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This invention relates to a method for conver 
sion of hydrocarbon oils, particularly petroleum 
residual oils and lighter oils. This application 
is a continuation in part of application Serial 
No. 310,908, filed December 26, 1939. 
The invention of this application is directed to 

a process of conversion of petroleum oils, of high 
molecular Weight, as for instance, the conver 
sion of crude oils and residual oils into gas oil 
and gasoline, and the conversion of gas oil and 
kerosenes into gasoline and fractions lighter and 
heavier than gasoline. 

Petroleum oils and particularly heavy oils such 
aS residual fuel oils, Crude oils, heavy gas oils 
and heavy oils produced by cracking may be con 
Verted by the process of this invention into light 
el' bodies with high yields of gasoline, light gas 
oils by reaction of the oil with air or other oxy 
gen-containing gas. 

In the process of my invention air has two 2 
functions. When employing heavy oils at a tem 
perature insufficient to completely vaporize the 
oils, the air has the property of disintegrating 
the oil entering the reaction into small particles, 
and it has the property of dehydrogenating the 
oil, Whether liquid or vapor, and in so doing ap 
parently is accompanied by cission, cyclization 
and aromatization. 
The air and oil must be mixed in a mixing 

device to permit the disintegration of the un 
Vaporized oil into very fine particles if it is liquid, 
or to cause an intimate commingling of the oil 
if a vaporized feed is employed. This mixture 
is usefully carried out at a relatively low tem 
perature to inhibit reaction in the mixer, and its 
flow controlled to the proper degree, as herein 
after explained. Preferably the mixing temper 
ature should be below the thermal cracking tem 
perature of the oil. It preferably should be at 
a temperature at Which the reaction rate between 
the oil and air is low so that Substantially no re 
action occurs in the mixing zone. If a relatively 
high temperature is attained in the mixing zone 
the reaction proceeds rapidly in the zone with 
the formation of coke, excessive gas and excessive i5 
combustion. The control of temperature in the 
mixer may be accomplished by limiting the tem 
perature of the oil entering the mixer, also by 
employing air at a relatively low tempertaure and 
also by employing a mixer which is cooled, as for 
instance, by exposure to the air, where any tem 
perature rise is minimized by loss in radiation 
and convection. 
The mixture, after it is formed in the mixing 

tube, is expanded into an enlarged reactor-ex 
pander Where there is a material drop in pres 
Sure. The nature and the effects of the expan 
sion is controlled by the pressure drop occur 
ring on expansion and by the rate of flow of the 
feed hydrocarbons. By such proper control a 
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proper disintegration of the oil and a proper mix 
ture is made in the reactor expander to obtain 
the results of my process. 
I have found, as a result of eXtensive experi 

mentation, that the reaction between oil and 
OXygen-containing gas such as air, may be con 
trolled to produce high yields of high knock rat 
ing gasoline from heavier oils, with low losses 
to gas and coke and With substantially no for 
mation of products of combustion such as car 
bon monoxide and carbon dioxide. Fuel oils, 
gas oil and kerosenes, may be converted to gas 
oline hydrocarbons, and gasoline hydrocarbons 
of low knock rating, such as parafiinic and 
naphthenic gasolines, into high knock rating gas 
oline fractions which contain high contents of 
aromatic hydrocarbons boiling in the gasoline 
range, by employing air to dehydrogenate and 
convert the oil without burning any substantial 
amounts of the feed hydrocarbons, as is evi 
denced in the process of this invention, by the 
formation of gases substantially free of carbon 
monoxide and carbon dioxide. 
The reaction between air and oil at high ten 

peratures occurs in a Series of steps, involving the 
formation of alcohol, and as further oxygen re 
action occurs, aldehydes are formed. The alde 
hydes may break down to carbon monoxide and 
hydrogen, or the aldehydes may be burned com 
pletely to carbon dioxide and water. If suffi 
cient oxygen is available for combustion, carbon 
monoxide is converted to carbon dioxide. Part 
of the aldehydes may be oxidized to acids. These 
acids are unstable at high temperature and break 
doWn to Carbon dioxide without reaction with 
OXygen. This chain process of combustion is 
Well known in the art of combustion and has been 
given the name of “hydroxylation process of com 
bustion.’ While I do not wish to be limited by 
this theory of chemical combustion, I believe that 
it may be accepted as a valid explanation of the 
process of combustion. Whatever theory of com 
bustion is used, it is well known and I have been 
able to establish this fact in my own experience, 
that if oxygen and air are mixed under conditions 
to permit the establishment of the combustion 
process, that is, of this chain of combustion re 
actions, the gases contain large quantities of car 
bon monoxide. A large proportion of the oxygen 
used appears as carbon monoxide in the gases 
and a substantial proportion of the feed hydro 
carbons are converted to carbon monoxide. If 
an amount of air is used insufficient to com 
pletely convert the feed hydrocarbons into car 
bon dioxide and carbon monoxide, the process of 
combustion raises the temperature of the hydro 
carbons to thermal cracking temperature, under 
which conditions the oil is cracked into lighter 
hydrocarbons under a condition of imperfect 
combustion, With the generation of large amounts 
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of coke and lamp black and a high conversion of 
the hydrocarbons to gas. These processes are 
characterized by the presence of relatively large 
announts of carbon monoxide in the gases, tell 
tale of imperfect conbustion. The generation of 
large amounts of coke and large conversion of 
the feed to gas, the presence of large percentages 
of carbon monoxide, are among some of the char 
acteristic features of imperfect combustion crack 
ing processes. 
I have found that by the proper control of the 

reaction I am able to direct the reaction between 
the oil and air into an entirely different channel 
Or Course of reaction. Apparently the reaction 
proceeds primarily as a cission dehydrogenation 
proces. In this process a major proportion of 
the oxygen is used to abstract hydrogen from the 
molecule to form water. This is accompanied by 
a cission reaction in which hydrocarbons of lower 
molecular weight are formed. The gases are sub 
stantially free of carbon monoxide and in my 
process I have been able to conduct the reaction 
so that no or only a trace of carbon monoxide ap 
pears in the gases. There is no free oxygen pres 
ent and the gas formation and the amount of 
coke generated when Operating on heavy oils is 
far less and of a different order of magnitude 
than that present in in perfect combustion crack 
ing reactions. The process of dehydrogenation 
and cission is accorinpanied or followed by proc 
esses of cyclization and aromatization, since I 
produce gasoline fractions of high aromatic con 
tent from hydrocarbons of naphthenic and paraf 
finic nature. The process of conversion is accom 
panied by the formation of only Small amounts of 
carbon dioxide. This I believe is a result of the 
conversion of the oxygenated bodies which form 
as a result of secondary reaction in this process. 
These oxygenated bodies are in the inevitable 
consequence of the presence of the reaction be 
tween oxygen and oil. The annount of carbon 
dioxide and the percent of oxygen which goes to 
carbon dioxide is therefore an index of the oxy 
genation process Which goes on and I have found 
that by the proper control of the air while main 
taining efficient conditions of mixing and expand 
ing, I can keep this Oxygenation process at a 
minimum, as evidenced by the very limited con 
version of the oxygen and the feed to carbon 
dioxide. 
I have observed, however, that under conditions 

