oxygen dens i ty ,  
pi - corresponding molecular masses. 

In t h e  con t inu i ty  equat ion (1) :  
t h e  condensed phase dens i ty  pc = J?,,dn, where N n  - number of condensed 

particles contained n molecules of MO; gas dens i ty  pa 

t h e  gas-phase r eac t ion  rate 

ns2 L 

In t h e  balance equat ion f o r  gaseous components ( 2 ) :  1 
p i  ( 1 = 1 , 2 , 3 , 4 ) .  
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where k; exp t -  Ej/RTo) R?po 
D4 

Daj 

scale dens i ty  of a gas ;  and Po = - - m 
7-r ROD,  

t h e  heterogeneous r eac t ion  rate 
00 

W4 = M , P , P ~  J @Gdn 

M, = (- 
P3D3 4n pc 

n= 2 
2 where 

41rdkR~Nf0 3m3 ) 2 / 3  

G =  k4 . 
kq+dC ’ 

t h e  homogeneous condensation rate 
OQ 

W5 = M, [ Qdn ; 

WG = MCPS A I T F ( n , B , ) d n ,  

n.2  
t h e  evaporat ion ra te  

n.2 where 

( 7 )  

(12) 

1 0 
F ( n , e n )  = exp [ 

n1‘3(4 + PQn) 
2Cpo ( 4 5 r P ~ ) ~ ’ ~  In expression ( 1 4 )  0 = - - 

condensed phase. rLRTo 3m3 
, where (3 - su r face  t ens ion  of 

In t h e  d i s t r i b u t i o n  func t ion  equat ion ( 3 ) :  
D, - t h e  Brown d i f f u s i o n  c o e f f i c i e n t  of t h e  condensed par t ic les .  

In t h e  hea t  balan-ce equat ion f o r  gas ( 4 ) :  

, where c - hea t  capac i ty  of gas  atmosphere, q j  - Caps RT? 
Vj  = QJ Ej  a 
thermal e f f e c t  of t h e  corresponding reac t ion :  B - cons tan t  i n  Sherman’s 
equat ion .  

In t h e  hea t  balance equat ion f o r  particles ( 5 ) :  

and Qg = 9.5, where cc - heat  capacity of condensed phase.  9 4  
C CTCI CCT.3 

Q 4 =  - 
Other parameters i n  E q s . ( l ) - ( 5 )  have t h e  meaning gene ra l ly  accepted i n  
t h e  t h e o r i e s  of combustion and homogeneous condensation. 

The c a l c u l a t i o n s  according t o  aforementioned model under t h e  edge condi- 
t i o n s  

2 = 0  Pr,a,4 = O 
e = o  

0 

P 2  = P2 
8, = 0 V cons t  

N, 0 

and t h e  te rmina l  condi t ions  

v v, 
N, = 0 

e = o  
en = o 

p 2  = cons t  

+ O  

9 = o  
8, = 8 

are being c u r r e n t l y  conducted and t h e i r  r e s u l t s  t o  be publ ished.  
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QUANTITATIVE EVALUATIONS 

The model fo rmula t ed  makes it p o s s i b l e  t o  do some l i m i t i n g  e s t i m a t i o n s  
of t h e  rates of p r o c e s s e s  i n  t h e  f lame zone. C i t e d  below are the r e s u l t s  
of the approximate c a l c u l a t i o n s  f o r  t h e  d i f f u s i o n  f lame of  magnesium a t  
t e m p e r a t u r e s  T=1000-3000K and p r e s s u r e s  P=1-10000 kPa (Ar+lO%02). For  
rough e s t i m a t i o n s  t h e  k i n e t i c  scheme can be  s i m p l i f i e d  and t e r m o l e c u l a r  
r e a c t i o n s  ( 2 )  and ( 3 )  as w e l l  as t h e  condensed o x i d e  v a p o r i z a t i o n  ( 6 )  
excluded from c o n s i d e r a t i o n .  

Gas-phase reaction and condensation I t  is easy t o  see, the pa rame te r  Da i n  
e x p r e s s i o n  (6) f o r  t h e  rate of gas-phase r e a c t i o n  i s  determined by t h e  
r a t i o  of t h e  characterist ic times of d i f f u s i o n  and r e a c t i o n :  

D a q  - t d / t + .  

Parameter  M, a s s i g n e d  by formula ( 9 )  depends on t h e  r a t i o  of  characte- 
r is t ic  times of  d i f f u s i o n  and condensa t ion :  

Thus, t h e  r a t i o  of  t h e s e  parameters characterizes the r a t i o  of  the gas-  
phase r e a c t i o n  and t h e  homogeneous condensa t ion  rates: 

I t  must be  n o t e d ,  t h i s  r e l a t i o n  i s  independent  of  t h e  metal f low A .  

