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Patented Sept. 12, 1944 2,358,149 

UNITED STATES PATENT OFFIcE 
2,358,149 

CRACKING HYDROCARBON OILS 
Horace B. Cooke, Alexandria, Va., assignor to 
Gulf Oil Corporation, Pittsburgh, Pa., a corpo 
ration of Pennsylvania, 

Application December 23, 1938, Serial No. 247,504 
(C1. 196-9) 7 Claims. 

My invention relates to processes for cracking 
hydrocarbon oils to obtain gasoline hydrocarbons 
useful as motor fuel and having high anti-knock 
value when so used. It relates more particu 
larly to improved methods of obtaining gasoline 
hydrocarbons from crude petroleum stocks, 
wherein such stocks are first distilled in order 
to recover a plurality of fractions of different 
boiling-point ranges, these fractions are segre 
gated and subjected to catalytic cracking and 
thermal cracking respectively, and normally gas 
eous hydrocarbons thereby produced are recov 
ered and delivered to the thermal cracking op 
eration in order to promote the degree of crack 
ing obtained therein and to effect a conversion 
of said gaseous hydrocarbons to gasoline-like 
hydrocarbons of high anti-knock value; all as 
more fully set forth and described hereinbelow 
in further detail. 
Within the past few years great strides have 

been made in the art of cracking petroleum oils. 
These advances, for the most part, derive from 
the ever-increasing incentive to produce a maxi 
mum yield of motor fuel of maximum anti-knock 
value. Those processes which are believed to 
have made substantial progress in this direction 
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may in general be divided into two categories; 
first, processes involving conversion or polymeri 
zation of the normally gaseous hydrocarbons pro 
duced in oil-cracking operations, and second, 
catalytic oil-cracking processes. But while much 
thought and time has been expended in the de 
velopment of these individual types of processes, 
comparatively little thought has been given to 
methods of combining them in a unitary conver 
sion operation. 
A considerable number of Separate gas-poly 

merization processes have been proposed and 
some have been operated on a large scale. The 
opinion is growing, however, that such processes 
are likely to find their greatest utility either for 
the recovery of gasoline-like hydrocarbons from 
natural gases or, as in the case of certain cat 
alytic-type polymerization processes, for the rela 
tively small scale manufacture of special fuels, 
Such as iso-octane, the market for Which is still 
comparatively limited. In so far as gases derived 
from refinery cracking operations are concerned, 
it is believed that the greatest advance in the 
art has been made in the development of oil 
cracking processes of the so-called gas-reversion 
type, in which normally gaseous hydrocarbons 
producd in cracking the hydrocarbon oil are re 
circulated to the conversion Zone. A process of 
this character is disclosed in prior U. S. Patents 

40 

highly advantageous results. 

Nos. 2,135,014, 2,135,108 and 2,135,109 to Povl 
Ostergaard. Others prior to Ostergaard had pro 
posed to recirculate C3 and C4 hydrocarbons to 
the cracking Zone of an ordinary oil-cracking 
operation, but at least in such cases as involved 
the return of these gases for reaction purposes 
and Without the presence of non-reactive or dilu 
ent gases, had confined themselves to operations 
conducted under the ordinary oil-cracking con 
ditions which would have obtained for the same 
oil. Ostergaard increased the degree of conver 
sion per pass and the operating temperature in 
an operation of this kind, above those which 
would normally obtain and in fact above those 
which could be maintained under otherwise Sim 
ilar conditions and without carbon deposition, if 
the same oil were cracked in the same apparatus 
without, recirculation of the reactive normally 
gaseous hydrocarbons. 
The gas-reversion process has been Successfully 

applied to a wide variety of cracking stocks, with 
Strikingly enough, 

however, it has been found that the optimum ad 
vantages of the gas-reversion type of system gen 
erally are obtained when the process is applied to 
the cracking or re-forming of naphthas and sim 
ilar light stocks containing substantial amounts 
of hydrocarbons within the gasoline boiling 
point range, no doubt partly because of the high 
temperatures possible when operating on light 
stocks of this character. 
this type of process is also especially useful and 
advantageous in conjunction with the cracking 
of very heavy or residual stocks, such for exam 
ple as reduced crudes. The conversion temper 
atures employed in such operations are, of 
course, considerably lower than those employed 
in re-forming or cracking lighter and more re 
fractory stocks, but are nevertheless consider 
ably higher than would be used if the same heavy 
Stock Were cracked in the absence of the recir 
culated normally gaseous hydrocarbons, other 

. Conditions remaining the same. For this reason, 
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the gas-reversion process as applied to such heavy 
stocks is highly advantageous, primarily from 
the standpoint of the far greater conversion per 
pass possible with respect to the heavy oil, as 
distinguished from the conversion per pass of 
the normally gaseous. hydrocarbons. Gas con. 
Version is of course effected, but the conversion 
per pass of the normally gaseous hydrocarbons is 
naturally lower when cracking a heavy residual 
Stock than when cracking naphtha or other light 
stock. This in turn makes it possible to produce 
a far greater amount of gas-oil charging stock 

On the other hand, 
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suitable for subsequent Cracking to gasoline. It 
is not intended to imply that a gas-reversion proc 
ess is not applicable to the cracking of gas-oil. 
As a matter of fact the process has been Suc 
cessfully applied to the cracking of gas-oil, and 
as so applied results in an increase in both the 
yield and anti-knock quality of the final gaSO 
line produced as compared with thermal crack 
ing processes in which gas recirculation is not 
employed. However, the advantages of the proc 
ess are believed to show up more strongly and 
its economies are believed to be most evident, in 
connection with the re-forming of naphthas and 
light stock, on the one hand, and the Cracking. Or 
so-called “viscosity-breaking' of very heavy 
stocks, on the other hand. 
A large number of catalytic cracking processes 

have been proposed, all characterized by the pres 
ence of a catalyst of one type or another in the 
conversion zone and usually-by the employment 
of relatively low pressures. The Houdry process, 
employing as a typical catalyst an activated hy 
drosilicate of alumina or the like, is a process 
of this type. On account of the necessary pe 
riodic interruption of this type of process, in 
order to effect periodic regeneration of the cat 
alyst employed, and for certain other reasons, 
the pressures employed in these catalytic proc 
esses are for the most part extremely low, rare 
ly if ever exceeding 50 pounds per Square inch 
in the catalyst contact Zone. For this reason 
it is somewhat difficult to combine gas recircula 
tion with such catalytic cracking Operations in 
an efficient and effective manner. 

