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(Granted under Title 35, U.S. Code (1952), sec. 266) 
The invention herein described may be manufactured 

and used by or for the Government for governmental 
purposes without the payment to us of any royalty there 
for. - 

This invention is an improved phosphorus burner as 
sembly. It is particularly useful in the production of 
phosphorus pentoxide for the manufacture of phosphoric 
acid, calcium or potassium metaphosphate, and other 
products formed by the reaction of phosphorus pentoxide 
and alkali or metal oxides or salts. 

In the manufacture of phosphoric acid, metaphos 
phates, and similar materials, phosphorus is burned to 
produce phosphorus pentoxide. 
ignites spontaneously upon exposure to air, it is a very 
difficult material to burn completely to form phosphorus 
pentoxide containing no appreciable proportions of lower 
oxides of phosphorus. Burners of very special types are 
required. 
These burners usually are of extremely complicated de 

sign and require the use of air under high pressure of ap 
proximately 100 pounds per square inch in order to atom 
ize phosphorus. It is customary to introduce molten 
phosphorus through a central chamber and through a 
nozzle at the outlet of such burners. Compressed air 
flows through a concentric outer chamber and passes 
through ports so that jets of compressed air strike the 
phosphorus stream at an angle of about 45 degrees and 
thereby atomize the molten phosphorus. A steam jacket 
is provided around the phosphorus chamber to heat the 
phosphorus and maintain its molten state. It has been 
necessary to have a water jacket to keep the burner as 
sembly cool and prevent damage from the high tempera 
tures inside a phosphorus combustion chamber. 

Only a small proportion of the air required for com< . 
plete combustion of phosphorus has been introduced 
through the burner. It has been customary to add sec 
ondary air through ports in a combustion chamber and 
to mix atomized phosphorus in the combustion chamber 
by natural turbulence and the combustion that occurs. 
The efficiency of phosphorus combustion with such con 
ventional burners depends on the degree of atomization 
imparted to the phosphorus by the small quantity of atom 
izing air and the relative position of the burner assembly 
with respect to secondary air ports and the combustion 
chamber proper, which govern the subsequent mixing of 
air and atomized phosphorus by turbulence. These con 
ditions and the capacity limitations inherent in the design 
of conventionai burners contribute to inefficient combus 
tion with the formation of objectionable lower oxides of 
phosphorus in the phosphoric acid produced. 
Some conventional burners, such as that illustrated and 

described in U.S. Patent 2,355,080, assigned to the as 
signee of the present invention, depend on back pressure 
imposed by atomizing air on the phosphorus feed to 
regulate the burning rate. With phosphorus of variable 
qualities, properties such as density, tackiness, viscosity, 
Water and dirt content, often change rapidly; and this type 
of flow control permits variations in phosphorus rates 
which result in inefficient combustion or loss of heat con 
trol. 
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It is an object of this invention to provide a phosphorus 70 
burner assembly which is simple and cheap in construc 

2 
tion, has greatly increased capacity, and permits more effi 
cient combustion of phosphorus. 
Another object is to provide such phosphorus burner 

assembly which permits efficient burning of phosphorus 
of variable qualities over a wide range of combustion rates 
under close control. - 
Another object is to provide such phosphorus burner 

assembly which eliminates the presence of lower oxides 
of phosphorus in the phosphorus pentoxide produced. 
Another object is to provide such phosphorus burner 

assembly wherein phosphorus is burned more rapidly and 
more completely with a shorter flame. 
Another object is to provide such phosphorus burner 

assembly which will give improved reaction between 
phospihorus pentoxide and phosphate dust or other Solid 
l'eactantS. S. - 

Another object is to provide such phosphorus burner 
assembly which eliminates the need for careful cleaning 
of phosphorus before burning. 
Another object is to provide such phosphorus burner 

assembly which gives improved control of phosphorus 
burning rate. 

Still another object is to provide such phosphorus burn 
er assembly in which the requirement for high pressure 
air is eliminated. - 
Other objects and advantages of our invention will be 

come apparent as this disclosure proceeds. 
We have found that these objects are attained in a 

phosphorus burner assembly comprising in combination 
an air duct having an inlet and an outlet, a source of 
low-pressure air having sufficient capacity to maintain a 
flow of air through the duct at a velocity in excess of 250 
linear feet per second connected to the inlet of the air 
duct, said air duct being large enough to carry a major 
proportion of all air required for combustion of phos 
phorus at said velocity and under low pressure, and means 
for injecting molten phosphorus into the stream of air 
flowing through the duct at a point within the duct and 
adjacent to the outlet thereof. . . . 
We have found that when the air stream in such a burn 

er assembly is maintained above the critical velocity of 
about 250 feet per second the phosphorus is broken 
up, or atomized, into fine droplets, which are burned 
immediately since no further mixing of phosphorus and 
air is necessary. Also, we have found that finely divided 
Solid material such as phosphate rock, metals, or alkali 
salts can be suspended in the air supplied to the burner, 
and there will react with the POs formed more efficiently 
than When they are fed to the reaction chamber through 
Separate devices. 