The e v a l u a t i o n  of W 5 / W 1  w a s  c a r r i e d  o u t  f o r  R,=0.05 c m  and p,=3.58 g/cm3 
u s i n g  t h e  e f f e c t i v e  ra te  c o n s t a n t s  f o r  r e a c t i o n  (1) ( R e f .  23) and d i f f u -  
s i o n  c o e f f i c i e n t s  Ilt and D3,  c a l c u l a t e d  w i t h  c o l l i s i o n  i n t e g r a l  v a l u e s  
t aken  from R e f .  24.  The o b t a i n e d  r e s u l t s  show ( F i g .  1 and 21 ,  t h e  r a t i o  
Wg/W4 s i g n i f i c a n t l y  depends on P and T .  The dependence W s / W ,  v s .  P is  
d e f i n e d  by t h e  v a r i a t i o n s  of  the e f f e c t i v e  ra te  c o n s t a n t  c o n s i d e r e d  i n  
Ref.  23.  Curves W 5 / W 4  v s .  T l i n e a r i z e  i n  c o o r d i n a t e s  l o g ( W g / W + ) ~ l / T  
( F i g .  2 )  and the s l o p e  weakly i n c r e a s e  w i t h  p r e s s u r e  i n c r e a s i n g :  

l0g(W5/W4) = 0 . 7 6  + 3500/T 
= 1 . 7 1  + 4140/T 
= 3 . 7 5  + 4460/T 

( 1  kPa) 
( 1 0 0  kPa) 
(10000 kPa) 

10 

I 

i 10 

i 

- 5  

o r  
0.2 0.4 0.6 0.8 1.0 0 i--r----r 

- 1 0 1 2 3 4  
LGG P(kPa) 105, K 

F i g .  1. R e l a t i o n  of  condensa- F i g .  2 .  Dependence of  W 5 / W 4  
t i o n  and gas-phase r e a c t i o n  v s .  1 / T  a t  1, 100 and 10000 kPa. 
ra tes  depending on p r e s s u r e  
a t  1000 and 2000 K .  

I t  f o l l o w s  from F i g .  1 and 2 ,  the  condensa t ion  rate of MgO(g) a lways 
c o n s i d e r a b l y  exceeds  t h e  rate of gas-phase r e a c t i o n  ( 1) . T h i s  c o n c l u s i o n  
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is r a t h e r  s i g n i f i c a n t  s ince  from it fol lows t h a t  i n  
flames t h e  gas-phase r eac t ion  i s  unable t o  genera te  
concent ra t ions  over t h e  equi l ibr ium ones.  Hence, i n  
cept of equi l ibr ium homogeneous condensation theory 
p t i o n  of nuc lea t ion  and growth of MgO part ic les .  

magnesium d i f f u s i o n  
t h e  oxide vapour 
t h i s  case t h e  con- 
is  v a l i d  f o r  desc r i -  

Heterogeneous and gas-phase reactions As seen from t h e  a n a l y s i s  of E q s .  ( 6  ) and 
( 8 )  a t  t h e  l i m i t  of low 8 

where 9 determined by formula ( 1 0 )  has  t h e  meaning of t h e  condensed par- 
t i c l e s  sur face .  I t  is  obvious t h a t  a t  minor particles su r face  
( Q < < D a ? / M , )  gas-phase r eac t ion  (1) is preva i led  i n  t h e  d i f f u s i o n  flame 
zone. A t  9 = D a , / M c  t h e  rates of r e a c t i o n s  (1) and ( 4 )  equa l i ze  ( W q s W , )  
and r a t h e r  large su r face  ( 9 > > D a l / M c )  heterogeneous r eac t ion  ( 4 )  can 
dominate. 

S t r i c t  determinat ion of 9 values  r e q u i r e s  t h e  knowledge of condensed 
par t ic les  d i s t r i b u t i o n  wi th  s i z e  t ak ing  i n t o  account d i f f u s i o n  as w e l l  
as cocent ra t ion  and temperature g r a d i e n t s  i n  t h e  r e a c t i o n  zone. Such 
ca l cu la t ion  i s  r a t h e r  a complicated independent problem and f o r  purposes 
pursued i n  t h e  p re sen t  work simple formulas of homogeneous condensation 
theory (Ref .  25) can be used. 

To estimate t h e  upper l i m i t  f o r  W 4 / W 4 ,  it can be suggested that conden- 
s a t i o n  occurs  i n  t h e  medium where concent ra t ion  of M g O ( g )  i s  grad ien t -  
less and corresponds scale dens i ty  of g a s ,  i . e .  is  equal  t o  Mg(g) con- 
cen t r a t ion  on t h e  R, boundary: 

Regardless of t h e  conclusions of t h e  previous part it can be assumed 
t h a t  gas-phase r eac t ion  supp l i e s  t h e  MgO vapour wi th  a v e l o c i t y  provi-  
ding N3-x constancy i n  t i m e .  I t  is  clear t h a t  such condi t ions  are l i m i -  
t i n g  and maximal concent ra t ion  of condensed particles and t h e  h ighes t  
rate of heterogeneous r eac t ion  ( 4 )  f i t  t o  them. 

