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4 Claims. (CI. 65—16) 

This invention relates to means for changing the phys 
ical characteristics of a substance, and is more particu 
larly concerned with a method of, and apparatus for, 
transforming substances through pyrogenic techniques. 

There are numerous occasions on which it is desirable 
to transform a substance having one physical form to 
the same substance having a dilterent physical form, 
and many such substances are most easily transformed 
by heating them to a temperature such that they can 
be mechanically changed to another physical form. 
The usual problem encountered in the changing of 

the physical form of a substance is one of handling. 
Though there are heat sources available to raise a sub 
stance to the temperature required ‘for the desired trans 
formation, it is extremely dit?cult to manipulate the 
material at such a temperature, and in a gaseous or liquid 
state, to get the substance into the desired form. 
The present invention overcomes the above mentioned 

di?iculties by providing a very convenient source of heat 
that is relatively inexpensive to operate; and, convenient 
means are provided in conjunction with the heat source 
to handle the material to be transformed. Various de 
vices may be formed integrally with the apparatus by 
which the substance is transformed physically as it ema 
nates from the device. 

In general terms, the device of the present invention 
includes a chamber having a plurality of gas ports lead 
ing thereinto, and means for feeding the material into 
the chamber from the end opposite the end having the 
gas ports. A discharge port is provided between the gas 
ports and feeding means so the substance that has been 
raised to the desired temperature can be discharged 
through the discharge port. 
With this apparatus, two different gases are directed 

into the chamber through the gas ports and the gases 
are ignited. Material to be transformed is sent into the 
chamber to the exposed to the heat, and the material will 
be discharged through the discharge port. The tempera 
ture of the chamber can be varied by proper selection of 
gases, and by the quantity of gas put into the chamber. 
The temperature to which the material is raised can be 
varied further by varying the rate at which the material 
is fed into the chamber. 

It will therefore be seen that the present invention pro 
vides a very simple and efficient means vfor transform 
ing various materials from one physical state to another. 
The apparatus provides a very simple means by which 
the material can be handled both in its original state, 
and in the heated, transformed state. The apparatus 
further provides very simple means for physically manip 
ulating the substance after it has been raised to the de 
sired temperature to change the physical form of the 
material, and it is such that it can be operated very 
economically; and, it can be used to transform a wide 
variety of substances, whether the desired transforma 
tion requires that the substance be put into a liquid state 
or into a vapor state. 

These and other features and advantages of the in 
vention will become apparent from consideration of the 
following speci?cation when taken in conjunction with 
the accompanying drawings, in which: 

FIG. 1 is a longitudinal cross-sectional view of one 
embodiment of the device; 
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FIG. 2 is a cross-sectional view of the feeding arrange? 
ment for the device shown in FIG. 1; 

FIG. 3 is a cross-sectional view taken substantially 
along the line 3—3 in FIG. 1; 
FIG. 4 is a cross-sectional view showing the opera 

tion of the discharge port; and, 
FIG. 5 is a schematic view showing an operational 

set-up of the device. 
Referring now more particularly to the drawings, and 

to that embodiment of the invention here chosen by 
Way of illustration, the device includes a heating unit A, 
a melting zone B, and a material feed unit C. Basically, 
heat is produced in the heating unit A and fed into the 
heating zone B; and, material is fed from the material 
feeding unit C into the heating zone B. Thus, heat con 
tacts the material within the heating zone B, and the 
pyrogenic transformation takes place within the heating 
zone B. 

In more detail, the heating unit A includes a mixing 
and combustion chamber 10 which is substantially cylin 
drical and has a conical lower end 11 which provides 
a restriction 12. The upper end of the combustion cham 
ber 10 is closed by a plug 14. The plug 14 has an opening 
15 therein to receive a pipe 16, and there is a port 18 
leading from the opening 15 into the combustion cham 
ber 10. The outside of the plug 14 has a circumferential 
groove 19, and a plurality of ports 20 communicates with 
the groove 19 and with the combustion chamber 10. 

