
1,477,664 Dec. 18, 1923. 
H. D. RANKIN 

PROCESS OF AND APPARATUS FOR TREATING MATERIALS 

Filed Oct. 2, 1920 

iiqiqiqiiiLiiLiiiLiiLiLiiBLLiLiiqq 
| 

—?ZZZZZZZZZZZZZZZZZZZZZZZZZZ 2???? 

INVENTOR ? 

-ZZ,A. Aazz/tz-z- 
y 

??? ATTORNEYS 

WITNESS 

  

    
  

  

  

  

  

  

  

  

  

  

  



5 

20 

2 5 

3. 

5 

4) 

A5 

SO 

Patenied Dec. 18, 1923. 

UNITED STATES 

1477,664 

PATENT OFFICE 
HARRY D. RANKIN, OF CORONAIDO, CALIFORNIA. 

PROCESS OF AND APPARATUS FOR TREATING MATERAs. 

Application filed October 21, 1920. Serial No. 418,478, 

To all whom it may concern: 
Be it known that I, HARRY D. RANKIN, 

a citizen of the United States, and a resident 
of Coronado, in the county of San Diego, 
State of California, have invented a certain 
new and useful Process of and Apparatus 
for Treating Materials, of which the follow 
ing is a specification. 
The invention relates to a process of and 

apparatus for treating materials and relates 
particularly to the fixation of gases, vapors, 
liquids or solids, or combinations thereof, 
and more specifically to the fixation or oxi 
dation of nitrogen or the production of en 
dothermic compounds. 
An object of the invention is to provide a 

process of producing endothernic gaseous 
or vaporous compounds economically. 

Another object of the invention is to pro 
vide an apparatus for producing endother 
mic gaseous or vaporous compounds eco 
nomically. 
A further object of the invention is to 

provide for abrupt and rapid cooling of the 
5 gases after the endothermic reaction has oc 

curred. : 

The invention relates to the fixation of 
gases, vapors, liquids or solids, or combina 
tions thereof, by the subjection of the mate 
rials to an electric arc flame, whereby they 
are raised to extremely high temperatures, 
which produce rearrangement of the elements 
of the materials and then fixing the elements 
in their resultant rearrangement. I have 
found it advantageous to economic fixation 
that the resultant compounds at tempera 
tures of thousands of d s centigrade be 
abruptly and rapidly reduced in tempera 
ture, to a temperature below that at which 
any great percentage of the compounds pro 
duced would either dissociate or decom 
pose. For example, in the fixation of ni 
trogen or the formation of oxides of nitro 
gen, the temperature of the resultant gas 
should be instantaneously reduced to fif????ut 
1200 degrees centigrade. In my prior United 
States Letters Patent No. 1,150786, dated 
August 17, 1915, to which reference is here 
by made, I have set forth the necessity of 
rapidly cooling the resultant material by 
any suitable means or method, such as bring 
ing the material into contact with a cold 
surface, expanding the material or bringing 
it in contact with a cold or expanding 
and in my United States Patent No. 

1150,786 of August 17, 1915, I have dis 
closed a means of cooling, comprising a 
rheostat, for decreasing the electrical energy 
fed to the arc to reduce the temperature of 
the arc itself during the cooling part of the 
cycle. In said patents have shown several 
Inethods of cooling the gases, but I have 
found that in some instances any one method 
alone of cooling the gases does not produce 
a sufficiently abrupt drop in temperature to 
produce the most economical results. In 
order to accomplish the desired abrupt drop 
in temperature of the immediately 
after they leave the arc, I have found it de 
sirable to employ two or more cooling meth 
ods or means acting substantially simul 
taneously on the hot gas, each method sup 
plementing the other. I have found that in 
addition to bringing the hot gases in con 
tact with a cooled surface that it is advis 
able to produce a substantially concurrent 
instantaneous expansion of the gases, the 
instant they leave the arc flame, and if the 
combination of these two methods is not 
sufficient, to further and concurrently con 
tact the hot gases from the arc with a mate 
rial having a great heat absorbing capacity, 
such as air, or water spray or steam or S8. 
gas or acetic ether or other comparable ma 
terials, and if further aid is necessary to 
reduce energy, i. e., temperature of the arc 
during the cooling part of the cycle. The 
effect of these two or three or four cooling 
methods concurrently applied, cools the gas 
eous material sufficiently to fix the elements 
in their rearranged combination or form. 
This invention possesses other advanta 

