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The invention relates to gas heaters. 
One object of the invention is to provide gas 

heating apparatus which can be embodied in a 
Small compact unit. Another object of the in 
vention is to provide apparatus for rapidly heat 
ing gas by means of electric resistance heating 
units. Another object of the invention is to 
extract larger quantities of heat units per unit 
volume of heater equipment, thus attaining higil 
Output of thermal energy fronn. Such resis Éors, 
Another object is to achieve a high heat transfer 
coefficient from a resistance unit to gas. Alun 
other object is to provide an electric heater to 
heat gases that deleteriously affect the resistances 
used, without Subjecting the resistances to such 
gases, while at the same time heating a large 
volume of gas to a high temperature by means 
of a relatively Small heater, and as an example 
I can use Silicon carbide heater bai's which can 
be operated at high ternperatures for a long time 
if located in a protective atmosphere and heat, a 
gas such as stean without deteriorating the 
heater bars, whereas such silicon carbide bars 
have only short lives in a steam atmosphere. 
Another object of the invention is to provide a 
heater with electrical resistance heater units, 
preferably silicon carbide bars, and to provide 
an inert or non-oxidizing atmosphere in the 
chamber where the bars are located, to recycle 
the inert gas and to transfer the heat units to 
another chanaber or passage through which the 
gas to be heated paSSes. - 
Other objects will be in part obvious or in part 

pointed out hereinafter. 
The accompanying drawing illustrates an em 

bodiment cf the invention in which most of the 
heater is shown in vertical Section, With certain 
associated apparatus and piping being illustrated 
diagrammatically. 

Referring now to the drawing, it will facilitate 
a quick understanding of the invention first to 
trace the path of the inert or non-oxidizing gas 
and then to trace the path of the gas to be 
heated. The inert or non-oxidizing gas enters 
a recuperator at entrance port 2. The recuper 
ator may be of any desired construction and as 
recuperators are well known I have simply given 
the diagram found in the current Rules of 
Practice of the United States Patent Office. It 
will, however, preferably be a large recuperator 
or a series of recuperators greatly to lower the 
temperature of the gas. The gas which is now 
cooled leaves the recuperator through port 3 
and goes to a blower 4 which is also diagram 
matically illustrated. The gas is taken from the 
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blower 4 to a pipe 5 which is connected to a pipe 
5 by a T-union . it he pipe 6, shown as a straight 
pipe, is coupled to a bent pipe 8 which is coupled 
to a straight pipe 8d which extends into a 
fluidizing chamber 9 having therein resistor rods 
or bars í G, foi example the Well known silicon 
carbide resistor bars having cold ends f. The 
gas which is heated in the fluidizing chamber 9 
to a high temperature is taken by a refractory 
pipe 2 back to the entrance port 2 of the re 
cuperator . In the drawing, which is diagram 
natic, the entrance port 2 is shown as located at 
soine distance from the refractory pipe 2 but in 
reality the port 2 may be only a short distance 
from the top of the chamber 9 and thus the pipe 
i 2 can be a short Straight pipe. 
The gas to be heated, which is under pressure 

so that it, Will move through the heater, enters 
the recuperator at an entrance port 3 and 
leaves the recuperator f at an 8xhaust port 4, 
having been heated to an intermediate temper 
ature. The partially heated gas theil enters the 
heater at a pipe coupling 2G and the gas then 
enter's a refractory pipe 2 leading to a refrac 
tory T-union 22 which is connected to a refrac 
tory pipe 23 connected to a curved refractory 
pipe 24 connected to a straight refractory pipe 
24d which leads to a fluidizing chamber 23, and 
the fully heated gas then exhausts through 2, re 
fractory pipe 26 to any apparatus for any process 
of conversion. With Which this invention is 
not concerned. In accordance With niny invention 
gas can be heated to high temperatures eco 
nomically in a Small apparatus, and in industry 
and chemical engineering there are many reasons 
for heating gas to high temperatures and So 
there will be many uses for my apparatus but it 
is unnecessary for me to describe these or any 
of them as they relate to other arts. 
The chambers 9 and 25 contain a quantity of 