Surrounding the plug 14 and the combustion chamber 
10, there is a water jacket 21 which is so formed as to 
close the groove 19 and provide an annular passageway 
which has a pipe 22 communicating therewith. Below 
the plug 14, the Water jacket 21 simple encloses the com 
bustion chamber 10; and, there are water pipes 24 and 
25 communicating with the inside of the ‘water jacket 
21 so water, or other cooling ?uid, can be passed there 
through. The lowermost end of the water packet 21 is 
closed by a wall 26 which has a frustoconical projection 
28 at its center, the projection 28 being joined to the 
conical portion 11 and the restriction 12. The arrange 
ment is such that, from the chamber 10, the cross-sec 
tional area is reduced toward the restriction 12, the re 
striction 12. having the smallest cross-sectional area; and, 
the frustoconical projection 28 causes the cross-sectional 
are to enlarge so that there is a ?aring of the passage 
way toward the heating zone B. 

It is convenient to make the plug 14, the combustion 
chamber 10, the portions 11 and 28, and the wall 26 
integrally. Around this piece is a cylindrical member 
forming the water jacket 21. 

It will now be seen that two gases, such as oxygen 
aind hydrogen, can be introduced through the pipes 16 
and 22 respectively; and, the oxygen will pass from the 
pipe, 16, through the port 18, and into the combustion 
chamber 19 while the hydrogen will be introduced through 
the pipe 22, will pass through the ports 20, and into the 
combustion chamber 10 to be mixed with the oxygen and 
be combined therewith to produce heat. The combustion 
will produce pressure within the combustion chamber 10 
which will cause a high velocity as gases pass through 
the restriction 12. It will be understood that the gas of 
which the greater volume is required will be introduced 
through the pipe 22 and through the ports 20. 
The heating zone B includes a tube 30 that is axially 

aligned with the frustoconical projection 28 so gases 
will be passed from the projection 28 directly into the' 
tube 30. A water jacket 31 encloses the tube 30; and, 
a conical exit port 32 communicates with the tube 30 
and extends outwardly to the outermost edge of the 
water jacket 31. 

Referring to FIG. 3 of the drawings, it will be seen 
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that water pipes 34 and 35 are provided in the water 
jacket 31, are axially aligned with each other, and lie 
along a chord of the water jacket 31. The exit port 32 
intersects that chord so that exit port 32 is directly in 
the line of flow of the water or other cooling liquid. 
Thus far it will be seen that heated gases enter the 

tube 30 from the projection 28 of the heating unit A 
and impinge on material that will be fed into the tube 
30 from the opposite end thereof. The gases will impinge 
on the material, cause a physical change in the material, 
and be discharged through the exit port 32 because of 
the high velocity of the gas. 

Attention is now directed to FIG. 2 of the drawings 
which shows the material feeding means C. The feed 
means C includes a body 40* having a central passageway 
41 in the center thereof, and an auger 42 within the 
passageway 41. A hopper 44 is attached to the side of 
the body 40 and communicates with the passageway 41 
through a channel 45. A drive means 46 is connected 
to the auger 42 to rotate the auger and feed material from 
the channel 45 into the tube 35} of the heating zone. The 
drive means 46 is preferably of variable speed in order 
to vary the rate of feed of material into the heating 
zone B. ‘ 

Operation 

In operation of the device, two gases will be intro 
duced through the pipes 16 and 22 to pass through ports 
18 and 20 respectively, thence into the combustion cham 
ber 10. The two gases can be substantially any two gases 
that will combine and produce heat: natural gas and oxy 

like. The gases would be introduced under pressure to 
be mixed and combined within the combustion chamber 
10; and, expansion due to the heating would force the 
gases through the restriction 12 and into the tube 30 of 
the heating zone B. Since the gases within the combus 
tion chamber 10 are rapidly expanding, the restriction 
12 tends to hold back the gases and allow a greater 
pressure to build up, which produces a higher velocity 
of gas passing through the restriction 12, into the projec 
tion 28 and into the tube 30'. 
_ Many variations can be made with the device to pro 
duce the desired temperature and amount of heat re 
quired for the particular operation for which the device 
is to be used. Of course the maximum temperature ob 
tainable with two particular gases would be the tempera 
ture of reaction when the gases are mixed in stoichio 
metric proportions; however, even with stoichiometrically 
mixed gases, the temperature within the combustion cham 
ber :10 can be varied by varying the quantity of gas 
that enters the combustion chamber 10. Since heat will 
be dissipated to the coolant that passes within the jacket 
21, if a relatively small quantity of heat is produced With 
in the combustion chamber 10*, a relatively large per 
centage of that heat will be carried off by the cooling 
?uid, thus keeping the temperature of the combustion 
chamber 10 lower than the temperature of reaction of the 