Moreover, these types of processes in general 
tend to produce rather high yields of normally 
gaseous hydrocarbons, as is true of low-preSSure 
operations generally, and they are for the most 
part lacking in ultimate economy and advan 
tages with respect to the cracking Or re-form 
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ing of naphthas and similar light stocks. That 
is especially true in instances where the lead sus 
ceptibility of the cracked gasoline product is low, 
as is usually the case. Moreover, there is con 
siderable difficulty in applying a catalytic process 
of this character to the conversion of heavy 
residual stocks, which on account of their car 
bon-forming tendencies tend to interfere with 
the effectiveness of the catalyst employed. 
In accordance with my invention, however, it 

is possible to secure the maximum advantages 
and economies of both types of processes de 
scribed hereinabove, together with advantages 
and economies which could not be obtained With 
respect to either type of operation considered 
alone, 
My invention contemplates the separation, by 

distillation, of a crude petroleum into a plural 
ity of fractions of different boiling-point ranges, 
including a naphtha, fraction Suitable for re 
forming to high anti-knock gasoline motor fuel, 
and at least one heavier fraction. The naphtha, 
thus recovered is re-formed in a "gas-reversion' 
type operation (preferably of the Ostergaard 
type) in which the naphtha is Subjected to 
thermal conversion in the presence of recircu 
lated normally gaseous hydrocarbons containing 
3 to 4 carbon atoms per molecule, a considerable 
portion of which are produced in the re-forming 
operation itself. A heavier fraction recovered 
from the distillation of the original crude is sub 
jected to separate catalytic cracking, ordinarily 
at low pressures, and normally gaseous hydro 
carbons containing 3 to 4 carbon atoms per 
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2,358,149 
livered to the naphtha re-forming operation re 
ferred to hereinabove. 
As will be shown hereinbelow, the heavy frac 

tion thus subjected to catalytic cracking may 
comprise a reduced or topped crude, or it may 
Comprise a Virgin gas-oil fraction. In the lat 
ter event, the residual reduced crude is, in ac 
cordance with some embodiments of my inven 
tion, subjected to cracking in the presence of 
recirculated C3 and Ca hydrocarbons in the man 
ner generally similar to that employed with re 
Spect to the naphtha, re-forming operation re 
ferred to hereinabove. In one embodiment of my 
invention described hereinbelow, such a reduced 
crude fraction is subjected to a viscosity-break 
ing or mild cracking operation conducted in the 
presence of C3 and C4 hydrocarbons and the 
vaporous products of conversion in this opera 
tion are returned to the crude distilling opera 
tion in such a manner that the gas-oil produced 
in this conversion stage is commingled with the 
gas-oil derived directly from the crude, and sub 
sequently delivered to the catalytic cracking zone. 
The Segregation of the C3 and C4 hydrocar 

bons produced in the several cracking operations 
may be variously accomplished but in the main 
is effected by Subjecting the fractionated gaso 
line-free products of conversion to scrubbing 
With the naphtha fraction about to be delivered 
into the thermal conversion zone. In some in 
stances gas-oil condensate may also be with 
drawn at one or more points in the system, 
cooled, and employed as an absorbent for the 
recovery of C3 and C4 hydrocarbons from one 
or more of the cracking operations. When this 
is done, it is usually desirable to employ the 
thereby enriched gas-oil as a quenching and cool 
ing medium in one or more of the thermal con 

In order to lighten the load on 
the final absorber and in order to provide addi 
tional flexibility, a pressure condensation Step 
may be provided ahead of the absorber in order 
to recover a liquefied propane-butane fraction, 
which is then returned to one or more of the con 
version Zones in admixture with the oil travers 
ing the same. These and other modifications 
Will be described more fully hereinbelow. 
My invention also contemplates such addi. 

tional operating details and modifications, and 
Such additional operative advantages and econ 
omies, as will hereinafter be found to obtain, 

In order that my invention may be fully set 
forth and understood, I now describe, with ref 
erence to the drawings accompanying and form 
ing a part of this specification, a number of 
forms and manners in which my invention may 
be practiced and embodied. In these drawings 

Figures 1, 2, 3 and 4 are more or less diagram 
matic elevational views of different forms of ap paratus for manufacturing gasoline of high anti 
knock value from petroleum oil, in accordance 
With my invention. 
These drawings are primarily diagrammatic in 

character and have been simplified as much as 
possible in order to show the essential details of 
Operation and without encumbering this dicslo 
Sure With description and explanation of many 
more or less obvious minor modifications, such 
as the use of heat exchangers for eXchanging 
heat between streams of products at different 
temperatures in various portions of the unit and 
the like, the application of which will be obvious 
to those skilled in the art. 
Similar reference numerals designate similar 

molecule produced in this operation are de- 75 parts in the several views of the drawings, 
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In the embodiment illustrated in Fig. 1, a crude 

petroleum charging stock is introduced into the . 
system through pipe by means of a pump 2 
and is preheated in a suitable manner, as for 
example by means of a heated pipe coil 3 located 
within a furnace 4, to a suitable distilling tem 
perature, usually a temperature at which no sub 
stantial cracking is effected. Such preheating 
temperatures Will be of the order of 700 to 750 
F. It will be understood that the preheating may 
be accomplished in various manners, as for ex 
ample by heat exchange in other portions of the 
system to be described hereinbelow, and that the 
same considerations will apply to many instances 
in which heating and cooling operations are in 
Wolved. 
The preheated crude then passes through a line 

5 having a valve 6 into a distilling column or flash 
tower 7 of more or less conventional design. This 
column is provided with suitable cooling or re- ; 
fluxing means such as a coil 8, With suitable gas 
and-liquid-contact devices such as bell trays 9 
and with one or more naphtha trap-out trays 0. 
By reason of the heat imparted to the crude oil 
and the low or atmospheric pressure maintained 
in the column 7, distillation takes place and a 
considerable portion of the crude oil is distilled. 
The light products, including any fixed gases 
which may be present and light virgin gasoline, 
are withdrawn from the head of the column 
through a line 2 to a condenser 3 and a Sep 
arator 4 from which the fixed gases and the 
light virgin gasoline are removed through lines 
if 5 and 6, respectively. Heavy virgin naphtha, 
suitable for re-forming is withdrawn as a side 
stream from the trap-out tray. O and passes 
through a line 7 to a cooler 8, As will be under 
stood by those skilled in the art, the cooler f8 and 
all other coolers and condensers Subsequently 
shown are water-cooled devices of more or less 
conventional type, effective to reduce the ten 
perature of the vapors or oil passing there 
through to approximately atmospheric tempera 
ture or a little above. However, it will be under 
stood that more drastic cooling may be applied 
wherever necessary or desirable. . 