of my oneration in which the crintrol is such as 
to inhibit the formation of carbon monoxide, a 
dehydrogenation and cyclization process occurs in 
which the oxygen acts to extract hydrogen from 
the molecule to for in aromatic type gasolines. 
While I do not, Wish to be limited to any par 

ticular theory of the physical and chemical proc 
esses which occur and wish to embrace Within 
the limits of my invention the full Scope thereof 
within the claims forming a part hereof, t be 
lieve that the reactions described below explains 
the results of and the process occurring in my 
invention. This dehydrogenation reaction in my 
process apparently occurs preferentially to ain 
extent sufficient, to inhibit or prevent, the Combus 
tion reaction. The hydroxylation process of con 
bustion requires a relatively long Series of Steps 
before the combustion chain is completed. If 
the oxygen is robbed from this process by another 
mechanism, as for instance, by the dehydrogena 
tion reaction of my process, then the chance for 
the completion of the chain of combustion will be 
materially reduced and the formation of carbon 
monoxide will be inhibited or prevented. 
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2,336,057 
Ihave found that one of the important consider 

ations in attaining my results is the control of the 
mixing process and the control of the expansion 
process in the reaction. 
I have found that in a maldistributed condition 

of oil and gas in the reactor, at the temperature 
occurring in this process, there will be a region in 
which the ignition and combustion takes place. 
By forming the mixture in a uniform condition 
and by maintaining the coin position of the mix 
ture, that is, the ratio of air to oil, and its pres 
sure sufficiently low, I am able to control the re 
action in the reaction Zone so that ignition and 
combustion do not occur and the reaction pro 
ceeds in the non-combustion reaction region 
rather than in the combustion region or partial 
Combustion region. 
The pressure in the inixer is always higher than 

in the reactor. The partial pressure of the oxy 
gen is high both because the pieSSure is high and 
the condition at the initial stages of the mixing 
contains the oil in a maldistributed condition. 
There are regions in the nixer. Where there are 
high air/oil ratios. 
The condition of ignition and Colbuistion in 

the mixer is accelerated by increasing tempera 
tures in the mixer. At any given pressure in the 
mixer, and at any given iratio of oil to air, and 
for a given velocity of flow, there is a maximum 
temperature above which ignition and combus 
tion starts. I prefer to maintain the temperature 
in the mixer below this tenperature and to per 
nit Sufficient time in the mixing tube to form 
an intimate mixture. The mixture is discharged 
from the mixing tube before any substantial re 
actions between the oil and aii occuli's, as is here 
inafter explained. When the reaction proceeds 
in the reactor it is accompanied by a decreasing 
concentration of oxygen which is being consumed 
in the reaction to for in Water and some Oxygen 
ated bodies. There is also a rise in temperature. 
While this rise in temperature at the given pres 
Sure may tend to move the reaction in the direc 
tion of the ignition and combustion range, this 
movement would be countered by the diminution 
in the oxygen partial pressure. A diminishing 
partial pressure takes a higher temperature to 
move the air-oil mixture to the ignition range. 
The reaction occurring in my process is self-limit 
ing, that is, has an autonatic break. As Will be 
observed from the data, herewith reported, the 
temperatures reached are far below those which 
are attained in combustion processes, and the 
conversion of air and oil to carbon monoxide and 
carbon dioxide are inhibited. Notwithstanding 
that the temperature of the reactions are in 
creased the reaction is still maintained below the 
region of ignition with no formation of carbon 
monoxide. 

But whatever theory is adopted to explain the 
results of my process, find that by a proper con 
trol of the process I am able to cause a high con 
version of oil to high knock rating hydrocarbons 
With a low loss as gas and coke and substantially 
no loss of feed or formation of carbon monoxide 
by imperfect combustion of the feed hydrocar 
bons. 

ihis is attained in my process by forming the 
mixture at relatively low temperatures in a mixer, 
causing the mixture to expand into a lower pres 
sure Zone before the reaction between the air and 
the oil has obtained either a combustion reac 
tion or a substantial conversion reaction. It is 
preferable to discharge the air-oil mixture out 
Of the mixing tube before the reaction proceeds 
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very far, in other words, before the combustion 
chain is established. If this mixture is permitted 
to remain in the mixing tube too long the reaction 
between the air and oil in the maldistributed con 
dition occurs in the mixing tube with relatively 
high pressure air, or if a high mixing tempera 
ture is permitted to exist in the mixing tube, 
the combustion chain would be established and 
a coking of the tube result. 
The mixture when properly made is then ex 

panded into the lower pressure chamber. Upon 
expansion the disintegration previously discussed 
Occurs. The expansion, in addition to causing 
the disruption and disintegration of the oil, also 
reduces the partial pressure of the oxygen. This 
partial pressure is further dininished by the 
presence of the hydrocarbon gases resulting from 
the reaction and consumption of the oxygen in 
the formation of Water. 
By imparting to the stream a Suficient energy 

of flow the expansion of the oil and air into a 
lower pressure expander disrupts the oil into a 
fine fog of minute droplets of oil, Uniformly dis 
persed in the atmosphere of air at a lower pres 
Sure. In other Words before the combustion 
chain has reached the stage where the oxygen 
is reacting to form oxygenated bodies sufficient 
to cause the formation of carbon monoxide and 
coke, i. e. before imperfect combustion is ob 
tained, or before a temperature is attained to 
cause any material gasoline formation, the ex 
pansion of the oil into a low pressure ZCine callses 
a diminution in the concentration of the oxygen. 
The presence of an excess amount of hydrocar 
bons far in excess of the amount of any alcohols 
and aldehydes which may possibly be formed by 
the initial OXygenation in the reactor apparently 
robs the oxygen from the hydroxylation-combus 
tion reaction and the process proceeds mainly as 
a dehydrogenation reaction. More than 56% of 
the air and ranging up to 100% of the air goes 
to this dehydrogenation reaction. 
Air and oil is thus nixed to form a uniform 

