
,149 , 112 2 C. A. EDWARDs 
APPARATUS FOR TREATING PETROLEUM 

March 22, 1938. 

193. Filed Nov. 19, 

2 Ø 2 % % 2x 2-2 Ø N 
ZZZ 

  



O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

Patented Mar. 22, 1938 

UNITED STATES 

4. 2,12,1 

PATENT OFFICE 
2,112,49 

APPARATUS FOR TREATING PETROLEUM 
Chester A. Edwards, Louisville, Ky., assignor to 
Oico Corporation, St. Louis, Mo., a corporation 
of Delaware 

Applicationa November 19, 1931, Serial No. 576,099 
Claims. 

This invention relates generally to the treat 
ment of petroleum and particularly to a proceSS 
and apparatus for pyrogenic decomposition of 
petroleum by subjecting the same to the action of 
a fused metal Column. 

Various efforts have heretofore been made to 
pyrogenically decompose petroleum in Order to 
increase the yield of the lighter and more Val 
luable hydrocarbons from the heavier and less 
valuable components and in connection. With the 
various efforts along this line it has many times 
been attempted to employ a bath of fused metal 
as the heating medium for the petroleum. Many 
objections have arisen in the use of Such fused 
metal baths for the treatment of petroleum and 
outstanding among these is the tendency for the 
fused metal, such as lead, to become contami 
nated, not only by the impurities from the pe 
troleum but also by the free carbon which is lib 
erated upon cracking of the petroleum in the 
formation of lighter saturated and unsaturated 
hydrocarbons. It has heretofore been difficult 
when fused metallic baths have been employed 
as the heating medium in cracking processes to 
maintain the petroleum in contact with the fused 
metal for a period of time sufficient to bring 
about the desired cracking and accordingly in or 
der to obtain the maximum yield of the lighter 
valuable hydrocarbons such as those which go to 
form gasolene, it has been necessary to re-run 
and re-circulate the residuum and heavier Con 
densates many times before the maximum gaSO 
lene yield is obtained, 
The object of this invention generally stated is 

to provide a proceSS and apparatus for Cracking 
petroleum employing a fused metallic bath and to 
so regulate the foW of petroleum through the 
bath that the maximum cracking is accomplished. 
A further object of this invention is to provide 

a process and apparatus for treating petroleum in 
which contamination of a fused metallic bath is 
avoided. 
Another object of this invention is to provide a 

process and apparatus of treating petroleum in 
which the heavier components are separated 
from the vapors Which are to be contacted with 
a fused metal bath. 
A more specific object of this invention is to 

provide an apparatus for treating petroleum em 
ploying a fused metallic bath and so constructed 
and arranged as to attain the maximum heat ef 
ficiency. 
Other objects will become apparent to those 

skilled in the art when the following description 

(C. 196-18) 
is read in connection with the accompanying 
drawing, in which: 

Figure 1 is a view Somewhat diagrananatic in 
form illustrating generally the relative position 
of the various pieces of apparatus employed in 
the process of the present invention and particu 
larly the heating arrangement for the contact 
chamber, which is shown in sectional side eleva 
tion. 

Figure 2 is a detail view of a needle valve en 
ployed in the apparatus shown in Figure 1. 
In accordance. With the present invention, one 

embodiment of which is illustrated in the ac 
companying drawing, the petroleum to be treated 
is preferably first preheated under pressure to an 
extent such that the lighter components will be 
Vaporized. The vapors thus obtained are then 
introduced into the presence of a bath of molten 
metal, Such as for instance lead, which is prefer 
ably heated to a temperature Suficient to ac 
complish pyrogenic decomposition of the petro 
leun Vapors. In accordance With the present-in 
Vention, the chamber containing the metallic 
bath is preferably arranged so as to impede the 
foW of petroleum vapors therethrough and in ac 
COrdance With the embodiment illustrated in the 
accompanying drawing the chamber is disposed 
in a Substantially horizontal position so that the 
petroleum is caused to move in a lateral direction 
between the point of delivery to the bath and the 
point of exit therefrom. When the petroleum, 
which may be either a preheated liquid or a wa 
por, is thus caused to move in a lateral direction, 
it is apparent that the rate of movement of the 
petroleum is considerably, less than when it is 
permitted to move in a vertical direction and 
accordingly the period of contact between the 
molten metal and the petroleum under treatment 
is substantially prolonged. So that the maximum 
cracking is accomplished and a greater yield of 
lighter hydrocarbons is obtained than Would 
otherwise be possible. 