If desired, various cuts may be withdrawn as 
side streams from the tower 7 in addition to the 
naphtha, cut withdrawn from the trap-out tray 
0. Thus kerosene, gasoline and gas-oil cuts may 
be so withdrawn. In the instance shown, how- ": 
ever, all of the crude oil constituents not vapor 
ized and removed through the line 2 or removed 
as a side stream from the trap-out tray 0 are 
retained in the reduced or topped crude, which is 
eventually withdrawn from the bottom of the 
tower through a line 20., 
The reduced crude fraction so withdrawn is 

then delivered by means of a pump 2 to suitable 
heating means, such as a still or pipe coil 22 lo 
cated within a furnace 23, and in passing through 
the coil 22 is heated to a temperature sufficient 
to promote conversion in the presence of the cat 
alyst with which the oil or a portion thereof is 
subsequently to be brought into contact. In the 
instances shown, in which the cracking of this 
stock is effected in accordance with the So-called 
Houdry process, the reduced crude ordinarily 
emerges from the pipe 22 at a temperature SOme 
where around 880° F. or at any rate at such tem 
perature as will be sufficient to effect vaporiza 
tion of all but the very heaviest constituents 
thereof, and at this temperature passes through 
a valved line 24 into a vaporizer 25. Tar is with 
drawn from the vaporizer 25 through a valved 
line 26 while the vapors pass through a Valved 
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recovered, after leaving the cooler 

3 
manifold vapor line 27 into one of a plurality of 
catalyst cases 28. These catalyst cases are pro 
vided With inlet and outlet manifold connections 
as shown in such a manner that they may be al 
ternated as desired, so that regeneration of the 
catalyst in one or more of the cases may be ef 
fected while the catalyst in another case is on 
stream. 
While I do not wish to limit myself to any par 

ticular catalyst or any specific conditions of tem 
perature and pressure, it may be stated that a 
suitable catalyst used in the Houdry process com 
prises an activated hydrosilicate of alumina and 
that typical conditions of temperature and pres 
sure at this point are from 800 to 900 F. and 
from atmospheric to 20 pounds per square inch 
gauge pressure. Various modifications of the 
Houdry process are, however, disclosed in an ar 
ticle entitled “Catalytic processing by the Houdry 
process,' found at page R-570 of the National 
Petroleum News for November 30, 1938, and in the 
patents listed in that article, while various other 
catalytic cracking processes are described in prior 
patents and in the literature. 
Under the influence of the catalyst and the 

heat applied to the oil, conversion takes place 
resulting in the formation of gasoline and other 
useful hydrocarbons. The converted vapors leave 
the “on-stream' catalyst case 28 through a mani 
fold line 29 and enter a fractionating column 30 
which, as shown, may be of more or less conven 
tional design and which is operated to condense 
and recover constituents having boiling points 
higher than those desired in the final gasoline 
fraction. The gas-oil condensate thus obtained 
is removed from the bottom of the column 30 
through a line 3, while the gasoline and lighter 
vapors pass through a line 33 to a condenser 34, 
and thence through a line 35 into a separator 36. 
Condensed gasoline is withdrawn from the sepa 
rator 36 through a valved line 3, while the gases 
and vapors remaining uncondensed paSS through 
a line 38 into an absorber 39. A pump or Com 
pressor AO may be provided in the line 38 for the 
purpose of maintaining elevated pressures, for 
example pressures of 100 or 200 pounds per 
square inch gauge, in the absorber 39 wherever 
this proves desirable for the purpose of promot 
ing efficiency of absorption. 

In the instance shown, I provide for the recov 
ery of C3 and C4 hydrocarbons from the gases 
entering the absorber 39 through the introduction 
to the absorber of a portion of the naphtha, recoV 
ered in the crude flash tower 7. The naphtha. So 

8, passes 
through a line 42 having a pump 63 and commu 
nicating with a valved branch line 64 leading into 
the top of the absorber 39. The gases from the 
catalytic operation, entering the absorber 39, flow 
countercurrent to a stream of cool naphtha, thus 
introduced, and the conditions within the ab 
sorber are so regulated in accordance with the 
amount and character of the gases introduced as 
to effect an absorption of the C3 and C4 hydro 
carbons, or any desired portion thereof, from the 
gases. The residual gases, comprising for the 
most part C3 and lighter hydrocarbons, leave the 
top of the absorber through a valved outlet line 
A 5. 
The enriched naphtha leaving the absorber 39 

and containing C3 and C4 hydrocarbons removed 
by absorption in the absorber 39, then passes 
through a line 46 to a pump 47 which in turn 
delivers it through a line 48 into an elongated 
pipe coil 49 of restricted cross-sectional area, 
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located within a heating furnace 50, and wherein 
the naphtha is subjected to thermal conversion 
at an elevated temperature in the presence of 
the C3 and C4 hydrocarbons. Substantial con 
version is obtained at various temperatures and 
pressures, ranging for example from about 950 
to 1400 F. and from about 100 to 2000 pounds per 
Square inch gauge pressure, but the best results 
are obtained when the operation is conducted in 
the manner set forth and claimed in U. S. Patent 
No. 2,135,014 to Povl Ostergaard. That is to say, 
the admixture of oil and normally gaseous hydro 
carbons is Subjected to a high cracking tempera 
ture substantially in excess of the maximum tem 
perature to which the oil alone could be sub 
jected in identical apparatus and under other 
wise identical conditions of, conversion without 
such excessive deposition of carbon as to prevent 
continuous operation of the unit for extended 
periods of time, and ordinarily ranging from 
about 25 to 300 higher than the aforesaid maxi 
mum temperature. 
During the passage of the oil and normally 