mixture in which the oil, if it is liquid feed Such 
as a residual oil, is mixed with ai; at a tempera 
ture below its incipent Vaporation point, i.e. up 
to 5 to 10% of the oil vaporized, in order to pre 
vent surges of vapor and liquid in the mixture. 
If material partial vaporization cf a liquid feed 
is caused in the mixer there Will be sudden Surges 
in the mixer causing improper mixtures of air 
and oil. This may result in nonentary periods 
of high air/oil ratios of such magnitude as to 
cause the establishment of imperfect cornbustion 
in the mixer with accompanying coking up of : 
the mixer. The mixture occurs preferably at a 
relatively low temperature below that which 
would give sufficient time in the mixing tube to 
cause the combustion chain to he established. 
The temperature will be sufficiently low to pre 
vent any substantial conversion of the oil to gaso 
line in the mixing tube. Preferentially this mix 
ing tube is a line mixer. The mixture is dis 
charged into the expansion Wessel of Vastly in 
creased diameter before the reaction has pro 
gressed far enough to attain an active reaction 
temperature, 
The reaction of oxygen with Oil proceeds 

through an induction period. As air is mixed 
with oil at sufficiently high temperature there is 
a period of time during which very little reaction 
occurs between the Oxygen and the oil and then 
the reaction begins to accelerate, rising rapidly 
With a resulting increase in temperature. The 
higher the mixing temperature the shorter this 
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induction period. The mixture in the mixing 
tube, if maintained in the mixing tube for a 
Sufficient length of time, will, at the high pres 
sures and temperature in the nixing tube, com 
plete the combustion chain and combustion will 
occur. The inhibition of reaction in the mixing 
tube can be accomplished by controlling the con 
ditions of temperature of mixing and the length 
of time the mixture is in the mixing tube. 
The mixture is expanded into an enlarged 

chamber in which a substantial pressure drop oc 
curs. The reduced partial pressure of oxygen 
Will, as previously explained, further inhibit the 
generation of the completion of the combustion 
chain. The reduction in pressure on the air and 
the increase in temperature causes a tremendous 
eXpansion of the gas and a very large reduction 
in the oxygen concentration. The large quan 
tity of oil both in liquid and vapor form, as com 
pared to the relatively small quantity of oxygen 
ated bodies, would create a condition wherein 
the dehydrogenation reaction would be preferred 
to the completion of the coimbustion chain. The 
reaction therefore proceeds in the direction of 
dehydrogenation. If a condition is established in 
Which the Stratification of the oxygen occurs, so 
that there are local high ratios of oxygen to oil, 
there will be available sufficient oxygen for the 
completion of the combustion chain. Apparently 
also this would result in local high temperatures, 
notwithstanding that the average over-all tem 
perature Would be low. At high temperature the 
Combusion chain accelerates and may accelerate 
to a higher degree than the dehydrogenation 
Stage. The results would be imperfect combus 
tion. 
In the operation of my process, sufficient en 

ergy is imparted to the stream in the mixer and 
Sufficiently high velocities are imparted so that 
upon the expansion of the air-oil stream in the 
expander the drop in pressure across the orifice 
and expansion and enlargement in volume thus 
obtained causes an extensive disruption and dis 
integration of the oil stream into minute fog-like 
croplets of oil uniformly distributed in the at 
mosphere of air. In such a condition with proper 
Control of temperatures and air rates, the oil and 
air undergoes a dehydrogenation reaction without 
formation of carbon monoxide. If, however, this 
disruptive energy is not available by reason of 
the fact that the air pressure or the oil rates are 
cdiminished, so that the pressure drop and veloc 
ity of flow across the orifice formed by the junc 
ture of the mixing tube and the expander does 
not give the desired expansion and therefore does 
not have the disruptive energy available, no 
proper disintegration of the oil occurs, no proper 
mixture is formed. A phenomenon of stratifica 
tion of oil and air occurs, permitting oil to react 
With air under various conditions, some of which 
may be such as to permit combustion and the 
generation of excessive and local temperatures 
resulting in excessive loss by degradation to gas, 
carbon monoxide and carbon. 
The velocities of flow of air or oil through the 

mixer may be too great, or the mixing tube too 
short, so as not to give sufficient time in the mixer 
for an intimate commingling of the air and oil, 
and on discharge a stratified condition Will result. 
It is desirable to provide sufficient mixing time 
in the mixer so that in cooperation with the en 
ergies of flow available the proper type of disin 
tegration and distribution is obtained in the re 
actor-expander. 
Additionally the rate of feed of the oil may be 
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reduced to so low a figure that for the particular 
design of mixer, even though desirable air-Oil 
rates are employed to give the reactions when 
mixing conditions are properly established, the 
rate will be insufficient to give the desired mix 
ing and expansion. It will be found that within 
the limits herein described, and taking due ob 
servance of the nature of the products produced, 
as herein described, a proper design of mixer and 
proper control can be attained. 

For each mixer design there is a velocity or 
pressure drop, which if reached or exceeded will 
give the necessary disruption and mixing. This 
would vary with Warious mixer designs and a test 
which may be employed is the amount of Carbon 
monoxide that is present in the gases. It will 
be found that if this desirable mixing and ex 
pansion is attained, the carbon nonOXide coin 
tent of the gases will be substantially nil. If, 
however, this is not attained, then the carbon 
monoxide content of the gases will be high. 
The mixture travels from the point of mixing 

through a short length of tubing of restricted 
Cross-sectional area, at high Velocity and high 
turbulence and at relatively high pressure, to 
cause intimate commingling of the air. The 
stream is discharged into a reactor of greatly 
enlarged cross-sectional area through which re 
actor it passes in commingled state without sepa 
ration of components until it is discharged at 
a remote end of the reactor. The temperature 
rises upon expansion into the top of the reactor. 
The temperature at the top of the reactor is how 
ever below the maximum temperature obtained 
in the reactor. I prefer to maintain the tempera 
ture in the mixing tube to below about 50 F. 
so that I ensure substantially no reaction in the 
mixing tube. The reaction takes place substan 
tially entirely in the reactor. This ensures that 
the reaction will not occur in the Inixing tube 
where coke, if it accumulates, will cause the proc 
ess to be shut down. 
The mixture enters the reaction Wessel at a 

temperature near to or below the threshold re 
the reactor varied from 250 F. to 730 F. The 
action temperature of 700-750 F. In the exam 
ples given below the temperature at the top of 
the reactor varied from 250 F. to 730 F. The 
mixture of air and oil travels through the reac 
tion vessel in commingled state without separa 
tion of the oil and gas in a thoroughly distrib 
lated and uniform mixture. The reaction pro 
ceeds in the passage of the stream through the 
reactor, with rise in temperature until the maxi 
mum temperature is attained and a substantially 
complete utilization of the oxygen of the air OC 
CS. 
I maintain the mixture in the reactor Sufi 

ciently long to permit the attainment of maxi 
munn temperature and preferably long enough 
to ensure the substantially complete consumption 
of the oxygen of the air by the reaction. 

