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COMBINATION PROCESS FOR THE CRACK.- 
ING AND DESTRUCTIVE HYDROGENATION 
OF HYDROCARBONS 

Arch L. Foster, Tulsa, Okla., assignor to Phillips 
Petroleum Company, a corporation of Dela 
ware 

Application May 17, 1943, serial No. 487,364 
(C. 96-49) 1 Claim. 

1. 
This invention relates to the treatment of pe 

troleum hydrocarbons for the purpose of convert 
ing crude materials into finished products. More 
Specifically it relates to the conversion of hydro 
carbons by catalytic and non-catalytic means and 
to the intercorrelation of particular treatments of 
definite fractions of crude petroleum to give im 
proved yields of high GCtane number motor fuel 
Stock. 
Modern refinery technology requires that crude 

petroleum, before being processed further, shall 
be divided into various fractions Suitable for dif 
ferent purposes which nay be processed in differ 
ent ways to yield similar or different products. 
Furthermore, during the processing of these dif 
ferent fractions, intermediate materials are 
formed which are ordinarily considered by-prod 
lucts or waste materials, unprocessible for making 
the main product from the given reaction which, 
however, may be processed further in a different 
manner to yield marketable products. In some 
cases such intermediate or by-products from two 
Or more proceSSes may be combined in Such man 
ner as to yield another product otherwise not 
made, converting a low-grade or waste material 
into valuable products to improve the efficiency 
of the process. 
A primary object of my invention is to produce 

high yields of valuable hydrocarbons suitable for 
use as motor fuel. Another object is to provide 
increased yields of motor fuel from heavy com 
ponents of crude oil. Another object is to com 
bine and correlate certain processes and ma 
terials in such manner as to produce new ma 
terials therefrom, to utilize all waste products 
to the highest advantage, and to produce large 
yields of the most valuable products. A further 
object is to treat together gaseous and heavy re 
sidual products obtained by distillation of crude 
petroleum and from certain catalytic and non 
catalytic hydrocarbon conversion processes in 
such manner as to give optimum yields of high oc 
tane number motor fuel stock. Yet another ob 
ject is to provide a method for the production of 
motor fuel hydrocarbons from heavier hydrocar 
bons which are not ordinarily treated to give mo 
tor fuel hydrocarbons. Further objects and ad 
vantages of the invention will be apparent from 
the accompanying disclosure and discussion. 

In a preferred practice of my invention, a crude 
petroleum is separated by fractionation into a 
number of fractions comprising at least (a) pen 
tanes and lighter, (b) gasoline or naphtha, (c) 
gas oil, and (d) residuum. Fraction (a) is passed 
to a second fractionator in admixture with sat 
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2 
urated and unsaturated C5 and lighter hydrocar 
bons and usually some hydrogen from other con 
Version steps described below, and the admixture 
therein separated into fractions including a C3 
and lighter gas. The four- and five-carbon-atom 
hydrocarbons are recovered together or separately 
from Said fractionator, a portion thereof cata 
lytically dehydrogenated followed by separation 
of hydrogen and olefins, and said hydrocarbons 
including said olefins subjected to controlled alky 
lation which will be described more fully herein 
after. The C3 and lighter gas mentioned above 
is heated and admixed with the residuum (d) and 
the mixture flashed, with separation of gas and 
liquid phases. The gas phase is maintained under 
reaction conditions such as to effect a non-cat 
alytic gas reversion type of conversion producing 
light gases, motor fuel, and heavier hydrocarbons. 
The liquid phase is admixed with hydrogen from 
the aforementioned catalytic dehydrogenation 
and Subjected to destructive hydrogenation 
whereby it is converted in large part to motor fuel 
and hydrocarbons amenable to catalytic cracking. 
Said hydrocarbons, in admixture with heavier hy 
drocarbons from said gas reversion and With vir 
gin gas-oil separated from the crude petroleum 
as fraction (c), are subjected to catalytic crack 
ing to give high yields of motor fuel. Light gases 
produced as by-products are passed to the afore 
mentioned second fractionator. Fraction or frac 
tions (b) are subjected to catalytic reforming to 
give higher octane number motor fuel, and any 
light gases passed to said second fractionator. 
Additional features include the non-catalytic 
cracking of cycle stocks separated from catalytic 
cracking. 
The accompanying drawing, along with the 

description thereof, is provided to aid in the un 
derstanding of the various aspects and intercor 
relations of my invention, and exemplifies a pre 
ferred modification thereof. It will, of course, be 
understood that the invention is not limited to 
the exact arrangement shown, since various other 
modifications are indicated herein or will be ob 
vious to one skilled in the art in view of the dis 
closure herein. The drawing shows diagramma 
tically an arrangement of apparatus, not neces 
sarily drawn to scale, suitable for carrying out 
treatment of hydrocarbons in accordance with 
my invention. The single drawing, for the sake 
of clarity, comprises three sheets, numbered Fig 
ures 1A, 1B, and 1C, with lines interconnecting 
between the sheets as shown. 
Raw crude oil or other charge of wide boiling 

