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This invention relates to a process for the pro 
duction of high yields of good antiknock gaso 
line from hydrocarbon oil heavier than gasoline 
and more specifically to a process in which the 
charging oil, together with heavy insufficiently 
converted hydrocarbons, is thermally cracked 
and light insufficiently converted hydrocarbons 
are non-destructively hydrogenated either in the 
presence of or out of the presence of cracked 
residue formed in the thermal cracking step, and 
the insufficiently converted hydrocarbons from 
the hydrogenation step returned to the thermal 
cracking step for further treatment. 

Light insufficiently converted hydrocarbons 
and cracked residue formed in the thermal 
cracking process will ordinarily contain rela 
tively high percentages of olefinic and aromatic 
hydrocarbons of relatively low hydrogen content, 
and when subjecting these hydrocarbons to fur 
ther cracking (pyrolytic) relatively large amounts 
of carbonaceous substances and gas are formed, 
whereas the heavy insufficiently converted hy 
drocarbons and the charging oil will contain hy 
drocarbons of a relatively higher hydrogen con 
tent, since they are composed principally of 
paraffins and naphthenes, and these hydrocar 
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bons may be successfully cracked pyrolytically . 
without undue formation of gas and carbona 
ceous substances. If, on the other hand, the 
light insufficiently converted hydrocarbons and . 
cracked residue are subjected to a non-destruc 
tive hydrogenation treatment during which only 
relatively small yields of gasoline are produced, 
such insufficiently converted hydrocarbons sub 
jected to this treatment are converted into hy 
drocarbons of a higher hydrogen content and 
may be subjected to further thermal cracking, 
thereby considerably augmenting the yield of 
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genation step to separate gasoline boiling range 
hydrocarbons from the heavier products, return 
ing said heavier products to the thermal crack 
ing step, and finally condensing the gasolineboil 
ing range hydrocarbons separated in both steps. 

In a more specific embodiment, the invention 
comprises Subjecting a hydrocarbon oil to 
thernal cracking in a heating coil and commu 
nicating reaction chamber, separating the con 
version products into a non-vaporous liquid resi 
due and vaporous conversion products, fraction 
atting said vaporous conversion products, together 
with the charging oil, to Substantially separate 
fractionated vapors boiling in the range of gaso 
line from the higher boiling hydrocarbons, in 
cluding the higher boiling insufficiently convert 
ed hydrocarbons and charging oil, further sep 
arating said higher boiling hydrocarbons in the 
fractionating Zone into a light oil fraction and a 
heavy oil fraction, supplying said heavy oil frac 
tion to the thermal Cracking step as said hydro 
carbon oil, commingling said light oil fraction 
with said non-vaporous liquid residue and react 
ing the mixture with hydrogen to increase the 
hydrogen content thereof, fractionating the prod 
ucts from the hydrogenation step to separate 
gasoline boilinggange hydrocarbons and nor 
mally gaseous products from the heavier prod 
lucts, further separating said heavier products 
into light reflux condensate and heavy reflux 
condensate, supplying said light reflux conden 
sate to the thermal Cracking step, subjecting said 
heavy reflux condensate to conversion in a sepa 
rate heating coil and commingling the products 
from said Separate heating coil with the conver 
sion products leaving the first mentioned heating 
coil prior to the introduction of the latter to the 

gasoline ordinarily produced in the absence of 
such treatment. 
In one embodiment the invention comprises 

thermally cracking a hydrocarbon oil to form 
gasoline, insufficiently converted hydrocarbons, 
and liquid residue, separating said insufficiently 
converted hydrocarbons, together with the charg 
ing oil, into two fractions, a light fraction com 
prising relatively low boiling hydrocarbons, such 
as gas oil, and a heavy fraction containing the 
hydrocarbons boiling above said relatively low 
boiling hydrocarbons, supplying said heavy frac 
tion to the cracking step as said hydrocarbon oil, 
commingling said light fraction with said liquid 
residue and reacting the mixture with hydrogen 
to increase the hydrogen content thereof, sepa 
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reaction chamber. 
The accompanying diagrammatic drawing ill 

lustrates in conventional side elevation one spe 
cific form of the apparatus which may be used 
to accomplish the objects of the invention. It 
should be understood, however, that the inven 
tion is not limited to the particular form of ap 
paratus herein described but may be applied to 
other thermal cracking processes in which in 
sufficiently converted hydrocarbons formed dur 
ing conversion have a relatively low hydrogen 
content and where it is desirable to increase the 
hydrogen content in Order to improve the yields 
of gasoline obtained from such processes. 