geous features, some of which, with the fore 
oing, will be set forth at length in the fol 
owing description, where I shall outline in 
full the process of my invention and that 
form of apparatus for carrying out the 
process which I have selected for illustra 
tion in the drawings accompanying and 
forming part of the present specification, 
In said drawings, I have shown one form of 
apparatus of my invention, but it is to be 
understood that I do not limit myself to 
such form since the invention, as set forth 
in the claims, may be embodied in a plural 
ity of forms. 

Referring to said drawings: 
Figure 1 is a vertical section through 

one form of apparatus of my invention. 
Figure 2 is a vertical section of the upper 
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???on of the apparatus on an enlarged 
SC88, 

Figure 3 is a vertical section thru the 
nozzle. 
The apparatus comprises a metallic shell 

2 provided, if necessary, with a lining 3 of 
refractory material, such as magnesite brick, 
of such thickness to form an arc chamber or 
furnace chamber 4 of the diameter desired. 
The chamber 4 is preferably circular in 
cross-section slightly conical, tapering to 
its narrower diameter at the top, but the 
conical construction is not essential and the 
chamber may be cylindrical when desired. 

Seated on the upper end of the shell 2 and 
spaced therefrom by a ring of electrical 
insulating material 5, if electrical insulation 
is essential, and extending into the shell, 
is a vessel or housing 6 having a throat or 
passge 7 therein, opening at its lower end 
into the furnace chamber 4 and opening at 
its other end into an expansion chamber 8. 
The space between the inner and outer walls 
12 and 13 of the vessel 6 constitutes a water 
jacket and means are provided for estab 
lishing an adequate flow of water through. 
the jacket to keep the wall 12 of the throat, 
and expansion chamber cool. That is, ordi 
narily, accomplished by a water inlet pipe 
14 discharging adjacent the bottom of the 
throat and a water outlet pipe 15. The 
yesse 6 is provided with a flange 16 seat 
ing on the insulating ring 5, and is held in 
place by a clamping plate 17 connected by 
bolts 18 to a similar clamping plate 19 at 
the bottom of the she 2. 
Extending into the furnace chamber 

through the expansion chamber 8 is the 
upper electrode 21, which also extends up 
wardly through a suitable stuffing box 22. 
The electrode 21 is preferably metallic and 
hollow and is preferably provided with 
means for keeping it cool, but may be made 
of any suitable material. Extending down 
into the electrode to the enlarged tip 23 
thereof is a water or other cooling medium 
iniet conduit through which the cooling 
medium discharges into the electrode. The 
cooling medium discharges from the elec 
trode through the outlet passage 24 and a 
sufficient amount of cooling medium is 
flowed through the electrode to keep it cool. 

Extending into the furnace chamber from 
below is the lower electrode 25, which has 
a head 26 of suitable material (according 
to the reaction sought), which vaporizes at 
the temperature of the arc to increase the 
conductivity of the arc gap, or to supply 
material for reaction, or both. Instead of 
incorporating these materials in the head of 
the electrode, they may be introduced into 
the chamber through a suitable conduit 20 
or conduits. These materials, suitable for 
fixation of nitrogen, are described in my 
United States Patent No. 1,056,830 of March 
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25, 1913, to which reference is hereby made. The electrode 25 passes through a suitable 
stuffing box 26 clamped in position by the 
plate 19 and spaced from the shell 2 by the 
insulating ring 27. 
The gases, vapors or other materials to be 