range, heated to the desired temperature in any 
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Convenient manner not shown in the drawing, 
enters through line and is flashed in crude frac 
tionator 2. By methods well known to the art the 
charge is divided into a plurality of overhead, side, 
and bottom streams, such as the six shown in the 
figure: line 9 carries pentanes and lighter hy 
drocarbons, line 02 carries a light gasoline frac 
tion of up to 275-300° F. end point, line C3 car 
ries a heavy naphtha, boiling up to 450° F. or 
higher, line 04 carries a kerosene-light gas oil 
fraction with, for example, a 550-600 F. end 
point, line 95 carries a heavy gas oil fraction, 
and line 06 carries a medium or heavy residuum 
of any desired specifications. The crude or other 
charge may be sub-divided into any desired.com 
bination of fractions to meet the requirements of 
the operations without departing from the prin 
ciples of the invention. 
The C5 and lighter stream passes from fraction 

ator 2 via line 9 into an efficient fractionator 3, 
and is joined via line. Oil by the lighter saturated 
and unsaturated hydrocarbons, preferably C5 and 
lighter, and some hydrogen, separated in various 
Other fractionators in the System from the differ 
ent conversion steps, as will appear more fully 
hereinafter. In fractionator 3, an overhead cut 
is obtained comprising methane, ethylene, ethane, 
propylene, and propane, and usually some hydro 
gen, and this C3 and lighter cut is passed via line 
4 to further use as will be explained later. Any 
portion not required for such use may be with 
drawn through line 70 for use as fuel. A portion 
of the C3 and lighter stream may be continuously 
bled off, as by line 70 or line 9, to avoid pyra 
miding of hydrogen and/or methane in the sys- . 
tem. It may sometimes be desirable to separate 
a lightest fraction comprising hydrogen and 
Which also may comprise methane, via lines 99 
and 90, a portion of which may be passed to line 
4 if desired, with another fraction comprising C2 
and C3, and also methane if desired, being sep 
arated via lines 98 and 4. The kettle product 
from fractionator 3 is passed via line 08 to frac 
tionator. 5, wherein C4's are separated from C5's. 
The butane-butene fraction is carried overhead 

through line. 6 into fractionator 7 wherein iso 
butane and at least part, and preferably sub 
stantially all, of the isobutylene and buttene-1, 
are separated as an overhead product which is 
carried through line 8 to alkylation unit 9. The 
normal butane together with buttenes-2 and any 
other butenes not taken off overhead are with 
drawn as kettle product from column via line 

and passed to a catalytic dehydrogenation sys 
ten indicated diagrammatically at . This sys 
ten comprises the usual furnaces, catalyst cham 
bers, catalyst regeneration means, and other 
equipment Well known to the art, which need not 
be recited here in detail. The dehydrogenation 
may be carried out Without the aid of catalysts, 
but this is generally less desirable, in that a greater 
variety of products and poorer efficiency is ob 
tained. The hydrocarbons to be dehydrogenated 
are preferably passed at the desired temperature, 
generally in the range of 950 to 1150°F, and flow 
rate, Such as space velocities from 50 to 2000, over 
an efficient dehydrogenation catalyst, such as one 
of the chronia-alumina catalysts now widely used 
for this purpose, and the dehydrogenation pro 
ducts are introduced via line 9 into fragtionat 
ing System , from which hydrogen is sepa 
rated via line 2 to be used in the destructive hy 
drogenation step of the process as described below. 
System . . ) ordinarily comprises a single- or 
multiple-stage Scrubbing, combined with fraction 
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4. 
ation in one or more conventional columns. The 
butenes formed in the dehydrogenation, plus any 
butenes fed thereto, are passed from unit C via 
line i3 to alkylator 9. These butenes may be 
Separated in unit from any undehydrogenated 
normal butane which is recycled to the dehydro 
genation unit . Ordinarily, however, this is not 
done, the entire C4 hydrocarbon content of the 
dehydrogenation effluents being passed to the 
alkylation step, wherein the normal butane may 
take part in the alkylation reaction, although 
niore often, and preferably, it acts merely as a 
desirable or at least innocuous diluent. 
In alkylation unit 9, the isobutane is alkylated 