gaseous hydrocarbons through the coil 49 con 
version takes place and the heated products are 
then discharged through a vapor-transfer line 
52 having a pressure-reducing valve 53 into a tar 
separator 54. Under the influence of the pressure 
reduction and cooling, supplied as Will herein 
after be shown, vapor separation takes place, tar 
being withdrawn from the bottom of the sepa 
rator 54 through a valved line 55. The separated 
vapors are then passed through a line 56 into a 
fractionating column 57 which, as shown, may be 
of more or less conventional design. 
In the fractionating column 57, sufficient cool 

ing is effected to cause the Condensation of Con 
Stituents heavier than are desired to be retained 
in the final gasoline condensate. These con 
densed constituents, which may be referred to as 
gas oil, are withdrawn from the bottom of the 
fractionating column 57 through a line 58. All 
or a portion of the gas oil thus withdrawn is then 
delivered by means of a pump 59 to a cooler 60 
and thence in part through a valved quenching 
line 62 to the vapor-transfer line 52, and in part 
through a valved reflux line 63 into the tar sepa 
rator 54. 
The uncondensed vapors leaving the top of the 

column 57 pass through a line 65 into a gasoline 
condenser and rectifier 66. 
paratus may be used at this point for condensing 
and stabilizing the gasoline produced in the sys 
tem, such, for example, as that shown and 
claimed in U. S. Patent No. 2,134,816 to Povl 
Ostergaard. In the instance shown, however, I 
have for simplicity's sake shown a conventional 
rectifying column provided with suitable plates 
or trays 67, cooling means 68 located in the head 
of the column and heating means 69 located in 
the foot of the column. The heat Supplied to the 
heating coil 69 may be obtained from hot oil pro 
duced elsewhere in the system, as for example by 
causing all or a portion of the gas-oil condensate 
to traverse this coil. In any event, however, 
rectification takes place in the column 66 with the 
result that stabilized gasoline condensate is with 
drawn from the bottom thereof through a valved 
line 7 while the remaining gases pass overhead 
through a line 72 leading to a condenser 73 and 
a separator or accumulator 4. 
By virtue of the pressures maintained in this 

portion of the system, and which will ordinarily. 
run from 100 to 300 pounds per Square inch, a 
portion of the C3 and C4 constituents present in 
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the gases are caused to be condensed in the Con 
denser 73 and collect in the accumulator 74 in. 
liquefied form. Operation of the cooler 3 at 
temperatures somewhat below atmospheric may 
be resorted to in order to condense any desired 
portion of the C3 and C4 hydrocarbons at this 
point. 
The condensate thereby obtained, comprising 

liquid butane and propane together with their 
unsaturated analogues, is removed from the ac 
cumulator 4 through a line 5. The line T5 is 
in communication with the inlet to coil 49 through 
a branch line 76 having a pump 77 and a valve 
78, and with the inlet to the pipe coil 22 of the 
catalytic cracking unit through a branch line 9 
having a valve 80. This apparatus makes it 
possible to deliver any desired portion or all of 
the liquid condensate from the accumulator 74 
either to the coil 49 or to the coil 22, or to dis 
tribute the liquid condensate to the two coils 
mentioned in any desired proportion. 
The gas and vapors remaining uncondensed in 

the condenser 73 leave the accumulator 74 
through a line 82 and enter the bottom of an 
absorber 83. That portion of the virgin naphtha, 
removed in the tower 7 and not used in the ab 
sorber 39 is delivered to the upper portion of 
the absorber 83 through a valved line 84 and in 
passing downwardly through the absorber 83 
effects a removal, by absorption, of C3 and C4 
hydrocarbons present in the gas traversing the 
absorber. The gases remaining uncondensed, 
and comprising for the most part C3 and lighter 
hydrocarbons, are removed from the top of the 
absorber 83 through a valved exit line 85, while 
the enriched naphtha reaching the bottom of 
the tower 83 is withdrawn through a line 86 
having a pump 87 and communicating with the 
line 48. This enriched naphtha is delivered to 
the pipe coil 49 located within the furnace 50 and 
is there subjected to thermal conversion along 
with the enriched naphtha from the absorber 39. 
The system illustrated in Fig. 2 is generally 

similar to that illustrated in Fig. 1 and described 
hereinabove with the exception that provision is 
made for effecting absorption of C3 and CA hydro 
carbons in the absorbers 39 and 83 in a different 
manner or manners. In some instances, it may 
be desirable to use all of the virgin naphtha re 
moved from the flash tower as the scrubbing 
medium in the absorber 83, or in the absorber 
39, and in Such instance it is, of course, neces 
Sary to provide a suitable absorbent for use in 
whichever one of the two absorbers 39 and 83 is 
not Supplied with this naphtha. As shown in 
Fig. 2, gas oil condensate removed from the bot 
tom of the fractionating column 57 is delivered 
after the cooling either to the absorber 39 or to 
the absorber 83. After absorption, the enriched 

60 gas-oil is then returned to the thermal cracking 
unit at a point subsequent to the conversion zone. 

