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The present invention relates to the art of 
treating hydrocarbons and, more particularly, it 
relates to the art of obtaining from relatively 
heavy or high-boiling hydrocarbon oils increased 
quantities of fractions boiling substantially with 
in the gas oil range. _ 
As is generally known, ordinarily, the ?rst re 

?nery operation in treating a crude petroleum oil 
to obtain commercially valuable constituents 
thereof is to subject it to simple distillation or 
“topping” to remove from the crude oil those 
constituents boiling up to and including the so 
called gas oil range, that is to say, those constit 
uents are removed, by distillation, which boil up 
to about 700°-850° F. The residue, of course, 
contains constituents which may be processed to 
recover valuable constituents such as lubricat 
ing oil, parailin wax, petroleum asphalt, and the 
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tion ordinarily is not considered as good a feed 
stock as that produced by viscosity reducing, for 
a catalytic cracking operation, since the former is 
quite apt to. contain appreciable quantities of 
naphthalene, anthracene, phenanthrene, benz 
anthrene, and other cyclic hydrocarbons contain- ’ 
ing a plurality of benzene rings in a single nu 
cleus. These multi-ring' aromatic compounds 
tend to produce excessive amounts of coke on the 
catalyst in a catalytic cracking operation. More 

. over, 15% to 35% of gasoline is produced and it 
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like, depending upon‘the nature and origin of the ‘ 
original crude. There are, however, occasions 
when a reduced crude or topped crude, due to 
commercial demand or for some other reason, 
is processed to recover additional quantities of 
gas oil, heating oil, fuel oils, and the like. 
‘In current practice there are at least two gen 

eral methods for processing reduced or topped 
'crudes to recover additional quantities of gas oil 
and fractions of similar boiling range. The ?rst 
of these is the so-called viscosity-breaking opera 
tion in which the crude oil is subjected to an ele 
vated temperature for a relatively short period 
of time to recover an additional quantity of- gas 
oil. In general, viscosity breaking is a relatively 
mild thermal treatment producing from 5% to 
15% gasoline, as well as gas oil, and the gas oil 
obtained from such an operation is usually a suit_ 
able feed stock for a catalytic cracking opera 
tion since it contalns'relatively small amounts of 

so 

has a low octane number. It is desirable to pro 
duce a minimum of gasoline in either of these two 
thermal operations to have the highest ?nal oc 
tane number on the crude when using catalytic 
cracking of gas oils. 

1 have discovered a means of treating a re 
duced petroleum crude operation which, in its 
broader aspect, involves ?rst subjecting the re 
duced crude vto a viscosity-breaking operation in 
the presence of a powdered carbonaceous mate 
rial and thereafter‘ subjecting the tar bottoms 
from the viscosity breaking operation to a cok 

‘ ing operation. ‘ 
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aromatic hydrocarbons having more than, two ,’ 
benzene rings in a condensed nucleus. The vis 
cosity reducing operation also produces a pe- .1 
troleum tar and heavy oil which may be further 
heat treated to produce asphalts and road paving 
compositions or sold as a liquid fuel oil. The 
thermal treatment of the heavy constituents of 
the residuum. partially cracks it and reduces its 
viscosity. As a'resuit less gas oil is necessary to 
blend therewith for a fuel oil of saleable viscosity. 
The second method, the coking of reduced 

crudes, is a much more drastic heat treatment 
of the reduced crude than is the vis-breaking op 
eration since it results usually in the production A 
of volatilizable hydrocarbons vsuch as gas oil, 
gasoline, and light hydrocarbons, together with a 
solid coke. The gas oil from the coking opera 
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I have found that I obtain increased quantities 
of gas oil from the viscosity breaking operation, 
which gas oil has excellent qualities as a feedv _ 
stock ‘for a catalytic cracking operation. In the ' 
coking operation, I, of course, produce a gas oil 
which is not, as such, particularly suitable for 
catalytic cracking but may however be employed 
as a feed stock in a thermal cracking operation. 
According to my present process I may subject 
the gas oil from the coking operation to a treat 
ment with solvents such as S0: wherein I am 
‘enabled to improve the quality of the gas oil by 
dissolving out the‘ polycyclic aromatics and mix 
ing the ra?lnate from the solvent treatment with 
the gas oil from the viscosity reducing operation 
to form a‘ suitable charging stockfor a catalytic 
cracking ‘operation. ‘ , 