by the but enes in any manner known to the art, 
to give a very high octane number substantially 
Saturated notor fuel blending stock. Preferably 
a liquid catalyst Such as sulfuric acid, or espe 
cially hydrofluoric acid, is used, at atmospheric or 
iRear-atmospheric temperatures, and with sufi 
Cient pressure to maintain the entire reaction 
mixture in liquid phase. The ratio of isoparafin 
to olefin is kept at a value well above 1:1, and 
frequently as high as 100:1 or even higher, 
depending upon the particular method of con 
tacting hydrocarbons with acid and upon other 
Characteristics of the alkylation system. The art 
of alkylation is now well developed and accord 
ingly the various details for carrying out the 
alkylation itself need not be discussed further. 
Hydrocarbons effluent from the alkylation are 
passed via line to fractionator 4, wherein a 
Separation is made between the alkylate product, 
comprising C5 and heavier, which leaves through 
line : 2, and C4 hydrocarbons, generally con 
sisting entirely of iso- and normal butane, which 
ai'e recycled by means of line 3 to one or more 
desired points in the fractionation and alkylation 
System just described. According to the composi 
tion of the stream in line 3 and of the other 
Streams, a portion or all may be reintroduced 
through line 4 for introduction to alkylator 9, 
line f£5 for dehydrogenation in unit i?, or line 
if 6 for separation into iso- and normal com 
ponents in fractionator 7, from which it again is 
passed along with other hydrocarbons for dehy 
drogenation and/or alkylation as described. 

It is to be understood that throughout the 
process disclosed herein various auxiliary steps 
of intermediate or secondary fractionations or 
Separations other than those described may be 
employed, such as settling and recycling of 
nobile catalyst, separation of catalyst from hy 
drocarbons, separating reacted product from un 
reacted material which may be recycled, sepa 
rating by-products from other desired products, 
and other similar steps which may be required in 
practice to promote efficiency and increase yields 
of primary products. All of such steps are not 
shown herein, their use being indicated by, or 
being obvious to one skilled in the art in view of, 
the disclosure herein. w 
A pentane-pentene fraction is obtained as bot 

tom product from fractionator 5through line 22, 
and is subjected to the same type of treatment 
as that just described for the butane-butenefrac 
tion obtained as top product from fractionator 5, 
but under conditions chosen as optimum for the 
particular C5 hydrocarbons being treated, which 
are generally different from the optimum condi 
tions for the same operations on C4 hydrocarbons. 
Material flows from line 22 into fractionator 23, 
iso-C5's, particularly isopentane, are taken off 
overhead via line 24 and passed to alkylator 25, 

5 higher boiling C5's, particularly normal pentane, 
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are taken as kettle product from 23 via line f8 
and passed to catalytic dehydrogenation 2. 
Effluents from unit 27, comprising principally 
pentenes, undehydrogenated n-pentane, and hy 
drogen, are passed to separator 20 via line 9, 
and separated into hydrogen, which is taken of 
through line 2 to join the hydrogen in line 
2 for further use as later described, and a 
pentene fraction which is passed via line 28 to 
alkylator 25. 
In unit 25, isopentane is alkylated by the pen 

tenes, preferably through the aid of a suitable 
alkylation catalyst as described above with refer 
ence to the C4 alkylation step, and effluent hydro 
carbons are then passed via line 22 to fraction 
ator 29. The alkylate, a high octane number 
saturated motor fuel stock particularly suited for 
use in aviation fuels, is withdrawn via line 3. 
All or a part of the unreacted C5's, which are 
usually substantially free from olefins, may be 
withdrawn as part of the alkylate to give a desired 
volatility thereto, and/or may be separated over 
head, as by line 30, for recycle in a manner simi 
lar to the C4 recycle from line f3 as heretofore 
explained. For this purpose lines 23, 24, and 
125 are provided, leading from line 30 to alkylator 
25, dehydrogenator 27, and fractionator 23, re 
spectively. 

Frequently it is desirable to separate out a 
substantially pure isopentane fraction for use as 
a blending agent for aviation fuels inasmuch as 
isopentane has a high octane number and at the 
same time is highly volatile. Such a fraction may 
be separated out via line 26. When the pentene 
content of the feed to fractionator 23 is suffi 
ciently low, or such that pure, olefin-free iso 
pentane can be separated therefrom, such isopen 
tane may be taken of overhead through line 24, 
with part being diverted to line 26 for the purpose 
stated. More often, however, such olefin-free 
isopentane blending stock is best obtained from 
the alkylation effluents by fractionation in col 
umn 29, the alkylation thus serving to remove 
pentenes from admixture with the isopentane. 
In this instance, isopentane may be taken as a 
top product through line 30, with part or all pass 
ing via line f27 to line 26, while normal pentane 
is separated from fractionation system 29 via line 
28 and recycled via line 30 to one or more de 

sired points either alone or in admixture with 
some isopentane. The relative amounts of iso 
pentane used up in the alkylation step or sep 
arated as blending agent will of course depend 
upon the available supply thereof from the crude 
oil or other charge stock and from the various 
conversions soon to be described, as well upon the 
properties desired of the finished motor fuel blend 
or blends produced by my invention. 
A modification of the alkylation steps just dis 

