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ABSTRACT: 
It was  earlier  demonstrated by one of the  authors  that mixtures of 

magnesium and aluminum with water are  capable of  explosive  transformation. 
It was  concluded that  stable detonation propagation in these mixtures  is 
observed only when at  least  7% of  a sensitlzer,  pentaerythrityl  tetrani träte, 
is added.     Combustion of mixtures  of high-calorific metals  and water at 
atmospheric  pressure was observed  for large  charge  diameters.     Investigation 
was  conducted of combustion of mixtures  of magnesium,   the  alloy Al:Mg=50:50, 
aluminum with water at  increased pressures  and the effect of the physio- 
chemical properties of  a metal,  aggregate  state of water,   the Me:H20  ratio, 
and other  factors affecting degree of  oxidation of metal. 

Combustibility of mixtures of high-calorific metals and water is 
determined primarily by ease of oxidation of the metal powder.     Degree of 
oxidation depends on the MezH^O ratio in the mixture.     Change in the state 
of aggregation of water does not effect degree of oxidation of a metal. 
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It was earlier (1) demonstrated by one of the authors that mixtures 
of magnesium and aluminum with water are capable of explosive transforma- 
tion. Medard (2) has concluded that stable detonation propagation in 
these mixtures is observed only when at least than 7% of a sensitizer, 
pentaerythrityl tetranitrate, is added.  Combustion of mixtures of high- 
calorific metals and water at atmospheric pressure was observed for 
large charge diameters: 24itim for magnesium and 80mm for aluminum (3). 
In the case of the mixture 3H_0 + 2A1, a significant protion was ejected 
from the charge container during combustion: this impeded determination 
of degree of oxidation of the metal. 

In the present work investigation was conducted of combustion 
of mixtures of magnesium, uiie alloy AlsMg = 50:50, aluminum with water 
at increased pressures and the effect of the physicochemical properties 
of a metal, aggregate state of water, the Me:H20 ratio, and other factors 
affecting degree of oxidation of metal. 

Experiments were conducted in a 66 cnr manometric vessel irfcorporat- 
ing means for making a tensometric recording of variation in pressure with 
time. 

Preparation of Charge 

A sample of metal (1.5 to 2g) was placed in a glass beaker 
(Internal diameter, 20 mm) and watted with water; quantity of water for 
stoichiometric mixture was computed according to the equation 
Me + yH?0=MeyOy + yH0.  In certain experiments water viscosity was 
increased by the addition of 3 or 5% sodium salt of car- 
boxymethylcellulose (CNC) to boiling water.  This solution was mixed with 
metal powder; lumps were crushed with a rubber stopper. A stoichio- 
metric mixture of 12.6% Mg and 87.4% Ba02 was used as an Igniter. 
Hydrogen was the only gaseous combustion product of the mixtures investi- 
gated. This permitted determination of degree of metal oxidation according 
to  volume of released gas.  Powders employed for preparation of mixtures 
were magnesium, Al-Mg (AM) alloy, and aluminum containing average particle 
size (in microns) and (in parentheses) active metal content, respectively: 
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35 (99.2%), 14 (96.OZ), 1 (92.5%). 

Combustion of Binary Mixtures of Metal Powders with Water. 

The stoichiomftrie mixturi' ll„():Mg = 43:57 was ignited and burned with 
1 and 2 g igniter (see table 1). 

Degree of oxidation in these experiments attained h57,  to 71Z. 
When water content in mixtures was increased to 50%, to 87% to 92% of 
magnesium was oxidized.  A mixture containing 55% water yielded maxi- 
mum magnesium oxidation (97%). A mixture containing 60% water did not 
Ignite even when the amount of igniter was increased to 3 g.  We also 
tested a mixture of magnesium with ice (50:50).  To prepare this, a mix- 
ture of magnesium and water maintained one hour at -3 to -5° before the 
experiment was used.  Combustion time for a mixture of magnesium and ice 
was the same as for a mixture of magnesium and water; degree of oxida- 
tion was almost identical, but the maximum pressure attained during 
combustion was less by a factor of almost two.  The mixture of magnesium 
and water (50:50) gelated with 3% CMC burned somewhat m^re rapidly than 
the corresponding mixture with liqueid water and yielded the maximum de- 
gree of metal oxidation attained in our experiments:  99%. 