Referring to Fig. 2 in greater detail, gas oil 
condensed in the fractionating column 57 is 
withdrawn therefrom through a line OO and is 
delivered by means of a pump O and a line O2 
to a cooler 03 and thence through a line 04 
which is in communication with branch lines 
05 and 06, having valves O7 and 08 and lead 

ing to the tops of the absorbers 83 and 39, re 
spectively. Enriched oil from the bottom of the 
absorber 83 is removed therefrom by a line fo 
having a pump and may be delivered either 
through a valved branch line ff2 into the line 
48 and thence into the pipe coil 49, or through 
a valved branch line 3 and a line 4 into the 
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valved conduits 62 and 63 and thence into the 
transfer line. 52 and the tar separator 54 in any 
desired proportions. Similarly, enriched oil 
withdrawn from the absorber 39 is withdrawn 
therefrom through a line S having a pump 

6 and this oil may be delivered either through 
a valved branch line into the line 48 and the 
pipe coil 49, or through a valved branch line 8 
and the lines 4, 62 and 63 into the transfer 
line 52 and the tar separator 54. 
In the preferred instance, all of the naphtha, 

withdrawn from the trap-out tray O of the tower 
passes through the lines 42 and 84 into the ab 

Sorber 83 and after passing through the ab 
sorber 83 the thereby enriched oil is delivered 
through the lines 0, 2 and 48 to the pipe 
coil 49. Gas oil withdrawn from the fraction 
ating column 57, or any desired portion thereof, 
is delivered through the lines 00, O2, 04 and 
06 into the absorber 39 and the enriched oil 

after absorption of C3 and C4 hydrocarbons in 
the absorber 39 is then returned through lines 

5, 8, 4, 62 and 63 into the transfer line 52 
of the tar separator 54. The C3 and C4 hydro 
carbons thus absorbed in the absorber 39 are not 
in this instance delivered directly to the pipe 
coil 49, but are eventually picked up in the ab 
sorber 83 in the naphtha used therein and then 
pass to the pipe coil. 49. This system has the 
advantage that it increases the concentration of 
C3 and C4 hydrocarbons in the fractionating Sys 
tem of the thermal cracking unit and hence the 
efficiency of condensation and absorption of these 
constituents in that unit. 

Alternatively, all of the naphtha removed from 
the crude flash tower may be passed through 
the absorber 39, the enriched naphtha, then pass 
ing through lines 5, 7 and 48 to the pipe coil 
49. In this instance, gas-oil withdrawn from the 
base of the fractionating column 57 is delivered 
through lines OO, O2, 04 and 05 into the ab 
Sorber 83 and the enriched gas-oil is then re 
turned through lines ff0, 3, 4, 62 and 63 
into the transferine 53 (as a quenching medium) 
and the tar separator 54 (as a refluxing medium). 

In the system illustrated in Fig. 3, provision 
is made for subjecting a light cut, Such as virgin 
naphtha, and a heavy cut, such as reduced crude, 
to separate thermal conversion with gas recir 
culation, and for subjecting an intermediate or 
gas-oil fraction also recovered in the distillation 
of the crude to catalytic cracking. The gases in 
the catalytic Cracking unit are combined with 
the gases from the thermal cracking units for 
recirculation into the latter. Provision is also 
made for delivering gas-oil condensate from the 
thermal cracking unit into the catalytic cracking 
unit for conversion. . 

Referring to Fig. 3 in greater detail, one or 
more trap-out trays 30 are provided in the crude 
flash tower at a. point located below the 
naphtha trap-out tray 0, and more specifically 
at such a point as will enable the withdrawal 
therefrom of a virgin gas-oil fraction. The gas 
oil fraction thus withdrawn is delivered through 
a pipe 3 and a pump 32 to the pipe coil 22 
of the catalytic conversion unit, and thence di 
rectly through the valved manifold line 27 to one 
of the catalyst cases 28. A vaporizer, similar to 
the vaporizer shown in Fig. 2 may be provided, 
but will ordinarily be unnecessary when cracking 
such a non-residual stock. Heavy reduced crude 
unvaporized in the flash tower 7 is withdrawn 
therethrough through a line 33 having a pump 
34 and is delivered to a pipe coil 35 located 
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within a heating furnace 36. Before being 
passed through the coil 35, however, this re 
duced crude is joined by propane-butane conden 
sate recovered in the separator 74, and which in 
this instance is withdrawn from the separator 
74 through a valved line 40 and delivered by 
means of a pump 4 and a line 42 into the line 
33. 
The temperatures and pressures employed in 

the coil 35 will, of course, be lower than those 
employed in the coil 49, which in this instance 
receives enriched naphtha from the absorber 83. 
Typical operating temperatures and pressures 
will run from 850 to 1000' F. and from 100 to 
2000 pounds per square inch. In any event, how 
ever, the best results are secured, as in the coil 
49, by operating in the manner disclosed and 
claimed in U. S. Patent No. 2,135,014 to Powl 
Ostergaard and as referred to hereinabove, keep 
ing in mind the character of each individual 
charging stock. 
The hot products of conversion leaving the coil 
35 are discharged through a transfer line 37 

into the transfer line 52, where they mingle with 
the products of conversion of the coil 49 and then 
pass into the tar separator 54 and Subsequent 
fractionating units. Gases remaining uncon 
densed in the accumulator 74 are delivered to the 
absorber 83 where they are scrubbed with virgin 
naphtha, recovered in the crude flash tower T. 
The enriched naphtha, containing C3 and C4 con 
stituents recovered from the gases in the absorber 
83, is then delivered through the line 86, the pump 
87 and the line 48 into the pipe coil. 49. In the 
instance shown, the gases remaining uncondensed 
in the separator 36 of the catalytic Cracking unit. 
are passed through a line 43 to a pump or con 
pressor 44 where/they are raised to a pressure 
equal to that obtaining in absorber 83 and then 
pass through a line 45 into the bottom of the 
absorber 83. Gas-oil condensate recovered in 
the fractionating column 57 is withdrawn there 
from through a line 50 and passes through a 
pump 5 to a cooler 52. One portion of this 
cooled gas oil may be delivered through a valved 
line 53 into the tar separator 54, another por 
tion through a valved quenching line 54 into the 
transfer line 52, and a third portion through a 
valved quenching line 55 into the transfer line 
37, while any remaining gas-oil from this source 
may be delivered through a valved line 56 into 
the line 3 where it joins virgin gas-oil with 
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drawn from the tower 7 and enters the pipe 
coil 22 of the catalytic conversion unit. 

In the apparatus just described in connection 
with Fig. 3, the fractionated products leaving the 
heavy oil conversion coil 35 are combined with 
and fractionated with the products leaving the 
re-forming coil 49. In the system illustrated in 
Fig. 4, however, the cracking or viscosity break 
ing of the heavy oil is accomplished in conjunc 
tion with the crude flash tower, and the prod 
ucts from the heavy-oil conversion or viscosity 
breaking coil are fractionated in the crude flash 
tower along with the crude undergoing fractiona 
tion. 

