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This in Vention particularly refers to an im 
proved proceSS for the Selective conversion of 
hydrocarbon oil charging stock for the process, 
residual liquid resulting from said conversion, 
and intermediate liquid products of both crack 
ing Operations, for the production of major yields 
of desirable light distillate, such as motor fuel 
of good antiknock Value, and minor yields of 
good quality residual liquid or coke and gas. 
In One specific embodiment, the present in 

Vention comprises subjecting hydrocarbon oil 
charging Stock for the proceSS to conversion COn 
ditions of cracking temperature and Superatmos 
pheric pressure in a heating coil, introducing 
the resulting heated products into a reduced 
pressure vaporizing chamber wherein Separation 
of vaporous and liquid conversion productS is a C 
complished, withdrawing liquid conversion prod 
lucts from said vaporizing chamber, Subjecting the 
same to independently controlled conversion con 
ditions of cracking temperature and superatmos 
pheric pressure in a separate heating coil, intro 
ducing the heated products from said separate 
heating coil into another vaporizing and separat 
ing or coking chamber, wherein the final residual 
liquid conversion product of the process is sep 
arated from vaporous conversion products, and 
either withdrawn from the system or reduced 
therein to Coke, SUpplying the Vaporous conver 
sion products from said separate vaporizing and 
separating chamber to the first mentioned vapor 
izing and separating chamber, wherein high boil 
ing components of the vapors are condensed, col 
lected with the liquid conversion products from 
the first mentioned Cracking step, and Supplied 
therewith to said separate heating coil, withdraw 
ing vaporous conversion products remaining un 
condensed from the first mentioned Vaporizing 
and separating chamber, subjecting the same to 
fractionation for the formation of reflux con 
densate, subjecting fractionated Vapors of the 
desired end boiling point to condensation, col 
lecting and separating the resulting distillate and 
gas, Subjecting said reflux condensate to inde 
pendently controlled conversion conditions of 
cracking temperature and Superatmospheric 
pressure in another separate heating coil and 
communicating enlarged reaction chamber, With 
dra Wing both vaporous and liquid conversion 
products from said reaction chamber, and intro 
ducing the Sane into Said Separate Vaporizing 
and separating chamber. 
As an alternative to the method of operation 

above outlined, which however is not to be con 
sidered equivalent, the heated products from the 

(C. 196-48) 
last mentioned heating coil, instead of being sub 
jected to continued conversion in a high pressure 
reaction chamber, may be supplied, all or in part, 
direct to Said Separate Vaporizing and separating 
chamber. On the other hand, the heated prod 
ucts from both the Second mentioned and last 
mentioned heating coils may, when desired, be 
Supplied to the reaction chamber for further 
conversion, 

It is also Within the Scope of the invention, par 
ticularly in case the charging stock comprises an 
oil of relatively high boiling characteristics or 
Contains a relatively large proportion of high 
boiling materials, to eliminate the first-mentioned 
heating coil and to supply the charging Stock di 
rectly to the first mentioned vaporizing chamber, 
Wherein it is subjected to Substantial Vaporiza 
tion by contact With the hot Vaporous productS 
from said separate vaporizing and separating 
chamber. 
The accompanying diagrannatic drawing ill 

lustrates One specific form of apparatus for car 
rying Out the invention. 

Referring to the drawing, hydrocarbon oil 
charging stock for the process is supplied through 
line and valve 2 to pump 3, by means of which 
it is fed through line 4 and may be directed 
through valve 5 in this line to heating coil 6. 
Heating coil 6 is located Within a furnace of any 
Suitable form, by means Of Which the required 
heat is supplied to the oil passing through the 
heating coil to Subject the same to the desired 
conversion conditions of Cracking temperature 
and Superatmospheric pressure in this ZOne. The 
heated products are discharged from heating coil 
6 through line 8 and valve 9 into vaporizing and 
separating chamber . It will be understood, 
of course, that the charging stock may, when 
desired, be preheated in any well knoWn manner 
not illustrated in the drawing to any desired 
temperature below that at which Substantial 
conversion thereof Will occur prior to its intro 
duction into heating coil 6. 
Chamber 9 may be operated at any desirable 

pressure ranging from 100 pounds or thereaboutS 
per square inch superatmospheric down to sub 
stantially atmospheric pressure and is preferably 
operated at a Substantially reduced pressure rela 
tive to that employed in the outlet from the heat 
ing coil. Separation of the vaporous and liquid 
conversion products from this Zone is accom 
plished in chamber i 0 by means of their con 
tained heat assisted by their reduction in pres 
sure. The relatively high boiling liquids remain 
ing unvaporized in chamber 0 are withdrawn 
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2 
from the lower portion of this Zone through iline 
3 and valve 4 to pump. 5, by means of which 