The number of MgO molecules i n  t h e  nucleus ( c )  of t h e  condensed phase i s  
determined by vapour supersa tura t ion  S: 

where v1 is  molecular volume of MgO, 0 = 1090 erg/cm'(Ref. 2 6 ) .  
For c a l c u l a t i o n  of 9 t h e  following va lues  were used: 

* 
N mag m3 

P o  
Nnm, = 

* where N,, i s  t h e  concent ra t ion  of n u c l e i  and 

(18) 

(19)  

I t  w a s  aseumed that n i n  formula (10)  corresponds t o  typ ica l  (Refs .  8- 
11) s i z e  of condensed particles ( r = 2 0  A )  formed i n  magnesium d i l u t e d  
d i f f u s i o n  flames,  i . e .  n=2x1O3. Dependences of 9 and 2 from S a t  tempe- 
r a t u r e s  of 1000, 2000 and 3000K depic ted  i n  logar i thmic  coord ina tes  i n  
F ig .  3 .  

The es t imat ion  shows, t h e  u l t ima te  supersa tura t ion  of vapour over t h e  
growing nucleus of condensed phase a t  T>1000K can no t  exceed t h e  va lue  
of S-10 and it decreases  wi th  temperature increas ing .  Thus, supersa tura-  
t i o n  a t  which any M g O ( g )  molecule i s  formally a nucleus,  i . e .  every dua l  
c o l l i s i o n  r e s u l t s  i n  t h e  growth of (MS0)n complexes, equals  -10' f o r  
1000K. A t  3000K such supe r sa tu ra t ion  i s  lower by t h e  order  of 4 .  Line 
a-a i n  F ig .  3 responds t o  t h e  u l t ima te  supersa tura t ion  of vapour which 
involves  t h e  maximum rate of nuc lea t ion .  Cross-sect ions of l i n e s  b-b, 
c-c and d-d wi th  curves  log9(logS) f o r  temperatures  of 1000,  2000 and 

7 
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3000K cor re sponds  t o  the values of  @ ' = D a l / M ,  a t  which W 4  
s u r e s  1, 100 and 10000 kPa, r e s p e c t i v e l y .  

@ '  v a l u e s  d e c r e a s e  w i t h  i n c r e a s i n g  of  p r e s s u r e .  @'(P) dependences i n  the 
l o g a r i t h m i c  c o o r d i n a t e s  a t  2000 and 3000K are l i n e a r  i n  the p r e s s u r e  
r ange  of  1-10000 kPa ( F i g .  4 ) :  

W, f o r  p r e s -  

log@' = -2 .36 - 0.8610gP (2000K) 
= -1 .62 - 0.861ogP (3000K). 

However, a s l i g h t  d e v i a t i o n  from l i n e a r i t y  i s  observed f o r  1000K. 
I 
I 

0 

8 
(3 

5 -10 

-20 

5 

4 

3 tC 

2 

' 1  

0 

(3 s 
8 
(3 s 

0 -  

W4' W1 1000 K 

-10 -- 
- 1 0 1 2 3 4  

LOG S LOG P(kPa) 
F i g .  3 .  Number of  MgO molecu- F i g .  4 .  Dependence of  parameter  
l es  i n  condensed phase n u c l e u s  
(g) and pa rame te r  @ dependence 1000, 2000 and 3000 K .  
on MgO vapour s u p e r s a t u r a t i o n  
( S )  at 1000, 2000 and 3000 K .  

@' a t  which Wq=Wj on p r e s s u r e  a t  

Dependences of  l og9 'vs .  1 / T  ( F i g .  5 )  are also l i n e a r ,  while d e c r e a s e  
w i t h  t empera tu re  d e c r e a s i n g :  

0 

e 
(3 

3 - 5  

.. . .. . 

w4'w1 % W4 ' W1 

- 10 
0 0.'5 l:o 

lo3/, K 
Fig.5.Dependence of  pa rame te r  
@ '  on t h e  r e v e r s e  t e m p e r a t u r e  
a t  1, 100 and 10000 kPa. 

log@' = -0.69-3542/T (1 kPa) 
= -1.71-4194/T (100 kPa) 

-3.70-4194/T (10000 kPa) 

Analys i s  of  t h e  d a t a  o b t a i n e d  
shows t h a t  under  o t h e r w i s e  e q u a l  
c o n d i t i o n s ,  the d i s p e r s e d  con- 
densed phase  s u r f a c e  area, s u f -  
f i s i e n t  f o r  the p r o g r e s s  of  
r e a c t i o n s  (1) and ( 4 )  w i t h  com- 
papab le  rates, d e c r e a s e s  a t  
i n c r e a s i n g  of  p r e s s u r e  and de- 
c r e a s i n g  of  t e m p e r a t u r e .  

