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1. 
This invention relates to the combination cata 

lytic and thermal conversion of hydrocarbons and 
Contemplates particularly a method of processing 
high boiling or residual petroleum stocks to ulti 
mate yields of coke and high antiknock gasoline 
Or motor fuel. 

In accordance with the invention, petroleum 
stocks such as Crude oils and topped crudes are 
contacted With highly heated light stocks of the 
nature of gasoline or naphtha, as well as normally 
gaseous hydrocarbons in a reaction Zone main 
taimed under superatmospheric pressure and at 
a cracking temperature. The contacting of these 
dissimilar stocks is conducted in such a way as to 
obtain thermal conversion of the intermingled 
Constituents and also to obtain maximum vapori 
2ation So that the separated vapors will contain 
not only the gasoline components but also the 
bulk of the gas oil constituents. The thermal 
Cracking to which the constituents are subjected 
in the reaction chamber functions particularly to 
Crack paraffins and concentrate naphthenes and 
aromatics to produce good material for a succeed 
ing catalytic cracking step. Products vaporized 
in this combination cracking and separating step 
constitute the charging material for a succeeding 
catalytic cracking step. Theresidual product from 
the thermal cracking and separating step is sub 
jected to coking and vapors evolved in the coking 
operation are fractionated to separate lower boil 
ing fractions from higher boiling fractions. . The 
lower boiling fractions, after being subjected to 
thermal conversion or reforming, are directed to 
the thermal Cracking and separating Zone for. 
promoting the vaporizing and cracking of the re 
sidual charging stock. Higher boiling fractions 
from the coking operation are passed through a 
heating zone and subjected to thermal cracking. 
Higher boiling fractions obtained in fractionating 
the catalytically cracked products are likewise 
passed through a heating Zone and subjected to 
thermal cracking. The thermally cracked prod 
lucts from these two heating ZOnes are combined 
and the mixture is subjected to catalytic crack 
ing. Normally gaseous hydrocarbons recovered 
from the combination process are subjected to 
thermal conversion and then directed to the 
thermal cracking and separating zone or com 
bined with the vaporized effluent therefrom, which 
passes to the catalytic cracking step mentioned. 

For the purpose of completely disclosing the 
invention, reference is had to the accompanying 
drawing which is a flow diagram illustrating a 
particular embodiment of the invention. 

Referring now to the drawing, charging stock 
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2 
Such as crude oil or topped crude containing a 
large content of gas oil is introduced by a pump 
0 to heating coil wherein it is heated to a 

cracking temperature. The heated effluent is di 
rected through a transfer line 2 to the upper 
portion of a reaction chamber 13. Highly heated 
vapors and gases enter the lower portion of the 
reaction chamber through a line 4. The reac 
tion chamber is maintained at a high cracking 
temperature of the order of 900 F. by reason of 
the heated entering fluids and maintained under 
a superatmospheric pressure such as .200-600 
p.s. i. The downflowing liquid is subjected to 
countercurrent contacting with the upwardly 
rising Vapors at the high temperature, in a zone 
free from baffles or other obstructions, to not only 
produce cracking but also to cause maximum 
Vaporization. Liquid is prevented from accumu 
lating by rapid withdrawal from the chamber 
through a line 5 and it is, in fact, best to oper 
ate the reaction chamber “dry,' that is, without 
any liquid level therein. - 
The separated vapors pass from the separating 