cussed which is sometimes preferred because of 
the relative amounts of the various hydrocarbons 
available, other uses to which certain of the hy 
drocarbons may be put, or certain properties of 
alkylate which it is desired to obtain, involves 
the alkylation of isobutane with pentenes and/or 6 
the alkylation of isopentane with butenes. For 
this purpose, line 29 is provided for passing bu 
tenes to alkylator 25 for reaction therein with 
isopentane, and line 30 is provided for passing 
pentenes to alkylator 9 for reaction therein with 
isobutane. In this manner, instead of obtaining 
One alkylate which is predominantly C8 and an 
other alkylate which is predominantly C10, one 
may obtain a single alkylate which is predomi 
nantly.C.s if desired... Another instance in which 
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this modification may be taken advantage of is 
when butenes are needed for another use, such as 
a dehydrogenation feed for the production of 
butadiene to be used in producing a synthetic 
rubber or the like, and when isopentane is more 
valuable as an aviation fuel blending stock than 
as alkylation feed. In this case, only alkylation 
unit 9 is operated, on a butane-pentene feed, 
While butenes and isopentane are sent to their re 
spective utilizations instead of being subjected 
to alkylation. Furthermore, when one or the 
other of the two alkylation systems is overloaded 
or underloaded due to a particular manner in 
which the various conversions are being oper 
ated, a portion of fresh charge or recycle charge 
or both, comprising paraffins and/or olefins, may 
be diverted through lines shown and/or by means 
not shown, from one system to the alkylation unit 
of the other system, and the two charges may 
thus be at least partially comingled with the pro 
duction of a mixed alkylate. This type of oper 
ation may be utilized over a wide range of con 
centrations without departing from the limits of 
the invention as described and claimed, and al 
lows a very desirable flexibility in carrying out 
the over-all operations. When any of these var 
ious modifications are practiced it may be desir 
able to recycle streams of unconverted hydrocar 
bons containing both 4- and 5-carbon atom hy 
drocarbons back to fractionator 5 for separation 
into the two families of C4 and C5 hydrocarbons 
prior to further treatment, and for this purpose 
lines 7 and 26 are provided. 
While I have referred primarily to alkylation of 

isoparaffins, it should be understood that I may 
also alkylate normal paraffins under some cir 
cumstances, by either catalytic or non-catalytic 
means known to the art. Conditions necessary 
are usually more severe than with isoparaffin 
alkylation, and the choice will depend upon the 
relative availability of the various C4 and C5 hy 
drocarbons. Furthermore, while I have shown 
specific steps for separation of paraffins from ole 
fins and the like, other steps, including those 
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such as selective solvent extraction and the like 
as well as conventional fractionation, may be 
utilized, depending again upon the relative pro 
portions of the various hydrocarbons, and on the 
particular fractions it may be desired to separate 
out for a certain alkylation or other conversion or 
utilization. In some cases a portion of the C3 hy 
drocarbons comprising propylene may be passed 
to alkylation along with butenes and/or pen 
tenes. The extent to which dehydrogenation 
will be used to provide olefin feed for the alkyla 
tions is indirectly at least a function of the con 
versions of heavier hydrocarbons effected in other 
portions of the system. Generally these con 
versions are such that, although highly olefinic 
gases are formed, there is still an excess of par 
affins available for alkylation feed stock, thus 
making possible the use of catalytic dehydro 
genation of the same to increase the ultimate 
yield of alkylate. 
Turning now to the hydrocarbons in the crude 

oil having more than five carbon atoms to the 
molecule, it will be seen from the drawing that 
each of the fractions 02, 93, C4, and 05 is 
treated separately in a catalytic conversion step 
to produce optimum yields of desired hydrocar 
bons, usually those boiling in the motor fuel 
range. Much higher ultimate yields of desired 
products are obtainable, through catalytic treat 
ment of these fractions than would be obtain 
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able if they were treated by non-catalytic con 
Version processes exclusively. 
The light gasoline fraction separated from still 

2 via line 02 is heated by means not shown to a 
reforming temperature such as 900 to 1050 F., 
and passed into unit 29 at a flow rate preferably 
in the range of 10 to 20 barrels of liquid charge 
per hour per ton of catalyst over a suitable re 
forming catalyst such as bauxite, alumina, having 
a small proportion of chronium oxide associated 
therewith, or others such as those well known to 
the art, whereby an appreciable improvement in 
octane number of the gasoline may be obtained 
while suffering comparatively, small loss in yield 
of gasoline. Reforming effluents are passed via 
line 30 to stabilizer 3f wherein light gases, pri 
marily hydrogen, are separated overhead via line 
32 for passage to line 9 and thence to frac 

