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The present invention relates to improvements 
in the art of treating hydrocarbons, and more 
particularly it relates to the thermal treatment 
of relatively heavy petroleum oil stocks such 
as topped crudes, for the purpose of convert 
ing them, among other things, into substantial 
quantities of hydrocarbon oils boiling within the 
gas oil and gasoline range. 

Prior to the present invention, a great deal of 
research had been directed by the petroleum oil 
industry toward treating reduced or topped 
crudes thermally, for the purpose of increasing 
the amount of gas oil which may be recovered 
from a given quantity of original crude. There 
are two general methods of accomplishing this 
result, namely, the viscosity reducing of the 
topped or reduced crude, and the coking of the 
said reduced crude. Both of these processes lead, 
as indicated, to increased quantities of gas oil 
which may be used as a feed stock for a thermal 
or catalytic cracking operation to produce 
cracked gasoline, or the gas oil may be treated 
to produce a domestic heating oil. 
Most of the coking and viscosity reducing 

operations hitherto developed have been of the 
intermittent type, that is to say, the operation 
may be carried out for two or three days, where 
upon the same must be discontinued to remove 
the coke which deposits in the coking drum. 
The decoking of a drum is an expensive and time 
consuming operation and any process which 
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would procure the coke in such a form that it 
could be continuously removed from the drum 
without substantial deposit therein would con 
stitute an improvement in the art, both in the 
way of labor saving and equipment reduction. 
The broad object of the present invention is 

to operate the coking of heavy petroleum oils 
continuously. 
Another aspect of the present invention in 

volves preheating a heavy oil to coking tempera 
tures, discharging the preheated oil into a drum 
or case where it contacts granular coke which 
is present in said drum, and continuously with 
drawing the added coke, together with the 
formed coke, from the coking zone thus obviat 
ing the necessity of frequent shutdowns to re 
move coke which has deposited within the drum. 
Another object of my invention is to maintain 

in the coking drum a substantially constant 
amount of added coke, and this is accomplished 
by recycling to the coking drum sufficient coke 
for this purpose. 
Other and further objects of the present in 

vention will be apparent from the following de 
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amount of coke formation. 

Scription and claims, reference being had to the 
accompanying drawing. - 
The accompanying drawing shows diagram 

matically and in partial section an apparatus in 
which the present invention may be carried into 
effect. 

Referring in detail to the drawing, a topped 
crude, such as an East Texas reduced crude hav 
ing an A. P.I. gravity of 18, is introduced into 
the System through line carrying pump 3 and 
is thereafter discharged into a heating coil 5 
where the oil is heated to a temperature within 
the range of from 850°F, to 1100° F. The crude 
oil should be heated as rapidly as possible in the 
heating coil 5 in order to prevent any appreciable 

If desired, 10% to 
20% (mol) of steam may be discharged into line 

through line 6, the steam operating to pre 
vent excessive amounts of coke formation in the 
heating coil. The preheated crude oil is with 
drawn from heating coil 5 through line () and 
is then discharged into the bottom of a coking 
drum 2. 
In carrying out my present operation, I intro 

duce into the drum, together with the oil, a quan 
tity of granular petroleum coke having an aver 
age particle size below 20 mesh, preferably, al 
though somewhat larger particle size coke may 
be used. This coke is discharged from a hopper 
5, in communication with a screw conveyor 6, 
onto a screen or perforated member T. Coking 
drum 2 which is shown in vertical section, car 
ries a partition wall 4 for the purpose which 
will be-presently explained. Partition wall 4 
is disposed, as shown, at about the geometrical 
center of drum f2, and preferably it is braced 
by rods 9 and 20. The oil discharged through 
line to into the drum 2 passes upwardly, and 
the screen serves to distribute the oil uni 
formly into the mass of coke discharged on screen 
T. Superheated steam, say at a temperature 

of 800° F. to 1200°F. is also discharged into the 
lowermost portion of drum 2 through line 8. 
The coke which is discharged into the drum 2 
is preferably at an elevated temperature, say 
at a temperature of from 900 F, to 1200° F., 
the said coke being obtained from the process 
preferably and being dried and hardened be 
fore delivery to hopper 5, as will more fully 
appear hereinafter. The process is preferably 
So manipulated that the sensible heat of the 
hot coke recovered from the process is used in 
the coking of the oil. Since the coking opera 
ition is an endothermic reaction, the hot coke 
will serve to supply at least a portion of the heat 