Referring to Fig. 4 in greater detail, a reduced 
crude fraction is withdrawn from the tower T, 
which in this instance serves as a fractionating 
tower for the combined products of crude dis 
tillation and viscosity-breaking, by means of a 
trap-out tray 200 located at a point below the 
point of entry of the preheated crude. This re 
duced crudefraction is delivered by means of , 
a line 20 and a pump 202 to a pipe coil 203 lo 



6 
cated within a furnace 204. Butane-containing 
Condensate recovered in the accumulator 74 of 
the thermal re-forming unit is in this instance 
withdrawn by a line 205 and delivered by means 
of a pump 206 and a line 207 to the line 20, 
thereby causing this liquefied gas fraction to be 
Commingled with the reduced crude withdrawn 

5 

from the trap-out tray 200 before the latter 
paSSes to the conversion coil 203. The conver 
sion operation conducted in the coil 203 is essen 
tially similar to that described hereinabove in 
connection with the operation of the coil 35 of 
the system shown in Fig. 3. In this instance, 
however, the products leaving the coil 203 pass 
through a transfer line 20 having a pressure 
reducing valve 2 into the lower part of the flash 
tower 7. Residue or tar separating in the bottom 
of the flash tower 7 is withdrawn by a line 22, 
while the flashed vapors pass upward through the 
tower7 and are fractionated therein. 

It will be obvious that in this system the frac 
tion withdrawn from the trap-out tray 30 of the 
tower 7 comprises both virgin gas-oil constitu 
ents and gas-oil constituents produced by the 
mild cracking effect in the coil 203. This frac 
tion passes through the line 3 into the pipe 
coil 22 of the catalytic conversion unit, as in the 
System illustrated in Fig. 3. - 
As in that system, virgin naphtha recovered 

from the flash tower 7 is delivered by means of 
the line 7, the pump 43 and the line 42 into the 
absorber 83 of the thermal cracking unit, and 
the enriched naphtha leaving the bottom of the 
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absorber 83 is delivered through the lines 86 and . 
48 into the re-forming coil 49. 
In this system, inasmuch as normally gaseous 

hydrocarbons are delivered to the viscosity 
breaking or mild cracking operation conducted in 
the coil 203, considerable quantities of C3 and C4 
hydrocarbons are present in the overhead prod 
ucts from the tower 7. I have illustrated in Fig. 
4 means whereby these may be recovered. AS 
shown, gases leaving the separator 4 through 
the line 5 are picked up by a pump or Com 
pressor 29, where they are raised to a pressure 
equal to that obtaining in absorber 83, and the 
compressed gases are then delivered into the 
bottom of the absorber 83 through a line 220 
provided for that purpose. 

I have also illustrated in Fig. 4 a procedure 
which, while especially suitable for use in con 
junction with the rest of the system illustrated 
in Fig. 4, may also be employed to advantage in 
conjunction with the other systems described and 
set forth hereinabove. 
absorber 83 sometimes contain substantial quan 
tities of C3 and higher boiling constituents which 
it may be desired to recover for use and ultimate 
conversion in the system. To that end, the gases 
leaving the top of the absorber 83 are delivered 
through a line 221 to a second absorber 222. Gas 
oil recovered in the fractionating column 57, or 
any desired portion thereof, is withdrawn there 
from through a valved line 223, wherein are lo 
cated a pump 224 and a cooler 225, and passes to 
the upper part of the absorber 222. In passing 
down through the absorber 222, the gas oil thus 
introduced absorbs C3 and C4 hydrocarbons as 
well as any heavier constituents which may be 
contained in the gases entering the absorber. 
The enriched gas oil leaving the bottom of the 
absorber 222 is delivered through a line 230 hav 
ing a pump 23 into the lines 62 and 63 leading 

... to the transfer line 52 and the tar separator 
54, respectively. In this case, as in all other in 

The gases leaving the : 

40 

4. 

5 

60 

(i. 

75 

2,358,149 
stances in which oil is delivered to one of the 
transfer lines leading from one of the conver 
Sion Zones, the purpose in thus introducing oil 
is to arrest and control the reactions initiated 
in the respective conversion zone. 
Gases remaining uncondensed in the absorber 

222 are removed through a valved exit line 232 
and pass out of the system. 
With reference to all of the systems shown in 

FigS. 1 to 4 hereinabove, any gas-oil constituents 
recovered in the fractionating column 30 of the 
Catalytic conversion unit may be recycled to the 
catalytic conversion unit or cracked in a separate 
coil, With or Without a catalyst, and the products 
of cracking may be fractionated along with other 
products of conversion, in a manner which will 
be evident to any one skilled in the art from 
the foregoing. However, for purposes of sim 
plicity, I have omitted the details of such opera 
tion from the drawings. 

Moreover, the various gasolines recovered in 
the Systems illustrated and described herein 
above, for example at 6, 37 and 7 i, may be 
combined and blended in any desired proportions 
to produce the final motor-fuel product, or they 
may be used separately. Moreover, these gaso 
lines may be blended with additional agents for 
use, as for example, with the usual anti-knock 
agents, such as tetraethyl lead and the like. 

In this case it may be noted that in general 
the lead susceptibility of catalytically cracked 
gasolines does not usually compare with the lead 
Susceptibility of thermally cracked gasolines 
Such as those produced in the thermal cracking 
Zones of the systems illustrated hereinabove. 
This fact constitutes one of the reasons why, as I 
have stated, the re-forming of straight run gas 
oline is best carried out in a thermal conversion 
Zone of the type indicated hereinabove rather 
than in a catalytic cracking zone. For this rea 
Son, the overall anti-knock value and lead sus 
ceptibility of the products obtained in accord 
ance with my invention represent a distinct im 
provement Over prior art processes. 
In referring to catalytic cracking processes I 

have in mind in general those processes, usually 
carried out at pressures of less than 100 pounds 
per Square inch at elevated temperatures rang 
ing from 700° to 1100 F., wherein a catalyst of 
Some sort or another is employed to promote con 
Version reactions tending to form gasoline-like 
hydrocarbons. I have referred principally here 
in above to the Houdry process, but it will be un 
derstood that other types of catalytic processes 
and other catalysts may be employed in those 
instances where catalytic cracking, is indicated. 
Such catalytic cracking processes. are numerous 
and Well known in the art and need not be cata 
logued here in full. However, by way of exem 
plification, it may be stated that among the cata 
lysts which have been proposed for use in proc 
esses of this character and which to the extent 
that they are individually useful and advan 
tageous may be employed in the catalytic crack 
ing Zones of the processes described hereinabove, 
are the following: nickel and compounds there 
of, such as nickel oxide; chromium and com 
pounds thereof, such as chromic oxide; com 
pounds of nickel and chromium, such as nickel 
chromate; phosphorus compounds, especially 
metaphosphates, including those of chromium 
and uranium; aluminas; adsorbent clays; florid 
in bauxite; molybdenum sulfide; and a wide va 
riety of other compounds, particularly com 
pounds of metals and alkaline earth metals. 