The object of my invention, therefore, is to 
transform increased quantities of a heavy petro 

- leum'oil into gas oil of a quality suitable for use 
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as a catalytic cracking stock. 
Another object, of my invention is to reduce the 

viscosity thereof, to produce a gas oil, a relatively 
heavy hydrocarbon oil in the presence of a gran 
ulated or subdivided carbonaceous material such 
as petroleum coke and thereafter to coke the tar 
and heavy oil from the viscosity reducing opera- ' 
tion to produce a further quantity of gas oil, the 
added coke beingv present also in the coking 
operation. ‘ 

‘A further object of my invention is to subject a 



2 
heavylpetroleum oil residuum to viscosity reduc 
ing in the presence of added granular petroleum ’ 
coke, to coke the residual tar and heavy oil, to 
solvent treat the gas oil from the coking opera 
tion and to combine the ra?lnate from the latter 
operation with gas oil from the viscosity reducing 
operation. - 
Other objects and advantages of my invention ' 

will more fully appear hereinafter. 
The present invention is fully disclosed in the 

following speci?cation and claims, reference be 
ing had to the accompanying drawing. 

Fig. 1 shows a diagrammatic ?ow plan serving 
to indicate a preferred modi?cation of my pres 
ent improvements. 

Referring in detail to the drawing, an East 
Texas crude oil of about 38° A. P. I. gravity is in 
troduced into the system through line I and 
thence discharged into a coil 3 disposed in a suit 
able furnace setting 5. The oil is heated in coil 3 
to a temperature within the range of from about 
500-900° F., under a gauge pressure of 5 to 500 
lbs/square inch, whereupon the heated oil is 
withdrawn from coil 3 through line 3 and thence 
discharged into fractionating tower 8 from which 
overhead products containing gasoline and gas 
are withdrawn through line I0 and heavy naph 
tha and gas oil through side streams 9 and II 
as separate products for sale as such or further 
processing. 
The heavy oil bottoms separated in drum 8 
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which may, for example, have an initial boiling , 
F. and a gravity of 18° A. P. I. are 

l2 and discharged 
into a second 

Just 

point of 700° 
withdrawn through line 
through injector l9 and pump 2| 
heating coil ll disposed in a furnace l5. 
prior to discharge of the oil in line l2 into coil‘ 
l4, petroleum coke having a particle size of from 
say 100 to 400 mesh is withdrawn from a feed 
hopper l6 through a star feeder I1 and a conduit 
l8 and thence fed into mixing means I9 to form 
a slurry of coke and oil. The amount of coke 
thus added'may vary in rather wide limits, say 
1 to 100 parts by weight of coke per 100 parts of 
oil, with 5 to 50 parts preferred. The oil is heat 
ed in coil “to a temperature of from about 800° 
F. to 1000° F. while maintaining‘al-coil outlet 
pressure of from 1 to 1000 lbs/square inch gauge. 
The oil feed rate to the coil may vary from ‘1 to 30 
vol. of oil per vol. of coil per hour. The oil is 
withdrawn from coil I‘ through line 20 and dis 
charged into a second separation drum 25. The 
vapors containing gas oil and light products are 
withdrawn from separation drum 25 through line] 
28' and may be delivered to a fractionating tower 
29 from which normally gaseous hydrocarbons 
and gasoline are withdrawn through line 32 while 
a gas oil fraction is recovered through line 34. 
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of from about 900° F. to 1100° F. This coil is 
merely a preheating coil and the temperatures 
indicated are attained as rapidly as possible, say 
from 1/2 to 10 minutes being su?icient time of 
residence of the oil in the coil to acquire said 
temperatures. The oil is withdrawn from coil 36 
through line 40 and discharged into a coking 
drum43. To attain continuity, it will be readily 
understood by those skilled in this particular 
art, that two or more coking drums should be 
employed so that while one or more are being 
decoked, the other or others maybe employed 
in the on-stream operation. The oil is sub 
jected to the temperatures indicated, namely, 
800° F. to 1100?‘ F., and preferably to a superat 
mospheric pressure which may be as high as 
750-1000 lbs/square inch. ' Drum 43 may be a 
simple up?ow drum for coking or it may be any‘ 
other form of coking apparatus such as a heated 
coil, continuous coker producing a powdered 
coke, refractory hearth coker or other types 
known to the art. The vapors are withdrawn 
from the coking drum through line 46 and de 
livered' into a fractionating column‘48. Several 
fractions may be recovered from fractionating 
column 48, such as gasoline and higher hydro 
carbons through line 50, domestic heating oil 
through line 52, and a heavier oil through line 
55. The bottoms from the tower may, if desired, 
be recycled through line 58 to line 30 for further 
treatment, or may be withdrawn through line 60 
and processed to recover desired products such 
as heating fuels. 