. gases involved.- Also, a diluent can be used with the gas 
so that, even when the two active gases are mixed in 
stoichiometric proportions; the diluent will absorb part 
of-the heat produced, thereby keeping the temperature 
of the combustion chamber relatively low. Of course it 
would be possible to use one of the active gases as the 
diluent, though it may be undesirable due to the pos 
sibility of the gas’ reacting with the material to be trans 
formed. It will thus be seen that, through proper selec 
tion of gases, and the quantity of gases, the temperature 
within the combustion chamber 10 can be adjusted to 
perform the desired transformation of material. 
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4 
amount of heat required being a function of the speci?c 
heat of the material. 
With materials having a high speci?c heat, more heat 

must be put into the’ device to eifect a given rise in 
temperature of the material; hence, either the quantity. 
of heat produced in the combustion chamber 10' must 
be increased, or the rate of feed of material must be 
decreased. It may, therefore, be desirable to raise the 
temperature of the combustion when using materials 
having a high speci?c heat, so the heat ?ow into the 
material will be faster and yield a higher rate of pro 
duction. 

It is preferable that the material fed into the device 
be a eutectic. This will assure that the melting tempera 
ture is as low as is possible with the particular elements 
used; also, since a eutectic has a constant chemical com 
position, it will assure that the ?nal product has con 
sistent qualities. . . ' 

The material fed into the apparatus can be any one of 
a great variety of materials such as clay, aluminum oxide 
(Al-203), ?y ash, or any other material that will under 
go the desired. transformation at the temperatures pos- V 
sible with the particular apparatus described herein. 
As an example, ?y ash will be discussed. Fly ash is the 

product of the combustion of coal, and consists of ap 
proximately 50 percent silicon dioxide (SiOZ), and ap-' 
proximately 25 percent each of iron oxide (F6203) and 
aluminum oxide (A1203). One very useful thing that can 
be made from the ?y ash is ?ber. 
The apparatus of the present invention is admirably 

suited for the formation of ?bers. Two gases will be mixed 
Within the combustion chamber 10, the , gases being so 
chosen to provide a temperature in the range of 3500° to 
5600° F., depending on the rate of production of ?bers 
desired. With the gases introduced at 400' to 500 psi, 
and a temperature of 3500° to 5600" F., the velocity of 
gas at the restriction 12 will :be approximately 30,000 feet 
per minute. a 

With this arrangement, ?y ash is fed by the auger 42 
into the tube 30 where the gases passing through the re 
striction 12 will impinge on the ?y ash that is within 
the tube 30, having passed ‘from the opening 41, 

Since the hot gases of combustion must pass through 
the tube 30 to impinge on the fly ash that is in the op 
posite end of the tube 30, there will be a certain amount 
of turbulence of the gases that will'cause a residence 
time of the gases within the tube 30 before the gases pass 
‘outwardly through the exit port 32. Also, there is a delay 
in the expulsion of the melted material from the tube 30. 
During this residence time of both the hot gases of com 
bustion and the melted material, the material will absorb 
more heat than is necessary simply to convert the solid 
material into a liquid. This additional amount of heat that 
is absorbed by the material is suf?cient to lower the vis 
cosity of the material so that very ?ne ?bers can be made. 
Obviously, if the material has a high viscosity, it will be 
di?‘icult to draw it into a ?ne ?ber; but if the'material has 
iaiglery low viscosity, it can be easily drawn into a very ?ne 

er. 

The turbulence of gases, and residence time of the gases. 
within the tube 30 provides, a much more e?icient heat 
transfer from the hot combustion gases to the material; » 
There will be a certain amount of radiant heat emanat 
ing from the combustion chamber 10 through the restric 
tion 12 and to the material that is in the tube 30; there 
will be conduction of heat through'the various walls of 
the device and to the material that is in the tube 30, and a 
large amount of heat transfer by conduction from the gas 
that is in contact with the material; and, there will be con 
vection currents within the tube 30 due to the gas giving up 
heat to the material that is in the tube 30. Thus, it will 
be seen that all three methods of heat transfer are utilized 
in this device to extract the'maximum amount of heat 
from the hot combustion gases and transfer it to the solid 
material. 
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After the ?y ash has been heated su?iciently to cause 