2,358,149 7 
Many of these catalysts have entirely different 
specific actions, some favoring dehydrogenation, 
some Scission of carbon-carbon linkages, some 
isomerization, Some cyclization reactions, and 
others alkylation reactions, but for the purposes. 
of the present invention, all of these may be 
considered to come under the general category 
of catalytic cracking catalysts. Most of these 
catalysts are preferably employed at low pres 
Sures, with regeneration at periodic intervals, but 
my invention, in so far as it deals with catalytic 
cracking, is not so limited. 

In referring to "normally gaseous hydrocar 
bons having 3 to 4 carbon atoms per molecule,' 
I mean propane, propylene, butanes and butyl 
enes, all of which are normally gaseous in a pure 
state under atmospheric pressure and tempera 
ture conditions. It will be understood, however, 
that these constituents may or may not exist in 
gaseous form at different points in the systems 
illustrated, and consequently the expression re 
ferred to is not intended to imply that these con 
stituents are actually present as gases, for at 
many points they will exist in the liquid form, by 
virtue of the pressures employed or because of 
the presence of liquid oils in which they are ab 
Sorbed, or both. 
While I have described and illustrated my in 

vention hereinabove with respect to numerous 
operating examples and specific operating de 
tails, it is not my intention to limit my inven 
tion in its broadest aspect to such details or 
exemplifications. My invention may be vari 
ously practiced and embodied within the scope 
of the claims hereinafter made. 
What I claim is: 
1. The process of producing gasoline motor 

fuel of high anti-knock value from a crude pe 
troleum, which comprises: fractionally distilling 
a crude petroleum to recover a naphtha frac 
tion and a higher-boiling fraction; subjecting 
said higher-boiling fraction to conversion at a 
relatively low pressure in the presence of a 
catalyst effective to promote pyrolys's reactions, 
and fractionating the resultant products of con 
version to recover gasoline and heavier con 
stituents, including a gas-oil fraction, there 
from; Subjecting said naphtha fraction to 
thermal conversion at a high cracking tempera 
ture and under a relatively high super-atmos 
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pheric pressure, effective to cause the formation 
of gasoline-like products having an increased 
anti-knock value, and separately fractionating 
the resultant products of conversion to recover 
gasoline and heavier constituents, including a 
gas-oil fraction, therefrom; recovering normally 
gaseous hydrocarbons having 3 to 4 carbon 
atoms per molecule from the thereby fraction 
ated products of conversion of one of the con 
version operations referred to above by absorp 
tion in Said naphtha fraction, prior to conver 
Sion thereof as aforesaid; delivering the thereby 
enriched naphtha fraction containing gaseous 
hydrocarbons to the thermal conversion opera 
tion for conversion as aforesaid; recovering nor 
mally gaseous hydrocarbons having 3 to 4 car 
bon atoms per molecule from the products of 
conversion of the other operation referred to 
above, by absorption in a gas-oil fraction re 
covered as aforesaid; and delivering the thereby 
enriched gas-oil constituents to the hot products 
of conversion in the thermal conversion opera 
tion, as a cooling medium. 

2. The process of producing gasoline motor. 
fuel of high anti-knock value from a crude pe 
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troleum, which comprises: fractionally distill 
ling a crude petroleum to recover a naphtha, 
fraction and a higher-boiling fraction; subject 
ing said higher-boiling fraction to conversion at 
a relatively low pressure in the presence of a 
catalyst effective to promote pyrolysis reactions, 
and fractionating the resultant products of 
Conversion to recover gasoline and heavler con 
Stituents therefrom; Subjecting said naphtha, 
fraction to thermal conversion at a high crack 
ing temperature and under a relatively high 
Superatmospheric pressure, effective to cause the 
formation of gasoline-like products having an 
increased anti-knock value, and separately frac 
tonating the resultant products of conversion 
to recover gasoline and heavier constituents, 
including a gas-oil fraction, therefrom; recover 
ing normally gaseous hydrocarbons having 3 to 
4 carbon atoms per molecule from the thereby 
fractionated products of conversion of the 
therial conversion operation referred to above 
by absorption in Said naphtha fraction before 
conversion thereof as aforesaid; "delivering the 
thereby enriched naphtha containing said nor 
mally gaseous hydrocarbons to the thermal con 
version operation for conversion as aforesaid; 
recovering normally gaseous hydrocarbons from 
the fractionated products of conversion in the 
Catalytic cracking operation by absorption in 
Said gas-oil fraction; and delivering the thereby 
enriched gas-oil fraction to the hot products 
of conversion in the thermal cracking operation, 
as a cooling medium. 