In the attached drawing, FIGURE, 1 illustrates dia 
grammatically a burner assembly according to the prin 
ciples of our invention disposed for the production of 
phosphorus pentoxide such as is used frequently in the 
production of phosphoric acid. FIGURE 2 illustrates a 
phosphorus burner assembly of similar type disposed for 
simultaneous production of phosphorus pentoxide and re 
action of PO5 produced with phosphate dust or other 
Solid reactants. ... - 

In FIGURE 1 the reference numeral 5 designates an 
air duct preferably ending in a tapered nozzle 6. Nozzle 
6 may be tapered or not, as desired. Duct 5 is disposed 
through port 7 in any suitable furnace in such manner as 
to direct a blast of air into combustion chamber 8. The 
diameters of duct 5 and nozzle 6 are such that air pres 
Sure of approximately 3 pounds per square inch, or in the 
range from 2 to 5 pounds per square inch, is sufficient to 
pass at least a major part of the air needed for complete 
combustion of phosphorus through air duct 5 at a linear 
velocitiy exceeding 250 linear feet per second, and prefer 
ably in the range from 250 to 500 linear feet per second. 
There is no operable upper limit on the velocity of such 
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Such burners are easier to control, simple to construct, 
and require less maintenance than conventional burners 
and, as an additional advantage, do not require high 
pressure air for atomization of phosphorus. 
We do not mean to limit ourselves to the use of a single 

burner in connection with one furnace. Multiple burners 
often may be desirable and more efficient than use of a 
single burner. 
Many minor modifications of the burner shown will 

readily suggest themselves to the average engineer con 
cerned with the production of phosphorus pentoxide. Our 
invention contemplates the use of many minor variations 
and is limited only by the following claim. 
We claim as our invention: 
A burner structure for efficiently eliminating the pres 

ence of lower oxides of phosphorus in the production of 
phosphorus pentoxide powders produced by mixing a 
stream of molten phosphorus and a Stream of air which 
comprises a substantially cylindrical inner-body member 
having a central duct terminating in a first outlet for 
the passage of a stream of first reactant therethrough, a 
substantially cylindrical first outer-body member of larger 
diameter than said inner-body member and disposed about 
said inner-body member to define a first annular passage 
way therebetween and terminating in the form of a first 
inwardly flared passageway coaxial with and extending 
from the periphery of said first outer-body member in 
wardly to juxtaposed relationship with the peripheral 
terminating surface of said inner-body member, said first 
flared passageway being in the form of the peripheral 
surface of a frustum of a cone coinciding at its maximum 
diameter with said first outer-body member and coincid 
ing at its minimum diameter with said inner-body mem 
ber, whereby said first defined annular passageway con 
tains a fluid heating medium which circulates therethrough 
and which medium is restrained from contact with ma 
terials to be mixed by such burner structure, a substan 
tially cylindrical second outer-body member of larger 
diameter than said first outer-body member and disposed 
about said first outer-body member to define a second 
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annular passageway therebetween and terminating in a 
second outlet adjacent to said first outlet for the passage 
of a stream of second reactant therethrough, said second 
outlet having the form of a second inwardly flared pas 
sageway coaxial with and extending inwardly from the 
periphery of said second outer-body member, said second 
flared passageway being in the form of the peripheral 
surface of a frustum of a cone, the largest diameter of 
which coincides with said Second outer-body member, 
the smallest diameter of which is substantially equal to 
the outer diameter of said first outer-body member, said 
second flared passageway being coaxial with said first 
outer-body member, and having an apex angle Substan 
tially equal to the apex angle of said first inwardly flared 
passageway, said burier structure in combination with a 
furnace having a port in a wall thereof, said burner struc 
ture disposed through said port, said first and second 
outlets in said burner assembly disposed within said fur 
nace, and first and second reactant-Supply means dis 
posed outside of said furnace, said first reactant-Supply 
means communicating with said central duct, said second 
reactant-supply means communicating with said second 
annular passageway, auxiliary air-supply means in com 
bination with said burner structure, said auxiliary air 
supply means disposed adjacent to and in communication 
with said port, means independent of said air-supply means 
for controlling the flow of first reactant through said 
central duct, and means in combination with said burner 
structure for introducing an air-borne solid reactant to 
said auxiliary air-supply means upstream of said first and 
second reactant outlets. 
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