they are supplied through line S and valve E to 
conversion in heating coil 8 under independently 
controlled conversion conditions of cracking tein 
perature and Superatmospheric pressure. Heat 
for coversion of the relatively high boiling oil, 
passing through heating coil 8, is supplied there 
to from a furnace 9 of any Suitable forn, and 
heated products from this Zone are directed 
through line 2, and valve 2 into another Val 
porizing and separating chamber 23. 
Chamber 23 is preferably operated at a Sub 

stantially reduced pressure relative to that em 
ployed at the outlet from heating coil 8, which 
however is somewhat higher than the pressure 
employed in chamber . Separation of Vaporous 
and residual liquid conversion productS is a C 
complished in chamber 23. The latter may be 
Withdrawn from the lower portion of this ZOne 
and directed through line 24 and valve 25 to 
cooling and storage, or elsewhere as desired, 
or When desired they may be reduced in chamber 
23 to substantially dry coke. In the latter case, 
the coke may be allowed to accumulate Within 
chamber 23, to be removed therefrom in any 
well known manner not illustrated after this 
Zone has been substantially filled with coke or 
after its operation has been completed for any 
other reason, and after it has been isolated from 
the rest of the process. It will be understood 
that a plurality of coking chambers may be em 
ployed, when desired, although not illustrated, in 
which case they preferably are alternately oper 
ated, cleaned and prepared for further operation. 
In case coking is employed in chamber 23, line 
24 may serve as a drain line and may also serve, 
when desired, as a means of introducing Steam, 
Water or other suitable cooling material into the 
chamber in order to hasten cooling and facilitate 
removal of coke. 
The vaporous conversion products Supplied to 

chamber 23, as well as any vapors evolved in 
this zone, are withdrawn from the upper portion 
thereof and directed through line 26 and Valve 
2 into chamber ), wherein they commingle 
With the charging stock or with the conversion 
products from heating coil 6, and wherein any 
heavy components of the vaporous products Un 
suitable for conversion, together With reflux con 
densate, may be separated therefron and Sup 
plied, together with other heavy liquids from this 
zone, to conversion in heating coil fa, as previ 
Ously described. 
The total vaporous conversion products of the 

process remaining uncondensed in chanber . 
are withdrawn from the upper portion thereof 
and directed through line 28 and valve 29 to 
fractionation in fractionator 3. The coinpo 
nents of vapors Supplied to fractionator 3 boil 
ing above the range of the desired final light dis 
tillate product of the process are condensed in 
this Zone as refuX conden Sate. Fractionated Val 
pors of the desired end boiling point are with 
drawn, together with uncondensable gas pro 
duced in the operation, from the upper portion 
of fractionator 3) and are directed through line 
3 and valve 32 to condensation and cooling in 
Condenser 33. The resulting distillate and gas 
paSSes through line 3é and valve 35 to collection 
and Separation in receiver 35. Uncondensable 
gas inay be released from the receiver through 
line SE and valve 38. Distillate may be With 
diaWin from receiver 36 through line 39 and valve 
it to storage or to any desired further treatment. 

2,167,507 
When desired, a, regulated porticilin of the diS 

tillate collected in receiver 33 in ay be recircui 
lated by Well known means (not illustrated) to 
the upper portion of fractionator 33 C Serve aS 
a cooling and refluxing an edium in this ZOne for 
assisting fractionation of the vapo'3 and to 
maintain the desired vapor outlet tellipecati'e. 
The reflux condensate formed in fractionator 

3O may be withdrawin fron the low3" Craioi) of 
this zone through line and valve 2 to pump 
43, by means of which it is fed through line 4 
and valve 45 to heating coil 3. 

Heating coil 36 is located in a furnace 4 of 
any suitable form, by means of which heat is 
supplied to the oil passing thirough the heating 
coil to Subject the Same to independently con 
trolled conversion conditions of cracki 
perature and superatimospheric pressure. 
heated products are discharged from heating coil 
46 through line 48 and are directed through Valve 
49 in this line into reaction chamber 5. 