treated, are introduced into the furnace 
chamber under pressure, so that a condition 
of pressure exists in the chamber. 
terials resultant from contact with the arc 
flame, or these materials and matter in 
lower electrode, discharge from the furnace 
chamber, immediately after they leave the 
flame, through a relatively narrow opening 
into the expansion chamber, wherein the 
materials expand abruptly and rapidly to 
naany times their former volume. The nar 
row or small opening through which the 
materials discharge may be formed in sev 
eral ways. In Figs. 1 and 2 I have shown 
a narrow annular opening formed between 
the tip 23 of the upper electrode and the 
upper edge of the throat. The narrow 
opening is thus formed between the elec 
trode and the throat, so that the hot re 
sultant material passes abruptly and rapidly 
from the fame through the narrow opening 
and is expanded and cooled. The expan 
sion chamber is provided with a large out 
let passage 31 to permit the free discharge 
of the cooled gaseous matter therefrom to 
other devices or containers, to be dealt with 
as desired. By providing a large expansion 
chamber outlet, little or slight pressure 
exists in the expansion chamber, so that the 
gaseous matter is free to expand as it issues 
from the small opening. The issuing 
gaseous matter is, therefore, abruptiy cooled, 
immediately after leaving the arc flame, by 
expansion and by contact with the water 
cooled surface to a temperature below that 
at which any great percentage of the ma 
terials produced would either dissociate or decompose. 
When the cooling effect of these two cool 

ing methods acting concurrently, is not sufi 
cient to cause a sufficiently large and abrupt 
drop in temperature, the temperature of the 
gaseous matter may be further reduced by 
concurrently bringing it into contact with 
other cooling media, such as set forth herein 
before. This may be accomplished by ar 
ranging an annular chamber 38, provided 
with an elongated annular discharge 32, in 
the expansion chamber in such relation to 
the narrow annular opening through which 
the gaseous matter discharges from the 
throat, that the cooling media discharging 
from the nozzle impinges against and mixes 
with the hot gaseous material. The cooling 
media, which may be air, steam, water spray 
or other material, as set forth, is introduced 
into the annular chamber 38 through the 
conduit 33 under sufficient pressure so that 
it will discharge against the discharging 
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other forms of material are produced, re 
moving the resultant material from the arc 
and simultaneously and rapidly cooling the 
resultant gaseous material by concurrent ex 
pansion and conductive cooling thereof. 

3. The process of treating a mixture 
of materials to produce other forms of 
materials, which comprises subjecting the 
mixture under pressure greater than atmos 
pheric pressure to the action of an electric 
arc whereby other forms of material are 
produced and very hot resultant gaseous 
matter is produced removing the hot result 
ant gases from the arc and simultaneously, 
and rapidly expanding and cooling the hot 
resultant gaseous matter to reduce the tem 
perature thereof below the temperature at 
which any great percentage of the resultant 
gaseous matter will dissociate. 

4. The process of treating a mixture of 
materials to produce other forms of material, 
which comprises subjecting the mixture 
under pressure greater than atmospheric 
pressure to the action of an electric arc flame 
whereby very hot resultant gaseous matter 
is produced and abruptly and concurrently 
expanding and cooling the gaseous matter as 
it leaves the flame to reduce its temperature. 

5. The process of treating a mixture of 
materials to produce other forms of material. 
which comprises subjecting the mixture 
under pressure greater than attinospheric 
pressure to the action of an electric arc 
flame whereby very hot resultant gaseous 
matter is produced and abruptly reducing 
the temperature of the gas as it leaves the 
flame to a temperature at which no great 
percentage of the gas will dissociate, by 
subjecting the gaseous matter to a plurality 
of cooling methods acting concurrently. 