fine particles 28 of 1efractory material in “fluid 
ized' condition. The refractory material may be 
an oxide, carbide, Silicide, nitride, boride, or a 
mixture of compounds. Just what refractory 
material to Select depends upon which are 
poisonous to Whatever reaction is to take place 
and it also depends upon availability and cost. 
Furthermore, at the temperatures involved, the 
nature of the gas entering the pipe 2 and pres 
ent in the chamber 25 has to be considered. If 
this is reducing it night be desirable to avoid 
Some of the Oxides if the temperature is too 
high; if the gaS is oxidizing it might be desira 
ble to avoid SOme of the carbides. Readily avail 
able refractory oxides are alumina, silica and 
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magnesia; the most readily available and inex 
pensive carbide which is sufficiently refractory 
for most applications is silicon carbide which will 
probably be preferred in most instances. The 
borides, silicides and nitrides are less available 
and more expensive but some thereof may be 
preferred for particular applications. 
The particle size of the refractory material is 

a matter for careful consideration. In general 
the finer the particle size of the “fluidized' ma-. 
terial, the more efficient is the transfer of heat 
from the chamber 9 to the chamber 25 and there 
fore, for a given temperature of the gas exhaust 
ing from the refractory pipe 26, the higher can be 
the rate of flow of the gas being heated. How 
ever for several reasons it is undesirable to lose 
particles in great quantities; it is expensive, it 
requires cleaning of any apparatus coupled to 
the heater, and it may interfere with some re 
actions. Accordingly since particles of the finer 
sizes will be carried away through the pipe 26 
and lost to the heater, I find it is in general de 
sirable to use particles not finer than , 100 grit 
size. On the other hand for eficient use of the 
heater the particles in general should be no 
coarser than 60 grit size. So therefore the best 
specification is that the particles be through No. 

: 60 Screen onto No. 100 Sciesin. However this is 
no hard and fast rule because for some applica 
tions loss of particles would be unimportant but 
rate of heat transfer might be very important 
(hence there is no real limit to the fineness of 
the particles which can be employed although for 
practical purposes I can say that particles finer 
than 600 grit size, U.S. Bureau of Standards, 
probably Would not be used. At the other end 
of the scale particles coarser than 24 grit size 
Would not appear to be useful in this invention. 
The “fluidized' condition is really a state of 

gaseous-Solid emulsion. The gas entering the 
chamber 3 from the pipe 8a sustains the particles 
28 of refractory material in the chamoer which 

: cannot choke the entrance port 29 because the 
Velocity of the gas strealin prevents them from 
doing SO. Stagnant particles 3) settle in the 4 
bottom of the chamber 9 where the velocity of 
the gas Stream is inadequate to support them 
and form a funnel shaped bottom for the cham 
ber 9. 

Fine particles Stay in this gaseous-Solid emul 
Sion condition known as the 'fluidized'. condi 
tion. Wherever the Velocity of the gas stream is 
high enough to keep them sustained or in motion. 
A fluidized emulsion in a chamber such as the 

: chamber 9 where the gas stream is mainly up 
wardly will reach a level analogous to a liquid lev 
el. I provide refractory overfilow pipes 32 and 32a 
and provide a great enough quantity of refractory 
particles to create a fluidized level 33 above the 
level of the overflow port 34 which is the en 
trance to the pipe 32. The pipes 32 and 32d ex 
tend down Wardly and the latter is connected to 
the refractory T-union 22. Particles will there 
fore flow downwardly through the pipes 32 and 
32a to the T-union 22 where they will be picked 
up by the gas which is moving in a fast stream 
to the right in the pipes 2 and 23 and through 
the T-union 22. The particles 28 will therefore 
be carried into the fluidizing chamber 25 which 
has stagnant particles 35 forming a funnel shaped 
bottom at the lowest point of which is the en 
trance port 36 for the gas and the fluidized par 
ticles. Again I provide enough particles 28 and 
so adjust the sizes of the chambers 9 and 25 and 
the rates of flow. Of the two gas streams that the 
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4. 
fluidized level 37 in the chamber 25 will be above 
an overflow port 38 of a refractory pipe 39 ex 
tending downwardly. Particles 28 will therefore 
descend through the pipe 39 and a pipe 39a con 
nected to it to be picked up by the gaS incon 
ing through the pipe 5 and going through the 
T-union 7, through pipe 6 and through the pipes 
8 and 8a into the chamber 9. Thus the cycle is 

, compléted and the particles 28 travel continu 
10 ously through chamber 9, pipes 32 and 32d, union 