The stoichiometrlc mixture of alloy AM and liquid water (47:53) 
was not ignited by 1 to 4 g of Igniter.  it should be noted that failure 
of a mixture of metal and water to ignite was sometimes caused by forma- 
tion of a layer of water on the charge surface.  However, AM-ILO mixtures 
could not be ignited even when this phenomenon was prevented from occiirlng 
by decreasing water content to 43% and 31%.  A mixture of AM and water 
(50:50) gelated by 3Z  CMC was ignited by 3 g 4 igniter (at 2 g 
ignition did not occur) and burned for 10 seconds; maximum pressure was 
55 atmospheres.  Degree of metal oxidation in this experiment was 52%. 
It is interesting to note that unoxidlzed magnesium and aluminium in 
the initial AM alloy.  A low-density (p   = 0.43) mixture of aluminum 
and water (50:50) containing 3% CMC was ignited by 2 grams of igniter, and 
a pressure of 96 atmospheres was attained 10 seconds.  Approximately 63% 
of the aluminum reacted with water.  A charge of the same typ^ compressed 
by hand (p   = 1.0) was not ignited bv a 2 g igniter. 
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Combustion of Thrc-ü-Coniponent Mixtures of Me-H„0-KC10^. 

Upon discovering incomplete combustion of metal or even absence of 
ignition for mixtures of the alJoy AM or aluminum with water, we decided 
to introduce a small quantity of sensitizer: potassium perchlorate. 
This salt contains 46% oxygen, does nut require heat for decorapostlon, 
and is weakly soluble in water.  Charge preparation Included mixing 
solid components, sprinkling mixture in beaker, and wetting with required 
quantity of water.  Results of experiments on combustion of binary mix- 
tures containing an excess of magnosium and three-component mixtures con- 
taining KCIO4 are presented in table 2. 

As is apparent from Table 2, the addition of combustion stimulant 
does not affect degree of magnesium oxidation In mixtures containing 
H2O (50:50).  Three-component mixtures with AM alloy containing a small 
amount of combustion stimultant (KCIO^, 8 to 10%) 
either did not ignite or did not bum completely (43 to 51%).  Nor 
did the mixture containing a large amount of stimulant (16 to 18%) 
and ?,5% water burn.  Ignition was observed in mixtures with water con- 
tent reduced to 24%» Degree of oxidation In four parallel experiments 
at this concentration was 68 to 90%. 

Finely dispersed aluminum could not be wet with water even when 
freed of fat impurities.  Therefore, the beaker was divided into two 
parts by a vertical petition made of tracing paper.  The dry mix- 
ture was located i\i  one section and water in the other.  Combustion time 
for such charges was considerable:  4 to 7 seconds.  Degree of oxidation, 
however, was rather \high (57 to 81%). 

The experiments (demonstrated that magnesium in mixtures containing 
water was most easily Vgnited and burned most completely.  A small in- 
crease (in comparison with stolchiometry) in water content of a mix- 
ture (H20-Mg) increases\degree of metal combustion.  The addition of a 
small amount of KCIO^ to^the base charge permitted realization of com 
bustion reactions of mLxt\ires of aluminum and AM alloy with liquid waU-r. 
Apparently, reaction Is facilitated by Initial heating of metal particles 

\ 
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during combustion of a  "dry mixture." Kxcitation of combustion In mixturi-'s 
of metals and water is subst mtially facilitated by gelatlng water with 
3 to 5% CMC. 

CONCLUSION 

Combustibility of mixtures of liigh-calorlfIc metals and water is 
determined primarily by ease of fixielatlon of the metal powder. 

Degree of oxidation depends on ttie Metl^O ratio in the mixture. 

Change in the state of aggrtivition of water does not effect degree 
of oxidation of a metal. 
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