6. The process of treating a mixture of 
materials to produce other forms of mate 
rial, which comprises subjecting the mixture 
under pressure greater than atmospheric 
pressure to the action of an electric arc 
flame whereby very hot resultant gaseous 
matter is produced, and immediately there 
after abruptly expanding the gaseous matter 
and contacting it with a cool surface where 
by its temperature is abruptly reduced. 

7. The process of treating a mixture of 
imaterials to produce other forms of materiai, 
which comprises subjecting the mixture 
under pressure greater than atmospheric 
pressure to the action of an electric arc in 
the presence of suitable agents to increase 
the conductivity of the subjected mixture 
removing the resultant gases from the arc 
flame and abruptly expanding and cooling 
the resultant gaseous matter as it leaves the 
fame. 

8. The process of treating a mixture of 
materials to produce other forms of material, 
which comprises subjecting the mixture Ia 
der pressure greater than atmosphetic pYes 

y 
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sure to the action of an electric arc in a 
closed vessel and discharging the resultant 
gaseous matter immediately thereafter from 
the arc through a small orifice into a cooled 
chamber in which a much lower pressure 
obtains. 

9. The process of treating 
materials to produce other forms of materiai, 
which comprises subjecting the mixture 
under pressure greater than atmospheric 
pressure to the action of an electric arc in 
a closed vessel and discharging the resultant 
gaseous matter immediately thereafter from 
the arc through a small orifice into a cooled 
chamber in which a much lower pressure 
obtains, and concurrently contacting the 
gaseous matter with a cooling medium. 

10. The process of treating a mixture of 
materials to produce other forms of material, 
which comprises subjecting the mixture 
under pressure greater than atmospheric 
pressure to the action of an electric arc 
whereby very hot resultant gaseous matter 
is produced and immediately thereafter re 
moving the matter from the arc expanding 
the gaseous matter, contacting it with a fluid 
cooling medium and contacting it with a 
cooled surface. 

11. The process of treating a mixture of 
materials to produce other-forms of materiai, 
which comprises subjecting the mixture 
under pressure greater than atmospheric 
pressure to the action of an electric are 
whereby very hot resultant gaseous matter 
is produced and immediately thereafter ex 
panding the gaseous matter, contacting it 
with a fluid cooling medium, contacting it 
with a cooled surface and reducing the 
temperature of the arc. ? 

12. The process of treating a mixture of 
materials to produce other forms of material, 
which comprises subjecting the mixture 
under pressure greater than atmospheric 
pressure to the action of an electric arc 
in a closed vessel, discharging the resuitant 
hot gaseous matter immediately thereafter 
from the arc through a small orifice into a 
cooied chamber in which a much lower pres 
sure obtains and directing a stream of cool 
ing media into the discharging gaS20us 
matter. 

13. The process of producing oxids of 
nitrogen which comprises subjecting a Iaiz 
ture of oxygen and nitrogen under pressure 
greater than atmospheric pressure to the ac 
tion of an electric arc removing the result 
an oxides from the arc and immediately 
thereafter expanding and cooling, the re 
suitant, oxids to lower the temperature 
thereof to prevent dissociation and decom 
position. 

14. The process of producing oxidis of 
nitrogen which comprises subjecting a 
mixture of oxygen and nitrogen under pres 
sure greater than atmospheric pressure to 
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the action of an electric arc removing the 
resultant oxides from the arc and imme 
diately thereafter abruptly expanding the 
resultant oxids and bringing them into con 
tact with a cool surface. 

15. The process of producing oxids of 
nitrogen which comprises subjecting a mix 
ture of oxygen and nitrogen under pressure 
greater than atmospheric pressure to the 
action-of an electric arc in the presence of 
suitable agents to increase the conductivity 
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of the subjected mixture removing the re 
sultant oxides from the arc and abruptly ex 
panding and cooling the oxids produced to 
prevent dissociation and decomposition. 