tionator 3, while thereformed gasoline product is 
taken via line 33 for blending with other gaso 
line products produced elsewhere in the System. 
Ordinarily no appreciable amount of material 
heavier than gasoline is formed, and thus no pro 
visions need be made for separating out such 
material. . 
The heavy naphtha fraction obtained through 

line - O3- is subjected in known manner to cata 
lytic treatment in unit 35, conditions preferably 
being. Such that an effect somewhat intermediate 
simple non-destructive reforming and cracking 
is obtained. The catalyst may be primarily a 
reforming catalyst Similar to that used in unit 
29, or it may be primarily a cracking catalyst 

similar to that used in units 47 and/or 55 to be 
described, or it may be a mixture of such cata.- : 
lysts, or any other catalyst composition produc 
ing the desired results, the choice being within 
the skill of the art in view of the instant disclo 
Sure. The reaction may be such as to produce a 
desirable quantity of aromatic hydrocarbons. , 
Reaction effluents pass from unit 35 via line 36 
into separator -37, ordinarily a single fraction 
ator, wherefrom material boiling below a desired 
notor fuel end point, such as 325 to 425 F., is 
taken overhead via line 38 to fractionator 39, 
while heavier material is passed via line 42 to 
unit 6f for non-catalytic pyrolytic treatment, 
Since this material is more amenable to such 
non-catalytic treatment than it is to a recycling 
operation to the catalyst over which it has al 
ready been passed. A reformed or cracked gas 
oline is separated from column 39 via line 4, 
While light gases, comprising C4 or C5 and lighter 
hydrocarbons, generally along with some hydro 
gen, are passed via line 49 to line for and frac 
tionator 3. 
The light Virgin gas oil separated from other 

constituents of the crude oil is passed by way of 
line f(4 into catalytic cracking unit 47, wherein 
it is contacted with a suitable cracking catalyst 
at an elevated temperature generally in the range 
of 750 to 1100° F., at a low superatmospheric 
pressure ranging up to 50 or 100 pounds per 
Square inch gage, and at a flow rate and other 
reaction conditions usually chosen for optimum 
production of motor fuel hydrocarbons. The 
catalyst is preferably one of the so-called silica 
alumina type, either synthetic or natural, char 
acterized by the presence of Silica, along with usu 
ally relatively minor amounts of alumina, zir 
conia, and/or other metal oxides, and typified by 
silica, gel activated with adsorbed alumina on the 
one hand and acid-washed bentonite clay, such 
as 'Super-Filtrol,' on the other. If the produc 
tion of more isoparafins. and less olefins is de 

0 

15 

20 

30 

50 

55 

80 

65 

70 

8 
Sired, a metal halide cracking catalyst Such as 
aluminum chloride may be used in this and/or 
Other cracking units. 

It may be mentioned here that the catalytic re 
forming and/ or cracking units 29, 35, 47, and 
55, are merely illustrated diagrammatically in the 
drawing, and that in general any of these units 
may be of the fixed catalyst bed type, of thenOW 
ing catalyst bed type, as typified by the so-called 
“TCC’ process, or of the powdered catalyst type 
typified by the so-called “fluid catalyst' systems, 
or of any other design which the economics of a 
particular situation indicate to be most desirable. 
While the results obtained from these various 
types of Systems on a given charging stock may 
vary to a limited extent, it may be said that a 
given general result may be obtained from any of 
these Systems, and the precise operating details 
for any Such catalytic system will be readily sup 
plied by one skilled in the art, based on the dis 
ClOSures herein of the materials treated and the 
results desired. It is to be further understood 
that all of the necessary equipment for effecting 
catalyst reactivation, as by burning with air or 
other oxygen-containing gas, is included in the 
diagrammatic representation, since such equip 
inent and the operation thereof are now well un 
derstood, and accordingly do not of themselves 
form part of the present invention. To show such 
equipment further would merely complicate the 
drawing without contributing appreciably to the 
teachings of this disclosure. * , 

Returning to the catalytic cracking system 47, 
reaction products, including unconverted gas oil, 
paSS Via line 34 to fractionator. 48, from the ket 
tle of which is drawn cycle oil which is passed in 
Whole or in part via line 5 into line 42 for treat 
ment in unit 62. Cracked products are taken 
Overhead through line 35 into fractionator 49 
from which a cracked gasoline product of high 
antiknock Value is removed through line 50 while 
light gases, comprising predominantly olefins 
and isoparaffins of five and/or four carbon atoms 
and lighter olefins, and usually very minor quan 

5 tities of hydrogen and/or methane, are sent via 
lines 36 and 07 to fractionator 3 for separation 
into components and utilization as specified else 
Where herein. w . . . . . . 