it to have a very low viscosity so that it will ?ow very 
readily, the combustion gases coming from the combus 
tion chamber 10 will pick up the liquid material and carry 
it out the exit port 32. The ?y ash will impinge on the 
edges of the exit port 32, and will be drawn, or blown, 
out to make ?bers. While the material is held by the edge 
of the exit port, the hot gases will pass thereover to con 
tinue to heat the material and to keep the viscosity low. 
This double action of blowing out of the material by the 
gases, and the attenuation by the edge of the exit port, will 
draw the material out into ?bers. Since the entire surface 
is continuously cooled, if any of the material vaporizes, 
it will condense on the surfaces and still be attenuated or 
drawn out, to form the ?bers. This action is illustrated 
in FIG. 4 of the drawings which also shows collecting 
means for the ?bers thus formed. 
The collecting means includes a canvas belt 50 riding 

on pulleys 51 and 52. A doctor blade 54 will remove the 
?bers from the belt 50 for depositing in a suitable con 
tainer 55. 
FIG. 5 of the drawings shows a set-up to use the ap 

paratus of the present invention. The assembly compris— 
ing the units A, B, C is put together, and the auger 42 
is connected to the drive means. A gas supply, here shown 
as two tanks 60 and 61, will be connected to the inlet pipes 
16 and 22, and valve means such as valves 62 and 64 
will be in the lines from tanks 60 and 61 to the heating 
unit A. All of the time the heating unit is operating, Water 
or other cooling liquid will be passed through the Water 
jackets 21 and 31 from the pipe 65. 
The arrangement provides a very convenient apparatus 

that can be disposed in any particular fashion to enhance 
the ease of operation of the device and the collection 
of ?bers that are produced by the device. 
Though ?y ash has been described herein as one mate 

rial that can be used with the device to form ?bers, the 
apparatus is in no Way restricted to the use of the ?y 
ash. A great variety of materials will produce satisfac 
tory ?bers, depending on the particular characteristics 
required in the ?ber that is formed. The requisites of the 
material to be used are generally that it should be an in 
organic material that will remain a liquid over a wide range 
of temperatures, and will have a variable viscosity that is 
high at low temperatures, and is low at high temperatures. 
Silica is one material that exhibits this property; therefore, 
a material with about 25 percent silica will generally 
work quite well. Also, it is important to select a material 
that will not vaporize at the temperatures used if the ob 
ject is to form ?bers. Again, silica will do well since it 
boils above 4500° F. ' 
The same apparatus can be used for numerous other 

functions that require a relatively high degree of heat. 
For one example, a material can be fed into the device 
as previously described for the ?y ash, the temperature 
of the gases being such that the material being fed into 
the heating zone will be vaporized. The vapor can then 
be condensed to form crystals. For instance, aluminum 
oxide (A1203) can be vaporized and recrystallized to form 
one of several precious stones, various impurities being 
added to provide the desired color. Any material that will 
vaporize at the temperatures possible with the present 
apparatus can be fed to the device, vaporized and recrys 
tallized. 

Another function that can be achieved with the device 
is to spray metals, e.g. on other metals. A metal powder, 
or granules of metal, can be fed into the device as pre 
viously described, and the metal will be spit from the 
device in a molten state, and can be sprayed on other 
materials. One use of such a method would be to build 
up a worn metal part. Metal that is the same as that of 
the worn part would be fed into the device, and sprayed 
on the part. The metal would be at a sufficiently high tem~ 
perature that the worn part would also be heated, and a 
true weld would be achieved between the original worn 
part and the particles sprayed thereon. 
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Fractional distillation can also be carried out with this 

device. With the wide variety of temperatures possible with 
the device, and the ease with which the temperatures are 
obtained, it would be quite simple to feed in a material 
that is a mixture of a plurality of materials having differ 
ent melting points, vaporization points or the like. The 
temperature can be varied to separate the various compo 
nents of the mixture of materials. 