3. The process of producing gasoline motor 
fuel of high anti-knock value from a crude pe 
troleum, which comprises: fractionally distilling 
a crude petroleum to recover a naphtha fraction 
and a higher-boiling fraction; subjecting said 
higier-boiling fraction to conversion at a rela 
tively low pressure in the presence of a catalyst, 
effective to promote pyrolysis reactions, and 
fractionating the resultant products of con 
version to recover gasoline and heavier con 
stituents, including a gas-oil fraction, there 
from; Subjecting said naphtha fraction to 
thermal conversion at a high cracking tem 
perature and under a relatively high super-at 
InoSpheric pressure, effective to cause the forma 
tion of gasoline-like products having an in 
creased anti-knock value, and separately frac. 
tionating the resultant products of conversion 
to recover gasoline and heavier constituents, in 
cluding a gas-oil fraction, therefrom; recover 
ing normally gaseous hydrocarbons having 3 to 
4 carbon atoms per molecule from the thereby 
fractionated products of conversion of the cata 
lytic conversion operation by absorption in said 
naphtha fraction prior to conversion thereof; 
delivering the thereby enriched naphtha frac 
tion containing said normally gaseous hydro 
carbons to the thermal conversion operation for 
conversion as aforesaid; recovering normally 
gaseous hydrocarbons having 3 to 4 carbon 
atoms per molecule from the fractionated prod 
ucts of conversion in the thermal cracking op 
eration by absorption in a gas-oil fraction pro 
duced as aforesaid; and recycling the thereby en 
riched gas-oil fraction into the thermal con Version operation. 

4. The process of producing gaSoline motor 
fuel of high anti-knock value from a Crude pe 
troleum which comprises fractionally distilling 
a Crude petroleum to recover a naphtha frac 
tion, a gas-oil fraction and a residual fraction; 
Subjecting said residual fraction to thermal CO 
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version at a mild cracking temperature and 
under superatmospheric pressure; separating 
tarry constituents from the products of con 
version thereby obtained and commingling the 
separated hot products of conversion thereby 
obtained with the crude petroleum undergoing 
fractionation; subjecting said gas-oil fraction 
to conversion at a relatively low pressure in the 
presence of a catalyst capable of promoting 
pyrolysis reactions, and separately fractionating 
the resultant products of conversion to obtain 
gasoline and heavier constituents therefrom; 
subjecting said naphtha fraction to thermal 
conversion at a high cracking temperature and 
under a relatively high Superatmospheric pres 
Sure, effective to cause the formation of gaSO 
line-like products having an increased anti 
knock value, and fractionating the resultant 
products of conversion to recover gasoline and 
heavier constituents therefrom; recovering nor 
mally gaseous hydrocarbons having 3 to 4 car 
bon atoms per molecule from the gaseous prod 
lucts leaving the crude fractionating operation, 
the catalytic conversion operation and the 
naphtha re-forming operation referred to above; 
and Subjecting said normally gaseous hydrocar 
bons to conversion in admixture with the residual 
fraction and the naphtha fraction subjected to 
conversion as aforesaid, respectively. 

5. The process of producing gasoline motor fuel 
of high anti-knock value from a crude petroleum 
which comprises fractionally distilling a crude 
petroleum to recover a naphtha fraction, a gas 
oil fraction and a residual fraction; subjecting 
said residual fraction to thermal conversion at a 
mild cracking temperature and under superat 
mospheric pressure; separating tarry constitu 
ents from the products of conversion thereby ob 
tained and commingling the separated hot prod 
lucts of conversion thereby obtained with the 
crude petroleum undergoing fractionation; sub 
jecting said gas-oil fraction to conversion at a rel 
atively low pressure in the presence of a catalyst 
capable of promoting pyrolysis reactions, and 
Separately fractionating the resultant products 
of conversion to obtain gasoline and heavier con 
stituents therefrom; subjecting said naphtha. 
fraction to thermal conversion at a high crack 
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ing temperature and under a relatively high Su 
peratmospheric pressure, effective to cause the 
formation of gasoline-like products having an 
increased anti-knock value, and fractionating 
the resultant products of conversion to recover 
gasoline and heavier constituents therefrom; re 
covering normally gaseous hydrocarbons having 
3 to 4 carbon atoms per molecule from the frac 
tionated gasoline-free products of the naphtha, 
re-forming operation referred to above; subject 
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ing said normally gaseous hydrocarbons to con 
version in admixture with said residual fraction 
subjected to conversion as a foresaid; combining 
the remaining gaseous products from the naph 
tha, re-forming operation with the fractionated 
gaseous products from the catalytic cracking 
operation; scrubbing the thus combined products 
with said naphtha fraction, prior to conversion 
thereof, to remove normally gaseous hydrocar 
bons having 3 to 4 carbon atoms per molecule by 
absorption in said naphtha fraction; and deliver. 
ing the thereby enriched naphtha, fraction to, the 
naphtha re-forming operation for conversion as 
aforesaid. 

6. A process as set forth in claim 5, wherein 
gas-oil is recovered by fractionation of the prod 
ucts of conversion of the naphtha, re-forming 
operation, the combined gaseous products after 
being scrubbed with said naphtha fraction as Set 
forth in claim 18 are scrubbed With Said gas-oil 
fraction, and the thereby enriched gas-oil frac 
tion is introduced into the hot products of con 
version leaving the naphtha conversion Zone, as 
a cooling medium. 

7. The process of producing gasoline motor 
fuel of high anti-knock value from a crude p 2 
troleum which comprises fractionally distilling 
a crude petroleum to recover a virgin napntha 
fraction, virgin gas-oil constituents and a resid 
ual fraction; subjecting said residual fractic... to 
thermal conversion at a mild cracking tempera 
ture and under superatmospheric preSSure; Sep 
arating tar constituents from the products of 
conversion thereby obtained and fractionating 
the products of conversion to recover cracked 
gas-oil constituents; subjecting Virgin and 
cracked gas-oil constituents recovered as afore 
said to conversion at a relatively low preSSure in 
the presence of a catalyst capable of promoting 
pyrolysis reactions, and separately fractionating 
the resultant products of conversion to recover 
gasoline and heavier constituents therefrom; Sub 
jecting said naphtha fraction to thermal conver 
sion at a high cracking temperature and under a 
relatively high superatmospheric pressure, ef 
fective to cause the formation of gasoline-like 
products having an increased anti-knock value, 
and fractionating the resultant products of con 
version to recover gasoline and heavier constitu 
ents therefrom; recovering normally gaseous hy 
drocarbons having 3 to 4 carbon atoms per mole 
cule from the gaseous products leaving the Sev 
eral cracking operations referred to above; and 
subjecting portions of said normally gaseous hy 
drocarbons to conversion in admixture with the 
residual fraction and the naphtha fraction Sub 
jected to conversion as aforesaid, respectively. 

HORACE B. COOKE. 
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