I have found in the apparatus and process ex 
emplified herein that if the mixing temperature 
measured at the point where the mixing temper 
ature is measured as described herein, attains 
650 F. or higher, using air pressures at the in 
let of the mixer of 95 lbs. or higher, coking pro 
ceeds inside the mixing tube and the process is 
rapidly shut down. While this temperature may 
vary with different sizes of mixing tubes and 
pressures employed, and with stocks processed, 
it will be found that as the temperature proceeds 
above this point, and up to about 700-750 F., 
the tendency to coke in the tube increases, and 
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2,336,057 
I prefer, as will be herein described, to control 
the mixing temperature below about 750 F., and 
preferably not above around 650 F. to 750 F., 
the lower temperature being preferred. 
The maximum temperature rise obtained in 

the reactor-expander depends upon the air/oil 
ratio employed. The inore air employed per bar 
rel of feed, the higher will be the rise in tempera 
ture from the mixing temperature to the maxi 
mum reaction temperature attained in the ex 
pander. I have found that there is a maximum air 
ratio which may be profitably employed to ob 
tain this necessary temperature rise and desired 
dehydrogenation reaction. The rate of conver 
sion of the oil, that is, the percent of the oil 
which may be converted into gasoline, gas oil, 
and other bodies under proper conditions of re 
action as herein described, to produce the dehy 
drogenation without any material formation of 
carbon monoxide, is a function of the temper 
ature attained in the reactor. The higher the 
temperature the greater the yield of gasoline and 
other light products. I have found that I can, 
by the proper control of reaction, obtain rela 
tively high conversion temperatures Without 
causing any combustion of the cil, or any mate 
rial conversion of the oxygen to carbon non 
Oxide. 
The nature of the process is also further 

brought out by the character of the products 
produced. The process may be operated to Con 
vert heavier fractions such as crude oil, fuel oil, 
gas oil, kerosene, into gasoline and gas oil frac 
tions and in Some cases into residuum and in 
others into Coke. he gasolines and light gas 
oils are of high aromatic content, as evidenced 
by the boiling points, gravities and viscosities. 
The gasolines are of high octane rate, ranging 
from 75 to as high as 88 octane and higher. It 
has been found that unlike other conversion 
processes, such as catalytic and thermal conver 
sion processes, the products of the reaction such 
as the residuun and gas oils formed may be re 
cycled into the process and upon reaction give 
ields of products similar to that of Virgin unre 

acted feeds. So also may crafcked productS, Such 
and gas oil and residuuns produced by thermal or 
catalytic processes, be processed by my proceSS. 

In operating the process to produce coke, I 
have found that, unlike the coke formed in ther 
mal cracking processes, which is massive coke 
and naust be cut out or bored out of the reac 
tion vessels, the coke formed is in discrete par 
ticles like grains of Sand apparently formed by 
the Coking of Small droplets of oil. 

I have found that in operating With Sufficient 
air rate to supply the necessary air for the dehy 
drogenation reaction, there is an initial tem 
perature, hereinafter referred to as “threshold 
temperature’. Which Inlist be attained by the re 
action between the oil and the air in order to ob 
tain substantial conversion of the oil. This 
“threshold temperature' Will change with vari 
ous stocks which may be treated but it will be 
found that with each stock there Will be such a 
ternperature below Which no substaintial conver 
Sion of the oil occurs. As this temperature in 
creases it will be found that the yields increase. 
In operating with a 17 A. P. I. gravity Los An 
geles Basin fuel oil or with other types of crude 
or residuums Cr as produced in this process or by 
thermal cracking, it has been found that this 
temperature lies in the range of about 725 to 
about 750° F. Oil and air commingled at a tem 
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perature of above about 200 to 300 F. or higher, 
will attain this threshold temperature under 
proper conditions of operation not by the com 
bustion of the oil, but primarily by the dehydro 
genation reaction. It has also been found that 
to obtain substantial conversion of the oil, it is 
desirable to employ air rates in exceSS Cf 200ut 
900 to 1000 cubic feet of air per barrel of cil. 
In this specification, wherever volumes of air or 
gas are given, it is to be understood that the vol 
ume is measured at 60° F. and 14.7 pounds ab 
solute pressure. Wherever liquid volumes are 
given it is understood they are measured at 60° 
F. This ratio will vary with the stock charged, 
but it will be found that for heavy oils such as 
the Los Angeles Basin mixed base fuel oils, or 
other residuum oils as described above, this 
threshold value of the air rate is desirable to ob 
tain a substantial conversion of the oil. The 
temperature rise which occurs as a result of the 
reaction of the oil increases as the air late is in 
creased. 
As the naximurn temperature attained in the 

reactor, which temperature hereafter will be 
termed the 'axinula 
rises, the yield of 400 end point gasoline rises. 
However there is also a rise in the amount of 
the charge which is converted into fixed gases 
lighter than gasoline and when operating on a 
fuel oil charge an increase in the total loSSes, i. e. 
gas, coke and other losses. There will be an 
economic limit as to the temperature which is 
to be employed and I have found that for eco 
nonic operations the temperature limits inay be 
taken approximately from 800° to 1100° F. 
I prefer to cause the temperature rise from 

about 700° to 750 F. to the maximum reactor 
temperature, i. e. to 800° to 1100° F. to occur in 
the reaction vessel during the travel of the 
mixed oil and air therethrough. The chamber 
is designed to give Sufficient time to permit of this 
reaction between the air and oil. While traveling 
through the chanber. 
With these criteria, in mind it, Will be found 

that tha useful range of temperature and air 
rates inay be taken as about 200° F. to 700° F. 
in the mixer, 800° F. to 1100° F. as the maximum 
reactor tenperature and from about 900 to 4000 
cubic feet per barrel of oil as the air rates to be 
employed. It Will be found that by properly 
choosing the temperatures and air rates in the 
ranges and by properly controlling the air rate, 
high yields of gasoline of high octane and low 
loss of feed to Coke and gaS may be obtained With 
but a mininuin utilization of air and a conse 
quent minimum annount of combustion of the 
feed and a minimum formation of oxidized prod 
uctS. 
This process will be better understood by ref 

erence to the accompanying drawing which 
shows a schematic illustration of cine application 
of my process. 