Referring to the accompanying drawing, hy 
drocarbon oil of the type to be described later 
is supplied to heating coll f in the manner to 

rately fractionating the products from the hydro- 55 be described, preferably under a superatmos 
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pheric pressure ranging, for example, from 100 
to 500 pounds or more per square inch and is 
heated therein to a cracking temperature of the 
order of 850 to 1050°F, or thereabouts, by means 
of heat supplied from furnace 2. Reaction prod 
ucts leaving coil are directed through line 3 
containing valve 4, commingled with other rea 
action products formed in the manner to be de 
scribed, and the mixture supplied to reaction 
chamber 5. 

Reaction chamber 5, in the case here illus 
trated, is preferably maintained under a supera 
atmospheric pressure of approximately the same 
order or sightly less than that employed on the 
outlet of the heating coil and is preferably in 
sulated to reduce radiation losses and conserve 
heat in order that cracking reactions instigated 
in the heating coils may proceed to the desired 
degree of completion. Conversion products 
leaving reaction chamber 5 are directed through 
line 6 containing valve into vaporizing and 
separating chamber 8 which, in the case here 
illustrated, is preferably operated at a substants 
tially reduced pressure relative to that employed 
in chamber 5 which may range, for example, 
from 50 to 150 pounds or more per square inch. 
Waporous conversion products Supplied to cham 
ber 8 are separated from the non-Vaporous liq 
luid Conversion products and the latter substan 
tially further vaporized to form a non-vaporous 
liquid residue. Non-vaporous liquid residue sep 
arated in chamber 8 is removed therefrom by 
way of line 9 and may be recovered as a product 
of the process by way of line O containing valve 

. Preferably, however, the non-vaporous liq 
uid residue in line 9 is directed through valve 
2 to pump 3 which discharges through line 4 
containing valve 5 into line 42 and the non-va 
porous liquid residue thereafter subjected to 
treatment in the manner to be described. 
Waporous conversion products, together with 

vapors evolved in chamber 8, are directed 
through line 6 containing valve into frac 
tionator 8. Preferably also, charging oil which 
may comprise a relatively heavy reduced crude 
oil or some similar hydrocarbon oil is supplied 
to fractionator 8 by way of line 9, valve 20, 
pump 2 ?, line 22, and valve 23. Charging oil 
and vaporous conversion products are fraction 
ated in fractionator 8 to separate fractionated 
vapors boiling substantially in the range of gaSO 
line from the higher boiling hydrocarbon oils 
and the latter substantially further separated 
into a relatively light hydrocarbon oil fraction 
comprising, for example, hydrocarbons boiling 
substantially in the range of gas oil or the like 
and a heavier hydrocarbon oil fraction which 
contains a hydrocarbon oil boiling above said 
light oil fraction. The heavy oil fraction sepa 
rated in fractionator 8 is directed through line 
24 containing valve 25 to pump 26. Pump 28 
discharges through line 27 containing valve 28 
and the heavy oil fraction is commingled with a 
light reflux condensate fraction separated in a 
subsequent fractionation step in the manner to 
be described, and the resulting mixture Supplied 
to heating coil for treatment in the manner 
previously described. 