-22, pipe 23, pipes 23 and 28a, chamber 25, pipes 
39, and 39a, union , pipe 6, pipes 8 and 8d back 
again to chamber 9. During the operation of 

i the heater both chambers 9 and 25 should have 
5 fluidized particles 28 of refractory material 

therein up to just above the overflow ports. 
The fluidized particles 28 in the chamber 9 are 

heated by the resistor rods 9. The illustrative 
tentibodiment is of four rods , two having axes 

20 in the plane of the section, the middle one being 
near the far side of the chamber 9, and there 
being a fourth one, not shown, in front of the 
plane of the Section; thus the rods are Syn 
metrically located in the chamber 9. One or 

20 more resistor rods ( deliver more heat units per 
minute to the fluidized particles than they would 
to the walls of the chamber 9 and thus the in 
...troduction of the bed of fluidized solids makes...it 
possible...to extract natich more heat from the re 

38 sistor rods in a gas heater of a given size than 
could be extracted in the absence of the fluidized 
particles. This can best be illustrated by these 
examples: 

5 

Eacample II 
A vertical tube has several vertical resistor 

rods distributed Within it and a non-radiating 
gas is passed upward through the tube in order 
to pick up heat from the resistor rods. The 
heat transfer mechanisms are convection and 
conduction and the areas of transfer simply the 
Surface areas of the rods and the tube which ab 
Sorbs radiant energy from the rods and passes 
it on to the gas by convection and conduction. 
The heat transfer coefficient is controlled by the 
gas Velocity and because of practical limitations 
the Velocity is confined to a range of values which 
provides extremely low heat titansfer coefficients. 
This is primarily due to the existence of slow 

to moving gas films along the heating surface 
wherein the heat transfer is purely by conduc 
tion and gases have low heat conductivities. 

Eacample II 
This case is the same as Example I except that 

a static bed of granular solids is introduced into 
the tube. The mechanism of transfer is some 
what changed, Those solids in contact with the 
heating surface pick up heat by solid to solid 
conduction and those solids in view of the rods 
absorb radiant energy. However, since the bed 
is Static a temperature gradient is set up such 
that those particles close to the rods are ex 
tremely hot and those at some distance very cool. 
The main reason for this extreme gradient is the 
fact that for this temperature region refractory 
Solids with low heat conductivities must be used. 
True the gas to solid contact area, has been 
greatly increased but a large portion of the solid 

;70 Surfaces will beat far too low a temperature. 
ECample III 

This case is the same as Example III º except 
that the gas velocity is increased to the point 

75 where fluidization is obtained. The mechanism 
of heat-transfer is the same as in Example II 
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büt now the mechanical turbulence brings about 
a uniform tenperature throughout the bed. The 
heat transfer area, is greatly increased and 
though the overall gas Velocity may be low, the 
localized gas velocity between the particles is 
high, and so the slow Inoving gas films are re 
duced to a minimum. This results in an overall 
heat transfer coefficient many times larger than 
that available in either Example I or II. 

Regardless of how carefully the grit was 
Screened to eliminate fines Some filmes Will nec 
essarily be found among the particles 28 when 
the apparatus is first charged therewith. Most 
of these will soon pass out through the pipe 26. 
Thus after the apparatus has been in use for a 
short time there is very little loss of fuidized 
particles but occasionally a particle will gain the 
velocity of escape and be lost. Therefore if cal 
culation is made for the initial loss the heater 
will operate for a long time without replenish 
ment of particles but eventually replenishment 
has to be made. Any closable Opening in the 
pipe 5 will serve as an entrance for replenish 
ment of particles. Replenishment has been in 
dicated diagrammatically in the diaWing and 
preferably is done through a pipe which opens 
at a level above the level 3 as indicated, as in 
such case the blower 4 does not have to be 
stopped during replenishment, 
The constructional details can be widely varied : 