Oil from a Source of Supply is fed through line 
under pressure by a pump 2 to the coils 4 po 

sitioned in furnace 3 which furnace is heated by 
burners 5. The preheated oil enters the run 6 of 
the T mixer . Into the branch 8 of the T mixer 
air is introduced under pressure through line O 

controlled by Valve 9. The oil and air mixes in 
the mixer 7 and in line and is expanded into 
an enlarged combined reaction, coking and sep 
arating vessel 2. The oil and air passes in com 
mingled state Without separation of component 
parts through 2 until it gets to the outlet line 3. 
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5 
At this point there is a separation of CC imponents. 
The coke particles, as Will be later eXplained, 

continue downwardly and deposit in the lower 
part of the reactor i2 to be discharged continu 
ously through the outlet 3. The vapors and any 
unseparated coke particles exit through line 3 
into the separator i4. In the separator the Wa 
pors continue upwardly while the coke drops out 
and down into the lower part of the separator 4, 
to be withdrawn through line as explained 
later. The vapors exit through line 5 and enter 
through line 6 into the rectifier it. In this 
rectifier the Vapors are separated into a heavy 
gas oil fraction which forms a, bottoms and into 
lighter fractions. The heavy gas oil is withdrawn 
through line 8 by control of valve 9 and pump 
20. This gas oil may be recirculated to be mixed 
With the feed for reprocessing. The lighter frac 
tions exit as Vapors through line 2 into the rec 
tifier 22. In this rectifier the vapors are sep 
arated into gasoline and lighter components and 
an intermediate or light gas oil fraction. This 
light gas oil fraction is withdrawn through line 
23 by pump 24 and by the proper control of the 
valves 25 and 21 part of the withdrawn gas oil 
fraction is introduced as a reflux medium 
through line 26 into the rectlier it and the other 
part is paSSed through line 28 as will be furthed 
described. The gasoline and lighter fractions are 
Withdrawn through line 29 as vapors, condensed 
in condenser 30 and collected in receiver 3i. The 
Crude gasoline Condensate is withdrawn through 
line 32 by pump 33 and by the proper control of 
the Valves 34 and 35 part is returned through line 
31 to act as a reflux medium in rectifier 32 and 
the other part is withdrawn through line 36. The 
uncondensed fractions consisting of tine fixed gas 
and the uncondensed gasoline fractions, is with 
drawn through line 38 and introduced into the 
absorber 39 Wherein it is washed with a men 
Struun. Which is introduced through line 46 as 
Will be later described. In this absorber the gas 
oline fractions are removed and the fixed gases, 
Substantially freed of gasoline fractions, are 
Withdrawn through line 4G. Part of the stripped 
dry gases are discharged under control of valve 
50 through the line 5. Another part is passed 
through line 52 and recompressed by compressor 
53 and introduced into headers 57 and 54 to be 
used in the process by proper control of valves 55 
and 56. A portion of the light gas oil passing 
through line 28 is discharged through line 4 
controlled by valve 42 to a convenient receiver. 
Another portion passes through line 43 into the 
heat exchanger 44 and through cooler 45 to be in 
troduced through line is into absorber 39 from 
Which absorber the fat oil passes through line 4 
from 48 and interchanger 44 and through line 49 
to the rectifier 22 in which it is stripped of its gasoline fractions. 

Referring now to the handling of the coke, the 
coke which, as will be later described, is granular 
in the form of discrete particles, discharges 
through the discharge throat 58 of reactor 2 or 
discharge throat of separator f4. The coke 
Tenoying means is shown schematically at 59 
and 12. This is one of the many methods by 
Which such granular solid material may be moved 
and it is not intended as a limitation pOn Such 
method of movement but merely an illustration 
of One convenient method which I prefer. This 
Punp is a combination of a screw and a Olell 
natic conveyer. The solids passed by the screws 
59 and 72 rotated respectively by motors 60 and 
73, and is fed through an air chamber where it is 
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met by numerous jets of gas introduced through 
the gas rings 6 and 73 from headers 57 and 54 
respectively via lines 68 and 76 under the control 
of valves 65 and ii. This gas “aerates' the ma 
terial and expands and causes it to “flow.' There 
is provided “dust seals' 82 and 5. The material 
flows through line 63 and 8 respectively, in 
which lines it meets additional gas introduced 
through line 66 controlled by valve 67 and line 79 
controlled by valve 9'. The form of pump here 
illustrated is a well known type of pump for solid 
particles, and no novelty is claimed for this par 
ticular pump construction for moving the solids, 
except when used in the combinations and sub 
combinations shown in this application. 
The mixture of vapors and Solids and gases 

traveling through lines S3 and 3 may be intro 
duced into One of a nuinber. Of receivers which 
are manifolded so that they can be used inde 
pendently of each other. Two receivers 82 and 7 : 
are shown in the drawing to illustrate the proc 
ess. One is filled while the other is being cooled 
and discharged. Thus, for illustration, assume 
79 is cooling and discharging, while 82 is receiv 
ing. The material in line 63 passes through line 
68, and through line 85, valve 35 being opened, 
and valve 69 being closed. The material from 
line 8 passes to line 8 into line 83, valve 84 be 
ing opened and Valve 3 being closed. The mate 
rial discharges through these lines into the sep- : 
arator 82. Walve 98 being closed, valve 92 being 
opened, the Vapors and gases Separate from the 
coke which is deposited in the receiver 82 to ac 
cumulate therein. With valve 98 closed and valve 
9 and valve 96 opened, valve 93 being closed, the 3 
mixed vapor and gases enter through line 95 into 
the rectifier i. Receiver 78 now having cooled 
as explained herein, it is opened through a man 
hole provided therein, and not shown, and the 
coke discharged in any convenient manner to the 
atmosphere. The receiver is then closed. It is 
deaerated by opening Valve 38, gas passing 
through the receiver, line 94, valve to being 
opened, Valve 93 closed, the gas discharged 
through line fig and line 99. Thus, gas will dis- 3. 
place the air. When the receiver has been de 
aerated it is now ready to receive the discharge 
from the separators and reactors. Receiver 82 
now being full, the Valves 86 and 86 are closed 
and valves 69 and 3 are opened, valve closed, i 
valves 93 and 96 opened, 88 closed, valve 97 
closed, valve 98 opened and valve 92 opened. The 
coke is allowed to cool in the receiver 82, gas 
venting through valve 98 and line 93. Cooling 
may be accelerated by passing a coolant through : 
the maSS as for instance bypassing gases through 
line 89, valve 95 being opened, valve 92 being 
Opened, valve 98 being opened, valve 8 remain 
ing closed, valve remaining closed. When the 
coke has cooled down sufficiently, valve 9 being 
closed, Walve 92 being closed, the separator 82 is 
opened and the coke discharged, and the cycle 
is then repeated for these carbon receivers as is 
explained. 
In carrying out the process of this invention 