Referring now particularly to the drawing, 
illustrating one embodiment of the present in 
vention, the petroleum to be treated, which may 
be either a natural crude or a fuel oil, that is a 
petroleum from which the lighter hydrocarbons, 
have been previously stripped, may be conveyed 
from a suitable source of Supply through a pipe 
and delivered to a pump 2 for maintaining 

pressure upon the petroleum throughout the 
process. From the pump 2 the petroleum to be 
treated is delivered to a pipe 3 and conveyed 
by means of a pipe to a petroleum heater, 
Which in the embodiment illustrated in the ac 
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2 
companying drawing, is shown as a coil 5 com 
prising the desired number of turns and dis 
posed in a chamber 6 for contact with hot flue 
gases in a manner to be later described. The 
temperature of the chamber 5 may be regulated 
by suitably controlling the flow of flue gases 
therethrough in order that the petroleum in the 
coil 5 may be preheated to the desired extent, 
it being understood that the heating arrange 
ment is preferably so arrainged that as the pe 
troleum moves from right to left, as seen in the 
dra Wing, it gradually becomes hotter until the 
desired temperature, Which Inay be for instance 
600 to 700° F. is attained. From the heating 
coil 5, the preheated petroleum is conducted 
through a pipe Such as to a Suitable expansion 
tank 8, it being understood that the natural 
resistance of the pipe to the flow of petroleum 
therethrough is generally sufficient to create the 
necessary pressure differential between the ex 
pansion tank 8 and the coil 5 so that the lighter 
cornponents will be vaporized upon reaching the 
tank 8. It is, however, to be distinctly under 
stood that suitable pressure relief Valves may be 
provided in the line in order to maintain the 
desired pressure differential between the ex 
pansion tank 3 and the heating coil 5. Upon 
reaching the expansion tank 8, the lighter con 
ponents of the preheated petroleum will be va 
polized, While the heavier components, Such as 
for instance those which go to form fuel oil 
will settle as a liquid in the bottom of the tank 
3 to be disposed of in a manner later to be 
described. It will be understood, however, that 
in lieu of such a heating coil 5. and an expansion 
tank 3, a suitable batch still may be employed. 
In order to reduce the vapor tension and facili 
tate vaporization of the lighter fractions in ex 
pansion tank 8, a supply of steam may, in ac 
cordance with the usual practice be supplied 
thereto by a series of jets . 
The vapors of the lighter components may be 

conducted through a pipe 8 to a valve , which 
may, if desired, automatically Operate to control 
the flow of vapors through a delivery tube 2 
for delivery into the fused metallic bath. The 
valve is preferably of the needle type and 
may be of any Well knoW in construction, Such as 
for instance that illustrated in Figure 2 in Which 
a needle extends through delivery tube 2 
and seats against a seat if adjacent the end 
thereof. The valve opening may be regulated 
by manipulation of handle 2. 
In accordance with the present invention, the 

channber which contains the fused metal, to 
Which the petroleum is to be exposed is preferably 
tubular in form, as illustrated at 3, it being 
understood, however, that the chamber 3 may 
be of any desired shape and dinnensions, prefer 
ably extending in a Substantially horizontal di 
rection and of Such length as to cause the pe 
troleum delivered thereto from the delivery tube 
2 to inove a substantial distance in contact with 

the molten metal therein. In the embodiment 
illustrated in the drawing, the chamber 3 is 
provided with a main portion 4, having a sub 
stantially uniforin Cross-sectional area and ex 
tending in a substantially horizontal direction. 
At each end of the main portion 4, portions 5 
and 6, having a larger cross-sectional area are 
provided and it is apparent from the drawing 
that the deliveity tube 2 communicates with the 
chai:Rber 3 in the region of the enlarged portion 
5. The chanber 3 is, as heretofore pointed 

out, adapted to contain a column of molten metal 

2,112,149 
, which may be for instance lead, completely 

filling the main portion 4 of the chamber 3 
and extending into the enlarged portions 5 and 
6. Connected with the enlarged portion S is 

a sleeve 8 extending substantially vertical as a 
stack and suitable openings may be provided 
in the sleeve 3 for initially filling the chamber 
3 with lead. As illustrated in the accompany 

ing drawing the lead preferably extends for 
a distance lip into the sleeve i8, as well as for 
a distance up into the enlarged portion 5 So 
that the enlarged portions 5 and 6 form in 
effect risers to permit the expansion of lead 
in that region. When the chamber 3 is initially 
filled from the sleeve 3, however, With the de 
vice in the position illustrated in the accompany 
ing drawing, it is apparent that a small amount 
of gas will be entrapped in the enlarged portion 
5 above the level of the lead in the main por 

tion 4. Accordingly the unoccupied Space in: 
the enlarged portion 5 above the level of the 
lead therein permits expansion of the lead in 
that end of the chamber upon reheating, should 
that, end become heated to the melting point of 
lead, or any other metal employed, before the 
metal in the enlarged portion f6 is melted so 
that the expansion could be accommodated in 
the sleeve 8. It is apparent, therefore, that the 
enlarged portions 5 and 6 each operate to ac 
commodate the lead upon expansion thereof 
When the chamber is initially heated. 
In accordance with the present invention the 