but as conducive to a fuller understanding of the 
invention the further features of the apparatus 
herein illustrated will be briefly described. The 
chamber 9 comprises a cylindrical steel casing 
4 having a steel bottom 42 and having a refrac 
tory lining 43 which can be simply packed re 
fractory grain and for heat insulation zirconia, is 
preferred. Inside of the lining 43 is a cylindrical 
lining 44 made out of shaped refractory bricks, 
such as sintered alumina bricks. A removable 
refractory cap 45 is made out of any suitable 
refractory material such as a single piece of 
sintered alumina. Braided wire conductor rib 
bons 4 are Wrapped around the cold ends and 
held in place by spring metal clips 48 and are 
connected in circuit with electric power. The 
cylindrical lining 44 is supported by a refractory 
bottom plate 49 which can be made of sintered 
alumina, and which has holes therethrough re 
ceiving the cold ends í ! and the pipe Ba. 
The bottom 42 is part of a horizontal frame : 

piece 42 supported by legs 50, 5t and 52. This 
piece also forms a, bottom to a cylindrical steel 
casing 53 forming the supporting structure for 
the chamber 25. A refractory lining 54 similar 
to the lining 43 and a cylindrical refractory lin 
ing 55 similar to the lining 44 complete the cham 
ber 25 which has a removable refractory cap 56. 
The refractory pipe 2 passes through the cap 
45 and the refractory pipe 26 passes through the 
cap 56 as shown and a little cement on top of the 
caps 45 and 56 can be used to hold the pipes in 
place. A refractory bottom plate 57 Supported 
by the steel bottom 42 supports the cylindrical 
refractory lining 55 and the stagnant particles 
35. 
" . A steel pipe 6 surrounds the refractory pipe 
6, a steel pipe 62 surrounds the refractory pipes 
8 and 8a; a steel T-union 65 encompasses the 
pipe 2 and the T-union 22; a steel pipe 66 and a 
curved steel pipe 67 surround the pipes 23, 24 and 
24a and in every case refractory grain is rammed 
between the refractory pipe or union and the 
steel pipe or union. Similarly a steel T-union 69 
surrounds the T-union 7 and this is connected 
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to a steel pipe 70 surrounding the pipe 39a below 
the bottom 42. Steel Casings and 72 Welded 
to the sides of the casings 4 and 53 respectively 
encompass the upper parts of the pipes 32d and 
39a respectively and also parts of the pipes 32 
and 39. Refractory grain is rammed inside the 
union 69, the pipe O and the casings and 72. 
The pipes 6 and 66 are secured to the leg 50 
by brackets 75 and 76. The resistors iO should 
not fit tightly in each of the cap 45 and bottom 
plate 48 as they would be fractured due to elon 
gation and contraction if they did fit tightly in 
each of these parts; they are shown as located 
in oversized holes in the cap 45 and bottom plate 
49 and hence I provide a refractory plate 78 to 
Support, the rods 9 which also Supports a re 
fractory sleeve 9 Surrounding and providing 
thermal insulation for the pipe 8d which is held 
in place by the plate 78 through which it passes. 
The plate 18 is in turn Supported by a steel plate 
8) which is Supported by bolts 8 extending 
downwardly from the steel bottom 42. 
The gas to be cycled through the recuperator 

, blower 4, pipe 5 etc. fiuidizing chamber 9 and 
back to the recuperator can be any of the inert 
gases of which helium and argon are the most 
readily available, Argon has distinct advantages 
in that its specific gravity is greater and helium 
diffuses rather readily but is fairly inexpensive 
at the present time. Nitrogen can be used in 
Some applications as it is inert towards silicon 
carbide or netals at the lower range of tempera 
tull'ES. 
The resistor rod it is made of recrystallized 

