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1. 
This invention relates to treating hydrocarbons 

and, in particular to the treatment of heavy oils. 
It is the particular object of this invention to 

provide a new and improved method, and appa 
ratus, for treating such oils, and particularly res 
idues and/or by-products of petroleum refining, 
cracking, etc., whereby they are readily and con 
veniently converted to coke. 

It is a further object of this invention to provide 
Such a new and improved method which is con 
tinuous, and wherein heavy oil is converted into 
coke and vaporous products by introduction, in 
(droplets, into a burning column of combustion air 
and other vapors and gases having coke particles 
suspended therein in disperse phase, the particles 
being retained and recirculated in the suspension 
until they grow beyond a predetermined size, and 
the supply of combustion air to the burning col 
lumn being so controlled as to maintain the com 
bustion partial (i. e., insufficient air for complete 
combustion). - 

It is a further object of this invention to provide 
such a method wherein the vaporous products of 
the aforesaid coking reaction are withdrawn from 
the aforesaid burning column, separated from 
coke fines, and subjected to a soaking operation. 
Without addition of heat, for sufficient time to 
allow completion of reactions (i.e., cracking, etc.) 
therein, a part being withdrawn as production, 
and a part being returned to, or recycled through, 
the burning column. 

It is a further object of this invention to provide 
apparatus particularly adapted to the accomplish 
ment of the aforesaid method and above enu 
nerated objects. 

It is a further object of this invention to pro 
vide such improved method and apparatus 
wherein the ultimate recovery of values is 
achieved in the form of coke as a commercial 
product, thermal energy in the form of heated 
gases, and thermal energy in the form of steam 
produced in the process and in the apparatus as 
an incident to the cooling of production coke, in 
addition to the products derived from the soaked 
vaporous by-products of the coking operation. 
These and other objects and advantages of the 

invention will clearly appear from the following 
description taken with the drawing and the ap 
pended claims. 

In the drawing, showing diagrammatically one 
illustrative form of apparatus for achieving the 
principles of this invention, a reactor, generally 
designated , is provided which forms a chamber 
roviding superposed communicating elutriator or 
reaction section 2 and coke collection section 3. 
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The elutriator or reaction section 2 comprises 

an elongated upwardly flared, upwardly divergent, 
Or downwardly convergent chamber portion com 
municating with the coke collection chamber 3 
through the throat portion 4. 
Supply means 5 communicating with a supply 

of heavy oils, bottoms, tars or residues at suitable 
temperature, preferably from 875° F to 900 F., 
terminates in a suitable distributor 6 disposed in 
the lower portion of the reaction or elutriator 
section 2 adjacent the throat 4 and distributes 
the charge in the form of droplets in the upwardly 
moving column of gases, coke particles, etc., as 
hereinafter described. 
Adjacent the charge distributor 6, an air inlet 

7 for fresh or make-up air communicates with the 
elutriator or reaction section 2 and supplies air 
thereto from the air blower 8 under control of 
the valve Ed. 
A coke outlet 9 leads from the lower end of the 

coke collection section 3 to a coke cooler 0 which 
receives the production coke and cools it to suit 
able temperatures before it is discharged through 
feeder and outlet 2 to a suitable collection 
station as, for instance, a briquetting device, a . 
chain grate, or a storage chamber or station. 
Water is supplied through inlet f4 to coke 

cooler and converted to steam in the cooler 
0, being withdrawn as steam through the outlet 
5 and conveyed to any desired point of use. 
Leading from the upper end of the elutriator 

section 2 is the vapor outlet 6 which conveys 
overhead vapors and coke fines to a separator f7, 
preferably of the "Cyclone' type, which separates 
the solids comprising the coke fines from the 
vapors. The vapors are passed through the vapor 
outlet 8 of the separator 7 to the oil vapor 
soaking chamber 9 where they are retained for 
sufficient time, without addition of heat, for oc 
currence of, or completion of, reactions such as 
cracking therein. The solids (coke fines) are sent 
through the solids outlet 20 of the separator 7, 
under control of the valve or damper 2, to the 
main blower duct 22. 
The main blower duct 22 communicates with 

the coke collection chamber 3 below.the throat 4 
of the chamber and also with the delivery of 
the main blower 23 having its inlet 24 connected 

