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In the l a r g e  number  of a r t i c l e s  on the inves t iga t ion  of the burning of magnes ium in oxygen the re  a re  
p r a c t i c a l l y  no da ta  on the burning of th is  meta l  in a medium of w a t e r  vapor .  The l a t t e r  case  is  i n t e r e s t i ng  
in that  f ree  hydrogen  is inevi tab ly  fo rmed  in the burning zone, the content of which affects  the condit ions 
of t r a n s f e r  of hea t  and r e a g e n t s  n e a r  the p a r t i c l e .  If we take into account  that the coeff ic ient  of diffusion 
of an oxidizing agent  in hydrogen  is  a lmos t  an o r d e r  g r e a t e r  than in n i t rogen  or argon,  we can expect  that  
the p r e s e n c e  of hydrogen  wil l  lead  to an i n c r e a s e  of the r a t e  of supply of the oxidizing agent.  However ,  
the spec i f i c  hea t  of combust ion  of me ta l  in wa te r  vapor  is  l e s s  than in oxygen, and t he r e fo re  the burning 
r a t e ,  depending on the t e m p e r a t u r e  g rad ien t  near  the su r face  of the p a r t i c l e ,  can a l so  d e c r e a s e  in wa te r  
vapor .  

Data on the ef fec t  of p r e s s u r e  on the medium on ~he burning r a t e  a r e  e s s e n t i a l  f rom the viewpoint  of 
the mechan i sm of burning.  As i s  known [1], for  a luminum the burning ra te  i n c r e a s e s  with p r e s s u r e ,  con-  
t r a r y  to the conclusions of the quasistationary [2] and nonstationary [3] diffusion theories of burning. 

Taking into account the different mechanism of burning of magnesium and aluminum in oxygen [4], we can- 

not even qualitatively predict the character of the pressure dependence for the burning rate of magnesium. 

The problems indicatedbelew are discussed on the basis of the data of an experimental investigation 

of the burning of magnesium in mixtures of water vapor with nitrogen at pressures greater than or equal 

to normal. 

I. The device was mounted on cover 1 of a bomb and inserted into the latter from the top so that the 

viewing slit 4 in the ceramic working channel 3 was placed opposite the longitudinal viewing window of the 

bomb. The cover 1 was fastened on the bomb by a sleeve nut, and sealing was accomplished by means of 

rubber gasket 2o The bomb itself was a cylindrical steel vessel with an inside diameter of 100 mm and 

height of 50 mm (Fig. i). 

To create a high-temperature flow of water vapor we used a flat-flame oxygen-hydrogen burner 5 

to which were delivered through two collector half-rings the components of the fuel mixture: hydrogen 
and oxygen in a mixture with nitrogen. These components then emerged from the burner along narrow 

staggered channels, mixed, and burned near the mouth of the burner within a zone not more than 5 mm 

thick. Since the burning zone was located quite close to the burner, the latter was cooled by flowing water. 

The high-temperature gas flow from the burner was directed upward along ceramic channel 3 with an in- 

side diameter of 18 mm and length of 250 mm. 

The magnesium particle was delivered to the flow from below through a central hole in the body of the 

burner by means of vibrating feeder 6 [5]. The feeder made possible separate delivery of single magnesium 

particles at a given frequency. 

All components of the fuel mixture, air to the feeder, and the water for cooling the burner were de- 

livered through branch pipes welded into the cover of the bomb (see Fig. i). The combustion products 

escaped through a similar branch pipe. 
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TABLE 1 

No. of 

fraction 

particle size 

m/hi- maxi- 
ITIUm n'lllm 

22 ~ 
7 116 

86 133 
102 152 
144 205 

gm 

average 

34 
55 
90 

117 
139 
184 

Nn 

Fig. 1 

The composit ion of the mixture and all flow ra tes  of the gases  
were : r  by precal ibra ted  measur ing plates.  The p ressu re  in the 
bomb was establ ished and kept constant by means of a discharge valve. 
A membrane manometer  was  used for measur ing  the p re s su re .  The gas 
tempera ture  was measured  by W-Re and P t - P t / R h  thermocouples .  

The fuel mixture was ignited by a spark discharge between two 
1 - m m - d i a m e t e r  nichrome wire e lec t rodes  built into the wall of the ce-  
ramic  channel 3 near  the mouth of the burner .  The high voltage for the 
discharge was created  by means of a Ruhmkorff  coil. 

The burning par t ic les  were recorded  on a continuously moving 35- 
mm photographic film. The speed of the fi lm was usually 0.5 m / s e c .  

A rotat ing disk shutter was located in front of the objective of the 
r e c o r d e r  during photography. Thus, the t r ack  of the burning particle on 
the film was discontinuous, and knowing the frequency of rotat ion of the 
shutter ,  we could determine the time of burning of the part icle.  