and cracking chamber f3 through a vapor line 6 
to a catalytic cracking Zone 7 wherein the vapors 
are subjected to catalytic conversion in contact 
With a Solid comminuted or pulverulent catalyst. 
The contacting of the vapors and gases with the 
catalyst may be accomplished in various ways, 
Such as passing the vapors through a stationary 
bed of catalyst, passing the vapors over a con 
tinuously moving mass of granular catalyst, or 
by Suspending finely divided or powdered catalyst 
in the stream of gases and vapors for conversion 
under fluid catalyst conditions. The preferred 
catalysts are the Silica-alumina catalysts, such as: 
in the form of activated clays or as synthetic pre 
cipitated composites of silica and alumina. 
When using the catalyst in the form of fixed beds 
a plurality of catalyst cases are employed which 
may alternate on processing and regenerating in 
a Well-known manner, and when using catalyst 
suspended in the vapor stream or under fluid 
catalyst cracking conditions, the catalyst may be 
continuously withdrawn for regeneration. The 
vapors and gases are contacted with the catalyst 
attemperatures such as 800-1000 F. under mod. . 
erate superatmospheric pressures, preferably not 
exceeding about 100 p.s. i. to affect the catalytic 
Cracking of higher boiling hydrocarbons into 
lower boiling products of gasoline boiling range, 
while at the same time recombination reactions 
with the gaseous hydrocarbons and catalytic re 
forming of gasoline constituents takes place. 
The products of the catalytic conversion pass 
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cooler 56 to a drip drum 57 from which con 
densate may be withdrawn through a line 58 and 
sent to the stabilizer 53. The latter. is provided 
with suitable cooling, refluxing and reboiling 
means (not shown) for rectifying the gasoline 
distillate, the final stabilized product being with 
drawn through a line 59. Uncondensed constitu 
ents pass through cooler 60 to a distillate drum 
6 from which uncondensed gases are removed 
through a line 62. . . . . . . . . 
The distillate collecting in drum 6 under pres 

sures of 200-400 p.s. i. consists largely or essen 
tially of C3 and C4 hydrocarbons. These nor 
mally gaseous constituents are directed by a 
pump 63 through a line 64, thence through a 
branch line 65 to heating coil 66 or through a 
branch line 67 to heating coil 68, or a portion of 
the gases may be directed to each of these heat 
ing coils. The gases are subjected in these heat 
ing coils to high conversion temperatures of the 
order of 1000 F-1100°F. under 400-800 p.s. i. to 
effect the cracking of paraffins as well as the 
polymerization of ollefinic constituents. The ef 
fluent from gas conversion coil 66 is delivered 
through a transfer line 69 to the lower portion 
of the reaction chamber f3, together with the 
effluent from the naphtha reforming coil 39. The 
effluent from the gas conversion coil 68 is deliv 
ered through a transfer line 10 to the vapor line 
S. The stream from the coil 68 may, thus serve 

to increase the temperature of the vapors flow 
ing from the reaction chamber to the catalytic 
cracking zone 7 and also to vary the space ve 
locity or time of contact of the hydrocarbons with 
the catalyst. > * 

Although a preferred embodiment of the in 
vention has been described herein, it will be un 
derstood that Various changes and modifications 
may be made therein, while Securing to a greater 
or less extent some or all of the benefits of the 
invention, without departing from the spirit and 
scope thereof. 
I claim: - - 

1. In the combination thermal and catalytic 
cracking of hydrocarbon oils for the unitary 
processing of a charging stock obtained from 
crude petroleum and containing both residual 
and gas oil components thereof, the process that 
comprises introducing said charging Stock to a 
reaction chamber, passing lower boiling hydro 
carbons through a heating Zone wherein they are 
heated to a cracking temperature, directing the 
resultant heated products to said reaction cham 
ber to subject the residual stock to cracking and 
Vaporization therein, passing separated vapors 
from the reaction chamber to a catalytic cracking 
ZOne wherein such fractions are subjected to cata 
lytic cracking, withdrawing residual products 
from the reaction chamber and Subjecting them 
to coking, fractionating vapors evolved from the 
coking operation to separate lighter fractions 
from higher boiling fractions, directing said 
lighter fractions to the aforesaid heating zone 
for conversion, Subjecting said higher boiling 
fractions to Cracking temperature with sufficient 
time of reaction to effect extensive thermal con 
version including the cracking of olefins and 
paraffins, subjecting the resultant thermally 
Cracked products of reduced paraffinicity to cata 
lytic cracking and fractionating the products 
produced in the catalytic cracking operations to 
recover the catalytically cracked gasoline. 