55 

with the above described oil vapor soaking cham 
ber 9 to which vapors are supplied through the 
vapor outlet 8 of the separator f7, as described 
above. 
A connection 25 controlled by valve 26 is pro 

vided between the air inlet and the main blower 
duct 22 whereby air from the air blower 8 may be 
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supplied either directly to the reaction section or 
elutriator section 2 under control of the valve a, 
as described above, or supplied in admixture with 
the vapors and dry coke fines in the main blower 
duct 22 under control of the valve 26. 
A valve 27 is provided for controlling the de 

livery from the main blower duct 22 to the coke 
collection section 3, and a gas outlet 28, controlled 
by valve or damper 29, is also provided for con 
trolled extraction of product gases which may be 
sent to waste heat, to a boiler, condenser or other 
point of use such as an oil cracking System or a 
catalytic cracking reactor. 
The (oil) charge upon admission approximates 

from 20% to 30% vapor and from 70% to 80% 
liquid. About 60% of the charge being vaporized 
in the elutriation section 2, the remainder in the 
form of heavy tar must be coked by the applica 
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through the burning column for further coking, 
treatment and growth. 
The term "heavy oils' as used herein is to be 

broadly interpreted as covering hydrocarbons and 
oils of various specifications which may be con 
verted into coke; the term embraces residues and 
residuals from topping processes and distillation 
processes and tars and other by-products of hy 
drocarbon cracking processes, etc. 
In coking a 12.5 A. P. I, oil charge, supplied 

at the rate of 4,000 bbl/day or 57,400 lb./hr, the 
coke production equals approximately 12.2% (ap 
prox.) of the charge weight or 

12.2x/100x57,400 lb.-7,000 lb./hr. 
(approx.) where the above described apparatus 
and method are used. 
In coking such a charge the conditions are as tion of sufficient thermal energy to convert it into follows: 

solid coke; this is accomplished through the con 
bustion maintained throughout the chamber 2, 3. 
Since the elutriator section 2 provides a di 

verging passage for the vapors and coke fines 
passing upwardly through the throat 4, the ve 
locity of the vapors and fines decreases during 
their upward travel. By controlling the size of 
the droplets or particles in which the charge is 
supplied to and above as inch diameter, for in 
stance, while controlling the supply of air through 
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inlet T and of vapors and fines through the main 30 
blower duct 22 (from soaking chamber 9 and 
separator T), the velocity and combustion in the 
elutriator section can be so controlled as to pro 
duce in the elutriator section a temperature be 
tween 900°F, and 1500 F. and a column of gases 
and fines in motion, the fines being of such size 
as readily to accommodate coking by acting as 
neuclei for further coke deposit resulting in their 
growth to “production coke' size. The deposit of 
coke will increase their weight and size and cause 
them, upon growth to “product size," to fall out 
of suspension into the coke collection section for 
removal as described above. Those fines which 
are sufficiently buoyant to be carried over to the 
separator are returned or recycled and subjected 
to further growth upon their return, i.e., by col 
lision with oil and coke particles under combus 
tion in the column which causes further coke 
deposit and growth. 
These fines (coke particles) of lesser size and 

weight which remain in suspension in the over 
head vapors are removed through outlet 6 to the 
separator 7 whence they are returned or recycled 
through solids outlet 20 and main blower duct 22 
to the uprising column of fines Suspended in va 
pors, where, upon sufficient increase in size and/or 
weight, they fall into the coke collection chamber 
3 to become production coke. 
Consider from another aspect, the variation 

and control of velocity in the burning column 
achieved through the upwardly divergent elutria 
tor section, forms of the reaction or elutriator 
Section, a separator which retains in this reac 
tion chamber for further coking treatment, dry 
ing, or growth, those particles which are insuff 
ciently buoyant to pass over to the separator 7 
and yet below production coke size. At the same 
time, by operation of this separator, those coke 
particles which are of "production coke' size and 
quality are separated out of the suspension and 
delivered by gravity to the coke collection cham 
ber 3. The fines which are sufficiently buoyant to 
pass over to the separator (and which are natu 
rally below "production coke' size) are recycled 
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Reaction temperature (in 
2)------------------------ 1,400°F. 

Vapor outlet temperature 
(in 6)------------------- 1,400° F. 

Recirculation temperature 
(in 22).------------------- 1200°F. 