Preferably, the gas oil recovered through line 
55 from tower 48 is treated with a solvent such 
as liquid $02, in a suitable tower 62, the S02 be 
ing supplied through line 80. A ra?inate substan 
tially free of aromatics containing two or more 
benzene rings in a condensed nucleus is recovered 
from treating tower 82 through conduit 64 to still 
66, subsequently discharged through line 68‘ to 
tower 10 to be washed with an alkaline substance 
such as aqueous sodium carbonate or caustic soda, 
and thence pumped by pump 12 through transfer 
line ‘H to line 35 where it admixed with the gas 
oils previously produced as hereinbefore ex 
plained. 
The washing solution may be discharged into 

tower 10 through line 18 and removed through 
line 19. 
The S0: associated with the raf?nate is re 

covered from still 66 through line 16, compressed 
and refrigerated in 18 and recycled through line 

- 80 to treating vessel 62. 
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The‘ virgin gas oil recovered from fractionating - 
tower 8 through line H may be combined with 
that in line 35 and the combined gas oils may 
be delivered to storage (not shown), {as a suitable 
source of supply for a catalytic cracking feed 
stock. The presence of the ?ne powder in the 
vis-breaking operations allows higher operating 
temperatures and shorter contact times than 
heretofore employed in vis-breaking since carbon 
formation in the tubes is prevented by the scrub 
bing action of the coke particles and their absorp 
tive properties for asphaltic material in the tar. 
The heavy oil containing the added coke is 

withdrawn from drum 25 through line 30 by 
means of pump 3| and discharged into a third 
coil 36 disposed in a furnace setting 31 where 
the oil is heated to temperatures within the range 
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Meanwhile, the extract formed in tower 62 may 
be withdrawn therefrom through line 85. This 
extract may be freed of SO: and the hydrocar 
bons may‘ be treated to produce more or less 
high-powered solvents since they contain aro 
matics, or the hydrocarbons may be employed for 
some other suitable purpose. 
The solvent treatment herein described is an 

incident of my complete process, and as such, 
does not involve invention by me, since I may 
employ any conventional solvent treating tech 
nique and any known solvent. 

v Referring again to separator 25, if some of the 
?ner particles of coke are carried overhead 

76 

through line 28, the vapors are preferably deliv 
ered to one or more cyclone separators to re 
move suspended or entrained coke. Also a por 
tion of the coke formed in the process may be 
ground and reintroduced into the system through 
hopper Hi. It will be understood, of course, that 
coke from some extraneous source may be added 
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to the oil in line II, that is coke from some proc- I 
ess other than the one just now described, or 
even coke derived from destructive distillation of 
.coal may be employed. It may also be desirable 
to add the coke to mixer l9 at an elevated tem 

_ perature so that a portion of the heat required 
could be obtained by heat transfer’from the coke. 
Furth ermore, superheated steam may be em 
Ployed to assist in the heating of the oil in coils 
3, l4 and 36 and the vaporizations in drums 25 
and 43. 
While it is normally desirable to fractionate 

the products from coke drum 43 separately to 
give desirable products, the vapors from drum 
43 may be introduced by line 41 into line 20 and 
tower 48 is not used. Under these conditions the 
vapor products from both the viscosity breaking 
and the coking operations issue from 25 through 
line 28. The temperature and pressure in tower 
25 may be varied so that controlled amounts of 
gas oil introduced in the vapors in line 20 are 
withdrawn through line 28 or withdrawn through 
line 30 for coking. The vapors in line 28 may be 
taken directly to a catalytic cracking unit or may 
be fractionated in tower 29 to give gas, gasoline 
and/or light gas oil overhead in line 32 and gas 
oil in line 34 for feed to catalytic cracking unit. 
Moreover, the described combination of viscos 

ity reducing and cokinghas advantages over one 
step coking of the residuum even where the un 
treated gas oils from the two operations are com 
bined (i. e. where the gas oil from the coker 43 
is not treated with a solvent). In the single step 
‘coking operation about 30 gallons of low octane 
number gasoline are produced from 100 gallons 
of original residuum. In the two step operation 
‘only 10 gallons of gasoline are produced, leaving 
about 40 gallons of pitch to be coked. The gaso 
line in the latter operation is 12 gallons, making 