It is also within the scope of the present in 
vention, when desired, to introduce all or a regul 
lated portion of the heated products from heating 
coil 8 into reaction charnber 5 by neans of line 
20', valve 22 and line 49. 
Reaction chamber 5 is preferably înaintained 

at a substantial superatmospheric pressure which 
may be substantially the same or ScineWhat lower 
than the pressure employed at the outlet from 
heating coil AS, or from heating coil 8 in case 
products from the latter Zone are supplied to the 
reaction chamber and heating coil 8 is Operated 
at a lower pressure than that employed in heat 
ing coil 46. The conversion products Supplied 
to the reaction chamber, and particularly their 
vaporous components, are subjected to appreci 
able further conversios: in this ZOne, & ind pief 
erably although not illustrated is insulated in 
order to conserve heat. In the case here illus 
trated both vaporous and conversion products 
are withdrawn in commingled state from the 
lower portion of chamber 54 and are directed 
through line 53, valve 54, into chamber 23. 
The preferred range of oparating conditions 

which may be employed in accordance With the 
process of the present invention utilizing an ap 
paratus such as illustrated and above described 
may be approximately as follows: The heating 
coil wherein the charging stock is subjected to 
conversion may employ an outlet conversion tem 
perature ranging for example from 800° to 950 
F., preferably with a superatmospheric pressure 
at this point in the system of from 100 to 500 
pounds or more per Square inch. The Succeed 
ing vaporizing chamber, as previously mentioned, 
is preferably operated at a substantially reduced 
pressure, which may range for example from 
100 pounds per square inch superatmospheric 
pressure down to substantially atmospheric pres 
sure, and the pressure employed in this Zone may 
be substantially equalized or reduced in Succeed 
ing fractionating, condensing and colecting por 
tions of the systern. The heating coil to which 
the residual liquid frcin Said vaporizing chamber 
is Supplied may utilize an Otlet conversion tem 
perature ranging for example from 300° to 1000 
F. or thereabouts, preferably With a Superatinos 
pheric pressure at the outlet from this Zone rang 
ing from 30 pounds or thereaboutS per Square 
inch to 300 poundS O nore per Square inch. 
The heating coil to which the reflux condensate 
is Supplied for Conversion may tilize an outlet 
temperature ranging for example from 900 to 
1000 F., preferably with a Superatmospheric 
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2,167,507 
pressure at this point in the system of from 200 
to 800 pounds or more per square inch. The re 
action chamber, as previously mentioned, may be 
Operated at a, atmospheric pressure Substantially 
the same or somewhat lower than that employed 
in the preceding heating coil utilizing the lowest 
pressure. The vaporizing or coking chamber to 
which products from the reaction chamber are 
supplied, in case the reaction chamber is utilized, 
is operated at a superatmospheric pressure of 
from 30 to 100 pounds, or thereabouts, per Square 
inch, which however is somewhat higher than 
the pressure: employed in the first mentioned 
vaporizing chamber, and is preferably somewhat 
lower than the pressure employed in the reaction 
chamber or in the preceding heating coils. 
As a specific example of the operation of the 

process of the present invention as it may be 
accomplished in an apparatus such as illustrated 
and above described, the charging Stock, which 
comprises a 30° A. P. I. gravity Mid-Continent 
topped crude, is subjected in the first heating 
coil to an outlet conversion temperature of ap 
proximately 930 F. at a Superatmospheric pres 
sure of about 300 pounds per square inch, and 
the succeeding vaporizing chamber to which the 
products from this heating coil are Supplied is 
operated at a Superatmospheric pressure of ap 
proximately 50 pounds per Square inch. The 
liquid products from this vaporizing chamber are 
quickly heated in a separate heating coil to an 
outlet conversion temperature of approximately 
980 F. at a superatmospheric pressure of about 
60 pounds per Square inch and are introduced 
into a coking chamber maintained at Substan 
tially the same pressure. The reflux condensate 
is heated in another separate heating coil to an 
outlet conversion temperature of approximately 
950 F. at a, atmospheric pressure of about 350 
pounds per square inch, and the heated products 
from this zone are introduced into a reaction 
chamber maintained at substantially the same 
pressure. Both vaporous and liquid products 
from the reaction chamber are supplied to the 
coking chamber. Waporous products from the 
coking chamber are Supplied to the same Vapor 
izing chamber to which the heated products from 
the charging stock heating coil are supplied, and 
the vaporous products from this zone are sub 
jected to fractionation for the formation of re 
fiux condensate and recovery of desirable light 
distillate. This operation will yield, per barrel 
of charging stock, approximately 65% of motor 
fuel of good anti-knock Value, and approximately 
75 pounds of low volatile coke, the remainder 
being chargeable principally to uncondensable 
gaS. 
I claim as my invention: 