which is absorbed in the coking operation. Also, 
the hot coke may supply at least a portion of 
the superheat. The pressure prevailing in drum 
2 is about atmospheric but pressure up to 45 

lbs. per square inch gauge may be employed. 
The operation of screw 6 forces the coke up 

wardly through coking drum 2. The oil which 
is introduced into the drum through line 0 is. 
forced upwardly into the mass of the coke. 
The screen or perforated member 7 serves, as 
previously stated, to effect a substantially uni 
form distribution of the oil through the coke. 
The steam also passes upwardly with the coke 
and oil and serves mainly to assist in the volatil 
ization of vaporizable constituents of the charg 
ing oil. 
The reaction vessel is constructed of such pro 

portions that the velocity of rising steam and 
oil vapors in section A is such as to maintain the 
coke in a semi-suspended fluid turbulent mass. 
This insures that unvaporized oil will be dis 
tributed uniformly and in small masses over the 
entire coke maSS. 

It will be observed that the coke and oil dis 
charged into the coking drum 2 pass upwardly 
through the said drum and to the left of parti 
tion wall 4. 
elevation C it, together with the coke formed as 
a result of the coking operation, spills over into 
section B at the right of partition wall 4. The 
coke gravitates through section B and is with 
drawn through outlet conduit 22, which prefer 
ably carries a star feeder 24. Preferably super 
heated steam at a temperature of from 800 F. to 
1000 F. or 1100° F. is discharged into section B 
through line 26, this steam serving to dry and 
harden the coke and to assist in purging it of 
volatilizable hydrocarbons. The coke withdrawn 
through conduit 22 which, as indicated, consists 
of the coke added to the drum, as well as the coke 
formed therein, may be dried, hardened and 
treated with air to partially oxidize or burn the 
same, thus producing a friable mass which is 
non-adherent. If, as is indicated, the lumps of 
coke are too large, they may be ground to the 
desired size before recycling to the coking drum. 
The coke withdrawn from line 22 may be de 
livered in part to a grinder 28 where it is ground 
to the desired size and then conveyed by suit 
able means, such as a Redler conveyor, 32 to hop 
per 5 for further use in the process. The re 
mainder of the coke may be withdrawn from the 
system through line 3 and delivered to storage. 
The hydrocarbon vapors and steam are with 

drawn from coking drum 2 overhead through 
line 30, and these gases may be delivered to Con 
densing and fractionating equipment to recover 
gasoline, gas oil, normally gaseous hydrocarbons, 
and the like, in apparatus which is not shown. 
As previously indicated, the amount of coke 

maintained in drum 2 is preferably substantially 
constant, and this is accomplished by regulating 
the amount of coke fed from hopper 5 into the 
drum; that is to Say, the discharge of coke into 
the drum by means of conveyor 6 and its with 
drawal through star feeder 24 may be regulated 
so as to maintain the coke in the drum at some 
predetermined quantity which, in must instances, 
is a desideratum. 

It is pointed out that many modifications of 
my invention may be made by those familiar 
with this art without departing from the spirit 
thereof; for example, instead of introducing 
the oil into the bottom of the drum as shown 
in the drawing, the said oil may be discharged 

when the coke has attained the 

2,889,982 
into the top of the drum. The continuous 
motion of the coke in section. A tends to prevent 
the accumulation of tar or coke on the walls 
of the drum since the motion has a Scouring 

is action on the inner walls of the drum. 
Attention is directed to the fact that air 

may be introduced through line 35 into section 
B of the drum for the purpose of causing partial 
combustion of the coke. Obviously the amount 
of air thus introduced should be limited. The 
combustion of the coke, of course, not only dries 
and hardens the latter but serves to further 
heat the coke so that it may be recycled to hop 
per 15 at a temperature up to say 1200 F. or 

5 higher. Coke at this temperature discharged 
into the drum will, as stated, serve to Supply a 
portion of the heat necessary in the coking re 
action. 
In the foregoing description, a Screw conveyor 

20 was included as the means for discharging the 
coke into the drum. It is pointed out that in 
stead of using a Screw conveyor for feeding the 
coke to the drum, other feeding means may be 
employed. For example, the coke may be forced 