Heavy, Virgin gas oil is passed via line 05, in 
admixture with material from lines. 66, 79, and 
93 prepared as hereinafter described, into cata 
lytic unit. 55, wherein cracking is effected to pro 
duce notor fuel stock of good antiknock value. 
The catalyst in this case is again preferably of 
the silica-alumina type, and will generally be de 
rived from a natural clay rather than being syn 
thetically produced, since the life of the catalyst 
in this step is frequently not so long as in the 
other cracking units shown, and the cost of syn 
thetic catalyst is likely to exceed its value in ob 
taining any increased efficiency. Reaction con 
ditions are similar to those used in units 47. Or 
dinarily, with catalyst of equal activity, a lower 
temperature may be utilized in Cracking the 
heavier hydrocarbons. However, With a less ac 
tive catalyst the temperature in unit 55 may be as 
high aS, or even higher than, that in unit 4. 
Cracked and unconverted hydrocarbons pass via 
line 3 into fractionation system, 56 wherein 
residue higher boiling than gasoline is separated 
as kettle bottoms and passed via line 60 to line-2 
where it is intermingled with other charge stock 
passing to non-catalytic unit. 6, while gasoline 
and lighter fractions are taken Overhead from 56 
via line F38 to fractionator 57. In this latter 
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fractionator, the desired high octane number 
motor fuel stock is obtained as kettle product, 
which is withdrawn through line 59, and light 
gases somewhat similar in composition to those 
obtained from fractionator 49 are taken through 
line 58 to line 07 for admixture and Subsequent 
separation and treatment with other light gases. 

It will be seen from the above discussion that 
various cuts are separated from the Crude petro 
leum charged to the system, and those cuts rang 
ing from light gasoline to heavy gas oil are Sep 
arately treated over catalysts to give the desired 
yields of high Octane number motor fuel. This 
separate treatment makes possible the choice of 
operating conditions and catalystS Optimum for 
each particular cut. In cracking unit 55 last de 
scribed, not only is heavy virgin gas oil treated, 
but also in admixture thereWith products ob 
tained from three other stages in the process, 
which are now to be discussed in detail. 

O 

5 

20 
After each of the catalytic treatments referred 

to, a separation is made, whereby light gases are 
Separated and sent to a common fractionator 3 
in admixture With light material obtained from 
the crude, motor fuel is taken Out, and heavy 
"cycle stock' is obtained. These cycle stocks are 
all shown as passing into line 42 for subsequent 
treatment in thermal cracking unit 6. It is to 
be understood that I may alternatively use a 
single, common fractionator for separating each 
of the streams 30, 36, 34, and 37 into the de 
sired light gas, gasoline, and heavier cuts, rather 
than using the separate fractionators shown in 
the drawing, and when the catalytic units are 
each operated on a high Conversion per paSS, or 
Once-through type of Operation, I prefer to paSS 
the effluents therefrom to a common fractionation 
system. HoWever, it is sometimes more efficient 
to catalytically reform and crack at a relatively 
low percentage conversion per pass, with recycle 
of at least a portion of the unconverted material 
to the catalyst for additional treatment to obtain 
a desired overall yield. For this purpose lines 
39, 40, 4, and 42 are provided. When this 

type of procedure is used, it is preferable to use 
the separate fractionators with each catalytic 
unit as shown, so that the proper cycle stock for 
each treatment will be more readily obtained. 
In all cases, however, I pass at least a portion 

of the cycle stock, or partly converted or uncon 
verted materials, to unit 6 for further, non-cat 
alytic cracking. Recycle Stocks from catalytic 
cracking operations are rich in relatively satu 
rated types of hydrocarbons, which are more 
amenable to purely pyrolytic cracking than to 
further catalytic treatment, and thus the pyroly 
tic cracking of the cycle stocks referred to pro 
vides a more efficient operation and higher ulti 
mate yield of final product than otherwise ob 
tainable. Such cracking is effected by paSSing 
hydrocarbons from line 42 into thermal crack 
ing unit 6, which is constructed and operated 
in a manner now well known to the art. Gen 
erally the hydrocarbons are cracked under pres 
sures of above 200 pounds per square inch, rang 
ing on up to 2000 pounds, and at temperatures 
of the order of 900 to 1000 F. on up to as high 
as 1200° F. as may be desired. Light gases from 
line 4 may be introduced by means not shown into 
the cracking coils or reaction Zone or elsewhere 
in the cracking unit 6 as desired to promote 
vaporization of the heated charge, to Superheat 
the charge, and/or to promote gas reversion re 
actions. . . . 