... A process for the conversion of hydrocarbon 
oils, which comprises subjecting hydrocarbon oil 
charging stock for the process to cracking ten 
perature and superatmospheric pressure in a 
heating coil, introducing the heated products 
into a reduced pressure vaporizing chamber 
wherein vaporous and liquid conversion products 
are separated, withdrawing the latter from the 
vaporizing chamber and Subjecting the same to 
independentiy controlled conditions of cracking 
temperature and Superatmospheric pressure in a 
Separate heating coil, introducing heated prod 
uctS from said Separate heating coil into a coking 
chamber wherein the non-vaporous high-boiling 
conversion products are reduced to coke, with 
drawing the WapCrous products from the coking 
channber and introducing the same into the va 

3 
porizing and separating chamber, subjecting va 
porous products from the vaporizing and sepa 
rating chamber to fractionation for the forma 
tion of reflux condensate comprising their in 
Sufficiently converted components, subjecting 
fractionated vapors of the desired end boiling 
point to condensation, recovering the resulting 
distillate, subjecting refiux condensate formed by 
Said fractionation to independently controlled 
conversion conditions of cracking temperature 
and Superatmospheric pressure in another sepa 
rate heating coil and communicating enlarged 
reaction chamber, and introducing both vaporous 
and liquid conversion products from the reaction 
chamber into the coking chamber, the proceSS 
being further characterized in that at least a 
regulated portion of the heated products from 
the second-mentioned heating coil is paSSed 
through said reaction chamber prior to their in 
troduction to the coking chamber. 

2. In a process for the conversion of hydrocar 
bon oils, wherein reflux condensate, comprising 
insufficiently converted intermediate liquid con 
version products of the process, is Subjected to 
conversion conditions of cracking temperature 
and superatmospheric pressure in a heating coil 
and communicating reaction chamber, both Wa 
porous and liquid conversion productS Withdra Win 
from the reaction chamber and introduced into 
a coking chamber wherein their high-boiling non 
vaporous components are reduced to coke, the 
improvement which comprises introducing Va 
porous products from the coking chamber into 
a vaporizing and separating chamber, Simulta 
neously heating hydrocarbon oil charging Stock 
for the process to cracking temperature under 
pressure in a separate heating coil and then in 
troducing the Same to Said Vaporizing and Sepa 
rating chamber, wherein it is contacted with the 
hot vaporous products from the coking chamber, 
withdrawing unvaporized high-boiling fractions 
of the charging Stock and high-boiling com 
ponents of the Vaporous products, Which are con 
densed in the vaporizing and separating cham 
ber, from the latter Zone, Subjecting the same to 
independently controlled conversion conditions 
of cracking temperature and superatmospheric 
pressure in another Separate heating coil, intro 
ducing Separate portions of the resulting heated 
products into the reaction chamber and into the 
coking chamber, withdrawing vaporous com 
ponents of the charging stock and components 
Of the vaporous products from the coking chann 
ber remaining uncondensed in the vaporizing 
chamber from the latter Zone, Subjecting the 
same to fractionation for the formation of said 
reflux condensate, Subjecting fractionated va 
pors of the desired end boiling point to condensa 
tion, and recovering the resulting distillate. 

3. In a process for the conversion of hydrocar. 
bon oils, wherein reflux condensate, comprising 
insufficiently converted intermediate liquid con 
version products of the process, is Subjected to 
conversion conditions of cracking temperature 
and Superatmospheric pressure in a heating coil 
and communicating reaction chamber, both va 
porous and liquid conversion products withdrawn 
from the reaction chamber and introduced into 
a reduced pressure vaporizing and separating 
chamber, wherein vaporous and residual liquid 
conversion products are separated, and the lat 
ter recovered, the improvement which comprises 
introducing vaporous products from the vaporiz 
ing and separating chamber into a second wa 
porizing and separating chamber, simultaneous 
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4. 
ly heating hydrocarbon oil charging Stock for 
the process to cracking temperature under pres 
Sure in a Separate heating coil and then intro 
ducing the same to said Second vaporizing and 
Separating chamber, wherein it is contacted with 
the hot vaporous products from the first-named 
vaporizing and separating chamber, withdrawing 
invaporized high-boiling fractions of the charg 

ing Stock and high boiling components of the 
Vaporous products, which are condensed in said 
Second vaporizing and separating chamber from 
the latter Zone, Subjecting the same to independ 
ently controlled conversion conditions of crack 

2,167,507 
ing temperature and Superatmospheric pressure 
in another separate heating coil, introducing Sep 
arate portions of the resulting heated products 
into the reaction chamber and into Said re 
duced pressure chamber, withdrawing com 
mingled charging oil vapors and Cracked vapors 
from Said second vaporizing chamber, Subject 
ing the same to fractionation for the formation of 
said reflux condensate, Subjecting fractionated 
vapors óf the desired end boiling point to con 
densation, and recovering the resulting distill 
late. 

JACOB B. HEID. 
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