chamber 3 is mounted for contact With the 
gases of combustion from a suitable burner, such 
as 9, which may be supplied with fuel oil or 
fixed gases resulting from the process. In order 
to accomplish this a casing may be provided 
about chamber 3 and burner 9 so that the 
gases of combustion may be directed from the 
burner through openings 2, 22 into a heating 
chamber 23 surrounding the chamber 3 and in 
accordance with the present invention the space 
between the inside wall of the heating chamber 
A3 and the outside wall of the enlarged portion 
5 of the chamber 3 is preferably sealed off by 

a wall 24. Accordingly the gases of combustion 
emerge from the heating chamber 23 through a 
tube 25 extending lengthwise through the cham 
ber 3 SO that the molten metal contained with 
in the chamber 3 is heated not only from the 
exterior of the chamber but also from the inte 
rior of tube 25. Some of the gases from the 
heating chamber 33 may pass through an open 
ing 26 to the heating chamber 6 surrounding the 
coil 5, while the remainder thereof passes 
through tube 25, stack 2 and into the heating 
chamber 6 from whence they are ultimately de 
livered to Stack 28. It will be understood that 
Suitable dampers Inay be provided for regulat 
ing the fiOW of the flue gases from the burner 
9 through the heating chambers 23 and 6 in 

Order that the temperatures may be regulated 
as desired. For instance in operation, it will 
generally be desired to maintain the tempera 
ture of the metal bath in the chamber 3 at 
between 800° and 1100° F. depending upon the 
nature of the petroleum to be treated, while at 
the same time the temperature of the petroleum 
heater, such as coil 5, Will be maintained at be 
tWeen 600 and 700°F. 
When the petroleum vapors from the delivery 

tube 2 are delivered to the chamber 3, it is 
apparent that the tendency will be for these 
Vapors to rise directly from the Surface of the 
molten metal in the chamber 3 and so Will 
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2,112,149 
accumulate in the Space existing above the Sur 
face of the molten metal in the enlarged end 5. 
It Will be observed, however, that the space in 
Which the vapors are confined in the enlarged 
end 5 is relatively small so that the vapors are 
maintained in close contact with the fused metal 
column. When, however, sufficient vapors have 
been accumulated in the enlarged end 5 to force 
the molten metal downwardly to the level at 
Which it exists in the main portion 4, it is ap 
parent that the vapor bubbles will begin to travel 
to the right toward the sleeve 8. During the 
travel of the vapors laterally through the main 
portion A it is apparent that the movement 
thereof will be relatively slow due to the fact 
that they will be confined between the molten 
metal and the outer wall of the chamber 3, be 
ing at all times subjected, at least to a pressure 
Corresponding to the Weight of the molten metal 
column above the level thereof. It is apparent, 
therefore, that during the retarded movement 
of the Vapor bubbles laterally through the main 
portion 4 that the heat of the lead column, be 
ing preferably between 800° and 1100° F., will be 

3 Such as to accomplish the maximuin cracking 
and accordingly the yield of lighter hydrocarbons 
Will be increased. During this cracking, however, 
as is well known, some free carbon is liberated, 
which in the process of the present invention, 
due possibly to the fact that the vapor bubbles 
tend to move individually through the bath, is 
carried along with and up into the sleeve 8. 
When the vapor bubbles have moved laterally 
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for a sufficient distance to bring them into the 
region of the enlarged portion 6, it is apparent 
that they will rise rapidly to the surface, and 
having undergone a pyrogenic decomposition re 
sulting in the formation of the lighter hydrocar 
bons and free carbon, will escape from the SUr 
face of the molten metal and collect in the 
sleeve 8. An outlet 29 communicates with the 
sleeve 8 above the level of the molten metal 
and operates to convey the cracked vapors and 
the free carbon carried thereby to a suitable re 
flux condenser 3 which may be of any suitable 
Well known construction. As the cracked vapors 
from the chamber 3 flow upwardly through the 
reflux condenser 3 they will encounter a stream 
Of petroleum or fuel oil to be later treated and 
which may be Supplied to the condenser 3 from 
the pipe 3 through a pipe 32 suitably controlled 
as by a valve 33. In the reflux condenser 3, the 
higher boiling point components may be con 
densed and carried on with the reflux being con 
ducted from the condenser 3 to a pipe 34 from 
whence they may be delivered to the pump 2 for 
supply to the petroleum heater 5. The vapors 
which pass through the reflux condenser 3 may 
be delivered to a suitable condenser 35, fraction 
atting condensers, and the like for obtaining the 
various products. 