5 Silicon carbide according to a general process 
invented by Francis A. J. Fitzgerald, see for 
example U. S. Patent No. 650,234, dated May 22, 
1900. This process was developed in Switzerland 
for the manufacture of resistors about thirty 
years ago and Such resistors are now Well known. 
The cold ends are made by impregnation with 
silicon as described in U.S. patent to Henry Noel 
Potter No. 1,030,327 of June 25, 1912. The silicon 
impregnated silicon carbide has far lower resis 
tivity than the remainder which is simply re 
crystallized silicon Calbide and so therefore the 
Voltage drop occurs between the cold ends and 
the heat is liberated between the cold ends. The 
central portions of these resistors, i.e. the por 
tions between the cold ends, are necessarily po 
rous and are readily attacled, at the usual 
temperatures of operation, by such gases as oxy 
gen, steam and to a lesser extent by air. At such 
usual temperatures oxygen quickly oxidizes sili 
con carbide and Steam appears to have a strong 
oxidizing effect thereon also. While these resis 
tors can be and have been operated for long 
lengths of time in an air atmosphere it has 
usually been considered that they shouldn't be 
run at temperatures much over 1400° C. if they 
are going to have reasonable life expectancy. By 
operating them in an inert atmosphere such as 
A or He, they can be heated to temperatures 
greater than 1400° C. even up to 1600° C. and will 
usually last longer than the Sanne resistors in air 
at 1400° C. Nitrogen will nitride the silicon car 
bide resistors at very high temperatures, but they 
can be operated at 1400° C. in nitrogen for a 
much longer time than they can be operated in 
air and will have useful lives in nitrogen at 1500 
C. or even higher. To keep the cold ends from 
being burned out I may further form them om 
enlarged end portions 82 providing temperature 
gradients between the ends and the central 
hot portions of the resistors. 
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There are many reasons for wanting to heat 
air, steam and oxygen (and nitrogen at the 
higher temperatures) and in this heater they can 
be heated without affecting the life of the resis 
tors. Even at 1000° C. silicon carbide resistors 
would quickly burn out in oxygen. In steam at 
even. 1200° C. the silicon carbide resistors would 
have very short lives. Oxygen, steam and air are 
deleterious to metalic resistors at high tempera 
tures so the same reason exists for this apparatus 
using metallic resistors. In fact molybdenum, 
which has a melting point of 2620 C., cannot be 
heated to anywhere, near that temperature: in 
air; in this apparatus, protected by argon or 
helium, it could be heated nearly to the melting 
point, and it could be heated to reasonably high 
temperatures in nitrogen. 
But the entineration of certain gases. Which 

the heater can heat, to particular advantage is 
not meant, to exclude others. Any gas can be 
introduced through the port 3 into recuperator 
into the pipes 2 í and 23 and through the fluidiz 

ing chainber 25. For example the gas may be a 
hydrocarbon to be cracked and it would be un 
desirable to pass the hydrocarbon through a 
chamber containing silicon carbide resistance ele 
ments because of the deposit of carbon thereon. 
Furthermore there may be other gases which 
could be cycled through the blower 4 etc. For 
replenishment of the cycle gas as it is lost through 
diffusion or in any other mannel, it will stifice 
to have on hand a bottle, full of the gas under 
pressure with Suitable valves and a pipe. Con 
nected to the line between the Gwer ! and the 
pipe 5, as clearly indicated in the drawing. 
In describing the invention. I have necessarily 

described a complete heating system but the 
heater proper is the unit, which is shown in de 
tail (minus the pipes 2 and 26) as it is such 
heater which is an article of commerce to be 
sold without the recuperator or the blower or 
the outside piping (indicated by lines and ar 
rows) which are other articles of commerce. The 
particles of refractory material to be fluidized 
to wit: refractory grain is likewise a separate 
article of commerce. I desire therefore particu 
larly to claim the heater proper shown in detail 
as this is a manufacturing unit and a "manu 
facture'' for Sale. 
"The reason for using the recuperator with 
the apparatus of this invention is that, if the 
heater is operated at high temperatures, as con 
templated, the ordinaryº blower (made of metal) 
would be quickly oxidized or even melted. By 
using the System illustrated and described the 
blower a receives only moderately hot gas but the 
heat units in the gas exhausting from the cham 
ber 9 are not entirely lost. In some applica 
tions, where the temperatures are somewhat lower 
or if the blower including its in peller and shaft 
are made of refractory materials, the recuperator 
can be dispensed with entirely or be of dimin 

ished size and capacity for exchanging heat units. 
The Selection of naterials is important but 