2. In the combination thermal and catalytic 
cracking of hydrocarbon oils for the unitary proc 
essing of a charging stock obtained from crude 
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6 
petroleum and containing both residual and gas 
oil components thereof, the process that com 
prises introducing said charging stock to a reac 
tion chamber, passing naphtha through a heating 
zone wherein it is heated to a cracking tempera 
ture and subjected to reforming, introducing the 
heated naphtha into said reaction chamber to 
subject the residual stock to cracking and vapori 
zation, passing separated vapors from the reac 
tion chamber to a catalytic cracking zone where 
in the vapors are subjected to catalytic crack 
ing, fractionating the resultant catalytically 
cracked products in a fractionating Zone to sepa 
rate higher boiling from lower boiling products, 
passing the higher boiling products to a heating 
zone wherein they are subjected to cracking tem 
perature with sufficient time of reaction to ef 
fect extensive thermal cracking including the 
cracking of olefins and paraffins, withdrawing re 
sidual products from the reaction chamber and 
subjecting them to coking, fractionating the 
VaporS from the coking Operation to obtain a 
lower boiling fraction comprising gasoline con 
stituents and a higher boiling fraction, directing 
said lower boiling fraction to the aforesaid heat 
ing zone for reforming therein, directing said 
higher boiling fraction to a heating zone where 
in it is heated to a cracking temperature and sub 
jected to extensive thermal cracking including 
the cracking of olefins and paraffins, combining 
the resultant heated products of reduced paraf 
finicity from said thermal cracking operations 
and subjecting the mixture to catalytic cracking 
and passing the resultant catalytically cracked 
product to said fractionating zone. M . 

3. In the combination thermal and catalytic 
cracking of hydrocarbon oils for the unitary proc 
essing of a charging stock obtained from crude 
petroleum and containing both residual and gas 
oil components thereof, the process that com 
prises passing lower boiling fractions through a 
heating Zone wherein they are heated to a crack 
ing temperature, directing the resultant heated 
products to the lower portion of a vertically dis 
posed reaction chamber maintained under super 
atmospheric pressure and wherein separation of 
vapors from liquid residue takes place, intro 
ducing Said charging stock to the upper portion 
of the Vertically disposed reaction chamber, sub 
jecting the down-flowing liquid and upwardly 
rising Vapors to countercurrent contacting with 
in the reaction chamber at cracking temperature, 
passing Separated vapors from the reaction 
chamber to a catalytic cracking zone wherein 
Such fractions are subjected to catalytic crack 
ing, withdrawing residual products from the re 
action chamber and subjecting them to coking, 
fractionating vapors evolved from the coking 
Operation to separate light fractions from higher 
boiling fractions, directing said light fractions 
to the aforesaid heating zone for conversion, sub 
jecting said higher boiling fractions to cracking 
temperature with sufficient time of reaction to ef 
fect extensive thermal conversion including the 
cracking of olefins and paraffins, subjecting the 
resultant thermally cracked products of reduced 
paraffinicity to catalytic cracking and fraction 
ating the products produced in the catalytic 
Cracking operations to recover the catalytically 
cracked gasoline. 

4. In the combination thermal and catalytic 
Cracking of hydrocarbon oils for the unitary 
processing of a charging stock obtained from 
Crude petroleum and containing both residual 
and gas oil components thereof, the process that 
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comprises passing naphtha through a heating 
Zone wherein it is heated to a cracking tempera 
ture and subjected to conversion, introducing the 
heated naphtha, into the lower portion of a ver 
tically disposed reaction chamber maintained un 
der superatmospheric pressure and wherein sep 
aration of vapors from liquid residue takes place, 
heating said charging stock to cracking temper 
ature and directing the heated oil to the upper 
portion of the vertically disposed reaction cham 
ber, subjecting the downflow liquid and upwardly 
rising vapors to countercurrent contacting with 
in the reaction chamber at cracking temperature, 
passing the separated vapors to a catalytic 
cracking Zone wherein the vapors are subjected 
to catalytic cracking, fractionating the resultant 
catalytically cracked products in a fractionating 
zone to separate higher boiling from lower boil 
ing products, subjecting the higher boiling prod 
ucts to cracking temperature with sufficient time 
of reaction to effect extensive thermal cracking 
including the cracking of olefins and paraffins, 
withdrawing residual products from the reaction 
chamber and subjecting them to coking, frac 
tionating the vapors from the coking operation 
to obtain a lower boiling fraction containing gas 
oline constituents and a higher boiling fraction, 
directing said lower boiling fraction to the afore 
said heating zone for reforming therein, direct 
ing said higher boiling fraction to a heating zone 
wherein it is heated to a cracking temperature 
and subjected to cracking temperature with suf 
ficient time of reaction to effect extensive ther 
mal conversion including the cracking of ole 
fins and paraffins, combining the resultant heat 
ed products of reduced paraffinicity from said 
thermal cracking operations and subjecting the 
mixture to catalytic cracking and passing the 
resultant catalytically cracked products to said 
fractionating Zone. 