It will be understood that the liquid obtained 
from the expansion tank 8 may be delivered to 
a suitable pipe 36 by which it may be conducted 
to the pump 2 for recirculation through the 
systern or may be conducted through a pipe 3 to 
a suitable oil storage tank from which it may 
be fed to the burner 9 for combustion. 
Although in the foregoing description certain 

theories of operation have been advanced, prin 
cipally with reference to the action of the pe 
troleum vapors within the chamber 3 and the 
effect of the lateral movement therein upon the 
Vapors, this has been done merely to facilitate 

3 
the disclosure, and it is to be distinctly under 
stood that the invention is not limited to any 
theoretical consideration nor even to that theory 
which has, for the purpose of illustration, been 
referred to hereinbefore. In the actual operation 
of the process of this invention, a high yield 
of those hydrocarbons which go to form gaSO 
lene is obtained and a feature of particular in 
portance is the fact that as the vapors pass 
through the metal bath within the chamber 3 
the free carbon liberated during the cracking 
is carried off by the vapors and collected with 
the pressure distillate from the CondenSer 35. In 
passing through the metal bath, the vapors not 
only carry with them that free carbon which is 
liberated on cracking, but also any other impur 
ities which may have been delivered, so that con 
tamination of the lead. Within the chamber 3 is 
avoided. 
As an illustration of the practical Operation of 

the process of this invention a crude from Som 
merset County, Kentucky, yielded 30% natural 
gasoline (Without cracking) which when tested 
was found to have an “octane number” of 49. 
The Sane Crude, however, When treated in ac 
cordance with the process of this invention 
showed a gasoline yield of 45% having an "oc 
tane number' of 68. It is apparent, therefore, 
that cracked gasoline produced in accordance 
with this invention is far superior to natural gas 
oline from any chosen crude. 
From the foregoing description, it will be ap 

parent that many modifications of the invention 
hereinbefore described and set forth in the ac 
Companying drawing, Will present themselves to 
those skilled in the art and will not depart from 
the spirit of this invention. It is to be distinct 
ly understood, therefore, that the invention is 
not limited to the specific details which have 
been hereinbefore set forth and illustrated in the 
accompanying drawing, and that such modifica 
tions and the use of such individual features 
and Sub-combinations of features as do not de 
part from the spirit of this invention are, al 
though not specifically described herein, contem 
plated by and within the scope of the appended 
claims. 

Having thus described the invention, what is 
claimed is: 

1. An apparatus for treating petroleum com 
prising, a tubular chamber extending Substan 
tially horizontally and adapted to contain molten 
metal, Said chamber having a main portion 
adapted to be completely filled with molten metal 
and end portions rising above the level of the 
Imetal in the main portion, and means for in 
jecting petroleum into the chamber below the 
level of the metal in the main portion. 

2. An apparatus for treating petroleum com 
prising, a tubular chamber having a main por 
tion extending Substantially horizontally and 
adapted to contain molten metal, a plurality of 
risers Communicating With the chamber and ex 
tending thereabove and means for injecting pe 
troleum into the bottom of said chamber. 

3. An apparatus for treating petroleum com 
prising, a tubular chamber having a main por 
tion extending substantially horizontally and 
adapted to contain molten metal, a plurality of 
risers communicating with the chamber and ex 
tending thereabove, and means for delivering pe 
troleum to the bottom of Said chamber beneath 
One of Said risers. 

4. An apparatus for treating petroleum com 
prising, a tubular chamber having a main portion 
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extending substantially horizontally and adapt 
ed to contain molten metal, a plurality of risers 
communicating With the chamber and extending 
thereabove, means for delivering petroleum to 
Said chamber at the botton thereof, and an 
outlet in one of Said risers to permit escape of 
the petroleum vapors. 

5. An apparatus for treating petroleum com 
prising, Spaced coaxially arranged tubes Sealed 
together to provide an annular chamber having 
an internal passage therethrough, fusible metal 
in said chamber occupying the entire croSS Sec 
tion thereof and means for injecting petroleum 
into the chamber. 

6. An apparatus for treating petroleum com 
prising, a chamber extending Substantially hori 
ZOntally and having its entire croSS Section Oc 
cupied with molten metal, a needle valve for in 

2,112,149 
jecting petroleum into the chamber, a riser ex 
tending above the horizontal chamber and Sub 
stantially Spaced horizontally from the needle 
valve, said riser adapted to contain a quantity 
of the molten metal above the horizontal cham 
ber, and an outlet from said riser. 

7. An apparatus for treating petroleum com 
prising, a chamber extending Substantially hor 
iZOntally and having its entire Cross Section occu 
pied With molten metal, a Valve controlled con 
stricted opening for injecting petroleum into the 
chamber, a riser extending above the horizontal 
chamber and Substantially spaced horizontally 
from the constricted opening, said riser adapted 
to Contain a quantity of the molten metal above 
the horizontal chamber and an outlet from said 
rise. 

CHESTER A. EDWARDS. 
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