and this apparatus, the control is directed to 
the formation of Coke and Vaporous fractions 
and not to the formation of a liquid residue. 
The purpose of the process is to form a solid dry 
coke which is in Such discrete particles of Such 
relatively small size that it may be discharged 
Continuously from the reactors and Separated. 
There is thus produced a continuous coking 

ihe oil is preheated in heater 3. It is 
desirable to preheat the oil to a temperature-not 
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higher than the incipient vaporization tempera 
ture, that is, to vaporize not much more than 
5-10% of the feed stock. A partially vaporized 
stock or a stock heated to high temperature Will 
be materially vaporized on mixing With air and 
surges Will occur in the mixer. Such Surges 
cause uneven mixing, maldistributed oil and air 
iiixture, excessive local air/oil ratios, carboniza 
tion and excessive gasification. This may result 
in a clogged mixer due to accumulation of coke. 
The preheated oil is conningled With air un 

der conditions of control previously recited, such 
as to cause a conversion of the oil directly into 
coke and vapors Without any Substantial forma 

is tion of liquid residue or of carbon monoxide, 
that is, Without any substantial combustion of 
the cil. The oil is preheated to such a tem 
perature that at the air rates and temperatures 
of air ein ployed, the temperature of the mixture 
of oil and air shall be not over about 650° to 
i50 F., preferably not over about 650 F. The 
rates Of flow of the products are correlated to 
the size of the reactor and to the size of the 
nixer, to obtain the control whereby substan 
tially no formation of carbon monoxide is formed 
aS is eXplained above. Thus the air and the oil 
may be introduced into the mixer at a pressure 
cf about 120 to 140 pounds and the pressure in 
the reactor is maintained at about 35 pounds. 
AS an example of a useful ratio of the diameter 
of the mixer nozzle to the diameter of the re 
actor, wherein the results of this process are 
obtained at the ratio of about 160 to 1, as given as 
an illusti'ation. While one line mixer is shown, 
it is understood of course that a plurality of 
Such mixers may be employed in parallel, all 
discharging into the reactor 2. By the proper 
regulation of the feed rates of oil and the feed 
rate of air correlated to the mixer and reactor 
design and the pressures employed, the reaction 
may be controlled so as to produce a tempera 
ture at the top of the reactor of about 700° F. 
upward. The temperature rises as the mixture 
paSSes through the reactor until part way down it 
reaches a temperature of about 900 to 950° F. 
It has been found that if the maximum tempera 
ture attained is controlled to be in excess of 
about 900 F. and preferably above 925° F, un 
der the conditions here described, the oil is com 
pletely converted to coke and to vaporous prod 
uctS, no liquid residue being formed. 

In Operating my process I commingle the oil 
and air at the chosen temperature and rates as 
expanded herein. The mixture is commingled 
under Sufficiently high pressure and flow rates to 
pass the products at high velocity through the 
mixing tube. The time permitted in the mixing 
is preferably insufficient to raise the temperature 
to or materially above the “threshold reaction 
temperature' as hereinafter explained, with sufi 
cient time in the mixer to cause proper mixing, 
but preferably a sufficiently small period of time 
in the mixing nozzle to prevent material reac 
tion, as explained above. Observance of the 
principles described herein will permit a proper 
design of the mixer and expander combinations 
and a proper choice of operating-conditions. 
The mixture is discharged preferably substan 

tially unreacted as above described, from the 
mixing tube into the reaction vessel, which is 
many times greater in volume and diameter than 
the mixing tube. There is a consequent large 
drop in pressure. This drop in pressure and 
expansion ensures a disintegration of the oil into 
minute droplets finely dispersed through the 
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gaseous atmosphere. There is therefore a uni 
form distribution of oil in the air. Reaction 
Occurs and temperature rises rapidly from the 
threshold temperature which occurs near the 
top of the reactor to the maximum reaction tem 
perature attained in travel through the reactor. 
The oil is converted while in a disintegrated con 
dition in the form of fine droplets, The mix 
ture travels through the reactor and is dis 
charged at the bottom, the OXygen in the air 
being completely consumed. 

If the temperature attained is about 890-950 
F. or higher the fuel oil feed is completely con 
verted into vaporous products and coke. The 
coke is granular in nature due to the coking of 
the fine droplets of oil. It is collected in the 
bottom of the separator and reactor and is re 
noved as described. 
As an example for carrying out the process, a 

feed composed of LOS Angeles Basin residuum 
having a gravity of 17 A. P. I., flash of 230, 
viscosity of 103 seconds Saybolt Universal at 
122° F., and having an initial of about 470 F. 
and 5% distilling off at 570 F., is preheated to 
a, temperature of about 540 F. and mixed with 
air charged at about 80 F. at the rate of about 
2350 cubic feet per barrel of oil, the temperature 
attained in the mixer was about 300° F., the 
temperature attained at the top of the reactor 
is 700 F. and the maximum temperature at 
tained in the reactor 2 is 928 F., and the tem 
perature at the point of discharge from the re 
actor 3 is about 820 F. The size of the mixer 
7 in this example was 8' internal diameter and 
the internal diameter of the reactor was 20 : 
inches. The air and oil pressure was about 30 
pounds gauge at the mixer and the pressure in 
the reactor was 35 pounds gauge. There was 
produced 28.5% of gasoline as later described, 
18.5% of a light gas oil, 15.5% of a heavy gas 
oil and no residuum. The coke deposited was 
of a granular nature having the appearance of 
Sand. The coke was light and not massive. The 
gasoline Was of the following nature: 
A. P.I. gravity----------------- degrees-- 49.3 
A. S. T. M.-C. F. R. knock rating---------- 75.8 
Reid vapor pressure ----------pounds - 10.2 
Engler distillation: 