25 into the drum by means of a ram motivated hy 
draulically or otherwise. Furthermore, the coke 
may be dispersed in superheated steam, CO2, fue 
gas, and the like and discharged into the bottom 
of the drum, whereupon the preheated oil would 

30 be sprayed on the coke and thereafter the opera 
tion carried out as hereinbefore described. 
By way of summation, the present invention 

relates primarily to a coking operation which 
may be operated continuously and is charact 

35 terized by the feature that the oil undergoing 
coking is in contact with a moving maSS of added 
coke in granular form, the coke moving upward 
through the coking zone and serving to provide 
the oil undergoing coking with a large Surface 

40 and, further, to absorb heavy adherent oils re 
sulting from the preliminary phases of the cok 
ing operation, thus preventing their adherence 
to the walls of the coking drum until such time 
as said adherent material has been sufficiently 
dried and hardened and therefore rendered Sub 
stantially non-adhesive. 
The precise details particularly as regards the 

specific gravity of the oil charged to the coking 
Zone, the temperatures and other details set 
forth hereinbefore are purely for purposes of ill 
lustrating my invention. 
The temperature and pressure conditions pre 

wailing in section A of drum 2 may be those pre 
viously employed by others in coking heavy hy 
drocarbon oils. Also the residence time of the 
oil in section A is conventional and per se does 
not form the gist of my present invention and 
those familiar with the art will appreciate that 
depending on the nature of the stock the resident 
time will vary. Ordinarily, the cold oil may be 
passed through coil 5 at a rate of 4 to 6 volumes 
of oil per volume of coil per hour and the pre 
heated oil remains in drum 2 for from about 20 
to, 100 Seconds with about 50 seconds resident 
time in Section A of drum 2 giving good results. 
What I claim is: 
1. The method of coking a heavy residual hy 

drocarbon oil which comprises providing two con 
tiguous vertical zones, discharging a granular 
petroleum coke into one of said zones at near the 
lower portion thereof, forcing the coke upwardly 
through said zone, discharging superheated steam 
in the lowermost portion of the said zone to 
maintain the coke in a semi-suspended fluid 

75 turbulent mass as it passes upwardly through the 
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2,839,932. 
said zone, discharging a preheated heavy re 
sidual hydrocarbon oil upwardly in the lower por 
tion of said zone onto the coke moving upwardly 
in said zone, permitting contact between the pre 
heated oil and the coke for a sufficient period of 
time while temperatures are from about 850 F. 
to 1200° F to effect the desired coking, forcing 
the coke from the first zone into the second Zone 
at a point elevated above that at which the coke 
is discharged into the first-named Zone, gravi 
tating the coke through the second Zone, renov 
ing the added coke and the coke formed in the 
process from the lowermost portion of the sec 
ond-named zone, and recovering hydrocarbon 
vapors from the first-named zone. 

2. The process set forth in claim 1 in which 

O 

superheated steam is discharged into the first 
named ZOne. 
3.The process set forth in claim 1 in which the 

coke gravitating through the second-named Zone 
is subjected to a partial combustion for the pur 
pose of drying and hardening the coke and rais 
ing its temperature where the coke is maintained 
in a fluid turbulent state by aeriformed fluids 
and thereafter returning the hot coke to the firste 
named zone where it serves to supply at least a 
portion of the heat necessary in the coking op 
estion. 

3 
4. The method of coking heavy residual hydro 

carbon oils which comprises forcing a raass of 
petroleum coke upwardly through a coking Zone 
where the coke is maintained in a fluidized turbul 
ent mass of gases forced therethrough, contact 
ing a heavy preheated hydrocarbon oil with the 
coke moving upwardly through the coking Zone, 
the preheated oil being introduced into the nass 
of coke at near the bottom thereof, permitting 
contact between coke and oil for a sufficient pe 
riod of time to effect the desired conversion, 
forcing the coke from the coking Zone into a 
contiguous zone at a point elevated from the bot 
tom of Said Zone, gravitating the coke through 

6 the second-named Zone, subjecting the coke in 
the second-named zone to the influence of super 
heated steam for the purpose of removing volatil 
izable hydrocarbons therefrom, recovering added 
coke and coke formed in the process from the 

20 bottom of the second Zone and recovering hydro 
carbon vapors produced in the process from the 
coking zone. 

5. The process set forth in claim 4 in which 
the coke recovered from the Second Zone is re 

25 turned substantially to the first zone 
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