_ a total of 22 gallons of low octane gasoline in the 
coking of the residuum. As is well known in the 
art, the less gasoline produced in the formation 
of a gas oil in coking or viscosity reducing, the 
less is the resulting coke yield and the greater is 
the quantity and quality of the gas oil produced. 
The following is an illustrative example of the 
one versus the two stage operation. 

Feed-18% East Texas residuum 

‘ ' Viscosity 
One - Coking reducing 
stage plus coking 

30 22 
60 76 
16 8 

Although the combination operation (without 
solvent treatment) has been discussed as a source 
of gas oil for catalytic'cracking, the gas oil, sepa 
rate or mixed, may also be used for thermal 
cracking. ' In the latter case, the higher aniline 
point, 195° F. as against 166° F. of the combi 
nation operation indicates a more para?lnic stock - 
which gives a. higher'yield in thermal cracking. 
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other uses as heating oils and Diesel fuels. The 
decreased coke and low octane number gasoline 
yields are corollary advantages. Moreover, the 

_ volume of the expensive coke drum and attendant 
equipment is decreased by the absence of the 
‘vapors produced'in the viscosity reducing oper- ' 
ation. , 

To review brie?y, the present invention re 
lates primarily to a process of preparing a feed 
stock for a catalytic cracking operation and is 
characterized by the features of viscosity reduc 
ing, followed by coking, of a heavy petroleum 
oil in the presence of powdered coke, or the like, 
the powdered coke being rather ?nely ground 
and having as a. particle size below 20 mesh. 
The presence of the coke in the viscosityreduc 
ing operation improves the yield and quality of 
the gas oil from the standpoint of a catalytic'or 
thermal cracking feed stock, and substantially 
all of the coke which is added to the‘ process is 
?nally withdrawn from the viscosity reducing 
zone with the tar. Hence, it is desirable to coke 
the heavy oil and tar rather than to attempt . 
to process it to form asphalt or road paving com- ' 
positions, since tar and asphalt should be free 
from hardened particles of coke. 
Many modi?cations ofv my invention falling 

within the spirit and scope thereof will suggest 
themselves to those who are familiar with this 
art. 
What I claim is: 
1. In a process for producing gas oil suitable 

for cracking operations from heavy petroleum 
residual crudes, the steps which comprise vis; ' 
Ic'osity breaking the reduced crude by passing it 
through a long, narrow, heated conduit along‘ 
with ?nely powdered. coke, whereby the maxi 
mum of gas oil is vproducedv along with the mini 
mum quantity of gasoline and a heavy cracked 
residuum, separating the said products, coking 
the cracked residue whereby gasoline, gas oil and 
coke are produced, extracting the gas oil with 
a solvent capable of removing aromatic hydro 
carbons and combining the non-aromatic frac 
tion of the extracted gas oil with the gas oil ob 
tained in the viscosity breaking operation to 
form a feed stock for a new cracking operation. 

2. The method of producing a gas oil suitable 
as a charging oil to a catalytic cracking opera- , 
tion which comprises subjecting a heavy and 
residual petroleum oil to a viscosity reducing op 
e'ration in the presence of divided coke, recov 
ering a quantity of gas oil from the viscosity re 
ducing operation, subjecting heavier oil and tar 
residue, remaining after removal of said gas oil 
from the products of the viscosity reducing oper 
ation, to a coking operation to produce a fur 

_ ther quantity of gas oil, treating the said gas oil 
with a selective solvent to remove aromatic hy 
drocarbons from said gas oil, and combining the 
gas oil produced in the coking operation, after 
removal of the aromatics, with the gas oil'pro- , 
duced during the viscosity breaking operation. 

CHARLES E. HEMMINGER. 

Of course, the gas oils are a superior product for‘ Q 