Eulents from unit 6 are passed via line 43 

2 5. 
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to fractionator 62, from which gasoline and 
lighter productS are passed overhead via line 44 
to column '63, while cycle stock is separated via 
line 5. This cycle Stock may in part be returned 
Via line 46 to unit 6 for further cracking in 
Conventional manner, particularly when a rela 
tively low per paSS conversion is being obtained 
tierein. FiOwever, Since the cycle stock is rela 
tively unsaturated and thus more susceptible to 
catalytic than to further thernal crackiing, a por 
tion or all is passed via line 66 to catalytic unit 
55, and/or units 35 or 47, to be cracked therein 
With heavy virgin gas oil and other hydrocarbons 
as previously described. If this recycle of 
thermaily Cracked Stock to catalytic crackling, and 
of catalytically Cracked Stock to thermal crack 
ing Were to be continued indefinitely, the cycle 
Stocks Would becoine more and more refractory 
due to the build-up of aromatics and other hy 
drocarbons Which are not readily cracked. Ac 
COrdingly, a portion of stream 45 is withdrawn 
from the System through lines i47 and 48. 
Heavy residues from the non-catalytic cracking 
are also Withdrawn from fractionation System 
62 through line i8. From fractionator 63 light 
gases, highly oleinic in character, are taken off 
Overhead through line 5 for passage via line 07 
to fractionator 3 in admixture With other ignt 
gases, Wnie Cracked gasoline product is separated 
through line 64. InlS product may be utilized 
aS Such, blended With other stocks, or Suojected 
to Catalytic aronati Zing or other treatment de 
Signed to impart particular properties thereto. 

Turnling noW to the reSidulum from crude frac 
tionator 2, this material passes through lune (G6 
to heater and is heated to Such temperature as 
may be desired, up to that causing some cracking. 
fight gases separated Via line A irom fractionator 
3 as heretofore described, and including both 
paraffinic and olefinic gases having three and less 
Carbon atoms per molecule, and Which also may 
include Some hydrogen, although this is gener 
aliy not preferred, are introduced via line 2 into 
a Separate coil in heater and/or via line A49 
into the liquid charge line 66 prior to entry into 
a Connon heating coil. If heated in a separate 
coil the gases may be brought up to any desired 
temperature higher or lower than that employed 
for tile liquid reduced Crude charge, a tempera 
ture as high as i200 F. being employed in some 
cases where the maximum vaporization of charge 
is desired. Both Streams, or the streams com 
ningled through use of lines 49 or 50, are 
flashed in a vaporizing chamber 73, and all vapors 
paSS therefrom Via line 5i to the non-catalytic 
Cracking and gas reversion reaction Zone 74. The 
gases Serve to Superheat the liquid charge before 
or during flashing, to act as Sweeping agent in 
the vaporization thus giving maximum vaporiza 
tion of volatile Components of the residuum, and 
to take part in the combined cracking-gas 
reversion reaction in unit 74. Charge to this unit 
may be introduced at any desired pressure and 
temperature, out preferably between about 500 
and 1500 pounds per Square inch gage and about 
850 to 1000 F. A complex series of reactions 
takes place which may be regarded as a combina 
tion of Cracking of heavy constituents and of 
light Saturated constituents, along with polymer 
ization of light olefins. 

Hot products from unit 4 pass via line 52 
to fractionator 76, and Vapors boiling in the 
gasoline range and below pass overhead there 
from through line 77 to stabilizer 78. The 
Stabilized gasoline passes to blending or storage 
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or for further treatment through line 80, while 
light overhead gases pass through line 81 to 
miingle with similar gases from other units in line 
167 for passage to fractionator 3. The gasoline 
thus produced is highly olefinic and possessed is 
of a high antiknock value. In case it is desired 
to produce maximum yields of aviation gasoline 
stocks, this particular gasoline is especially 
suited for use as feed stock to a catalytic treat 
ment which will effect ring closure and other 
aromatizing reactions, whereby an aromatic 
stock very useful for increasing the antiknock 
value and rich mixture performance of aviation 
fuels is obtained. Recycle oil and insufficiently 
cracked material, being olefinic to a marked ex 
tent, are taken from fractionator 16 through 
line 79 to catalytic cracking unit 55 where they 
are subjected to catalytic cracking in admixture 
with heavy virg r 

10 

15 

- . rgin gas oil, cycle oil from non 
catalytic cracking unit 6, and the material as 

nation unit 90, wi hydroge ... . . . . . . . ... W - " - - - - - - - - - - - - -'. '1' ' ' ' 

with hydrogen from line 2, obtained as herein with h 

enation to produce hydrocar yd 
rated in character and of lower boiling 

Reaction products pass through line 9i 
and fractionated in tower 92 
y material is removed from 
ms through line 94, light gases 
aken overhead via line. 53 to 
d material boiling above the 

40 

"J. R. K. c.- 

and are flashed an 
45 

lator 57. The gas phase in accumulator imposed predominantly of hydrogen, may 
pressed and returned to destructive hy 
on unit 99 through line 58, while the 

e is taken via lines 59 and 07 to ator 3 for separation and subsequent 
O. 