Fractionated vapors separated in fractionator 
are conducted through line 29 containing 

valve 30 to cooling and condensation in condens 
er 3. Distillate, together with undissolved and 
uncondensed gases from condenser, is directed 
through line 32 containing valve 3 into receiver 
34 wherein the distillate and gases are collected 
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and separated. Undissolved and uncondensed 
gases Collected and separated in receiver are 
directed through line is containing valve 3, 
recovered as a product of the process or subject 
ed to any desired further treatment. A portion 
of the distillate Collected and separated in receiv 
er 4 is returned to the upper portion of frac 
tionator f, by well known means not shown, as 
a refluxing and cooling medium in cooling the 
end point of the fractionated vapors, while the 
residual portion thereof is removed from receiver 

by way of line 37 containing valve 38, recov 
ered as a product of the process or subjected to 
any desired further treatment, 
The light oil fraction separated in fractionator 
8 is directed through line 39 containing valve 

- 40 to pump 4. Pump 4 discharges through 
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line 42 containing valve 43, and this light oil 
fraction, in the case here illustrated, may be 
Commingled with the non-vaporous liquid residue 
from chamber 8, the mixture commingled with 
hydrogen and a suitable powdered catalyst in 
troduced by way of line 44 containing valve 45, 
and the mixture supplied to heating coil 4. 
The Catalytic material may comprise any suit 

able hydrogenation catalyst preferably of the 
type not readily poisoned by sulfur compounds 
and may include the Oxides or sulfides of com 
pounds, such as molybdenum, chronium, nickel, 
iron, and the like. The mixture of oil, catalyst, 
and hydrogen introduced to coil 46 is heated 
therein to a temperature of the order of 600 to 
900' F. by means of heat supplied from furnace 
4. The heated mixture leaving coil 46 at a 
Superatmospheric pressure of the Order of 100 to 
300 pounds or more per square inch is directed 
through line 48 containing valve 49 into reactor 
50. The conditions, including time of contact, 
amount of hydrogen, temperature and pressure, 
are normally adjusted So that comparatively lit 
tle destructive hydrogenation to low boiling hy 
drocarbons occurs, for it is intended to increase 
the hydrogen content of oil subjected to treat 
ment in this step, so that upon further cracking 
of this hydrogenated oil additional yields of val 
uable motor fuel may be obtained, 

Reaction products, together with used catalyst, 
leaving reactor 50 are directed through line 5 
containing valve 52 into fractionator 53. Unused 
catalyst is separated from the reaction products 
in fractionator 53 and is removed from the system 
along with heavy residual oils supplied to and 
formed in the hydrogenation treatment by way of 
line 54 containing valve 55. The catalyst may 
be recovered from the heavy residual oil, reacti 
vated, and returned to the system for further 
treatment. Reaction products from which heavy 
residual materials have been removed are further 
fractionated in fractionator 53 to separate frac 
tionated vapors boiling substantially in the range 
of gasoline from the higher boiling reaction prod 
lucts and the latter condensed and removed from 
the fractionator as light and heavy reflux con 
densate fractions. 

Fractionated Vapors separated in fractionator 
53 are conducted through line 56 containing 
Valve 5 to Cooling and condensation in con 
denser 58. Distillate, together with undissolved 
and uncondensed gases from condenser 58, is di 
rected through line 59 containing valve so into 
receiver 6 wherein the distillate and gases are 

75 

collected and separated. Undissolved and uncon 
densed gases Collected and separated in receiver 

are removed therefrom by way of line 2 con 
taining valve 3 and, when desired, unused hydro 
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gen in the gas may be separated by well known . 
means, not shown, and this unused hydrogen re 
turned to the hydrogenation step for further use, 
or all of the gas removed from receiver 6 may be 
recovered as a product of the process. 
of the distillate separated in receiver 6 may be 
returned to the upper portion of fractionator 63 
by well known means, not shown, as a refluxing 
and cooling medium in cooling the end point of 
the fractionated vapors, while the residual portion 
thereof is removed from receiver 6 by way of line 
64 containing valve 65, recovered as a product of 
the process or subjected to any desired further 
treatment. 