As the tes t  mater ia l  we used magnesium powder consist ing of spher i -  
cal par t ic les  with a d iameter  of 1-250 pro. We separated six fract ions 
of par t ic les  f rom the original powder. Each fract ion was charac te r ized  
by an average size,  which was determined as the ar i thmet ic  mean for a 
sample of 300-400 par t ic les .  

We indicate that for all f ract ions the root -mean-square  size dif-  
fered f rom the ari thmetic mean by no more  than 8%. 

Table 1 gives the charac te r i s t i cs  of all six fract ions,  the minimum 
and maximum being the s izes  corresponding to the values of distribution 
functions 0.05 and 0.95, respect ively .  

After the test  fract ion was Consumed under given conditions, we 
calculated the burning time of each part icle f rom the t racks  obtained on 
the film. As a resul t  of process ing 300-400 t racks  we determined the 
average burning t ime, which was assigned to the average size of the tes t  
fract ion.  However,  this comparison is permiss ible  only if all part icles  
of a given f ract ion ignite and burn up. 

To check the completeness of combustion we ca r r i ed  out experiments  in which powders with a maxi-  
mum particle size less  than the minimum size in the tes t  fract ion and with a minimum size grea te r  than 
the maximum size of the par t ic les  of the same fraction were  consumed. If par t ic les  of such powders were 
ignited, it was considered that the par t ic les  of all s izes in the tes t  fract ion also ignite under the given con- 
ditions. In addition, during the exper iment  we collected the combustion products on microscope  slides and 
made a qualitative chemical  analysis of them to find unburned par t ic les .  

The values of the burning time given below were obtained in those cases  when the remains  of the 
burned part icles represented  oxides and did not contain metal .  

2. To investigate the p ressure  dependence of the burning t ime of a magnesium part ic le ,  exper iments  
were car r ied  out for  fractions with average part icle s izes of 55 and 90 #m. Both fract ions were  burned 
in a medium containing 0.35 water  vapor and 0.65 nitrogen (the concentrations are given in mole fract ions) .  
The tempera ture  of the medium in this case was 1050-1150~ As a resul t  we obtained the dependences 
presented graphically in Fig. 2. Curve 1 in this figure corresponds  to the largest  fract ion.  We see that 
the burning time increases  considerably with increase  of p re s su re  f rom 1 to 6 abe. arm and sca rce ly  changes 
with a further  increase  of p re s su re .  

Although the resul t  obtained agrees  qualitatively with the conclusion of Spalding's nonstat ionary diffu- 
sion theory [3], it is necessa ry  to bear in mind a number of cha rac te r i s t i c s  of the p rocess  when in te rpre t -  
ing the experimental  data. F i r s t  of all, this is the presence  of homogeneous and heterogeneous condensa-  
tion of oxide vapors  with a different phase state of the oxide on the par t ic le  surface (liquid oxide for  a lumi-  
num and solid oxide for  magnesium).  At normal  p res su re  these charac te r i s t i cs  resul t ,  for example, in the 
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burning time of aluminum in oxygen being proportional to size in a power less than 2 (~i .5), and for mag- 
nesium particles greater than 2 (~2.5) [4]. 

Figure 3 gives the dependences of the burning time on particle size at pressures of Ii (1), 6 (2), and 
I (3) abs. atm (35% H20, 65% N2). At normal pressure the curve is approximated satisfactorily by the de- 
pendence 

�9 b = 2 .  10 -5d2'6, (1) 

and at pressures of 6 and 11 abso atm by the dependence 

Xb= 4.8 �9 10 -3 d 1'6. (2) 

In f o r m u l a s  (1) and (2) the  bu rn ing  t i m e  i s  ob t a ined  in  m i l l i s e c o n d s  if the p a r t i c l e  d i a m e t e r  i s  t aken  
in m i c r o n s .  A change  of the c h a r a c t e r  of the d e p e n d e n c e  wi th  i n c r e a s e  of p r e s s u r e  i n d i c a t e s  a change  of 
the  m e c h a n i s m  of b u r n i n g  m a i n l y  in the  p r e s s u r e  r e g i o n  f r o m  1 to  6 a b s .  a rm .  

To  d e t e r m i n e  the  d e p e n d e n c e  of bu rn ing  t i m e  on c o n c e n t r a t i o n  of w a t e r  v a p o r ,  we conduc t ed  a s e r i e s  
of e x p e r i m e n t s  a t  n o r m a l  p r e s s u r e .  F r a c t i o n s  wi th  an  a v e r a g e  s i z e  of 90 # m  w e r e  t e s t e d .  The  c o n c e n t r a -  
t i on  of  w a t e r  v a p o r  was  v a r i e d  f r o m  0.35 to 1.0.  The  de pe nde nc e  ob ta ined  i s  p r e s e n t e d  in  F i g .  4. 