Requisite minimum velocity 
(at throat 4) for opera 
tion (i. e., elutriation in 
2)------------------------ 6% feet per second 

Minimum time of residence at 1,400° F. 
(in 2) for heat transmis 
sion (i. e., conversion of . 
oil particles to coke par 
ticles)-------------------- 22 sec. 

Oil charge (in 5) at 900°F., 
35% vapor---------------- 57,400 lb./hr. 

Size of oil particle on ad 
mission to chamber (2)----- as in. diameter 

Air (in 7) =248,000 cu. 
ft./hr--------------------- 19,500 b/hr. Oil vapors produced (in 8) 

Flue gas, produced (in 8) 50,400 lb./hr. 
20,900 lb./hr. 

Coke (in 9)----------------- 7,000 lb./hr. 
Minimum size of Collected 
coke particles (in 3).-------- /64 in. diameter 

Where 
Height of reaction section (2) = 105 ft. 
Area of reaction section (at 4) =51 sq. ft. 

From the above description, it will clearly ap 
pear that I have provided a new and improved 
coking method and apparatus for achieving the 
above stated objects and advantages as well as 
other advantages apparent to those skilled in 
the art, 

It is, of course, to be understood that the above 
description is merely illustrative and in nowise 
limiting and that I desire to comprehend within 
my invention. Such modifications as are included 
within the scope of the following claims. 
Having thus fully described my invention, what 

I claim as new and desire to secure by Letters 
Patent is: 

1. The method of coking heavy oil comprising, 
injecting particles of said oil into a generally up 
Wardly moving current of heated gases and va 
pOrS in a confined Space while supplying sufficient 
combustion air for partial combustion, burning 
part of the Contents of said space for converting 
said oil particles into coke particles, and control 
ling the velocity of said contents of said space in 
such manner that coke particles above a prede 
termined size drop out of the contents of said 
Space for collection as production coke while 



2,450,796 

drawing of coke particles below a predetermined 
size from the upper portion of said space. 

2. The method of continuously coking heavy 
oil comprising forming a suspension by continu 
ously injecting particles of said oil into an up 
wardly moving current of gases undergoing com 
bustion in a confined space while supplying suf 
ficient combustion air only to render said suspen 
sion capable of partial combustion to convert said 
oil particles into coke, and controlling the velocity 
of said suspension in such manner that coke par 
ticles above a predetermined size drop out of said 
suspension for collection as production coke while 
drawing of part of said coke particles below a 
predetermined size from the upper part of said 
suspension, a pair of the coke particles being co 
tinuously moved in said suspension, 

3. The method of continuously treating heavy 
oils comprising injecting particles of said oil into 
an upwardly moving current of gases undergoing 
combustion in 8n upwardly expanding specte 
while supplying sufficient air to form a suspen 
sion capable of partial combustion to convert said 
oil particles into colke, and controlling the veloca 
ity of said suspension in such manner that coke 
particles above a predetermined size drop out, of 
said suspension for collection as production Goke 
While particles below said predeterrained size are 
continuously subjected to the effect of compas 
tion gases and the oil whereby these below sized 
particles can increase to the predetermined size. 

4. The method defined in claim 2 whereira is 
portion of fine coke particles below said pieces 
termined size are continuously removed frog said 
suspension and recycled therethrough for fur 
ther growth to production coke size. 

5. The method defined in claim 2 wherein 82 he 
velocity of Said upwardly moving current (see 
creases progressively with the height of said con 
fined space to provide separation of fine ouncoyant 
coke particles from the larger coke particles in 
said space, 

6. The method defined in claim 3 wherein the 
coke particles below said predeterrained size are 
continuously removed from said burning suspen 
sion with vaporous products of the coking reac 
tion, then separated from said vaporous products 
and recycled to said burning suspension for 
growth to production coke size. 

7. The method of continuously coking heavy 5 
oil comprising continuously injecting upwardy, 
particles of said oil at approximately 900° E. into 
an upwardly moving current of burning gases art 
air at from 900 S. to 500 F. in a confined elue, 
triator chamber to form a suspension, maintain 
ing said particles in said chamber for a sufficies, 
time to convert said particles into coke, and co 
trolling the velocity of said suspension in sci: 
manner that coke particles above a precites' 
mined size drop out of said suspension for go 
lection as production coke and so that a pa'i, yi 
the coke particles below such size are carries 2:3. 
of the chamber. 