depends upon the gas being cycled, the gas be 
ing heated, and the temperature of the resistors 
ife. Sintered alumina is a good material from 
which to make the various refractory pipes, the 
cylindrical linings, the refractory caps and the 
refractory bottom plates. This material is re 
sistant to abrasion, it is not a conductor of elec 
tricity and it will not react excessively with the 
fluidized particles 28 even if they are carbide par 
ticles at the lower range of temperatures, say 
up to about 1450° C. For operating the appa 
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ratus at resistor temperattures of 1450° C. and 
lower, I therefore recommend that the refractory 
pipes, refractory T-unions, refractory caps and 
refractory bottom plates be made of sintered alu 
nina, and this can be so Whether the cycled gaS 
is argon, helium or nitrogen and aSSunning that 
the fluidized particles are Silicon carbide par 
ticles and the resistors are silicon carbide re 
Sistors. Sintered aitimina, has another good 
characteristic in that it is relatively impervious 
to gases although if helium is used there will be 
Soine gaS lost through diffusion. To prevent gas 
loss through the cap 45 and the bottom plate 49 
asbestOS packing 84 is provided around the cold 
ends í í of the resistors í S. Sintered alumina, 
cannot be classed as a therinal insulato' but it 
is a poor conductor of heat but the provision of 
the refractory limings 33 and 34 of zirconia par 
ticles provides good heat insulation for the ap 
paratus. he refractory grain rainined between 
the refractory pipes and unions and the steel 
pipes and unions should likewise preferably be 
Zirconia, for the best results. I do not reconn 
mend zirconia, bricks for the cylindrical linings 
44 and 55 because at high temperatures zirconia 
becomes conductive, 
Another Selection of materials useful for re 

Sistor teinperatures up to 1600° C. comprises 2ir 
Conia, grain linings throughout, as in the previ 
CuS embodinent, Silicon carbide fluidized par 
ticles 23 and refractory pipes, T-unions, caps and 
bottons of bonded silicon carbide with a highly 
refractory bond. While recrystallized silicon 
carbide is electiically conductive, bonded silicon 
carioide is not. In this embodiment the mate 
rial everywhere is silicon carbide, only the solid 
pie GeS, liha.Ve a Irminor proportion of refractory 
bond of a nature known to those skilled in the 
cerailic arts. Thus there will be no reaction 
between the fluidized particles and the walls of 
any of the pipes or chambers or between the 
particles and the resistor rods. For many prac 
tical applications this is probably the best se 
lection of materials. 

in the claims the fluidizing chamber 9 is re 
ferred to as a first chamber, the fiuidizing cham 
ber 2 is referred to as a second chamber, the 
T-union i is referred to as a first T-union, the 
i-union 22 is referred to as a second T-union, 
the pipes 32 and 32d are referred to as a first 
pipe, the pipes 39 and 33d are referred to as a 
Second pipe, the pipes. 6, 8 and 3d are collectively 
'eferred to as a third pipe and the pipes 23, 24 
and 24d are referred to as a fourth pipe. This 
is believed to be necessary for identification with 
out confusing circumlocution since there are 
pluralities of chambers, F-unions and pipes. 
The expression "i-union' is to be taken to in 
clude any gas connection having three branches 
and "pipe' heans any conduit capable of func 
tioning to convey gas, a.s. indicated herein. 

It will thus be seen that there has been pro 
vided by this invention a heater in which the 
various objects herein above set forth together 
with imany thoroughly practical advantages are 
Sugeessfully achieved. As many possible emi 
bodiments night be made of the above inven 
tion and as many changes night be made in the 
enbodiment above set forth, it is to be under 
stood that all matter hereinbefore set forth or 
shown in the accompanying drawings is to be 
interpreted as illustrative and not in a limiting 
S€1Se. 

I claim: 
1. A gas heating apparatus comprising a first 
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refractory lined fluidizing chamber, electrical 
resistance heating means in said chamber, a first, 
refractory pipe having an opening into said 
chamber well above the botton thereof and ex 
tending downwardly from said opening, said 
chamber having an upper opeihing Well above the 
level of the Opening into Said chainber of the 
first refractory pipe, Said chamber also having 
an opening in the botton thereof, a second re 
fractory lined fluidizing chamber, a second re 
fractory pipe having an opening into said Sec 
Ond chamber Well above the botton thereof and 
extending downwardly from said opening, said 
Second chamber having an upper opening well 
above the level of the Opening into said second 
chamber of the Second refractory pipe, said Sec 
Ond chamber also having an opening in the bot 
tom thereof, a third refractory pipe connected 
to the opening in the bottom of the first chamber, 
a fourth refractory pipe connected to the open 
ing in the bottom of the second chamber, a first, 
refractory T-union two of the branches of which 
are connected respectively to the Second refiac 
tory pipe and to the third refractory pipe, and 
a Second refractory T-union two of the branches 
of which are connected respectively to the first 
refractory pipe and to the fourth refractory pipe, 
whereby when the upper opening of the first 
chamber is connected to a blower, the blower is 
connected to the first T-union, the second T 
union is connected to a supply of gas to be heated 
and the chambers are partially filled with par 
ticles of refractory material, the apparatus Will 
function as a gas heater and the gas to be heated 
Will not come in contact with the electrical resist 
ance heating means. 