W e  need  po in t  out a c h a r a c t e r i s t i c  of a l l  r e s u l t s  ob ta ined  in  th i s  s tudy :  the v a l u e s  of  the  S r e z n e v s k i i  
c o n s t a n t ,  wh ich  c h a r a c t e r i z e s ,  a s  i s  known, the  bu rn ing  r a t e  of a p a r t i c l e ,  w e r e  qui te  h igh.  F o r  e x a m p l e ,  
f o r  a 9 0 - # m - d i a m e t e r  p a r t i c l e  at  n o r m a l  p r e s s u r e  i t s  v a l u e  i s  equa l  to 4 mm2/SeCo Such a h igh  va lue  of  
t h i s  cons tan t  i s  p o s s i b l y  r e l a t e d  wi th  the  s p e c i f i c  c h a r a c t e r  of  the bu rn ing  of m a g n e s i u m  in w a t e r  v a p o r .  
As  a l r e a d y  m e n t i o n e d  above ,  in  t h i s  c a s e  f r e e  h y d r o g e n  i s  f o r m e d  in the  bu rn ing  zone ,  wh ich  can  a f fec t  the 
p r o c e s s  of  h e a t  and  m a s s  t r a n s f e r  in the  r e g i o n  a d j a c e n t  to  the p a r t i c l e .  Of i n t e r e s t  in  t h i s  c onne c t i on  is  
the  r e s u l t  of the  fo l lowing  e x p e r i m e n t .  N i t r o g e n ,  which  w a s  con ta ined  as  an i n e r t  g a s  in a m e d i u m  wi th  a 
w a t e r  v a p o r  c o n c e n t r a t i o n  of  0.35,  w a s  r e p l a c e d  by  h y d r o g e n  s o  tha t  the  c o n c e n t r a t i o n  of v a p o r  in the m e -  
d ium r e m a i n e d  unchanged .  At  n o r m a l  p r e s s u r e  we  m e a s u r e d  the  bu rn ing  t i m e  of p a r t i c l e s  of  f r a c t i o n  No. 3. 
W e  found tha t  e v e n  an  i n s i g n i f i c a n t  con ten t  of e x c e s s  h y d r o g e n  in the  m e d i u m  c a u s e s  a n o t i c e a b l e  d e c r e a s e  
of the bu rn ing  t i m e  of the p a r t i c l e  (F ig .  5). 

The  q u a l i t a t i v e  o b s e r v a t i o n s  of the burn ing  of m a g n e s i u m  p a r t i c l e s  a r e  of i n t e r e s t .  If e x c e s s  h y d r o g e n  
w a s  a b s e n t  in  the m e d i u m ,  the  t r a c k s  w e r e  a l w a y s  long,  wide ,  and d i s t i n c t .  On add ing  h y d r o g e n  the  t r a c k s  
b e c a m e  n a r r o w e r  and s h o r t e r ,  and  a w ide  l u m i n o u s  ha Io  f o r m e d  a r o u n d  the  b u r n i n g  p a r t i c l e .  W e  can  a s -  
s u m e  tha t  in t h i s  c a s e  the  b u r n i n g  zone a p p r o a c h e d  the  p a r t i c l e  s u r f a c e ,  a s  a c o n s e q u e n c e  of w h i c h  the r a t e  
of  v a p o r i z a t i o n  of the  m e t a l  i n c r e a s e d .  
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A s imi l a r  p ic ture  was obse rved  a lso  in the case of burning of magnes ium par t i c l e s  in media  r ich  
with water  vapor .  True ,  in this case  the t e m p e r a t u r e  of the medium could also have had some effect  on 
the burning ra te .  At a vapor  concentrat ion of 100% it r eached  1800 as opposed to 1100~ for  a 35% con- 
centrat ion.  

We need note in conclusion that in all  expe r imen t s  burning of the magnes ium par t i c les  was  v a p o r -  
phase ,  the t r acks  were  always v e r y  br igh t ,whi te ,  and their  width was  double or  t r ip le  the d i ame te r  of the 
burning par t i c le .  This  is  unconditionally explained by the fact  that the t e m p e r a t u r e  of the medium a l -  
ways exceeded cons iderably  the m a x i m u m  t e m p e r a t u r e  of ignition of the magnes ium par t i c les  of the inves -  
t igated s izes .  

The combust ion products  r e p r e s e n t e d  cong lomera tes  of white magnes ium oxide of vary ing  size:  f r o m  
5-10 to 40-50 pro. Somet imes  these  were  hollow spher ica l  shel ls  exceeding the s ize of the init ial  pa r t i c les  
by a factor  of 2-2.5.  These  products  did not contain meta l  (p = 1 abs .  a tm).  
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