8. The method defined in claim 7 whereig 3 
oil particles comprise droplets of approximate: 
as inch diameter, and wherein the minimun (;ize 
of retention in said chamber is 22 seconds. 

9. The method defined in claim 7 whereig. & Sis 
oil particles comprise droplets of approximately 

inch diameter and from 20% to 35% vapor 
content upon admission to said chamber, where 
in the time of retention in said chamber is at 
least 22 seconds, and wherein the minimus grc 
duction coke particle size is /64 inch diameter. 

10. The method of continuously coking heavy 
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oil, comprising forming a suspension by continu 
ously injecting particles of said oil into an up 
wardly moving current of gases undergoing come 
bustion in a confined space while supplying suf 
ficient combustion air only to render said sus 
pension capable of partial combustion to convert 
said oil particles into coke, controlling the veloc 
ity of said suspension in such manner that coke 
particles above a predetermined size drop out of 
said suspension for collection as production coke, 
continuously removing a part of the dry coke par 
ticles below said predetermined size from said 
burning suspension with vaporous products of 
the coking reaction, separating said below-size 
coke particles from said vaporous product and 
returning said below-size Coke particles to said 
tourning suspension for growth to production coke 
size, soaking said vaporous products of the coking 
reaction for conversion and withdrawing a part 
of said soaked Vaporous products while return 
ig the remainder of said soaked vaporous prod 
lucts to said upwardly moving current. 

ii. In apparatus for coking heavy oils, a reac 
to having herein a chamber forming a coke col 
lection section and an elutriator section there 
above, means for supplying heavy oil particles to 
said chamber, and means for controllably sup 
plying combustion air and hot vapors to said 
chamber for forming a partially burning up 
Wardly moving suspension with said oil, means 
for controlling the velocity of said suspension in 
said elitiator section for retention therein of 
Coke particles above a predetermined size where 
by finer coke particles only may pass over with 
the product vapors from said elutriator section, 
Eneans for separating Said fine coke particles 
groin S8id product vapors, a Vapor soaking chan 
be receiving and retaining the separated vapors 
for completion of reactions therein without addi 
tion of heat, and means for recirculating said fine 
coke particles through said ourning suspension 
With 2 portion, at least, of the output of said 
soai:ing chamber. 

12. R apparatus for coking heavy oils, a reac 
or having therein g, chemier forming a coke 
collection section and an elutriator section there 
above, said sections being joined by a throat, 
an esses for Spplyirag heavy oil particles to said 
eit stator section above the throat, means for 
Stappiying combustion air and hot vapors to said 
all Riator section for forming a burning, up 
Wardly moving, partially combustible suspension 
vi?it said oil, valve means for controlling the ye 
locity of said suspension in said elutriator sec 
tion for retention therein of coke particles above 
a predetermined size, whereby finer coke particles 
oisy 3ray pass over with the product vapors from 
sÉif el282iator section, the size of the throat, and 
the Velocity of combustion air being insufficient 
to 33.3ry larger coke particles, whereby said large 
coke particles drop through the throat into the 
coke Collection section, separating means for seg 
2.2.Éing said fine coke particles and said product 
'33.38, soaking eans for receiving and retain. 

58 in g said separated product vapors for completion 
A of 'eactions tierein, means for withdrawing a 

Q-Cition of the Okpit of said soaking means as 
Fridiction, and nea is for supplying the re 
22&irieg of said oatput to the burning suspension 
is said eiuriato", 

3. In aggaratus for coking heavy oils, a reac 
to having therein 8 chamber forming a coke col. 
lection section and an elutriator section there 
above, naeans for supplying heavy oil particles to 
saidi c.3mber, and means for controllably sup 
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plying combustion air and hot vapors to said 
chamber for forming a partially burning, up 
wardly movig suspension with Said oil, means 
for controlling the velocity of said suspension in 
said elutriator section for retention therein of 
coke particles above a predetermine size where 
by finer coke particles only may pass over with 
the product vapors from said elutriator section, 
means for separating said fine coke particles from 
said product vapors, and means for recirculating 
said fine coke particles through said burning suse 
pension with a portion, at least, of the product, vapors. 

AUGUST HENRY scHUTTE. 
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