Of s p e c i a l  i n t e r e s t  is the eva- 
l u a t i o n  of  W q / W 1  v a l u e  dependen- 
ce on the o x i d e  vapour supe r sa -  
t u r a t i o n ,  which unequ ivoca l ly  
d e t e r m i n e s  the n u c l e u s  s i z e  a t  
g i v e n  t empera tu re .  F i g u r e  6 
shows dependences of  W4/W, on S 
a t  s t u d i e d  t e m p e r a t u r e s  and 
p r e s s u r e s  i n  l o g a r i t h m i c  coord i -  

n a t e s .  A s  it f o l l o w s  from t h e s g  d a t a  s u p e r s a t u r a t i o n  a t  which w 4 0 W 1 ,  
f a l l  i n s i d e  t h e  l i m i t s  of  2x10 - 2 ~ 1 0 '  f o r  1000K, 40-160 f o r  2000K and 
10-20 f o r  3000K, depending on p r e s s u r e .  According t o  c a l c u l a t i o n s ,  the  
r e s u l t s  of which are shown i n  F i g .  3 ,  a t  such s u p e r s a t u r a t i o n s  the num- 
b e r  of MgO molecules  i n  n u c l e u s  a must f a l l  i n s i d e  the l i m i t s  of  5-2; 
11-4 and 14-6, r e s p e c t i v e l y .  
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Eva lua ted  d e p e n d e p e  W4/W4 vs .  T a t  d i f f e r e n t  p r e s s u r e s  f o r  t h r e s h o l d  
v a l u e s  ?I = 2 and n = 1 4  ( F i g .  7 )  shows that  he te rogeneous  r e a c t i o n  ( 4 )  

lo4 kPa 
lOOkPa 
1kPa 

I 
I 
I lo 

1 

1 2 3 4 5 6 7 8  

L O G  S 

6: 2 

-. 

7--.- -------- 
1000 2000 3000 

T K  
F i g . 6 .  R e l a t i o n  of t h e  he t e rogene -  F i g .  7 .  Dependence of logWq/W, 
ous  (W4) and gas-phase (Wt) reacti- 
on v e l o s i t i e s  dependent  on t h e  MgO n=14 a t  1 , 1 0 0  and 10000 kPa. 
vapour s u p e r s a t u r a t i o n  ( S )  a t  1000 ,  
2000 and 3000K and 1 , 1 0 0  and 10000 
kPa . 

on t e m p e r a t u r e  f o r  ^n=2 and 
4 

may b: f a s t e r  t h a n  gas-phase r e a c t i o n  (1) on ly  a t  smaller s i z e s  of  nuc- 
l e i  ( n  < lo), s u f f i c i e n t l y  h i g h  p r e s s u r e s  (P-,10000 kPa) and high tempe- 
r a t u r e s  ( T z 3 0 0 0 K ) .  Taking i n t o  accoun t  t h e  d i r e c t i v i t y  of t h e  l i m i t i n g  
assumptions d i d  i n  t h e  beg inn ing  of  t h i s  s e c t i o n ,  it must  be  concluded 
t h a t  for magnesium d i f f u s i o n  f l ames  t h e  p o s s i b i l i t y  of t h e  he t e rogeneous  
r e a c t i o n  predominance ove r  t h e  gas-phase r e a c t i o n  i s  minute.  

Bes ides  t h e s e  e v a l u a t i o n s ,  one more f a c t  e x i s t s  c a l l i n g  i n  q u e s t i o n  the 
ve ry  p o s s i b i l i t y  of t h e  he t e rogeneous  r e a c t i o n  occurence i n  t h e  oxygen 
f l ames  of metals. Indeed,  t h e  c o l l i s i o n  of metal atom w i t h  condensed 
p a r t i c l e  can b r i n g  abou t  t h e  r e a c t i o n  on ly  when oxygen molecules  are 
adsorbed on t h e  par t ic le  s u r f a c e .  In  t h e  o p p o s i t e  c a s e ,  t h e  r e a c t i o n  
w i l l  b e  t e r m o l e c u l a r  and ,  t a k i n g  i n t o  accoun t  low m o b i l i t y  of condensed 
par t ic les ;  i t s  v e l o c i t y  can n o t  be h i g h .  A t  t h e  same t i m e  it i s  known 
(Ref .  27) t h a t  a d s o r p t i o n  of molecu la r  oxygen can t a k e  place on ly  on t h e  
reduced s u r f a c e  of o x i d e s .  Such s u r f a c e  can n o t  be formed i n  o x i d i z i n g  
atmosphere.  
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