Initial ----------------- degrees F. - 98 
10% ------------------------- do---- 132 
50% ------------------------- do---- 238 
90% ------------------------- do---- 356 
End point-------------------- do---- 397 

The heavy gas oil such as is removable through 
line 8 had the following characteristics: 
A. P.I. gravity ---------------- degrees.-- 5.7 
Wiscosity, S. F. at 122°F. -----Seconds-- 1235 
The material such as will be removed through 
line 23 is a light gas oil having the following 
characteristics: 
A. P.I. gravity ------------------ degrees. 23 
Wiscosity, S. U. at 100 F. --------Seconds-- 38 
Distillation: 

Initial-------------------- degrees F. 403 
End point --------------------- do---- 653 

In this process the oil is heated in furnace 3 to 
various temperatures at or below the incipient, 
vaporization temperature of the oil. It is de 
sired that no substantial vaporization of the oil 
occurs in order to insure proper mixing condi 
tions. The mixer temperature, as described 
above, should be below the threshold reaction 

0 

30 

3 5 

40 

35 

70 

75 

7 
temperature, which for the oils of the nature ill 
lustrated in the example, run from 00-750 F. 
It has been found, however, that it is desirable to 
maintain the temperature below 650 F., since if 
the mixer temperature is allowed to rise to 650 
F. or higher eXcessive coking occurs and the mix 
er tends to Stop up When employing a feed as 
illustrated above. By carrying the temperature 
in the range of 900 F. and higher and preferably 
above 925 F. to 950 F., the oil, if it is of the 
residual nature such as described above, is con 
verted directly to coke. 
The temperature rise which occurs between the 

mixer temperature and the maximum reactor 
temperature, as illustrated above, is a function 
of the air/oil ratio, and the same reactor tem 
peratures are attained by increasing the temper 
ature of the feed and decreasing the ratio of air 
to oil. Thus, instead of using 2350 cubic feet per 
barrel of oil and a mixer temperature of 300° F., 
the same reactor temperature could be obtained 
by controlling the temperature of preheat and 
air/oil ratio to give a mixer temperature of 550° 
F. and an air/oil ratio of about 1750 cubic feet 
per barrel of oil. Or, the air/oil ratio may be 
increased to 3000 cubic feet per barrel and the 
mixer temperature reduced to about 228° F. by 
dropping the temperature of preheat and the 
above reactor temperature obtained. It has been 
found, however, that it is not desirable to raise 
the mixer temperature to above about 650 F. 
nor to drop the air/oil ratio below about 900-1000 
cubic feet per barrel of oil. For practical pur 
poses it will be found that in the range of a 
mixer temperature below about 600 F. and an 
air/oil ratio above about 1350 cubic feet per bar 
rel of oil to a mixer temperature of about 200 F. 
and an air/oil ratio of about 3000-3500 cubic feet 
per barrel illustrates useful ranges of reactor 
temperatures and air/oil ratios Whereby temper 
atures of around 900 F, to 950 F. may be at 
tained in this process to cause the conversion of 
residual fractions directly to coke and gas oil and 
gasoline. 
When controlled as herein described, it will be 

found that the process proceeds with substan 
tially no combustion of the oil. The fixed gases 
Will contain substantially no carbon monoxide 
and these may be as low as from 0 to .05% and 
Will contain carbon dioxide from 0 to 2.5%, per 
centages being volume percent of the wet gases 
issuing from receiver 3. Less than .1% to ndt 
much more than .6% of the feed will be convert 
ed into carbon dioxide, and from less than 5% 
to not much more than 12-15% of the air will 
be converted into carbon dioxide. From 70-90% 
of the oxygen appears as Water in the process, 
depending on the air/oil ratios used. The lower 
the air/oil ratios used the Smaller the amount of 
oxygen which will be converted to carbon diox 
ide and which will be used in converting the fuel 
to carbon dioxide and the higher the percentage 
of the oxygen which will appear as Water. 
The foregoing description of the process of the 

invention and the experimental data are not to 
be construed as limiting my invention, as they 
have been given for illustrative purposes only 
and changes and modifications may be made 
therein within the Scope of the appended claims. 
I claim: 
1. A continuous process for converting resid 

ual oil into gasoline and gas oil fractions and into 
coke which comprises preheating oil to not more 
than the incipient vaporization temperature of 
said residual oil while still substantially in the 
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liquid State, commingling said oil with air in a 
tube of restricted cross sectional area, at a ten 
perature below about 650-750 F., discharging 
Said Conninged air aid oil from Said tube before 
Said temperature reaches above about 750-800° 
F., While still in a liquid State cominingled With 
the air introduced into said mixing tube and be 
fore a gasoline or carbon monoxide forming re 
action occurs, into and through an enlarged 
space, at a materially reduced pressure, in com 
iningled form without any substantial separation 
of liquid oil from said air, for a time to permit 
the temperature to rise to active conversion tem 
perature of at least about 900-950 F. Without 
combustion of said oil, substantially completely 
converting said liquid oil into finely divided par 
ticles of coke and into vaporous and gaseous 
fractions lighter than said oil charged to the 
process, said lighter fraction comprising gasoline, 
hydrocarbon fractions lighter than gasoline and 
gaseous fractions substantially free of carbon 
monoxide or carbon dioxide, Said conversion and 
said temperature rise occurring solely by reaction 
between the air introduced into the Said mixing 
Zone and under a diminishing partial pressure of 
OXygen in Said expansion Zone, separating gaso 
line and coke fron said products of reaction. 

2. A continuous process for converting residual 
oil into gasoline and gas oil fractions and into 
Coke which comprises preheating cil to not more 
than the incipient Vaporization temperature of 
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Said residual oil. While still substantially in the . 
liquid state, commingling said oil With air in an 
unheated tube of restricted cross Sectional area, 
at a temperature below about 650-750 F., dis 
charging said commingled air and oil from Said 
tube before said temperature reaches above about 
750-800° F., while still in a liquid state com 
mingled with the air introduced into said mix 
ing tube and before a gasoline or carbon monox 
ide forming reaction occurs, into and through an 
enlarged space, at a materially reduced pressure, 
in commingled form without any substantial sep 
aration of liquid oil from said air, for a time to 
permit the temperature to rise to active conver 
sion temperature of at least about 900-950 F. 
without combustion of said cil, Substantially 
completely converting said liquid oil into finely 
divided particles of coke and into vaporous and 
gaseous fractions lighter than said oil charged to 
the process, said lighter fraction comprising gas 
oline, hydrocarbon fractions lighter than gaSo 
line and gaseous fractions substantially free of 
carbon monoxide or carbon dioxide, Said conver 
sion and said temperature rise occurring Solely 
by reaction between the air introduced into the 
said mixing Zone and under a diminishing partial 
pressure of oxygen in said expansion Zone, and 
separating gasoline and coke from said products 
of reaction. - 