Tight reflux condensate separated in fraction 
ator 53 is directed through line 66 containing 
valve 67 to pump 68 which discharges through 
line 69 containing valve 70 into line 27 and the 
light reflux condensate subjected to treatment in 
the manner previously described. Heavy reflux 
condensate separated in fractionator 63 is di 
rected through line 7 containing valve T2 to 
pump 73. Pump 73 discharges through line T4 
containing valve 75 into heating coil 76 which 
receives heat from furnace TT. The heavy reflux 
condensate in passing through coil 76 is heated to 
a thermal cracking temperature which may 
range, for example, from 850 to 975 F, or there 
abouts. Reaction products leaving coil 76 at a 
superatmospheric pressure of the order of 100 to 
500 pounds per square inch are directed through 
line 8 containing valve 79 into line 3 and these 
reaction products subjected to treatment in reac 
tion chamber 5 in the manner previously de 
scribed. 
An example of one specific operation of the 

process as it may be accomplished in an apparatus 
such as illustrated and above described is ap 
proximately as follows: 
A 24 A. P.I. gravity topped crude oil is sub 

jected to thermal cracking in a conventional coil 
and chamber type cracking system at a cracking 
temperature of 920 F. and at a pressure of 250 
pounds per square inch. Instead of returning all 
of the insufficiently converted hydrocarbons to 
the cracking system, a light oil fraction is sepa 
rated which is commingled with the cracked resi 
due and this mixture is non-destructively hydro 
genated in the presence of a nickel catalyst at a 
temperature of 800 F. and under a superatmos 
pheric pressure of 750 pounds per square inch. 
The products from the non-destructive hydro 
genation are fractionated to separate gasoline 
produced in the treatment from the higher boll 
ing hydrocarbons and the latter condensed in a 
fractionator as light and heavy reflux condensate. 
The light reflux condensate is supplied to the 
Original cracking step while the heavy reflux con- . 
densate is subjected to thermal cracking in a 
separate heating Co. at a temperature of 900' F. 
and at a superatmospheric pressure of 250 pounds 

A portion. 

3 
per square inch. The conversion products from 
the latter heating step are commingled with the 
products from the original heating step and the 
mixture subjected to treatment in the conven 

5 tional type treatment. 
In an Operation employing conditions as above 

described one may obtain, approximately 62% of 
72 Octane rating gasoline whereas a conventional. 
type process will produce approximately only 50% 

10 of gasoline of a relatively low octane rating, the 
... balance of the reaction products being principal 
ly liquid residue, gas, and loss. 
I claim as my invention: 
1. A hydrocarbon oil conversion process which 

15 comprises cracking a hydrocarbon oil to form 
vaporous and liquid conversion products, sepa 
rating resulting cracked vapors from non-vapor 
ous liquid residue, fractionating said cracked va 
pors to Condense and separate Selected relatively 

20 low and relatively high boiling reflux condensates, 
recovering the fractionated vapors, combining 
said relatively low boiling condensate with said 
liquid residue, subjecting the mixture to non 
destructive hydrogenation, fractionating the re 

25 sulting vaporous products of hydrogenation to 
form reflux condensate and to separate fraction 
ated vapors, and supplying at least a portion of 
said reflux condensate to the cracking step. 

~ 2. The process of claim 1 further characterized 
30 in that the cracked vapors are fractionated in the 

presence of charging oil and high boiling reflux 
condensate thus formed is supplied to the crack 
ing step. 

3. A hydrocarbon oil conversion process which 
35 comprises cracking a hydrocarbon oil to form va 

porous and liquid conversion products, separating 
resulting cracked vapors from non-Vaporous liq 
uid residue, fractionating said Cracked vapors 
to condense and separate selected relatively low 

40 and relatively high boiling refitX condensates, 
recovering the fractionated vapors combining 
said relatively low boiling condensate with said 
liquid residue, subjecting the mixture to non-de 
structive hydrogenation, fractionating the result 
ing vaporous products of hydrogenation to con 
dense and form a light reflux condensate and a 
heavier reflux condensate, and supplying said 
light reflux condensate to the cracking step. 

4. The process of claim 3 further characterized 
in that said heavier reflux condensate is subjected 
to independently controlled cracking conditions, 
and the resulting vaporous and liquid Conversion 
products combined with the first mentioned va 
porous and liquid conversion products. 

5. The process of claim 1 further characterized 
in that the non-destructive hydrogenation treat 
ment is accomplished in the presence of added 
hydrogen and a finely divided hydrogenation 
catalyst suspended in the mixture to be hydro 
genated. 

GUSTAV EGLOFF. 
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