5. In the combination thermal and catalytic 
cracking of hydrocarbon oils the process that 
comprises passing naphtha through a heating 
Zone wherein it is heated to a cracking tempera 
ture and subjected to conversion, introducing the 
heated naphtha, into the lower portion of a ver 
tically disposed reaction chamber maintained un 
der Superatmospheric pressure and wherein sep 
aration of vapors from liquid residue takes place, 
heating a residual stock to cracking tenpera 
ture and directing the heated oil to the upper 
portion of the vertically disposed reaction cham 
ber, subjecting the downflow liquid and upwardly 
rising vapors to countercurrent contacting with 
in the reaction chamber at cracking temperature, 
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8 
passing the separated vapors to a catalytic crack 
ing Zone wherein the Wapors are subjected to 
catalytic cracking, fractionating the resultant 
catalytically cracked products in a fractionating 
zone to obtain fractions comprising a normally 
gaseous fraction, a gasoline fraction and a higher 
boiling fraction, heating the normally gaseous 
fraction to subject it to thermal conversion and 
directing the resultant conversion products into 
the lower portion of said vertically disposed re 
action chamber, heating the higher boiling frac 
tion to a cracking temperature to subject it to 
thermal cracking, withdrawing residual products 
from the reaction chamber and subjecting them 
to coking, fractionating the Vapors from the cok 
ing operation to obtain a lower boiling fraction 
containing gasoline constituents and a higher 
boiling fraction, directing said lower boiling frac 
tion to the aforesaid heating Zone for reforming 
therein, directing said higher boiling fraction to 
a heating zone wherein it is heated to a crack 
ing temperature and Subjected to thermal 
cracking, combining the resultant, heated prod 
ucts from said thermal cracking operations and 
subjecting the mixture to catalytic cracking and 
passing the resultant catalytically cracked prod 
ucts to said fractionating ZOne. 

6. In the combination thermal and catalytic 
cracking of hydrocarbon oils the process that 
comprises introducing a heated residual stock to 
a reaction chamber, passing lower boiling hydro 
carbons through a heating Zone wherein they are 
heated to a cracking temperature, directing the 
resultant heated products to said reaction cham 
ber to subject the residual stock to cracking and 
vaporization therein, passing lighter fractions 
evolved from the reaction chamber to a catalytic 
cracking Zone wherein such fractions are sub 
jected to catalytic cracking, withdrawing resid 
ual products from the reaction chamber and 
Subjecting them to coking, fractionating vapors 
evolved from the coking Operation to separate 
lighter fractions from higher boiling fractions, 
directing Said light fractions to the aforesaid 

5 heating Zone for conversion, subjecting said high 
er boiling fractions to thermal cracking, subject 
ing the resultant thermally cracked products to 
catalytic cracking and fractionating the products 
produced in the catalytic cracking operations to 
recover the catalytically cracked gasoline and a 
normally gaseous fraction, heating the normally 
gaseous fraction to subject it to thermal conver 
sion and directing the resultant conversion prod 
lucts to said reaction chamber. 

JOSEPH MASON BARRON. 