the invention has been described in some 
th reference to the specific example 

ed by the drawing, it will be appreciated 
at many variations may be practiced within 

the limits of the invention. For example, the 
light and heavy virgin oil in lines 104 and 105 respectively may be treated together in a single 
catalytic cracking unit; the same is true of the 
light gasoline and heavy naphtha, in lines 02 
and 03 respectively, and of the heavy naphtha. 
and light gas oil in lines 03 and G4 respectively, 
etc. Furthermore, the cycle oils or other prod 
ucts passing through lines 63, '79, and 93 may 
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first be separated into light and heavy fractions, 
which are subsequently treated separately as in 
units 45 and 55 for the light and heavy respec 
tively. While maximum yields of motor fuel 
hydrocarbons are generally sought and obtained 
through use of my invention, it will be seen that 
other products may be obtained in increased 
yields at the expense of motor fuel production 

ous gasoline and other products will frequently 
be blended together to give a final composite 

the products may be utilized separately. Also, 
many of the products and intermediate streams 
will receive additional treatment, such as clay 
treating, desulfurization, etc., not described or 
shown, since the application of such treatment 
is well understood in the art. Obviously many 
auxiliary and minor steps have been omitted 
from this description, since they are well known. 
in the art and simply constitute good practice 
known to any qualified designer or operator. 
Various pieces of equipment, including. reflux. 
condensors and accumulators, reboilers, valves, 
pumps, compressors, heating and cooling means, 
heat exchangers, and the like have not been 
shown in the drawing for the sake of simplicity. 
A few valves have been indicated where ob 
viously alternative flows might be used, but it 
will be understood that no attempt has been 
made to show all pressure reducing or other 
valves. 3. 

I claim: 
A process for the production of motor fuel stock 

from heavy components of crude petroleum which 
comprises separating from said crude petroleum 
a virgin gas oil and a residuum consisting of hy 
drocarbons higher boiling than said gas oil, flash 
ing said residuum in admixture with a light gas 
comprising hydrocarbons of more than one car 
bon atom per molecule at an elevated tempera ture whereby a gas phase is produced comprising 
said light gas and volatile constituents of said residuum and a liquid phase is produced.com 
prising heavier constituents of said residuum, said light gas comprising paraffinic and olefinic 
gases produced in first, second, and third conver 
Sion steps hereinafter described, separating said 
gas phase and maintaining the components there 
of in a first conversion step under elevated tem 
perature and pressure and for a sufficient time. 
in a non-catalytic reaction zone to effect sub 
stantial production of motor fuel hydrocarbons, 
separating said motor fuel hydrocarbons as a 
product of the process, separating a fraction of 
heavier hydrocarbons so produced and substan 
tially free from constituents boiling in the range 
of said residuum and passing the same in ad 
mixture with said virgin gas oil and a hydr 
genated material of similar boiling range pro 
duced as hereinafter described in a second con 
version step in contact with a cracking catalyst 
at cracking conditions to effect substantial pro 
duction of motor fuel hydrocarbons, separating 
said motor fuel hydrocarbons as a product of 
the process, subjecting said liquid phase pro 
duced by said flashing of said residuum and light 
gas to destructive hydrogenation in a third con 
version step in admixture with hydrogen in the 
presence of a hydrogenation catalyst at elevated 
temperatures and pressures to produce substan 
tial quantities of hydrocarbons lower boiling than 
Said residuum, separating motor fuel hydrocar 
bons So produced as a product of the process, and . 
Subjecting to cracking as hereinbefore specified 
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hydrogenated hydrocarbons so produced higher Number Name Date 
boiling than said motor fuel hydrocarbons but 2,129,506 Sachs ------------ Sept. 6, 1938 
lower boiling than said residuum. 2,205,434 Phinney ----------- June 25, 1940 

ARCHL, FOSTER, 2,319,354 Sperling------------ May 18, 1943 
5 2,352,025 Seguy ------------- June 20, 1944 

REFERENCES CITED 2,256,615 Hederhorst -------- Sept. 23, 1941 
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file of this patent: Article entitled “Technique for Refining War 
UNITED STATES PATENTS 10 Products Explained,” in “The Oil and Gas Jour 

Number Name Date nal,' of March 19, 1942, pgs. 19 and 18. (Copy in 
2,222,060 Arveson ------------ Nov. 19, 1940 196-49 of Division. 31.) 
2,257,723 Arveson ------------- Oct. 7, 1941 Flow Sheet inserted between pgs. 140 and 141 
2,300,691 Ocon -------------- Nov. 3, 1942 of “The Refiner,' of October 1942, vol. 21, No. 10. 
2,303,107 Benedict ----------- Nov. 3, 1942 5 (Copy in Div. 31.) 
2,312,445 Ruthruff------------ Mar. 2, 1943 Williams, “The Oil and Gas Journal,' of Nov. 
2,276,171 Ewell -------------- Mar. 10, 1942 7, 1935, pgs. 38 and 39. (Copy in Scientific Lib.) 