3. A continuous process of converting residual 
oil into gasoline and into gas oil fractions and 
into coke, which comprises preheating Oil to the 
incipient vaporization temperature of said resid 
ual oil while still substantially in the liquid state, 
comminging said oil with air in a tube of re 
stricted cross sectional area, at a rate in excess of 
1000 cubic feet per barrel of oil, controlling this 
ratio of air to oil and the temperature of preheat 
of said oil and said mixing to obtain a tempera 
ture of the mixture not above about 650 F. 
and adjusting said air and oil flow and said 
temperatures to discharge said air and oil from 
said mixing tube in substantially unvaporized 
form and before a gasoline or carbon monoxide 
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forming reaction between said liquid oil and air 
Cccurs in said riixing tube, expanding said mix 
ture of oil and air from said tube into a chamber 
Of nuch greater croSS Sectional area, maintained 
at a pressure materially lower than the pressure 
in said tube, wherein said oil is disrupted into fine 
particles of oil, controlling said rate offlowin said 
tube by controlling the rate of feed of said oil and 
said air to discharge said mixture into said en 
larged reaction space where the temperature of the 
oil reaches an active conversion temperatue solely 
by reaction of the oil and air introduced into said 
mixing tube, passing said stream of air and oil 
particles in said reaction Space in a commingled 
State without separation of the parts of said 
Strean until Said stream has reached a temper 
ature in excess of around 900 F. to 950 F. under 
Continuously diminishing partial pressure of Oxy. 
gen. Without coinbustion of said oil to carbon 
monoxide, continuing said passage until said par 
ticles of oil have been completely converted into 
granular particles of coke and vaporous products, 
then separating the vapors from said coke, and 
Separating a high knock rating aromatic gasoline 
from said vapors and separating a fixed gas from 
said gasoline substantially free of carbon mon 
oxide and oxygen. 

4. A process of converting residual oil into gas 
oline and into gas oil fracticns and into coke, 
Which comprises preheating oil to the incipient 
Vaporization temperature of Said residual oil, 
Comminging said oil with air in a tube of re 
stricted cross Sectional area, at a rate of 1000 to 
4000 cubic feet per barrel of oil, controlling this 
ratio of air to oil and the temperature of preheat, 
of said oil and said mixing to cbtain a tempera 
ture of the mixture not above about 200 F. to 
700 F. and adjusting said air and oil flow and 
Said temperatures to discharge said air and oil 
from said mixing tube in substantially unvapor 
ized form and before a gasoline or carbon mon 
oxide forming reaction between said liquid oil 
and air occurs in said mixing tube, expanding 
Said mixture of oil and air fron said tube into a 
chamber of much greater cross-sectional area, 
maintained at a pressure materially lower than 
the pressure in said tube, paSSing said stream of 
air and oil in said reaction Space in a commingled 
State without, separation of the parts of said 
stream until said stream has reached a tempera 
ture upward of about 900 F. to 950 F. without 
material conversion of Said air to carbon non 
oxide under continuously diminishing partial 
preSSure of oxygen. Without combustion of said 
oil, continuing said passage until said oil has 
been completely converted into granular coke 
and vaporous products, then separating the va 
pors from said granular coke and separating gas 
oline from said vapors and separating a fixed gas 
from said gasoline substantially free of carbon 
monoxide. 

5. A process of converting residual oil into 
gasoline and into gas oil fractions and into coke, 
which comprises preheating oil to the incipient 
vaporization temperature of said residual oil, 
commingling said oil with air in a tube of re 
stricted cross sectional area, at a rate in excess of 
1000 cubic feet per barrel of oil, controlling this 
ratio of air to oil and the temperature of preheat 
of said oil and Said mixing to obtain a tempera 
ture of the mixture not above about 650 F. and 
adjusting said air and oil flow and said temper 
atures to discharge said air and oil from said 
mixing tube in substantially unvaporized form 
and before a gasoline or carbon monoxide form 
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ing reaction between said liquid oil and air Oc 
Curs in Said mixing tube, expanding Said mixture 
of oil and air from said tube into a chamber of 
much greater croSS-Sectional area, maintained at 
a pressure materially lower than the pressure in 
said tube, passing said stream of air and oil in 
said reaction Space in a commingled State with 
out separation of the parts of said stream under 
continuously diminishing partial pressure of oxy 
gen without combustion of Said oil until said 
stream has reached a temperature in excess of 
around 900 F. Without material conversion of 
said air to carbon monoxide, Continuing said pas 
sage until said oil has been completely converted 
into coke and vaporous products, then Separating 
the vapors from Said coke and separating gaso 
line from said vapors and Separating a fixed gas 
from said gasoline substantially free of carbon 
monoxide. 

6. A process of converting residual oil into 
gasoline and into gas oil fractions and into coke, 
which comprises preheating oil to the incipient 
vaporization temperature of said residual oil, 
commingling said oil with air in a tube of re 
stricted cross sectional area at a rate in exceSS 
of 1350 to 3500 cubic feet per barrel of oil, con 
trolling this ratio of air to oil and the tempera 
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ture of preheat of said oil and said mixing to ob 
tain a temperature of the mixture of about 200 
F. to 600 F., expanding said mixture of oil and 
air from Said tube into a chamber of much great 
er cross-sectional area maintained at a pressure 
materially lower than the pressure in said tube, 
Controlling Said rate of flow in said tube by con 
trolling the rate of feed of said oil and said air 
to discharge said mixture into said enlarged re 
action space before said temperature has reached 
an active conversion temperature of upward of 
750 F., passing said stream of air and oil in said 
reaction Space in a Commingled state Without 
separation of the parts of said stream under con 
tinuously diminishing partial preSSure of oxygen 
without combustion of said oil until said stream 
has reached a temperature in excess of around 
900 F. to 950 F. Without any substantial con 
version of said oil and air to carbon monoxide, 
continuing said passage until said oil has been 
completely converted into granular coke and va 
porous products, then separating the Vapors from 
said granular coke and Separating gasoline from 
said vapors and separating a fixed gas from said 
gasoline Substantially free of carbon monoxide. 

DAVID B. BE. 
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