16. The process of producing oxids of 
nitrogen, which comprises subjecting a mix 
ture of oxygen and nitrogen under pressure 
greater than atmospheric pressure to the ac 
tion of an electric arc flame whereby oxids 
of nitrogen are formed removing the result 
ant oxides from the arc and immediately 
thereafter expanding the oxids and contact 
ing them with a fluid cooling medium. 

17. The process of producing oxids of 
nitrogen, which comprises subjecting a mix 
ture of oxygen and nitrogen under pressure 
greater than atmospheric pressure to the ac 
tion of an electric arc flame whereby oxids of 
nitrogen are formed and immediately there 
after expanding the oxids, contacting them 
with a fluid cooling medium, and reducing 
the temperature of the arc. ? 

18. The process of producing oxids of 
nitrogen, w???????? comprises subjecting a mix 
ture of oxygen and nitrogen under pressure 
greater than atmospheric pressure to the ac 
tion of an electric arc flame whereby oxids 
of nitrogen are formed and removing the 
oxids from the arc and then immediately ex 
panding them, removing heat therefrom by 
conduction and contacting them with a fluid 
cooling medium. - 

19. An apparatus of the character de 
scribed, comprising a closed vessel, means 

- for producing an electric arc entirely within 

50 

55 

said vessel, means for introducing materials 
into said vessel under pressure so that they 
are subjected to the arc and an expansion 
'chamber communicating with said vessel 
through a small orifice. 

20. An apparatus of the character de 
scribed, comprising a closed vessel, means 
for producing an electric arc entirely within 
said vessel, means for introducing materials 
into said vessel under pressure so that they 
are subjected to the arc, and a water cooled 
expansion chamber communicating with said 
vessel through a small orifice. 

21. An apparatus of the character de 
scribed, comprising a closed vessel, 
electrodes in said vessel between which an 
arc is formed, means for introducing ma 

terial under pressure into said vessel so that 
it is subjected to the arc and an expansion 
chamber communicating with the vessel. 
through a small orifice, the orifice being dis 
posed adjacent to and formed partly by one 
of said electrodes. 

22. An apparatus of the character de 
scribed, comprising a closed vessel, elec 
trodes in said vessel between which an arc 
is formed, means for introducing material 
under pressure into said vessel so that it is 
subjected to the arc, a water cooled ex 
pansion chamber, and a water cooled throat 
on said chamber connecting the chamber 
with the vessel, one of said electrodes and 
said throat cooperating to form an orifice 
through which the material passes at high . 
Y????. 23. An apparatus of the character de 
scribed, comprising a closed vessel, elec 
trodes in said vessel between which an arc 
is formed entirely in said vessel, means for 
introducing material under pressure into 
said vessel so that it is subjected to the arc, 
än expansion chamber communicating with 
said vessel through a small orifice through 
which gaseous matter passes from the vessel 
to the expansion chamber and means for 
directing a stream of cooling material into 
the gaseous matter as it passes through said 
orifice. 

24. An apparatus of the character de 
scribed, comprising a closed vessel, elec 
trodes in said vessel between which an arc 
is formed, means for introducing material 
under pressure into said vessel so that it is 
subjected to the arc, an expansion chamber 
communicating with said vessel through a 
small orifice through which gaseous matter 
passes from the vessel to the expansion 
chamber, and means in the expansion 
chamber for directing a stream of cooling 
material into the discharging gaseous mat 
ter at the orifice. w 

25. An apparatus of the character de 
scribed, comprising a closed vessel, elec 
trodes in said vessel between which an arc 
is formed, means for introducing material 
under pressure into said vessel so that it is 
subjected to the arc, a water cooled expan 
sion chamber communicating with said ves 
sel through a small orifice through which 
gaseous matter passes from the vessel into 
the expansion chamber said orifice being 
partly formed by one of said electrodes, 
and means in the expansion chamber for 
directing a stream of cooling material into 
the gaseous matter entering the expan 
sion chamber. 
In testimony whereof, I have hereunto set 

my hand. . 

HARRY D. RANKIN. 
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