Also, synthesis of materials can be achieved with the 
device. Certain materials must be raised to a relatively 
high temperature in order to combine. A plurality of such 
materials can be fed into the device, the temperature 
adjusted to that necessary to initiate an endothermic reac 
tion, and the reaction, or synthesis will take place. If a 
high temperature is required simply to initiate the reac 
tion, the reaction can be initiated with the device, then the 
input of heat by the device can be terminated while the 
reaction continues as an exothermic or isothermic reaction. 
Of course, if the entire reaction is endothermic, heat will 
be generated by the device throughout the time of the 
reaction. 

It will thus be seen that the apparatus of the present 
invention provides very simple and inexpensive means to 
achieve a wide variety of physical transformations through 
pyrogenic techniques. The device is very inexpensive both 
to make and to operate, since readily obtainable gases 
can be used with the device to produce reasonably high 
temperatures. 

It will thus be seen by those skilled in the art that 
the particular embodiment of the invention here chosen is 
by way of illustration only and is meant to be in no Way 
restrictive; therefore, numerous changes and modi?ca 
tions may be made, and the full use of equivalents re 
sorted to, without departing from the spirit or scope 
of the invention as outlined in the appended claims. 
What is claimed as invention is: 
1. Apparatus for pyrogenic transformation of materials 

having a heating zone, an exit from said heating zone, 
feeding means for feeding material to said heating zone, 
means for producing a high-temperature high-velocity gas, 
means for directing said high-temperature high-velocity 
gas to said heating zone, said means for producing a high 
temperature high-velocity gas including a combustion 
chamber, means for introducing gas to said combustion 
chamber, restricting means on said combustion chamber 
for restricting the outward ?ow of gas from said combus 
tion chamber, the arrangement being such that material 
fed into said heating zone will be engaged by said high 
temperature high-velocity gas from said combustion cham 
ber, and the material in its pyrogenically changed form 
will be carried by said high-temperature high-velocity gas 
through said exit. 

2. Apparatus for pyrogenic transformation of mate 
rials having a heating zone including a tube, an exit port 
in said tube extending from the side of said tube, feeding 
means for feeding material to said tube, means for pro 
ducing a high-temperature high-velocity gas, means for 
directing said high-temperature high-velocity gas to said 
tube of said heating zone, said means for producing a 
high-temperature high-velocity gas including a combus 
tion chamber, means for introducing gas to said combus 
tion chamber, restricting means on said combustion cham 
ber for restricting the outward ?ow of gas from said 
combustion chamber, the arrangement being such that 
material fed into said tube of said heating zone will be 
engaged by said high-temperature high-velocity gas from 
said combustion chamber, and the material in its pyro 
genically changed form will be carried by said high 
temperature high-velocity gas through said exit port. 

3. Apparatus for pyrogenic transformation of mate 
rials having a heating zone including a member having 
an opening therein, an exit port extending from said open 
ing in said member, feeding means for feeding material 
into said opening in said member, means for producing 
a high-temperature high-velocity gas, means for direct 
ing said high-temperature high-velocity gas to said open 
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ing in said member, said means for producing a high-tem 
perature high-velocity gas including a combustion cham 
ber, means at one end of said combustion chamber for 

s introducing gas to said combustion chamber, restricting 
means at the opposite end of said combustion chamber 
for restricting the outward ?ow of gas from said com 
bustion chamber, the arrangement being such that mate 
‘rial fed into said opening in said member will be engaged 
by said high-temperature high-velocity gas from said com 
bustion chamber, and the material in its pyrogenically 
changed form will be carried by said high-temperature 
high-velocity gas through said exit port. I 

4. Apparatus for pyrogenic transformation of material 
having a heating zone including a tube, a water jacket 
surrounding said tube and coaxial therewith, said tube ex 
tending completely through said water jacket and being 
open at each end, an exit port extending from said tube 
substantially radially thereof and opening outside said 
water jacket; feeding means for feeding material to said 
tube in said heating zone; and means for producing a 
high-temperature high-velocity gas including a combus 

15 
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end of said combustion chamber having restricting means 
to restrict the flow of gas from said combustion chamber, 
a water jacket surrounding said combustion chamber, pas 
sage means from said combustion chamber to the outside 
of said water jacket, said passage means being axially 
aligned and abutting said tube of said heating zone; the 
arrangement being such that material fed by said feeding 
means into said tube of said heating zone will be engaged 
in said heating zone by said high-temperature high-velocity 
gas from said passage means, and the pyrogenically trans 
formed material will be carried by said high-temperature 
high-velocity gas through said exit port. 
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