2. A gas heating apparatus comprising a first 
refractory lined fluidizing chamber, electrical re 
sistance heating means in said chamber, a first 
refractory pipe having an opening into said 
chamber well above the bottom thereof and ex 
tending downwardly from said opening, said 
chamber having an upper opening well aibove 
the level of the opening into said chamber of the 
first refractory pipe, said chamber also having 
an opening in the bottom thereof, a second re 
fractory lined fluidizing chamber, a second re 
fractory pipe having an opening into said sec 
Ond chamber well above the botton thereof and 
extending downwardly fronn said opening, said 
Second chamber having an upper opening weli 
above the level of the opening into said second 
chamber of the Second refractory pipe, said sec 
Ond chamber also having an opening in the bot 
tom thereof, a third refractory pipe connected 
to the opening in the botton of the first cham 
ber, a fourth refractory pipe connected to the 
opening in the bottom of the second chamber, 
a first refractory T-union two of the branches 
of which are connected respectively to the sec 
ond refractory pipe and to the third refractory 
pipe, a Second refractory T-union two of the 
branches of which are connected respectively to 
the first refractory pipe and to the fourth refrac 
tory pipe, and a quantity of refractory particles 
in each of Said fluidizing chambers, Said par 
ticles being between 24 grit size and 600 grit 
size, whereby when the upper opening of the 
first chamber is connected to a blower, the blower 
is connected to the first T-union and the second 
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T-union is connected to a supply of gas to be 
heated, the apparatus will function as a gas heat 
er and the gas to be heated will not come in 
contact with the electrical resistance heating 
ÍX138.(18. 

3. A gas heating apparatus as claimed in claim 
2 in which the refractory particles are silicon 
carbide particles. 

4. A gas heating apparatus as claimed in claim 
3 in Which the electrical resistance heating 
means connprises silicon carbide resistors. 

5. A gas heating apparatus as claimed in claim 
4 in which the refractory lining of one of the 
chambers is a silicon carbide lining. 

6. A gas heating apparatus as claimed in claim 
2 in which the electiical resistance heating 
means comprises silicon carbide resistorS. 

7. A gas heating apparatus as claimed in 
clain 6 in which the refractory lining of one of 
the charinbers is a Silicon carbide lining. 

8. A gas heating apparatus as claimed in claim 
2 in which the refractory lining of one of the 
chambers is a silicon carbide lining. 

9. A gas heating apparatus as claimed in claim 
8 in which the refractory particles are silicon 
carbide particles. 

10. A gas heating apparatus as claimed in 
ciaim 2 in which the refractory lining of one of 
the fluidizing chambers is an alumina lining. 

11. A gaS heating apparatus as claimed in 
claim 10 in which the refractory particles are 
alumina particles. 

12. A gas heating apparatus as claimed in 
claim 11 in which the electrical resistance heat 
ing means comprises Silicon carbide resistorS. 

13. A gas heating apparatus as claimed in 
claim 2 in which the refractory particles are 
alumina particles. 

14. A gas heating apparatus as claimed in 
claim 13 in which the electrical resistance heat 
ing neans comprises Silicon Carbide resistors. 

15. A gas heating apparatus as claimed in 
claim 2 in which the electrical resistance heat 
ing means comprises silicon carbide resistors 
and the refractory !iniing of one of the fluidiz 
ing chambers is an alumina lining. 

16. A gas heating apparatus as claimed in 
clairn 1 in which the electrical resistance heat 
ing means comprises silicon carbide resistors. 

17. A gas heating apparatus as claimed in 
claim 16 in which the refractory lining of one of 
the chambers is a silicon carbide lining. 

18. A gas heating apparatus as claimed in 
claim i in which the refractory lining of one of 
the chambers is a silicon carbide lining. 

19. A gas heating apparatus as claimed in 
claim 1 in which the refractory lining of one of 
the chambers is an alumina lining. 

20. A gas heating apparatus as claimed in 
claim 19 in which the electrical resistance heat 
ing means comprises silicon carbide resistors. 
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